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A sticky trap designed to capture gravid Aedes (Stegomyia) aegypti mosquitoes, MosquiTRAP, has been evalu-
ated for monitoring this species in Brazil. However, the effects of trap densities on the capture rate of Ae. aegypti fe-
males and the sensitivity of vector detection are still unknown. After a preliminary study has identified areas of high
and low female mosquito abundance, a set of experiments was conducted in_four neighbourhoods of Belo Horizonte
(state of Minas Gerais, Brazil) using densities of 1, 2, 4, 8, 16, 32 and 64 traps per block. Trap sensitivity (positive
MosquiTRAP index) increased significantly when 1-8 MosquiTRAPs were installed per block in both high and low
abundance areas. A strong fit was obtained for the total number of mosquitoes captured with increasing trap densi-
ties through a non-linear function (Box-Lucas) (¥ = 0,994), which likely exhibits saturation towards an equilibrium
level. The capacity of the Mean Female Aedes Index to distinguish between areas of high and low Ae. aegypti abun-
dance was also investigated; the achieved differentiation was shown to be dependent on the MosquiTRAP density.
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Dengue fever has become an increasingly signifi-
cant health threat in Brazil as well as worldwide. Vector
control, which is available in many forms, remains a key
strategy for dengue fever prevention. Among the instru-
ments available to assess vector control interventions,
the traditional Stegomyia indices proposed by Connor
and Monroe (1923) and Breteau (1954) have operational
value and are a common type of measurement used for
directing vector control efforts. Nevertheless, there are
shortcomings associated with these methods because they
are based on surveying immature stages (larvae and/or
pupae) of Aedes aegypti mosquitoes (Diptera: Culicidae),
which makes them inadequate for determining transmis-
sion risk. Adult mosquito abundance is considered to be
the most appropriate stage at which to assess transmission
risk (Focks 2003) and the development of new entomolog-
ical indicators that reflect the potential for the transmis-
sion of the dengue virus would be beneficial for monitor-
ing programs and vector control interventions (Focks &
Chadee 1997, Focks 2003, Teixeira et al. 2005).

In Brazil, surveillance of Ae. aegypti is usually per-
formed by sampling larvae and pupae in dwellings and
buildings (MS 2002, 2009). However, this method has a
low sensitivity and is laborious because it requires search-
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ing for breeding sites in urban areas and then identifying
the field-collected mosquitoes in the laboratory (Braga et
al. 2000, Braga & Valle 2008, Eiras & Resende 2009).

As a result of these limitations, a sticky trap known
as MosquiTRAP™was developed to facilitate the capture
of Ae. aegypti adult mosquitoes, mainly gravid females,
using a synthetic oviposition attractant (Atrdedes™) (Fa-
varo et al. 2006, Maciel-de-Freitas et al. 2006, Eiras &
Resende 2009). The trap allows immediate identification
of captured mosquitoes at the time of inspection; thus,
MosquiTRAP™ avoids the time and labour required for
laboratory identification of mosquitoes (Favaro et al.
2006, Gama et al. 2007, Eiras & Resende 2009). It is also
an effective device for trapping 4e. aegypti when larval
surveys fail to detect the presence of this species (Gama
et al. 2007). Recently, this sticky trap has been used in a
variety of investigations, including estimates of the size
of the Ae. aegypti female population (Maciel-de-Freitas
et al. 2008) or the temporal distribution of Ae. aegypti
populations (Hondrio et al. 2009a), spatial evaluations
and modelling of dengue vector density (Honorio et al.
2009b), comparative studies between MosquitoTrap™
and other sampling methods, including larval and ovi-
position surveillance (Gama et al. 2007, Lorengo-de-
Oliveira et al. 2008), Nasci (Favaro et al. 2008) and
back-pack aspirators (Maciel-de-Freitas et al. 2006), and
monitoring of Ae. aegypti females (Ordonez-Gonzalez
et al. 2001, Russell & Ritchie 2004, Favaro et al. 2006,
Facchinelli et al. 2007, Eiras & Resende 2009).

The entomological indices provided by Mos-
quiTRAP™, the Mean Female Aedes Index (MFAI)
and the Positivity of MosquiTRAP™ Index (PMI), are
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currently being used as potential entomological indices
for monitoring adult Ae. aegypti populations in Brazil
(WHO 2006) using a density of one sticky trap/200
m? (Eiras & Resende 2009). However, the effective-
ness of this trap density and the sensitivity of the Mos-
quiTRAP™ indices at different trap densities have not
yet been reported.

