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The aim of this study was to evaluate mosquito abundance, species diversity, larval and
adult population dynamics in seven lagoons integrated in the wetland coastal system of
the Algarve, Portugal, in the summer of 2007, as well as the screening of these for West
Nile virus (WNV). WNV has been isolated from mosquitoes in this region, in the summer
of 2004, next to the putative area of infection of two linked human WN cases. Adult mos-
quitoes were collected with CDC traps baited with CO2, and potential breeding sites were
surveyed for immature stages. Morphological identification of 1,432 adult mosquitoes and
85 larvae revealed the presence of 10 species: Anopheles atroparvus, Anopheles algerien-
sis, Coquillettidia richiardii, Culex modestus, Culex pipiens, Culex theileri, Culex univittatus,
Culiseta longiareolata, Aedes caspius, and Aedes detritus. Adult mosquito peak densities
were recorded in July, contrasting with null larval breeding in the same month in the sur-
veyed biotopes. Most abundant species were C. pipiens (52%), C. theileri (29%), and A.
caspius (11%). Lagoon Salgados and Quinta das Salinas, exhibited the highest similarity
of culicid fauna, despite being most distant from each other, Female mosquitoes (1,249
specimens) screened by RT-PCR, did not reveal WNV products. However, previous detec-
tion of WNV activity in this area, susceptible to re-introductions, demands for continued
vigilance.
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INTRODUCTION
Mosquitoes act as vectors in the transmission of human diseases,
such as several arboviruses belonging to the genera Alphavirus,
Flavivirus, and Bunyavirus (Lundström, 1999). West Nile virus
(WNV) currently the most widely distributed arbovirus in the
world, occurring on all continents except Antarctica, has been
reported to occur in mosquitoes and to infect human and other
vertebrates (Kramer et al., 2008). This virus was first isolated from
the blood of a sick woman in the West Nile District of Uganda in
1937 (Smithburn et al., 1940).

In recent years human or animal, mainly enzootics involv-
ing horses, WNV disease in the Eastern Hemisphere have been
reported mostly from areas in the Mediterranean Basin: in Algeria
in 1994, Morocco in 1996 and 2003, Tunisia in 1997 and 2003,
Romania in 1996 through 2000, Czech Republic in 1997, Israel
in 1999 and 2000, Russia in 1999–2001 and 2003–2007, Hungary
2003–2008, southern France in 2000, 2003–2004, Italy in 1998,
2008–2009, Spain in 2008–2009, and Greece 2010–2011 (Murgue
et al., 2001; Zeller and Schuffenecker, 2004; Hayes et al., 2005;
Krisztalovics et al., 2008; Rossini et al., 2008; Barzon et al., 2009;
Rizzo et al., 2009; Chaskopoulou et al., 2011; Danis et al., 2011a,b;
Vázquez et al., 2011).

In Portugal epidemiologic surveys for West Nile detection in
human and animal populations have been carried out since the
1970s revealing seroreactivity for this virus. However, the first
WNV isolation from mosquitoes was reported in 1971 (Filipe,

1972). In the summer 2004 two linked WNV cases were reported
in Irish tourists, acquired in the Algarve (Connell et al., 2004) after
which WNV was isolated from mosquitoes in the same region
(Esteves et al., 2005).

Throughout its worldwide distribution, WNV is maintained
in nature by enzootic cycles between ornithophilic mosquitoes,
predominantly Culex species, although other genera may also be
vectors, and birds (Hayes et al., 2005). Mosquitoes can also act as
bridge vectors transmitting WNV out of its natural cycle to acci-
dental hosts, such as domestic animals, particularly horses, and
humans (Rappole and Hubálek, 2003; Linke et al., 2007; Kramer
et al., 2008).

There are two important periods for pathogen introduc-
tion that correspond to the biannual bird migration. The first,
during spring, when birds fly from Africa and can introduce
pathogens in the North hemisphere especially in Mediterranean
wetlands as well as in other countries from Europe. The sec-
ond period, in autumn, when birds return to Africa, may
carry pathogens from Northern to Southern Europe (Jourdain
et al., 2007). WNV has been isolated from actively migrat-
ing birds (Malkinson et al., 2002). In European regions WNV
cases occur in late summer and early fall months, when mos-
quito populations are at their highest densities. WNV outbreaks
have occurred at urban sites near wetlands where migratory
birds, mosquitoes, and humans are concentrated (Rappole et al.,
2000).
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Climate changes can influence significantly vector-borne dis-
ease transmission, as insects are very sensitive to meteorological
conditions, namely temperature and humidity. Warmer weather
and high precipitation may lead to sudden increases of mosquito
populations,due to abundant larval habitats and climatic favorable
conditions. Warmer weather would also influence people’s behav-
ior, leading them to spend more time outdoors. Outdoor activities,
associated or not with tourism, can lead to higher exposure of
humans to mosquito bites, and consequently to the transmis-
sion of mosquito borne diseases (Morgan, 2006). The ecological
understanding of mosquito vectors of arboviruses is an impor-
tant contribution of the surveillance regarding the risks for public
health and mosquito control programs (White, 2001; Rydzanicz
and Lonc, 2003; Medlock et al., 2006).

