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Temporal abundance of Aedes aegypti in Manaus, Brazil,  
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A longitudinal study was conducted in Manaus, Brazil, to monitor changes of adult Aedes aegypti (L.) abun-
dance. The objectives were to compare mosquito collections of two trap types, to characterise temporal changes 
of the mosquito population, to investigate the influence of meteorological variables on mosquito collections and to 
analyse the association between mosquito collections and dengue incidence. Mosquito monitoring was performed 
fortnightly using MosquiTRAPs (MQT) and BG-Sentinel (BGS) traps between December 2008-June 2010. The two 
traps revealed opposing temporal infestation patterns, with highest mosquito collections of MQTs during the dry 
season and highest collections of BGS during the rainy seasons. Several meteorological variables were significant 
predictors of mosquito collections in the BGS. The best predictor was the relative humidity, lagged two weeks (in a 
positive relationship). For MQT, only the number of rainy days in the previous week was significant (in a negative 
relationship). The correlation between monthly dengue incidence and mosquito abundance in BGS and MQT was 
moderately positive and negative, respectively. Catches of BGS traps reflected better the dynamic of dengue inci-
dence. The findings help to understand the effects of meteorological variables on mosquito infestation indices of two 
different traps for adult dengue vectors in Manaus.
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Dengue is a major health problem in Brazil, where 
incidence rates and disease severity have increased dur-
ing the past decades (Teixeira 2012). Aedes aegypti (L.), 
the local vector is found in all Brazilian states and since 
the recent introduction of dengue virus (DENV)-4, all 
four serotypes of the DENV are circulating in the coun-
try (Figueiredo et al. 2008, 2013a, Nogueira & Epping-
haus 2011, Bastos et al. 2012).

Manaus, the capital of the state of Amazonas was re-
invaded by Ae. aegypti in 1996 and the first epidemic 
occurred in 1998-1999 (Figueiredo et al. 2004). The lo-
cal equatorial climate (year round high temperature and 
high humidity, with a short period of less precipitation) 
offers favourable conditions for dengue vectors. The 
simultaneous circulation of all four DENV serotypes 
(Bastos et al. 2012, Figueiredo et al. 2013b) increases the 
risk of epidemics with high numbers of dengue haemor-
rhagic fever patients. The infestation of Ae. aegypti and 
Aedes albopictus (Skuse) was documented in all seasons 
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in four neighbourhoods with inhabitants of different so-
cio-economic statuses and urbanisation types (Ríos-Ve-
lásquez et al. 2007). Dengue usually follows a seasonal 
pattern in Manaus, with less cases being reported during 
the drier months (from June-October).

Various studies have investigated a possible asso-
ciation between meteorological variables and the abun-
dance of dengue vectors (Mogi et al. 1988, Scott et al. 
2000, Vezzani et al. 2004, Ríos-Velásquez et al. 2007, 
Honório et al. 2009, Azil et al. 2010, Barrera et al. 2011). 
Meteorological variables interact directly with several 
factors which affect mosquito life quality: egg viabil-
ity depends on humidity and temperature (Christophers 
1960, Farnesi et al. 2009), the presence of some breed-
ing sites depends on rain and the time of larval develop-
ment and larval survivorship is temperature-dependent 
(Christophers 1960, Rueda et al. 1990), to name a few. 
Furthermore, Ae. aegypti’s vector efficiency is influ-
enced by temperature (Watts et al. 1987). It is therefore 
expected, that dengue incidence also depends on meteo-
rological factors. Seasonality of dengue fever has been 
observed in several settings, including Brazil (Chadee et 
al. 2007, San Martin et al. 2010, Descloux et al. 2012).

