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Abstract
Background: West Nile virus (WNV) is a vector-borne disease responsible for causing epidemics in many areas of
the world. The virus is maintained in nature by an enzootic bird-mosquito-bird cycle and occasionally transmitted
to other hosts, such as equines and humans. Culex species, in particular the ubiquitous species Culex pipiens is
thought to play a major vector role both in enzootic and epizootic maintenance and transmission of WNV.
Introduced in Europe in recent years, since 2008 WNV has been stably circulating mainly in the Northeastern
regions of Italy, although sporadic equine and/or human cases, as well as WNV infected Cx. pipiens pools, have
been recorded in other Italian areas. The scope of our study was to evaluate the potential competence of some
Italian populations of Cx. pipiens to transmit WNV and to assess their ability for vertical transmission of the virus.
For this purpose four Italian populations, from different areas, were experimentally infected.
Methods: After the infectious blood meal, fed females were monitored for 32 days to determine the length of
viral extrinsic incubation period. WNV titre of infected mosquitoes was evaluated both by quantitative Real Time
PCR and viral titration by Plaque Forming Units/ml (PFU/mL) in VERO cells. Potential Infection, Dissemination,
Transmission rates (IR, DR, TR) were assessed by detection of the virus in body, legs plus wings and saliva of the
fed females, respectively.
Results: All tested populations were susceptible to the WNV infection. The viral presence in legs and wings
demonstrated the ability of WNV to disseminate in the mosquitoes. Viral RNA was detected in the saliva of tested
populations. No significant differences in TR values were observed among the four studied populations. The
offspring of the Cx. pipiens infected females were WNV negative.
Conclusions: Our study addressed an important issue in the knowledge on the complex WNV-vector
relationships in Italy, indicating that all Italian Cx. pipiens populations tested exhibited vector competence for
WNV. Further studies should be performed in order to better clarify the role of other factors (vector density,
climatic conditions, reservoir presence etc.) in order to predict where and when WNV outbreaks could occur.
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Background
West Nile virus (WNV, family Flaviviridae, genus Flavivirus) is an emerging zoonotic arthropod-borne virus
(arbovirus) widely distributed throughout the world
and with considerable impact on veterinary and human
health [1, 2]. The virus is maintained and amplified in
nature within an enzootic transmission cycle among
birds and ornithophilic mosquitoes [3]. The virus was
first isolated in 1937 in Uganda, then sporadic cases
and epidemic outbreaks were reported in other African
countries and in the Middle-East, mainly involving
horses and humans [4]. In 1999 an important WNV
outbreak occurred in New York City, while in Europe
the virus was only reported up to the end of the 1990’s
[5–7]. The largest human outbreaks occurred in Romania
in 1996 and Russia in 1999 [8, 9]. Concerning other countries in the EU area, cases of WNV encephalitis were initially recorded in 2000 on horses in Southern France [10]
and seropositivity for the WNV was reported for horses,
humans and birds in Portugal [11, 12] and Spain [13, 14].
In Spain, the first clinical cases of WNV were reported on
horses and humans in 2010 [15]. Since 2003 evidence of
WNV circulation among birds has been reported also in
the UK [16]. Nevertheless, in Austria, Germany and Czech
Republic increasing WNV antibody titres were highlighted
between 2009–2010 [17]. In the last years, WNV caused
large human epidemics in the Balkan area including
Greece and Romania [18, 19]. In Italy, the first WNV outbreak occurred in Tuscany in 1998 involving horses only
[20]. No further outbreaks were reported until late summer of 2008 when human cases of WNV disease were
reported in the regions of Emilia Romagna, Lombardia
and Veneto (North-Eastern Italy). These regions are now
considered endemic for this virus. From 2008–2012 WNV
foci were also reported in other Italian regions (Sardinia,
Sicily, Calabria, Basilicata and Marche), with a total of 73
human cases of confirmed neuro-invasive disease [21–25].
More recently, from June to November 2013, 40 cases of
neuro-invasive disease have been reported in Italy with a
mortality rate of 17.5 % [26]. Entomological and epidemiological surveillance have highlighted the circulation in
Italy of both lineage 1 and 2 [25, 27].
Mosquitoes species belonging to the genus Culex are
considered important vectors for WNV. In particular
Culex pipiens is thought to play a major role both in
enzootic and epizootic cycles [28–31]. This species
comprises two distinct forms, pipiens and molestus,
that differ in several behavioural and ecological characteristics affecting their vector competence [32]. When
in sympatry, molestus and pipiens forms may interbreed
generating hybrids that with their intermediate features
may act as WNV-bridge vectors for WNV [33, 34].
Currently most of our knowledge of ecology, dynamics
and genetic composition of vector populations, come
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from North America [35, 36]. Conversely, in Europe the
distribution and circulation dynamics of WNV are not
completely clear. WNV outbreaks occur nearly every
year but in different and often widely separated regions.
A number of studies have proposed that this pattern is
the result of infected migratory birds arriving from
Africa and seeding the virus in different areas [37].
The complexity of WNV eco-epidemiologic characteristics, involving different vectors and host species,
has probably contributed to the recent increase in the
circulation of this virus, that has become the most
widespread mosquito-borne flavivirus in recent years
[28]. Recently several laboratory studies have been carried out on the potential vector competence of Cx.
pipiens by experimental infections [35, 38, 39]. Vector
competence is a measure of the intrinsic ability of an
arthropod to become infected, to support the development or replication of a pathogen, and to transmit it to
a vertebrate host.
The aim of this study was to evaluate the vector competence and to determine the potential role in WNV
transmission of Cx. pipiens mosquitoes collected in
different areas of Italy. For this purpose the susceptibility
to WNV of Cx. pipiens laboratory colonies and field
populations was assessed by experimental infections
using membrane feeding technique. In addition the progeny from both the first (FGC) and the second (SGC)
gonotrophic cycle of the tested populations was analysed
in order to assess the possible virus overwintering and
amplification maintenance by vertical transmission.

