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Abstract

Background: Invasive mosquito species (IMS) of the genus Aedes are a cause of increasing concern in Europe owing
to their ability to vector important human viral diseases. Entomological surveillance to early detect alien mosquito
and flavivirus circulation in Liguria, northwest Italy, has been carried out since 2011.

Results: The invasive species Aedes koreicus was first detected in Genoa in September 2015, when a male specimen
was caught near the international airport; species identity was confirmed by genetic analysis. Over the next three
years, 86 more adult specimens were trapped at sites throughout the city, accounting for 0.50% of all mosquitoes and
1.04% of Aedes sp. mosquitoes trapped in Genova in the four-year period 2015-2018. So far, no other monitored sites
in Liguria have revealed the presence of this species. Ovitraps at two sites became positive for the species in July—
August 2017. All female Ae. koreicus pools analysed were negative in biomolecular assays for Flavivirus.

Conclusions: Our findings of Ae. koreicus in Genoa constitute, to the best of our knowledge, the first report of the
species in northwest Italy and in a Mediterranean port city. The species appears to be established; trapping and cli-
matic data support survival of Ae. koreicus in the area through three consecutive winters. Monitoring of adult mosqui-
toes detected the species two years before its discovery with ovitraps; trapping for adult specimens appears to be a
more effective tool for the early detection of IMS. The airport (located near the commercial port area) and the flower
market are the most probable sites of introduction; however, the exact time and place of arrival of this IMS in Liguria
remain unknown. Based on morphological and genetic data, a common origin for most of the Ae. koreicus popula-
tions established in Europe is suspected. So far, no control measures have been adopted in Genoa and the species will
probably colonize an even wider area in the next few years.
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Background

Invasive mosquito species (IMS), particularly of the
genus Aedes, are a source of increasing concern in Europe
because of their ability to spread into new territories and
cause outbreaks of human viral diseases, such as dengue,
Zika, chikungunya, yellow fever and Japanese encepha-
litis [1]. The Asian tiger mosquito Aedes albopictus,
endemic to southeast Asia, was the first invasive exotic
mosquito species to become established in Europe, where
it was first reported in Albania in 1979 [2] and in Italy in
1990 [3]. It was responsible for the first European out-
break of chikungunya fever in Emilia-Romagna, Italy, in
2007 [4], and for the 2017 outbreak in central and south-
ern Italy [5]. Several more alien mosquito species can be
found in Europe, including Ae. aegypti (established in
Madeira and on the Eastern Black Sea coast), Ae. atro-
palpus, Ae. japonicus and Ae. koreicus [6], the latter two
being recently found in Italy (7, 8].

Originally endemic to southeast Asia, Ae. koreicus was
first found in Belgium in 2008, which was the first report
of this species outside its native range; it established in
a small area of 6 km? and does not seem to be coloniz-
ing the surrounding territory [9]. In 2011, it was found
in northeast Italy [7], where it has rapidly expanded its
range [10-12], and later in Germany [13], along the
Swiss-Italian border [14], in Hungary [15] and Slovenia
[16]. Most of the Ae. koreicus specimens found in Europe
are morphologically consistent with the species phe-
notype characteristic of Jeju-do Island, located south of
Korea, as they carry a basal band of clear scales on hind
tarsomere V, which is absent in mainland specimens [7,
9]. The sole exception is a single population found in
Germany in 2016-2017, whose morphological features
differ, which seems to have originated from an independ-
ent introduction, possibly from mainland Korea [17].

Importation routes in Europe for this species remain
unknown [18]; however, as most likely happened with
other invasive Aedes spp., it might have been introduced
at the egg or larval stage through the trade of used tyres
or plants [19]. Aedes koreicus is able to produce cold- and
drought-resistant eggs, allowing it to survive winter tem-
peratures; moreover, as it tolerates lower temperatures
better than the congeneric Ae. albopictus, it is active ear-
lier during the season and can occupy an empty niche at
higher altitudes [10]. Given its strong morphological sim-
ilarity with Ae. japonicus japonicus, Ae. koreicus might go
undetected in areas already invaded by the latter, as hap-
pened in Slovenia [16]. Genetic confirmation is needed
when specimens are damaged, or mosquito collection is
performed in new areas. Several studies have highlighted
the potential role of Ae. koreicus as a vector of viral and
parasitic diseases. Field-collected Ae. koreicus speci-
mens were found infected by the Japanese encephalitis
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virus [20] and the dog heartworm Dirofilaria repens [21].
Moreover, the species was experimentally proven to be
a competent vector of chikungunya virus [12] and of D.
immitis [22, 23]. Entomological and virological surveil-
lance programs are therefore extremely helpful in the
early detection of IMS and of the circulation of mos-
quito-borne viruses and for the rapid deployment of con-
trol measures by local health authorities.