For many years, dengue vector monitoring was based 
on traditional Stegomyia indices (house index, container 
index and Breteau index) and derivations of them, which 
are based on the presence of Aedes larvae in breeding 
sites. These indices are valuable to evaluate the effect 
of larval control interventions, but their usefulness for 
estimating adult vector populations or dengue transmis-
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sion risks is limited (Focks 2003). Furthermore, larval 
surveys are labour-intensive, time-consuming and the 
performing field staff has to be highly motivated and 
experienced to locate breeding sites. Pupal/demographic 
surveys give a better proxy of adult populations (Focks 
2003), but due to the need of a large sample size, they are 
more labour intensive than larval surveys. Another alter-
native that has been used for dengue vector monitoring 
is the ovitrap, a dark recipient filled with a hay infusion 
that lures gravid mosquitoes (Fay & Eliason 1966, Reiter 
et al. 1991). After entering the ovitrap, females land on 
an oviposition strip and lay eggs. This trap type informs 
about adult mosquito presence, but as numbers of eggs 
laid per female are not known, they give no indication of 
the number of adults that entered the trap.

In adulticidal sticky ovitraps, the oviposition strip is 
replaced by a sticky card that enables mosquito quan-
tification and identification (Ritchie et al. 2003). The 
MosquiTRAP (MQT) (Ecovec Ltda, Brazil) is a type 
of sticky ovitrap. It consists of a black plastic cylinder 
partially filled with water, a sticky card and a synthetic 
oviposition attractant (AttrAedes, Ecovec Ltda, Brazil) 
(Gama et al. 2007, Eiras & Resende 2009).

The BG-Sentinel (BGS) (Biogents AG, Germany) 
is a suction trap that attracts female Ae. aegypti of dif-
ferent physiological development phases and males in 
considerable numbers without the need of adding CO2, 
outperforming other adult traps which are used with CO2 
(Kröckel et al. 2006, Maciel-de-Freitas et al. 2006, Wil-
liams et al. 2006, Meeraus et al. 2008).

In recent years, trapping tools for adult mosquitoes, 
including the MQT and the BGS traps, have been in-
creasingly used to monitor dengue vector abundance 
(Ritchie et al. 2004, Williams et al. 2007, Eiras & Re-
sende 2009, Azil et al. 2010, Melo et al. 2012). Correla-
tions between Aedes collections in sticky or BGS traps 
and dengue transmission have been previously described 
in Australia, Brazil and Puerto Rico (Ritchie et al. 2004, 
Barrera et al. 2011, Melo et al. 2012).

Knowledge of associations between Ae. aegypti 
catches of these traps and meteorological variables is 
important for the development of models, which predict 
dengue vector infestation and therefore enable the appli-
cation of pre-emptive dengue vector control. Longitudi-
nal studies describing associations between Ae. aegypti 
abundance, measured with one of the above-mentioned 
traps and meteorological variables, have already been 
performed in Australia, Puerto Rico and Brazil (Honório 
et al. 2009, Azil et al. 2010, Barrera et al. 2011). How-
ever, the two traps have never been used simultaneously 
in longitudinal studies.

The objectives of this study were to characterise the 
temporal abundance of adult Ae. aegypti as measured 
by BGS and MQT traps to compare trapping indices 
obtained by the two different traps, to characterise the 
association between meteorological variables and fort-
nightly trap catches and to investigate relationships be-
tween trap catches and dengue incidence in Manaus.

MATERIALS AND METHODS

Study area - The study was conducted in Cidade 
Nova (-3º2’39’’ -59º57’54’’), a residential neighbour-

hood in the northern zone of Manaus (Fig. 1). Houses 
in Cidade Nova are mainly made of wood and brick, 
most of them with verandas and/or backyards. Within 
the neighbourhood, which had an estimated population 
of about 121,135 (IBGE 2011), six clusters, defined as 
areas of 104-151 households, were chosen. Clusters had 
a minimum distance of 250 m between each other.

