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Abstract

(1) Background: The Asian bush mosquito Aedes japonicus is an invasive species in Europe,
including Poland. Given its laboratory-confirmed competence for West Nile virus (WNV)
transmission and its detection as a WNV vector in field-collected mosquitoes, this study
investigated whether Polish Aedes japonicus harbor WNV and aimed to update knowledge
on its distribution in Poland. (2) Methods: In September 2024, 137 adult Aedes japonicus
were collected from three suburban sites in Poland (Kielce, Mikotéw, Krakéw). Specimens
were screened for WNV using RT-PCR and rRT-PCR. Additionally, unpublished records
of Aedes japonicus were compiled to update the species’ distribution. (3) Results: No
WNYV genetic material was detected in field-collected mosquitoes in Poland. By 2025,
Aedes japonicus had been recorded in half of Polish voivodeships, with most observations
in Matopolskie, Slaskie, and £.6dzkie. The largest adult populations occurred in Kielce.
Ecological traits in Poland matched European and US data, including larval development in
artificial containers, preference for suburban and forested habitats, and peak adult activity
in late summer. (4) Conclusions: Although WNV was not detected, the rapid spread of
Aedes japonicus in Poland underlines the need for continued monitoring of its distribution,
population dynamics, and potential role in WNV transmission.

Keywords: Asian bush mosquito; Aedes japonicus; West Nile virus; invasive species;
WNV transmission
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1. Introduction

The Asian bush mosquito Aedes japonicus (Theobald, 1901) is a member of the fam-
ily Culicidae (Meigen, 1818), native to East Asia (Japan, the Korean Peninsula, Taiwan,
southern China, and southeastern Siberia) [1]. During the final decade of the 20th century,
this species was recorded for the first time outside its native range, in Oceania [2], and a
few years later in the United States (US), where it is currently widespread [3]. The first
European record dates to the year 2000 in France [4]. Over the past twenty-five years, the
species has considerably expanded its range across Europe. Its presence was reported in
Belgium in 2002 [5], in Switzerland and Germany in 2008 [6], in Austria and Slovenia in
2011 [7], in Hungary and the Netherlands in 2012 [8,9], in Croatia in 2013 [10], in Italy and
the Principality of Liechtenstein in 2015 [8,11], and in Bosnia and Herzegovina in 2017 [12].
Subsequent detections include Spain and Serbia in 2018 [12,13], Slovakia and Romania in
2020 [14,15], and the Czech Republic in 2021 [16]. In recent years, Aedes japonicus has also
become established in Poland. The first records, originating from Kielce (Swietokrzyskie
voivodeship) in 2022, were uploaded to the citizen science platform iNaturalist by one of
the authors of the present study [17]. Publications documenting its occurrence in Poland
appeared in 2024 [18,19] and demonstrate that its distribution encompasses a substantial
part of southern Poland.

The primary driver of the expansion of the Asian bush mosquito is considered to
be the international transport of used tires [20,21]. The introduction success of Ae. japon-
icus in Europe and the United States results from several overlapping factors. First, it
is a temperate-zone species, highly tolerant of low temperatures, capable of overwin-
tering in temperate regions in the egg stage, or less commonly in the larval stage [22].
Although its larvae prefer clean, stagnant water, compared with native mosquito species
Aedes japonicus is less sensitive to organic pollution, allowing it to colonize less favor-
able environments [4,5,22]. Another important factor is the broad range of larval habitats,
spanning natural sites such as puddles, tree holes, or water-filled rock crevices, as well
as anthropogenic water containers, including microhabitats such as rainwater tanks, or-
namental ponds, uncovered tire stockpiles, flowerpots, watering cans, cemetery vases,
animal drinking troughs, and other containers that can accumulate even small amounts of
water [22]. The exploitation of such artificial microhabitats increases the drought resistance
of Ae. japonicus and facilitates its establishment in urbanized areas. Equally relevant are
its rapid developmental cycle—limited under optimal conditions to approximately two
weeks—the production of multiple generations per year, long period of seasonal activity
(in European conditions from April to November), and its diurnal activity, which increases
the likelihood of contact with humans. The ecological flexibility and broad tolerance of
Ae. japonicus make it an exceptionally adaptive invasive species in temperate regions,
posing a significant threat both to local biodiversity, owing to its potential to displace other
species [23], and to public health. The ease with which Aedes japonicus colonizes new areas
and habitats underscores the necessity for continuous monitoring of its occurrence and for
regularly updating distributional records in regions where it has been detected.

Aedes japonicus exhibits vector competence for a wide range of arboviruses, as we
have described in detail in our previous study [18]. In natural conditions, however, direct
evidence of vector involvement in the transmission of a given pathogen is its detection in
field-collected mosquitoes. Among the pathogens present in Europe, the West Nile virus
(WNYV) has been identified in field-collected specimens of Aedes japonicus. It should be
noted, however, that all documented cases of WNV carriage by Ae. japonicus originate from
the United States [24,25]. In Europe, local outbreaks of West Nile fever (WNF) overlap with
the current distribution range of Aedes japonicus [26,27], yet its role as a WNV host has not
been documented to date.
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West Nile virus has been circulating in Polish ecosystems for years. Circulation occurs
between mosquitoes and birds, while humans and horses are regarded as dead-end hosts.
The presence of WNV antibodies has been demonstrated in birds, horses, and humans in
Poland [28-31]. Viral penetration among wild birds appears to be high in certain cases, as
evidenced by research conducted by members of our team on material collected in Warsaw
in autumn 2022 [29]. Of 99 dead birds from 10 species, WNV was detected by reverse
transcription polymerase chain reaction (RT-PCR) in 17.17% of brain homogenate samples.
All positive cases were restricted to the hooded crow (Corvus corone cornix, Linnaeus
1758), in which the infection rate reached 34.69% in the examined sample [29]. In a study
involving human material, the presence of anti-WNYV IgG antibodies was investigated
in forestry workers—a professional group particularly exposed to mosquito bites—from
the Swietokrzyskie and Podlaskie Voivodeships [31]. Antibody prevalence was found
to be 28.85% and 34.14%, respectively. In another study, among 42 Polish patients with
neurological symptoms characteristic of meningitis, lymphocytic meningitis, and tick-borne
encephalitis, anti-WNYV antibodies were detected in 33.33% of cases using enzyme-linked
immunosorbent assay (ELISA) method [28]. Although the first case of West Nile fever in a
human in Poland was recorded in 2005, in a febrile woman from the Podlaskie Voivodeship
with no history of travel abroad, however the genetic material of WNV has not been
isolated [32], the true scale of the problem remains unknown, given that most infections
in humans are asymptomatic or present only with mild symptoms. Nevertheless, there is
no doubt that outbreaks of West Nile fever occur in Poland on an annual basis. According
to data from the European Centre for Disease Prevention and Control (ECDC), between
2 April and 25 November 2024, six outbreaks in equids and two in birds were confirmed in
Poland [33]. These figures are certainly incomplete.

In light of the ongoing expansion of Ae. japonicus in Poland and the established
presence of WNV in Polish ecosystems, the primary objective of the present study was to
investigate whether Aedes japonicus specimens collected in Poland are hosts of West Nile
virus. A secondary objective was to update the distribution of Ae. japonicus in Poland,
based on our own data as well as verified observations published online on the citizen
science platform iNaturalist by volunteer naturalists.

2. Materials and Methods
2.1. Mosquito Collection and Location Characteristics

Mosquito collections for West Nile virus pilot screening were conducted in September
2024 in the vicinity of Kielce (Swigtokrzyskie Voivodeship), Mikotéw (Slaskie Voivodeship),
and Krakéw (Malopolskie Voivodeship), once per week. The collection sites were selected
based on locations known to the authors as habitats of the species. Four collectors (P.N., K.B.,
M.G., and £.M.) participated in the field collections, with detailed information provided
in Table 1. Specimens were collected using an entomological net or by the hand-picking
method. All collections were conducted during daytime. In total, 137 Ae. japonicus
specimens were obtained for analysis across all sites (Table 1).

