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Introduction

Summary

Mosquito-borne arboviruses (MBV) represent an important health problem,
causing diseases and deaths both in human and animals mainly in tropical and
subtropical countries. In recent years, they have emerged also in temperate
regions where they have caused epidemics. Of mounting concern among public
health authorities in Europe are zoonotic mosquito-borne viruses belonging to
the Flavivirus genus. The aim of this study was to carry out active surveillance on
mosquitoes in two regions of northwestern Italy (Liguria and Piedmont) to gain a
better knowledge of the mosquito populations by identifying potential vectors of
arboviruses and to investigate arbovirus infection. A network of 61 CO, CDC
traps was placed in the study area; sampling was conducted from May to October
2011. A total of 46 677 mosquitoes was collected, identified to species level, and
classified according to their vector competence. Mosquitoes collected from 16
traps, selected according to risk-based factors, were tested by biomolecular analy-
sis to detect flavivirus infection. This study highlights the importance of entomo-
logical surveillance in northwestern Italy because most of the mosquitoes
collected were found to have high vector competence. Moreover, the risk-based
virological surveillance allowed to detect the presence of mosquito flavivirus
RNA, phylogenetically closely related to the MMV Spanish isolate, in three pools
and USUV RNA in one pool in new areas where it has not been reported previ-
ously. The availability of continuous data on mosquito populations provides
invaluable information for use in cases of an epidemic emergency. Maintenance
of this integrated system for the next years will provide stronger data that can
inform the design of a risk-based surveillance for the early detection of the occur-
rence of outbreaks of tropical MBDs.

commercialization, and other factors such as urbanization
and land-use changes (Gould and Higg, 2009). Several

Mosquito-borne arboviruses (MBV) represent an impor-
tant health problem, causing diseases and deaths both in
human and animals mainly in tropical and subtropical
countries. In recent years, they have emerged also in tem-
perate regions where they have caused epidemics (Hubalek,
2008).

Their emergence may be attributable to the impact
of climate changes, the increase in human travel and

emerging mosquito-borne outbreaks reported recently in
the Mediterranean basin were caused by viruses mainly
belonging to the family Togaviridae (Chikungunya virus)
and Flaviviridae (Dengue, Usutu (USUV) and West Nile
(WNV) viruses). Of increasing concern to public health
authorities in Europe is zoonotic mosquito-borne viruses
belonging to the Flavivirus genus. Outbreaks of WNV have
occurred in Italy, Greece, Spain, France, Romania, and
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further spread is expected (Calistri et al., 2010). Recently,
USUV has emerged in Europe, causing mortality in wild
birds. The virus was first detected in Africa from indige-
nous mosquito species and was not considered pathogenic
for humans (Williams et al., 1964). Subsequently, the virus
has emerged in Europe, particularly Hungary, Germany,
Austria, Spain and Italy (Manarolla et al., 2010; Savini
et al., 2011; Vazquez et al., 2011;). Human neurological
disease caused by USUV was identified for the first time
worldwide in 2007 in Italy in the brain of two immunodefi-
cient patients with neuroinvasive infection (Cavrini et al.,
2009; Pecorari et al., 2009). In addition, some flaviviruses
have recently been isolated only from mosquitoes with no
recognized pathogenic role in humans. Reports of the
detection of these viruses and other new mosquito-borne
viruses are increasingly reported in Europe (Calzolari et al.,
2012; Vazquez et al., 2012).

Mosquito-borne diseases (MBD) have a complicated
transmission cycle in which vectors, pathogens and animal
hosts interact under the strong influence of environmental
conditions. This makes monitoring and surveillance tools
necessary to identify, assess and control vector-borne dis-
eases. Mosquito-based surveillance, as the primary tool for
quantifying the intensity of virus transmission in an area,
should be a mainstay in most surveillance programmes for
arboviruses. Indeed, active surveillance based on vector-
sampling programmes is essential to evaluate the presence
and density of vectors and the pathogen prevalence in a
vector population (CDC Guidelines, 2003; Braks et al.,
2011).