The climate in Manaus is a tropical monsoon climate 
with an annual daily average temperature of 27ºC, an 
average annual rainfall of approximately 2,300 mm and 

Fig. 1: maps of the study area. A: Brazil with the localisation of 
Manaus, state of Amazonas, indicated by a black circle; B: the neigh-
bourhood of Cidade Nova, in Manaus, indicated by a black circle; C: 
localisation of the six clusters, indicated by white rectangles.
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a mean annual number of 180 rainy days. June-October 
is the driest period of the year, with total accumulated 
precipitations lower than 130 mm. Temperature fluctua-
tions throughout the year are low.

Entomological monitoring - Ae. aegypti adults were 
monitored fortnightly in each of the six areas with two 
different traps, the MQT and the BGS traps from De-
cember 2008-June 2010, thus covering two rainy seasons 
and one dry period.

The MQT lures gravid Ae. aegypti by visual and ol-
factory stimuli. The AtrAedes enhances the attractiveness 
(Eiras & Resende 2009). One sticky trap was installed in 
four different blocks of each cluster, totalling 24 traps. The 
traps remained on fixed positions in the peridomestic area 
of premises, sheltered from direct sun and strong rain. 
During the fortnightly trap inspections, captured mos-
quitoes were identified and sexed by trained fieldworkers 
with the help of a magnifying glass. The obtained data 
was registered in a mobile phone using software espe-
cially developed for this purpose and immediately send to 
an online database of Ecovec Ltda. One drop of Bacillus 
thuringiensis var. israelensis (Bt-horus SC®) was added 
to the water in the inferior part of all traps during all trap 
inspections to avoid development of mosquito larvae.

The BGS lures mosquitoes of different physiological 
stages by imitating the convection currents of a human 
body and by using visual and olfactory cues (Kröckel et 
al. 2006, Maciel-de-Freitas et al. 2006, Ball & Ritchie 
2010). BGS traps (1 trap per house) were installed in the 
peridomestic area of four non-neighbouring houses in the 
centre of each cluster. All 24 traps (4 traps in each of the 
6 clusters) were installed in the mornings of the same day 
and removed after a collection period of 24 h. Trap posi-
tions (houses) changed with each collection cycle. Trapped 
mosquitoes were sexed, counted and identified to species 
for mosquitoes of the genus Aedes and to genus for mos-
quitoes of other genera. Ae. aegypti females were dissected 
for the determination of their parity status and classified 
as either nulliparous or parous (Detinova 1962). Mosqui-
toes with ovarioles developed past Christopher’s stage II 
were classified as “late ovarian development stages”.

Human dengue cases - Confirmed monthly dengue 
cases in the Cidade Nova were obtained from the Informa-
tion System of Notifiable Diseases of the State of Amazo-
nas [made available by the Foundation of Health Vigilance 
of Amazonas (FVS-AM)]. Case confirmation is based on 
clinical and laboratorial evidence (IgM ELISA, reverse 
transcription-polymerase chain reactioN, virus isolation 
or immunohistochemistry) (MS/SVS 2005). Dengue inci-
dence was calculated based on the number of inhabitants 
of the Cidade Nova (IBGE 2011).

Meteorological data - Daily meteorological data 
in different categories were obtained from the Brazil-
ian National Meteorological Institute. Mean values for 
weekly data were calculated: maximum weekly temper-
ature (ºC) (Tmax), minimum weekly temperature (Tmin), 
number of rainy days per week (Ndaysrain), accumulat-
ed weekly rainfall (Rain), mean weekly relative humid-
ity (RH) and minimum weekly RH (RHmin). For each 
of these variables, lagged values were calculated (lags 

of 1, 2 and 3 weeks, henceforth Rain1w, Tmin2w and so 
one). Additionally, Ndaysrain and Rain were calculated 
for sums of lagged values: week 1 + week 2, week 1 + 
week 2 + week 3, week 2 + week 3 (henceforth Rain1.2w, 
Rain1.3w, Rain2.3w). As BGS traps had a sampling pe-
riod of 24 h, variables that referred to each day of BGS 
sampling were also included in the data set: minimum 
daily temperature, maximum daily temperature (Tmaxd) 
and mean daily humidity. These variables were only 
used for the analysis of BGS data.

