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ABSTRACT The invasive species Aedes (Stegomyia) albopictus (Skuse 1894) (Diptera: Culicidae)
has reached several European countries, including Albania, Belgium, Bosnia and Herzegovina, Croatia,
France, Greece, Israel, Italy, Montenegro, Serbia, Slovenia, Switzerland, The Netherlands, and re-
cently Spain (Med. Vet. Entomol. 20: 150Ð152, 2006). Here, we present the initial characterization of
the distribution ofAe. albopictus in the municipality of Sant Cugat del Vallès, Barcelona, Spain, where
it was found for the Þrst time in the Iberian Peninsula. An ovitrap sampling campaign was developed
from September to December 2004 to assess the spatial distribution and abundance of Ae. albopictus
to evaluate the potential of an eradication attempt. The population of Ae. albopictus in the whole area
was shown to be widespread within the municipality, and it included at least another one neighboring
town, so authorities were advised to develop large-scale control measures. Some indirect evidence was
collected on the introduction means and date.
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The Asian tiger mosquito,Aedes(Stegomya)albopictus
(Skuse 1894) (Diptera: Culicidae) (�Stegomyia al-
bopicta; Skuse 1894, Reinert et al. 2004), has been
spreading in recent decades throughout America, Eu-
rope, Africa, and Oceania from its original distribution
area in Southeast Asia.Ae. albopictus ranks just second
to Aedes aegypti (L.) in human health impact as a
vector of dengue (Knudsen 1995), and it can transmit
efÞciently numerous arboviruses as well asDirofilaria
sp. (Gratz 2004).

This species shows a wide genetic variability, phys-
iologic variability, and ecological adaptation abilities.
These characteristics explain well its fast colonization
of new habitats in the Northern Hemisphere from its
original regions, via the worldwide transmission of its
immature stages in artiÞcial containers, especially in
used tires (Hawley 1988).

The species reached Hawaii in the beginning of the
last century and Guam in 1945Ð1948 (Rodhain 1995).
Populations ofAe. albopictuswere reported in Albania
in 1979 (Adhami and Reiter 1998), in the United States
and Brazil in 1985 (Sprenger and Wuithiranyagool
1986, Forattini 1986 respectively), in Italy in 1990
(Dalla Pozza and Majori 1992), and in �20 other

countries to present. It is now widespread in North,
South, and Central America; some regions of Africa;
Oceania; and Europe.

In Europe, apart from Albania and Italy, the Asian
tiger mosquito has reached France (Schaffner and
Karch 2000); Belgium (Schaffner et al. 2004); Serbia
and Switzerland (in Gratz 2004); Montenegro (in
Eritja et al. 2005); Greece (Samanidou-Voyadjoglou et
al. 2005); The Netherlands (Scholte et al. 2007); Slo-
venia, Croatia, Bosnia, and Herzegovina (ECDC
2006); and Israel in the Middle East (Pener et al. 2003).
Themost thorough invasionofaEuropeancountryhas
been recorded in Italy, where this species can now be
found in two thirds of the country (Romi 2001). Con-
trol campaigns and other expenses account in Italy for
10Ð15 millions of euros (Pilani et al. 2004).
Ae. albopictus is a competent laboratory vector of at

least 22 arboviruses, notably the four serotypes of
dengue (Shroyer 1986). Only few of them have been
isolated in populations outside the natural range: den-
gue (Ibañez-Bernal et al. 1997) in Mexico; and Eastern
equine encephalitis (Mitchell et al. 1992), La Crosse
virus (Gerdhardt et al. 2001), Potosi virus (Harrison et
al. 1995), and Cache Valley virus (Mitchell et al. 1998)
in the United States. Dirofilaria sp. has been isolated
in Ae. albopictus in Italy (Cancrini et al. 2003) and in
the United States (Comiskey and Wesson 1995). Ae.
albopictus has been implicated as a potentially impor-
tant vector for West Nile virus in the laboratory as well
as in the Þeld (Turell et al. 2001; Holick et al. 2002;
Sardelis et al. 2002).

The introduction ofAe. albopictus in Spain (Aranda
et al. 2006) poses a potential new health problem,
because of its ectoparasitic activity (Romi 2001) and
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its potential vector capabilities (Mitchell 1995). Only
transmission of chikungunya virus imported by trav-
ellers has been reported in Italy (Angelini et al. 2007).
Thus, not only the nuisance due to the biting activity,
also the transmission of chikungunya and dengue are
nowadays of concern in Spain.