Starting in 2011, our institute (IZSPLV) has carried out
entomological and virological surveillance of mosquitoes
in northwest Italy (Piedmont, Liguria and Valle d’Aosta)
within the framework of research projects funded by the
Italian Ministry of Health and the European Union. In
2016, due to the global Zika emergency, mosquito sur-
veillance in Liguria was intensified through the support
of the regional government and the collaboration of the
public Health Services (AASSLL) and the City of Genova.

This study reports the finding of Ae. koreicus in Genoa
over four consecutive years. It is, to the best of our
knowledge, the first report of the species in northwest
Italy and in a port city of the Mediterranean basin. It pro-
vides clear evidence of the establishment of Ae. koreicus
in the area, which may herald further spread of this IMS
in Italy and beyond.

Methods

Adult mosquito collection

In the four-year period 2015-2018, adult mosquitoes
were trapped fortnightly by trained operators, by means
of CO,-lure-baited BG-sentinel traps (Biogents, Regens-
burg, Germany) and hay infusion-baited gravid traps
(John Hock company, Gainesville, FL, USA) in sites
throughout Liguria (#=11 in 2015, n=23 in 2016 and
2017, n=21 in 2018). Trapping sites were chosen accord-
ing to risk factors, i.e. the possible introduction of alien
mosquito species (ports, airports, commercial hubs) or
the potential circulation of endemic and/or imported
mosquito-borne viruses, such as West Nile virus [24] or
dengue, Zika and chikungunya viruses [25] (hospitals
with infectious diseases departments, city neighbour-
hoods with a high concentration of residents from South
America, where several mosquito-borne human diseases
are endemic). Surveillance was increased from 2016
onwards, due to the concurrent worldwide Zika epidem-
ics. Particular attention was directed to Genoa, where the
number of monitored sites was increased from four in
2015 to 10-12 in 2016-2018 (Fig. 1).

Genoa is an important commercial and tourist hub in
the Mediterranean basin and has a considerable resident
community of immigrants from South America. The
duration of the monitoring season and the number of
night traps at each site in Genoa varied depending on the
year.
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Fig. 1 Traps with/without associated ovitraps (yellow), ovitraps only (orange) and weather stations (green) in Genoa (map published under the
Microsoft® Bing™ Maps Platform APIs'Terms of Use)

At each session, the traps worked for approximately 24
consecutive hours; caught mosquitoes were or cooled to
0—4 °C or transported alive to the closest IZSPLV branch,
where they were kept frozen and sent to the IZSPLV
entomological lab in Imperia for processing. All mosqui-
toes were identified to species level according to mor-
phological keys [26-28].

Doubtful Aedes spp. specimens were genetically identi-
fied by sequencing a fragment of the mtDNA nad4 gene
using two primer sets, one for the analysis of all species
within the genus Aedes (N4]J-8502D/N4N-8944D) [29]
and one specific for the identification of Ae. koreicus
(ND4KorF/N4N-8944D) [30]. Expected fragment sizes
corresponded to 440 and 283 bp, respectively. The PCR
protocol was the same for both reactions and was car-
ried out in a 25 pl final volume containing Platinum™
quantitative PCR SuperMix-UDG 2x (Thermo Fisher,
Waltham, MA, USA), 0.3 uM of each primer (Metabion,
Steinkirchen, Germany) and 10-50 ng of genomic DNA.

Both forward and reverse reads were sequenced on an
ABI Prism 3100 Genetic Analyzer (Applied Biosystems,
Waltham, MA, USA), and assembled with DNASTAR
Seqman software. The consensus sequences were then

compared with those deposited in GenBank (NCBI) and
species assignment was based on a minimum similarity
value of 98%. Consensus obtained with the Ae. koreicus
specific primer set was also screened for the character-
istic single nucleotide polymorphism (SNP), where a T
is present in Ae. koreicus, a G in Ae. japonicus, and the
other Aedes spp. have an A [30].

Female specimens underwent a biomolecular essay to
detect flaviviral infection: an RT-PCR targeting the NS5
gene locus of the Flavivirus genome [31].

After the initial detection of Ae. koreicus in 2016, a ret-
rospective investigation of samples collected in 2015 was
also performed based on: (i) visual examination of a pho-
tographic database of damaged Aedes spp. specimens;
and (ii) a biomolecular assay for the mtDNA nad4 locus
on damaged Aedes spp. archival specimens.