Due to its geographic localization and favorable climate, the
Algarve province combines several conditions that can lead to the
emergence and re-emergence of mosquito borne diseases. The
presence of wetlands and lagoons, used by migratory birds can
favor new viral introductions and the presence and abundance
of mosquito populations can maintain viral enzootic cycles. This
kind of water collections provide suitable breeding sites to some
mosquito species reported as vectors of WNV (Medlock et al.,
2006). The Algarve is a well known touristic place, with thousands
of visitors every year.

The goals of our study included the study of the abundance
and diversity of mosquitoes in the vicinity of several water collec-
tions, lagoons, of the Algarve used by migratory birds, as well as
screening those mosquitoes for the presence of WNV.

MATERIALS AND METHODS
STUDY AREA
The study took place during the summer months of 2007, from
June to September, in seven lagoons near the coastal line, in
the province of the Algarve, southern Portugal, next to four
localities, within a maximum distance of 30 km (Figure 1):
(1, a) Lagoon Salgados (N37˚5′53.33′′; W8˚20′3.61′′), Pêra;
(2, b) Lagoon Nova (N37˚5′29,78′′; W8˚8′33,28′′) and (2, c)
Lagoon Antiga (N37˚5′48.03′′; W8˚8′57.98′′W), Vilamoura Nat-
ural Park, Vilamoura; (3, d) Lagoon Almargem (N37˚6′8,07′′;
W8˚21′15.97′′), Quarteira;( 4, e) Lagoon Dunas Douradas
(N37˚2′42,6′′; W8˚3′8,4′′; (3, f) Lagoon Garrão (N37˚2′42,6′′;
W8˚2′32,6′′) and Quinta das Salinas (N37˚2′15,1′′; W8˚2′1,3′′; (3,
g) Garrão.

Some of these lagoons are referenced as regions of high diver-
sity of wildlife including the presence of more than a hundred
bird species. Due to this, and in particularly the Salgados lagoon
was included in the national IBA’s (PT035 Important Bird Area –
149 ha) being one of the more important wetlands in the Algarve,
gaining national, and even international, interest, for some bird
species, such as the Porphyrio porphyrio (Purple Swamphen) and
Aythya nyroca (Ferruginous Duck; CCDR, 2007).

Algarve provides a wide range of outdoor activities, namely
bird watching, fishery, aquaculture, and salt-works. Climate in
the Algarve may be considered Mediterranean Csa type accord-
ing to the Köppen–Geiger classification. For the interval 1971–
2000, monthly average temperature varies from 16˚C in January–
December to 28˚C in July–August (mean average 17˚C, maximum

FIGURE 1 | Map showing the localization of the study area and the

various surveyed lagoons: (1, a) Lagoon Salgados (Pêra); (2, b) Lagoon

Nova, (2, c) Lagoon Antiga (Parque ambiental de Vilamoura); (3, d)

Lagoon Almargem (Quarteira); (4, e) Lagoon Dunas Douradas, (4, f)

Lagoon Garrão, and (4, g) Lagoon Quinta das Salinas (Garrão). Distance
between 1 and 4 is ca. 30 km.
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average 21˚C, minimum average 12˚C), and mean precipitation
varies from 2.1 mm in August to 96 mm in December (IM, 2010).

MOSQUITO SAMPLING AND PROCESSING
Adult mosquitoes were collected monthly in the seven lagoons
above, in fixed sampling sites with CDC (Centers for Disease Con-
trol; Sudia and Chamberlain, 1962) baited with carbon dioxide
(CO2; ca. 1 kg/trap; Newhouse et al., 1966), operating overnight
from before dusk to after the sunrise (minimum 12 h). All traps
were suspended at a height of 1.5–2 m from the ground, either in
trees or human-made structures by the edge of the lagoons. Col-
lected mosquitoes were transported live in refrigerated boxes to
laboratory where they were frozen till identification.

Fixed potential breeding sites were surveyed for mosquito lar-
vae and pupae using a standard dipper (ca. 700 ml), perform-
ing a minimum of five dips per site (3500 ml). These included
margins of the lagoons, or irrigation ditches and effluents from
urban wastewater treatment plants (UWTP) that discharged to
the lagoons. Physical and chemical parameters (temperature, oxy-
gen, pH, ion concentration, conductivity, total dissolved solids,
salinity, and water depth) of the water were recorded. When-
ever it was not possible to prospect the fixed breeding site (for
example, when it was dry), an attempt was made to survey
the vicinity. Immature forms were transported to the labora-
tory in glycerinated ethanol (4%, V/V). Physical and chemi-
cal parameters of the water collections are presented as their
mean values, during the observation period, for each of these
lagoons.

Adult mosquitoes were sorted by site, species, sex, and females
by the gonotrophic stage, pooled accordingly to a maximum of
50 specimens per pool, and kept at −80˚C until viral screen-
ing. Immatures were mounted in Ribeiro medium (Ribeiro, 1967).
Adults and immatures were identified according to identification
keys by Ribeiro and Ramos (1999).

