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Summary

West Nile virus (WNYV) is neuropathogenic for
birds, horses and humans and is maintained in
natural cycles between birds and mosquitoes,
particularly the Culex genus; horses and
humans are considered to be incidental hosts.
A surveillance plan was implemented in Italy
in 1998, following a limited outbreak of WNV
equine encephalomyelitis and a WNV
outbreak in France very close to the Italian
border. This plan to assess the risks of the
virus being introduced again included
entomological surveillance performed in
15 study areas considered ‘at risk’” of WNV
introduction in the country. Entomological
surveys conducted in Italy from 2003 to 2007
resulted in the capture of a total of
28 798 mosquitoes, of which there were
14 765 adults and 14 033 larvae belonging to
22 species. According to the literature, eight of
the species identified have been found to be
naturally infected with WNV or were
successfully infected in the laboratory in some
parts of Europe and in the United States,
namely: Aedes albopictus  (Skuse, 1897)
(= Stegomiya albopicta), Aedes vexans (Meigen,
1830), Amnopheles maculipennis Meigen, 1818,
Coquillettidia richiardii (Ficalbi, 1889), Culex
modestus Ficalbi, 1889, Culex pipiens Linnaeus,
1758, Culex theileri Theobald, 1903 and
Ochlerotatus caspius (Pallas, 1771) (= Aedes
caspius).
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Introduction

West Nile virus (WNV) is a mosquito-borne
virus that belongs to the family Flaviviridae and
is a member of the Japanese encephalitis
complex. WNV is neuropathogenic for birds,
horses and humans (59) and is maintained in
natural cycles between birds and mosquitoes,
particularly those of the Culex genus. Horses
and humans are considered to be incidental
hosts (3). WNV is widely distributed in Africa,
the Middle East, Eurasia and, was introduced
into North America more recently (23, 28, 44).
Human and animal infections were not
documented in the western hemisphere until
the 1999 outbreak that occurred in the New
York City metropolitan area. In 2003, WNV
activity was reported in 46 states and caused
illness in over 9 800 people. Since its detection
in the United States in 1999, WNV has spread
across 47 mainland states (65), resulting in a
total of 27598 cases with 1086 deaths in
humans (7). WNV occurred in Canada in 2001
(20) and reached the countries of the Caribbean
and Central America in 2003 (8, 43). It has also
been circulating in several countries in
continental Europe and in the Mediterranean
Basin. Recent outbreaks causing human
encephalitis occurred in Algeria in 1994 (39), in
Romania between 1996 and 2000 (62), in the
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Czech Republic in 1997 (39), in Russia in 1999
(26) and in Israel in 2000 (67). Epizootics of the
disease in horses occurred in Morocco in 1996
(39), in Italy in 1998 (2) and in France in 2000
(39). One of the peculiarities of this flavivirus
is that it can be transmitted by different genera
and several species of mosquitoes. To date, the
list of mosquitoes in which WNV has been
isolated includes at least 75 species, even if
additional mosquito species have been found
positive in the United States (West Nile virus
isolated, West Nile RNA detected or West Nile
antigen detected using a variety of diagnostic
tests) (5, 6). WNV is enzootic primarily
amongst birds (27) and appears less frequently
in mammals, with equines and humans
considered to be dead-end hosts (13). Culex
pipiens is generally regarded to be the most
competent vector of WNV in Europe and was
possibly involved in the Cerbaie-Fucecchio
outbreak (2) and in Romania, where it acted as
both enzootic and epizootic vector (55).
Nevertheless, to define the possible role of
Cx.pipiens in  the
transmission of arboviruses, the bionomics of
the various mosquito biotypes need to be
understood (45, 66).

This virus has also been detected in other
haematophagous arthropods. Amongst others,
WNV has been detected in the biting midge
Culicoides sonorensis Wirth & Jones (Diptera:
Ceratopogonidae) in the United States (41) and
in 10 species of ticks (21) from six genera,
namely: Argas, Ornithodoros (Ixodida: Argasidae),
Amblyomma, Dermacentor, Hyalomma, Rhipicephalus
(Ixodida: Ixodidae) (22, 37). However, the
precise role of these and other haemato-
phagous arthropods in the transmission of
WNV requires further investigation.

maintenance and

A human epidemic of WNV has been ongoing
in the United States since 1999, while limited
outbreaks have occurred sporadically in
southern Europe following the introduction of
the virus by infected birds migrating from
Africa with the subsequent involvement of
local mosquito populations (40).

In Italy, a limited focus of WNV equine
encephalomyelitis involved 14 race horses at
nine localities in four provinces of the Toscana
Region (central Italy) in 1998. Diagnosis was
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performed using the complement fixation (CF)
test at the Italian National Centre for Exotic
Diseases (CESME, Istituto  Zooprofilattico
Sperimentale dell’ Abruzzo e del Molise ‘G. Caporale’
in Teramo). Subsequently, WNV was isolated
and identified by molecular analysis at the
Pasteur Institute in Paris in December 1998
from two of the Italian horses presenting signs
of encephalitis (2). This event, together with a
more recent outbreak of WNV that occurred
very close to the Italian border in France (38)
and the extensive presence in the country of
another potential vector, Ae. albopictus (50, 54),
encouraged the Italian government to
implement a surveillance plan to assess the
risk of the virus being introduced yet again.
Since 2002, the Italian Ministry of Health has
approved a national plan based on serological
and entomological surveys (involving sentinel
chickens and equines in the first case and
mosquitoes in the second) by promulgating
three ministerial orders and a ministerial
decree since 2007 November (30, 31, 32, 33).

This surveillance plan is implemented by the
CESME in Teramo and is co-ordinated by the
network of Istituti Zooprofilattici Sperimentali
located across Italy (which all belong to the
Italian National Health/Veterinary Service)
and by the Unit of Vector Control of the Istituto
Superiore di Sanita for entomological expertise.

The authors present the results of the
entomological survey that lasted five years and
covered the entire country. These results are
compared to information from the literature.

The results of this entomological inquiry
represent part of the ongoing surveillance
system that is focused on improving the
understanding of the ecology of WNV in Italy.