Aedes spp. egg collection

Between 2015 and 2018, standard Aedes mosquito ovit-
raps (12 cm upper diameter black vases filled with
1000 ml of water and equipped with masonite™ strips
as oviposition support) were deployed at various sites
throughout Liguria and monitored biweekly. The number
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and location of the ovitraps located in Genoa varied
depending on the sampling year (n=4 in 2015, n=13
in 2016, n=15 in 2017, n=12 in 2018) and included
five sites not previously surveyed for adult mosquitoes
(Fig. 1).

After each monitoring session, the masonite strips
and water in the ovitraps were collected and transported
to the closest IZSPLV branch, where they were kept at
room temperature and sent to the IZSPLV entomological
lab in Imperia for mosquito rearing. Water was collected
in order not to miss any mosquito larvae that could have
already hatched. Aedes eggs and larvae were counted and
reared at room temperature and fed with ground dog/cat
food to obtain fourth-instar larvae/adult specimens for
species identification based on morphological characters.

Climatic data

Climatic data, comprising monthly average and absolute
minimum air temperature and precipitation (cumulated
rain) data recorded at three sites representative of three
different areas of Genoa (west, inland, city centre), were
analysed and compared with mosquito trapping data
from the four-year period July 2015 to October 2018. The
sites were located in: Genoa Pegli (GEPEG; 44.4323N,
8.8246E, 69 meters above sea level, masl), Genoa Pon-
tedecimo (GEPTX; 44.4885N, 8.9001E, 75 masl), and
Genoa Centro Funzionale (CFUNZ; 44.4004N, 8.9459E,
30 masl), respectively.

Climatic data were obtained from the weather and cli-
matic online database run by the Osservatorio Meteo
Idrologico della Regione Liguria (OMIRL), based on data
collected by the Agency for the Protection of the Envi-
ronment of Liguria (ARPAL) (http://www.cartografiarl.
regione.liguria.it/SiraQualMeteo/script/PubAccesso
DatiMeteo.asp).

Results

Adult mosquitoes

Ae. koreicus monthly capture data and number of trap
nights for each site monitored in Genoa are shown in
Tables 1 and 2, respectively. A total of 4499 adult mosqui-
toes, including 1862 Aedes spp., were trapped in Genoa
between June and October 2016. On 29th and 30th June,
two female Aedes sp. specimens morphologically analo-
gous to Ae. japonicus/Ae. koreicus in several diagnostic
features were trapped at two sites in the Sampierdarena
quarter by means of a BG-sentinel trap (site GE7) and
a gravid trap (site GE6), respectively. The two sites are
located 1.1 km apart. The presence of a clear band at the
base of the fourth tarsomere of the hind legs confirmed
their species identification as Ae. koreicus. A further clear
band on tarsomere V of the hind legs was consistent
with the same phenotype already detected in most of the
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other European sites, including northeast Italy. Further
morphological evidence of their species identification
was obtained by visual comparison of the two Ligurian
specimens with some Ae. koreicus collected in Trentino,
northeast Italy.

For both samples from Liguria, analysis with the
N4J8502D/N4N-8944D primer set showed an identity
of 99% with Ae. koreicus sequences deposited in Gen-
Bank (KT945239.1, JF430392.1). Moreover, the primer
set specific for Ae. koreicus confirmed the previous
genetic results and showed the presence, at position 203
of our alignment, of the SNP distinct for this species.
Six newly generated DNA sequences were deposited
in the GenBank database under the accession numbers
MH321447-MH321452.

Eight Ae. koreicus female specimens were caught at the
same sites (site GE6: n=6; GE7: n=2) as of 28th Sep-
tember and 12th October, respectively. A single female
specimen, though visibly damaged but still resem-
bling Ae. koreicus, was caught on 1lst September at site
GE3, located 5.7 km from the closest positive site GE6.
Unfortunately, DNA amplification failed in this case and
genetic confirmation could not be achieved. The other
species collected in the traps positive for Ae. koreicus
in 2016 were: Culex pipiens (n=617; 84.2%), Ae. albop-
ictus (n=49; 6.7%), Culiseta longiareolata (n=9; 1.2%),
Culex sp. (n=46; 6.3%), and Aedes sp. (n=2; 0.3%). The
Ae. koreicus female specimens collected in 2016 were not
analysed for Flavivirus detection. Following the first Ae.
koreicus captures in June—July 2016, one supplementary
trapping session using a BG-sentinel trap was performed
in August at site GE17, not usually monitored for adult
mosquitoes but located in the same quarter of the city;
no Ae. koreicus specimen was caught. Potential breeding
sites were also searched and inspected at sites GE6 and
GE7; they consisted of an abandoned plastic container
(GE6) and seven manholes (two at GE6, five at GE7).
Only Cx. pipiens and Ae. albopictus larvae were found.