The aim of this study was to carry out active surveillance
on mosquitoes in two regions in northwestern Italy (Liguria
and Piedmont) to gain a better knowledge on the mosquito
populations by identifying potential vectors of arboviruses
and to investigate arbovirus infection.

Mosquito population surveillance started in Piedmont in
1997 and was carried out by the Istituto per le Piante da Le-
gno e ’Ambiente (IPLA) to monitor mosquito populations
and implements stategies for the reduction in mosquito
abundance and nuisance. Moreover, since 2009, Piedmont
has been involved in the national WNV surveillance pro-
gramme (Istituto Zooprofilattico Sperimentale di Teramo):
entomological surveillance was performed in a small area
defined as a ‘risk area’ in the provinces of Alessandria and
Asti to detect the introduction of WNV infection. Recent
investigations on mosquito population ecology in the
northeast part of Piedmont showed that the area’s environ-
mental features are conducive to mantaining competent
vectors for MBDs (Bisanzio et al.,, 2011). Moreover, the
detection of USUV and insect-specific flavivirus in mosqui-
toes collected in 2009 and 2010 in the area suggested a low
infection prevalence and a possible continuous circulation
(Cerutti et al., 2012).

Mosquito Surveillance in North-Western Italy

By contrast, data on mosquito populations in Liguria
were insignificant and fragmentary and no area was
included in the national WNV surveillance programme for
entomological surveillance.

Materials and Methods

Study area
The study area comprised of Piedmont and Liguria in
northwestern Italy. Piedmont has an area of 25 401.56 km?
(population, 4 457 335 habitants; centroid, N 45°0" 0"; E
8°0" 0”) and is divided into eight provinces (Alessandria;
Asti; Biella; Cuneo; Novara; Torino; Verbania; Vercelli).
Liguria is an important commercial and touristic area
and has an area of 5420.97 Km” (population, 1616.788
habitants; centroid, N 44°30" 0";E 8°50’ 0”) and is
divided into four provinces (Genoa, Imperia, La Spezia,
Savona).

Adult mosquito collection

Entomological surveillance was activated from 2 May to 29
October 2011, with weekly or fortnightly collections of
adult mosquitoes. Mosquitoes were trapped using 61 modi-
fied CO, CDC dry ice-baited traps to collect a great num-
ber and variety of host-secking females (Bellini et al,
2002). All traps were georeferenced and worked at night
from 4 : 00 p.m. to 10 a.m. A total of 51 traps were placed
in Piedmont and 10 in Liguria in areas under 600 m above
sea level (Fig. 1).

Trap sites were chosen so as to represent the whole terri-
tory of both regions according to proximity to wetland
zones, presence of animal hosts and different land use
[according to the Corine Land Cover classification (CLC)]
and habitat features.

Mosquitoes were identified to species level according
to morphological characteristics by means of standard
classification keys (Stojanovic and Scott, 1997; Severini
et al., 2009). Mosquito species were classified according
to their vector competence (Scientific submitted to EFSA,
2009).

Virus survey

The virological surveillance was performed in Pied-
mont between 15 June and 29 September, focusing on 16
CO,-baited traps located in sites selected according to
risk-based factors including proximity to wetlands, inter-
national airports and stopover sites for migratory birds
(Fig. 1).

Every week, field-collected mosquitoes were pooled
according to species, date and site, with a maximum num-
ber of 200 individuals per pool (Sutherland and Nasci,
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A Sites for entomological study

m Sites for virological analysis

Fig. 1. Map showing the trap sites in the survey.

Squares denote sites selected only for entomological study; triangles
denote sites selected for virological analysis. Circles indicate sites where
pooled samples tested positive on PCR for: USUV (Novara province) and
mosquito-borne flavivirus (Alessandria province). Province abbrevia-
tions: AL Alessandria; AT Asti; Bl Biella; CN Cuneo; NO Novara; TO Tor-
ino; VB Verbania; VC-Vercelli; GE Genoa; IM Imperia; SP La Spezia; SV
Savona.

