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EVALUATION OF BG-SENTINEL TRAP AS A MANAGEMENT TOOL TO
REDUCE AEDES ALBOPICTUS NUISANCE IN AN URBAN

ENVIRONMENT IN ITALY

CHRISTIAN ENGLBRECHT,1 SCOTT GORDON,2,4 CLAUDIO VENTURELLI,3 ANDREAS ROSE2

AND MARTIN GEIER2

ABSTRACT. Since its introduction and establishment in Italy during the early 1990s, the Asian tiger
mosquito, Aedes albopictus, has spread over large parts of Italy and other Mediterranean countries. Aedes
albopictus is both a nuisance and a competent vector for various arthropod-borne pathogens. Although
efficient traps for Ae. albopictus exist and are used for population monitoring, their use as a control tool has
not yet been studied. We evaluated Biogents BG-Sentinel mosquito traps, used with the BG Lure, as control
tools in northern Italy. The trial was performed as a controlled experiment in which 3 intervention sites,
equipped with 7 or 8 BG-Sentinel traps each, were matched with 3 comparable control sites. Trap density
ranged from 1 trap per 150 m2 to 1 per 350 m2. Mosquito populations were monitored at both the
intervention and control sites with weekly human landing collections (HLC) and ovitraps. Between 64% and
87% fewer Ae. albopictus individuals were collected by HLC at the intervention sites with the BG-Sentinel
mosquito traps, as compared to the untreated control sites. These results indicate that the sustained use and
proper placement of efficient mosquito traps can significantly reduce Ae. albopictus biting pressure.

KEY WORDS Culicidae, Aedes albopictus, BG-Sentinel mosquito trap, mosquito control, nuisance
reduction

INTRODUCTION

Aedes albopictus (Skuse), the Asian tiger
mosquito, is an aggressive day-biting mosquito
and one of the most invasive insect species in the
world (Medlock et al. 2012). During the last 3
decades, Ae. albopictus has spread from its Asian
origin to 5 continents. It has now been detected in
at least 38 countries and has become established
in 28 (Benedict et al. 2007, Caminade et al. 2012).
In Europe, Ae. albopictus was first detected in
Albania in 1979 and Italy in 1990. Since then,
it has been reported in 18 other European
countries: Belgium, Bosnia and Herzegovina,
Bulgaria, Croatia, France (including Corsica),
Germany, Greece, Malta, Monaco, Montenegro,
the Netherlands, San Marino, Serbia, Slovenia,
Spain, Switzerland, Turkey, and Vatican City
(ECDC 2009, Medlock et al. 2012, ECDC 2014).
Following its importation into Italy through
Genoa in 1990 (Dalla Pozza and Majori 1992),
Ae. albopictus has spread throughout 22 provinc-
es, mainly in the northeast part of the country
(Scholte and Schaffner, 2007). Italy is now the
most heavily infested country in Europe, with the
highest incidence in the Veneto and Friuli-
Venezia-Giulia regions, large parts of Lombardia

and Emilia–Romagna, and coastal areas of
central Italy (ECDC 2009).

Aedes albopictus is not only an annoying
daytime-biting mosquito, it is also a proven
vector of disease pathogens. This species has
been shown to be a competent vector of at least
22 arboviruses, including dengue and chikungu-
nya (Gratz 2004, Bonizzoni et al. 2013). The risk
for local transmission in Europe is not simply
theoretical, as was shown by the outbreak of
chikungunya in the Emilia–Romagna region of
Italy in 2007, where at least 205 cases were
identified between July 4 and September 27, 2007
(Rezza et al. 2007). Aedes albopictus is also a
competent vector for both species of the dog
heartworm, Dirofilaria immitis Leidy and D.
repens Railliet and Henry (Cancrini et al. 2003;
Cancrini et al. 2007).

Once Ae. albopictus becomes established, it is
very difficult to eliminate (Enserink 2008). Even
attempts instituted shortly after discovery are
often unsuccessful (Peacock et al. 1988, Wheeler
et al. 2009). The few successful eradication
campaigns reported have involved quick reac-
tions with adequate resources directed toward
very focal introductions (Eads 1972, Jardina
1990, Moore 1999). Efforts to control mosquitoes
are usually conducted through an integrated
vector management (IVM) strategy that includes
breeding site reduction, larviciding, and adulti-
ciding (Rose 2001, Erlanger et al. 2008, Abra-
mides et al. 2011). Many studies have shown that
adulticide applications are effective for only a
short period of time, and treated areas are
soon reinfested (Estrada-Franco and Craig
1995, Amoo et al. 2008, Alimi et al. 2013). The
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problem local mosquito control agencies face
with Ae. albopictus is that it lives and breeds in
very heterogeneous peridomestic habitats: dis-
carded automobile tires, trash, tree holes, catch
basins, ornamental plant saucers, rain barrels,
rain gutters, and corrugated extension spouts
(Hawley 1988, Reiter 1998, Pena et al. 2003,
Richards et al. 2008, Unlu et al. 2014). These
various types of breeding sites are often difficult
to locate. In the Brazilian municipality of
Cosmopolis, strong efforts to eliminate breeding
sites led to a significant reduction in populations
of the main dengue vector, Ae. aegypti (L.), but
Ae. albopictus was not significantly impacted
(Gomes et al. 2005). Richards et al. (2008)
showed that source reduction carried out at
monthly intervals achieved temporary suppres-
sion of Ae. albopictus immature mosquitoes, but
container habitats refilled by rainfall or residen-
tial water were rapidly repopulated by mosquitoes
emerging from such habitats (tarps, bird baths,
and plant pot receptacles) and were difficult to
eliminate.