Table 1. The number of Aedes japonicus specimens caught in individual locations.

Number of Ae. japonicus Specimens Caught (Collectors)

Date
Kielce Mikotéw Barcza Krakéw
1 September 2024 72 (PN., K.B.)
4 September 2024 9 (PN, M.G.)
11 September 2024 18 (PN., M.G.)
12 September 2024 20 (K.B.)
18 September 2024 6 M.G.)
24 September 2024 12 (E.M.)
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In the Kielce area, two sampling sites were established for collection. During the first
week of September, mosquitoes were collected in the Bukéwka Forest at the foot of Mount
Telegraf (DB73). In the second week, specimens were obtained from the Barcza Reserve, a
geological nature reserve located in the municipality of Zagnansk, approximately 15 km
northeast of central Kielce (DB84). Both Kielce sites were situated in suburban forested
areas, characterized by periodically waterlogged terrain (Kielce) or the presence of water
bodies (a flooded quarry within the Barcza Reserve).

The Mikotéw site corresponds to the location where the first Ae. japonicus specimens
in Poland confirmed by sequencing were collected in 2023 (CA56) [18]. For the present
study, all specimens from Mikot6éw were obtained from a rainwater barrel and the walls
of a residential building directly adjacent to a suburban forest covering Kamionka Hill.
Although this forest lacks aquatic habitats suitable for mosquito development, the sur-
rounding single-family homes and properties provide abundant artificial water-holding
containers serving as substitute larval habitats.

In Krakéw, mosquitoes were collected from a riparian forest along the Diubnia River
in the Nowa Huta district (DA34). This site directly bordered the Wanda Allotment
Garden (Polish: Rodzinny Ogréd Dziatkowy Wanda). Allotment gardens are widespread in
Poland, consisting of small recreational plots equipped with basic gardening infrastructure,
which allow urban residents to spend leisure time near their homes. In the urban context,
allotment gardens—alongside cemeteries and waste disposal sites—represent one of the
primary sources of artificial water containers (e.g., water barrels, watering cans, rainwater
tanks) that may serve as breeding habitats for mosquitoes.

2.2. Aedes japonicus Species Identification

The identification of the collected insects based on the literature [34,35]. The charac-
teristic features of adult Ae. japonicus are distinctive patterns of black and white setulae
(hairs) on their pleural (sides of the thorax) and mesonotal (dorsum of the thorax) areas,
with golden-yellow lyre-shaped stripes on the scutum (the main dorsal part of the tho-
rax). The anterior dorsocentral stripes extend well visibly beyond half of the scutum. The
hind tarsomeres (last segments) of the third pair of legs have three whitish cross-bands
(Figure 1A,B). Of the 139 mosquitoes specimens collected to screening for the presence of
WNYV, only two did not belong to the Ae. japonicus species and were rejected from the study.

Figure 1. Characteristic features of Aedes japonicus. Adult female, top (A) and side (B) views (P.N.).
(C) Larvae in microscopic photos (G.].), and (D) from the field (P.K.).
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The larval stages (Figure 1C,D) were identified on the morphological features given
by Becker et al., 2020 [36]. Larvae of Ae. japonicus exhibit uncovered ventral part of anal
segment with the saddle seta (1-X) inserted within the saddle and they lack the precratal
setae (4-X). The siphon has 14-28 pecten teeth with the distal 1-4 detached. Both the inner
(5-C) and median (6-C) frontal setae are multibranched and aligned nearly in a straight line
close to the anterior edge of the frontoclypeus [36].

2.3. Screening for the Presence of WNV

Insects collected in Kielce were processed immediately after capture. Samples were
placed in containers with dry ice and, following transport, transferred to an ultra-low
temperature freezer (—80 °C). Subsequent samples from Mikoléw and Krakéw were de-
posited directly into the ultra-low temperature freezer. All material was transported on
dry ice to the National Veterinary Research Institute in Pulawy, Poland, National Refer-
ence Laboratory for West Nile virus, where analyses for the presence of West Nile virus
were performed.

Mosquito samples collected at each location and date were homogenized separately. A
total of 14 samples were prepared, each containing approximately 10 mosquitoes (from 6 to
12 individuals, depending on the number of mosquitoes collected on a given day, Table 1).
Viral RNA was extracted from 200 puL of homogenates obtained from mosquitoes using
the viral RNA Mini Kit (Qiagen, Hilden, Germany) following the manufacturer’s protocol.
In the next step, viral RNA was suspended in a RNase inhibitor buffer (Life Science, St.
Petersburg, FL, USA). RNA concentrations were determined using a spectrophotometer
(Biorad, Hercules, CA, USA). Viral RNA was kept at —80 °C before use.

The WNYV infectious strain (Gene bank accession: OP804520) isolated from the brain
of an infected Corvus corone cornix was provided by the Reference Laboratory for WNV
(National Veterinary Research Institute, Putawy, Poland). Two negative controls were used
during RT-PCR and rRT-PCR, and were acquired from a chicken embryo fibroblast CEF,
SPF cultures.

Two oligonucleotide primers were set for RT-PCR amplification. Primers for RT-PCR
were designed to target the conserved sequence 3’'NCR (non-coding region, GeneBank
Accession number: DQ211652) and were as follows: WNVF (sense primer): 5 AAA GCC
CAA TGT CAG ACC AC 3’ and antisense primer WNVR: 5 TAG TCC TTT CGC CCT
GGT TA 3/, as indicated by Niczyporuk [37]. The primers and protocol used for the rRT-
PCR technique were based on the protocol published by Eiden [38]. The RT-PCR method
described by Niczyporuk [37] was used to detect WNV genome. Following the protocol for
confirming the molecular detection method of WNV rRT-PCR was conducted [38].

2.4. An Update on the Occurrence Range of Aedes japonicus in Poland

The first studies documenting the presence of Ae. japonicus in Poland were published
in 2024 and included data from 24 localities [18,19]. The present update of the species’
distribution is based on new, previously unpublished observations covering the years
2023-2025. The collected data included the date of observation, geographic coordinates
(latitude and longitude), and the number of individuals recorded at various developmental
stages. Geographic coordinates were also used to determine the type of land use at the sites
where the species was detected. Habitats were classified according to land use categories
as follows: forest/schrub (forests, nature reserves, urban parks), rural (agricultural areas
and villages), suburban (single-family housing districts, housing estates, allotment gardens,
cemeteries, wastelands), and urban (city centers, industrial areas).

The analysis incorporated both the authors” own records and observations made
publicly available on the citizen science platform iNaturalist (as part of the Mosquito Vectors
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project) by volunteer naturalists. Only iNaturalist observations that were unambiguously
identified based on photographs of adult mosquitoes exhibiting the key characteristics
of Ae. Japonicus, and that contained precise geographic coordinates within Poland were
included. If an iNaturalist contributor did not provide information on the number of
observed mosquitoes, the observation was assumed to represent a single individual.

A total of 37 records were excluded from the analysis, including 32 from iNaturalist.
Exclusion criteria for iNaturalist observations were: location outside Poland, insufficient
photographic quality preventing reliable identification, lack of precise geographic coordi-
nates, or prior acquisition of the same data directly from the observer. Additionally, five
records provided to the authors by non-iNaturalist observers were excluded due to missing
geographic coordinates.

Based on geographic coordinates, the colonized grid squares were determined using
the Universal Transverse Mercator (UTM) system with a resolution of 10 x 10 km. These
data were used to generate an updated distribution map of Aedes japonicus in Poland. The
map was produced with the software MapaUTM ver. 6 [39].