Methods
Ethics statement

No specific permissions are required for the field activities which do not involve endangered or protected
species. The field sites are not privately-owned or protected properties. The Istituto Superiore di Sanità (ISS)
is the National Health Institute of Italy and represents
the technical-scientific arm of the Ministry of Health
(MoH). All our operative procedures and scientific protocols are previously authorized by the MoH. In this
frame, it is involved in vector control activities which
authorize it to operate without any specific permission
of access to breeding sites and mosquito collections.
Moreover the activities reported in the paper were
carried out within the 7th Framework Program: European
West Nile collaborative research project (Grant agreement
n. 261391), approved by European and Italian scientific
Committees. This study was carried out in accordance
with the recommendations in the Animal Experimentation protocol. All mosquitoes used in our experiments
were sacrificed by freezing at the end of the study.
Rabbits and quails, used in this study, were not
sacrificed. They were from the animal facility of the ISS,
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where they were maintained according to the Italian
and European rules on Laboratory animal care. Blood
was collected from the ear vein of the rabbit according to
the European legislation for the care and the use of laboratory animals. This is not a part of veterinary care routine but only a blood sample for the infection
experiments. At the time, when experiments were performed, the use of laboratory animals in Italy was regulated by legislative decree no. 116/92, which implemented
the European Directive 86/609/EEC on laboratory animal
protection. In accordance with this legislation the presence and approval of an Ethical Committee is not required; however local welfare veterinarians had the same
functions as IACUCs. In particular, at ISS, the veterinarians working for the Service for Biotechnology and
Animal Welfare performed the functions of local
IACUC; they approved animal research protocols and
they verified that the guidelines of legislative decree no.
116/92 on animal welfare were strictly and constantly implemented. All efforts were made to minimize animal suffering. Pig intestine epithelium, used for the experimental
infections, is a commercial fresh product, very common in
Italy (used for making sausages); it can be found in every
butchery or supermarket. We just rinsed it with a saline
solution and cut a square portion before use. According to
European regulations, manipulations of pathogens belonging to the group 3 (WNV) were carried out in biosafety
level 3 (BSL3) facilities. The viral stocks, obtained from
human specimens after several passages on Vero cells,
are used routinely for research studies. Our laboratory,
as National Reference Laboratory for Arboviruses, ISS,
routinely analyses human specimens for Arbovirus diagnosis, within the National epidemiologic surveillance
activity “Surveillance of human cases of vector-borne
diseases with particular reference to Chikungunya,
Dengue, and West Nile Disease-2013” (Ministry of Health,
DGPRE 0013699-P-14 June 2013 I.4.c.a.9/2011/24). All
patient data is anonymized and a written informed
consent has been obtained from all participants and/or
parents of participants.
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of Istituto Superiore di Sanità (Rome, Italy). The two
rural wild populations were collected at larval stage in
the municipalities of Legnaro (Padua Province, Veneto
Region. Geographical coordinates: 45°20’12.33“N 11°
57’51.51“E) and Zafferana (Catania Province, Sicily Region. Geographical coordinates: 37°41’23.08“N 15°
6’18.98“E) and maintained in Insectarium until adulthood. Collection sites and the main biological characteristics of tested mosquito populations are reported in
Fig. 1. In order to allow mating, male and female mosquitoes were bred in the same cage (45×45×45cm) and
maintained with sucrose solution (10 %) in climatic
chambers under the following environmental parameters: 28 ± 1 °C, a relative humidity (RH) of 70 %, and a
light/dark of 16/8 h. Larvae and pupae were reared in a
3 % solution of sodium chloride in distilled water and
fed with fish flakes until adulthood. To obtain oviposition, mosquito females were fed on membrane feeding
apparatus or on quail for about an hour. At laboratory
conditions, autogeny was ascertained only in Frascati
and Caffarella colonies, whereas females of the filial
generation of Legnaro and Zafferana populations did
not lay eggs without a blood meal (Fig. 1).
Before starting the experimental infections, the four
Cx. pipiens populations were tested to exclude the presence of WN, Chikungunya and Dengue viruses. A representative number of specimens (more than 100) of each
populations was analysed as pools of 20 individuals by
using both quantitative Real Time PCR (qRT-PCR), and
isolation on VERO cells.
Virus

WNV strain Ma V3, belonging to lineage 1, isolated on
VERO cells from the cerebrospinal fluid (CSF) of a patient from Sardinia outbreak in 2011 [25] was used for
the experimental infections. The WNV stocks were obtained by propagation on VERO cells and then stored at
- 80 °C in aliquots until use. The viral titre of the stocks
was 8.43 log10 Plaque Forming Units/mL (PFU/mL).
Experimental infections

Culex pipiens population features

For the experimental infections, four Italian Cx. pipiens
populations were used: two laboratory colonies recently
established and two wild populations. Of the two laboratory colonies, one originated from a population collected in
a rural site in the municipality of Frascati, (Rome Province,
Lazio Region. Geographical coordinates: 41°48’22.33“N 12°
40’49.55“E) and the other one originated from an urban
park of Rome (Caffarella, Geographical coordinates: 41°
51’49.76“N 12°31’10.38“E). Both were reared for several
filial generations (F11 for Frascati colony and F7 for
Caffarella colony) in the Insectarium of Infectious,
Parasitic and Immune-Mediated Diseases Department

