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Development of the BG-Malaria trap as an alternative to
human-landing catches for the capture of Anopheles darlingi
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Although the human-landing catch (HLC) method is the most effective for collecting anthropophilic anophelines,
it has been increasingly abandoned, primarily for ethical considerations. The objective of the present study was to
develop a new trap for the collection of Anopheles darlingi. The initial trials were conducted using the BG-Sentinel
trap as a standard for further trap development based on colour, airflow direction and illumination. The perfor-
mance of the trap was then compared with those of the CDC, Fay-Prince, counterflow geometry trap (CFG) and
HLC. All trials were conducted outdoors between 06:00 pm-08:00 pm. Female specimens of An. darlingi were dis-
sected to determine their parity. A total of 8,334 anophelines were captured, of which 4,945 were identified as An.
darlingi. The best trap configuration was an all-white version, with an upward airflow and no required light source.
This configuration was subsequently named BG-Malaria (BGM). The BGM captured significantly more anophelines
than any of the other traps tested and was similar to HLC with respect to the number and parity of anophelines. The
BGM trap can be used as an alternative to HLC for collecting anophelines.
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The most common technique for the capture of an-
thropophilic anophelines is human-landing catches
(HLC), which is highly efficient, primarily due to the
mosquito-attracting odours emitted by the human body
(Clements 1992). While this method may be the most
effective means of collecting anophelines, it involves a
number of ethical considerations and has been opposed
increasingly by Brazilian authorities in recent years [The
Federal Public Ministry (noticias.pgr.mpf.gov.br)].

A number of different types of traps have been devel-
oped or adapted to monitor anthropophilic anophelines,
including the CDC and Shannon traps, the Odour-baited
entry traps, Light-Bed net trap, Mosquito Magnet X
(MMX)-trap, the Furvela, Ifakara and Mbita traps and
the Mosquito Magnet (Charlwood et al. 1986, Costantini
et al. 1993, Service 1993, Mathenge et al. 2002, Njiru
et al. 2006, Qiu et al. 2007, Govella et al. 2009, Kweka
& Mahande 2009, Sikulu et al. 2009, Rubio-Palis et al.
2012). The basic trap principles are based on the use of
illumination, natural or synthetic human odours and/or
specific colours to attract the insects. However, none of
the available traps have proven to be as sensitive or ef-
ficient as HLC, particularly with respect to the parity of
the female specimens collected. In general, the traps col-
lect a relatively large proportion of nulliparous females,
whereas HLC attracts both parous and nulliparous fe-
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males, thus providing a more reliable sample of the dy-
namics of the local female population. Reliable data on
the parity and physiological age of females are extremely
important for the evaluation of populations and the de-
velopment of effective control measures by local health
authorities (OMS 1975).

Whereas odours play a fundamental role in the at-
traction of Culicidae by humans, some studies have
shown that visual characteristics, such as colour and
contrast, are also important. Thus, Service (1993) has
recommended that the physical characteristics of traps
should also be considered carefully.

The BG-Sentinel trap (BGS) was developed at the Uni-
versity of Regensburg in Germany and attracts mosqui-
toes by simulating the odours and colouration of the host
animal (Kroeckel et al. 2006). This device has proven to
be relatively effective for the collection of African anophe-
lines under semi-natural conditions (Schmied et al. 2008),
as well as a number of other Culicidae in the field (Kr-
oeckel et al. 2006, Maciel-de-Freitas et al. 2007, Williams
et al. 2007). However, during preliminary field trials in
2005 in Porto Velho, in the Brazilian state of Rondonia
(RO), the BGS was relatively ineffective for the collection
of anthropophilic anophelines in general, and Anopheles
darlingi in particular, of which only a single specimen was
collected (unpublished observations). This species is of
particular interest because it is the main vector of Plasmo-
dium, which causes human malaria in Brazil.

Therefore, the aim of this work was to modify the
BGS to improve its efficiency for the capture of anophe-
lines in the Amazon Region, particularly An. darlingi.
The performance of the new prototype, denominated
BG-Malaria (BGM) (patent pending), was compared
with other techniques for the capture of anophelines.
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MATERIALS AND METHODS

Study sites - The experiments were conducted dur-
ing June and July in 2007 and 2008 in the rural com-
munities of Mato Grosso (08°49°09”’S 63°56°15”W) and
Séo Jodo (08°44°40’S 63°56°40”W), which are located in
the municipality of Porto Velho, North Region of Brazil.
The field trials were conducted in dense woods typical
of the local tropical forest, which were characterised by
an abundance of permanent mosquito breeding grounds,
including rivers, creeks and lakes. Anophelines tend to
be relatively abundant within the study area, where the
predominant species is An. darlingi (Lourengo-de-Oli-
veira et al. 1989, Gama et al. 2009).