3. Results
3.1. Capture of Mosquitoes for WNV Screening

In September 2024, Aedes japonicus was the dominant mosquito species at both
sites in Kielce (Kielce Bukéwka and Barcza Reserve). At the Kielce Bukéwka site, hun-
dreds of mosquitoes were observed actively attacking the collectors (PN., K.B.). Of the
74 mosquitoes captured, 73 were identified as Ae. japonicus and one belonged to the Culex
pipiens complex. At the Barcza Reserve site, Ae. japonicus was less abundant; however, the
20 individuals captured represented only a small fraction of the mosquitoes observed. Here
as well, Ae. japonicus was the dominant species, as no other mosquito species were recorded
on the collection day. In Mikoléw, Aedes japonicus was less numerous compared to the
Kielce sites. During each week of observations, the majority (80-100%) of mosquitoes were
captured, although a few individuals escaped. The species was dominant at this site, with
only a single Culex pipiens complex individual recorded in one sample, which was subse-
quently released. In Krakéw, Aedes japonicus was also less abundant than at the Kielce sites.
A sample of 12 mosquitoes represented approximately 50% of the individuals observed on
the collection day. No other mosquito species were recorded at the Krakéw site.

3.2. West Nile Virus Screening in Field-Collected Aedes japonicus

No genetic material of West Nile virus was detected in homogenates of Ae. japonicus
collected in locations in Kielce, Mikotéw and Krakoéw.

3.3. An Update of Aedes japonicus Distribution in Poland, 2025

In total, data from 67 unpublished observations of Aedes japonicus in Poland were
collected, including 47 records obtained by the authors and 20 records from the iNaturalist
platform (Supplementary Table S1). Most observations concerned adult mosquitoes. Ad-
ditionally, nine observations of the larval stage were documented, with adult mosquitoes
present in four of those cases.

The highest number of new records originated from the Matopolskie Voivodeship
(21 observations, 31.34%), followed by Slaskie (n = 17, 25.37%) and L6dzkie (n = 14, 20.90%).
The species was also recorded in Podkarpackie (7 observations, 10.45%), Swietokrzyskie
(6 observations, 9.00%), Dolnoslaskie (1 observation, 1.49%), and Wielkopolskie (1 observa-
tion, 1.49%), the latter representing the first record of Ae. japonicus in this region (Table 2).
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Table 2. Number of Aedes japonicus observations in individual voivodeships, depending on the stage
of development and land use.

Voivodeshi Number of Observations Observations (n) of Larvae/Adults in the Context of Land Use
oivodeshi
v P All Larvae  Adults  Forest/Shrub Rural Suburban Urban
Dolnoslaskie 1 0 1 0 0 0/1 0
Lodzkie 14 3 11 0/1 0 2/8 1/2
Matopolskie 21 3 20 1/7 2/3 0/3 0/7
Podkarpackie 7 2 7 0 2/5 0/2 0
Slaskie 17 1 16 1/2 0 0/13 0/1
Swietokrzyskie 6 0 6 0/5 0 0/1 0
Wielkopolskie 1 0 1 0 0/1 0 0
Total 67 9 62 2/15 4/9 2/28 1/10

With respect to land use types where adult mosquitoes were recorded, the majority of
observations originated from suburban areas (n = 28, 45.16%), followed by forest/shrub
habitats (n = 15, 24.19%), urban areas (n = 10, 16.13%), and rural areas (n = 9, 14.52%).
It should be noted, however, that habitats classified as suburban in this study often bor-
dered green areas (forests, nature reserves, ecological sites) or were situated within large
metropolitan agglomerations/highly urbanized city zones, similar to some of the for-
est/shrub habitats (e.g., urban parks, urban forests, nature reserves). The sites where
mosquitoes were observed frequently exhibited mixed land use characteristics and were
subject to dynamic changes and ecological succession over time.

The number of adult individuals recorded per single observation ranged from one
(36 observations, 58.06%), to a few (n = 13, 20.97%), a dozen or so (n = 5, 8.06%), or
several dozen individuals (n =7, 11.29%). Only in one case, at a site in the Swietokrzyskie
Voivodeship (Kielce, Bukéwka district, 1 September 2024), did the abundance of adult Ae.
japonicus exceed several hundred (1.51%) (Supplementary Table S1). Over the years of
observation (2023-2025), adults were recorded between May and November. The largest
number of observations occurred in September (n = 26, 41.94%). The frequency of adult
observations by month is presented in Figure 2.

30
25
20
15

10

n of observations

May Jun. Jul. Aug. Sep. Oct. Nov.
months

n 7 4 10 13 26 1 1
% 11.29 6.45 16.13 20.97 41.94 161 1.61

Figure 2. Seasonal activity of adult Aedes japonicus in Poland (unpublished observations of adults
from 2023-2025).
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Larvae were observed in suburban, rural, and forested areas (Table 2). The larval
habitats consisted predominantly of human-made (artificial) containers, such as plastic
buckets or rainwater barrels (n = 8) and a swimming pool (n = 1). Only at one site were
larvae also detected outside an anthropogenic container, in water accumulated within a
nearby tree cavity. The number of Ae. japonicus larvae recorded per observation ranged from
several to several hundred (Supplementary Table S1). Larval presence was documented
between April and September, with the highest number of records in August (n = 3, 33.33%)
and September (n = 3, 33.33%).

To generate the updated distribution map of Aedes japonicus, both the current dataset
(67 observations) and previously published data [18,19] comprising 24 observations were
used, yielding a total of 91 documented records from Poland between October 2022 and
September 2025. The number of plotted points on the map (Figure 3) is lower, since some
UTM grid squares contained multiple sites where the species was recorded. For example,
in square CA56 (Slaskie Voivodeship), 13 observations were made (5 previously published,
8 in the present study) across four sites in Mikoléw, two sites in the Katowice Ligota
district, one site in the Katowice Kostuchna district, and one in the city center of Katowice.
Similarly, square CC94 (L6dZ) contained 8 observations from seven sites, DA24 (Krakéw)
contained 6 observations from six sites, and DB73 (Kielce) contained 5 observations from
three sites. Krakow, L6dz, the Upper Silesian Industrial Region (Katowice and neighboring
cities), as well as Kielce, represented urban/suburban areas where Aedes japonicus was most
frequently observed and in the highest numbers of individuals (Supplementary Table S1).

@ published observations

Figure 3. Observations of Aedes japonicus in Poland (2022-2025), according to voivodeship (A); and
on physical map of Poland (B). Legend: DS—Dolnoslaskie voivodeship, ED—F.6dzkie voivode-
ship, MP—Matopolskie voivodeship, OP—Opolskie voivodeship, PK—Podkarpackie voivodeship,
éK—Swietokrzyskie voivodeship, SL—Slaskie voivodeship, WP—Wielkopolskie voivodeship.

4. Discussion

The results of the present study document 67 unpublished records of Aedes japonicus
from Poland. This invasive species in Europe is currently found in half of the voivode-
ships, which represent the highest level of administrative division in Poland. Its wide
distribution, as well as the high numbers observed at some sites, suggest that the introduc-



Viruses 2025, 17, 1515

9of 15

tion of the Asian bush mosquito into Poland must have taken place long before its first
detection in 2022. Since this species shows both vector competence for West Nile virus in
laboratory experiments [18] and has been identified as a WNV carrier in North American
ecosystems [24,25], we conducted screening for the presence of the virus in field-collected
Ae. japonicus in Poland. Our results are reassuring so far, as no genetic material of WNV was
detected in 137 mosquitoes from three Polish sites where this species is found regularly and
sometimes occurs in very high numbers. However, this situation may not be permanent,
considering the pace of its expansive colonization pattern in Europe and the US. It is easy
to imagine a scenario in which, as a dominant species, it could take over the role of native
European mosquito species in transmitting WNV between animals and humans. It should
be emphasized that the small sample size of our pilot screening study for the presence of
WNYV does not allow for drawing definitive conclusions about vector preference of Aedes
japonicus. For these reasons, there is a continued need to monitor both the distribution of
Aedes japonicus and the local populations of this mosquito species for WNV.