Therefore, this study was designed to answer four re-
search questions: (i) What is the effect of using different
trap densities per block and per house on the capture rate
of Ae. aegypti females? (ii)) How do the entomological
indices provided by MosquiTRAP™ behave when dif-
ferent trap densities are used? (iii) What is the sensitivity
of MosquiTRAP™ in detecting the vector in the area of
study? (iv) Do trap captures reach saturation when in-
creased trap densities are used?

MATERIALS AND METHODS

Experimental area - The study was carried out in the
West Sanitary District (WSD) of the city of Belo Hori-
zonte, in the state of Minas Gerais (MG), Brazil, as de-
fined by the regional administration. This district has a
population of 268,124 according to data provided by the
Brazilian Institute of Geography and Statistics (IBGE
2000), an area of 31.3 Km? and a population density of
8,573 persons/Km? Based on information regarding
the presence of Ae. aegypti provided by the Centre of
Zoonosis Control (CZC) of WSD (PBH 2009), four WSD
neighbourhoods were selected for the present study. The
four neighbourhoods (Noraldino, Sdo Jorge A, Sao Jorge
B and Ventosa) are characterised by the presence of brick
houses, paved streets, weekly garbage collection and a
regular water supply system.

MosquiTRAP™ - The investigated sticky trap, Mos-
quiTRAP™ (v. 3.0, Ecovec SA, Belo Horizonte, MG,
Brazil), as described by Eiras and Resende (2009), con-
sists of a matte black polyethylene container (33 cm high
and 15 cm in diameter) divided into two parts: a lower
base filled with approximately 300 mL of water and an
upper part with a funnel-shaped opening that facilitates

the mosquitoes’ entry and hinders their exit. A sticky
card is attached at the water line from the lower base
to the upper entrance of the trap. A synthetic oviposi-
tion attractant (Atrdedes) is attached to the sticky card
to attract and capture ovipositing adult female mosqui-
toes. Sticky traps were installed at visible sites outdoors
(Favaro et al. 2006) in either the front or back yards of
houses at a maximum height of 1.5 m, protected from the
sun and rain and out of reach of children and domestic
animals. Ten health agents worked in pairs and were pro-
vided training regarding MosquiTRAP™ assembly and
installation procedures, identification of trapped mos-
quitoes and inspection of the traps.

Methods - The study was divided into two stages: (i)
a preliminary analysis to categorise the two experimen-
tal groups, i.c., areas of high 4e. aegypti mosquito abun-
dance and areas of low 4e. aegypti mosquito abundance,
and (ii) an evaluation of the use of different trap densi-
ties for capturing Ae. aegypti females.

The preliminary analysis was conducted for three
days and consisted of placing a total of 120 traps in the
four study neighbourhoods (30 blocks/neighbourhood),
for a density of one trap per block. The number of Ae.
aegypti females caught in each sticky trap was record-
ed after three days. Based on this preliminary survey,
two groups, each consisting of seven blocks, were de-
lineated for each of the four neighbourhoods: (i) high
abundancearea (i.c., at least one Ae. aegypti female was
captured during the preliminary survey) and (ii) a low
abundance area (i.e., no evidence of Ae. aegypti detected
during the preliminary survey).

The evaluation of trap density was performed over
four weeks and included 14 blocks per neighbourhood
(as described above), for a total of 56 blocks among the
four neighbourhoods. Trap inspections were conducted
weekly and the 56 blocks were randomly assigned to
receive 1, 2, 4, 8, 16, 32 or 64 sticky traps per block.
In the blocks receiving one-16 sticky traps, each house
was provided with only one sticky trap, whereas blocks
with 32 or 64 traps had two and four traps in each
house, respectively. Thus, a total of 126 houses (63 for

TABLE

Distribution of MosquiTRAP per block and dwelling in either low or high abundance experimental areas
of each neighbourhood of Belo Horizonte, state of Minas Gerais, Brazil

Mean number of houses per block in each density (x + SE)