2007) and disrupted in PBS using TissueLyser LT (Qiagen,
Hilden, Germany). Total RNA from each pool was
extracted using TRI reagent (Sigma-Aldrich, St. Louis, MO,
USA) and eluted in a final volume of 50 pl of RNase DNase
free water. A retrotranscription step was performed on 7 pl
of RNA with a High-capacity c-DNA Reverse Transcription
kit (AB, Foster City, CA, USA), and cDNA from each pool
was amplified simultaneously with an end-point flavivirus-
genus PCR assay for a conserved region of the NS5 protein
gene according to Scaramozzino et al. (2001) and with a
real-time PCR assay for a 92-bp fragment of 3’ non-coding
region of WNV according to Tang et al. (2006). Confirma-
tion of the positive/doubtful samples was performed fol-
lowing two PCR protocols for Usutu virus (Manarolla,
2004) and for WNV (Lanciotti et al., 2000), respectively.
PCR fragments were sequenced on an automated ABI-
PRISM 3130 Genetic Analyzer (AB) to identify the detected
virus, and sequence homology was calculated using the
basic local alignment search tool (BLAST, US National
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Library of Medicine, Bethesda, MD, USA) in GenBank and
expressed as nucleotide identity percentage.

Statistical analysis

Descriptive analysis was performed on data to display vec-
tor population in the study area. Flavivirus infection prev-
alence was estimated considering the pooled samples. The
related minimum infection rate (MIR) and maximum
likelihood estimation (MLE) were calculated using the
PooledInfRate statistical software package (Biggerstaff,
2006).

Results

Adult mosquito collection

A total of 46 677 mosquitoes were collected from 61 traps
at different sampling rates and in different periods
(Table 1).

A total of 45 842 adult mosquitoes (98.2% of total mos-
quitoes), belonging to 14 different species, were collected in
Piedmont, and 835 individuals (1.79%) belonging to four
different species in Liguria. Of these, 100 damaged individ-
uals (0.2%) were identified only to the genus level due to a
lack of taxonomic characteristics. The most abundant spe-
cies was Culex pipiens (49.13%), collected both in Piedmont
and Liguria, followed by Ochlerotatus caspius (32.83%) and
Culex modestus (11.10%), trapped only in Piedmont.
According to their vector competence, four species (28 453
mosquitoes; 60.9%) were classified as high competent, three
species (18 036 mosquitoes; 38.6%) as moderate and seven
species (77 mosquitoes; 0.5%) as low (Table 2).

The geographical distribution of the most common mos-
quito species trapped is shown in Fig. 2.

Virus survey

A total of 7833 mosquitoes, split in 266 pools, under-
went biomolecular analyses. Only one Culex pipiens pool
(id 92603), sampled within the Ticino River Natural
Park (Novara province N 45°31'003 and E 8°42' 48),
tested positive at the Usutu virus PCR assay; the E pro-
tein gene sequence obtained (427 bp fragments) showed
the highest homology, with a 99% nucleotide identity,
with a strain identified in Culex pipiens in Emilia
Romagna in 2010 (GeneBank accession number:
JF834676), as well as with a 2004 Austrian strain from
blackbirds (GB:EF078299).

Two mosquito pools of Ochlerotatus caspius (id 81618.1
and .2) and one pool of Culex pipiens (id 81618.3),
collected from the same trap alongside the Po river
(N 44°59'297 and E 8°46' 109), tested positive at Flavivirus-
genus PCR screening (Table 3).
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Table 1. Trap sites and mosquito count by province. Cl denotes confidence interval at 95%

Province Region No. of traps No. of trap sessions No. of mosquitoes (%) Mean Mean 95% Cl

AL Piedmont 11 185 10 770 (23.07) 58.22 43.96 72.48
AT Piedmont 2 36 3797 (8.13) 105.47 57.32 153.63
BI Piedmont 2 22 1289 (2.76) 58.59 31.51 85.67
CN Piedmont 12 72 1545 (3.31) 21.46 16.62 26.30
NO Piedmont 5 60 11 773 (25.22) 196.22 64.59 327.85
TO Piedmont 14 233 4113 (8.81) 17.65 11.45 23.85
VB Piedmont 1 17 117 (0.25) 6.88 3.22 10.54
VC Piedmont 4 41 12 438 (26.65) 303.37 95.20 511.53
Total Piedmont 51 666 45 842 (98.21%) 95.98 40.48 151.48
GE Liguria 2 15 138 (0.30) 9.20 8.02 10.38
IM Liguria 4 36 518 (1.11) 14.39 13.26 16.52
SP Liguria 2 12 78(0.17) 6.50 5.13 7.87
SV Liguria 2 12 101(0.22) 8.42 6.67 10.17
Total Liguria 10 75 835(1.79) 12.10 11.13 13.07

In bold characters total values in Piedmont and Liguria Regions.