Materials and methods

www.izs.it/vet_italiana

Study areas

A total of 15 study areas considered “at risk’ for
WNV introduction in Italy were selected for
longitudinal surveillance (TableI; Fig.1) on
the basis of features considered most suitable
for virus circulation, such as the simultaneous
presence of humans, stock farms with horses,
migratory birds and mosquitoes. These areas
were selected and defined in accordance with
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standardised criteria developed by the
Important Bird Areas (IBA) European
Programme (16) and in collaboration with the
Italian National Institute for Wildlife (INFS) in
Bologna, namely: areas regularly inhabited by
20000 or more water birds or by 1% of the
individuals in a population of one species or
subspecies of water birds (12). Study areas
were georeferenced and included in a list of
the Italian wetlands used for a waterfowl
winter census. Italy was divided into a grid of
square units of 400 km? (20 km each side) by
using geographic information systems (GIS).
The extent of the ‘at risk” areas included all the
squares (comprising the monitoring sites)
separated by a 20 km buffer drawn around the
centroids (15).

Entomological collection procedures

The collection of adult mosquitoes and larvae
was performed by the staff of the Istituti
Zooprofilattici  Sperimentali involved in the
Italian national plan of WNV surveillance in
standard  procedures
developed by the Istituto Superiore di Sanita. In
each study area, monthly mosquito catches
were scheduled from November to March,
while from April (early spring) to October (late
autumn) catches were conducted fortnightly,

accordance  with

Table |
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for a total of about 16 surveys per year for five
years (2003-2007). Adult mosquitoes were
collected using Centers for Disease Control
(CDC) light traps and by aspiration in resting
sites (mainly animal shelters); all samples were
stored in dry conditions. A total of 28 light
traps were used, two for each study area; these
were placed in shaded positions that were
sheltered from wind and rain at a distance of
about 1.5m from the ground. They were
operated from dusk to the early morning. In
addition, one trap was placed near an animal
shelter and another near the henhouse where
‘sentinel’ chickens were stocked for the
purposes of the serological surveillance.
‘Sentinel’ refers to cases when an animal (most
often a chicken) is kept in a known location
(e.g. chicken coop) and its blood is sampled
routinely (usually every week or two) and
tested for the presence of WNV. If the test
reveals a positive result, this is an indication
that virus is circulating in the area under study
(7). As many resting adult mosquitoes as
possible were collected from the walls of stock
shelters in the morning wusing electric
aspirators.

Larval collections were performed on the same
sites for each study area when feasible, not all

Name, location and identification of the 15 study areas selected for the national West Nile virus

surveillance programme in Italy

Region Location (Province) |dentification of location
Abruzzo Mouth of Vomano River (Teramo) A
Basilicata South Giuliano lake (Matera) B
Calabria Mouth of Neto River (Crotone) C
Campania Serre Persano (Salerno) D
Emilia Romagna Comacchio Valleys - Bando natural Reserve (Ferrara) E
Friuli Venezia-Giulia Grado and Marano Lagoon (Gorizia) F
Lazio Sabaudia Lake (Latfina) G
Marche Sentina (Ancona) H
Molise Mouth of Biferno river (Campobasso) |
Puglia Manfredonia (Foggia) L
Sardegna S’Ena Arrubia pond (Oristano) M
Sicilia Vendicari coastal ponds (Siracusa) N
Toscana* Fucecchio marshes (Pistoia) *
Umbria Trasimeno Lake (Perugia) O
Veneto Averto Valley (Venezia) P

* Entomological surveillance in the Fucecchio marshes was performed independently of the national programme, as part of a
regional West Nile virus surveillance programme funded by the Region of Tuscany (51)
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Figure 1
Location of the study areas in Italy (yellow dofs)

the mosquito species are distributed equally as
adults and larvae, so some species are more
common as adults and rare as larvae and vice
versa; collecting larvae is often useful to
provide more detailed information on the
species composition of the local mosquito
fauna, especially in the case of species that are
more common as larvae than as adults.
Temporary and stable, artificial and natural
potential larval breeding sites were visited
fortnightly near the location of the light traps
and larvae were collected by dipping and were
preserved in 70% ethanol. For identification,
larvae and adult mosquitoes were submitted to
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the CESME and to the Istituto Superiore di Sanita
as follows: specimens of larvae were identified
based on morphological characteristics as
defined for Italian mosquitoes by Romi et al.
(50) and by the Istituto Superiore di Sanita
identification keys for Italian mosquitoes. For
species identification of early stages, only
fourth instar larvae were considered.

Results

www.izs.it/vet_italiana

Entomological surveys conducted in Italy from
2003 to 2007 have resulted in the capture of a
total of 28798 mosquitoes, of which 14765

©1ZS A&M 2008



Luciano Toma, Micaela Cipriani, Maria Goffredo,
Roberto Romi & Rossella Lelli

First report on entomological field activities
for the surveillance of West Nile disease in Italy

were adults and 14 033 were larvae. Among
the adult specimens, 13 060 were suitable for
species identification, whereas 1705 were
identified at genus level only because they
were damaged. Among the larvae, 14 001 were
suitable for species identification, whereas

the subfamily Anophelinae (one genus only)
and eighteen to the subfamily Culicinae (six
genera). A list of the species collected is
presented in Table II, while the abundance of
species of over 20 specimens is shown in
Figures2 and 3. Three species represented

32 were identified at genus level because of
22 mosquito
species were identified, 4 of which belonged to

unsuitable storage. Overall,

Table I

84.06% of the entire adult sample,
namely:  Ochlerotatus  caspius  (36.37%,
n=>5370), Cx.pipiens (36.9%, n=5449) and

Mosquito species collected in the study areas of the national West Nile virus surveillance programme

between 2003 and 2007

(relafive frequencies of species out of the total number of specimens are given in brackets)