Several studies discussed the chances for the arrival
of this species to the Iberian Peninsula in this context
(Knudsen 1995, Gratz 2004). The Enfermedades Vṍ-
ricas Infecciosas Transmitidas por Artrópodos y Roe-
dores (EVITAR) multidisciplinary network for the
detection and study of viruses transmitted by arthro-
pods and rodents in Spain was created in 2003 funded
by the Spanish Ministry of Health. One of its sub-
groups focused on imported vectors and the detection
of nonautochthonous mosquitoes, especially Ae. al-
bopictus, incorporating the work that had already been
carried out since 2001. Because of the Ae. albopictus
introductions in other countries by imports of used
tires imported from infested areas (Craven et al. 1988,
Dalla Pozza and Majori 1992, Schaffner et al. 2004),
several used tire trading companies were contacted
and sampled during 2003 and 2004 for nonautochtho-
nous mosquitoes (Roiz et al. 2007a). Climatic models
also were proposed to assess the regional suitability of
an establishment (Eritja et al. 2005).

In August 2004, during a study of black ßies
(Diptera: Simulidae), the Baix Llobregat Mosquito
Control Service collected some individuals of a black-
and-white mosquito in Sant Cugat del Vallès (Barce-
lona), which was later identiÞed as Ae. albopictus
(Aranda et al. 2006). Several collections were imme-
diately performed by the Mosquito Control Service in
different areas of this municipality for conÞrmation.
As a result, two areas located 2,100 m apart were found
positive for adults Ae. albopictus, and one of these
areas was also positive for larvae.

Because the extent of the affected area and popu-
lation densities were unknown, a comprehensive
study was designed to assess both local distribution
and relative densities. The goal of this work was to
characterize the population of Ae. albopictus estab-
lished in Sant Cugat del Vallès (Barcelona, Spain) by
assessing its distribution and population abundance
over time. This work is presented here as a method-
ology case study that can be used to standardize future
studies in other areas of Spain.

Materials and Methods

The study area was deÞned as the whole munici-
pality of Sant Cugat del Vallès (48,32 km2; mean ele-
vation, 172 m). Sant Cugat del Vallès is a residential
town (population 71,000) with many parks and large
areas of single houses with private gardens, courtyards
and patios. The average annual rainfall is 605 mm, and
average minimum temperature is 10.2�C, with a typical
Mediterranean climate. The town is located 15 km
northeast from Barcelona, on the opposite slope of the
hilly Natural Park of Collserola, which is the only
biogeographical separation between these urban ar-
eas. Many inhabitants of Sant Cugat del Vallès are

commuters who have their workplaces in Barcelona,
where they go by local railway or by car.

Two major motorways cross the municipality, the
Mediterranean (A7) oriented west to east, and the
E-09 (Barcelona-Toulouse) oriented north to south,
entering Barcelona via a tunnel system across Collse-
rola. The regional railway system is also well devel-
oped and accesses Barcelona via another tunnel. For
practical purposes, the area of study in Sant Cugat was
divided in Þve subarea codes named north, east, west,
south, and Collserola regions, based on social, ecolog-
ical, and geographical criteria. This design was in-
tended to globally describe the mosquito population
while allowing comparisons between regions of the
municipality.

The north region is mostly an industrial area,
whereas west and east regions included Sant Cugat
downtown and the historical center. The south region
is an urban hilly area in the slopes of Collserola range,
interspersed with the Natural Park. Altitude in this
area is much higher; the highest hill in the region is
Tibidabo mountain (592 m above sea level). The sam-
pling region Collserola was split in two parts and as a
whole corresponded to the wild, nonurban forest area
below the west and east regions. Sampling this area
was intended to assess possible expansion of the spe-
cies toward the forest.

Twenty-Þve traps were allocated in each geograph-
ical region, except Collserola, the forested area that
only had 16 traps. Within each region, we used a
stratiÞed sampling in a random sample of quadrats
(Seber 1986), to avoid pseudoreplication and inter-
spersion (Hurlbert 1984). The location of every trap
was recorded by global positioning system (Ali et al.
2003) (Fig. 1). The Þnal trap density was of one lo-
cation each 0.41 km2.

Each sample station consisted of one ovitrap (Fay
and Eliason 1966), i.e., a black plastic glass with a
diameter of 14 cm Þlled with 300 ml of clean water and
containing a half-immersed wooden Þbber cardboard
piece (commercial brand Tablex, also known as Man-
sonite in other countries; hereafter WFC) of 2.5 by
12.5 cm. These traps are effective in monitoring Ae.
albopictus populations by the collection of eggs (Di
Luca et al. 2001).