Based on these findings, a retrospective investigation
of the 2015 photographic database revealed three dam-
aged Aedes sp. samples (one male and two females) simi-
lar to Ae. japonicus/Ae. koreicus in several morphological
characters, caught in a BG-sentinel trap located at the
Genoa International airport (site GE1) on 3rd and 30th
September, respectively. As the male specimen was still
preserved, frozen at — 80 °C, a biomolecular assay for the
nad4 gene performed as previously described obtained
an identity of 99% with sequences of Ae. koreicus, as was
determined for the samples collected in 2016.

Site GE1 is located 2.47 km from the closest positive
site in 2016 (GE7) (Fig. 1). Other mosquito specimens
collected in the BG-sentinel trap, together with the Ae.
koreicus male individual, included 91 Cx. pipiens and 25
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Table 2 Trapping (number of trap nights) in Genoa in the four-year period 2015-2018

Year Month GE1 GE2 GE3 GE4 GE5 GE6

GE7 GE8 GE9 GE10 GE15 GE17 GE18 GE22

2015 7
2015 8
2015 9
1
6

2015
2016
2016 7
2016 8
2016 9
2016 1
2017 5
2017 6
2017 7
2017 8
2017 9
1
6
7
8
9
1

0

0

2017
2018
2018
2018
2018
2018

0
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NN DD NN — NN O O O O O — — N N — N NN
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0
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|

|
NN DD NN NN O O O O NN N NN
NN NN

|
O = = N NN =2 NN =
|

2
2
2
1
1
1
2
1
0
1
2
2
2
2
2
2

Abbreviations: GE1, airport; GE2; port; GE3, hospital; GE4, hospital; GE5, hospital; GE6,

city centre; GE17, cemetery; GE18, flower market; GE22, port

Ae. albopictus. The two damaged Aedes sp. female speci-
mens were negative at biomolecular assays for Flavivirus
detection.

In 2017, a total of 3436 adult mosquitoes, including
1073 Aedes spp., were collected in Genoa. On 4th May
2017, an adult Ae. koreicus male specimen was caught
in a gravid trap at site GE6, while an Aedes sp. damaged
male was trapped in a gravid trap in June at site GE18
(not monitored for adult mosquitoes the previous years).
Because the latter site, located at the Flower Market, lies
8.5 km inland from the closest site that tested positive in
2016-2017 (site GE6), genetic analysis was performed
to exclude misidentification with the morphologically
similar Ae. japonicus. The male individual from GE18
was confirmed as Ae. koreicus by the mtDNA nad4 assay.
Furthermore, 33 Ae. koreicus individuals (7 males and
26 females) were trapped at eight sites (GE2, GE3, GES5,
GE6, GE7, GE15, GE17 and GE18) between July and
October 2017. The other mosquito species collected in
the Ae. koreicus-positive traps in 2017 were: Cx. pipiens
(n=556; 52.7%), Cx. hortensis (n=2; 0.2%), Cx. terri-
tans (n=1; 0.1%), Culex sp. (n=119; 11.3%), Ae. albop-
ictus (n=321; 30.4%), Cs. longiareolata (n=15; 1.4%), Cs.
annulata (n=1; 0.1%), Aedes (Ochlerotatus) sp. (n=1;
0.1%), Anopheles maculipennis (n=1; 0.1%), and Anoph-
eles sp. (n=3; 0.3%).

hospital; GE7, city center; GE8, city centre, GE9, city centre; GE10, cemetery; GE15,

Between June and October 2018, 5417 mosquitoes,
including 41 Ae. koreicus specimens, were collected in
Genoa. All four sites found positive for Ae. koreicus (GE3,
GE5, GE6 and GE18) were monitored by gravid traps and
had already been found positive in previous year (GE6
the two previous years). Other species collected in Ae.
koreicus-positive traps in 2018 were: Cx. pipiens (n=568;
63.7%), Cx. hortensis (n=1; 0.1%), Culex sp. (n=25;
2.8%), Ae. albopictus (n=242; 27.2%), Cs. longiareolata
(n=11; 1.2%), Cs. annulata (n=1; 0.1%), Anopheles
plumbeus (n=1; 0.1%) and Anopheles sp. (n=1; 0.1%).