Traps per block ~ Houses with trap Traps per house

(n) (n) (n) High abundance Low abundance
1 1 1 24 £15.0 21 +11.3

2 2 1 29+8.5 40+79

4 4 1 33+£19.1 43+9.1

8 8 1 33+10.0 32+79

16 16 1 34+13.4 34+16.0
32 16 2 50 +£19.7 37+£16.0
64 16 4 49 +£29.4 37+12.6

area in bold represents the number MosquiTRAP (i.e. 1, 2 and 4) placed per house that received separate analysis; SE: standard error.
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high abundance areas and 63 for low abundance areas)
were sampled per neighbourhood (Table). For the blocks
that received more than one sticky trap, we distributed
an equal number of sticky traps along the four sides of
each block. The distance between blocks in each neigh-
bourhood typically varied from 100-300 m and the dis-
tance between the neighbourhoods was at least 500 m.
Although the distribution of houses was similar in the
experimental areas, the mean number of homes varied
from 22-44 houses per block (Table).

The sticky traps were inspected weekly by pairs of
health agents (field workers) provided by the CZC-WHD
of Belo Horizonte, as well as by trainees of the Laborato-
ry of Chemical Ecology of Insect Vectors in the Depart-
ment of Parasitology of the Federal University of Minas
Gerais. During the weekly surveys, the adult Ae. aegypti
mosquitoes caught in the sticky traps were identified in
the field under a 20X magnifying glass and data were
recorded on worksheets.

The entomological surveillance parameters, whose
averages were evaluated over a four-week time basis,
were as follows.

Total number of Ae. aegypti females captured based
on trap density - The total number of Ae. aegypti fe-
males captured in each block was calculated to evaluate
whether the trap captures were affected by the density of
sticky traps placed in each block and/or house.

PMI - The capacity of the traps to detect the pres-
ence of Ae. aegypti in each block was assessed (i.c., the
sticky trap was considered positive for the vector when
at least one specimen of Ae. aegypti was captured per
block). Trap positivity was calculated using the follow-
ing formula: PMI = total number of positive blocks for
Ae. aegypti/total number of blocks monitored with a
sticky trap x 100 (Eiras & Resende 2009).

Effect of MosquiTRAP™ density per house - This
index was used to evaluate the number of Ae. aegypti
females caught per inspected house within blocks that
had trap densities of 16, 32 and 64 MosquiTRAPs™ per
block, which was equivalent to one, two and four sticky
traps per house, respectively.

MFAI - This index consisted of the number of Ae.
aegypti females captured divided by the total number of
sticky traps inspected within the block and divided by the
number of weeks monitored (Eiras & Resende 2009).

Mean Female Aedes per House Index (MFAHI) -
This index was calculated as the number of Ae. aegypti
females caught divided by the number of weeks moni-
tored divided by the number of sticky traps and by the
mean number of houses within each density assessed.

Statistical analysis - The number of females cap-
tured per trap in low and high abundance areas and both
types of areas together (overall) was subjected to the
D’Agostino-Pearson normality test, followed by ANO-
VA and then Tukey’s test (Sokal & Rolf 1995) to assess
the MFAHI (GraphPad Prism v. 5.01) and the effect of
the MosquiTRAP™ density per house. The MFAI en-
tomological index was subjected to Kruskal-Wallis and/
or Mann-Whitney tests. The chi-squared test was used

to determine whether there were significant differences
between neighbourhoods and high and low-mosquito
abundance areas. The Box-Lucas function (Box & Lu-
cas 1959) was used to fit the total number of Ae. aegypti
females caught based on trap density within the low and
high abundance areas and the MFAHI (OriginLab 6.0,
Northampton, MA, USA). To assess the PMI, data were
subjected to a Kruskal-Wallis test followed by Dunn’s
multiple comparison test. The statistical frequency dis-
tribution for the number of MosquiTRAP™ captures
was fitted with a Poisson distribution (Matlab R2007b,
Natick, MA, USA). The total, as well as the mean number
of Ae. aegypti females captured per house and per block
for each trap density studied, were analysed through re-
gression analysis.