BGS - The BGS (BioGents HmGb, Regensburg,
Germany) consists of a cylindrical trap that is white in
colour, 35 cm in diameter and 40 cm in height (Krockel
et al. 2006). A matte black collecting tube (12 cm in di-
ameter x 30 cm in length) containing a bag for the collec-
tion of insects is located in the centre of the trap (Supple-
mentary data). An electric fan (12 V, 14 cm in diameter)
powered by a 12 V battery (7 A) produces a downward
flow of air, which draws in the insects that approach the
collecting tube. This downward airflow also produces
a subtle plume of odour when a chemical attractant is
present. The traps were installed in the area surrounding
a private residence (15 m from the building) and speci-
mens were collected between 06:00 pm-08:00 pm. All
collected Culicidae specimens were taken to the Ento-
mology Laboratory at Central Laboratory, RO, where
species were identified (Forattini 2002).

Carbon dioxide (CO,) - CO, gas was obtained from
dry ice stored in a 500-mL Styrofoam bottle connected
to a silicon tube with an average release rate of 25 g CO,
per hour.

HLC - The Anopheles specimens were collected by
eight experienced technicians with experience in the
collection of anophelines. The technicians included five
men (Caucasians, between 26-60 years old) and three
women (mixed race, between 25-30 years old). The trial
was also conducted in the back garden of a private res-
idence, approximately 15 m from the building, over a
12-h period (06:00 pm-06:00 am).

Ethics - This study has been approved by the Ethical
Committee of the Federal University of Minas Gerais
(UFMG-COEP) (ETIC 0235/06) and all technicians
signed an informed consent form, as recommended by
the UFMG-COEP.

Experiment 1 - Evaluation of the position of the air-
flow in the BGS - The objective of this experiment was
to assess the best position for the installation of the BGS
for the collection of anophelines and the best direction of
the flow of the air for the suction of the mosquitoes. Six
different positions were tested. Three traps were installed
at ground level, with the opening 40 cm above the ground
and facing upwards, that is, in the normal position, side-
ways or downwards. The remaining three traps were
installed with the opening 150 cm above the soil in the
normal position, facing sideways or facing downwards.

The traps were baited with CO, and the treatments were
rotated among six positions during six nights following a
Latin square design (6 x 6) with three repetitions (trap-
ping effort of 18 samples for each position).

Experiment 2 - Evaluation of the role of illumination
in the capture of anophelines - The effect of the addition
of a light as a physical stimulus to the BGS trap baited
with CO, for the capture of anophelines was evaluated
using the following treatments: (i) CO, only, (ii) CO, +
white light (127 V, 5 W, 16 mm x 41 mm) and (iii) CO,
+ ultraviolet (UV) light (127 V, 4 W, 16 mm x 149 mm).
The white and UV bulbs were fixed to the trap at a dis-
tance of approximately 15 cm from the opening using
an iron bracket. A 12 V/7A battery was used to power
the lamps. The treatments were rotated in three positions
during three nights following a Latin square design (3 x
3) with three repetitions (trapping effort of 9 samples for
each treatment). In this and all subsequent experiments,
the entrance to the trap faced downwards because this
position was found to be the most effective configura-
tion for the capture of anophelines in experiment 1.

Experiment 3 - Evaluation of contrast patterns
(black-white) in the BGS - To identify the most effective
contrast pattern for the capture of anophelines using the
BGS, two experiments were conducted (Supplementary
data): (i) different possible combinations of contrast be-
tween the main body and upper part of the trap and the
collecting tube were evaluated: all parts of the trap were
white in colour (WWW), all parts of the trap were black
in colour (BBB), trap with white body, white upper part
and black collecting tube (WWB), trap with white body,
black upper part and white collecting tube (WBW), trap
with white body, black upper part and black collecting
tube (WBB), trap with black body, black upper part
and white collecting tube (BBW), trap with black body,
white upper part and white collecting tube (BWW) and
trap with black body, white upper part and black collect-
ing tube (BWB). The treatments were rotated in eight
positions during eight nights following a Latin square
design (8 x 8) with four repetitions (trapping effort of
32 samples for each colour). (ii) The prototypes present-
ing the best results in experiment, namely WWW, WBW
and BWW, were compared with added contrast patterns
(Supplementary data): white trap with horizontal black
stripes (WHS), white trap with vertical black stripes
(WVS), white trap with black checkering (WC), black
trap with horizontal white stripes (BHS), black trap with
vertical white stripes (BVS) and black trap with white
checkering (BC). The treatments were rotated in nine
positions during nine nights following a Latin square
design (9 x 9) with two repetitions (trapping effort of 18
samples for each colour).