The 116 ovitraps were placed in sheltered sites
shaded by vegetation. WFC pieces were collected
weekly and placed in individual plastic drawers that
were sealed with ParaÞlm and labeled. The water of
the ovitrap was always checked for hatched mosquito
larvae, pupae, or both. Fresh mineral water, new WFC
pieces, and missing ovitraps were systematically re-
placed each week. The number of eggs collected per
trap was assessed by examination under a stereomi-
croscope. Although most eggs were found on the ex-
posed face of the WFC, all the surfaces including
edges were checked and counted for eggs.

Because the eggs could belong to other tree hole
Aedes and Ochlerotatus (Aedes geniculatus [Olivier,
1791], Aedes echinus [Edwards, 1920], and Aedes ber-
landi [Séguy, 1921]) (Zamburlini and Frilli 2003), it
was necessary to raise them in laboratory to obtain
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larvae to conÞrm the identiÞcation of individuals.
Samples were kept in moist conditions for 3 d, and
then they were ßooded with tap water in the same
plastic drawers used for WFC collection. Resulting
larvae were stored in 70% alcohol and identiÞed using
the key by Schaffner et al. (2001).

Because Ae. albopictus is an invasive species, care
was taken regarding biological security. All of the
operations were carried out in a Þeld laboratory lo-
cated within the infested area and expressly set up for
this only purpose. Raised larvae were checked daily to
prevent adult emergence. After the study, all used
ovitraps were destroyed by boiling them for 20 min to
neutralize the eggs, and then traps were shredded and
buried. All the pieces of WFC were incinerated in an
oven at 800�C regardless of whether they had been
positive or negative.

Two simple population variables were calculated
from the results. The Þrst variable was the presence of
the species, expressedas thenumberof timesa speciÞc

location was positive. “Presence” has to be interpreted
as reproductive activity only. Population abundance
was expressed by the mean number of eggs per pos-
itive trap. Again, the number of eggs represents the
abundance of sexually active females. So, both vari-
ables were not direct population estimates but rather
indicators. Ovitrap monitoring was performed from 28
September to 2 December 2004.

Weather data (precipitation and temperature)
were obtained from the Meteorological station unit of
the Universitat Politècnica del Vallès, located about
the center of the municipality. Statistical analysis
(analysis of variance [ANOVA]) was carried out with
SPSS version 13.0 for Microsoft Windows (SPSS Inc.,
Chicago, IL).

The described sampling operations were comple-
mented with visits to homeowners who had reported
a mosquito complaint at the municipality ofÞces. In-
terviews carried out with these people helped to deal
with local problems and to obtain qualitative infor-
mation on date of introduction and extension of the
population. Simultaneously, we carried out samplings
in tire depots and garden nurseries to assess possible
introduction means, such as tires or Dracaena sp.
plants.

Results

Based on the interviews with citizens, Health Ser-
vices, and local authorities, Ae. albopictus must have
been established in Sant Cugat del Vallès since 2002 at
least. No tire storage, processing, or manufacturing
facilities could be found near the area. No research
within the gardening nurseries and retailers was suc-
cessful in giving any data about the introduction.

However, citizensÕ communication allowed the de-
tection of one femaleAe. albopictus in November 2004
in the nearby town Cerdanyola del Vallès, which was
not included in the study but ofÞcially became the
second infested locality in Spain.

From 990 samples in total, we obtained 86 (8.7%)
positive samples. In total, 1,902 eggs were counted,
resulting in a mean of 22.1 eggs per positive sampling
(Table 1). The majority (58.6%) of the sampling lo-
cations remained consistently negative throughout
the study (data not shown).

Although only 8% of the collected eggs hatched
(data not shown), 100% of the emerged larvae were
identiÞed as Ae. albopictus. Although some of the re-
maining eggs could have be laid by other Aedes spe-
cies, based on other studies carried out in a similar

Fig. 1. Localization of the different subareas and the city
of Barcelona.

Table 1. Total results by geographical areas

Trap
locations

Collected
samples

Positive
samples

%
positivity

Mean eggs per
positive sample

Total
eggs

North 25 217 28 12.9 22.8 637
West 25 216 19 8.8 20.0 380
East 25 206 24 11.7 21.6 518
South 25 213 6 2.8 20.5 123
Collserola 16 138 9 6.5 27.1 244
Totals 116 990 86 8.7 22.1 1,902

May 2008 ROIZ ET AL.: DISTRIBUTION ASSESSMENT OF Ae. albopictus 349



biogeographical region of Italy, the percentage of er-
ror should not be higher than 5% (Zamburlini and
Frilli 2003).