RESULTS

Preliminary study to categorise high and low Ae. ae-
gypti mosquito abundance areas - A total of 1,914 Ae.
aegypti females were captured in the four study neigh-
bourhoods during the preliminary analysis conducted to
categorise areas of high and low abundance. Although
the Noraldino neighbourhood showed a higher number
of captures compared with Sao Jorge A, Sdo Jorge B and
Ventosa (612, 451, 423 and 428, respectively), no signifi-
cant difference was observed between neighbourhoods
(*= 1.200; p = 0.2733). However, there was a signifi-
cant difference between areas within neighbourhoods
delineated with high and low mosquito abundances (y?
=15.221; p=0.0016).

Total number of Ae. aegypti females captured based
on trap density - The total number of Ae. aegypti fe-
males captured per block ranged from 21, when one
MosquiTRAP™ was used per block to a maximum of
871 females, when 64 MosquiTRAPs™ were installed
per block. When the density was increased from four-
eight MosquiTRAP™ per block, a 27.7% increase in the
capture of Ae. aegypti females was observed. When the
density was raised from eight-16 MosquiTRAPs™ per
block and from 16-32 traps per block, the capture rates
increased by 133% and 121.5%, respectively.

During the four-week study, the results showed that
the total number of Ae. aegypti females captured in-
creased with increasing trap densities in both high and
low abundance areas. A linear relationship with a good
fit (> = 0.985) was observed between the trap density
and the total number of de. aegypti females captured in
both high and low abundance areas.

A better-fitting model (> = 0.9939) (Fig. 1A) was
obtained through the Box-Lucas function, N(D) = a[l-
e®P], (a > 0, b > 0), for mosquito captures according to
trap density in high, low and overall (i.e., high and low
combined) abundance areas. In this model, parameter a
represents an equilibrium level at which the number of
captures (N) becomes saturated with increasing density
(D) and parameter b provides an estimate of the rate at
which this will occur. The greater the value of b, the more
rapidly saturation is obtained with increasing trap densi-
ties. The Box-Lucas saturation function also fit the data
for high (= 0.9903) and low (r>= 0.9917) abundance
areas (Fig. 1B, C). In low abundance areas, the number
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of captures reached values close to the equilibrium level
of the Box-Lucas function, which contrasted with what
was observed for high abundance areas over the studied
range of sticky trap densities.

PMI - As expected, the number of mosquito cap-
tures per block increased with increasing trap densi-
ty. The positivity of sticky traps in both high and low
abundance areas also increased significantly as higher
densities of MosquiTRAPs™ were installed per block
(Kruskal-Wallis, H = 66.6, p < 0.01). This correlation
was found in areas preliminarily classified as both high
abundance (H = 18.5, p < 0.01) and low abundance ar-
eas (H =22.0, p <0.01) (Fig. 2A, B).

In blocks where only one MosquiTRAP™ was in-
stalled, the value of PMI was 31.3% in of low abundance
areas and 50% in high abundance areas. The maximum
rate of detection (100%) of Ae. aegypti females in the four
neighbourhoods was observed for the overall area when
16, 32 and 64 sticky traps were installed per block (Fig.
2A, B). The mean PMI observed for densities of one and
two sticky traps per block in high (Fig. 2A) and low abun-
dance (Fig. 2B) arecas was significantly lower than that
observed for densities of eight or more traps per block.

Effect of MosquiTRAP™ density per house - The
mean number of Ae. aegypti females caught per house
varied significantly (ANOVA; F, .= 30.7; p <0.01) when
one, two or four sticky traps were installed per house,
corresponding to densities of 16, 32 and 64 traps per
block, respectively (Fig. 3, Table). The mean number of
Ae. aegypti females caught increased with an increasing
number of sticky traps per house. However, the relative
increase in captures from one-two sticky traps per house
was 122.1% greater than that from two-four sticky traps
per house, which was 59.1%.

MFAI - For areas of combined high and low A4e. ae-
gypti abundance (i.e., overall), higher MFAI and vari-
ance values were observed at densities of one, two and
four sticky traps per block, while lower values of the
MFAI and variance were observed at trap densities
ranging from eight-64 traps per block. This index var-
ied from 0.41-0.66 for densities of one-four traps per
block, respectively. There was no significant difference
detected in the average number of mosquitoes captured
per block based on trap density (Fig. 4A) (Kruskal-
Wallis, H = 6.378; p = 0.3829).