. Identification Total no. of Total no. of
Genus and species of location*  NO-#¢ NO-33 s (%) larvae (%)
Aedes (Stegomyia) albopictus (Skuse, 1897) A F.G 16 - 16 (0.11) 32 (0.2)
Aedes (Aedimorphus) vexans (Meigen, 1830) G 5 - 5(0.03) -
Anopheles (Anopheles) algeriensis Theobald, 1903 M 1 - 1(0.01) -
Anopheles (Anopheles) claviger (Meigen, 1804) C,FL 65 - 65 (0.44) 2 (0.00)
Anopheles (Anopheles) maculipennis Meigen, A.D,E.F,H O, 1489 103 1592 (15.1) 139 (0.99)
1830 P
Anopheles (Anopheles) plumbeus Stephens, 1828 F 171 - 171 (1.16) -
Coaquillettidia (Coquillettidia) richiardii (Ficalbi, G 42 3 45 (0.30) -
1889)
Culex (Neoculex) impudicus (Ficalbi, 1890) C,F 1 - 1 (0.01) 65 (0.5)
Culex (Culex) pipiens Linnaeus, 1758 A.B,C,D,EF 4955 494 5449 (36.9) 12525 (89.3)
G, H LM N
O,P
Culex (Maillotia) hortensis Ficalbi, 1889 D,E O 8 1 9 (0.06) 208 (1.5)
Culex (Barraudius) modestus Ficalbi, 1889 O - - - 1 (0.00)
Culex sp. A D, EFIL 586 9 595 (1.32) 6 (0.04)
Culex (Culex) theileri Theobald, 1903 G HLM 9 4 13 (0.09) 15 (0.11)
Culiseta (Culiseta) annulata (Schrank, 1776) D.F,G L MP 81 7 88 (0.66) 86 (0.61)
Culiseta (Culicella) litorea (Shute, 1928) G - - - 6 (0.04)
Culiseta (Allotheobaldia) longiareolata A, C,D, I L M, 21 19 40 (0.27) 249 (1.77)
(Macquart, 1838) @)
Culiseta sp. D 4 1 5(0.03) 2 (0.01)
Ochlerotatus (Ochlerotatus) caspius (Pallas, 1771) A, C,E,F, G, H, 5343 27 5370 (36.37) 208 (1.48)
L, M,N, P
Ochlerotatus (Ochlerotatus) detritus (Haliday, F.G.LLM 155 2 157 (1.6) 214 (1.62)
1833)
Ochlerotatus (Ochlerotatus) rusticus (Rossi, 1790) F.G,O 25 - 25 (0.17) 19 (0.14)
Ochlerotatus (Ochlerotatus) dorsalis (Meigen, G, H 1 2 3 (0.02) -
1830)
Ochlerotatus (Finlaya) geniculatus (Olivier, 1791) G, M 1 2 3 (0.02) -
Ochlerotatus (Finlaya) zammitii (Olivier, 1791) N - - - 219 (1.56)
Ochlerotatus sp. E.F,G LMP 1101 1105 (7.48) 24 (0.17)
Uranotaenia (Uranotaenia) unguiculata E.HP 3 4 7 (0.05) 13 (0.09)
(Edwards, 1913)
Total 14083 682 14765 14 033
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@ Anopheles claviger O Anopheles maculipennis
@ Anopheles plumbeus
B Culex pipiens

O Culiseta longiareolata B Ochlerotatus caspius

O Ochlerotatus detritus

B Coquillettidia richiardii
O Culiseta annulata

B Ochlerotatus rusticus

Figure 2
Mosquito species identification in Italy, 2007:
adulfs

O Aedes albopictus 0O Anopheles maculipennis

O Culex impudicus B Culex pipiens
B Culex hortensis O Culiseta annulata

O Culiseta longiareolata B Ochlerotatus caspius
O Ochlerotatus detritus B Ochlerotatus sp.

O Ochlerotatus zammitii

Figure 3
Mosquito species identification in Italy, 2007:
larvae

An. maculipennis (10.78%, n=1592). Among
the larvae (TableIl) Cx. pipiens was the most
prevalent species, representing 89.3% of the
sample (n =12 525).

Discussion

Among the species collected, four are known
to feed on birds and humans, namely:
Anopheles plumbeus Stephens, 1828, Culiseta
annulata (Schrank, 1776), Culiseta litorea (Shute,
1928) and Ochlerotatus detritus (Haliday, 1833)
(= Aedes detritus) (47) and therefore could be
considered as potential ‘bridge vectors’
(Table IlI); six species, Amnopheles algeriensis
Theobald, 1903, Anopheles claviger (Meigen,
1804), Ochlerotatus rusticus (Rossi, 1790)
(= Aedes rusticus) (47), Ochlerotatus dorsalis
(Meigen, 1830) (= Aedes dorsalis)  (47),
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Ochlerotatus geniculatus (Olivier, 1791) (= Aedes
geniculatus) (47) and Ochlerotatus zammitii
(Olivier, 1791) (= Aedes zammitii) (47) are
known to bite humans but are considered
infrequent avian feeders (50) and consequently
their occurrence could represent a low risk of
transmission of WNV to humans. According to
the literature, eight of the remaining species
have been found to be naturally infected with
WNV or successfully infected in the laboratory
in certain areas of Europe and in the United
States, namely: Ae. albopictus, Ae. vexans,
An. maculipennis, Coquillettidia richiardii,
Cx. modestus,  Cx. pipiens,  Cx. theileri —and
Oc. caspius (4, 14, 21, 24, 25). A brief description
of the bionomics of the species that can play
different roles in the epidemiology of the
WNV disease is discussed below.

Ae. albopictus, the ‘Asian tiger mosquito’ has
recently become established in Western
Europe (it originates from South-East Asia). It
was first reported in Italy in 1990 (53) and has
spread across the country, mainly dispersed by
the internal trade of used tyres that harbour its
eggs (10, 11, 34, 49). The species has recently
revealed its ability to adapt very rapidly to the
local climate of colonised areas: females of
some populations occur in central and
southern Italy and continue their trophic
activity  throughout the winter without
interruption (61). Ae. albopictus females have
shown competence for over 20 arboviruses,
including dengue, West Nile and yellow fever
(35). Apart from its nuisance as a biting insect,
the adaptability and behaviour of Ae. albopictus
makes it suitable as a bridge vector of WNV.
Moreover, this virus has occasionally been
isolated from the same species in the United
States, but not elsewhere (29) and the mosquito
has proved to be a competent vector in the
laboratory (63).

The distribution of Ae. vexans is considered to
extend from the west of the Palearctic Region
to Kazakhstan in the east (17) and is present in
the Afrotropical, Nearctic and Neotropical
Regions (42). The species is an aggressive
human biter.