An alternative approach to control local mos-
quito populations involves the use of attractive
traps or insecticide-treated baits. This tactic has
been shown to work well for Hippelates (eye
gnats), tsetse flies, tabanids, and Stomoxys (stable
flies) (Day and Sjogren 1994). Measures to control
tsetse flies (Glossinidae) with traps or insecticide-
treated targets have shown impressive results
(Vale et al. 1986, Dransfield et al. 1990, Knols
et al. 1993, Esterhuizen et al. 2006), but tsetse flies
have an unusual life cycle compared with other
Diptera and have an extremely low intrinsic rate
of population increase (Hargrove 1988). Few
studies have been conducted to assess the possi-
bility of controlling mosquito populations by use
of mosquito traps or insecticide-treated baits. In
their controlled experiment in Brazil, Perich et al.
(2003) demonstrated that the deployment of
insecticide-treated ovitraps led to a significant
reduction of larvae in known breeding sites of
both Ae. aegypti and Ae. albopictus. In the USA,
use of CO2-baited Centers for Disease Control
and Prevention (CDC) light traps led to signifi-
cant reduction of the dark ricefield mosquito,
Psorophora columbiae (Dyar and Knab) (Lothrop
and Husted 1997). As well, Kline (2006) reported
significant reduction of the black salt marsh
mosquito, Ae. taeniorhynchus (Wiedmann), through
distribution of the Mosquito MagnetH Pro trap on a
group of islands in the Gulf of Mexico.

Mark–release–recapture studies suggest that
Ae. albopictus has a limited flight range (Rosen
et al. 1976, Niebylski and Craig 1994, Lacroix
et al. 2009, Marini et al. 2013), whether this
species is seeking hosts or breeding sites. This
factor, together with its moderate abundance
compared to mosquitoes that experience mass
emergence, such as floodwater mosquitoes, would

seem to indicate that Ae. albopictus is a good
candidate for a ‘‘control by traps’’ experiment.
The BG-Sentinel mosquito trap, by virtue of its
superior catch rates for Asian tiger mosquitoes of
both sexes, as demonstrated in several studies
(Kröckel et al. 2006, Meeraus et al. 2008, Drago
et al. 2012), appears to be a promising tool for
such an experiment. A preliminary study con-
ducted in a greenhouse showed that the BG-
Sentinel trap has the potential to eradicate an
isolated population of Ae. aegypti (Almeida et al.,
2010). The goal of our study was to determine if it
is possible to reduce biting rates of Ae. albopictus
and to reduce local populations in small defined
areas with BG-Sentinel mosquito traps.

MATERIALS AND METHODS

Study design, location, and duration

In a prospective controlled experiment, we
compared adult mosquito abundance by human
landing collections (HLC) and ovitrap egg
collections at 3 intervention sites (IS) and 3
matched control sites (CS). The study duration
was 16 wk from the end of June to October 2008
(calendar weeks 26 to 41). All study sites were
located in the municipality of Cesena, Emilia–
Romagna region, Italy, and were therefore
climatically comparable, with only modest vari-
ation in their altitude (23–45 m) above sea level.
Intervention and control sites were matched for
the criteria of urbanization and surface vegeta-
tion. Additionally, Ae. albopictus populations at
all sites were well established based on ovitrap
monitoring in previous years (C. Venturelli,
unpublished data). Both sites of pair 1 were
located on the periphery of Cesena, in districts
characterized by single-family houses surrounded
by gardens. The study sites of pair 2 were both
situated in the urban cemetery of Cesena and
separated by a distance of ,100 m. The paired
cemetery sites were additionally separated from
each other by a wall, measuring approximately
6 m high and 5 m wide. Sites of pair 3 were
located closer to the center of Cesena in areas
dominated by apartment houses. Figure 1 shows
the location of the 3 paired sites in this study. All
study sites were examined before the beginning of
our investigation for potential or active Ae.
albopictus breeding sites.