Adult mosquito densities were calculated as mean mosquitoes
per trap-night. The modified Sorensen coefficient (Southwood,
1978), grouped the surveyed lagoons according to the similarity
of their adult culicid fauna, generating a respective dendrogram.
Breeding site index (R) was calculated as the number of biotopes
they were positive for culicids (Ribeiro et al., 1980), and larval
density was calculated as the mean number of larvae per dipper.

VIRAL SCREENING
Adult mosquitoes were triturated on a vibrator for 30 s with glass
beads and alundum in a 15-ml conical, screw cap plastic tube
with 1.5 ml of phosphate-buffered saline (PBS) containing bovine
serum albumin (BSA) at 4% (W/V). All the tubes were kept on ice.
After a centrifugation (896 × G) at 4˚C for 10 min three aliquots
were made, using sterile pipettes, to be used on Reverse transcrip-
tase – polymerase chain reaction (RT-PCR). RT-PCR reactions
were performed using 6 μl of RT buffer, 2 μl of 0.1 M dithiothre-
itol, 1 μl RNA guard, 5 μ dNTP’s (2.5 mM), 2.5 μl random primer
(0.3 μg/μl), 8 μl ddH2O, and 5 μl of the titration product. Sam-
ples were boiled for 5 min and cooled on ice. To this mixture it was
added 1 μl of Moloney murine leukemia virus (MMLV) reverse
transcriptase. The reaction was performed at 37˚C for 60 min,
with a final step of 95˚C for 10 min.

Following reverse transcriptase, 5 μl of cDNA was trans-
ferred to 45 μl of a PCR mix containing 5 μl Taq buffer, 1.75 μl
MgCl2, 5 μl dNTP’s, 30 μl ddH2O, 0.5 μl Taq, and 1.25 μl of
each primer, cFD2 (5′-GTGTCCCAGCCGGCGGTGTCATCAGC-
3′) and MAMD (5′-AACATGATGGGRAARAGRGARAA-3′) in
the first round (Scaramozzino et al., 2001) and FS 788M (Esteves
et al., 2005) for the second. The thermal cycling profile consisted
on 15 min at 94˚C, three initial cycles of 60 s at 94˚C, 60 s at 52˚C,
and 60 s at 72˚C, followed by 40 cycles of 30 s at 94˚C, 30 s at
56˚C, and 30 s at 72˚C. The amplifications products were analyzed
on agarose gels (1.5 or 2% for a better resolution) containing
ethidium bromide.

RESULTS
ADULTS
A total of 1,432 adult mosquitoes were caught in the seven surveyed
lagoons, between June and September 2007. Mosquito abundance,
mean mosquito density per CDC trap, was lowest in June and max-
imum in July, coinciding with the highest mean temperatures and
lowest precipitation recorded for the area (Figure 2).

Eight species were collected as adult mosquitoes: Anophe-
les (Anopheles) algeriensis (n = 14), Aedes (Ochlerotatus) caspius
(n = 152), Aedes (Ochlerotatus) detritus s.l. (n = 7), Coquillettidia
richiardii (n = 20), Culex (Culex) pipiens (n = 749), Culex (Culex)
theileri (n = 415), Culex (Culex) univittatus (n = 51), and Culiseta
(Allotheobaldia) longiareolata (n = 24), The most abundant was
C. pipiens (52%), which peaked in July, as did A. caspius, the
third most common species (11%). However, C. theileri (29%),
the second most abundant mosquito, exhibited a slow increase,
peaking in August, but maintaining similar levels from July to
September. Relative mosquito species densities varied among the
seven surveyed lagoons (Figure 3). The dendrogram based on the
modified Sorensen coefficient (Southwood, 1978), grouped the
surveyed lagoons according to the similarity of their culicid fauna
(Figure 4).

IMMATURES
Collection of immature forms in the margins of the seven sur-
veyed lagoons, irrigation ditches and UWTP effluents draining

FIGURE 2 | Mean adult mosquito density collected by CDC traps, from

June to September, 2007, in the seven surveyed lagoons, in coastal

wetlands of the Algarve.
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FIGURE 3 | Mean adult mosquito species composition of the seven

surveyed lagoons in the wetlands of the Algarve collected by CDC

traps, from June to September, 2007.

FIGURE 4 | Dendrogram based on the modified Sorensen coefficient of

similarity between the surveyed lagoons: (a) Salgados (1), (b) Nova (2),

(c) Antiga (2), (d) Almargem (3), (e) Dunas Douradas (4), (f) Garrão (4),

and (g) Quinta das Salinas (4), (numbers in brackets refer to Figure 1).

to these, in a minimum of 7 and a maximum of 15 biotopes,
yielded a total of 85 larvae, with negative collections in the month
of July, and a breeding index (R) of 0.2–0.25 in the remaining
months (Figure 5). Mean larval density was 0.18 larvae/dipper in
June, 0.25 in August, and 0.7 in September. Six species were col-
lected as immatures, Anopheles (Anopheles) atroparvus, A. caspius,
Culex (Barraudius) modestus, C. Pipiens, and C. theileri, which
varied according to the month (Figure 6), but also according to
the nature of the biotope of collection (Figure 7). Physical and
chemical parameters of these water collections are presented as

FIGURE 5 | Potential breeding sites surveyed for immature culicids

along the seven lagoons surveyed, and respective breeding index,

from June to September 2007.