Table 2. Mosquito species collected in Piedmont and Liguria and their vector competence

Mosquitoes in Mosquitoes in
Piedmont Liguria Mosquitoes total
Mosquito species Genera No. % No. % No. % Vector competence
Culex pipiens Culex 22 367 47.92 566 1.21 22 933 49.13 High
Ochlerotatus caspius Ochlerotatus 15 325 32.83 0 0.00 15 325 32.83 Moderate
Culex modestus Culex 5181 11.10 0 0.00 5181 11.10 High
Anopheles maculipennis s.|. Anopheles 2057 4.41 0 0.00 2057 4.41 Moderate
Aedes vexans Aedes 654 1.40 0 0.00 654 1.40 Moderate
Culex sp. Culex 94 0.20 0 0.00 94 0.20 Not evaluated
Aedes albopictus Aedes 65 0.14 254 0.54 319 0.68 High
Aedes cinereus Aedes 30 0.06 0 0.00 30 0.06 Low
Culex theileri Culex 20 0.04 0 0.00 20 0.04 High
Not evaluable Other 1 0.02 0 0.00 11 0.02 Not evaluated
Anopheles plumbeus Anopheles 10 0.02 0 0.00 10 0.02 Low
Culiseta subochrea Culiseta 10 0.02 0 0.00 10 0.02 Low
Aedes geniculatus Aedes 6 0.01 0 0.00 6 0.01 Low
Culiseta longiareolata Culiseta 5 0.01 12 0.03 17 0.04 Low
Anopheles claviger Anopheles 0 0.00 3 0.01 3 0.01 Low
Aedes sp. Aedes 3 0.01 0 0.00 3 0.01 Not evaluated
Culiseta sp. Culiseta 3 0.01 0 0.00 3 0.01 Not evaluated
Culiseta annulata Culiseta 1 0.00 0 0.00 1 0.00 Low
Total 45 842 92.21 835 1.79 46 677 100.00
The BLAST search for partial NS5 gene sequence . .
Discussion

(263 bp fragment) from the three samples showed a nucle-
otide identity of 97% with a sequence detected in Ochlerot-
atus caspius in Emilia Romagna in 2009 (HQ441866)
(Calzolari et al., 2010) and a nucleotide identity of 93%
with a novel Flavivirus, recently isolated from a pool of
Ochlerotatus caspius in Spain, named Marisma Mosquito
virus (MMV) (Vazquez et al., 2012).

Minimum infection rates (MIRs) and MLEs for the
inferred prevalence of infection in mosquitoes are reported
in Table 4.

This study highlights the importance of entomological
surveillance in northwestern Italy, where no cases of
MBDs in humans or animals have so far been reported,
despite recent outbreaks in nearby regions (Angelini
et al., 2010; Jourdain et al,, 2007). The knowledge of
mosquito populations and their vector competence in
the study area may provide important information for
the early detection of MBDs. Our aim was to gain a bet-
ter understanding of mosquito-population dynamics by
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Fig. 2. Relative mosquito species distribution according to province.
Province abbreviations: AL Alessandria; AT Asti; Bl Biella; CN Cuneo; NO
Novara; TO Torino; VB Verbania; VC Vercelli; GE Genoa; IM Imperia; SP
La Spezia; SV Savona.

studying their spatial distribution and arbovirus infection
in the study area.

