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Vector competence of field populations of the mosquito
species Aedes japonicus japonicus and Culex pipiens
from Switzerland for two West Nile virus strains
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Abstract. Aedes (Hulecoeteomyia) japonicus japonicus (Diptera: Culicidae)
(Theobald) is an invasive mosquito species in Central Europe, where it has colo-
nized several areas. In this study, field-collected specimens of Ae. japonicus and Culex
pipiens (Diptera: Culicidae) (Linnaeus) from Zürich (Switzerland) were orally exposed
to two strains (NY99 and FIN) of the avian zoonotic pathogen West Nile virus (WNV)
(family Flaviviridae, genus Flavivirus). Dissemination and transmission of the viruses
after incubation for 12–15 days under a fluctuating Central European midsummer tem-
perature regime (24± 7 ∘C) was investigated by detection of viral RNA in homogenates
of pools of both head/thorax and saliva by reverse transcription real-time polymerase
chain reaction (PCR). Culex pipiens was susceptible to WNV NY99 only, whereas both
virus strains could be detected in Ae. japonicus, with the additional isolation of WNV
NY99 in Vero cell culture from one saliva pool. Given the high abundances of Ae.
japonicus in many newly colonized areas, its recently demonstrated broad host range,
including mammalian and avian blood hosts, and its vector competence, this species is
a potential key bridge vector of WNV in Central Europe.
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West Nile virus (WNV) is an avian zoonotic pathogen which can
cause neuroinvasive disease in humans and horses (Equus ferus
caballus). Its occurrence has changed considerably in the recent
past as it has rapidly spread to North America (Reisen, 2013),
and it is re-emerging in Eastern and Southern Europe. Enzootic
transmission between avian hosts as well as transmission to
mammalian hosts is facilitated by many Culicidae species, with
Culex pipiens (Linnaeus) and Culex modestus (Ficalbi) impli-
cated as the key vectors in Europe (Hubálek & Halouzka,
1999). The efficiency of a mosquito species to serve as a vec-
tor for a given pathogen (vectorial capacity) largely depends
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on its vector competence, abundance and host preference as
well as on temperature (Schaffner & Mathis, 2014). In the
case of WNV, the transmission from the amplifying bird hosts
to mammalian hosts requires mosquito species with an oppor-
tunistic feeding behaviour, i.e. taking blood meals from birds
and mammals and thus acting as ‘bridge vectors’. Laboratory
studies revealed a moderate vector competence of Cx. pipiens
(Turell et al., 2001; Balenghien et al., 2008), but nonetheless
this species is considered a major vector as a consequence of
high abundances and a broader host species feeding pattern
(Börstler et al., 2016).
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In Central Europe, the invasive species Aedes japonicus japon-
icus (Hulecoeteomyia japonica) (Theobald) has established sta-
ble populations and rapidly became highly abundant in newly
colonized areas (Kampen & Werner, 2014). Recently, it was
shown that this species feeds not only on mammals but to a
considerable extent also on birds (Schönenberger et al., 2016).
Laboratory vector competence of Ae. japonicus for WNV was
demonstrated in populations from the U.S.A., but not from Ger-
many (Turell et al., 2001; Huber et al., 2014). Also, all these
experiments were performed under high and constant temper-
atures, which are not realistic for the Central European climate.

The aims of this study were to investigate the vector compe-
tence of field-collected Ae. japonicus and, for comparison, Cx.
pipiens for two WNV lineage 1 strains under a realistic Central
European ‘midsummer’ temperature regime. Mosquitoes used
in this study originated from a suburban area in Zürich, Switzer-
land (47∘23′44′′N, 8∘33′10′′E, 520 m above sea level). Adult Ae.
japonicus were collected by aspiration when attempting to bite
humans, transported to a biosafety level 3 facility and immedi-
ately offered an infectious blood meal. Culex pipiens/Culex tor-
rentium (Martini, 1925) eggs were obtained from natural breed-
ing habitats and reared to adults in the laboratory. As a conse-
quence of the difficulty of differentiating Cx. pipiens from Cx.
torrentium using morphological traits, and the different vector
competences of these two species (Leggewie et al., 2016), lar-
vae from egg rafts collected in the field were raised and emerged
females separated from males. Females were used for vector
competence studies, whereas males were used for morpholog-
ical confirmation of Culex species by observation of features of
their genitalia. All of the adults analysed were Cx. pipiens.