The presence of West Nile virus has been documented in dozens of mosquito species
worldwide, including about 60 in North America [40]. In Europe, mosquitoes of the
Culex pipiens species group are regarded as the main bridge vectors of WNV from birds
to humans, as confirmed by a study conducted in Tierpark, Berlin, where WNV was
found only in mosquitoes of this group [41]. It should be noted, however, that although
the screening for WNV involved a representative sample of more than 2200 mosquitoes
from at least seven species, it did not include Aedes japonicus. While the Asian bush
mosquito is not currently considered a primary natural vector of WNV, under experimental
conditions it exhibits higher transmission rates than mosquitoes from the Culex pipiens
group [42]. In natural settings, however, pathogen transmission by vectors depends
not only on experimentally determined competence, but above all on the intensity of
interactions between the vector (mosquito), the virus-infected host (bird), and the pathogen
(virus), within the specific characteristics of the local environment. With regard to WNV
transmission by Ae. japonicus, its feeding preferences seem crucial. Studies on the blood
meal composition of Ae. japonicus in the United States indicate that adult females primarily
feed on the blood of wild mammals and humans [43,44]. In laboratory conditions, this
species can also feed on bird blood [45,46]. The lack of bird blood in blood meals collected
from mosquitoes in the US may, however, result from non-representative field samples
or from local ecological factors, including the greater availability of mammals as hosts in
the areas where the studies were conducted. Nevertheless, since WNV has been detected
in field-collected Ae. japonicus in the US, there is no doubt that bird blood also serves as
a food source for this species. Feeding preferences of Ae. japonicus in Europe may differ
somewhat [47]. Interesting insights come from blood meal studies of mosquitoes collected
at Zurich Zoo (Switzerland) [48], which for the first time documented the presence of bird
blood in free-living Ae. japonicus. About 17% of captured specimens fed exclusively on bird
blood, despite the abundant availability of mammalian hosts. This was also the only species
in which the study demonstrated simultaneous feeding on both birds and mammals [48].
These findings may support the hypothesis that feeding preferences largely depend on host
availability in the environment, and they demonstrate the high ecological plasticity of not
only larvae but also adult Ae. japonicus.

The results of the present study indicate that in Poland, the Asian bush mosquito is
most frequently observed in suburban areas (suburban habitats, 45.2% of observations),
single-family housing estates, allotment gardens, cemeteries, as well as suburban and
urban green areas such as forests, parks, or nature reserves adjacent to cities (forest/shrub
habitats, 24.2% of observations). Such environments, located at the “interface of nature and
civilization”, are rich both in human-made artificial containers used by mosquitoes during
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larval development and in sufficient populations of animals—wild as well as humans, their
pets, and livestock (horse farms, hobby farms)—to ensure the survival of adult mosquitoes
and the persistence of the species. These results are consistent with literature data, according
to which Ae. japonicus prefers forested and shrubby habitats in rural, suburban, and urban
areas [20,49]. According to current knowledge, Aedes japonicus does not show a preference
for highly urbanized areas, unlike Aedes albopictus (Skuse, 1895) [50-52]. Also in a previous
study by Schaffner et al. [19], which included 21 sampling sites in the southern part of
Poland, as many as 71.4% of the sites were located in suburban areas. The remaining
28.6% of Aedes japonicus sites were distributed across other types of land use (urban habitat,
agricultural areas, forest and shrub, and rural habitat). The observed differences may
result, first, from variations in habitat classification and from ecological differences in
the observation sites used in the two studies. Our findings also indicate that the peak
occurrence of adult mosquitoes in Poland falls at the turn of summer and autumn, which
confirms earlier observations from North America and Europe [20,46,52-56]. Given the
relatively limited number of observations to date and the incomplete knowledge of the
issue, further research on the ecology of Aedes japonicus in Poland is warranted.

The topic of a separate but closely related consideration—strongly linked to the cli-
matic conditions prevailing in a given season—remains the temporal overlap between the
peak occurrence of vectors and the amplification of West Nile virus within local ecosystems.
Both mosquito abundance and WNYV replication depend largely on temperature, while
WNV amplification is highly heterogeneous over time and across seasons, in both Europe
and the United States [24,33,57-62]. Some years are characterized by an increased number
of outbreaks in animals and humans, interspersed with seasons of low viral transmis-
sion. There is evidence that warmer winter periods preceding seasons with high infection
rates are an important factor influencing mosquito abundance as well as their vector
competence [62—-64]. This factor may be of particular significance in temperate climate
countries such as Poland, Germany, the Czech Republic, and Slovakia, where no endemic
outbreaks of the disease were recorded as recently as the 20th century. However, the
climatic conditions in Central Europe have undergone substantial changes over the past
several decades, contributing to the northward expansion of WNV.

In 2024—the year during which material for the present study was collected—the mean
annual air temperature in Poland was 10.9 °C, exceeding the 1991-2020 reference period
average by 2.2 °C [65,66]. The year 2024 was not only the warmest on record in Poland
but also featured a relatively mild January, with a mean air temperature of —0.3 °C (0.9 °C
higher than the reference period), an exceptionally warm February (5.7 °C, 5.8 °C above the
1991-2020 mean), and a warm March (6.7 °C, 3.6 °C above average) [67-69]. It is therefore
not surprising that Poland experienced in 2024 the largest recorded outbreak of West Nile
fever among wild birds. In Warsaw, a massive die-off of hooded crows (Corvus corone
cornix, Linnaeus 1758) was once again observed—so substantial that the local population
of this species within the monitored area was decimated [70]. These observations are
consistent with data from the 2024 ECDC report [33]. According to this, human WNF
cases in Europe were recorded between June and December, with a peak in incidence
(>100 cases per week) between epidemiological weeks 30 (August) and 36 (September),
roughly corresponding to data for the 2014-2018 period [57]. Since mosquito population
dynamics—and consequently pathogen transmission—depend closely on climatic factors,
the duration of the WNV season and the infection peak in 2024 varied geographically across
European countries. The earliest, June cases were recorded in southern European countries
with warmer climates, such as Greece and Spain, while the longest WNV transmission
seasons occurred in Greece (June-December) and Germany (July-December). In Greece,
December cases are well documented and unsurprising, given the confirmed presence of
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WNV in overwintering Culex pipiens populations [71], suggesting possible year-round viral
circulation in that country. In contrast, in Germany; it is plausible that these late, isolated
human cases may not represent endemic transmission.

Returning to Poland, in 2024, no genetically confirmed human WNF cases were
reported. Outbreaks among horses and wild birds were observed between July and October,
with the peak incidence occurring in October [33]. In neighboring Germany, where more
than 250 WNV outbreaks in animals were confirmed, the veterinary case season lasted
from July to November, with the highest incidence recorded in September [33].

In North America, Ae. japonicus has been recognized as a bridge vector of WNV.
Considering European findings, along with the facts that this species is active throughout
the WNV transmission season, shows strong territorial expansion [6,22,72], and is capable
of dominating colonized habitats [22,23,72,73], it should also be regarded as an important
candidate for a bridge vector, alongside Culex pipiens, transmitting WNV from avian hosts
to humans in Europe [48].