In Italy, An. maculipennis occurs as a complex

of seven species, namely: An. maculipennis,
An. labranchiae Falleroni, 1926, An. atroparvus

©1ZS A&M 2008
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Table I
Mosquito species collected during surveillance in the study areas and their potential role in West Nile

virus transmission according to the literature
(9,21, 24, 46, 50, 56, 57, 58)

Involved in West Possible bridge

Genus and species Nile virus .B.ird—** H‘.JT“O,[‘,; vector: bird and
tronsm|55|o? biting biting human-biting™*
elsewhere

Aedes (Stegomyia) albopictus (Skuse, 1894) X X -

Aedes (Aedimorphus) vexans (Meigen, 1830) X - X -

Anopheles algeriensis (Anopheles) Theobald, 1903 - - X -

Anopheles (Anopheles) claviger Meigen, 1804 - - X -

Anopheles (Anopheles) maculipennis Meigen, 1818 X - X -

Anopheles (Anopheles) plumbeus Stephens, 1828 - X X X

Coquillettidia (Coquillettidia) richiardii (Ficalbi, 1889) X X X X

Culex (Neoculex) impudicus Ficalbi, 1890 - X - -

Culex modestus (Barraudius) Ficalbi, 1889 X X X X

Culex (Culex) pipiens Linnaeus, 1758 X X X X

Culex (Maillotia) hortensis Ficalbi, 1889 - - - -

Culex (Culex) theileri Theobald, 1903 X - X -

Culiseta litorea (Culicella) (Shute, 1928) - X - -

Culiseta (Culiseta) annulata (Shrank, 1776) - X X X

Culiseta (Allotheobaldia) longiareolata (Macquart, 1838) - - - -

Ochlerotatus (Ochlerotatus) caspius (Pallas, 1771) X - X -

Ochlerotatus (Ochlerotatus) detritus (Haliday, 1833) - X X X

Ochlerotatus(Ochlerotatus) dorsalis (Meigen, 1830) X - X -

Ochlerotatus (Finlaya) geniculatus (Olivier, 1791) - - X -

Ochlerotatus (Rusticoides) rusticus (Rossi, 1790) - - X -

Ochlerotatus zammitii (Finlaya) (Olivier, 1791) - - X -

Uranotaenia (Pseudoficalbia) unguiculata (Edwards, 1913)

©17ZS A&M 2008

* References 21 and 24
** References 9, 46, 50, 56, 57 and 58

Van Thiel, 1927, An. sacharovi Favre, 1903,
An. messeae  Falleroni, 1926, An. melanoon
Hackett 1934 and An. subalpinus Hackett and
Lewis 1935. The distribution of
An. maculipennis as a single polytypic species
occurs in Europe, North Africa and north Asia
(17).

An. plumbeus is a Palearctic species that it is
very common in Italy; suitable breeding
habitats are available everywhere (50).
An. plumbeus is often found with Ochlerotatus
geniculatus (Olivier), Oc. berlandi Seguy and
Orthopodomyia pulcripalpis (Rondani) in the
holes of barks of trees in urban parks (50).

Cq. richiardii has a Mediterranean distribution,
extending as far east as the Chernovtsy Region
of Russia (17). In Italy, the species is relatively

www.izs.it/vet_italiana

rare due to the absence of the typical larval
habitats but its presence has been reported on
the mainland as well as on the larger islands
(50). Cq. richiardii is a univoltine species with
larvae developing slowly from one year to the
next, surviving under leaves and in mud
during the winter. Females feed both indoors
and outdoors on birds and mammals,
including humans (56).

Cx. modestus is widespread in Europe and
Central Asia (17); in Italy it occurs along the
northern coastal plains (50). Breeding sites in
rural environments include permanent or
semi-permanent constructions that retain
water, such as irrigation canals or drainage
systems; larvae can also develop in slightly
saline water and can be found with Cx. pipiens.

Vol. 44 (3), Vet Ital
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Larvae are sampled from the late spring to
early autumn but peak in July and August.
Females feed so aggressively on humans that
they were considered one of the most
annoying mosquitoes, together with Oc. caspius
and Ae. vexans along the northern coastal
plains of Italy (50).

Cx. pipiens occurs everywhere and in the
Palearctic Region consists of two biological
forms, namely: the urban form of Cx. pipiens
molestus Forskal (65) and the rural form,
Cx. pipiens pipiens (50). Female Cx. pipiens
pipiens are mostly bird-biting, they hibernate
from the autumn to the spring, are
anautogenous (they require blood-meal for egg
development) and eurygamous (they need
open spaces for mating). Breeding sites consist
of various types of pools and water containers.
On the other hand, the female Cux. pipiens
molestus biotypes feed on humans, they are
mainly autogenous (they produce eggs
without the first blood-meal) and stenogamous
(they are capable of mating in limited spaces),
and continuous generations are created
throughout the year, without diapause. These
two forms often overlap over extensive areas
and morphological differences can be taken
back to the different siphonal index even if this
feature is visible by means of biometric
analysis of very large amounts of larvae (52).
In regard to the biochemical aspects, the
electrophoretic analyses of several enzymatic
loci enable identification of adults (64).

Cx. theileri is not distributed continuously, as it
occurs in Canary Islands, the Mediterranean
Basin, Yemen, south-east Africa and India (17);
its presence in Italy is limited to the southern
regions and to Sardinia and Sicily. Larvae of
Cx. theileri develop in rice fields, ponds and
swampy areas. Early stages occur from the
spring to autumn and the species reach
maximum adult density in the summer. The
species pass the winter as adults and females
feed mainly at dusk, often on humans (50).

Culiseta annulata is widespread in Europe and
is also observed in Anatolia and North Africa;
it is very common in Italy (50). This species
that has nocturnal activity is mainly
ornithophylic although it can feed on humans
and domestic animals. Larvae and adults can

Vol. 44 (3), Vet Ital
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overwinter over a very short period of
diapause, but usually females may lay eggs
and produce a generation during the coldest
months of the winter (50).

Oc. caspius is distributed extensively along the
coasts of Europe and the Mediterranean (17).
In Italy, it occurs mainly along the coastal
plains (50). The species prevails in flooded
fields or salt marshes that are suitable for the
early stages of development (48); it also occurs
in places where water is artificially retained,
such as rice fields and canals (50). Its main
habitats are river valleys where it is
predominant among mosquitoes that attack
humans and animals (17).