To standardize the experimental infection technique,
different conditions in the feeding system (membrane
system, blood, humidity and room temperature) were
tested, using Frascati as reference population, the most
adapted to laboratory conditions. The experimental conditions showing the highest efficiency in mosquito feeding were selected and used for all infection experiments.
Infection experiments of the four populations were
performed, at the same time, in BSL3 cabinet at room
temperature of 28 °C and about 70 % RH. The infectious
blood meal was composed of 2/3 rabbit blood with
EDTA (Ethylenediaminetetraacetic acid) and 1/3 viral
seed, with a final concentration of 7.97 log10 PFU/mL.
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Fig. 1 Cx. pipiens populations description. Locations and main biological characteristics of the Italian Cx. pipiens populations experimentally
infected with WNV

Female mosquitoes, 8–12 days old, were allowed to
feed for 60 min through a pig intestine membrane covering the base of a glass feeder containing the bloodvirus mixture, maintained at 37 °C by a warm water
circulation system.
After the infectious blood meal, engorged females
were selected, transferred to cages and maintained with
10 % sucrose in a climatic chamber at 28 ± 1 °C and
70 % RH.
In order to determine the length of viral extrinsic
incubation period, fed females were monitored for
32 days after the infected blood meal. Collections of fed
females were carried out at 0–6-9–14-21–28-32 days
post-infection (p.i.) and at each time point 5–10 specimens were dissected to examine the viral content in
body, legs plus wings and saliva. After chilling, wings
and legs were removed from each mosquito to allow for
saliva collection. For saliva collection the proboscis was
inserted into a quartz capillary filled with 5 μl of Fetal
Bovine Serum (FBS) for saliva collection. The mosquitoes were induced to salivate applying on the thorax
2 μl of 1 % pilocarpine in Phosphate buffered saline
(PBS) [40]. After 30 min, medium containing the saliva
was collected into 500 μl of mosquito diluent (MD)
consisting of PBS, 20 % heat-inactivated FBS, 1 % penicillin/streptomycin/amphotericin B mix (Invitrogen,
GIBCO). Body, legs plus wings and saliva were stored
at -80 °C until processing.

Cx. pipiens offspring

In order to detect a potential vertical transmission of the
WNV, a sample of potentially infected females were
allowed to lay eggs. Larvae from the first gonotrophic
cycle (FGC) were reared up to adulthood in the climatic
chamber. Samples of adults (separated by sex) were collected from the early (4th day p.i.) and late (8th - 10th day
p.i.) ovipositions. A second uninfected blood meal was
provided to the remaining females at 14th day p.i. and
offspring from the second gonotrophic cycle (SGC) were
also reared and the adult mosquitoes collected. All samples from FGC and SGC were stored at - 80 °C and
processed as pools of 5–20 specimens.
Real time PCR and viral titration

WNV titre of infected mosquitoes was evaluated both by
qRT-PCR and titration by PFU/mL on VERO cells.
For each mosquito, body and legs plus wings were
homogenized separately, suspended in 1 mL of MD and
centrifuged at 3000 × g for 30 min. The two supernatants obtained and the saliva were used for RNA extraction by using the QIAamp viral RNA kit (Qiagen Inc.,
Valencia, CA, USA) and for VERO cells inoculation.
The qRT-PCR was performed by using WNV TaqMan
primers and probe [41]. Briefly, 7 μl of RNA was combined with 20 pmol of each primer and 4 pmol of the
FAM- and TAMRA-labelled probe in a 20 μl total reaction volume by using the RNA Virus Master Roche
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(Roche Diagnostics, Basel, CH). The samples obtained
were amplified in an CFX96 Touch™ Real-Time PCR
Detection (Bio-Rad), with the following cycling times
and temperatures: 1 cycle of retro transcription at 50 °C
for 10 min, 1 cycle at 94 °C for 3 min and 45 cycles of
95 °C for 1 s, 60 °C for 20 s (acquisition mode: single),
and 72 °C for 1 s (Ramp Rate: 2 °C/s).
Quantification of WNV in RNA samples was determined via qRT-PCR with specifications described previously to estimate plaque forming unit equivalents
(PFUeq) [41, 42]. Crossing points values were compared to standard curve based on data acquired from
10-fold serial dilutions of virus stocks with estimated
concentration by titration on VERO cells and expressed
as log10 PFU/mL [42].
The viral titration was performed on six-well plates
containing confluent monolayers of VERO cells infected
with serial 10-fold dilutions of body and legs plus wings
supernatants and of saliva. Cells were incubated at 37 °C
for five days under an overlay consisting of Dulbecco’s
MEM (DMEM), 2 % FBS, 1 % antibiotic-antimycotic
mix (Invitrogen, Gibco) and 2 % tragacant gum (Sigma
Aldrich). The plaques were counted after staining them
with a solution of crystal violet (0.2 % in 10 % formaldehyde and 20 % ethanol).

Vector competence indexes

The vector competence of all mosquito populations was
assessed by calculating the Infection Rate (IR), Dissemination Rate (DR) and Transmission Rate (TR). Mosquito
bodies were analysed in order to evaluate the IR, calculated as the number of WNV positive bodies with respect to the total number of fed females. Legs plus
wings were tested to assess the DR, calculated as the
number of the specimens with WNV positive legs plus
wings out of the number of specimens with WNV positive bodies. The saliva of the potentially infected females
was processed to assess the TR, defined as the number
of WNV positive saliva out of the number of specimens
with WNV positive bodies. The potential vector competence was also expressed as Population Transmission
Rate (PTR) calculated as the number of specimens with
WNV positive saliva with respect to the total number of
fed mosquitoes [42, 43].