FIGURE 6 | Species composition and density (mean larvae/dipper) of

the culicid immature forms collected along the lagoons surveyed. A
total of 85 larvae were collected. No larvae were collected in the margins of
natural lagoons.

FIGURE 7 | Culicid immature species, and relative density, according to

the nature of the biotope, in the surveyed lagoons.

their mean values, during the observation period, for each of these
lagoons (Table 1).
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Table 1 | Physical and chemical parameters* of the seven lagoons surveyed, communication with sea water and effluents of urban wastewater

treatment plants, represented as the mean value for the observational period.

Lagoon Sea water UWTP pH Redox potential (mV) Conductivity (μS/cm) TDS (mg/l) Salinity (ppt) O2 mg/l T ˚C

Salgados (1, a) Yes Yes 9.25 −149.25 4,972.50 2,617.50 4.43 8.36 30.98

Nova (2, b) – Yes 7.98 −66.33 2,645.67 1,590.67 1.62 9.99 27.08

Antiga (2, c) – Yes 8.14 −77.75 2,165.00 1,212.50 1.30 9.25 26.73

Almargem (3, d) Yes Yes 8.05 −73.00 5,015.00 3,495.00 11.15 9.39 26.03

D. Douradas (4, e) – Yes 8.38 −96.67 1,396.00 832.67 0.87 9.38 28.00

Garrão (4, f) – Yes 7.62 −50.00 1,852.00 1,109.00 1.17 9.02 23.70

Salinas (4, g) – Yes 7.67 −54.67 16,746.67 11,623.33 26.23 10.32 26.57

The higher salinity values recorded are represented in bold.

*Water physical and chemical parameters were measured at about 12:00 a.m.

In brackets are the numbers referring to Figure 1 and the letters referring to Figure 4.

VIRAL SCREENING
A total of 1,249 female mosquitoes were screened for WNV (89%
of the total collection), of which 55% (n = 687) were C. pipi-
ens, 31.8% (n = 397) C. theileri, 6.7% (n = 84) A. caspius, 3.8%
(n = 47) C. univittatus, 1.6% (n = 20) C. Richiardii, and 1.1%
(n = 14) A. algeriensis. However, there was no detection of WNV
nucleic acid sequences.

DISCUSSION
This survey for mosquitoes along seven lagoons located along the
coastal line of the Algarve evidenced a seasonal dynamic of adults,
following a typical pattern accompanying the mean temperature,
with highest densities in the hottest summer months for temperate
climates (Lysyk, 2010). This is not always the case as sometimes,
due to low atmospheric humidity related with continued lack of
precipitation, density decreases can be observed. C. pipiens was
the most abundant species, accounting for nearly half of the col-
lections, peaking in July, as did A. caspius, the third most common
species. This seasonal dynamics contrasts with that registered in
this area the previous year (2006), when A. caspius had been the
dominant species, peaking in July–August, and C. pipiens exhib-
ited a decrease in these months (Osório et al., 2008), despite the
sampling method being also CDC traps, thus comparable to that
used in this study. Another contrasting difference in our study, in
2007, was that C. theileri was the second most abundant species,
exhibiting a slow increase and peaking in August. This also con-
trasts with previous findings by us, where C. theileri came only to
fifth most common species in this same area (Almeida et al., 2008).

Diversity, similarity and relative abundance of mosquito species
varied among the surveyed lagoons. Salgados (1, a) and Quinta das
Salinas (4, g) exhibited similarly medium densities of C. pipiens, C.
Theileri, and A. caspius, thus having higher Sorensen coefficients
of similarity and coming closer in the dendrogram. These lagoons
exhibited the highest salinity values (bold values in Table 1),
together with Almargem lagoon (3, d), thus it is not surprising that
these were where A. caspius, a halophile species, had higher den-
sities, and was also found as immature forms. Almargem lagoon
was dissimilar to these due to its very low mosquito density. The
lagoons at Vilamoura natural park, Nova (2, b), and Antiga (2, c),
were very identical between each other but different from the pre-
vious, in that C. pipiens was the predominating species, followed

closely by Garrão (4, f), though with much lesser abundances.
These three lagoons are those closer to UWTPs which can account
for that predominance of C. pipiens and relative similarity. Dunas
Douradas (4, e) exhibited a quite different culicid fauna, with C.
theileri as the overly dominant species, thus placing it far apart
from the others. However, the total small sample size may have
affected the outcome of this diversity analysis.

Comparing the species collected in different life stages, two
were not caught as adults but only as larvae, A. atroparvus and
C. modestus, whereas five were not caught as immatures, namely
A. algeriensis, A. detritus s.l., C. univittatus, C. Richiardii, and
C. longiareolata. Furthermore, no relation could be established
between species collected in both life stages in each lagoon site.
A. atroparvus was not caught as adult, likely due to the collec-
tion method used, as this species rarely is attracted to CDC traps,
and is mainly found in indoor resting collections (Almeida et al.,
2008). C. modestus was not caught as adult probably due to its
low abundance, as shown in previous surveys of this very same
region, where only two, also immature forms, were caught in 1975
(Ramos et al., 1977/1978), in similarly brackish waters as in this
study, or not caught at all as adults in later surveys (Ramos et al.,
1992; Almeida et al., 2008). Still, this species is a known vector of
WNV in the Mediterranean area (Mouchet et al., 1970).