5. Conclusions

Pilot screening for West Nile virus carried out on a sample of 137 free-living Aedes
japonicus individuals collected from three locations in Poland did not reveal the presence
of WNV genetic material in the mosquitoes. In 2025, the distribution of Aedes japonicus
covers half of the voivodeships, which represent the highest level of administrative division
in Poland. Most records come from the Malopolskie, élaskie, and Loédzkie voivodeships.
The most numerous adult populations were observed in the green areas of the city of
Kielce (Swietokrzyskie voivodeship). The ecological preferences of Ae. japonicus in Poland
are consistent with data from other European and US populations: larvae prefer human-
made (artificial) containers for development; adults are most often observed in suburban
areas; and peak occurrence/maximum number of records falls at the turn of summer and
autumn. It should be noted, however, that the relatively limited number of Aedes japonicus
observations to date justifies further research on the ecological preferences of this species in
Poland. Undoubtedly, the invasive biology of Aedes japonicus necessitates also continuous
monitoring of its distribution and the abundance of local populations, and warmer winters
should be a warning signal, intensifying this research. It should be emphasized that the
small sample size used in the present pilot screening study for the presence of WNV does
not allow for drawing definitive conclusions regarding the vector competence of Aedes
japonicus. Therefore, there is a continued need to study local populations of this mosquito
species for WNV. Future studies on the vector competence of Ae. japonicus should be
conducted on a significantly larger sample of mosquitoes, covering August and September,
preferably in areas of local West Nile fever outbreaks among birds and horses.

The results of the present study, similarly to other work on invasive mosquito
species [74,75], confirm the usefulness of data collected by naturalists via the iNaturalist
platform as a supplementary source of information supporting vector monitoring, though
one that requires verification.
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Author Contributions: Conceptualization, PN., J.SN., WK., AJW., G.Z.,, G.O.-G. and M.G. (Marcin
Gierek); methodology, PN., J.5.N. and W.K,; validation, ].5.N. and W.K.; formal analysis, PN., ].S.N.,
WK, AS, LM, KS,, KB, PK,, GJ., AJ., M.G. (Mariusz Gwardjan) and M.G. (Marcin Gierek);
data curation, PN., J.S.N., WK. and A.].; writing—original draft preparation, PN., ].5.N. and K.S,;
writing—review and editing, PN.,J.S.N.,, WK, AS,, LM, KS, KB, PK, GJ, AJ, AJW, GZ, M.G.
(Mariusz Gwardjan), G.O.-G. and M.G. (Marcin Gierek); visualization, PN., PX. and G J.; supervision,


https://www.mdpi.com/article/10.3390/v17111515/s1
https://www.mdpi.com/article/10.3390/v17111515/s1

Viruses 2025, 17, 1515 12 of 15

PN, J.S.N. and W.K,; funding acquisition, PN., ].5.N., WK,, G.Z. and M.G. (Marcin Gierek) All
authors have read and agreed to the published version of the manuscript.

Funding: Molecular analyses were funded by the National Veterinary Research Institute, National
Reference Laboratory for West Nile Virus. The APC was co-funded by Medical University of Silesia,
National Veterinary Research Institute and Wroctaw University of Environmental and Life Sciences.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: All data were made available in the paper and in the Table S1.

Acknowledgments: The authors thank the volunteers who provided data on mosquito observa-
tions. These are, in alphabetical order: Cyryl Boryczko, Jarostaw Brodecki, Piotr Gargas, Wiktoria
Gasiorowska, Tomasz Klejdysz, Szymon Kucharski, Adam Kut, Jarostaw Laskowski, Karol Lanocha,
Jacek Nowak, Grzegorz Markiewicz, Witold Siekierzynski, Piotr Wojtaszek. Marcin Zuwala. We
would also like to thank other users of the iNaturalist platform who did not respond to the authors’
invitation, but whose data they posted on the platform was used in the present work.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

Ae. Aedes

ECDC European Centre for Disease Prevention and Control
ELISA Enzyme-linked immunosorbent assay

RNA Ribonucleic acid

RT-PCR  Reverse Transcription Polymerase Chain Reaction
rRT-PCR  real-time Reverse Transcription Polymerase Chain Reaction
UTM Universal Transverse Mercator

WNF West Nile fever

WNV West Nile virus

References

1.  Tanaka, K. Studies on the pupal mosquitoes of Japan. (5) Four subspecies of Aedes (Finlaya) japonicus Theobald, including subsp.
shintienensis from Taiwan (Diptera, Culicidae). Jpn. J. Syst. Entomol. 2002, 8, 63-77.

2. Laird, M.; Calder, L.; Thornton, R.C.; Syme, R.; Holder, PW.; Mogi, M. Japanese Aedes albopictus among four mosquito species
reaching New Zealand in used tires. J. Am. Mosq. Control Assoc. 1994, 10, 14-23.

3. Monath, T.P. Japanese Encephalitis: Risk of Emergence in the United States and the Resulting Impact. Viruses 2023, 16, 54.
[CrossRef]

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

5. 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. Entomol. 2009, 46, 1464-1467. [CrossRef]
[PubMed]

6.  Schaffner, F; Kaufmann, C.; Hegglin, D.; Mathis, A. The invasive mosquito Aedes japonicus in Central Europe. Med. Vet. Entomol.
2009, 23, 448-451. [CrossRef]

7. Seidel, B.; Duh, D.; Nowotny, N.; Allerberger, F. First record of the mosquitoes Aedes (Ochlerotatus) japonicus japonicus (Theobald,
1901) in Austria and Slovenia 2011 and for Aedes (Stegomyia) albopictus (Skuse, 1895) in Austria. Entomol. Zeitschrift. 2012,
122,223-226.

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

9.  Ibanez-Justicia, A.; Kampen, H.; Braks, M.; Schaffner, F.; Steeghs, M.; Werner, D.; Zielke, D.; den Hartog, W.; Brooks, M.; Dik, M.;

et al. First report of established population of Aedes japonicus japonicus (Theobald, 1901) (Diptera: Culicidae) in the Netherlands. J.
Eur. Mosg. Control Assoc. 2014, 32, 9-13.


https://doi.org/10.3390/v16010054
https://doi.org/10.1603/033.046.0632
https://www.ncbi.nlm.nih.gov/pubmed/19960698
https://doi.org/10.1111/j.1365-2915.2009.00825.x
https://doi.org/10.1186/s13071-016-1645-8

Viruses 2025, 17, 1515 13 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Klobuéar, A.; Lipovac, L; Zagar, N.; Mitrovié-Hamzi¢, S.; Tesi¢, V,; Vilibi¢-Cavlek, T.; Merdi¢, E. First record and spreading of the
invasive mosquito Aedes japonicus japonicus (Theobald, 1901) in Croatia. Med. Vet. Entomol. 2019, 33, 171-176. [CrossRef]

Seidel, B.; Montarsi, F.; Huemer, H.P;; 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. Parasites Vectors 2016, 9, 284. [CrossRef]
Janssen, N.; Graovac, N.; Vignjevi¢, G.; Bogojevi¢, M.S.; Turi¢, N.; Klobuéar, A.; Kavran, M.; Petri¢, D.; Cupina, A.L; Fischer, S.;
et al. Rapid spread and population genetics of Aedes japonicus japonicus (Diptera: Culicidae) in southeastern Europe (Croatia,
Bosnia and Herzegovina, Serbia). PLoS ONE 2020, 15, e0241235. [CrossRef]

Eritja, R.; Ruiz-Arrondo, I.; Delacour-Estrella, S.; Schaffner, F.; Alvarez-Chachero, J.; Bengoa, M.; Puig, M.A.; Melero-Alcibar, R.;
Oltra, A.; Bartumeus, F. First detection of Aedes japonicus in Spain: An unexpected finding triggered by citizen science. Parasites
Vectors 2019, 12, 53. [CrossRef]

Cabanova, V,; Borsova, K.; Svitok, M.; Oboria, ].; Svitkov4, L; Barbuginova, E.; Derka, T.; Slavikova, M.; Klempa, B. An unwanted
companion reaches the country: The first record of the alien mosquito Aedes japonicus japonicus (Theobald, 1901) in Slovakia.
Parasites Vectors 2021, 14, 572. [CrossRef]

Horviéth, C.; Cazan, C.D.; Mihalca, A.D. Emergence of the invasive Asian bush mosquito, Aedes (Finlaya) japonicus japonicus, in
an urban area, Romania. Parasites Vectors 2021, 14, 192. [CrossRef]

Vojtisek, J.; Janssen, N.; Sikutov4, S.; Sebesta, O.; Kampen, H.; Rudolf, I. Emergence of the invasive Asian bush mosquito Aedes
(Hulecoeteomyia) japonicus (Theobald, 1901) in the Czech Republic. Parasites Vectors 2022, 15, 250. [CrossRef]

Citizen Science Platform iNaturalist. Available online: https://www.inaturalist.org/observations/145260810 (accessed on
10 September 2025).