Overall, 87 Ae. koreicus adult specimens were collected
in Genoa in the four-year period 2015-2018 (Table 3),
accounting for 0.5% of all mosquitoes and 1.04% of Aedes
sp. mosquitoes (Table 4).

The highest percentages were recorded for 2017, with
Ae. koreicus specimens accounting for 1.02 and 3.26% of
all mosquitoes and of Aedes sp., respectively. Table 1 and
Fig. 2 show comparative data for the number of Ae. korei-
cus trapped per month vs the sampling set up, i.e. the
number of specimens caught per trap night and the num-
ber of traps in use each month. The highest capture rate
was recorded at site GE6. Trapping data indicate a clear
increase in the number of Ae. koreicus specimens caught
in 2016-2017 (Fig. 2) and an expansion of the colonized
urban area, with sites GE2, GE3 and GE5 found positive
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Table 3 Total number of Aedes koreicus adult specimens trapped in Genoa by month (September 2015 to June 2018)

Year Month Site ID Site Trap type Females Males Sex not Total Genetically
determined confirmed
2015 9 GE1 Airport BG-sentinel 0 1 0 1 Y
2016 6 GE7 City centre BG-sentinel 1 0 0 1 Y
2016 6 GE6 Hospital Gravid 1 0 0 1 Y
2016 7 GE6 Hospital Gravid 1 0 0 1 N
2016 8 GE6 Hospital Gravid 1 0 0 1 Y
2016 8 GE7 City centre BG-sentinel 0 0 1 1 Y
2016 9 GE6 Hospital Gravid 3 0 0 3 N
2016 9 GE6 Hospital Gravid 1 0 0 1 Y
2016 10 GE7 City centre BG-sentinel 1 0 0 1 N
2017 5 GE6 Hospital Gravid 0 1 0 1 N
2017 6 GE18 Flower Market Gravid 0 1 0 1 Y
2017 7 GE3 Hospital Gravid 0 1 0 1 Y
2017 7 GE6 Hospital Gravid 4 1 0 5 N
2017 8 GE6 Hospital Gravid 2 1 0 3 N
2017 8 GE18 Flower Market Gravid 3 1 0 4 N
2017 8 GE6 Hospital Gravid 1 0 0 1 N
2017 8 GE15 School Gravid 2 0 0 2 N
2017 9 GE6 Hospital Gravid 1 0 0 1 N
2017 9 GE6 Hospital Gravid 1 1 0 2 N
2017 9 GE2 Port BG-sentinel 1 0 0 1 N
2017 10 GE3 Hospital Gravid 3 0 0 3 N
2017 10 GE6 Hospital Gravid 1 0 0 1 N
2017 10 GE18 Flower Market Gravid 3 0 0 3 N
2017 10 GE7 City centre BG-sentinel 1 0 0 1 N
2017 10 GE17 Cemetery BG-sentinel 1 0 0 1 N
2017 10 GE3 Hospital Gravid 1 1 0 2 N
2017 10 GE5 Hospital Gravid 1 0 0 1 N
2017 10 GE6 Hospital Gravid 0 1 0 1 N
2018 6 GE6 Hospital Gravid 1 2 0 3 N
2018 6 GE18 Flower Market Gravid 1 0 0 1 N
2018 6 GE6 Hospital Gravid 6 2 0 8 N
2018 6 GE18 Flower Market Gravid 2 0 0 2 N
2018 7 GE18 Flower Market Gravid 1 0 0 1 N
2018 8 GE6 Hospital Gravid 9 3 0 12 N
2018 9 GE3 Hospital Gravid 0 1 0 1 N
2018 9 GE5 Hospital Gravid 1 0 0 1 N
2018 9 GE6 Hospital Gravid 4 6 0 10 N
2018 10 GE3 Hospital Gravid 1 0 0 1 N
2018 10 GE6 Hospital Gravid 1 0 0 1 N
62 24 1 87

Abbreviations: Y, yes; N, no

for the species in 2017, albeit negative the previous year
(Table 1). In 2018, sites GE2 and GE7 became nega-
tive again, despite the increased number of trap nights,
which might indicate local small-scale extinctions. The
data for 2018, however, confirm the presence of the spe-
cies in a few key areas, particularly sites GE6 (Villa Scassi

Hospital) and GE18 (Flower Market). Gravid and BG-
sentinel traps provided 0.83 vs 0.27 adults per trap night
at positive sites, respectively.