Immature surveys were mostly negative, with breeding indexes
of 0.2–0.25, and, when positive, yielded very few specimens, which
may account for the smaller number of species collected in rela-
tion to adults. The type of biotopes surveyed, which might not
be the preferred ones, may also justify the lesser representation
of species as immature stages. The particular bioecology of C.
richiardii, whose immature stages live attached to stems of aquatic
vegetation, requiring special techniques for their collection, is also
a likely justification for their absence in immature collections,
despite their continued presence as adults in these lagoonal ecosys-
tems (Almeida et al., 2005, 2008). The low level of precipitation,
along with increased evaporation, during the summer months,
with the consequent decrease in water level and some degree of
eutrophication, can be a possible explanation for the low breeding
indexes registered. As to the physic-chemical parameters of the
water, a pH higher than expected (>8.2) was detected in Salga-
dos and Dunas Douradas lagoons, although this did not reveal to
be exclusive of mosquito larval presence, as these were detected
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in Salgados, which had the highest pH registered. The levels of
dissolved oxygen measured were always above 5 mg/l, at around
noon time, which could indicate much lower levels in the night
and dawn as observed in this coastal system (Newton et al., 2010).
Furthermore, in the lagoons Garrão and Dunas Douradas, the
ichthyofauna was inexistent in 2007 probably due to anoxia in the
water and lack of communication with the sea, and high mor-
tality was observed in the Salgados lagoon (CCDR, 2007). Thus,
if on one hand, conditions for the presence of mosquito larvae
in the waters of these lagoons, do not seem to be very favorable,
on the other hand, if colonization by mosquito immatures hap-
pened, it could be difficult to be naturally controlled due to the
absence of fish, and other, natural predators, such as coleoptera and
ephemeroptera, which have also very low densities, or are totally
absent, in these lagoons (CCDR, 2007).

It is also noteworthy the presence of immature culicids and
their species in relation to the nature and site of the biotope. First
and foremost, no larvae were found in the margins of any of these
lagoons, but only in the ditches discharging to them. In irrigation
ditches C. theileri, C. modestus, C. Pipiens, and A. atroparvus could
be found in progressively lower densities, whereas A. caspius was
found just in UWTP effluents. C. pipiens was the only species that
was found in both biotopes, however, with much higher densities
in the effluents from UWTP, clearly illustrating the capacity of this
species to breed in somewhat polluted waters.

Algarve is known to be one of the most touristic places of
Portugal, with activities that include bird watching. Some of
these lagoons are referenced as bird sanctuaries, with more than
a hundred species registered. On the other hand, some of the
birds regularly seen in these lagoons, such as Anas platyrhyn-
chos (Mallard) in Salgados, Hirundo rustica (Barn Swallow), and
Pandion haliaetus (Osprey) in Garrão, have been found infected
with arboviruses such as WNV (CDC, 2011). Some studies also
reported the presence of neutralizing antibodies against WNV in

birds from Portugal like Buteo buteo (Common Buzzard), Falco
tinnunculus (Common Kestrel), and Ciconia ciconia (White Stork)
among others (Formosinho et al., 2006), and in other Mediter-
ranean countries like the Turdus merula (blackbirds) and Passer
domesticus (house sparrows; Figuerola et al., 2008). Furthermore,
some of the bird species found in Portugal like A. platyrhynchos
(Mallard), Anas querquedula (Garganey), Ardea purpurea (Purple
Heron) are referenced as migratory, thus presenting the risk of
pathogen introduction. (Feith, 2007, 2010; Jourdain et al., 2007).

Mosquito species found in this survey, such as A. atroparvus, A.
caspius, A. detritus s.l., C. richiardii, C. pipiens, C. theileri, C. mod-
estus, and C. univittatus, are known vectors of several arboviruses.
Previous human cases of WNV have been putatively acquired
in this region (Connell et al., 2004), followed by detection of
WNV infected C. pipiens and C. univittatus in the same area
(Esteves et al., 2005). A phylogenetic analysis strongly suggested
a re-introduction of the virus, since it had first been detected in
1971 (Parreira et al., 2007). In fact, during the last decade WNV
has been active in countries lining the Mediterranean (Morocco,
Italy, France, Spain, and Greece; Zeller and Schuffenecker, 2004;
Rossini et al., 2008; Barzon et al., 2009; Rizzo et al., 2009; Danis
et al., 2011a,b). Despite the fact that no mosquito infections were
detected in the present study, which may also be due to the
small sample size, surveillance should be continued as all previ-
ous evidence support the idea that the Algarve, has the conditions
for WNV re-mergence, and one of the species previously found
infected, C. pipiens, is still the most abundant in several locations
and is a known bridge vector, feeding both in birds and humans
(Gomes et al., 2009).

ACKNOWLEDGMENTS
This work was funded by Project “RARIMOSQ” (ref.
35-60624-S), Fundação Calouste Gulbenkian, Portugal, and
UPMM/FCT/MCTES Portugal.