Prior to oral inoculation, Cx. pipiens adults were deprived of
sugar and water for 48–72 h. The infectious blood meal con-
sisted of blood spiked with WNV (90% washed heparinized
sheep blood and 10% WNV-infected Vero cell supernatants;
final infectivity 8.0 log10 PFU/mL). The two WNV lineage
1 strains NY99 [National Center for Biotechnology Informa-
tion (NCBI) accession number DQ211652; Borisevich et al.,
2006] and FIN (NCBI accession number KF234080; Lim
et al., 2013) were chosen. Aedes japonicus adults were fed
through a chicken skin membrane covering a feeding reser-
voir (Hemotek; Hemotek Ltd, Lancashire, UK), and Cx. pip-
iens on blood-soaked cotton sticks (IVF Schaffhauser Den-
tal Rolls; Hartmann, Neuhausen, Switzerland). As phagostim-
ulants, adenosine triphosphate (ATP) (Hosoi, 1959) was added
to the blood at a final concentration of 5× 10−3 m, and a piece of
the synthetic lure blend iGu® (Combi FRC 3003; Silva GmbH
& Co. KG, Lübeck, Germany) was placed on the cages close to
the feeding devices. Engorged mosquitoes were incubated for
12–15 days under a realistic fluctuating ‘midsummer’ regime
of 24± 7 ∘C (average 24 ∘C) and 45–90% relative humidity
(reflecting hot spells in northern Switzerland in midsummer;
www.meteoswiss.admin.ch), and a photoperiod of 16 h light :
8 h dark, including 1 h of dusk and dawn.

At the end of the incubation period, surviving mosquitoes
were anaesthetized using CO2 and legs and wings were removed
to safely allow saliva collection from females, as described
previously (Anderson et al., 2010). Body parts (legs/wings,
abdomen and head/thorax) were separately pooled (n= 5 or less,
depending on the number of specimens available) in 1.5-mL

Eppendorf tubes containing 100𝜇L of Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 2% fetal calf
serum, 1% penicillin/streptomycin and 1% amphotericine B,
and stored at −80 ∘C until further virus quantification. From
each treatment, two freshly engorged females were collected and
immediately stored at −80 ∘C to provide the baseline for virus
amplification.

Pools were homogenized using TissueLyser® II (Qiagen
GmbH, Hilden, Germany) and a 3-mm stainless steel bead
(Dejay Distribution Ltd, Launceston, UK) as described pre-
viously (Veronesi et al., 2008). The final volumes of the
homogenates were 1 mL (body parts) or 400𝜇L (saliva pools).
RNA from pools was extracted using the QIAamp Viral RNA
Mini Kit (Qiagen GmbH, Hombrechtikon, Switzerland) accord-
ing to the manufacturer’s instruction. Viral loads were deter-
mined by reverse-transcription real-time PCR (iTaq Universal
Probes One-Step kit; Bio-Rad Laboratories, Cressier, Switzer-
land) (Engler et al., 2013) and calculated by correlation of the
cycle threshold (Ct) values to those of standard curves obtained
from titrations of 10-fold dilution series of the WNV strains on
Vero cells. Pools of head/thorax were compared with pools of
saliva from the same individual mosquitoes. The infectivity of
saliva pools that were positive for WNV RNA was also tested
by Tissue Culture Infectious Dose 50% as described previously
(Huber et al., 2014).