Data analysis - To compare overall mean female Ae. 
aegypti catches per trap type per cluster, values were 
log10(x+1)-transformed (to meet the assumption of normal 
distribution) and compared using one-way ANOVA and 
Tukey’s honest significant differences post-hoc test.

Pearson correlation was used to determine correla-
tion between log10(x+1)- transformed mean numbers of 
female Ae. aegypti caught per sampling week per cluster 
obtained by the two trap types in each of the six clusters.

As the dengue incidence data was only available 
monthly and as this data did not consider the cluster bor-
ders, Pearson correlation was performed based on data 
of monthly mean catches of Ae. aegypti females in MQT 
or BGS traps and monthly dengue incidence in Cidade 
Nova. Monthly variables were log10 (x+1)- transformed 
prior to correlation analysis to meet the assumption of 
normal distribution.

For the analysis of mosquito trapping time series, the 
mean number of female Ae. aegypti per trap per cluster 
per trap type per monitoring week (MeanAaefem) was 
calculated by dividing the sum of Ae. aegypti females 
collected in each of the six clusters with the number of 
traps (MQT or BGS) that were used in each cluster in 
each sampling week. Mean values were log10-transformed 
(x+1) (henceforth lMeanAaefem) so that the data followed 
a Gaussian distribution (Zar 2010). First, we used addi-
tive mixed models (AMM) to investigate possible non-
linear effects of meteorological variables and of the vari-
able week. In these models, the grouping variable cluster 
was used as a random factor. For BGS and MQT data, 
effects were linear, justifying the use of linear mixed ef-
fects (LME) models, again with cluster as random fac-
tor. As variables of the same meteorological category, but 
with different lags were highly correlated, only the best 
predictor for each category was included in an initial full 
model. Minimal models were selected using stepwise for-
ward/backward selection. As autocorrelation analysis of 
the LME models’ residuals revealed significant autocor-
relation at lag 1, an autocorrelation function of first or-
der (AR-1) was added. For the BGS time series, residual 
spread varied per cluster. The varIdent variance function 
was therefore added to the model, to allow for heterosce-
dasticity (Pinheiro & Bates 2000, Zuur et al. 2009). Only 
the results of the best models (significance of explanatory 
variables, lowest Aikaike information criterion values, 
adequate residual plots, autocorrelation plots and partial 
autocorrelation plots) are presented.

The statistical software R 2.12.1 (R Development Core 
Team 2011) was used for data analysis. AMM and LME 
models were implemented using the libraries mgcv (Wood 
2006) and nlme (Pinheiro et al. 2011), respectively.
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Ethics - The study received approval from the Ethi-
cal Committee of the Doutor Heitor Vieira Dourado 
Foundation of Tropical Medicine of Manaus (CAAE: 
0013.0.114.000-08).

RESULTS

Meteorological data - During the study period, min-
imum and maximum monthly temperature varied be-
tween 23.3-25.9º and 30.3-35.6ºC, respectively (Fig. 2A). 
High fluctuations were observed for monthly precipita-
tion, which varied between 4.2-458.1 mm/month. From 
9 July-9 November, a mean of 3.2 days per month (range 
1-5 days) were positive for rainfall whilst during the re-
maining months a mean of 18.6 days were rainy (range 
12-26 days). Relative mean monthly humidity varied be-
tween 69.3-88.5% (Fig. 2A).