REFERENCES
Almeida, A. P. G., Galão, R. P., Novo, M.

T., Sousa, C. A., Parreira, R., Pinto,
J., and Carvalho, L. (2005). Update
on the distribution of some mos-
quito (Diptera: Culicidae) species
in Portugal. Eur. Mosq. Bull. 19,
20–25.

Almeida, A. P. G., Galão, R. P., Sousa,
C. A., Novo, M. T., Parreira, R.,
Pinto, J., Piedade, J., and Esteves, A.
(2008). Potential mosquito vectors
of arboviruses in Portugal: species,
distribution, abundance and West
Nile infection. Trans. R. Soc. Trop.
Med. Hyg. 102, 823–832.

Barzon, L., Squarzon, L., Cattai, M.,
Franchin, E., Pagni, S., Cusinato, R.,
and Palu, G. (2009). West Nile virus
infection in Veneto region, Italy,
2008–2009. Euro Surveill. 14, 19289.

CCDR. (2007). Plan for Improvement
and Management of Humid Coastal
Areas between Armação de Pêra
and Ancão [Lagoon of Salgados,

Almargem, Dunas Douradas, Vale
do Garrão (in Portuguese)]. Lis-
bon: AGRIPRO AMBIENTE, Con-
sulting S. A. Comissão de Coorde-
nação e Desenvolvimento Regional
do Algarve.

CDC. (2011). Available at: http://www.
cdc.gov/ncidod/dvbid/westnile/bird
species.htm. [accessed March 2011].

Chaskopoulou, A., Dovas, C.,
Chaintoutis, S., Bouzalas, I.,
Ara, G., and Papanastassopoulou,
M. (2011). Evidence of enzootic
circulation of West Nile virus (Nea
Santa-Greece-2010, lineage 2),
Greece, May to July 2011. Euro
Surveill. 16, 19933.

Connell, J., McKeown, P., Garvey, P.,
Cotter, S., Conway, A., O’Flanagan,
D., O’Herlihy, B. P., Morgan, D.,
Nicoll, A., and Lloyd, G. (2004).
Two linked cases of West Nile virus
(WNV) acquired by Irish tourists
in the Algarve, Portugal. Euro Sur-
veill. 8, 1–2.

Danis, K., Papa, A., Theocharopoulos,
G., Dougas, G., Athanasiou, M., Det-
sis, M., Baka, A., Lytras, T., Mellou,
K., Bonovas, S., and Panagiotopou-
los, T. (2011a). Outbreak of West
Nile virus infection in Greece, 2010.
Emerging Infect. Dis. 17, 1868–1872.

Danis, K., Papa, A., Papanikolaou, E.,
Dougas, G., Terzaki, I., Baka, A.,
Vrioni, G., Kapsimali, V., Tsakris,
A., Kansouzidou, A., Tsiodras, S.,
Vakalis, N., Bonovas, S., and Kre-
mastinou, J. (2011b). Ongoing out-
break of West Nile virus infection in
humans, Greece, July to August 2011.
Euro Surveill. 16, 19951.

Esteves, A., Almeida, A. P. G., Galão,
R. P., Parreira, R., Piedade, J.,
Rodrigues, J., Sousa, C. A., and
Novo, M. T. (2005). West Nile Virus
in Southern Portugal, 2004. Vector
Borne Zoonotic Dis. 5, 410–413.

Feith, H. (2007). Projeto Chegadas –
Relatório 2007. Lisboa: Sociedade
Portuguesa para o Estudo das Aves.

Feith, H. (2010). Projeto Chegadas –
Relatório 2010. Lisboa: Sociedade
Portuguesa para o Estudo das Aves.

Figuerola, J., Jimenez-Clavero, M. A.,
Lopez, G., Rubio, C., Soriguer, R.,
Gomez-Tejedor, C., and Tenorio, A.
(2008). Size matters: West Nile virus
neutralizing antibodies in resident
and migratory birds in Spain. Vet.
Microbiol. 132, 39–46.

Filipe, A. R. (1972). Isolation in Portu-
gal of West Nile virus from Anophe-
les maculipennis mosquitoes. Acta
Virol. 16, 361.

Formosinho, P., Santos-Silva, M. M.,
Santos, A., Melo, P., Encarnação, V.,
Santos, N., Nunes, T., Agrícola, R.,
and Portas, M. (2006). O vírus West
Nile em Portugal – estudos de vig-
ilância epidemiológica. Revista Por-
tuguesa de Ciências Veterinárias 101,
557–558.