Oc. detritus is a widespread species in the
Palearctic Region and usually occurs along
coastal plains (50). Larvae overwinter at
different stages of development and the first
adults emerge in the spring and bite humans
persistently: adult mosquitoes of this species
are mainly anthropophilic (48).

The predominance of adult Oc. caspius,
Cx. pipiens and An. maculipennis is possibly due
to their prevalence in wetlands and
peridomestic environments, especially in the
presence of cattle and poultry and also due to
the intrinsic selectivity of the CDC light traps.
As an example that is representative of the
annual seasonal dynamic of these populations
from all the study areas, Figure 4 shows the
monthly abundance of the three species and
the total number of specimens collected in all
the study areas in 2007. Moreover, to illustrate
the situation in different climatic zones across
Italy, three examples of seasonal abundance of
the same species are given in Figures 5, 6 and
7, where we considered the study area of Friuli
Venezia-Giulia, Puglia and Lazio Regions to be
representative of the north, south and central
areas of Italy, respectively. The trends revealed
by the Figures are mostly influenced by
climatic conditions, above all by temperature,
rainfall and relative humidity that determine
the increase or the decline in presence of one
or more species.

Oc. caspius, most abundant along the north-
eastern Adriatic coastal plains, mainly in the
Friuli Venezia-Giulia Region, as shown in
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Figure 4

Seasonal dynamics of Ochlerotatus caspius,
Culex pipiens and Anopheles maculipennis
populations from all study areas, March to
December 2007
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Figure 5

Seasonal dynamics of Ochlerotatus caspius,
Culex pipiens and Anopheles maculipennis
populations from the study area of the Friuli
Venezia-Giulia Region (north-east Italy), March
to December 2007

Figure 5, and in the Emilia Romagna Region
seems no longer to be very common in the
Lazio Region where it was absent from the
adult specimens in 2007 (Fig. 7). This species is
typical of coastal habitats, such as brackish
marshes, and is considered capable of playing
a role as a vector of WNV. This statement is
supported by its ability to transmit the virus,
based on the previous detection of WNV in
specimens of this species occurring elsewhere
(21). In Italy, even if this species is known to
mostly feed on mammals and humans
(Table III), it can fill the role of a bridge vector
based on its focal abundance on farms and in
tourist areas.

Cx. pipiens, generally regarded as the most
competent vector of WNV in Europe (55), was
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Seasonal dynamics of Ochlerotatus caspius,
Culex pipiens and Anopheles maculipennis
populations from the study area of the Puglia
Region (southern Italy), March to December
2007
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Figure 7

Seasonal dynamics of Ochlerotatus caspius,
Culex pipiens and Anopheles maculipennis
populations from the study area of the Lazio
Region (cenfral Italy), March to December 2007

present in all the study areas, showing the
usual seasonal thermophilic trend with a rise
in the spring and the peak of abundance in
July-August (Figs 4, 5, 6 and 7). Most of the
larvae collected during the study period were
obtained from this species which is considered
to be the most abundant in wetlands.
Cx. pipiens has a broader host range, including
many bird species (1), so it could amplify the
volume of WNV circulating in the late spring
and early summer (51). Moreover, Cx. pipiens
can play the role of bridge vector (3),
transmitting the virus from birds to horses
and/or humans (Table III). Despite information
reported in the literature, the members of the
An. maculipennis sensu latu complex are known
to wusually feed on mammals, including
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humans, rather than on birds (29), most of our
specimens were collected in poultry shelters
which led us to consider them as a potential
bridge vector, and also in the light of the recent
detection  of WNV-infected
specimens that have occurred elsewhere (21).
Among members of the complex, three isolates
of the virus have been recovered in Portugal
and Ukraine (21). In the example reported in
2007, An. maculipennis sensu latu occurred only
in June and July in the study area of the Lazio
Region, in June in the Puglia Region (Fig. 6),
whereas it is widespread in the Friuli Venezia-
Giulia Region study areas, probably because of
the different features of the cattle shelters
where these mosquitoes are usually found.

naturally

An. plumbeus is relatively common on farms, in
small villages and in urban parks where it
feeds on both birds and humans (60).
Although it presents the characteristics of a
potential bridge vector, the virus has never
been detected in this species.

Oc. detritus was relatively rare among the
mosquitoes collected during our study but it
may be considered as one of the potential
bridge vectors because its behaviour does not
differ much from that of Oc. caspius. To date,
no WNV has been isolated from this species
(21).

In the United States, WNV has been detected
in Ae. vexans (19), but this species did not occur
frequently in the study areas although it is
common in Italy (50).

Cq. richiardii is known to feed on both birds
and humans and some authors consider it to
be one of the principal WNV vectors in Europe
after Cx. pipiens and Cx. modestus (18, 24, 55).
However, its involvement has not been
confirmed in the more recent literature. In
Italy, this species is relatively rare (as reflected
by our findings) and probably could not fulfil
the role of bridge vector on its own.

Our activity did not include some ornitho-
philic mosquito species that are possibly
involved in  bird-to-bird
e.g. Culex (Barraudius) modestus Ficalbi that was
implicated as the primary enzootic vector
during the 1962 outbreak of WNV in France
(36). We collected only one specimen, despite

transmission,
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the fact that this species is quite common in
Italy. This data was probably missed because
of the particular breeding sites of this species
(permanent replacements of fresh water in
rural areas of the coastal plains of the northern
Italy) and the selective activity of the CDC
traps.

Conclusions

In conclusion, national and international
surveillance for WNV transmission will be
important to monitor the spread of this virus.
Further knowledge on the ecologic aspects of
WNV transmission could provide additional
tools that would be valuable to determine
those geographic areas that are at greater risk
from the disease.