Intervention

Biogents BG-Sentinel mosquito traps (Biogents
AG, Regensburg, Germany) were used as inter-
ventional traps. Based on the availability of
electrical power, vegetation, and security, each
trap was positioned to cover an area between 150
and 350 m2. The BG-Sentinel is a collapsible white
plastic cylindrical container with an open top,
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which is covered and fitted with white gauze.
Suspended in the center of the trap opening, there
is a black cylinder with an attached catch bag. A12-
V fan below the catch bag creates a draft that sucks
in the mosquitoes. The air stream also creates an
air current through and around the trap that is
similar to convection currents generated by the
human body. Each trap was equipped with a BG
Lure (lactic acid, ammonia, and hexanoic acid).
The lure has a lifetime of 5 months and produces an
artificial cocktail of odor components that have
been identified on human skin. No carbon dioxide
was used in this study as a supplemental attractant.
Intervention sites were supplied with 7 (IS1) or 8
(IS2 and IS3) BG-Sentinel mosquito traps. Inter-
ventional traps were continuously active during the
entire study period and were placed around houses
(IS1 and IS3), or in a network between graves at
the cemetery (IS2), with intertrap distances be-
tween 5 and 10 m. Intervention traps were emptied
daily, and the mosquitoes collected were identified,
sexed, and counted. The matched control sites
received no intervention measures.

Outcome measurement

The primary outcome of the study was the
effect of BG-Sentinel mosquito traps on nuisance
biting by Ae. albopictus, directly measured by
HLC. The secondary outcome was measurement

of the abundance of Ae. albopictus eggs through
ovitrap collections. Human landing collections
were initiated during wk 26 and continued
through wk 41. Collections were performed once
weekly at the beginning (wk 26–37) and twice
weekly during the later course of the study (wk
38–41) for 1.5 h at each intervention and control
site. A permanent HLC monitoring location that
provided shade and wind protection was estab-
lished at all 6 sites. In the intervention sites, the
HLC monitoring location was established at a
distance of at least 5 m from the nearest
interventional trap. The same person performed
all HLC measurements during late afternoon and
early evening between 4 and 7 p.m. The order in
which HLC measurements were performed at the
6 sites was randomized each week to avoid any
time-of-day bias in biting activity. Mosquitoes
landing on the investigator’s lower legs were
collected in acrylic glass tubes and removed from
the study site for identification and processing.
Only mosquitoes actually caught were counted in
the totals. Ovitraps for monitoring Ae. albopictus
in Italy have been described by Bellini et al.
(1996) and are in common and widespread use for
detecting container-breeding mosquitoes, espe-
cially those in subgenus Stegomyia. Ovitrap
collections were initiated during calendar wk 27
and continued through wk 41. Two ovitraps were
placed at each of the 6 experimental sites and

Fig. 1. Satellite image of the 3 intervention (circles) and 3 control sites (square boxes) in the city of Cesena,
Emilia–Romagna, Italy.
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monitored on a weekly basis for eggs of Ae.
albopictus. The ovitraps were placed at ground
level in shaded positions close to vegetation and
separated by a distance of at least 10 m. Figure 2
illustrates IS1 with locations of the BG-Sentinel
traps, ovitraps, and the position where HLC
measurements were performed.

Statistical analyses: Statistical analyses were
carried out with R, version 2.14.0 (R Develop-
ment Core Team 2011). Considering the non-
normal distribution of data from both the human
landing and ovitrap collections (assessed visually
by density curves plotted with R and statistically
by Shapiro and Wilk’s W test for normality;
Shapiro and Wilk 1965 [not shown]), nonpara-
metric, one-sided Wilcoxon rank sum and signed
rank tests (Wilcoxon 1945; Mann and Whitney
1947) were performed to examine statistically
significant differences between intervention and
control sites. To ascertain seasonal changes
during the course of this investigation, the study
duration was divided into 4 phases that were
considered individually in addition to the overall
data for analysis. An alpha level of 0.05 was
chosen for significance, and to correct for
multiple testing, the Benjamini and Hochberg
false discovery rate (FDR) method (Benjamini
and Hochberg 1995) was applied. Plots were
prepared with R by use of the Plotrix library
(Lemon 2006).

Ethical considerations

Human landing collections were conducted
with the awareness of potential disease transmis-
sion by Ae. albopictus bites. The human collector
was fully informed of potential risks, gave
consent, and was in constant contact with local
health authorities. During the course of this
study, no transmission of mosquito-borne diseas-
es was reported by local authorities for the area in
which the study was conducted.

RESULTS

In total, 8,471 female and 4,973 male Ae.
albopictus mosquitoes were caught in intervention
traps. Figure 3 shows the weekly number of Ae.
albopictus females removed from the population
by traps at the intervention sites over the 16-wk
study. Large numbers of Culex mosquitoes were
also collected, especially during wk 26 through
32.