Experiment 4 - Comparison of the modified BGS
(BGM) with other mosquito traps - The modified BGS
with the alternative position and black-white contrast
was denominated BGM (patent pending - MU8801292-
102) for the remaining experiments. The BGM trap was
compared with the Fay-Prince, counterflow geometry
trap (CFG) and CDC traps, all of which were baited only
with CO, and powered by batteries. The treatments were
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rotated in four positions during four nights following a
Latin square design (4 x 4) with three repetitions (trapping
effort of 12 samples for each trap). The female An. dar-
lingi collected in the traps were dissected following the
procedure recommended by the OMS (1975) to determine
their parity (presence of coiled tracheolar skeins).

Fay-Prince trap (Fay & Prince 1970) - This trap was
developed for the collection of Aedes aegypti and at-
tracts primarily through the contrast of black and white
colours. As the mosquitoes approach the trap, they are
sucked into a collecting receptacle by a fan located in the
upper part of the trap.

CFG (American Biophysics Corp, East Greenwich,
RI, USA) - This device is designed to attract mosqui-
toes using synthetic attractants located internally (Kline
2002). The trap has two internal fans: one draws in the
mosquitoes that approach the entrance, while the other
liberates synthetic attractants. CO, gas was used as at-
tractant in this experiment.

CDC model 1012 (John W Hock Co, Gainesville, FL,
USA) - This trap is normally used with a luminous at-
tractant in the upper part of the device, just below which
a fan draws in the insects and directs them into the col-
lecting receptacle. The trap was used in the present study
without a light source.

Experiment 5 - Comparison of the BG trap with HLC
- To compare the performance of the BGM prototype
with the most effective method known for the capture of
anophelines - HLC - two 12-h samples (06:00 pm-06:00
am) were collected. The objective of this experiment was
to evaluate the effectiveness of the trap during the night

TABLE1

Total and mean =+ standard error (SE) number of anophelines
and Anopheles darlingi captured in BG-Sentinel traps with
their openings in the normal, sideways and downward-facing
positions set 40 cm and 150 cm above the ground in the
settlement of Mato Grosso, state of Rondonia, Brazil

Anopheles An. darlingi
Position Total Total
Treatment (cm) (m) Mean+SE (n) Mean=SE
Normal 40 50 2.8+096" 33 1.8+0.87°
150 46  2.5+1.18 18 1.0+0.72¢
Sideways 40 47  2.6+073" 32 1.8+£0.65¢
150 69 38+117" 42 1.3+£077°
Downward 40 206 11.4+£4.19° 126 70+3.27°
150 132 73+3.15" 105 58+3.187
Total - 550 514096 356 3.3+0.80

a, b: the mean values in the same column followed by differ-
ent letters are significantly different (Poisson, p < 0.05). To-
tal number of anopheline specimens collected: unidentified
anophelines + Anopheles benarrochi + An. darlingi.
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in comparison with HLC. The trap and HLC were used
simultaneously at a distance of approximately 15 m from
one another. The HLC were provided by six persons work-
ing in pairs; each pair was substituted every 2 h.

The mosquitoes captured using both methods were
collected each hour and stored in Styrofoam boxes for
identification in the laboratory. As before, the female
An. darlingi specimens were dissected to determine
their parity, following OMS (1975).

Statistical analysis - All experiments used the Latin
square design and the results were analysed using the
Poisson model, which was run in R 2.6 for Windows. To
compare the BGM trap with HLC, the data were trans-
formed (Vx+1) and tested using Student’s ¢ test and Pear-
son’s correlation coefficient. When the data were not
normally distributed, analysis was based on the Mann-
Whitney U test run in BioEstat 5.0 software.

RESULTS

Many of the anophelines captured during the pres-
ent study could not be identified due to the poor con-
dition of the specimens collected, including the loss of
legs and wings during storage in the collecting bag of
both types of BG traps, the original BGS and the modi-
fied BGM. However, previous studies in the same area
recorded high densities of An. darlingi (Lourengo-de-
Oliveira et al. 1989, Gama et al. 2009), suggesting that a
large proportion of the unidentified specimens belonged
to this species. In this case, the analysis of the data in all
experiments was conducted for specimens identified as
An. darlingi as well as for the whole set of anophelines
collected (An. darlingi plus the damaged specimens).