The mosquito population has never been
screened before in Italy and could offer
valuable information on the occurrence of
potential WNYV vectors. In this perspective, the
surveillance of Italian mosquitoes needs to
continue to ensure that we have a more
understanding  of  the
bionomics of the possible WNV vectors and to
provide a clear picture of global WNV
monitoring activities.

comprehensive

Acknowledgements

www.izs.it/vet_italiana

We are grateful to the local entomological
surveillance coordinators and co-workers,
namely: Alda Natale, Gioia Capelli and
Fabrizio Montarsi (Veneto, Friuli Venezia-
Giulia), Michele Dottori and Mattia Calzolari
(Emilia  Romagna),  Vincenzo  Grelloni
(Umbria), Stefano Gavaudan (Marche),
Mariassunta Cafiero and Giulia Schino
(Puglia), Loredana Baldi and Gianluca Miletti
(Campania), Angelo Ruiu and Giuseppe Satta
(Sardegna), Paola Scaramozzino, Claudio De
Liberato, Flavia Farina and Adele Magliano
(Lazio),  Giovanni (Calabria),
Alessandra Torina (Sicilia), Laura Latorre
(Basilicata), Nicola Rossi (Molise).

Federico

©1ZS A&M 2008



Luciano Toma, Micaela Cipriani, Maria Goffredo, First report on entomological field activities
Roberto Romi & Rossella Lelli for the surveillance of West Nile disease in Italy

References

1. Apperson C.S., Harrison B.A., Unnassh T.R., Hassan HK., Irby W.S., Savage H.M., Aspen S.E.,
Watson D.W., Rueda L.M., Engber B.R. & Nasci R.R. 2002. Host-feeding habits of Culex and other
mosquitoes (Diptera: Culicidae) in the Borough of Queens in New York City, with characters and
techniques for identifications of Culex mosquitoes. J Med Entomol, 39, 777-785.

2. Autorino G.L., Battisti A., Deubel V., Ferrari G., Forletta R., Giovannini A., Lelli R., Muri S. &
Scicluna M.T. 2002. West Nile virus epidemic in horses, Tuscany region, Italy. Emerg Infect Dis, 8, 1372-
1378.

3. Campbell G.L., Marfin A.A., Lanciotti R.S. & Gubler D.J. 2002. West Nile virus. Lancet Infect Dis, 2, 519-
529.

4. Centers for Disease Control and Prevention (CDC) 2004. West Nile virus, entomology. CDC, Atlanta
(www.cdc.gov/ncidod/dvbid/westnile/mosquitospecies.htm#04 accessed on 8 October 2008).

5. Centers for Disease Control and Prevention (CDC) 2006. Mosquito species producing WNV positives
by vyear. 2006. CDC, Aflanta (www.cdc.gov/ncidod/dvbid/westnile/mosquitospecies.hntm#06
accessed on 21 October 2008).

6. Centers for Disease Control and Prevention (CDC) 2007. West Nile virus activity in the United States.

CDC, Aflanta (www.cdc.gov/ncidod/dvbid/westnile/surv&controlCaseCount07_detailed.htm on
accessed on 10 October 2008).

7. Centers for Disease Control and Prevention (CDC) 2008. West Nile virus activity in the United States
(reported to CDC as of October 7, 2008). Update on WNV false-positive test results. CDC, Aflanta
(www.cdc.gov/ncidod/dvbid/westnile/surv&controlCaseCount08_detailed.htm accessed on
10 October 2008).

8. Centro Nacional de Vigilancia Epidemiolégica y Control de Enfermedades (CENAVECE) (National
Center for Epidemiological Surveillance and Disease Control, Mexico) 2004. Virus del Oeste del Nilo.
CENAVECE, Mexico City (www.cenave.gob.mx/von accessed on 8 October 2008).

9. Cranston P.S., Ramsdale C.D., Snow K.R. & White G.B. 1987. Adulis, larvae and pupae of British
mosquitoes (Culicidae). Freshwater Biological Associafion (FBA), The Ferry Landing, Far Sawrey,
Ambleside, Cumbria, Scientific Publication No. 48, 152 pp.

10. Ddalla Pozza G. & Majori G. 1992. First record of Aedes albopictus establishment in Italy. J Am Mosq
Control Assoc, 8, 1-3.

11. Dalla Pozza G.L., Romi R. & Severini C. 1994. Source and spread of Aedes albopictus in the Veneto
region of Italy. 3 Am Mosq Control Assoc, 10 (4), 589-592.

12. Delany S. & D.Scott D. 2002. Waterbird population estimates, Third Ed. Wetlands International,
Wageningen, Wetlands International Global Series No. 12, 226 pp.

13. Deubel V. & Zeller H. 2001. West Nile virus. In The encyclopaedia of arthropod-transmitted infections.
CABI Publishing, Wallingford, Oxon, 133-143.

14. Durand B., Chevalier V., Pouillot R., Labie J., Marendaft I., Murgue B., Zeller H. & Zientara S. 2002. West
Nile virus outbreak in horses, southern France, 2000: results of a serosurvey. Emerg Infect Dis, 8, 777-
782.

15. Filipponi G., Lelli R., Savini G., Giovannini A., Guberti V., Santucci U., Romi R., Toma L., Goffredo M. &
Caporale V. 2005. West Nile Virus surveillance in ltaly: results of three years activities. In Proc. Sixth
National Conference on West Nile Virus in the United States, 8-9 February, San Jose. Centres for
Disease Control and Prvention (CDC), Atlanta.

16. Gariboldi A., Rizzi V. & Casale F. 2000. Aree importanti per I'avifauna in Italia. Lega Italiana
Protezione Uccelli (LIPU), Parma, 258.

17. Gutsevich A.V., Monchadskii A.S. & Shtakel'berg A.A. 1974. Fauna of the USSR. Diptera — mosquitoes,
Family Culicidae. Vol.lll No. 4. Academy of Sciences of the USSR, Israel Program for Scientific
Translation, Jerusalem, 408 pp.

18. Hannoun C., Panthier R., Mouchet J. & Eouzan J.P. 1964. Isolement en France du virus West Nile a
partir de malades et du vecteur Culex modestus Ficalbi. CR Acad Sci Paris. 259, 4170-4172.

19. Hayes E.B., Komar N., Nasci R.S., Montgomery S.P., O'Leary D.R. & Campbell G.L. 2005. Epidemiology
and transmission dynamics of West Nile virus disease. Emerg Infect Dis, 11 (8), 1167-1173.