Human landing collections

A pronounced difference was observed in the
number of mosquitoes landing per unit of time at
the intervention sites compared to the control
sites. The total number of female Ae. albopictus
individuals collected in HLC over the course of
the study at the intervention sites was 128 during
94.5 h of collection time, compared to 1,004
during 90.0 h at the control sites. This corre-
sponds to an overall reduction in nuisance biting,
directly measured by HLC, of 87%. At the
beginning of the study, HLC measurements were
only slightly different in both groups, but by wk
30, the HLC rates began to markedly increase in
the control sites. Significantly fewer biting Ae.
albopictus individuals were collected at all inter-
vention sites during every phase of the study, with
the exception of wk 26 to 29 in pair one, when no
collections were made at the corresponding
control site (CS1). Overall median numbers of
biting females collected were 1 (range 0–14) and
11 (range 0–97) per 1.5 h at the intervention and
control sites, respectively. The median numbers
of HLC Ae. albopictus females for each of the
paired sites for the 4 time phases and the
combined number over the course of the study,
with the corresponding and adjusted P-values,
are shown in Table 1. Figure 4 shows the weekly
median number (with interquartile range) of Ae.
albopictus females captured in HLCs per 1.5 h
collection period in intervention and control sites

Fig. 2. Satellite image of intervention site 1 showing
the location of BG-Sentinel trap (black circles, ‘‘T’’),
ovitrap (white squares, ‘‘OT’’), and human landing
collection (white circle, ‘‘HLC’’) sampling locations.

Fig. 3. Total number of female Aedes albopictus and
Culex spp. individuals collected each week in interven-
tion traps over the 16-wk study.
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over the course of the study. Biting activity
peaked during wk 36 at both the control and
intervention sites. No collections were made
during wk 37.

Ovitraps

In total, about 2,000 eggs were collected at the
intervention sites, whereas about 6,000 eggs were
collected at the control sites. This equates to a
reduction of 64% in eggs deposited at sites with
traps compared to sites without traps. Weekly
collections of eggs deposited in ovitraps were

divided into four phases: from wk 28 to 31, 32 to
35, 36 to 39, and 40 to 41 (Table 2). In the first
phase, there were slightly more eggs collected at
intervention sites compared to control sites (251
vs. 221). The median number of eggs collected at
intervention sites was significantly lower com-
pared to areas without traps in the 2nd and 4th
phases and considerably lower, although not
statistically significant, in the 3rd phase. Also,
comparisons of the 2 cemetery sites (IS2 and CS2)
with the lowest abundance yielded no statistically
significant difference. Over the entire study,
intervention sites collected significantly fewer
Ae. albopictus eggs than control sites (2,147 vs.
6,002; P 5 0.00009). The number of eggs laid in
ovitraps peaked in wk 35 in the intervention sites
and in wk 37 in the control sites. Figure 5 shows
the weekly median number of Ae. albopictus eggs
collected throughout the study.

DISCUSSION

This field study indicates that the use of
efficient mosquito traps can reduce Ae. albopictus
biting activity locally. A highly significant reduc-
tion of about 87% in HLCs was observed at
intervention sites compared to sites where no
traps were placed. This is a significant decrease in
nuisance biting that could also potentially reduce
exposure to vector-borne pathogens and lower
the risk of disease transmission. Continued
operation of traps throughout the mosquito

Fig. 4. Weekly median number of Aedes albopictus
individuals collected per 1.5 h using human landing
collection from intervention and control sites. Error
bars represent the interquartile range.

Table 1. Median number of Aedes albopictus females collected per 1.5 h using human landing collection at paired
intervention and control sites.1

Intervention Control

Pair Weeks
Median
(range) n fem n Hours

Median
(range) n fem n Hours Raw P

26–29 5 (4–6) 10 2 3 NA – – – NA
30–33 2.5 (1–4) 10 4 6 11 (9–16) 62 5 7.5 1.95E-02*

1 34–37 7 (0–14) 35 5 7.5 22.5 (7–36) 132 6 9 2.81E-02*
38–41 1 (0–5) 11 7 10.5 8 (2–12) 56 7 10.5 8.30E-03*

Overall 2.5 (0–14) 66 18 27 11 (2–36) 250 18 27 5.63E-05*
26–29 2 (0–4) 8 5 7.5 5 (4–13) 33 5 7.5 2.08E-02*
30–33 1 (0–2) 6 5 7.5 7 (3–14) 39 5 7.5 1.17E-02*

2 34–37 2 (0–4) 8 4 6 9 (6–12) 36 4 6 2.94E-02*
38–41 0 (0–1) 2 8 12 1 (0–3) 10 8 12 3.46E-02*

Overall 1 (0–4) 24 22 33 4.5 (0–14) 118 22 33 1.18E-04*
26–29 1 (0–2) 3 3 4.5 8 (8–8) 8 1 1.5 2.38E-02*
30–33 1.5 (1–4) 11 6 9 17 (8–22) 94 6 9 4.70E-03*

3 34–37 2 (0–7) 19 6 9 56 (15–97) 275 5 7.5 7.83E-03*
38–41 0 (0–2) 5 8 12 25.5 (8–65) 259 8 12 7.78E-04*

Overall 1 (0–7) 38 23 34.5 20 (8–97) 636 20 30 1.90E-08*
All 26–29 2 (0–6) 21 10 15 6 (4–13) 41 6 9 7.08E-03*
All 30–33 2 (0–4) 27 15 22.5 10.5 (3–22) 195 16 24 3.26E-06*
All 34–37 2 (0–14) 62 15 22.5 19 (6–97) 443 15 22.5 5.75E-05*
All 38–41 0 (0–5) 18 23 34.5 8 (0–65) 325 23 34.5 8.27E-06*
Overall Overall 1 (0–14) 128 63 94.5 11 (0–97) 1004 60 90 2.96E-14*

1 n fem, total number of female Ae. albopictus collected; n, number of measurements, Hours, total collection time, raw P, P-value
retrieved by u-test.