Statistical analysis

Pearson’s Chi-squared test with Yates’ continuity correction was used to determine significant differences (p <
0.05) in IR, DR, TR and PTR among the four Cx. pipiens
populations, and the Kruskall-Wallis test to compare the
viral means titres. Statistical analyses were performed
using the Stata®13 software (StartCorp LP, Texas, USA).
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Results
WNV replication dynamics in analysed mosquito
populations

Cx. pipiens specimens from Frascati were first analysed
to assess the viral titres in the bodies, legs plus wings
and saliva both by qRT-PCR (Fig. 2a) and by titration on
VERO cells (Fig. 2b). The qRT-PCR analysis of the mosquito bodies showed mean viral titre of 5.1 ± 0.06 log10
(mean ± ΔS) PFUeq/mL, at day 0 p.i. The titres increased
reaching a value of 6.43 ± 0.17 log10 PFUeq/mL at 32nd
day p.i. The viral presence in the legs plus wings and in
the saliva was detected starting from 14th day p.i. with a
titre of 3.98 and 1.00 log10 PFUeq/mL, respectively.
Higher values of viral titre in legs plus wings were found
in all subsequent collection times peaking a value of
4.82 ± 0.39 log10 PFUeq/mL at 32nd day p.i. Also in the
saliva the WNV titres increased with values of 2.39 ±
1.21, 2.60 ± 2.84 and 3.40 ± 0.40 log10 PFUeq/mL at day
21st, 28th and 32nd p.i., respectively (Fig. 2a).
The trend of the mean viral titres, calculated by plaque
titration, was very similar to that obtained by qRT-PCR
(Fig. 2b). Indeed the mean WNV titre in the bodies increased progressively reaching a value of 6.02 ± 0.26
log10 PFU/mL at the 32nd day p.i. The presence of the
virus in legs plus wings and saliva was also detected
starting from day 14th p.i. with a titre of 3.06 and 1.02
log10 PFU/mL, respectively. The viral titres increased in
these two compartments up to 32nd day p.i. with values
of 4.43 ± 0.46 log10 PFU/mL in the legs plus wings and
3.45 ± 0.17 log10 PFU/mL in the saliva (Fig. 2b).
Due to good correlation of the results obtained by
qRT-PCR and titration in VERO cells, the analysis of
Cx. pipiens populations from Legnaro, Caffarella and
Zafferana was performed using qRT-PCR method
(Fig. 3). As observed in Frascati colony, WNV was able
to infect the mosquitoes collected from Legnaro, Caffarella and Zafferana, to replicate in their body, to disseminate in wings and legs, and to be excreted with
saliva. At time 0, the viral titre in the body of Legnaro,
Caffarella and Zafferana mosquitoes was of 5.44 ± 0.15,
5.31 ± 0.19 and 6.04 ± 0.52 log10 PFUeq/mL, respectively. After an expected initial decrease due to the
digestion of the blood meal, viral titres increased gradually during the first days in all mosquito populations.
As Frascati colony, the viral growth was continuous in
Legnaro and Zafferana, reaching values of 6.16 ± 0.12
and 6.25 log10 PFUeq/mL, respectively, at 32nd day p.i.,
whereas the trend was inverted in Caffarella, peaking
at 21st day p.i. (6.65 ± 0.16 log10 PFUeq/mL) and decreasing at 32nd day p.i. (4.92 ± 1.89 log10 PFUeq/mL)
(Fig. 3a). The viral dissemination in Legnaro and Zafferana populations started on 14th day p.i. with a viral
titre of 3.33 ± 0.50 and 3.18 ± 0.14 log10 PFUeq/mL, respectively, remaining rather constant in subsequent
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Fig. 2 WNV replication in Cx. pipiens population collected from Frascati. Comparison of WNV mean titre in infected females of Cx. pipiens from
Frascati calculated both by qRT-PCR (a) and by titration on VERO cells (b). Cx. pipiens females were exposed to an infectious blood-meal containing
7.97 PFU/mL of WNV; samples of 5-10 fed females were collected at different days post infection and individually analysed for the presence of WNV in
body, legs plus wings and in saliva

collection times. Otherwise in Caffarella population
the dissemination began on the 9th day p.i. (3.02 ± 0.03
log10 PFUeq/mL) (Fig. 3b). WNV in the saliva was detected from 14th day p.i. with a viral titre of 3.49 ±
0.34, 2.69 and 3.51 log10 PFUeq/mL in Legnaro, Caffarella and Zafferana (Fig. 3c). For Legnaro population,
due to lower feeding efficiency on membrane apparatus, the mosquito collection at day 9th p.i. was not
carried out. The infectiousness of the viral particles in
the saliva of all tested mosquitoes (WNV positive) was
demonstrated by viral growth on VERO cells (data not
shown).
Our results highlighted that in all Cx. pipiens populations, WNV was able to infect mosquitoes and replicate
over time, disseminating in wings and legs and reaching
the salivary glands.
WNV vector competence analysis

The cumulative IR, DR, TR and PTR were assessed
from 6th day to 32th day p.i. As shown in Table 1 the
Legnaro population showed IR (90 %) and DR (100 %)
values significantly higher if compared to the other Cx.

pipiens populations (p = 0.037 and p = 0.001, respectively). The lower IR and DR values were observed for
Zafferana population (55 % and 50 % respectively),
while intermediate values were estimated for Frascati
(75 % and 54 % respectively) and Caffarella colonies
(63 % and 68 % respectively). Out of the total of infected mosquitoes, 37 % of Legnaro and Zafferana,
47 % of Caffarella and 42 % of Frascati were able to
excrete WNV by saliva (p = 0.915). The highest PTR
value was recorded in Legnaro population (33 %) while
values of 31 %, 30 %, and 21 % were found in Frascati,
Caffarella, and Zafferana populations, respectively (p =
0.758) (Table 1).