When low and high abundance areas were analysed
separately, the MFAI ranged from 0.94-0.39 for high
abundance areas, when from one-eight traps were in-
stalled per block (Fig. 4B); whereas for low abundance
areas (Fig. 4C) the MFAI ranged from 0.66-0.28 when
from two-64 traps per block were installed. There was
no significant the difference detected in the MFAI (Fig.
4B, C) for the sticky trap density variation per block be-
tween low (H = 8.195; p = 0.2241) and high abundance
areas (H = 5.128; p = 0.5275). Nevertheless, when high
and low abundance areas were compared, regardless of
the trap density per block, the MFAI was significantly
different (Mann-Whitney test, U = 5234; p = 0.0315).
Upon analysing the MFAI behaviour in regard to the
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Fig. 1: total number of Aedes aegypti female captured by us-
ing different densities of MosquiTRAP in (A) overall abun-
dance, (B) high abundance and (C) low abundance areas
and their non-linear fitness set by Box-Lucas function, Belo
Horizonte, Minas Gerais, Brazil.

possibility of differentiating high abundance areas from
low abundance areas for each trap density studied, the
p-values obtained were 0.0006, 0.0519 and 0.1587 for 64,
32 and one traps per block, respectively. For the remain-
ing densities, p > 0.5275.

To investigate the higher variance as well the higher
number of zero captures obtained, the Poisson distribu-
tion was used to represent the MosquiTRAP™ capture
frequency. For one trap per block, in both high and low
abundance areas, the fit of the Poisson distribution to the
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Fig. 2: positivity of MosquiTRAP Index (PMI) at different trap
densities in Belo Horizonte, Minas Gerais, Brazil. The differ-
ent letters indicate significant difference (Tukey p < 0.05).

frequency of the number of captures was good (r*=0.999
and r’= 0.765, respectively). For two traps per block, the
Poisson distribution also fit the frequency of the number
of captures for both low (r>= 0.926) and high (r>= 0.915)
abundance areas.

MFAHI - In general, the MFAHI exhibited the same
pattern based on the total number of Ae. aegypti females
captured using different MosquiTRAP™ densities (Fig.
5A). The Box-Lucas function described above again
showed a strong goodness of fit (r>= 0.995), with the
mean number of Ae. aegypti captures increasing as the
trap density increased. A significant difference in the
MFAHI (Fig. 5A) based on sticky trap density was ob-
served (ANOVA: F 6217~ = 65.84; p <0.0001) for the over-
all area. Smaller variance values were observed for trap
densities of 16, 32 and 64 compared to trap densities of
one to eight. For the high and low abundance areas, there
was significant variation between the MFAHI (Fig. 5B,
C) and trap density (ANOVA: F =38.23; p < 0.0001
and ANOVA: F =53.69;p < O 0601 respectively).

[6.217]
DISCUSSION

Although MosquiTR APs™ have been used for week-
ly monitoring of the dengue vector, some studies (Favaro
et al. 2006, Maciel-Freitas et al. 2006, Gama et al. 2007,

30

254
204
15 4
10
i
]

MosquiTRAP per house (n)
Fig. 3: effect of MosquiTRAP density per house in Belo Hori-

zonte, Minas Gerais, Brazil. The different letters indicate
significant difference (Tukey p < 0.05).

Mean number of females caught

Eiras & Resende 2009) suggest that there is no evidence
that weekly trap inspection monitoring is ideal. The
weekly basis of the present survey was chosen due to
operational and logistic factors related to the availability
of field workers (health agents). For example, one field
worker can assess larger areas and a higher number of
traps by maintaining weekly maintaining weekly visits.
It can be expected that shorter periods of surveillance
might result in a decrease in the recorded trap sensitiv-
ity, whereas longer periods of surveillance might con-
tribute to the detection of increases in variance.

Several studies focused on determining optimal trap
densities have been reported for agricultural pests, such
as fruit flies (Iga 1982) and moths (Faccioli et al. 1993),
but for Ae. Aegypti the optimal trap densities when using
MosquiTRAP™ in urban areas remain unknown.

It is well known that populations of Ae. aegypti are
not distributed homogeneously in the field (Lagrotta et
al. 2008). Instead, they are probably dispersed in clusters
(Eiras & Resende 2009, Honorio et al. 2009a) at differ-
ent distances (Reiter et al. 1995, Honorio et al. 2003).
In the present investigation, significant differences were
detected between the subsets of high and low 4e. aegypti
female abundances within neighbourhoods, despite us-
ing a preliminary surveillance period of only three days
in the field, which is a relatively short period of time.