* Significant after correction for multiple testing.
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season might also have a long-term effect on the
local mosquito population. At our intervention
sites, the number of Ae. albopictus eggs laid in
ovitraps was reduced by an average of 64%
(range 49–66%) compared to control sites with-
out traps. Considering the total numbers of eggs
laid at intervention and control sites, the failure
to show significance in single-site comparisons
might be due to statistical-power issues. We
hypothesize that improved trap performance
could lower the number of traps needed to
provide the desired protection. A recent study in
Puerto Rico by Barrera et al. (2013) showed that
by modifying the BG-Sentinel with a black outer

covering and using a BG Lure, significantly
more Ae. aegypti, Ae. mediovittatus (Coquillett),
and Culex quinquefasciatus Say individuals were
collected under field conditions than with the
standard trap. The average trap density of 1 trap
per 150–350 m2 used by Barrera et al. (2013) was
the same used in the present study. In our study,
we also observed that trap placement is very
important. Even in the small area of a typical
Italian residence with garden, there were spots
with higher mosquito densities and spots where
mosquitoes occurred in lower numbers. It re-
mains a challenge to define the common charac-
teristics for optimum trap placement (Crepeau et
al. 2013) under variable environmental condi-
tions, and further studies are needed to determine
the relationship between the number of traps
deployed and the level of reduction in HLC.

Randomization is an important strategy to
control confounding variables in experiments. In
our study, randomization of study sites was not
possible due to infrastructural issues such as
availability of electricity, access to properties, and
acceptance by neighboring inhabitants. However,
pairs of intervention and control sites were
matched for selected characteristics to reduce
the risk of baseline differences and to ensure
comparability in effect-determining variables.
Matching was performed on the basis of level of
urbanization and attributed surface vegetation.
Additionally, the study sites were all examined
for active or potential breeding sites before our
investigation began. At the cemetery sites, small

Table 2. Median number of Ae. albopictus eggs collected from ovitraps at paired intervention and control sites.1

Intervention Control

Pair Weeks
Median
(range) Eggs n

Median
(range) Eggs n Raw P

26–29 8 (0–21) 51 6 55 (25–85) 110 2 7.14E-02
30–33 21.5 (2–64) 208 8 112 (47–242) 991 8 3.11E-04*

1 34–37 36 (7–102) 376 8 73 (52–277) 816 8 4.58E-02
38–41 0 (0–42) 73 8 6.5 (0–87) 145 8 2.98E-01

Overall 15.5 (0–102) 708 30 73 (0–277) 2,062 26 5.33E-04*
26–29 0.5 (0–9) 18 6 7 (0–15) 32 5 3.99E-01
30–33 15 (0–22) 96 8 24 (6–54) 208 8 5.80E-02

2 34–37 8 (0–41) 108 8 15 (0–72) 192 8 4.61E-01
38–41 1 (0–8) 18 8 2 (0–21) 37 8 6.94E-01

Overall 4 (0–41) 240 30 7 (0–72) 469 29 7.61E-02
26–29 26 (4–77) 182 6 19 (4–37) 79 4 6.69E-01
30–33 55 (12–107) 470 8 97 (7–276) 1,009 8 2.79E-01

3 34–37 56 (22–158) 501 8 297 (25–522) 2,011 8 4.03E-02
38–41 5 (0–14) 46 8 41.5 (9–84) 372 8 1.87E-03*

Overall 30 (0–158) 1199 30 67 (4–522) 3,471 28 9.34E-03*
All 26–29 8 (0–77) 251 18 10 (0–85) 221 11 3.79E-01
All 30–33 20.5 (0–107) 774 24 68.5 (6–276) 2,208 24 3.89E-03*
All 34–37 31 (0–158) 985 24 66.5 (0–522) 3,019 24 2.73E-02
All 38–41 1 (0–42) 137 24 8 (0–87) 554 24 1.28E-02*
Overall Overall 12.5 (0–158) 2147 90 28 (0–522) 6,002 83 9.34E-05*

1 Eggs, total number of eggs counted; n, number of ovitraps considered; raw P, P-value retrieved by u-test.
* Significant after correction for multiple testing.