Offspring analysis

In order to detect a possible vertical transmission of
WNV in mosquitoes, a total of 377 adult specimens
from both the FGC and SGC of the four Cx. pipiens
populations were analysed in pools. No evidence of vertical transmission was detected, with all 245 male and
132 female progeny testing negative for WNV.
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Fig. 3 WNV replication in body (a), legs plus wings (b) and saliva (c) in Cx. pipiens populations from Legnaro, Caffarella and Zafferana areas. The
viral mean titre was calculated by qRT-PCR and expressed in PFUeq/mL. Cx. pipiens females were exposed to the WNV infectious blood-meal and
samples of fed specimens were collected and analysed for the presence of WNV in body, legs plus wings and in saliva

Discussion
Although WNV has been steadily circulating since 2008
in some regions of Northeastern Italy, and sporadically
in other areas of the Country, up to now, no study of
vector competence on Cx. pipiens Italian populations
has been carried out. According to the literature, Cx.
pipiens is the most common mosquito in many European countries and is also considered to be the primary
vector for WNV [21, 28, 31].
In this study, we evaluated the susceptibility for WNV
infection, dissemination, and transmission of four Cx.
pipiens populations originating from North, Central and
South/Island areas of Italy, as representative of the

whole Country. To our knowledge, this is the first description of the time course study of WNV growth in
Italian populations of Cx. pipiens. All of the mosquito
populations tested were susceptible to infection and the
viral growth titres were not significantly different (Figs. 2
and 3). Cx. pipiens mosquitoes, both wild (Legnaro and
Zafferana) and reared in Insectarium for several generations (Frascati F11 and Caffarella F7), showed a low
barrier to midgut infection and WNV was able to escape
from the midgut to legs and wings (cumulative IR and
DR ≥50 %). IR and DR values of the wild Legnaro population (Table 1), coming from an Italian WNV endemic
area, were significantly higher compared to the other

Fortuna et al. Parasites & Vectors (2015) 8:463

Page 8 of 10

Table. 1 Vector competence indexes for WNV of four Italian populations of Cx. pipiens
Frascati

Legnaro

Caffarella

Zafferana

Chi2 Test

IR

75 %

90 %

63 %

55 %

p = 0.037

(bodies WNV+/tested)

(24/32)

(19/21)

(19/30)

(16/29)

DR

54 %

100 %

68 %

50 %

(legs plus wings WNV+/bodies WNV+)

(13/24)

(19/19)

(13/19)

(8/16)

TR

42 %

37 %

47 %

37 %

(saliva WNV+/bodies WNV+)

(10/24)

(7/19)

(9/19)

(6/16)

PTR

31 %

33 %

30 %

21 %

(saliva WNV+/tested)

(10/32)

(7/21)

(9/30)

(6/29)

p = 0.001
p = 0.915
p = 0.758

The IR, DR, TR and PTR of analysed Cx. pipiens populations were calculated from day 6th to 32nd post infection as following reported: IR (Infection Rate)
corresponding to the proportion of mosquitoes with WNV positive body among the total number of fed mosquitoes; DR (Dissemination Rate) corresponding to
the proportion of mosquitoes with infected legs plus wings with respect to the number of mosquitoes with infected body; TR (Transmission Rate) corresponding
to the proportion of mosquitoes with infected saliva with respect to the number of mosquitoes with infected body; PTR (Population Transmission Rate)
corresponding to the proportion of mosquitoes with infected saliva among the total number of fed mosquitoes

populations (p = 0.037 and p = 0.001, respectively). The
cumulative TR of the tested populations showed values
ranging from 37–47 % (differences not statistically
significant, p = 0.915), suggesting the capacity of WNV
to reach the salivary glands in all four populations. In
addition, the viral titres in the saliva, estimated as genome equivalents, showed no remarkable differences
among the four populations, exhibiting values similar
to those observed in the literature (2–4 log10 PFU/mL)
and thought sufficient to successfully infect a potential
host [39, 44, 45]. In accordance with the cumulative TR
values, the PTRs obtained, measuring the real potential
susceptibility of a mosquito population to be infected,
confirmed the comparable vector competence of the
four Italian Cx. pipiens populations (values ranging
from 21–33 %, p = 0.758).
Generally, the genetic origin (i.e. the degree of anthropophily) and local environmental components (i.e. climate,
host seeking, accessibility to humans) represent factors influencing the real efficiency of a vector species (vectorial
capacity) [46–48]. The experimental infections, performed
under controlled conditions, eliminate or normalize the
influence of the extrinsic factors above mentioned. On
these bases, eventual differences in the vector competence
among mosquito populations of the same species should
be reasonably attributed mainly to intrinsic factors. Actually, the question whether the efficiency of a mosquito species to be a good vector may depend on a genetic trait
only, is still the object of discussion. Different studies led
to hypothesize that the molestus form, or even the hybrid
ones, may be more competent to transmit WNV [33, 34].
In our study, we assumed a pipiens characterization for
both the Northern and Southern populations due to the
absence of autogenous females. On the contrary, the
molestus component was certainly present in the other
two populations from Central Italy, as displayed already
from the first generation with the autogenous