Mosquito catches - MQTs collected 3,444 mosquitoes 
(mean 3.95) (Culex spp, Ae. aegypti and Ae. albopictus) dur-
ing the whole study period, whilst BGS collected 22,000 
mosquitoes (mean 24.23). Both traps captured predomi-
nantly Culex spp (mainly Culex quinquefasciatus) in all 
six areas (Table I). Overall, MQTs collected a mean num-
ber (± standard error) of 2.6 ± 2.9 Culex spp mosquitoes 
during two weeks, whilst BGS traps collected 10 times as 
much (22.6 ± 45.8) in their shorter collection period of 24 h. 
Of the total catches, MQTs and BGS collected 66.3% and 

93.4% Culex spp, respectively. The second-most abundant 
mosquito species in both trap types was Ae. aegypti, which 
represented 30.3% of MQT and 5.9% of BGS catches. The 
MQTs were more specific for Ae. aegypti.

Ae. albopictus were rare in both traps. Considering 
only Ae. aegypti and Ae. albopictus, 89.9% and 90.2% 
were Ae. aegypti in MQT and BGS traps, respectively.

Female Ae. aegypti catches from MQTs differed sig-
nificantly between the six areas [F = 30.6; degrees of 
freedom (df) = 5; p < 0.001], with mean catches per area 
ranging from 0.13-1.72 individuals per trap per sampling 
period of two weeks (Table I). Maximum numbers of 
females collected per trap per sampling period in each 
cluster varied between two-13. In total, about 83% of 
caught Ae. aegypti were females, with values in clusters 
ranging between 40.9-97.9% (Table I). In four out of the 
six clusters, the percentage was higher than 80%.

Catches from BGS traps also differed significantly 
between clusters, with mean catches ranging from 0.37-
1.99 female Ae. aegypti per trap per 24 h (F = 17.9; df = 5; 
p < 0.001). The maximum number of females collected per 
24 h trapping period per cluster varied between six-17. Of 
all collected Ae. aegypti mosquitoes, 62.7% were females, 
with values in clusters ranging from 53.3-75.1% (Table I).

MQT and BGS collected a mean of 0.92 and 0.07 
Ae. aegypti females, respectively, per 24 h. Thus, daily 
catches were 13 times higher in BGS.

Of the total of 819 Ae. aegypti females captured in 
BGS traps, 798 were dissected for the determination of 
their parity status. The vast majority of individuals in all 
six clusters (60-85.4%) were found to be in late ovarian 
development stages, 6.7-36% were parous and 0.9-4.7% 
were nulliparous (Table I).

Both traps identified cluster 1 as the area with the 
highest infestation of Ae. aegypti females. MQTs sug-
gested the lowest infestation in cluster 2, whilst BGS 
traps identified this cluster as the third-most infested. 
Overall correlation between MQT and BGS, based on 
the lMeanAaefem dataset with one data point per cluster 
in each collection week, was very low (Pearson’s r = 0.09, 
p = 0.17). On cluster level, correlations were also low and 
not significant, with Pearson’s correlation coefficients 
ranging between -0.14-0.14 (p > 0.1). When correlating 
only gravid Ae. aegypti females captured in BGS with the 
catches of MQTs, only slightly higher correlation indices 
were obtained in three clusters, but the overall correla-
tion was lower (Pearson’s r = 0.06, p = 0.35). However, 
correlation between MQT and BGS catches was signifi-
cantly negative, when weekly data of all six clusters was 
pooled (Pearson’s r = -0.38; p = 0.01).

Monthly temporal pattern of adult Ae. aegypti abun-
dance and dengue incidence - Please note that in the fol-
lowing analysis, the mean value of all female Ae. aegypti 
collected with the same trap type were pooled to yield one 
single data point per month. Monthly adult Ae. aegypti 
abundance measured by both traps varied throughout the 
study period. The trend was associated with the accumulat-
ed monthly precipitation. Catches in BGS traps were posi-
tively related with rainfall, revealing higher indices during 
the two rainy seasons. On the contrary, female catches in 
MQTs were highest during the dry season (Fig. 2B).