All female specimens analysed for Flavivirus detec-
tion (n=26 in 2017, grouped in 15 pools; n=27 in 2018,
grouped in 11 pools) tested negative.
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Table 4 Yearly percentages of Aedes koreicus mosquitoes trapped in Genoa (2015-2018)

Year No. of mosquitoes No. of. Aedes sp. No. of Ae. koreicus Overall % Ae. koreicus % Ae.
koreicus vs
Aedes sp.
2015 4147 1802 1 0.02 0.06
2016 4499 1862 10 0.22 0.54
2017 3436 1073 35 1.02 3.26
2018 5417 3646 41 0.76 112
Total 17,499 8383 87 0.50 1.04
16
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Fig. 2 Number of Aedes koreicus collected per month vs number of traps set for adult mosquitoes

Aedes spp. eggs

A total of 885, 6397, 12,388 and 10,308 Aedes sp. eggs
were collected in ovitraps in Genoa in 2015, 2016, 2017
and 2018, respectively, and reared at the IZSPLV labora-
tory. Ovitrap data are reported in Table 5. In 2015, 2016
and 2018, only Ae. albopictus specimens were obtained.
Some eggs collected at site GE18 in July and August
2017 appeared unusually shaped on visual inspection,
i.e. slightly longer than normal Ae. albopictus eggs; 62 of
them hatched and the specimens were identified as Ae.
koreicus at the fourth-instar larval stage (n=38) or at the
adult stage (n=>54; 29 males and 25 females). One more
adult specimen (one female) was obtained from eggs col-
lected at site GE3 on 27 July.

Climatic data

Monthly absolute minimum temperature values recorded
for the four-year period 2015-2018 at the three weather
stations are presented in Fig. 3. Station GEPTX, located
in front of the Flower Market, recorded the lowest tem-
peratures during the whole period. Winter 2017-2018
resulted to be the coldest, with —5.4 °C and — 6.6 °C val-
ues recorded in February at stations GEPEG and GEPTX,
respectively. In June 2018, Ae. koreicus was still present at
site GE18, located in front of the GEPTX weather station,
where the lowest winter temperatures had been recorded.
Cumulated rainfall and average temperature vs mos-
quito trapping data (Ae. koreicus and Ae. albopictus) are
reported in Fig. 4. A clear pattern of association between



Page 9 of 13

(2019) 12:334

Ballardini et al. Parasites Vectors

SUOISS3S UOIII3]|0 ‘D) ‘deIIne ‘| O SUOIIDINGIQQY

ploq ui payybijybiy aie Ajuo sdesyino Aq pa1ojuow SaNUS 210N

L/8l 6 10 - - - - - - - - - 392/4°8 'NO8TY 177 1od [4EDb)
00°'L09 [4 10 €8'56 9 10 - - - - - - 30€£6'8 ‘NVEOV VY slity paziueqin Y& D)
0s'Z8lL [4 10 ot'6€ S 10 - - - - - - 3/988'8 'NSSTv'vv eale JaAly 0Z¢3o

- - - SLTT 14 10 000 14 10 - - - 3€T06'8 ‘NS09t v eale JaAly 6139
00661 L 10 #9'¢0C Ll 10 000¢€ 9 10 - - - I7868'8 'N868Y 7 1B\ 1oMO[4 8139
- - - 0t'20C 0l 10 Lot 6 10 - - - 3€206'8 'NOLTY 71 SEIEES) /139
- - - 0s'¥8 8 10 88°'LY 8 10 - - - 38968'8 ‘NLZLv't¥ anuad £31D 91L3o
- - - 71691 L 10 05°€8 3 10 - - - 39588'8 ‘N0 L¥7 vt 21U Q1D SIED)
- - - 88°SS 8 10 00°€S 6 10 - - - 39€/8'8 ‘NOLLYV 'tv S|y paziueqan 139
oy 6 10 - - - - - - - - - 3L6V6'8 'N86TY 17 ISEIETEY) 0135
- - - - - - - - - - - - 39556'8 ‘N8I Lv ¥ anuad A1) 6319
- - - - - - - - - - - - 350688 ‘Ny60v 17 2nud A1) 815
L6l 6 10 - - - SCe8 8 10 - - - 3/¥88'8 'NECLY ¥ 21U Q1D /39
£90CC 9 10 L9701 9 10 06'€8 ol 10 - - - 39/68'8 ‘N9 LY ¥ |eydsoH 939
0'Sor S 10 0S8l 0l 10 059 0l 10 - - - I 1¥6'8 'N8OOY ¥ir |eydsoH 535
ov'/L S 10 SL6¥ 8 10 09'0% 0l 10 00°/¢C 4 10 39686'8 'NIL6E VY |endsoH 735
08GLL S 10 £E6E 6 10 002¢ 0l 10 oSyl 4 10 JLLL68'NLOLY Vi [endsoH €35
L0 6 10 0S'Ly 4 10 09°/¢ 0l 10 1£'89 L 10 I1806'8 'N690Y 77 Hod (=D}
8,071 6 10 6C1S A 10 oL'L9 0l 10 7185 A 10 IrS88 'NSLLY Ty podiy 139
SO SD SD SD
/5669 Jo SO den /sbba Jo SO den /sbb2 Jo SO den /sbb3 jo sOden
(SVIVIEINY] jooN oadArdesy  -ouuespyy jooN odArdes;  -ouuespyy jooN oadArdesy  -ouuespyy jooN adArdes
(42g01>0-3unr) 810¢ (1990100—-AeN) £ 10T (42g01>0-3unr) 910¢ (499010-A|nr) 5102 SIIRUIPIO0D) SUS ar=us