Although the linear regression showed an extreme-
ly good fit (r>= 0.985) for the total number of Ae. ae-
gypti females caught overall (i.e., combined high and
low abundance areas), we also investigated an alter-
native non-linear function (the Box-Lucas function),
which showed an even higher correlation ranging from
?=10.9903-r>=0.9939, depending on the level of mosqui-
to abundance investigated. Parameter a of the Box-Lucas
function corresponds to the equilibrium level of the total
number of mosquitoes potentially available for capture
as the density of sticky traps becomes sufficiently high.
The number of Ae. aegypti females caught in the low
abundance areas (28 blocks total) reached values close
to the Box-Lucas function equilibrium level (a = 348.7
+27.79), which contrasts what was observed for the high
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Fig. 4: mean Female of Aedes Index (MFAI) at different Mos-
quiTRAP densities per block in (A) overall abundance (B) high
abundance and (C) low abundance areas in Belo Horizonte,
Minas Gerais, Brazil. The different letters indicate significant
difference (Tukey p < 0.05).

abundance areas (28 blocks total) (a =2,586.8 + 2,363.8)
and the total number in the overall areas (a = 1,877.5
+ 483.6), which clearly did not reach values close to the
equilibrium level based on the available dataset. The
graphing trends in those cases showed similar patterns.
Parameter b, which is equally as important as the equi-
librium level (a) provides a measure of how rapidly the
number of captures approaches the equilibrium level, a,
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Fig. 5: mean Female Aedes aegypti per House Index (MFAHI)
produced by different densities of MosquiTRAP in (A) overall
abundance (B) high abundance and (C) low abundance area
and their non-linear fitness set by Box-Lucas function, Belo
Horizonte, Minas Gerais, Brazil.

as the density of sticky traps increases. The higher the
value of b is, the more rapidly the function approaches
the equilibrium, a. The values obtained for the high, low
and overall (high and low) abundance areas were b =
0.0039 £ 0.0042, b = 0.0292 + 0.0045 and b = 0.0099 +
0.0033, respectively.

The goodness of fit of the Box-Lucas function alone
does not conclusively demonstrate that the number of
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captures varies with the density of sticky traps showing
a saturation trend to an equilibrium level. Nevertheless,
the combined results for the low, high and overall abun-
dance areas showing different and consistent equilib-
rium levels of a and scales of b for the Box-Lucas func-
tion, do suggest a saturation trend for the dependency
of the number of de. aegypti females caught in sticky
traps on the trap density.

In the low abundance areas, the effect of the den-
sity of sticky traps on the population size was more im-
portant, which caused the number of captures to reach
values close to the Box-Lucas function equilibrium level
more rapidly. For the high and overall abundance areas,
the function fit did not reach values near an equilibri-
um level, which may be because the trap density was
not sufficiently high to capture a relevant number of
the existing Ae. aegypti females exposed to the set of
sticky traps in the area. It is likely that both the high
and overall abundance areas would show the same trend
in reaching their respective equilibrium levels at suffi-
ciently high trap densities. The values of b corroborate
this assumption, as b is higher for the low abundance
arcas. The b parameter has units of area per sticky trap.
It also provides an effective scale or range of the average
depletion effect of the sticky traps on the mosquito popu-
lation size per unit of area. Once b provides a scale, it
also means that the interaction between the sticky traps
and the population distributed in the low abundance area
shows a long range compared to other cases. Upon con-
sidering the necessary corrections between the scales of
surveillance times and gonotrophic cycles as well as be-
tween the scales of block dimensions and the dispersion
of female mosquitoes, the values of a for the Box-Lucas
function could be used to estimate the size of Ae. aegyp-
ti female population for both low and high abundance
areas. However, further studies should be conducted to
confirm this assumption.