Gierek, M.; Ochata-Gierek, G.; WozZnica, A.J.; Zalesny, G.; Jarosz, A.; Niemiec, P. Winged Threat on the Offensive: A Literature
Review Due to the First Identification of Aedes japonicus in Poland. Viruses 2024, 16, 703. [CrossRef] [PubMed]

Schaffner, F; Kwasnik, M.; Myczko, L.; Rozek, W.; Eritja, R.; Lippert, S.; Wint, G.R.W.; Leszczyniska, ]. A Survey Targeting Aedes
invasive mosquito species in central Europe, Summer 2023, reveals the extensive occurrence of Aedes japonicus in Poland. . Eur.
Mosq. Control Assoc. 2024, 1-15. [CrossRef]

Andreadis, T.G.; Anderson, J.E.; Munstermann, L.E.; Wolfe, R.J.; Florin, D.A. Discovery, distribution, and abundance of the
newly introduced mosquito Ochlerotatus japonicus (Diptera: Culicidae) in Connecticut, USA. J. Med. Entomol. 2001, 38, 774-779.
[CrossRef] [PubMed]

Yee, D.A. Tires as habitats for mosquitoes: A review of studies within the eastern United States. J. Med. Entomol. 2008, 45, 581-593.
Kaufman, M.G.; Fonseca, D.M. Invasion biology of Aedes japonicus japonicus (Diptera: Culicidae). Annu. Rev. Entomol. 2014,
59, 31-49. [CrossRef]

Hardstone, M.C.; Andreadis, T.G. Weak larval competition between the invasive mosquito Aedes japonicus japonicus (Diptera:
Culicidae) and three resident container-inhabiting mosquitoes in the laboratory. J. Med. Entomol. 2012, 49, 277-285. [CrossRef]
Bernard, K.A.; Maffei, ].G.; Jones, S.A.; Kauffman, E.B.; Ebel, G.; Dupuis, A.P,, 2nd; Ngo, K.A.; Nicholas, D.C.; Young, D.M.; Shi,
PY,; et al. West Nile virus infection in birds and mosquitoes, New York State, 2000. Emerg. Infect. Dis. 2021, 7, 679-685. [CrossRef]
DeCarlo, C.H.; Campbell, S.R.; Bigler, L.L.; Mohammed, H.O. Aedes japonicus and West Nile Virus in New York. |. Am. Mosg.
Control Assoc. 2020, 36, 261-263. [CrossRef]

Liihken, R.; Brattig, N.; Becker, N. Introduction of invasive mosquito species into Europe and prospects for arbovirus transmission
and vector control in an era of globalization. Infect. Dis. Poverty 2023, 12, 109. [CrossRef] [PubMed]

Aedes jaonicus distribution in Europe, European Centre for Disease Prevention and Control.  Available online:
https:/ /www.ecdc.europa.eu/en/publications-data/aedes-japonicus-current-known-distribution-october-2023  (accessed
on 10 September 2025).

Niczyporuk, J.S.; Samorek-Salamonowicz, E.; Lecollinet, S.; Pancewicz, S.A.; Kozdrun, W.; Czekaj, H. Occurrence of West Nile
virus antibodies in wild birds, horses, and humans in Poland. BioMed Res. Int. 2015, 2015, 234181. [CrossRef]

Niczyporuk, ].S.; Kozdrun, W.; Czujkowska, A.; Blanchard, Y.; Helle, M.; Dheilly, N.M.; Gonzalez, G. West Nile Virus Lineage 2 in
Free-Living Corvus cornix Birds in Poland. Trop. Med. Infect. Dis. 2023, 8, 417. [CrossRef] [PubMed]

Bazanéw, B.; Jansen van Vuren, P.; Szymanski, P,; Stygar, D.; Fracka, A.; Twardor, ].; Kozdrowski, R.; Paweska, ].T. A Survey on
West Nile and Usutu Viruses in Horses and Birds in Poland. Viruses 2018, 10, 87. [CrossRef] [PubMed]

Kondrusik, M.; Ferenczi, E.; Zajkowska, J.; Pancewicz, S.; Grygorczuk, S.; Swierzbinska, R.; Hermanowska-Szpakowicz, T.
The evaluation of serum presence of antibodies reacting with West Nile Fever virus (WNV) antigens among inhabitants from
Podlaskie and Swigtokrzyskie region. Przegl. Epidentiol. 2007, 61, 409-416. (In Polish)

Hermanowska-Szpakowicz, T.; Grygorczuk, S.; Kondrusik, M.; Zajkowska, ]J.; Pancewicz, S. West Nile Virus Infection. Przegl.
Epidemiol. 2006, 60, 93-98. (In Polish)

West Nile fever in Europe in 2024, European Centre for Disease Prevention and Control. Available online: https://wnv-
monthly.ecdc.europa.eu/archive/wnv-2024.html (accessed on 10 September 2025).


https://doi.org/10.1111/mve.12337
https://doi.org/10.1186/s13071-016-1566-6
https://doi.org/10.1371/journal.pone.0241235
https://doi.org/10.1186/s13071-019-3317-y
https://doi.org/10.1186/s13071-021-05062-0
https://doi.org/10.1186/s13071-021-04698-2
https://doi.org/10.1186/s13071-022-05332-5
https://www.inaturalist.org/observations/145260810
https://doi.org/10.3390/v16050703
https://www.ncbi.nlm.nih.gov/pubmed/38793584
https://doi.org/10.52004/2054930x-20241010
https://doi.org/10.1603/0022-2585-38.6.774
https://www.ncbi.nlm.nih.gov/pubmed/11761373
https://doi.org/10.1146/annurev-ento-011613-162012
https://doi.org/10.1603/ME11050
https://doi.org/10.3201/eid0704.017415
https://doi.org/10.2987/20-6958.1
https://doi.org/10.1186/s40249-023-01167-z
https://www.ncbi.nlm.nih.gov/pubmed/38037192
https://www.ecdc.europa.eu/en/publications-data/aedes-japonicus-current-known-distribution-october-2023
https://doi.org/10.1155/2015/234181
https://doi.org/10.3390/tropicalmed8080417
https://www.ncbi.nlm.nih.gov/pubmed/37624355
https://doi.org/10.3390/v10020087
https://www.ncbi.nlm.nih.gov/pubmed/29462983
https://wnv-monthly.ecdc.europa.eu/archive/wnv-2024.html
https://wnv-monthly.ecdc.europa.eu/archive/wnv-2024.html

Viruses 2025, 17, 1515 14 of 15

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Tanaka, K.; Mizusawa, K.; Saugstad, E.S. A revision of the adult and larval mosquitoes of Japan (including the Ryukyu Archipelago
and the Ogasawara islands) and Korea (Diptera: Culicidae). Am. Entomoll. Inst. 1979, 16, 1-987.

Mosquito surveillance guidelines, European Centre for Disease Prevention and Control. Available online:
https:/ /www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications / TER-Mosquito-surveillance-
guidelines.pdf (accessed on 12 September 2025).