(8107 4900320 031 5107 AINf) eOUSD) Ul P2123]|02 SHH3 “ds sapay pue sdelino Ag paio}juow S35 § aqel



Ballardini et al. Parasites Vectors (2019) 12:334

precipitation trend and trapping success is evident for
2017 and partially for 2018, when adult Ae. koreicus were
caught during the months with less precipitation pre-
ceded by months with higher precipitation.

Discussion

To our knowledge, the present findings represent the
first report of the IMS Aedes koreicus in northwest Italy,
four years after the species was first detected in north-
east Italy. Aedes koreicus seems to have successfully sur-
vived three consecutive winters in Genoa. Although one
or more re-invasions after winter extinctions cannot be
excluded, they seem unlikely since the species has been
found at the same sites over several consecutive years,
e.g. three years at site GE6.

Experimental studies on other IMS of the genus Aedes,
for instance Ae. albopictus and Ae. aegypti, stressed the
ecological importance of absolute minimum tempera-
tures in limiting expansion of the species [32, 33]. In
general, monthly mean and absolute minimum air tem-
peratures in the invaded areas in northeast Italy are simi-
lar to those recorded for the native area of Ae. koreicus
in Korea [10]. Temperatures recorded for Genoa support
species survival in the area through the winters of 2015—
2016, 2016—-2017 and 2017-2018.

In our study, both trap types, gravid and BG-sentinel,
were found effective in trapping Ae. koreicus specimens
of both sexes. Apparently, the former type was more
effective than the BG-sentinel trap, as reported by a pre-
vious study in northeast Italy [34]. As no trap compara-
tive experiments between trap types were performed,
this consideration is purely speculative. In Belgium,
gravid traps appeared to be more effective than BG-sen-
tinel traps [9]. Conversely, ovitraps were not the best tool
for the early detection of Ae. koreicus arrival in Liguria,
as similarly observed for the detection of Ae. japonicus
in the USA [35]. Use of ovitraps allowed detection of the
species in Genoa only in the summer of 2017 and at sites
that were already positive for adult specimens the previ-
ous year. If based on ovitraps alone, mosquito surveil-
lance in the area would have incurred a two-year delay in
the discovery of the species.

By establishing an archive for retrospective studies, we
were able to date back the presence of Ae. koreicus to Sep-
tember 2015. Archives for future investigations can be
easily established by preserving male specimens, which
are not used for monitoring the circulation of mosquito-
borne diseases, as well as female specimens that did not
undergo biomolecular assay. Performing genetic analy-
sis to confirm species identity in case of doubtful and/
or damaged specimens can also be recommended, espe-
cially at sites at high risk of the introduction of IMS.
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Regarding the dispersal of Ae. koreicus, the average shift
of the invaded area centroid in northeast Italy between
2011 and 2014 proceeds at 8 km/year [36]. In Genoa,
this is apparently consistent with a dispersal pathway and
timing from the city centre (Sampierdarena quarter) to
the north, along the Polcevera valley, to the Flower Mar-
ket area (Pontedecimo quarter, i.e. site GE18), or vice
versa (a distance of ¢.8.5 km). Pontedecimo and the city
centre are connected by railway, roadway and highway.
As road traffic can play a role in the long-range dispersal
of IMS [6], introduction of the species into Liguria from
north or northeast Italy, where the presence of Ae. korei-
cus has been documented since 2011 and its range is still
expanding, cannot be ruled out. However, given the pres-
ence of an international airport and a very busy commer-
cial port, any of these other areas may represent the first
site of introduction. Interestingly, however, no other Ae.
koreicus specimens were found at the airport site (GE1)
after September 2015.