Fig. 5. Median number of Aedes albopictus eggs
collected per week in ovitraps from intervention and
control sites. Error bars represent the interquartile
range.
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water containers, such as flower vases, had been
filled with sand during an anti–breeding site
action initiated by the local authorities just prior
to our arrival. However, during the study, active
breeding sites (water drains) were detected near or
within IS2 but not at CS2. At IS1 and the
matched CS1, no active or potential breeding
sites were identified. At both IS3 and CS3, active
breeding sites were detected during the study:
Drains at the road near IS3 and drains at a car
park near CS3 produced moderate to high
numbers of Ae. albopictus larvae. These breeding
sites might explain the extraordinarily high
landing rates (a maximum of 97 in 1.5 h) at
CS3 and the larger variance observed in the
median HLC values during wk 34–36.

Mosquito traps have been key components of
many mosquito control programs; however, they
have been almost exclusively used as surveillance
tools (Kline 2006). Only a few field studies have
been conducted to evaluate traps as a means of
reducing mosquito populations, and the majority
of these involved floodwater or saltmarsh species.
In California, the deployment of CO2-baited
CDC light traps caused a significant reduction
of biting Ps. columbiae around a date palm grove
(Lothrop and Husted 1997). Kitau et al. (2010)
demonstrated the effectiveness of Mosquito
MagnetH Liberty Plus traps under semifield
conditions to reduce human biting rates of
previously released Anopheles gambiae Giles and
Cx. quinquefasciatus in experimental screen en-
closures in Tanzania. The use of semifield
enclosures and limited numbers of released
mosquitoes could be considered analogous to
isolated populations. Using Mosquito Magnet
Liberty Plus traps at public recreational areas in
British Columbia, Canada, Jackson et al. (2012)
observed a significant reduction in nuisance Ae.
vexans (Meigen) and Ochlerotatus sticticus (Mei-
gen). In an earlier study, Henderson et al. (2006)
also evaluated propane-powered traps to reduce
biting pressure from Ae. vexans and Oc. sticticus
in Manitoba, Canada. While over 2 million
mosquitoes were collected in 4 traps over 2 years,
they detected no reduction in biting activity in the
area around the traps. However, Ae. vexans and
Oc. sticticus are typical mass-breeding floodwater
mosquito species with long flight ranges (Brust
1980, Bogojević et al. 2007). Whether control of
these species by traps is possible seems to depend
on how traps are arranged and how the nuisance
factor is measured. Smith et al. (2010), using
multiple Mosquito Magnet X (MM-X) traps
baited with CO2 and octenol, also reported a
failure to reduce populations of An. crucians
Weidmann, Oc. taeniorhynchus, Cx. salinarius
Coquillett, and Cx. erraticus Dyar and Knab in
Florida. The MM-X traps did not significantly
reduce mosquito numbers compared to control
sites. Kline and Lemire (1998) evaluated a single

line barrier consisting of 52 CDC-type traps
baited with CO2 and octenol on Key Island,
Florida. While they were unable to show a
statistically significant reduction in mosquito
numbers, there was a definite trend toward
reduced mosquito abundance within the area
designated for protection. Based on these studies,
it would appear that more traps, a smaller
treatment area, and/or a relatively isolated and
low population density of the target mosquito
species are key factors in the success of mass
trapping to reduce mosquito populations.

The situations described in previous papers are
markedly different from those encountered in
areas infested by Ae. albopictus. Fonseca et al.
(2013) noted that Ae. albopictus exhibited low
autonomous dispersal in New Jersey and that
populations can remain very local even across
highly homogeneous urban environments. Aedes
albopictus populations also never approach those
of mass emergence floodwater/saltmarsh species.
These characteristics could favor the concept of
mass trapping. In a recent study conducted in
Manaus, Brazil (Degener et al. 2014), mass
trapping with BG-Sentinel traps deployed at an
average density of one per 385 m2 significantly
reduced the abundance of adult female Ae.
aegypti during the first 5 rainy months of the
study. No effect of mass trapping was observed in
the subsequent dry season when populations were
lower, and although fewer Ae. aegypti females
were collected in the mass trapping areas
compared to the control areas during the next
rainy period, the differences were not significant.

The public continues to demand environmen-
tally safer alternatives to broad-spectrum insecti-
cides, and mass trapping could help satisfy this
desire. For a mass trapping effort to be success-
ful, traps should have the capability to attract
large numbers and capture a high proportion of
the attracted mosquitoes. Attractant lures should
be optimized for blend composition and dose to
maximize their attractiveness to the target species.
Trap density should also be optimized to provide
maximum coverage of areas designated for
protection (El-Sayed et al. 2006).