ovipositions. Indeed, our results demonstrated that the
Cx. pipiens populations, even if potentially different in
their genetic traits, showed similar capacity to be infected and potentiality to transmit the virus. In addition
although different levels of susceptibility to WNV infection have been documented in Cx. pipiens populations
collected from different areas of California [46, 47], our
populations, collected in different areas of Italy, showed a
similar vector competence. Despite these results, recurring outbreaks occur in Northeastern Italy but occasionally also in other areas of the Country. These differences
in the actual circulation of WNV in Italy seem to depend
on a complex of extrinsic factors rather than simply on
different intrinsic traits within Cx. pipiens populations.
Recently Mulatti et al. highlighted how the mosquito
density, in combination with key environmental factors, is
relevant for a robust prediction of Cx. pipiens population
expansion and WNV transmission risk [49]. Therefore,
the assessment of the genetic characterization of the Italian Cx. pipiens populations tested, and the role of the local
environmental factors, is in progress in order to better
understand of the vectorial capacity of this species.
The analysis of the adults of the FGC and SGC offspring of the four populations didn’t show any evidence
of WNV transmission to progeny. However, even if the
number of offspring analysed in our study may be considered low (245 males and 132 females), our findings
seem to suggest the hypothesis that the vertical transmission would represent a sporadic event not strictly
needed for the survival of WNV in the temperate areas
of Europe [21]. In addition, very low rates of vertical
transmission have been reported also in some WNV experimental infections for North American Cx. pipiens
populations [50, 51]. Moreover, even if Monaco et al.,
on the basis of epidemiological studies in North East
areas of Italy, strongly suggested the possibility of the
WNV overwintering [22], up to now no vertical
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transmission has been demonstrated in mosquitoes
field collected in Italy.

9.

Conclusion
The results of our study indicate that Cx. pipiens Italian
populations exhibited a good vector competence for Italian
WNV lineage 1 strain, addressing an important issue in
the complex WNV-vector relationships. Insights on vector
competence, distribution, seasonal density, and natural
feeding patterns of Cx. pipiens can help to improve WNV
surveillance in Italy, since current knowledge does not
allow yet to predict where and when WNV outbreaks will
occur.

11.

10.

12.

13.

14.

15.

Competing interests
The authors declare that they have no competing interests.
16.
Authors’ contributions
CF MER conceived and designed the experiments. MDL FS LT DB FM carried
out the mosquito collections. CF MER MDL FS LT DB EB PB performed the
experiments. GM performed the statistical analysis. CF MER wrote the
manuscript with the contribution of DB MDL LT FS. MGC RR reviewed the
manuscript. All authors read and approved the final manuscript.
Acknowledgments
The authors thank Andrea Martinelli and Gioia Bongiorno, Simone Martini,
Fabrizio Piccari, Marco Fermetti and Giulietta Venturi for their fundamental
contribution to this work and Judith Sutcliffe [BA (Hons) Eng. Lang and Lit]
for the linguistic revision. This work was funded by the 7th Framework
Program: European West Nile collaborative research project
(Grant agreement n. 261391).

17.

18.

19.

20.

21.
Author details
1
Unit of Viral diseases and attenuated vaccine, Department of Infectious,
Parasitic and Immune-Mediated Diseases Istituto Superiore di Sanità, Rome,
Italy. 2Unit of Vector-borne Diseases and International Health, Department of
Infectious, Parasitic and Immune-Mediated Diseases Istituto Superiore di
Sanità, Rome, Italy. 3Istituto Zooprofilattico Sperimentale delle Venezie,
Legnaro, PD, Italy. 4National Centre for Epidemiology, Surveillance and Health
Promotion, Unit of Statistics Istituto Superiore di Sanità, Rome, Italy.

22.

23.

24.
Received: 27 April 2015 Accepted: 1 September 2015
25.
References
1. Beck C, Jiménez-Clavero MA, Leblond A, Durand B, Nowotny N, Leparc-Goffart
I, et al. Flaviviruses in Europe: complex circulation patterns and their
consequences for the diagnosis and control of West Nile Disease. Int J Environ
Res Public Health. 2013;10:6049–83.
2. Ciota AT, Kramer LD. Vector-virus interactions and transmission dynamics of
West Nile virus. Viruses. 2013;5(12):3021–47.
3. Weaver SC, Reisen WK. Present and future arboviral threats. Antiviral Res.
2010;85:328–45.
4. Pérez-Ramírez E, Llorente F, Jiménez-Clavero MA. Experimental infections of
wild birds with West Nile Virus. Viruses. 2014;6:752–81.
5. Lanciotti RS, Roehrig JT, Deubel V, Smith J, Parker M, Steele K, et al.
Origin of the West Nile virus responsible for an outbreak of encephalitis in
the northeastern United States. Science. 1999;286(5448):2333–7.
6. Nash D, Mostashari F, Fine A, Miller J, O’Leary D, Murray K, et al. The
outbreak of West Nile virus infection in the New York City area in 1999.
N Engl J Med. 2001;344(24):1807–14.
7. Sambri V, Capobianchi M, Charrel R, Fyodorova M, Gaibani P, Gould E, et al.
West Nile virus in Europe: emergence, epidemiology, diagnosis, treatment,
and prevention. Clin Microbiol Infect. 2013. doi:10.1111/1469-0691.12211.
8. Platonov AE, Shipulin GA, Shipulina OY, Tyutyunnik EN, Frolochkina TI,
Lanciotti RS, et al. Outbreak of West Nile virus infection, Volgograd
Region, Russia, 1999. Emerg Infect Dis. 2001;7(1):128–32.