Fig. 2A: monthly precipitation (rain), monthly maximum mean tem-
perature (Tmax), monthly minimum mean temperature (Tmin) and 
monthly mean relative humidity (humidity) in Manaus, state of Ama-
zonas, Brazil, between December 2008-June 2010; B: monthly pre-
cipitation (grey bars), mean monthly catches of female Aedes aegypti 
in MosquiTRAP (MQT) (dashed line) and BG-Sentinel (BGS) (solid 
line) and dengue incidence per 10,000 (dotted line) in Manaus be-
tween December 2008-June 2010.
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Dengue incidence was higher during the two rainy 
seasons than during the dry season (Fig. 2B). Correla-
tion between monthly Ae. aegypti abundance in BGS 
traps and dengue incidence was moderate positive (Pear-
son’s r = 0.38; p = 0.11) and correlation between female 
abundance in MQT and dengue incidence was moderate 
negative (Pearson’s r = -0.31; p = 0.20). The correlation 
between monthly mean catches in MQTs and BGS was 
significantly negative (Pearson’s r = -0.47; p = 0.04).

Fortnightly pattern of mosquito infestation and trap 
positivity - For both trap types, the mean number of fe-
male Ae. aegypti collected in each monitoring week was 
calculated (Fig. 3A). As demonstrated before for month-
ly mean data, mosquito catches varied throughout the 
study period for both trap types, however showing dif-
ferent trends. Mosquito density in BGS mostly followed 
the pattern of rainfall, with low catch rates during the 
dry season. Catches were highest at the beginning and 
at the end of the first rainy season. After the dry period 
(July-November), catches increased again, but levels as 
high as in the first rainy season were not reached.

MQT mean catches were lowest at the beginning of 
the first rainy season and peaked at the beginning of the 

dry season. Catches remained high during the dry pe-
riod, but decreased gradually until the end of the study.

Both traps were sensitive to detect the presence of 
female Ae. aegypti in every monitoring week during the 
study period. Trap positivity of BGS and MQT did not 
reveal differences between the dry season and the second 
rainy season (Fig. 3B). During the first rainy season, the 
dry season and the second rainy season, 44.4%, 56.5% 
and 57.8% of MQT detected the presence of females. 
BGS traps caught Ae. aegypti females in 50.8%, 32.1% 
and 32.1% of traps during the three seasons. In the first 
rainy season, the chance of trap positivity did not differ 
between MQT and BGS [odds ratio (OR) = 1.3; p = 0.13]. 
In the dry season and second rainy season, the chance of 
trap positivity was significantly higher in MQTs (OR = 
2.7; p < 0.001 and OR = 2.9; p < 0.001, respectively). The 
overall proportion of positive traps was 53.6% in MQT 
and 38.7% in BGS traps.

Effect of meteorological variables on female Ae. ae-
gypti abundance - For the MQT data, only Ndaysrain1w 
was a significant meteorological predictor variable of fe-
male Ae. aegypti abundance (p < 0.05). The final model, 
which included only Ndaysrain1w as explanatory variable 

TABLE I
Descriptive statistics of mosquitoes caught by 24 MosquiTRAPs (MQT) and 24 BG-Sentinel (BGS) traps in six areas  

of the neighbourhood of Cidade Nova, Manaus, state of Amazonas, Brazil, between December 2008-July 2010 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Total

MQT
n 140 134 139 161 162 135 871
Mosquitoes (n) 832 486 655 783 382 306 3,444
Aedes aegypti [n (%)] 290 (34.9) 44 (9.1) 189 (28.9) 186 (23.8) 191 (50) 142 (46.4) 1,042 (30.3)
Aedes albopictus [n (%)] 1 (0.1) 39 (8) 38 (5.8) 15 (1.9) 12 (3.1) 13 (4.2) 118 (3.4)
Culex sp. [n (%)] 541 (65) 403 (82.9) 428 (65.3) 582 (74.3) 179 (46.9) 151 (49.3) 2,284 (66.3)