Mass trapping with the BG-Sentinel as a lure
and kill component could serve as the core of
an IVM program. Source reduction has been
a primary component of many Ae. albopictus
control efforts (Abramides et al. 2011, Fonseca et
al. 2013). In the Brazilian municipality of
Cosmopolis, strong efforts to eliminate breeding
sites led to a significant reduction in populations
of the main dengue vector, Ae. aegypti, but Ae.
albopictus was not significantly impacted (Gomes
et al. 2005). In Italy, Caputo et al. (2012) tested
the feasibility of using autodissemination stations
treated with pyriproxifen to contaminate Ae.
albopictus larval breeding sites (lure and contam-
inate) and prevent adult emergence. This technique
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holds promise for controlling Ae. albopictus in
cryptic locations that are difficult to identify and
treat. Other researchers have recently developed
traps targeting gravid female Aedes mosquitoes
that also show promise for incorporation into an
IVM program (Barrera et al. 2014, Eiras et al.
2014, Ritchie et al. 2014). These lure and kill
traps have the added benefit that they do not
require any external power or additional attrac-
tants. Combining effective traps with other
innovative control techniques in an IVM pro-
gram could increase the likelihood of reducing
Ae. albopictus populations in urban and subur-
ban environments.

In our study, we focused on ‘‘trap-control’’ of
Ae. albopictus, utilizing the ‘‘gold standard’’ trap
for that species in small, defined areas. We
systematically assessed data over a period of
16 wk by 2 different methods, HLC and ovitraps.
Data obtained by both methods were consistent.
Aedes albopictus in Italy is not a mass occurrence
species (Carrieri et al. 2011, Cianci et al. 2013).
Thus, total numbers of Ae. albopictus females
caught in interventional traps might appear low
compared to numbers collected in other mass-
trapping experiments on floodwater or saltmarsh
species (Kline 2006, Henderson et al. 2006, Smith
et al. 2010, Jackson et al. 2012).

We conclude that our trial reveals strong
evidence that the continuous utilization of
multiple BG-Sentinel traps is able to significantly
reduce the nuisance of Ae. albopictus in localized
suburban and urban environments.

ACKNOWLEDGMENTS

The authors thank Richard Robbins, Armed
Forces Pest Management Board, for his critical
review of the manuscript. Authors Scott Gordon,
Martin Geier, and Andreas Rose are employed
by Biogents AG, Regensburg, Germany.

REFERENCES CITED

Abramides GC, Roiz D, Guitart R, Quintanad S,
Guerrero I, Gimenez N. 2011. Effectiveness of a
multiple intervention strategy for the control of the
tiger mosquito (Aedes albopictus) in Spain. Trans R
Soc Trop Med Hyg 105:281–288.

Alimi TO, Qualls WA, Roque DD, Naranjo DP,
Sampson DM, Beier JC, Xur RD. 2013. Evaluation
of a new formulation of permethrin applied by water-
based thermal fogger against Aedes albopictus in
residential communities in St. Augustine, Florida.
J Am Mosq Control Assoc 29:49–53.

Almeida SJ, Ferreira RPM, Eiras AD, Obermayr RP,
Geier M. 2010. Multi-agent modeling and simulation
of an Aedes aegypti mosquito population. Environ
Model Softw 25:1490–1507.

Amoo AOJ, Xue RD, Qualls WA, Quinn BP, Bernier
UR. 2008. Residual efficacy of field-applied permeth-
rin, d-phenothrin, and resmethrin on plant foliage

against adult mosquitoes. J Am Mosq Control Assoc
24:543–549.

Barrera R, Amador M, Acevedo V, Caban B, Felix G,
Mackay AJ. 2014. Use of the CDC autocidal gravid
ovitrap to control and prevent outbreaks of Aedes
aegypti (Diptera: Culicidae). J Med Entomol 51:
145–154.

Barrera R, Mackay AJ, Amador M. 2013. An improved
trap to capture adult container-inhabiting mosqui-
toes. J Am Mosq Control Assoc 29:358–368.

Bellini R, Carrieri M, Burgio G, Bacchi M. 1996.
Efficacy of different ovitraps and binomial sampling
in Aedes albopictus surveillance activity. J Am Mosq
Control Assoc 12:632–636.

Benedict MQ, Levine RS, Hawley WA, Lounibos LP.
2007. Spread of the tiger: global risk of invasion by
the mosquito Aedes albopictus. Vector-Borne Zoonot
7:76–85.

Benjamini Y, Hochberg Y. 1995. Controlling the false
discovery rate: a practical and powerful approach to
multiple testing. J R Stat Soc B 57:289–300.
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Entomol 46:1117–1124.

Lemon J. 2006. Plotrix: a package in the red light
district of R. R-News 6(4):8–12.

Lothrop BB, Husted S. 1997. Carbon dioxide baited
CDC style traps used to control Psorophora colum-
biae (Dyar & Knab) in the Coachella Valley. Proc
Papers Mosq Vect Control Assoc CA 65:66–67.

Mann HB, Whitney DR. 1947. On a test of whether one
of two random variables is stochastically larger than
the other. Ann Math Statist 18:50–60.

Marini F, Caputo B, Pombi M, Tarsitani G, della Torre
A. 2013. Study of Aedes albopictus dispersal in Rome,
Italy, using sticky traps in mark–release–recapture
experiments. Med Vet Entomol 24:361–368.

Medlock JM, Hansford KM, Schaffner F, Versteirt V,
Hendrickx G, Zeller H, Van Bortel W. 2012. A review
of the invasive mosquitoes in Europe: ecology, public
health risks, and control options. Vector-Borne Zoonot
12:435–437.