20. Health Canada (HC) 2004. West Nile virus monitor 2004. Public Health Agency of Canada, Ottawa
(www.phac-aspc.gc.ca/wnv-vwn/mon-hmnsurv-2004-eng.php accessed on 17 October 2008).

©1ZS A&M 2008 www.izs.it/vet_italiana Vol. 44 (3), Vet Ital {0)%




First report on entomological field activities Luciano Toma, Micaela Cipriani, Maria Goffredo,
for the surveillance of West Nile disease in Italy Roberto Romi & Rossella Lelli

21. Higgs S., Snow K. & Gould E.A. 2004. The potential for West Nile virus to establish outside of its natural
range: a consideration of potential mosquito vectors in the United Kingdom. Trans R Soc Trop Med
Hyg, 98, 82-87.

22. Hoogstraal H., Clifford C.M., Keirans J.E., Kaiser M.N. & Evans D.E. 1976. The Ornithodoros
(Alectorobius) capensis group (Acarina: Ixodoidea: Argasidae) of the Palearctic and Oriental
Regions. O. (A) maritimus: identity, marine bird hosts, virus infections, and distribution in Western
Europe and northwestern Africa. J Parasitol, 62, 799-810.

23. Hubalek Z. 2000. European experience with the West Nile virus ecology and epidemiology: could be
relevant for the New World? Vet Immunol, 13, 415-426.

24. Hubalek Z. & Halouzka J. 1999. West Nile fever — a re-emerging mosquito-borne viral disease in
Europe. Emerg Infect Dis, 5, 415-426.

25. Labuda M., Kozuch O. & Gresikova M. 1974. Isolation of West Nile virus from Aedes albopictus
among mosquitoes in west Slovakia. Acta Virol, 18, 429-433.

26. Lvov DK., Butenko A.M., Gromashevski V.L., Larichev V.P., Gaidamovich S.Y., Vyshemirski O.F.,
Zukov AN., Lazorenko V.V., Salko V.N., Kovtunov Al., Galimzyanov K.M., Platonov A.E.,
Morozova T.N., Khutoretskaya N.V., Shishkina E.O. & Skvortsova T.M. 2000. Isolation of two strains of
West Nile virus during an outbreak in southern Russia, 1999. Emerg Infect Dis, 6, 373-376.

27. Malkinson M. & Banet C. 2002. The role of birds in the ecology of West Nile virus in Europe and Africa.
Curr Topics Microb Immunol, 267, 309-322.

28. Marfin A.A., Petersen LR., Edison M., Miller J., Hadler J., Farello C., Werner B., Campbell G.L,,
Layton M., Smith P., Bresnitz E., Cartter M., Scaletta J., Obiri G., Bunning M., Craven R.C., Roehrig J.T.,
Julian K.G., Hinten S.R. & Gubler D.J. 2001. Widespread West Nile virus activity, eastern United States,
2000. Emerg Infect Dis, 7, 730-735.

29. Medlock J.M., Snow K.R. & Leach S. 2005. Potential fransmission of West Nile virus in the British Isles:
an ecological review of candidate mosquito bridge vectors. Med Vet Entomol, 19, 2-21.

30. Ministero della Salute 2002. Ministerial Order of 4 April 2002: Piano di sorveglianza nazionale per la
encefalomielite di tipo West Nile (West Nile disease). Gazz Uff, 113, 16/05/2002.

31. Ministero della Salute 2004. Ministerial Order of 13 May 2004: Piano di sorveglianza nazionale per la
encefalomielite di fipo West Nile (West Nile disease). Gazz Uff, 149, 28/06/2004.

32. Ministero della Salute 2005. Ministerial Order of 13 July 2005: Piano di sorveglianza nazionale per la
encefalomielite di fipo West Nile (West Nile disease). Gazz Uff, 183, 08/08/2005.

33. Ministero della Salute 2007. Ministerial Decree of 29 November 2007: Approvazione del Piano di
sorveglianza nazionale per la encefalomielite di tipo West Nile (West Nile disease). Gazz Uff, 36,
12/02/2008.

34. Mitchell C.J. 1995. Geographic spread of Aedes albopictus and potential for involvement in
arbovirus cycles in the Mediterranean basin. J Vec Ecol, 20, 44-58.

35. Moore C.G. & Mitchell C.J. 1997. Aedes albopictus in the United States: ten-year presence and
public health implications. Emerg Infect Dis, 3 (3), 329-334.

36. Mouchet J., Rageau J., Laumond C., Hannon C., Beytout D., Oudar J., Corniou B. & Chippaux A.
1970. Epidémiologie du virus West Nile : étude d'un foyer en Camargue. V. Lle vecteur: Culex
modestus Ficalbi Diptera: Culicidae. Ann Inst Pasteur, 118, 839-855.

37. Mumcuoglu K.Y., Banet-Noach C., Malkinson M., Shalom U. & Galun R. 2005. Argasid ticks as
possible vectors of West Nile virus in Israel. Vector Borne Zoonotic Dis, 5 (1), 65-71.

38. Murgue B., Murri S., Triki H., Deubel V. & Zeller H. 2000. West Nile in the Mediterranean Basin: 1950-
2000. Ann N Y Acad Sci, 951, 117-126.

39. Murgue B., Murri S., Zientara S., Durand B., Durand J.P. & Zeller H. 2001. West Nile outbreak in horses in
southern France, 2000: the return after 35 years. Emerg Infect Dis, 7, 692-696.

40. Murgue B., Zeller H. & Deubel V. 2002. The ecology and epidemiology of West Nile virus in Africa,
Europe and Asia. Curr Top Microbiol Immunol, 267, 195-221.

41. Naugle D.E., Aldridge C.L. & Walker B.L. 2004. West Nile virus: pending crisis for greater sage-grouse.
Ecol Lett, 7, 704-813.

42. O'Malley C.M. 1990. Aedes vexans (Meigen, 1830): an old foe. In Proc. 77th Annual Meeting of the
New Jersey Mosquito Conftrol Association (NJMCA), 13-15 June, Cherry Hill, New Jersey. NJMCA,
New Brunswick, New Jersey, 90-95 (www.rci.rutgers.edu/~insects/sp13.htm accessed on 17 October
2008).