A study on Ae. albopictus calculated an average total
dispersal distance of 3.6—4.6 km/year/generation in Italy,
with a passive dispersal component of 2.8—4.1 km/year/
generation [37]. The number of generations per year
that can be completed by Ae. koreicus in Europe remains
unknown. However, a laboratory-based study under dif-
ferent temperature conditions performed on specimens
of the ecologically similar Ae. japonicus japonicus col-
lected in Germany calculated an average of 4.72 potential
generations per year [38]. Should this be applicable to Ae.
koreicus, we estimate a theoretical average total dispersal
distance of 17.0-21.7 km/year in favourable conditions.

Figure 4 presents the trend of trapping data for Ae.
koreicus and Ae. albopictus vs climatic data. To allow vis-
ual comparison of the data trends, trapping data are not
given to scale: Ae. koreicus data are shown 10-fold higher
and Ae. albopictus 10-fold lower than the actual values.

Aedes koreicus trapping data in 2016-2018 followed
a bimodal trend, unlike the congeneric Ae. albopictus,
although there was no difference in the trapping set up
for the two species (Figs. 2, 4). The trend for Ae. korei-
cus might be explained by less trapping operated at posi-
tive sites in September 2017 (one trap night only at site
GE7) and in July 2018 (one trap night only at site GE6)
(Table 5). However, despite the lower effort in August
2018 (one trap night only at site GE6), the number of Ae.
koreicus specimens trapped was comparably high.

Concerning interspecific interactions, larval compe-
tition between Ae. albopictus and Ae. koreicus under
natural conditions needs to be investigated. In a labora-
tory-based study, weak larval competition was observed,
with a slight advantage of the former owing to their faster
development [39]. Aedes koreicus seems to take advan-
tage of higher altitudes and lower temperatures, as noted
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Fig. 3 Monthly absolute minimum temperatures recorded at the three automated weather stations

for northeast Italy, where its presence has been recorded
at elevations up to 1250 masl [11]. All sites in Genoa that
were positive for Ae. koreicus were also positive for Ae.
albopictus. However, as all the sites monitored during
this study were located at less than 100 masl, colonization
at higher elevations by Ae. koreicus in the absence of Ae.
albopictus cannot be ruled out.

Finally, no flaviviral infection in Ae. koreicus was
detected during our study; this might be explained by the
low density of the species in the sampling area and the
consequent low encounter rate with infected hosts.

Conclusions

Entomological surveillance of sites at risk in north-
west Italy allowed for the early detection of the IMS Ae.
koreicus in Liguria. This is, to our knowledge, the first
report of the species in the area, and in a port city in the
Mediterranean basin. So far, this invasive mosquito spe-
cies appears to be present at low densities in most of
the urban area of Genoa. Both morphological features
and genetic data support a common origin for the Ligu-
rian and most of the other European populations; how-
ever, the ways of entry of this species in Europe remain
unknown. Future in-depth genetic analysis, including

short tandem repeat (STR) genotyping, would help to
determine the exact origin of the European populations
and their dispersal pathways.

In Genoa, the species was first detected in September
2015 in the area of the international airport, which is
located near the commercial port. Either the former or
the latter might be the site of introduction, but this can-
not be demonstrated. The finding of Ae. koreicus adults
and eggs at the Flower Market in 2017, which lies inland
more than 8 km from the closest positive site in 2016
and 2017, but was not monitored for adult specimens in
the previous years, raises questions about how the spe-
cies was introduced in Liguria and how much of the area
is already invaded, which might be much greater than
observed so far. To date, however, no other monitored
sites throughout Liguria have been found positive for the
species. Although multiple introduction events cannot
be excluded, Ae. koreicus seems to have overwintered at
least three times in the city and has become established in
key areas. There were clear indications of species expan-
sion in the city in 2017. Regarding monitoring tools, ovit-
raps were less effective for monitoring the species than
the traps for adult mosquitoes. Although all Ae. koreicus
pools analyzed were negative for flaviviruses, virologi-
cal surveillance on this IMS still makes sense, given its
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Fig. 4 Trapping data for Ae. koreicus and Ae. albopictus vs climatic data (2015-2018)

potential to act as a vector of mosquito-borne diseases.
Mosquito surveillance in Liguria, with a particular focus
on Genoa city, will be continued in 2019. Given the
importance of Genoa as a commercial and tourism hub,
further and accelerated spread of the species in Italy and
beyond can be expected, as was observed for the Asian
tiger mosquito Ae. albopictus. Unfortunately, no control
measures have been deployed or are foreseen to eradicate
the species or slow down its expansion.

Abbreviations
IMS: invasive mosquito species; masl: meters above sea level.
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