26.
27.

28.

29.

30.

31.

32.

Tsai TF, Popovici F, Cernescu C, Campbell GL, Nedelcu NI. West Nile
encephalitis epidemic in southeastern Romania. Lancet. 1998;352(9130):767–71.
Ulbert S. West Nile virus: the complex biology of an emerging pathogen.
Intervirology. 2011;54:171–84.
Esteves A, Almeida AP, Galao RP, Parreira R, Piedade J, Rodrigues JC, et al. West
Nile virus in southern Portugal, 2004. Vector Borne Zoonotic Dis.
2005;5(4):410–3.
Barros SC, Ramos F, Fagulha T, Duarte M, Henriques M, Luís T, et al. Serological
evidence of West Nile virus circulation in Portugal. Vet Microbiol.
2011. doi:10.1016/j.vetmic.2011.05.013.
Bofill D, Domingo C, Cardeñosa N, Zaragoza J, de Ory F, Minguell S, et al.
Human West Nile virus infection, Catalonia. Spain Emerg Infect Dis.
2006;12(7):1163–4.
Bernabeu-Wittel M, Ruiz-Pérez M, del Toro MD, Aznar J, Muniain A, de Ory F,
et al. West Nile virus past infections in the general population of Southern
Spain. Enferm Infecc Microbiol Clin. 2007;25(9):561–5.
García-Bocanegra I, Jaén-Téllez JA, Napp S, Arenas-Montes A,
Fernández-Morente M, Fernández-Molera V, et al. West Nile fever
outbreak in horses and humans, Spain, 2010. Emerg Infect Dis.
2011. doi:10.3201/eid1712.110651.
Buckley A, Dawson A, Moss SR, Hinsley SA, Bellamy PE, Gould EA. Serological
evidence of West Nile virus, Usutu virus and Sindbis virus infection of birds in
the UK. J Gen Virol. 2003;84:2807–17.
Rabel PO, Planitzer CB, Farcet MR, Orlinger KK, Ilk R, Barrett PN, et al. Increasing
West Nile virus antibody titres in central European plasma donors from 2006
to 2010. Euro Surveill. 2011;16(10).
Papa A, Xanthopoulou K, Gewehr S, Mourelatos S. Detection of West Nile virus
lineage 2 in mosquitoes during a human outbreak in Greece. Clin Microbiol
Infect. 2010. doi:10.1111/j.1469-0691.2010.03438.x
Sirbu A, Ceianu CS, Panculescu-Gatej RI, Vazquez A, Tenorio A, Rebreanu R,
et al. Outbreak of West Nile virus infection in humans, Romania, July to
October 2010. Euro Surveill. 2011;16(2).
Autorino GL, Battisti A, Deubel V, Ferrari G, Forletta R, Giovannini A, et al. West
Nile virus epidemic in horses, Tuscany region. Italy Emerg Infect Dis.
2002;8:1372–78.
Calistri P, Giovannini A, Hubalek Z, Ionescu A, Monaco F, et al. Epidemiology of
West Nile in Europe and in the mediterranean basin. Open Virol J.
2010;4:29–37.
Monaco F, Savini G, Calistri P, Polci A, Pinoni C, Bruno R, et al. 2009 West Nile
disease epidemic in Italy: first evidence of overwintering in Western Europe?
Res Vet Sci. 2011;91:321–26.
Savini G, Capelli G, Monaco F, Polci A, Russo F, Di Gennaro A, et al. Evidence of
West Nile virus lineage 2 circulation in Northern Italy. Vet Microbiol.
2012;158:267–73.
Savini G, Puggioni G, Di Gennaro A, Di Francesco G, Rocchigiani AM, Polci A,
et al. West Nile virus lineage 2 in Sardinian wild birds in 2012: a further threat
to public health. Epidemiol Infect. 2013;141:2313–16.
Magurano F, Remoli ME, Baggieri M, Fortuna C, Marchi A, Fiorentini C, et al.
Circulation of West Nile virus lineage 1 and 2 during an outbreak in Italy.
Clin Microbiol Infect. 2012;18:545–47.
Epicentro (28 Novembre 2013) Rapporto N. 13.https://www.epicentro.iss.it/
problemi/westnile/bollettino.asp.
Barzon L, Pacenti M, Franchin E, Lavezzo E, Masi G, Squarzon L, et al. Whole
genome sequencing and phylogenetic analysis of West Nile virus lineage 1
and lineage 2 from human cases of infection, Italy, August 2013. Euro Surveill.
2013; 18 (38). Erratum in: Euro Surveill. 2013;18 (40):pii/20597.
Zeller HG, Schuffenecker I. West Nile virus: an overview of its spread in
Europe and the Mediterranean basin in contrast to its spread in the
Americas. Eur J Clin Microbiol Infect Dis. 2004;23(3):147–56.
Engler O, Savini G, Papa A, Figuerola J, Groschup MH, Kampen H et al.
European Surveillance for West Nile Virus in Mosquito Populations.
Int J Environ Res Public Health. 2013. doi:10.3390/ijerph10104869
Andreadis TG. The contribution of Culex pipiens complex mosquitoes to
transmission and persistence of West Nile virus in North America. J Am Mosq
Control Assoc. 2012;28(4 Suppl):137–51. Review.
Romi R, Pontuale G, Ciufolini MG, Fiorentini G, Marchi A, Nicoletti L, et al. Potential
vectors of West Nile virus following an equine disease outbreak in Italy. Med Vet
Entomol. 2004;18:14–9.
Vinogradova EB. Culex pipiens pipiens mosquitoes: taxonomy,
distribution, ecology, physiology, genetics, applied importance and
control. Pensoft: Sofia-Moscow; 2000.