Experiment 1 - Evaluation of the position of the air-
flow in the BGS - A total of 550 anophelines were cap-
tured, of which 356 (53.93%) were An. darlingi and 192
were Anopheles spp. Only two specimens of Anopheles
benarrochi were collected in the BGS traps in the nor-
mal 150 cm position. The mean number of An. darlingi
specimens captured varied from 1.0 + 0.72 (trap opening
facing upwards at 150 cm) to 7.0 + 3.27 (trap opening
facing downwards at 40 cm), although there was no sig-
nificant difference among treatments (Poisson, p > 0.05).
Similar mean numbers of anophelines and An. darlingi
were captured with the traps in the normal position and
facing sideways. The largest number of anophelines
was captured with the traps facing downwards at both
heights (40 cm and 150 cm), although the traps set at 40
cm collected significantly more anophelines (Poisson, p
< 0.01) than the other traps (Table I).

In at least half of the sessions, no more than two
anophelines were captured per night (Table II) and no
more than eight specimens were captured in more than
80% of the trials. The exceptions were the two trials (40
cm and 150 cm) in which the entrance faced downwards.
In these cases, 33.3% and 27.8% of the trials captured
more than eight anophelines, respectively, and these were
the only sessions in which more than 26 specimens were
collected in a given night. The traps at 40 cm in height
with the entrance facing downwards were the most ef-
fective for the capture of Anopheles and consequently
this configuration was adopted in all subsequent trials.
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TABLE 11

Frequency of trials according to the number of anopheline specimens captured by BG-Sentinel traps set at
different heights and orientations of the entrance in the settlement of Mato Grosso, state of Rondonia, Brazil, 2007

Normal Normal Sideways Sideways Downwards Downwards

(40 cm) (150 cm) (40 cm) (150 cm) (40 cm) (150 cm)
Class n (%) n (%) n (%) n (%) n (%) n (%)
0-2 12 (66.7) 15 (83.3) 12 (66.7) 9 (50) 9 (50) 9 (50)
3-5 2 (11.1) 1(5.6) 2 (111 5(27.8) 2 (111 3(16.7)
6-8 3(16.7) 1(5.6) 3 (16.7) 2 (11.1) 1 (5.6) 1(5.6)
9-11 0(0) 0(0) 1(5.6) 0(0) 0(0) 2 (11.1)
12-14 (X(0] 0(0) - 1(5.6) 2 (111 2 (11.1)
15-17 1(5.6) 0(0) - (0] 0(0) 00
18-20 - 0(0) - 1(5.6) 1(5.6) 0(0)
21-23 - 1 (5.6) - - 0(0) 0 (0)
24-26 - - - - 0(0) 0(0)
27-42¢ - - - - 1(5.5) 00
43-58¢ - - - - 2 (11.1) 1(5.6)
Total 18 (100) 18 (100) 18 (100) 18 (100) 18 (100) 18 (100)

a: the interval was increased here due to the reduced number of anophelines captured in the intermediate classes.

TABLE III

Total and mean + standard error (SE) number of
anophelines and Anopheles darlingi specimens captured
in the BG-Sentinel traps baited with carbon dioxide (CO,)
under different light conditions at the settlement
of Mato Grosso, state of Rondonia, Brazil

Anopheles An. darlingi
Total Total
Treatment (m) Mean+SE (n) Mean+SE
CO, + white light 38 63+3.18¢ 30 5.0+£3.23¢
CO,+ ultraviolet light 56 9.3+£2.99* 28 4.6+1.38¢
Co, 144 240+7.67" 97 16.2+5.3"
Total 238 250+333 155 163+2.35

a, b: the mean values followed by different letters are signifi-
cantly different (Poisson, p <0.05). Total number of anopheline
specimens collected: unidentified anophelines + 4n. darlingi.

Experiment 2 - Evaluation of the role of light source
in anopheline capture - A total of 238 anophelines were
captured, of which 155 (65.1%) could be identified as 4n.
darlingi. The overall mean number of anophelines cap-
tured was 25.0 + 3.33, ranging from 6.3 + 3.18 (CO, +
white light) to 24.0 + 7.67 (CO, only). The mean number
of anophelines and An. darlingi collected was similar for
the traps baited with CO, and light, irrespective of the
source of the light. However, the results clearly indicated
that the use of a light source reduced the effectiveness

of the traps significantly and the number of specimens
captured decreased two-four-fold. The mean numbers of
anophelines and An. darlingi captured by the traps bait-
ed only with CO, were significantly higher (Poisson, p
< 0.05) than those collected in the other two treatments,
i.e., CO,+ white light and CO,+ UV light (Table III).