Both presence and abundance of individuals pro-
gressively declined during the study period (Fig. 2),
which is compatible with a simultaneous decrease in
temperature and shortening photoperiod. No egg laid
after 28 October hatched in the laboratory; the last
positive egg sampling occurred on 17 November, at a
time where the daily minimum temperature went be-
low 2�C.

Although some differences among the Þve subareas
could be observed in regard to the percentage of
positive traps (Fig. 3), ANOVA on abundance and
percentage of positive traps among the subareas
showed that this difference was not statistically sig-
niÞcant(P�0.282and0.091, respectively).Therefore,
this cluster of Ae. albopictus can be described as a
homogeneous population that occupies most of the
municipality of Sant Cugat del Vallès.

CitizensÕ communication allowed the detection in
November 2004 of one female of Ae. albopictus in the
nearby town Cerdanyola del Vallès, which ofÞcially
became the second infested locality in Spain.

Discussion

The recent discovery of the establishment of Ae.
albopictus in the Iberian Peninsula (Aranda et al.
2006) conÞrmed the forecasts of the EVITAR network
(Eritja et al. 2005), implying a new health problem in
Spain. The establishment and further spread of Ae.
albopictus implies a quantitative increase in the pos-
sibility of transmission of arboviruses circulating in the
Mediterranean (Mitchell 1995), and it raises concern
about imported arboviruses, such as dengue and
Chikungunya. Although human diseases events are
unlikely but possible (Angelini et al. 2007), the nui-
sance to inhabitantsÕ welfare is certain and will lead to
expenses for control programs. A possible increase in
the transmission of Dirofilaria sp. in animals and hu-
mans also should be considered, because the pathogen
is present in the colonized area (Gómez Bautista
1990).

The current study was initiated within weeks of the
Þrst detection event, and it may serve as a basis for
standardizing methodologies to be applied in other
areas of Spain, which are now at risk.

From a population point of view, our results are
similar to those of other countries, such as Italy (Di
Luca et al. 2001). Our data described this cluster ofAe.
albopictus as a homogeneous population that occupied
most of the municipality of Sant Cugat del Vallès. Only
that municipality was included in the sampling; be-
cause we failed in Þnding a clear discontinuity be-
tween free and infested areas within its boundaries, an
alert was issued to urgently assess the situation of the
peripheral cities.

Several interviewed citizens reported that Ae. al-
bopictusmight have been established in Sant Cugat del
Vallès since at least 2002. Although this is informal
data, a recent study on the evolution of reported biting
nuisances to the healthcare centers in Sant Cugat
during 1998Ð2004 (Giménez et al. 2007) demonstrated
a progressive increase since 2002, conÞrming this sce-
nario.
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Although a tire monitoring system had been set up
(Roiz et al. 2007a),Ae. albopictusoccurred in a nonrisk
area via an unknown carrier. No tire storage, process-
ing or manufacturing facilities could be found in the
area, so this introduction carrier is thought to be un-
likely. Equally, no research within the gardening nurs-
eries and retailers was successful in providing any
evidence about the introduction.

Although no evidence was obtained about intro-
duction, the presence of two major European motor-
ways in the municipality was a matter of concern,
especially considering passive transportation in cars. A
quick dispersion of this species was expected, as oc-
curred in Italy (Romi 2001). This risk was conÞrmed
2 yr later in 2006 when �20 municipalities, including
Barcelona, were infested, and also in two distant lo-
cations southward on the Mediterranean coast (Roiz
et al. 2007b).

We urged in 2004 that the Catalan and Spanish
authorities should immediately undergo exhaustive
control campaigns in this area. Such operations must
include social actions as well as door-to-door visits,
larvicidal and adulticidal applications environment
management, source reduction, and continued mon-
itoring campaigns. Although eradication could not be
envisaged in this case as a realistic goal, control op-
erations would be useful to limit the dispersion of Ae.
albopictus toward the Iberian Peninsula.
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González and Mercè Jané from the municipality staff.
Eleanora Flacio, Romeo Bellini, and Francis Schaffner
helped us to design this study. Raquel Mancheño helped with
the translation, and the suggestions from an anonymous re-
viewer greatly improved the manuscript. This work was
funded and supported by the Public Health Service of the
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