Fortuna et al. Parasites & Vectors (2015) 8:463

33. Ciota AT, Chin PA Kramer LD: The effect of hybridization of Culex pipiens
complex mosquitoes on transmission of West Nile virus. Parasit Vectors.
2013. doi:10.1186/1756-3305-6-305
34. Gomes B, Sousa CA, Novo MT, Freitas FB, Alves R, Côrte-Real AR et al.
Asymmetric introgression between sympatric molestus and pipiens forms of
Culex pipiens (Diptera: Culicidae) in the Comporta region, Portugal. BMC
Evol Biol. 2009. doi:10.1186/1471-2148-9-262.
35. Micieli MV, Matacchiero AC, Muttis E, Fonseca DM, Aliota MT, Kramer LD.
Vector competence of Argentine mosquitoes (Diptera: Culicidae) for West
Nile virus (Flaviviridae: Flavivirus). J Med Entomol. 2013;50:853–62.
36. Farajollahi A, Fonseca DM, Kramer LD, Marm KA. “Bird biting” mosquitoes
and human disease: a review of the role of Culex pipiens complex
mosquitoes in epidemiology. Infect Genet Evol. 2011;11(7):1577–85.
37. Muñoz J, Ruiz S, Soriguer R, Alcaide M, Viana DS, Roiz D, et al. Feeding
patterns of potential West Nile virus vectors in south-west Spain. PLoS One.
2012;7(6), e39549. doi:10.1371/journal.pone.0039549. Epub 2012 Jun 22.
38. Anderson SL, Richards SL, Tabachnick WJ, Smartt CT. Effects of West Nile
virus dose and extrinsic incubation temperature on temporal progression of
vector competence in Culex pipiens quinquefasciatus. J Am Mosq Control
Assoc. 2010;26(1):103–7.
39. Amraoui F, Krida G, Bouattour A, Rhim A, Daaboub J, Harrat Z, et al. Culex
pipiens, an experimental efficient vector of West Nile and Rift Valley fever
viruses in the Maghreb region. PLoS One. 2012;7(5), e36757. doi:10.1371/
journal.pone.0036757.
40. Dubrulle M, Mousson L, Moutailler S, Vazeille M, Failloux AB. Chikungunya
virus and Aedes mosquitoes: saliva is infectious as soon as two days after
oral infection. PLoS One. 2009;4(6), e5895.
41. Lanciotti RS, Kerst AJ, Nasci RS, Godsey MS, Mitchell CJ, Savage HM, et al.
Rapid detection of West Nile virus from human clinical specimens,
field-collected mosquitoes, and avian samples by a TaqMan reverse
transcriptase-PCR assay. J Clin Microbiol. 2000;38:4066–71.
42. Richards SL, Mores CN, Lord CC, Tabachnick WJ. Impact of extrinsic
incubation temperature and virus exposure on vector competence of Culex
pipiens quinquefasciatus Say (Diptera: Culicidae) for West Nile virus.
Vector Borne Zoonotic Dis. 2007;7:629–36.
43. Richards SL, Anderson SL, Lord CC, Smartt CT, Tabachnick WJ. Relationships
between infection, dissemination, and transmission of West Nile virus RNA
in Culex pipiens quinquefasciatus (Diptera: Culicidae). J Med Entomol.
2012;49(1):132–42.
44. Anderson SL, Richards SL, Smartt CT. A simple method for determining
arbovirus transmission in mosquitoes. J Am Mosq Control Assoc.
2010;26(1):108–11.
45. Reisen WK, Fang Y, Martinez VM. Effects of temperature on the transmission
of West Nile virus by Culex tarsalis (Diptera: Culicidae). J Med Entomol.
2006;43(2):309–17.
46. Vaidyanathan R, Scott TW. Geographic variation in vector competence for
West Nile virus in the Culex pipiens (Diptera: Culicidae) complex in California.
Vector Borne Zoonotic Dis. 2007;7(2):193–8.
47. Kilpatrick AM, Fonseca DM, Ebel GD, Reddy MR, Kramer LD. Spatial and
temporal variation in vector competence of Culex pipiens and Cx. restuans
mosquitoes for West Nile virus. Am J Trop Med Hyg. 2010;83(3):607–13.
48. Paz S. Climate change impacts on West Nile virus transmission in a global
context. Philos Trans R Soc Lond B Biol Sci. 2015. doi:10.1098/rstb.2013.0561.
49. Mulatti P, Ferguson HM, Bonfanti L, Montarsi F, Capelli G, Marangon S.
Determinants of the population growth of the West Nile virus mosquito
vector Culex pipiens in a repeatedly affected area in Italy. Parasit Vectors.
2014;7:26.
50. Anderson JF1, Main AJ, Delroux K, Fikrig E. Extrinsic incubation periods for
horizontal and vertical transmission of West Nile virus by Culex pipiens
pipiens (Diptera: Culicidae). J Med Entomol. 2008;45(3):445–51.
51. Dohm DJ1, Sardelis MR, Turell MJ. Experimental vertical transmission of
West Nile virus by Culex pipiens (Diptera: Culicidae). J Med Entomol.
2002;39(4):640–44.

Page 10 of 10

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