Experiment 3 - Evaluation of contrast patterns
(black-white) in the BGS - During the first part of the
colour contrast experiment, 2,996 anophelines were cap-
tured, of which 1,995 (66.6%) were identified as An. dar-
lingi (Table IV). Significantly higher capture rates were
recorded for the WBW (mean 16.31 + 3.73 specimens),
BWW (15.06 + 4.41) and WWW traps (14.71 + 5.15), al-
though these configurations were not significantly dif-
ferent from each other (Poisson, p > 0.05). When only
the specimens identified as An. darlingi were consid-
ered, the WWW, WBW, WBB, BWW and BBW traps
were statistically similar to one another (Table IV). The
lowest capture rate was obtained with the BWB trap in
which 188 anophelines were collected, followed by the
WWRB trap, which captured only 241 anophelines.

In the second colour contrast experiment, 1,013 anoph-
elines were captured, of which 730 (72%) were An. darlingi
(Table V). The most effective trap for both anophelines
and An. darlingi was the all-white prototype (Poisson, p
< 0.05) in which 205 anophelines were collected (11.38 +
5.71), of which 165 were identified as An. darlingi (9.16 +
4.62). The BWW and WBW traps, which performed simi-
larly to the WWW trap in the previous experiment, were
the second and third most effective, respectively, in this
experiment, although they were not significantly differ-
ent from WWW (Table V). The least effective traps were
black body with white checkering (2.61 + 0.71).
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TABLE IV

Total and mean + standard error (SE) number
of anophelines and Anopheles darlingi captured
in BG-Sentinel traps at Sdo Jodo, state of Rondonia,
Brazil, with different configurations of colouration

TABLE V

Total and mean + standard error (SE) number of
anophelines and Anopheles darlingi captured in
BG-Sentinel traps at Sdo Joao, state of Rondonia,
Brazil, with the following configurations of colouration

Anopheles An. darlingi Anopheles An. darlingi
Total Total Total Total

Treatment (n) Mean + SE (n) Mean + SE Treatment (n) Mean + SE (n) Mean + SE
WWW 471 1471 +£515¢ 274  8.56 +3.32¢ WWWwW 205 11.38 £5.71¢ 165 9.16 + 4.62¢
WWB 241 7.53+9.08 157  7.53+5.86° WHS 113 6.27 +2.16" 65 3.61 +0.80°
WBW 52 1631+373¢ 389 12154305«  WVS 70 388£089" 45 250+0.61°
WBB 374 1168+306" 248 775238  WBW 127 705£197" 95 5274193
wC 97 5.38 £ 1.91° 63 3.50 + 1.29°

BWW 482  15.06+4.41« 291  9.09 +2.50°
BWB 188 587412 127 3.96+ 092 BWW 156 8.66 +3.03" 117 6.50 +£2.84%
’ o ’ o BHS 123 6.83 +£2.39" 100  5.55£2.22°
BBW 370 11.57 £ 2.62 296 9.25+2.10 BVS 75 4.16 + 1.01° 47 261 +0.61°
BBB 348 10.87 £2.93% 213 6.65 £1.40° BC 47 261 £0.71° 33 1.83 £ 0.67"
Total 2,996 1170+ 1.18 1,995 779+0.79 Total 1,013 12.42 + 0.87 730 895+ 0.72

a, b: means in the same column followed by different letters
are significantly different (Poisson, p < 0.05). Total number
of anopheline specimens collected: unidentified anophelines +
An. darlingi. BBB: all black (Fig. 3H); BBW: black body, black
top, white tube (Fig. 3G); BWB: black body, white top, black
tube (Fig. 3F); BWW: black body, white top, white tube (Fig.
3E); WBB: white body, black top, black tube (Fig. 3D); WBW:
white body, black top, white tube (Fig. 3C); WWB: white
body, white top and black collecting tube (Fig. 3B); WWW:
all white (Fig. 3A).

Experiment 4 - Comparison of the modified BGS
(BGM) with other mosquito traps - The BGM traps col-
lected 410 anophelines (mean = 34.2 + 14.2), of which
166 were identified as An. darlingi (13.8 +3.7). The CFG
trap collected only 32 anophelines (2.67 + 1.36), approx-
imately 11-fold fewer specimens than the BGM, whereas
the CDC trap captured only 19 specimens (1.58 &+ 0.71),
approximately 20-fold fewer than the BGM (Table VI).
The Fay-Prince trap performed only slightly better than
the CFG trap, collecting 36 anophelines.