The use of an accurate mosquito-trapping method is
crucial in vector surveillance owing to the significant
differences in capture efficiencies between methods. (Wil-
liams and Gingrich, 2007; Almeida et al., 2008). For this
reason, in this survey, we used CO, CDC dry ice-baited
traps, the most efficient and common sampling method for
adult mosquito collection, routinely used in surveillance
programmes in many regions around the world.

A. Pautasso et al.

This type of trap allowed the collection of a great num-
ber and variety of questing mosquitoes (mainly females):
production of CO, simulates animal breath which attracts
mosquitoes. According to some authors, mosquito trap-
ping is very intensive and expensive but remains an impor-
tant tool for the early detection of virus activity in a
territory (CDC guidelines, and Braks et al., 2011). In Italy,
for example, WNV was detected in mosquitoes before cases
were reported in birds and humans in Emilia Romagna
(Angelini et al., 2010) and USUV-positive mosquitoes were
detected in 2009 before cases of human disease occurred
(Cavrini et al., 2009; Pecorari et al., 2009). Moreover, in
the course of small-scale preliminary screening in 2012,
Japanese encephalitis virus (JEV) was detected for the first
time in Europe in a mosquito pool collected in Emilia Ro-
magna: no cases of disease were reported, but the event
raised important health issues nonetheless (Ravanini et al.,
2012).

Mosquito species collected in the study area accounted
for 14 (21.8%) of the 64 known Italian species (Romi et al.,
1997), consistent with European chart distribution (Snow
and Ramsdale, 1999). Culex pipiens, Ochlerotatus caspius,
Culex modestus and Anopheles maculipennis s.l. were the
most common species trapped.

Other species detected in lower concentrations had more
scattered distributions. It is worth noting that because the
collection method used allowed the collection of mainly
nocturnal or crepuscular mosquito species, the possibility
to collect diurnal mosquitoes, such as Aedes albopictus, was
reduced. Nevertheless, Aedes albopictus was the second
most frequent species trapped in Liguria. This finding may
be related to the recently shown behavioural changes Aedes
albopictus has developed to promote human biting, such as
endophagy and night-time biting (Drago, 2003). In addi-
tion, the environmental features of the Ligurian trap sites
favoured the establishment of the vector: mild winter tem-

Table 3. Virological findings in mosquitoes collected in Piedmont from June to September 2011

No. individuals No. pools WNV No. pools USUV No. pools Mo- Flavivirus
Mosquito species No. pools tested tested positive positive positive
Culex pipiens 99 4866 0 1 1
Ochlerotatus caspius 57 1503 0 0 2
Culex modestus 29 685 0 0 0
Anopheles maculipennis 22 475 0 0 0
Aedes vexans 36 241 0 0 0
Culex theileri 10 34 0 0 0
Aedes albopictus 10 17 0 0 0
Culiseta subochrea 1 9 0 0 0
Ochlerotatus geniculatus 1 2 0 0 0
Culiseta longiareolata 1 1 0 0 0
Total 266 7833 0 1 3

Total values in bold characters.
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Table 4. Maximum likelihood estimation and minimum infection rate of mosquito-borne flavivirus and USUV in Culex pipiens and Ochlerotatus casp-

ius

Virus Mosquito species Individual tested Pools tested Positive pools MIR (95% Cl) MLE (95% Cl)
Mo-flavivirus Culex pipiens 4866 99 1 0.21(0.00-0.61) 0.21(0.00-1.01)
Mo-flavivirus Ochlerotatus caspius 1503 57 2 1.33(0.0-3.17) 1.48 (0.26-5.15)
uUsuv Culex pipiens 4866 99 1 0.21(0.00-0.61) 0.21(0.00-1.01)

peratures that permit egg survival; sufficient amounts of
water to fill appropriate aquatic breeding sites, and summer
temperature optimal for rapid development from imma-
ture stages to adult mosquitoes.

In this study, most mosquitoes (60.9% of total — Culex
pipiens, Culex modestus and Aedes albopictus) showed high
vector competence and so might be able to acquire and
transmit the most common mosquito-borne viruses.