A total of 1019 Ae. japonicus and 576 Cx. pipiens females
were exposed to oral inoculation with WNV, of which 20.6
and 33.0%, respectively, were fully engorged. WNV RNA
was extracted from 88 Ae. japonicus females in 20 pools of
head/thorax or saliva (nine pools for NY99; 11 pools for FIN),
and from 131 Cx. pipiens females in 27 pools (18 pools for
NY99; nine pools for FIN). Day 0 mosquito viral loads (virus
intake) estimated as a mean from two mosquitoes/blood meal
ranged from 4.7 to 5.7 and from 3.8 to 4.6 log10 PFU/mL for Ae.
japonicus orally fed with WNV FIN and NY99, respectively,
and from 2.6 to 4.2 log10 PFU/mL for Cx. pipiens fed with
WNV NY99. Viral RNA (in the range of the linear correlation
of the Ct value to the standard curve) was detected in pools of
head/thorax and the corresponding saliva pools of Ae. japonicus
(Fig. 1A) and Cx. pipiens (Fig. 1B). Pools that were positive in
the head/thorax pool but negative in the saliva pool are not shown
in the figures. WNV FIN was detected in two out of the 11 pools
of head/thorax and saliva in Ae. japonicus, but not at all in Cx.
pipiens. By contrast, for WNV NY99, four of nine and four of 18
pools of head/thorax and the corresponding saliva were positive
in Ae. japonicus and Cx. pipiens, respectively. Thus, the minimal
infection rates (per 1000 mosquitoes) were 51 for WNV FIN in
Ae. japonicus and 82 and 47, respectively, for WNV NY99 in
Ae. japonicus and Cx. pipiens. Infectious viral particles could
be isolated upon inoculation of Vero cells from one saliva pool
of Ae. japonicus infected with WNV NY99.

This study confirms that Ae. japonicus is highly susceptible to
infections with WNV, seemingly even more so than Cx. pipiens,
as has been shown in previous studies from the U.S.A. (Turell
et al., 2001). However, vector competence data of the two
mosquito species in the present study are not directly compa-
rable as there were differences in the experimental approaches
(e.g. feeding through a membrane vs. on a soaked cotton
stick and the unknown age of the wild-caught Ae. japonicus
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Fig. 1. Mean number of viral particles (PFU/ml) detected in West Nile virus (WNV)-positive pools of head/thorax (circle) and corresponding pools
of saliva (triangle) of (A) Aedes japonicus japonicus and (B) Culex pipiens orally inoculated females, 14 days post-infection.

females). A striking difference was found between the results
of our study and those of a recent study carried out with a field
population of Ae. japonicus from Germany (Huber et al., 2014),
which revealed that this population was refractory to infection
with WNV NY99 (but susceptible to the Japanese encephalitis
virus). A number of factors (e.g. the methodology used to
process samples, the age of females exposed to virus and the
infectious blood source) could explain these discrepant results
in vector competence, including variation in the susceptibility
of geographical strains (Ciota & Kramer, 2013). Microsatellite
and mitochondrial gene analyses have revealed the existence of
distinct populations of Ae. japonicus in Europe (Zielke et al.,
2015).

The extrinsic incubation period (EIP) of a virus in the
arthropod vector is strongly temperature-dependent. For WNV
NY99, the minimal temperature for development in the vec-
tor Culex tarsalis Coquillett (Diptera: Culicidae) was estimated
to be 14.3 ∘C; the EIP required 109 degree-days (Reisen et al.,
2006). However, evidence was provided for nonlinearity of the
relationship between EIP and temperature for WNV in Cx. pip-
iens (Kilpatrick et al., 2008). Further, studies with dengue virus
revealed that the duration of EIP could be different at fluctuating
temperatures as compared with constant temperatures with the
same average (Carrington et al., 2013). Thus, large daily fluctua-
tions at low mean temperatures shortened the EIP. For these rea-
sons, the experiments in the present study were performed under
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fluctuating temperatures, reflecting midsummer conditions in
Central Europe, with a considerable daily temperature range
(24± 7 ∘C). Recently, however, no differences of EIP were
observed with WNV KERN11 at 21.5± 5.5 ∘C (Danforth et al.,
2016) as compared with constant temperature.

Further studies are required to determine the rate of dissem-
ination and transmission of Ae. japonicus by analysing indi-
vidual mosquitoes, also under cooler temperature regimes. In
addition, the vector competence of Ae. japonicus for WNV lin-
eage 2 strains that are circulating in Europe and cause disease in
humans and animals (Barzon et al., 2015) needs to be evaluated.

This study shows that a field population of Ae. japonicus
collected in northeastern Switzerland is susceptible to two WNV
strains under Central European summer conditions. Given its
high local abundances and its opportunistic feeding behaviour,
including both mammals and birds as hosts, Ae. japonicus is a
potential key bridge vector of WNV in Europe. Thus far, WNV
has not occurred in areas that are inhabited by this mosquito
species.
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