Overall, the performance of the BGM trap was far
superior to that of the other traps for the capture of both
anophelines in general (Poisson, p < 0.001) and An. dar-
lingi in particular (Poisson, p < 0.001). The BGM trap
was the only trap that preserved all specimens adequate-
ly for subsequent dissection to determine the parity of
the females, whereas the CFG trap had the lowest pro-
portion of intact insects. In all traps, a higher percent-
age of parous females than nulliparous specimens was
collected, with the exception of the CDC trap in which
nulliparous females predominated (Fig. 1). However,
there was no significant difference in the proportions of
females among traps (Mann-Whitney U, p > 0.05). The
CFG trap had a high percentage of females for which it
was not possible to define their physiological condition
and it was the only device from which no engorged fe-
males were obtained (Fig. 1).

a, b: means in the same column followed by different letters
are significantly different (Poisson, p < 0.05). Total number of
anopheline specimens collected: unidentified anophelines + 4n.
darlingi. BC: black body with white checkering (Fig. 4F); BHS:
black body with white horizontal stripes (Fig. 4D); BVS: black
body with white vertical stripes (Fig. 4E); BWW: black body,
white top, white tube (Fig. 41); WBW: white body, black top,
white tube (Fig. 4H); WC: white body with black checkering
(Fig. 4C); WHS: white body with black horizontal stripes (Fig.
4A); WVS: white body with black vertical stripes (Fig. 4B);
WWW: all white (Fig. 4G).

Experiment 5 - Comparison of the BGM trap baited
with CO, and HLC mosquitoes collected - A total of
1,538 anophelines were collected by HLC, of which 1,189
(77%) were An. darlingi, with the remainder unidenti-
fied. The results for the BGM trap were very similar to
those for HLC, with 1,505 anophelines captured. How-
ever, only 19% of the specimens from the BGM traps
could be identified due to their damaged condition, al-
though all were most likely An. darlingi (291). The mean
number of 4n. darlingi collected per hour by HLC was
33.02 £+ 5.8, compared with 8.08 + 1.8 by the BGM trap.

The difference in the number of specimens captured
using the two methods was not significant (Student’s # =
0.74, p > 0.05). The mean number of anophelines collect-
ed per hour was very similar for the two methods, with
42.7 + 8.1 for HLC and 41.8 + 15.3 for the BGM trap.
There was also a highly significant correlation between
the two methods in the hourly captures over the 12-h col-
lection period (Pearson’s r = 0.83; p < 0.0001).

Periodicity - Both methods (HLC and BGM traps)
captured specimens throughout the night, between 06:00
pm-06:00 am (Fig. 2), although in both cases the number
of anophelines collected was high during the first hours
of the night (06:00 pm-07:00 pm) and decreased during
the course of the night (mostly between 04:00 am-05:00
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TABLE VI

Total and mean + standard error (SE) number
of anophelines and Anopheles darlingi captured
in the BG-Sentinel, CDC, counterflow geometry trap (CFG)
and Fay-Prince traps in S@o Jodo, state of Rondonia, Brazil

Anopheles An. darlingi
Total Total
Trap (n) Mean + SE (n) Mean + SE
BG-Malaria 410  342+142¢ 166  13.83 +3.74¢
CDC 19 1.58 +£0.71° 17 1.42 +0.56°
Fay-Prince 36 3.0+ 1.33 23 1.91 +£0.92?
CFG 32 2.67 £1.36° 23 1.91 £0.92°

a, b: means in the same column followed by different letters
are significantly different (Poisson, p <0.05).

am). HLC was most effective at 07:00 pm, when 291
specimens were collected, while the lowest number of
mosquitoes (34) was collected at 04:00 am. The BGM
trap was most effective at 06:00 pm (578 specimens col-
lected) and least efficient (16 insects) at 05:00 am.

The trap was more efficient than HLC during the first
hours of the night - 06:00 pm-08:00 pm - although HLC
was more effective during most of the rest of the nocturnal
period (Fig. 2). The two methods captured the same num-
ber of specimens at 07:00 pm, 08:00 pm and 12:00 am and
were highly similar from 03:00 am onwards. There was a
peak in capture by HLC at 07:00 pm. For the BGM trap,
there was an abrupt decrease in the capture of anophelines
after 06:00 pm, with the number of anophelines captured
declining throughout the rest of the night, although the
rate of decrease levelled off from 09:00 pm, after which it
stabilised until the end of the sampling period.

Parity - All An. darlingi specimens collected during
the captures (1,189 by HLC and 291 by the BGM trap)
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BG-Malariz  CDC CFG Fay-Prince
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Fig. 1: percentage of dissected An. darlingi females collected in dif-
ferent traps at Sdo Jodo, state of Rondonia, Brazil, according to their
parity. CFG: counterflow geometry trap; NI: physiological condition
not identified.

were dissected. Most of the females collected using HLC
(50.7%) were parous, whereas 36.6% were nulliparous
(Fig. 3), although the difference between the two groups
was not significant (Mann-Whitney U, p > 0.05). Of the
female An. darlingi captured in the BGM trap, 44.3% were
parous and 49.1% were nulliparous. Again, no significant
difference was found (Mann-Whitney U, p > 0.05).