Becker, N.; Petri¢, D.; Zgomba, M.; Boase, C.; Madon, M.B.; Dahl, C.; Kaiser, A. Mosquitoes; Fascinating Life Sciences; Springer:
Cham, Switzerland, 2020. [CrossRef]

Niczyporuk, ].S.; Samorek-Salamonowicz, E.; Kozdrun, W.; Mizak, Z. Attempts to detect West Nile Virus in wild birds in Poland.
Acta Vet. Hung. 2011, 59, 405-408. [CrossRef]

Eiden, M.; Vina-Rodriguez, A.; Hoffmann, B.; Ziegler, U.; Groschup, M.H. Two new real-time quantitative reverse transcription
polymerase chain reaction assays with unique target sites for the specific and sensitive detection of lineages 1 and 2 West Nile
virus strains. J. Vet. Diagn. Investig. 2010, 22, 748-753. [CrossRef]

MapaUTM Software Website. Available online: https://www.heteroptera.us.edu.pl/mapautm.html (accessed on 25 September 2025).
Hayes, E.B.; Komar, N.; Nasci, R.S.; Montgomery, S.P.; O’Leary, D.R.; Campbell, G.L. Epidemiology and transmission dynamics of
West Nile virus disease. Emerg. Infect. Dis. 2005, 11, 1167-1173. [CrossRef] [PubMed]

Kampen, H.; Holicki, C.M.; Ziegler, U.; Groschup, M.H.; Tews, B.A.; Werner, D. West Nile Virus Mosquito Vectors (Diptera:
Culicidae) in Germany. Viruses 2020, 12, 493. [CrossRef] [PubMed]

Turell, M.J.; O’Guinn, M.L.; Dohm, D.J.; Jones, ].W. Vector competence of North American mosquitoes (Diptera: Culicidae) for
West Nile virus. J. Med. Entomol. 2001, 38, 130-134. [CrossRef]

Molaei, G.; Farajollahi, A.; Scott, J.J.; Gaugler, R.; Andreadis, T.G. Human bloodfeeding by the recently introduced mosquito,
Aedes japonicus japonicus, and public health implications. J. Am. Mosg. Control Assoc. 2009, 25, 210-214. [CrossRef]

Apperson, C.S.; Hassan, H.K.; Harrison, B.A.; Savage, H.M.; Aspen, S.E.; Farajollahi, A.; Crans, W.; Daniels, T.J.; Falco, R.C,;
Benedict, M.; et al. Host feeding patterns of established and potential mosquito vectors of West Nile virus in the eastern United
States. Vector Borne Zoonotic Dis. 2004, 4, 71-82. [CrossRef]

Williges, E.; Farajollahi, A.; Scott, J.J.; McCuiston, L.J.; Crans, W.J.; Gaugler, R. Laboratory colonization of Aedes japonicus japonicus.
J. Am. Mosq. Control Assoc. 2008, 24, 591-593. [CrossRef] [PubMed]

Linthout, C.; Martins, A.D.; de Wit, M.; Delecroix, C.; Abbo, S.R.; Pijlman, G.P,; Koenraadt, C.J.M. The potential role of the Asian
bush mosquito Aedes japonicus as spillover vector for West Nile virus in the Netherlands. Parasites Vectors 2024, 17, 262. [CrossRef]
Cebridn-Camisén, S.; Martinez-de la Puente, J.; Figuerola, J. A Literature Review of Host Feeding Patterns of Invasive Aedes
Mosquitoes in Europe. Insects 2020, 11, 848. [CrossRef]

Schonenberger, A.C.; Wagner, S.; Tuten, H.C.; Schaffner, F,; Torgerson, P; Furrer, S.; Mathis, A.; Silaghi, C. Host preferences in
host-seeking and blood-fed mosquitoes in Switzerland. Med. Vet. Entomol. 2016, 30, 39-52. [CrossRef] [PubMed]

Bartlett-Healy, K.; Unlu, I.; Obenauer, P.; Hughes, T.; Healy, S.; Crepeau, T.; Farajollahi, A.; Kesavaraju, B.; Fonseca, D.; Schoeler,
G.; et al. Larval mosquito habitat utilization and community dynamics of Aedes albopictus and Aedes japonicus (Diptera: Culicidae).
J. Med. Entomol. 2012, 49, 813-824. [CrossRef]

Chaves, L.E; Friberg, M.D.; Moji, K. Synchrony of globally invasive Aedes spp. immature mosquitoes along an urban altitudinal
gradient in their native range. Sci. Total Environ. 2020, 734, 139365. [CrossRef] [PubMed]

Garamszegi, L.Z.; Soltész, Z.; Kurucz, K.; Szentivanyi, T. Using community science data to assess the association between
urbanization and the presence of invasive Aedes species in Hungary. Parasites Vectors 2023, 16, 158. [CrossRef]

Klobucar, A.; Kavran, M.; Petrini¢, S.; Curman Posavec, M. Temporal Activity and Distribution of the Invasive Mosquitoes Aedes
albopictus and Aedes japonicus in the Zagreb Area, Croatia. Trop. Med. Infect. Dis. 2024, 9, 263. [CrossRef]

Nanfack-Minkeu, F; Delong, A.; Luri, M.; Poelstra, ] W. Invasive Aedes japonicus Mosquitoes Dominate the Aedes Fauna Collected
with Gravid Traps in Wooster, Northeastern Ohio, USA. Insects 2023, 14, 56. [CrossRef]

Koban, M.B.; Kampen, H.; Scheuch, D.E.; Frueh, L.; Kuhlisch, C.; Janssen, N.; Steidle, J].L.M.; Schaub, G.A.; Werner, D. The
Asian bush mosquito Aedes japonicus japonicus (Diptera: Culicidae) in Europe, 17 years after its first detection, with a focus on
monitoring methods. Parasites Vectors 2019, 12, 109. [CrossRef]

Ibafiez-Justicia, A.; Teekema, S.; den Hartog, W.; Jacobs, E,; Dik, M.; Stroo, A. The Effectiveness of Asian Bush Mosquito (Aedes
japonicus japonicus) Control Actions in Colonised Peri-urban Areas in the Netherlands. J. Med. Entomol. 2018, 55, 673-680.
[CrossRef]

Dussault, C.; Nelder, M.P.;; Russell, C.; Johnson, S.; Vrbova, L. Evaluating the impact of Aedes japonicus invasion on the mosquito
community in the Greater Golden Horseshoe region (Ontario, Canada). PLoS ONE 2018, 13, e0208911. [CrossRef]

European Centre for Disease Prevention and Control. Available online: https://www.ecdc.europa.eu/en/news-events/epidemiological-
update-west-nile-virus-transmission-season-europe-2018 (accessed on 30 October 2025).


https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/TER-Mosquito-surveillance-guidelines.pdf
https://www.ecdc.europa.eu/sites/default/files/media/en/publications/Publications/TER-Mosquito-surveillance-guidelines.pdf
https://doi.org/10.1007/978-3-030-11623-1
https://doi.org/10.1556/avet.2011.023
https://doi.org/10.1177/104063871002200515
https://www.heteroptera.us.edu.pl/mapautm.html
https://doi.org/10.3201/eid1108.050289a
https://www.ncbi.nlm.nih.gov/pubmed/16102302
https://doi.org/10.3390/v12050493
https://www.ncbi.nlm.nih.gov/pubmed/32354202
https://doi.org/10.1603/0022-2585-38.2.130
https://doi.org/10.2987/09-0012.1
https://doi.org/10.1089/153036604773083013
https://doi.org/10.2987/5714.1
https://www.ncbi.nlm.nih.gov/pubmed/19181071
https://doi.org/10.1186/s13071-024-06279-5
https://doi.org/10.3390/insects11120848
https://doi.org/10.1111/mve.12155
https://www.ncbi.nlm.nih.gov/pubmed/26685926
https://doi.org/10.1603/ME11031
https://doi.org/10.1016/j.scitotenv.2020.139365
https://www.ncbi.nlm.nih.gov/pubmed/32464372
https://doi.org/10.1186/s13071-023-05780-7
https://doi.org/10.3390/tropicalmed9110263
https://doi.org/10.3390/insects14010056
https://doi.org/10.1186/s13071-019-3349-3
https://doi.org/10.1093/jme/tjy002
https://doi.org/10.1371/journal.pone.0208911
https://www.ecdc.europa.eu/en/news-events/epidemiological-update-west-nile-virus-transmission-season-europe-2018
https://www.ecdc.europa.eu/en/news-events/epidemiological-update-west-nile-virus-transmission-season-europe-2018