Culex pipiens was the most frequently collected species:
its presence was confirmed in all provinces. It is a rural
mosquito, mostly bird-biting but with a considerable
degree of anthropophily. It is considered a high competent
vector for WNV and USUV (Balenghien et al., 2008), high-
lighting its importance as threat to public health. Biomolec-
ular analysis was performed on 22% of Culex pipiens
trapped in Piedmont: flavivirus RNA was detected in two
pools (1 confirmed as USUV).

One of the most competent species for WNV transmis-
sion reported by various authors (Balenghien et al., 2008;
Bisanzio et al., 2011) is Culex modestus. Feeding mainly on
birds, it is found mostly in wetland areas and plays an
important role in the transmission cycle as both a main-
tenance (bird-to-bird transmission) and a bridge (bird-
to-mammal transmission) vector. In this study, Culex
modestus was collected only in Piedmont: 13.1% of Culex
modestus trapped were analysed and no flavivirus RNA was
detected.

The high vector competence of Aedes albopictus is chiefly
related to its role in the transmission cycle of such human
pathogens as Dengue and Chikungunya virus (Gratz, 2004)
and it can be considered a moderate vector for flaviviruses.
USUV RNA has been found in pools of Aedes albopictus in
Italy (Calzolari et al., 2010; Savini et al., 2011), and further
experimental studies are ongoing to confirm its compe-
tence and role in the spread of the virus.

Finally, in this survey, mosquito flavivirus RNA was
detected in pools of Ochlerotatus caspius, one of the most
common species in Piedmont. This species proliferates in
brackish waters, but it may also be found in freshwater
environments such as flooded meadows and rice fields and
in abundant vegetation, which furnishes an important hab-
itat for residential and migratory birds, providing a possible
entry door for WNV. It is an aggressive biter and opportu-
nistic feeder. On the basis of laboratory experiments, Ochl-
erotatus caspius is considered moderate competent for

WNV. The hypothesis for its potential role in zoonotic
flavivirus transmission has been strengthened by the recent
detection of positive pools in Europe (Orshan et al., 2008;
Monaco et al., 2010) and by its known capacity to feed on
both birds and mammals.

The virological risk-based surveillance allowed to detect
mosquito flavivirus and USUV circulation in new areas
of Piedmont in addition to those where previous studies
had shown the viruses to be circulating, even in the
absence of clinical signs in animals. Previously, in Pied-
mont, USUV RNA was identified in Culex pipens pools
only in Alessandria province (Cerutti et al., 2012),
whereas our study allowed the detection of USUV also in
Novara province, near the Ticino river. USUV strains iso-
lated in Piedmont showed a high homology with strains
isolated in Austria from dead blackbirds, supporting the
hypothesis for a possible role of migratory birds in the
transmission cycle.

The evidence that the mosquito flavivirus variants identi-
fied in Piedmont in 2011 (81618.1-3) are phylogenetically
closely related to the MMV Spanish isolate needs further
investigation. The genetic characterization carried out by
Vasquez et al., based on a 860-bp fragment of the NS5
gene, revealed that MMV clusters within the antigenic
group defined as MBV, which, among the Flaviviridae fam-
ily, comprises several important human pathogens includ-
ing Yellow fever virus, Dengue virus and the Japanese
encephalitis complex, as well as WNV and USUV. Mos-
quito-borne viruses are generally transmitted by mosqui-
toes and associated with vertebrate hosts where they can
cause disease (Huhtamo et al., 2009). It is remarkable that
MMV isolation from insect cell lines (C6/36) was success-
ful, whereas attempts on mammalian lines (Vero and
BHK21) have failed so far; despite this, sequence homology
for the MBV group could indicate a zoonotic potential for
this virus. More investigations to confirm this hypothesis
are needed. Currently, ongoing studies on Piedmont vari-
ants are trying to achieve isolation on both insect and
mammalian cell lines to obtain stronger genetic character-
ization based on wider genome fragments necessary for
correct strain identification.

In conclusion, the availability of continuous data on
mosquito populations provides important information to
be used in case of an epidemic emergency. The mainte-
nance of this surveillance system for the next years, inte-
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grated with human and animal surveillance, will provide
stronger data which may inform the design of a risk-based
surveillance for the early detection of the occurrence of out-
breaks of tropical MBDs.
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