Ae. aegypti female (n) 241 18 101 185 187 135 867
Mean ± SD 1.72 ± 1.93a 0.13 ± 0.44b 0.73 ± 0.69c 1.15 ± 1.07a 1.15 ± 1.31a 1.00 ± 1.61c 0.99 ± 1.36
Maximum (n) 13 3 2 6 9 9 13
Ae. aegypti female (%) 83.1 40.9 53.4 99.5 97.9 95.1 83.2

BGS
n 143 150 148 160 154 153 908
Mosquitoes (n) 1,902 2,981 5,067 10,075 745 1,230 22,000
Ae. aegypti [n (%)] 378 (19.9) 209 (7) 210 (4.1) 209 (2.1) 216 (29) 85 (6.9) 1,307 (5.9)
Ae. albopictus [n (%)] 3 (0.2) 1 (0) 121 (2.4) 5 (0) 8 (1.1) 3 (0.2) 141 (0.6)
Culex sp. [n (%)] 1,521 (80) 2,771 (93) 4,736 (93.5) 9,861 (97.9) 518 (69.5) 1,142 (92.8) 20,549 (93.4)

Ae. aegypti female (n) 284 126 112 122 119 56 819
Mean ± SD 1.99 ± 2.88a 0.84 ± 1.37b 0.76 ± 1.66bc 0.76 ± 1.52b 0.77 ± 1.18b,c 0.37 ± 1.36c 0.92 ± 1.80
Maximum (n) 17 7 13 10 6 15 17
Ae. aegypti female (%) 75.1 60.3 53.3 58.4 55.1 65.9 62.7
Nulliparous [n (%)] 3 (1.1) 3 (2.4) 5 (4.7) 2 (1.7) 1 (0.9) 2 (4) 16 (2)
Parous [n (%)] 38 (13.5) 21 (6.7) 35 (33) 41 (33.9) 25 (21.9) 18 (36) 178 (22.3)
Gravid [n (%)] 240 (85.4) 102 (81) 66 (62.3) 78 (64.5) 88 (77.2) 30 (60) 604 (75.7)

collection periods of MQT and BGS were two weeks and 24 h, respectively. For each trap type, significant pairwise differences 
between the mean number of Ae. aegypti females in the six clusters are indicated by different letters (Tukey’s honest significant 
differences, p < 0.05). SD: standard deviation. 
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and an AR-1 autocorrelation structure (phi = 0.52), indi-
cates that mosquito abundance decreased with increasing 
accumulated rainfall during the previous week (Table II).

All meteorological variables, with exception of 
Raind, Rain1w, Rain3w, Rain2.3w and Tmaxd, were sig-
nificant predictors of female Ae. aegypti abundance in 
BGS traps (p < 0.05). Rain and humidity variables were 
positive predictors and temperature variables were nega-
tive predictors. The best explanatory variable was RH2w 
and the final model included only the variables RH2w 
and week, as other meteorological variables lost signifi-
cance when used additionally to RH2w.

The final model indicates that mosquito abundance 
rose with increasing humidity (effect size = 0.011). The 
variable week maintained significance, indicating that 
factors of non-meteorological nature affected fortnight-
ly mosquito abundance. Table II summarises the final 
model, which included an AR-1 autocorrelation struc-
ture (phi = 0.47) and a varIdent variance structure.