510 Vol. 44 (3), Vet Ital www.izs.it/vet_italiana ©1ZS A&M 2008



Luciano Toma, Micaela Cipriani, Maria Goffredo, First report on entomological field activities
Roberto Romi & Rossella Lelli for the surveillance of West Nile disease in Italy

43. Pan American Health Organization (PAHO) 2004. West Nile virus activity in Latin America and
Caribbean. PAHO, Washington, DC (www.paho.org/English/AD/DPC/CD/wnv.htm accessed on
8 October 2008).

44. Petersen L.R. & Roehrig J.T. 2001. West Nile virus: a re-emerging global pathogen. Emerg Infect Dis, 7,
611-614.

45. Petrarca V., Sabatinelli G. & Coluzzi M. 1980. Significato di alcune differenze biometriche in diverse
popolazioni del complesso Culex pipiens. Parassitologia, 22, 340-342.

46. Ramsdale C.D. & Snow K.R. 1995. Mosquitoes from northwestern Europe not recorded in Britain.
IV. Genus Aedes; information on species. The Entomologist, 114, 14-25.

47. Reinert J.F. 2000. New classification for the composite genus Aedes (Diptera: Culicidae: Aedini),
elevation of subgenus Ochlerotatus to generic rank, reclassification of the other subgenera, and
notes on certain subgenera and species. J Am Mosq Control Assoc, 16 (3), 175-188.

48. Rioux J.A. 1958. Les Culicidés du Midi Méditerranéen. In Encyclopédie entomologique, Paul
Lechevalier Ed., Paris, 303.

49. Romi R. 2001. Aedes albopictus in Italia: un problema softovalutato. Ann Ist Sup San, 37, 241-247.

50. Romi R., Pontuale G. & Sabatinelli G. 1997. Le zanzare italiane: generalitd e identificazione dedli
stadi preimaginali (Diptera: Culicidae). Fragmenta Entomol, 29, 1-141.

51. Romi R., Pontuale G., Ciufolini M.G., Fiorentini G., Marchi A., Nicolefti L., Cocchi M. & Tamburro A.
2004. Potential vectors of West Nile virus following an equine disease outbreak in Italy. Med Vet
Entomol, 18, 14-19.

52. Sabatinelli G. & Petrarca V. 1980. Analisi di alcune differenze morfologiche nel complesso Culex
pipiens (Diptera, Culicidae). In Atti XIl Congresso Nazionale di Entomologia, 5-9 November, Rome.
Atti Xll Congresso Nazionale di Entomologia, 2, 387-389.

53. Sabatini A., Raineri V., Trovato G. & Coluzzi M. 1990. Aedes albopictus in Italia e possibile diffusione
della specie nell'area mediterranea. Parassitologia, 32, 301-304.

54. Sardelis M.R., Turell M.J., O'Guinn M.L., André R.G. & Roberts D.R. 2002. Vector competence of three
North American strains of Aedes albopictus for West Nile virus. J Am Mosq Control Assoc, 18, 284-289.

55. Savage H.M., Ceianu C., Nicolescu G., Karabatos N., Lanciofti R., Vladimirescu A., Laiv L.,
Ungureanu A., Romanca C. & Tsai F. 1999. Enfomological and avian investigations of an epidemic
of West Nile fever in Romania in 1996, with serologic and molecular characterization of a virus
isolate from mosquitoes. Am J Trop Med, 20, 471-492.

56. Service M.W. 1968. Observations on feeding and oviposition in some British mosquitoes. Entomol Exp
Appl, 11, 277-285.

57. Service M.W. 1971. The daytime distribution of mosquitoes resting in vegetation. J Med Entomol, 8 (3),
271-278.

58. Service M.W. 1976. Mosquito ecology. Field sampling methods. Applied Science Publications Ltd,
London, 583 pp.

59. Smithburn K.C., Hughes T.P., Burke A.W. & Paul J.H. 1940. A neoftropic virus isolated from the blood of
a native of Uganda. Am J Trop Med, 20, 471-492.

60. Swellengreber N.H. 1954. On Anopheles plumbeus. Riv Parassitologia, 15, 667-669.

61. Toma L., Severini F., Di Luca M., Bella A. & Romi R. 2003. Seasonal patterns of oviposition and egg
hatching rate of Aedes albopictus in Rome. J Am Mosq Control Assoc, 19 (1), 19-22.

62. Tsai T.F., Popovici F., Cermnescu C., Campbell G.L. & Nedelcu N.I. 1998. West Nile encephalitis
epidemic in southeastern Romania. Lancet, 352, 767-771.

63. Turell M.J., Sardelis M.R., Dohm D.J. & O'Guinn M.L. 2001. Potential North American vectors of West
Nile virus. Ann N'Y Acad Sci, 951, 317-324.

64. Urbanelli S., Coluzzi M., Petrarca V. & Bullini L. 1980. Differenziamento genetico in popolazioni italiane
di Culex pipiens (Diptera, Culicidae). In Atti XIl Congresso Nazionale di Enfomologia, 5-9 November,
Rome. Atti XIl Congresso Nazionale di Entomologia, 2, 273-280.

65. United States Geological Survey (USGS) 2004. West Nile virus maps. USGS, Washington
(westnilemaps.usgs.gov/2004/ accessed on 8 October 2008).

66. Vinogradova E.B. 2000. Culex pipiens pipiens mosquitoes: faxonomy, distribution, ecology,
physiology, genetics, applied importance and control. Russian Academy of Sciences, Zoological
Institute, Pensoft, Sofia.

©1ZS A&M 2008 www.izs.it/vet_italiana Vol. 44 (3), Vet Ital 511




First report on entomological field activities Luciano Toma, Micaela Cipriani, Maria Goffredo,
for the surveillance of West Nile disease in Italy Roberto Romi & Rossella Lelli

67. Weinberger M., Pitlik S.D., Gandacu D., Lang R., Nassar F., Ben David D., Rubinstein E., Izthaki A.,
Mishal J., Kitzes R., Siegman-Igra Y., Giladi M., Pick N., Mendelson E., Bin H., Shohat T. & Chowers M.Y.
2001. West Nile fever outbreak, Israel, 2000: epidemiologic aspects. Emerg Infect Dis, 7, 686-691.

512 Vol. 44 (3), Vet Ital www.izs.it/vet_italiana ©1ZS A&M 2008