Viruses 2025, 17, 1515 15 of 15

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Erazo, D.; Grant, L.; Ghisbain, G.; Marini, G.; Colén-Gonziélez, FJ.; Wint, W.; Rizzoli, A.; Van Bortel, W.; Vogels, C.B.F.; Grubaugh,
N.D.; et al. Contribution of climate change to the spatial expansion of West Nile virus in Europe. Nat. Commun. 2024, 15, 1196.
[CrossRef] [PubMed]

Singh, P.; Khatib, M.N; Ballal, S.; Kaur, M.; Nathiya, D.; Sharma, S.; Prasad, G.V.S; Sinha, A.; Gaidhane, A.M.; Mohapatra, P,;
et al. West Nile Virus in a changing climate: Epidemiology, pathology, advances in diagnosis and treatment, vaccine designing
and control strategies, emerging public health challenges—A comprehensive review. Emerg. Microbes Infect. 2025, 14, 2437244,
[CrossRef] [PubMed]

Ruberto, I.; Kretschmer, M.; Zabel, K.; Sunenshine, R.; Smith, K.; Townsend, J.; Richard, D.; Erhart, L.M.; Staab, N.; Komatsu, K.;
et al. Notes from the Field: An Outbreak of West Nile Virus—Arizona, 2019. MMWR Morb. Mortal. Wkly. Rep. 2021, 70, 123-124.
[CrossRef]

Levine, R.S.; Mead, D.G.; Hamer, G.L.; Brosi, B.J.; Hedeen, D.L.; Hedeen, M.W.; McMillan, ]J.R.; Bisanzio, D.; Kitron, U.D.
Supersuppression: Reservoir Competency and Timing of Mosquito Host Shifts Combine to Reduce Spillover of West Nile Virus.
Am. ]. Trop. Med. Hyg. 2016, 95, 1174-1184. [CrossRef]

Poh, K.C.; Chaves, L.F.; Reyna-Nava, M.; Roberts, C.M.; Fredregill, C.; Bueno, R., Jr.; Debboun, M.; Hamer, G.L. The influence of
weather and weather variability on mosquito abundance and infection with West Nile virus in Harris County, Texas, USA. Sci.
Total Environ. 2019, 675, 260-272. [CrossRef] [PubMed]

Reisen, W.K,; Thiemann, T.; Barker, C.M.; Lu, H.; Carroll, B.; Fang, Y.; Lothrop, H.D. Effects of warm winter temperature on the
abundance and gonotrophic activity of Culex (Diptera: Culicidae) in California. . Med. Entomol. 2010, 47, 230-237. [CrossRef]
Wimberly, M.C.; Lamsal, A.; Giacomo, P.; Chuang, T.W. Regional variation of climatic influences on West Nile virus outbreaks in
the United States. Am. |. Trop. Med. Hyg. 2014, 91, 677-684. [CrossRef] [PubMed]

Tomczyk, A.M.; Bednorz, E. Climate Atlas of Poland (1991-2020); Bogucki Scientific Publishing House: Poznan, Poland, 2022.
Climate in Poland in 2024, Institute of Meteorology and Water Management—National Research Institute (IMGW-PIB, Poland).
Available online: https://imgw.pl/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-2024-roku-podsumowanie /
(accessed on 30 October 2025).

Climate in Poland in January 2024, Institute of Meteorology and Water Management—National Research Institute (IMGW-PIB,
Poland). Available online: https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-
styczniu-2024-roku (accessed on 30 October 2025).

Climate in Poland in February 2024, Institute of Meteorology and Water Management—National Research Institute IMGW-PIB,
Poland). Available online: https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-
lutym-2024-roku (accessed on 30 October 2025).

Climate in Poland in March 2024, Institute of Meteorology and Water Management—National Research Institute IMGW-PIB,
Poland). Available online: https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-
marcu-2024-roku (accessed on 30 October 2025).

Niczyporuk, J.S.; Kozdrun, W.; Stolarek, A.; Piekarska, K.; Taraisuk, K.; Wyrostek, K.; Kycko, A.; Sell, B.; Janek, E.; Czujkowska,
A_; et al. Threat to bird health in the context of West Nile virus. In Proceedings of the International Scientific Conference—Current
and Future Threats to the Health of Poultry and Free-Living Birds, Putawy, Poland, 2627 June 2025; pp. 52-55.

Balatsos, G.; Beleri, S.; Tegos, N.; Bisia, M..; Karras, V.; Zavitsanou, E.; Papachristos, D.P,; Papadopoulos, N.T.; Michaelakis, A.;
Patsoula, E. Overwintering West Nile virus in active Culex pipiens mosquito populations in Greece. Parasites Vectors 2024, 17, 286.
[CrossRef]

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

Andreadis, T.G.; Wolfe, R.J. Evidence for reduction of native mosquitoes with increased expansion of invasive Ochlerotatus
japonicus japonicus (Diptera: Culicidae) in the northeastern United States. J. Med. Entomol. 2010, 47, 43-52. [CrossRef]

Cull, B. Online Crowdsourced Data from iNaturalist Can Assist Monitoring of Invasive Mosquitoes. Insects 2025, 16, 128.
[CrossRef] [PubMed]

Cull, B.; Vo, B.N.; Webb, C.; Williams, C.R. iNaturalist community observations provide valuable data on human-mosquito
encounters. J. Vector Ecol. J. Soc. Vector Ecol. 2024, 49, R12-R26. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41467-024-45290-3
https://www.ncbi.nlm.nih.gov/pubmed/38331945
https://doi.org/10.1080/22221751.2024.2437244
https://www.ncbi.nlm.nih.gov/pubmed/39614679
https://doi.org/10.15585/mmwr.mm7004a4
https://doi.org/10.4269/ajtmh.15-0809
https://doi.org/10.1016/j.scitotenv.2019.04.109
https://www.ncbi.nlm.nih.gov/pubmed/31030133
https://doi.org/10.1093/jmedent/47.2.230
https://doi.org/10.4269/ajtmh.14-0239
https://www.ncbi.nlm.nih.gov/pubmed/25092814
https://imgw.pl/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-2024-roku-podsumowanie/
https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-styczniu-2024-roku
https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-styczniu-2024-roku
https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-lutym-2024-roku
https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-lutym-2024-roku
https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-marcu-2024-roku
https://www.imgw.pl/wydarzenia/charakterystyka-wybranych-elementow-klimatu-w-polsce-w-marcu-2024-roku
https://doi.org/10.1186/s13071-024-06367-6
https://doi.org/10.1186/1756-3305-7-59
https://doi.org/10.1093/jmedent/47.1.43
https://doi.org/10.3390/insects16020128
https://www.ncbi.nlm.nih.gov/pubmed/40003758
https://doi.org/10.52707/1081-1710-49.2.R12
https://www.ncbi.nlm.nih.gov/pubmed/39315958

	Introduction 
	Materials and Methods 
	Mosquito Collection and Location Characteristics 
	Aedes japonicus Species Identification 
	Screening for the Presence of WNV 
	An Update on the Occurrence Range of Aedes japonicus in Poland 

	Results 
	Capture of Mosquitoes for WNV Screening 
	West Nile Virus Screening in Field-Collected Aedes japonicus 
	An Update of Aedes japonicus Distribution in Poland, 2025 

	Discussion 
	Conclusions 
	References