While a significantly larger proportion of the insects
captured in the BGM trap were damaged in compari-
son with those collected using HLC, only 6.5% of the
females captured in the traps had damage to the abdo-
men that impeded the analysis of their parity, whereas
12% of those collected using HLC were damaged in this
way (Fig. 3). Over the sampling period, the females cap-
tured using HLC were predominantly parous until 01:00
am, after which the majority were nulliparous. The pro-
portions of parous and nulliparous females captured in
the traps fluctuated considerably over the course of the
night, with no clear pattern of variation.

DISCUSSION

The use of artificial traps to collect anophelines for
the monitoring or control of populations has been con-
sidered for many years, but has invariably yielded rela-
tively disappointing results. The most popular traps are
those of the CDC type with a series of modifications,
principally in relation to the airflow and type of illu-
mination (Service 1993). In the present study, the BGS
baited with CO, and an upwards airflow was the most
effective, as found by Wilton and Fay (1972) and Sexton
et al. (1986), who demonstrated that a CDC trap with in-
verted airflow (upwards flowing) collected more anoph-
elines than traps with the airflow in the normal position
(downward flux).

The direction of the airflow appears to have a con-
siderable influence on the efficiency of the traps. Njiru
et al. (2006) confirmed that the MMX-trap is more ef-
ficient with an upward airflow. Service (1993) concluded
that this system is more effective for the capture of mos-
quitoes because they attempt to escape by flying upwards
when caught in an air current. Whereas airflow may be an
important factor, the results of the present study indicate
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Fig. 2: total number of anophelines collected using human-landing
catches (HLC) and the BG-Malaria trap over the 12-h sampling pe-
riod at Sdo Joao, state of Ronddnia, Brazil.
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that other factors also influence this process, given that
the CFG trap, which is similar to the MMX, captured only
36 anophelines, as opposed to 410 with the BGM trap.

In semi-natural trials, Schmied et al. (2008) collected
more Anopheles gambiae in BGS with downward air-
flow than in MMX traps with upward flow. In addition
to capturing larger numbers of anophelines, the BGS
also displayed a higher capture frequency. Despite us-
ing a downward airflow, the BGS was installed below
ground level, with the external portion 15 cm above the
surface, which may have affected the effectiveness of
the traps as this original configuration proved to be the
least efficient in the present study. Together with the re-
sults of the present study, these findings indicate that the
mosquitoes most likely fly close to the ground, which, in
combination with the odours present on human feet, may
account for the typically high biting rates of An. darlingi
on the lower members of human subjects.

The role of illumination in the capture of anophelines
is still unclear. In the laboratory, Das and Reuben (1978)
demonstrated that UV light was effective for the capture
of Anopheles stephensi, although less conclusive results
have been obtained for more anthropophilic species
(Service 1993). Wilton (1975) added CO, to the CDC trap
(with white and UV light) and recorded improvements
in both cases, although the traps with UV light proved
to be the most attractive. While illumination did not im-
prove the performance of the traps tested in the present
study, UV light was more effective than white light, even
though the difference was not significant. The traps with
UV light also captured large numbers of insects of other
orders, such as Lepidoptera and Coleoptera, reflecting
the trap’s highly generalist potential.

Mosquitoes use olfaction and vision to locate their
hosts over long distances (Clements 1992). Thus, it is
extremely important for the trap to be coloured in a pat-
tern that is attractive to the target species. The visual
preferences of anophelines are still unclear; some stud-
ies have indicated a preference for black-coloured traps
(Bidlingmayer & Hem 1980), whereas the present study
obtained the best results with white BGSs (WWW). This
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Fig. 3: percentage of dissected Anopheles darlingi females collected
using human-landing catches (HLC) and the BG-Malaria trap at Sao
Jodo, state of Rondonia, Brazil, according to their parity. NI: physi-
ological condition not identified.

result reinforces the findings of Ko (1925), apud Brown
(1966), who also recorded the preference of anophelines
for white objects in the laboratory.

Some studies [e.g., Gibson (1970) apud Takken &
Knols (1999), Dennett et al. (2004), Hoel et al. (2011)]
have shown that specific features of traps used for the
capture of Culicidae, such as contrasts, particularly BC,
are extremely important to guarantee the collection of
the insects. However, such a preference was not ob-
served in the present study, not only with regard to the
different contrast patterns tested in the BGS (including
stripes and checkering), but also for the ineffectiveness
of the Fay-Prince trap, which uses black-white contrast
as its principal attractant. This trap has been used exten-
sively for the capture of Culicidae of the genus Aedes, for
which it is relatively effective, particularly when baited
with synthetic attractants (Silva et al. 2005). The striped
and checkered BGSs used in the present study were as
ineffective as the Fay-Prince traps.