We found that the ability of the MosquiTRAP™’s
to detect the presence of Ae. aegypti was dependent
on the trap density per block. Installation of at least
eight MosquiTRAPs™ per block resulted in over 90%
positivity, at least under the conditions of this investi-
gation. In contrast, at a density of one MosquiTRAP™
per block, which is considered a suitable density for Ae.
aegypti, positivity ranged between 31-50% for low- and
high abundance areas, respectively. These results were
similar to those reported by Favaro et al. (2006), who
verified that the sensitivity of MosquiTRAP™ (82.1%)
was similar to that of ovitraps (89.7%) for detecting the
presence of Ae. aegypti when using a density of four
MosquiTRAPs™ (1 sticky trap at each end of the block)
or one ovitrap per block, whereas the positivity of the
sticky traps was lower than that of ovitraps when us-
ing the same density per block (1:1) (Gama et al. 2007,
Honodrio et al. 2009a). However, MosquiTR APs™ allow
detection and monitoring of Ae. aegypti throughout the
year and this method has been shown to be more sensi-
tive than larval surveys (Gama et al. 2007). In addition,
the entomological indices provided by collecting adult
mosquitoes are considered to be strongly correlated with
the risk of dengue transmission (Focks 2003, Favaro et
al. 2006, Eiras & Resende 2009).

The effect of the MosquiTRAP™ density per
house suggests that an increase from one to four Mos-
quiTRAPs™ per house resulted in a higher capture rate
for Ae. aegypti. This result corroborates those found by
Craig et al. (2006), who evaluated the use of sticky traps
in Cairns, Australia and found that the installation of up
to eight traps per house (4 inside and 4 outside) resulted
in a higher mean number of Ae. aegypti adult mosquitoes
collected per house. Nevertheless, installing eight traps
per house may lead to operational complications for vec-
tor control programs and homeowners may resist plac-
ing this number of traps in their dwellings. The fact that
there was a smaller relative increase in capture rates when
comparing densities of one and two sticky traps per block
than between two-four traps suggests that the above effect
of saturation to an equilibrium level for higher densities
would also be observed at the house scale.

In the current study, in the high, low and over-
all abundance areas, a large variance was observed in
the MFAI A large variance would be expected if the
sticky traps behaved, as we believe, showing a Poisson
distribution-like pattern in the frequency of the number
of captures. In fact, for a sufficiently large number of
mosquitoes, considering captures as the desired event in
a fixed time interval of observation, it can be expected
that the frequency sticky trap of captures will exhibit
a Poisson-like distribution characterised by a high fre-
quency of zero captures and mean and variance values
that are numerically similar. In contrast to the weekly
monitoring programs occurring in Brazil, in the present
study, many indices were averaged over a four-week time
period. Therefore, we believe that a relevant portion of
the variance obtained was due to the intrinsic variation
of the Ae. aegypti population from the initial population
size during the preliminary test to the longer period of
four weeks used in the experiment.

When focusing on the variance in the MFAI across
the various tested densities of MosquiTRAPs™, we ob-
served a greater variance of the MFAI when lower trap
densities (1-4 traps per block) were installed compared
to high trap densities (8-64 traps per block). Neverthe-
less, the density of one trap per block was sufficient
to produce MFALI values similar to those when one-64
MosquiTRAP per block were installed. Such a result is
desirable, though it is not sufficient to establish that a
density of one trap per block is a suitable indicator for
monitoring Ae. aegypti populations.

Among the many desired attributes that an index
should exhibit, the capability to distinguish between
high and low-infestation areas is an important attribute.
Based on the MFALI values obtained in the present inves-
tigation, we observed that for each trap density studied
(1, 2, 4, 8, 16, 32 and 64 traps/block) the variance and
sensitivity of MosquiTRAP™ PMI affected the ability
of the entomological index, the MFAI, to differentiate
between high and low abundance areas of mosquitoes.
A significant difference was observed between high and
low abundance areas when these areas were compared
regardless of the trap density. In contrast, at a density
of 32 traps/block, the probability of separation was
marginal and no significant difference was observed
for densities ranging from one-16 traps/block. The sig-
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nificant difference observed between the high and low
abundance areas when a density of 64 traps/block was
used might be due to the impact of the trap density on the
local mosquito population. A density of 64 traps/block
may also have positively affected the separation of areas
in the comparison test regardless of the trap density. The
apparent inability of the MFAI to distinguish between
high and low abundance areas might be due to the in-
trinsic variation in the Ae. aegypti population from the
initial size during the preliminary analysis to the longer
four-week period of our experiment, which produced dif-
ferent results compared to the MFAI calculated from the
weekly monitoring programs currently in use. As sev-
eral of the studies mentioned above have demonstrated
the feasibility of adopting the MosquiTRAP™ and have
shown its potential for monitoring Ae. aegypti females,
further studies must be conducted to investigate the ef-
fects of the monitoring period against intrinsic changes
in the Ae. aegypti population size more precisely.