Gomes, B., Sousa, C., Novo, M., Fre-
itas, F. B., Alves, R., Côrte-Real, A.
R., Salgueiro, P., Donnelly, M. J.,

Frontiers in Physiology | Systems Biology January 2012 | Volume 2 | Article 122 | 6

http://www.cdc.gov/ncidod/dvbid/westnile/birdspecies.htm
http://www.frontiersin.org/Physiology
http://www.frontiersin.org/Systems_Biology
http://www.frontiersin.org/Systems_Biology/archive


Freitas et al. Mosquitoes in lagoons of the Algarve

Almeida, A. P., and Pinto, J. (2009).
Asymmetric introgression between
sympatric molestus and pipiens
forms of Culex pipiens (Diptera:
Culicidae) in the Comporta region,
Portugal. BMC Evol. Biol. 9, 262.
doi:10.1186/1471-2148-9-262

Hayes, E. B., Komar, N., Nasci, S. R.,
Montgomery, S. P., O’Leary, D.
R., and Campbell, G. L. (2005).
Epidemiology and transmission
dynamics of West Nile virus disease.
Emerging Infect. Dis. 11, 1167–1173.

IM. (2010). Available at: http://www.
meteo.pt/pt/oclima/normais/index.
html?page=normais_far.xml
[accessed in 2010].

Jourdain, E., Gauthier-Clerc, M.,
Dominique, J. B., and Sabatier, P.
(2007). Bird migration routes and
risk for pathogen dispersion into
Western Mediterranean Wetlands.
Emerging Infect. Dis. 13, 365–372.

Kramer, L. D., Styer, L. M., and Ebel, G.
D. (2008). A global perspective on
the epidemiology of West Nile virus.
Annu. Rev. Entomol. 53, 61–81.

Krisztalovics, K., Ferenczi, E., Molnár,
Z., Csohán, Á., Bán, E., Zöldi, V.,
and Kaszás, K. (2008). West Nile
virus infections in Hungary,August–
September 2008. Euro Surveill. Euro
Surveill. 13, 19030.

Linke, S., Niedrig, M., Kaiser, A., Eller-
brok, H., Muller, K., Muller, T., Con-
raths, F. J., Muhle, R.-U., Schmidt,
D., Koppen, U., Bairlein, F., Berthold,
P., and Pauli, G. (2007). Serologic
evidence of West Nile virus infec-
tions in wild birds captured in Ger-
many. Am. J. Trop. Med. Hyg. 77,
358–364.

Lundström, J. O. (1999). Mosquito-
borne viruses in western Europe: a
review. J. Vector Ecol. 24, 1081–1710.

Lysyk, T. J. (2010). Species abundance
and seasonal activity of mosqui-
toes on cattle facilities in southern
Alberta, Canada. J. Med. Entomol. 47,
32–42.

Malkinson, M., Banet, C., Weisman, Y.,
Pokamunski, S., King, R., Drouet, M.
T., and Deubel, V. (2002). Introduc-
tion of West Nile virus in the Mid-
dle East by migrating white storks.
Emerging Infect. Dis. 8, 392–397.

Medlock, J. M., Snow, K. R., and Leach,
S. (2006). Possible ecology and epi-
demiology of medically important

mosquito-borne arboviruses in
Great Britain. Epidemiol. Infect. 135,
466–482.

Morgan, D. (2006). Control of
arbovirus infections by a
coordinated response: West Nile
virus in England and Wales. FEMS
Immunol. Med. Microbiol. 48,
305–312.

Mouchet, J., Rageau, J., Laumond, C.,
Hannoun, C., Beytout, D., Oudar,
J., Corniou, B., and Chippaux, A.
(1970). Epidemiology of West Nile
virus: study of a focus in Camargue.
V. The vector: Culex modestus Ficalbi
Diptera; Culicidae. Ann. Inst. Pasteur
(Paris) 118, 839–855.

Murgue, B., Murri, S., Triki, H., Deubel,
V., and Zeller, H. (2001). West
Nile in the Mediterranean basin:
1950–2000. Ann. N. Y. Acad. Sci. 951,
117–126.

Newhouse, V. R., Chamberlain, R. W.,
Johnston, J. F., and Sudia, W. D.
(1966). Use of dry ice to increase
mosquito catches of the CDC minia-
ture light trap. Mosq. News 26,
30–35.

Newton, A., Oliveira, P. S., Icely, J. D.,
and Foster, P. A. (2010). Monitor-
ing of oxygen condition in the Ria
Formosa coastal lagoon, Portugal. J.
Environ. Monit. 12, 355–360.

Osório, H. C, Amaro, F., Zé-Zé, L.,
Moita, S., Labuda, M., and Alves,
M. J. (2008). Species composition
and dynamics of adult mosquitoes of
southern Portugal. Eur. Mosq. Bull.
25, 12–23.

Parreira, R., Severino, P., Freitas, F.,
Piedade, J., Almeida, A. P. G.,
and Esteves, A. (2007). Two dis-
tinct introductions of the West
Nile virus in Portugal disclosed by
phylogenetic analysis of genomic
sequences. Vector Borne Zoonotic
Dis. 7, 344–352.

Ramos, H. C., Ribeiro, H., and Novo,
M. T. (1992). Mosquito ecology
in southeastern Portugal, an area
receptive to African horse sickness.
Bull. Soc. Vector Ecol. 17, 85–93.

Ramos, H. C., Ribeiro, H., Pires, C.
A., and Capela, R. A. (1977/1978).
Research on the mosquitoes of
Portugal (Diptera, Culicidae) II-
the mosquitoes of Algarve. An.
Inst. Hig. Med. Trop. (Lisb.) 5,
237–256.