While the use of HLC entails a number of potential
problems, such as differences among collectors in attrac-
tiveness and ability as well the possibility of contracting
diseases, it is still considered the most effective method
for the capture of anthropophilic anophelines (Lounibos
& Conn 2000, Barros et al. 2007). In most comparative
studies involving other approaches, HLC has proven to
be the most efficient (Moreno et al. 2002, Mathenge et
al. 2006, Hiwat et al. 2011).

Mboera (2005) proposed that, to be considered ef-
fective for the capture of anthropophilic anophelines,
the performance of a trap must be compared with that
of HLC and the trap must obtain equivalent results in
terms of the number of specimens captured and the par-
ity of the females. Parity is used by the Brazilian Health
Ministry as an entomological parameter for the indirect
evaluation of the transmission potential of a vector pop-
ulation and the effects of counter-measures such as the
use of insecticides and mosquito nets.

While a number of studies have recorded relatively
high capture rates using traps (Carnevale & Pont 1973,
Rubio-Palis 1996, Williams et al. 2006), the samples do
not necessarily represent the anopheline population that
feeds on humans, particularly in terms of the parity of
the females, as parous females tend to be collected at
much lower rates in traps than when HLC is used.

However, the BGM trap developed in the present
study proved to be similar to HLC over a 12-h capture pe-
riod (06:00 pm-06:00 am). This finding indicates that the
BGM trap satisfies the conditions proposed by Mboera
(2005), not only with respect to the number of specimens
captured, but also their physiological condition, given that
a similar proportion of parous females were captured by
HLC. A similar result was obtained by Rubio-Palis et al.
(1999) for An. darlingi in Venezuela. The CDC traps (with
white and UV light) and HLC collected similar propor-
tions of parous females, but in contrast to the BGM trap in
the present study, HLC was much more effective than the
CDC trap. However, the two methods tested in the present
study displayed different peaks in their capture rates dur-
ing the course of the night, with the traps collecting most
of the specimens (71.6%) during the first 3 h of the night
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(06:00 pm-08:00 pm), whereas HLC peaked at 07:00 pm.
However, very similar total numbers of anophelines were
collected (only 33 fewer in the traps), although the size of
this difference increases if only the total number of identi-
fied specimens of An. darlingi is considered.

A total of 1,538 anophelines were collected by HLC,
of which only 22.6% could not be identified, whereas the
opposite trend was recorded for the traps, from which
80.7% of the specimens could not be identified. This re-
sult indicates the need for modifications to the suction
mechanism and/or storage (collecting bag) of the insects
inside the trap. The results for the BGM trap described in
the present paper are promising for the use of this device
to capture anophelines. This device was considerably
more effective than the other commercial traps tested
and performed almost as well as HLC, which is consid-
ered the most efficient method available. Further studies
will be necessary for the modification and perfecting of
the trap, particularly the need to reduce damage to the
specimens during capture to ensure adequate species
identification. It will also be important to substitute dry
ice as a source of CO, with synthetic attractants present
in human odours.
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Supplementary data
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Diagram of the BG-Sentinel trap. A: electrical fan; B: collecting tube;
C: collecting bag; D: main trap body; E: lid; F: Styrofoam bottle; G:
silicon tube. The arrows indicate the direction of the airflow. Adapted
from Krockel et al. (2006).
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Diagram of the different configurations for the installation of the
traps: A: normal at 40 cm high; B: sideways at 40 cm; C: downward at
40 cm high; D: normal at 150 cm high; E: sideways at 150 cm high; F:
downward at 150 cm high.
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Different combinations of the colouration of the components of
the BG-Sentinel trap tested in the present study: A: trap all white
(WWW); B: all black (BBB); C: body and upper part white, collecting
tube black (WWB); D: body white, upper part black, collecting tube
white (WBW); E: body white, upper part and collecting tube black
(WBB); F: body and upper part black, collecting tube white (BBW);
G: body black, upper part white, collecting tube black (BWB); H:
black body, upper part and tube white (BWW).
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Different combinations of the colouration and contrast of the com-
ponents of the BG-Malaria trap tested in the present study: A: white
trap with horizontal black stripes (WHS); B: white trap with vertical
black stripes (WVS); C: white trap with black checkering (WC); D:
black trap with horizontal white stripes (BHS); E: black trap with
vertical white stripes (BVS); F: black trap with white checkering
(BC); G: trap all white (WWW); H: body white, upper part black,
collecting tube white (WBW); I: black body, upper part and tube
white (BWW).