Using a set of concurrent characteristics is important
to define which index and which trap density should be
used to monitor sensitivity, variance, operational feasi-
bility and particularly the purpose of setting the traps.
The trap density should be defined based on program
goals. For instance, if the objective is to detect the pres-
ence of Ae. aegypti in a particular block, our sensitiv-
ity results indicate that eight traps should be installed
per block (1 trap/house) for a period of seven days. An
investigation performed by Lourenco-de-Oliveira et
al. (2008) detected a saturation trend after a period of
seven days for ovitraps. However, in the present study,
although there was a tendency to reach an equilibrium
level when more than 16 traps per block were installed,
a density of eight traps per block resulted in a sensitivity
rate of approximately 90% (PMI), which may be used
to accurately determine areas of high and low mosquito
abundance. Despite the low sensitivity associated with
a density of one MosquiTRAP™ per block, the use of
this density for the continuous monitoring of Ae. aegypti
in dengue control programs is acceptable, provided that
the reference index for surveillance is the MFAI. Control
program selection should take into account a sufficiently
large set of contiguous and correlated blocks in clusters
rather than a single block. Moreover, based on the vari-
ance tests, the MFAI values were similar for various trap
densities per block, which has been demonstrated by
other studies. The strategy of using one trap per block
can substantially reduce the number of periodic visits by
field workers, costs (for traps, lures and adhesive cards)
and human resource requirements.

The simplest use of the PMI is to determine whether
a vector is present or not, which is how it was used in the
preliminary screening. The feasibility of employing the
PMI for monitoring vector abundance is expected to be
highly dependent on the applied monitoring frequency
as well on the density of MosquiTRAPs™ used. When
these parameters are set, this index would behave simi-
larly to the MFAI, which would result in redundancy.
Because the MFAHI behaved similarly for the total
number of captures studied and the MFAHI corresponds
only to the total number divided by the number of traps

and by the number of houses over a given time, its defi-
nition is somewhat similar to that of the MFAI, which
results in the MFAI being a sufficient index for use in
monitoring programs. Therefore, we suggest applying
MosquiTRAP™ inspection on a weekly basis for MFAI
analysis at a density of one trap per block for continuous
monitoring of Ae. aegypti in dengue control programs.

Once the number of MosquiTRAPs™ per block as-
sociated with the equilibrium level of Ae. aegypti fe-
males captured is better understood, higher densities of
MosquiTR APs™ may be used for controlling the dengue
vector as well for studying mosquito population sizes.
A study combining analyses mosquito skipping oviposi-
tion behaviour and trap density is ongoing. Regis et al.
(2008) used a modified ovitrap (3 paddles, adding Bacil-
lus thuringiensis israelensis in the infusion of ovitrap)
to control Ae. aegypti in the city of Recife (Brazil). The
authors verified that using this modified ovitrap in the
field for two months resulted in the collection of more
than 7,000 eggs/ovitrap and they suggested that carrying
out a massive egg collection combined with treatment of
water containers with larvicides could be a promising
strategy for vector control. Nevertheless, further studies
should be performed to compare study sites with control
areas where traps are absent as well as to carry out sur-
veillance of adult mosquitoes to confirm the reduction of
the Ae. aegypti population in a study area. Similar efforts
have been applied in Australia (Ritchie et al. 2009) to
suppress adult mosquito populations using a lethal ovi-
trap consisting of an oviposition trap containing stripe
paper impregnated with insecticide. Accordingly, future
studies using mass trapping need to be conducted with
specific protocols to assess the effect of the number of
MosquiTRAPs™ on Ae. aegypti control. This technique
has been used successfully for controlling insect pests
in agriculture (Vilela & Della Lucia 2001, Choi et al.
2011), based on which adult insects might be effectively
attracted and captured in large numbers using lures and
traps. We have expectations that MosquiTRAP™ would
be useful in designing a municipal dengue control pro-
gram, with mass trapping activities being directed to ar-
eas with higher mosquito abundances.
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