Meeraus WH, Armistead JS, Arias JR. 2008. Field
comparison of novel and gold standard traps for

24 JOURNAL OF THE AMERICAN MOSQUITO CONTROL ASSOCIATION VOL. 31, NO. 1



collecting Aedes albopictus in northern Virginia. J Am
Mosq Control Assoc 24:244–248.

Moore CG. 1999. Aedes albopictus in the United States:
current status and prospects for further spread. J Am
Mosq Control Assoc 15:221–227.

Niebylski ML, Craig GB Jr. 1994. Dispersal and
survival of Aedes albopictus at a scrap tire yard in
Missouri. J Am Mosq Control Assoc 10:339–343.

Peacock BE, Smith JP, Gregory PG, Loyless TM,
Mulrennen JA Jr, Simmonds PR, Padgett L Jr, Cook
EK, Eddins TR. 1988. Aedes albopictus in Florida.
J Am Mosq Control Assoc 4:362–365.

Pena CJ, Gonzalvez G, Chadee DD. 2003. Seasonal
prevalence and container preferences of Aedes
albopictus in Santo Domingo City, Dominican
Republic. J Vect Ecol 28:208–212.

Perich MJ, Kardec A, Braga IA, Portal IF, Burge R,
Zeichner BC, Brogdon WA, Wirtz RA. 2003. Field
evaluation of a lethal ovitrap against dengue vectors
in Brazil. Med Vet Entomol 17:205–210.

R Development Core Team. 2011. R: A language and
environment for statistical computing [Internet].
Vienna, Austria: R Foundation for Statistical Com-
puting [accessed 15 January 2015]. Available from:
http://www.R-project.org/.

Reiter P. 1998. Aedes albopictus and the world trade in
used tires. 1988–1995: the shape of things to come? J
Am Mosq Control Assoc 14:83–94.

Rezza G, Nicoletti L, Angelini R, Romi R, Finarelli
AC, Panning M, Cordioli P, Fortuna C, Boros S,
Magurano F, Silvi G, Angelini P, Dottori M,
Ciufolin MG, Majori GC, Cassone A. 2007. Infection
with chikungunya virus in Italy: an outbreak in a
temperate region. Lancet 370(9602):1840–1846.

Richards SL, Ghosh SK, Zeichner BC, Apperson CS.
2008. Impact of source reduction on the spatial
distribution of larvae and pupae of Aedes albopictus
(Diptera: Culicidae) in suburban neighborhoods of a
piedmont community in North Carolina. J Med
Entomol 45:617–628.

Ritchie SA, Buhagiar TS, Townsend M, Hoffmann A,
van den Hurk AF, McMahon JL, Eiras AE. 2014.
Field validation of the gravid Aedes trap (GAT)
for collection of Aedes aegypti (Diptera: Culicidae).
J Med Entomol 51:210–219.

Rose RI. 2001. Pesticides and public health: integrated
methods of mosquito management. Emerg Infect Dis
7:17–23.

Rosen L, Rozeboom LE, Reeves WC, Saugrain J,
Gubler DJ. 1976. A field trial of competitive
displacement of Aedes polynesiensis by Aedes albo-
pictus on a Pacific atoll. Am J Trop Med Hyg
25:906–913.

Scholte EJ, Schaffner F. 2007. Waiting for the tiger:
establishment and spread of the Aedes albopictus
mosquito in Europe. In: Takken W, Knols BGJ, eds.
Emerging pests and vector-borne diseases in Europe. 1.
Wageningen, The Netherlands: Wageningen Aca-
demic Publishers. p 241–260.

Shapiro SS, Wilk MB. 1965. An analysis of variance test
for normality (complete samples). Biometrika 52:
591–611.

Smith JP, Cope EH, Walsh JD, Hendrickson CD. 2010.
Ineffectiveness of mass trapping for mosquito control
in St. Andrews State Park, Panama City Beach,
Florida. J Am Mosq Control Assoc 26:43–49.

Unlu I, Faraja A, Indelicato N, Fonseca DM. The
hidden world of Asian tiger mosquitoes: immature
Aedes albopictus (Skuse) dominate in rain water
corrugated extension water spouts. Trans R Soc Trop
Med Hyg 108:699–705.

Vale GA, Hargrove JW, Cockbill GF, Phelps RJ. 1986.
Field trials of baits to control populations of Glossina
morsitans Westwood and G. pallidipes Austen (Dip-
tera: Glossinidae). Bull Entomol Res 76:179–193.

Wheeler AS, Petrie WD, Malone D, Allen F. 2009.
Introduction, control, and spread of Aedes albopictus
on Grand Cayman Island, 1997–2001. J Am Mosq
Control Assoc 25:251–259.

Wilcoxon F. 1945. Individual comparisons by ranking
methods. Biometrics Bull 1:80–83.

MARCH 2015 EVALUATION OF BG-SENTINEL TRAP IN ITALY 25