Rappole, J. H., Derrickson, S. R.,
and Hubálek, Z. (2000). Migra-
tory birds and spread of West
Nile virus in the western Hemi-
sphere. Emerging Infect. Dis. 6,
319–328.

Rappole, J. H., and Hubálek, Z. (2003).
Migratory birds and West Nile virus.
J. Appl. Microbiol. 94, 47–58.

Ribeiro, H. (1967). A solidifiable formic
acid-PVA solution for transporting,
preserving and mounting mosquito
larvae and pupae. Stain Technol. 42,
159–160.

Ribeiro, H., and Ramos, H. C. (1999).
Identification keys of the mosqui-
toes of continental Portugal, Açores
and Madeira. Eur. Mosq. Bull. 3,
1–11.

Ribeiro, H., Ramos, H. C., Capela, R. A.,
and Pires, C. A. (1980). Os Mosqui-
tos de Cabo Verde (Diptera: Culici-
dae). Sistemática, Distribuição, Bioe-
cologia e Importância Médica. Lisboa:
Junta de investigações científicas do
Ultramar. 139.

Rizzo, C.,Vescio, F., Declich, S., Finarelli,
A. C., Macini, P., Mattivi, A., Rossini,
G., Piovesan, C., Barzon, L., Palù,
G., Gobbi, F., Macchi, L., Pavan, A.,
Magurano, F., Ciufolini, M. G., Nico-
letti, L., Salmaso, S., and Rezza, G.
(2009). West Nile virus transmission
with human cases in Italy, August–
September 2009. Euro Surveill. 14,
19353.

Rossini, G., Cavrini, F., Pierro, A.,
Macini, P., Finarelli, A. C., Po, C.,
Peroni, G., Di Caro, A., Capobianchi,
M., Nicoletti, L., Landini, M. P.,
and Sambri, V. (2008). First human
case of West Nile virus neuroinva-
sive infection in Italy. Euro Surveill.
13, 19002.

Rydzanicz, K., and Lonc, E. (2003).
Species composition and seasonal
dynamics of mosquito larvae in the
Wroclaw, Poland area. J. Vector Ecol.
28, 255–266.

Scaramozzino, N., Crane, J.-M., Jouan,
A., DeBriel,A. D., Stoll, F., and Garin,
D. (2001). Comparison of flavivirus
universal primer pairs and devel-
opment of a rapid, highly sensitive
heminested reverse transcription-
PCR assay for detection of fla-
viviruses targeted to a conserved
region of the NS5 gene sequences.
J. Clin. Microbiol. 39, 1922–1927.

Smithburn, K. C., Hughes, T. P.,
Burke, A. W., and Paul, J. H.
(1940). A neurotropic virus iso-
lated from the blood of a native of
Uganda. Am. J. Trop. Med. s1–s20,
471–492.

Southwood, T. R. E. (1978). Ecological
Methods, 2nd Edn. London: Chap-
man and Hall, 524.

Sudia, W. D., and Chamberlain, R. W.
(1962). Battery-operated light trap.
An improved model. Mosq. News 22,
126–129.

Vázquez, A., Ruiz, S., Herrero, L.,
Moreno, J., Molero, F., Magallanes,
A., Sánchez-Seco, M. P., Figuerola,
J., and Tenorio, A. (2011). West Nile
and Usutu viruses in mosquitoes in
Spain, 2008–2009. Am. J. Trop. Med.
Hyg. 85, 178–181.

White, D. J. (2001). Vector surveillance
for West Nile virus. Ann. N. Y. Acad.
Sci. 951, 74–83.

Zeller, H. G., and Schuffenecker, I.
(2004). 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. 23,
147–156.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or financial relationships that
could be construed as a potential con-
flict of interest.

Received: 17 October 2011; accepted: 27
December 2011; published online: 10 Jan-
uary 2012.
Citation: Freitas FB, Novo MT, Esteves
A and de Almeida APG (2012) Species
composition and WNV screening of mos-
quitoes from lagoons in a wetland area
of the Algarve, Portugal. Front. Physio.
2:122. doi: 10.3389/fphys.2011.00122
This article was submitted to Frontiers in
Systems Biology, a specialty of Frontiers
in Physiology.
Copyright © 2012 Freitas, Novo, Esteves
and de Almeida. This is an open-access
article distributed under the terms of
the Creative Commons Attribution Non
Commercial License, which permits non-
commercial use, distribution, and repro-
duction in other forums, provided the
original authors and source are credited.

www.frontiersin.org January 2012 | Volume 2 | Article 122 | 7

http://dx.doi.org/10.1186/1471-2148-9-262
http://www.meteo.pt/pt/oclima/normais/index.html?page$=$normais_far.xml
http://dx.doi.org/10.3389/fphys.2011.00122
http://www.frontiersin.org
http://www.frontiersin.org/Systems_Biology/archive
http://creativecommons.org/licenses/by-nc/3.0/.

	Species composition and WNV screening of mosquitoes from lagoons in a wetland area of the Algarve, Portugal
	Introduction
	Materials and methods
	Study area
	Mosquito sampling and processing
	Viral screening

	Results
	Adults
	Immatures
	Viral Screening

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