DISCUSSION

Both traps were designed to catch Ae. aegypti, but 
the vast majority of captured mosquitoes was Culex spp 
(predominantly Cx. quinquefasciatus). In studies per-
formed with MQTs in the state of Minas Gerais (MG), 
Brazil, Culex spp mosquitoes were less abundant than Ae. 
aegypti and Ae. albopictus (Gama et al. 2007, RA Gama, 
unpublished observations, de Resende et al. 2013), sug-
gesting that the MQT is highly specific for dengue vec-
tors. Honório et al. (2009) used MQTs and collected 85% 
of non-Aedes mosquitoes (also mainly Cx. quinquefas-
ciatus) in a suburban slum, but only 12% in an urban and 
24% in a suburban neighbourhood of the city of Rio de 
Janeiro, Brazil. High numbers of Cx. quinquefasciatus 
have been previously observed in BGS traps in Rio de 
Janeiro and in San Juan, Puerto Rico (Maciel-de-Freitas 
et al. 2006, Barrera et al. 2011). In Belo Horizonte, the 
capital of MG, on the other hand, Cx. quinquefasciatus 
was rare in BGS traps, as well as in other adult mosquito 
traps, which were evaluated simultaneously (Kröckel et 
al. 2006). In Australia, BGS collected predominantly Ae. 
aegypti (Williams et al. 2006). We therefore expect, that 
the high Culex catches do not reflect higher attraction 
of this genus to both, MQT and BGS traps, but a much 
higher abundance of this genus in Cidade Nova.

As Cx. quinquefasciatus is the primary vector of ban-
croftian filariasis in Brazil (Rachou 1956, Rocha & Fon-
tes 1998), its high abundance raises concern about the 
disease. Bancroftian filariasis was present in Manaus in 
the 1950s (Rocha & Fontes 1998) and, nowadays, trans-
mission occurs in Recife, the capital state of Pernambu-
co (MS/SVS 2009). Possibly, both evaluated traps might 
be used as monitoring tools for Cx. quinquefasciatus 
in urban areas of Brazil. Aspirators have been usually 
used in Brazil to detect Wuchereria bancrofti infections 
in Cx. quinquefasciatus (Medeiros et al. 1992, Fontes et 
al. 2012, Korte et al. 2013). To catch the filariasis vec-
tors through aspiration, it is necessary to have access to 

TABLE II
Output of the minimal adequate linear mixed effects models of female Aedes aegypti abundance  

measured with MosquiTRAPs (MQT) and BG-Sentinel (BGS) in Manaus, state of Amazonas, Brazil

Trap Response variable Explanatory variables Coefficient (± SE) t df p

MQT lMeanAaefem Ndaysrain1w -0.025 ± 0.012 -2.14 239 < 0.001
BGS lMeanAaefem RH2w 0.011 ± 0.003 3.38 232 < 0.001

week -0.005 ± 0.001 -4.77 232 < 0.001

df: degrees of freedom; lMeanAaefem: log (x+10)- transformed mean number of Ae. aegypti females; Ndaysrain1w: number of rainy 
days in the week prior to mosquito sampling; RH2w: relative humidity two weeks prior to mosquito sampling; SE: standard error.

Fig. 3A: weekly precipitation and mean fortnightly catches of female 
Aedes aegypti in MosquiTRAP (MQT) (dashed line) and BG-Sentinel 
(BGS) (solid line) in Manaus, state of Amazonas, Brazil, between De-
cember 2008-June 2010; B: fortnightly trap positivity for Ae. aegypti 
in MQT (dashed line) and BGS (solid line) in Manaus between De-
cember 2008-June 2010.



1036 Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 109(8), December 2014

households during the nocturnal period. The use of traps 
would therefore be more convenient for both residents 
and health agents.

Cx. quinquefasciatus is also a competent vector of 
West Nile virus (WNV) (Goddard et al. 2002, Micieli et 
al. 2013). Recent studies found neutralising antibodies 
to WNV in horses and chicken from the Brazilian Pan-
tanal (Pauvolid-Corrêa et al. 2011, 2014, Melandri et al. 
2012, Ometto et al. 2013), however no viral genome was 
detected in mosquitoes (Pauvolid-Corrêa et al. 2011) 
and the vector capacity of Brazilian Cx. quinquefascia-
tus strains is unclear. As WNV was previously detected 
in mosquitoes that were captured with BGS (Farajol-
lahi et al. 2009), this trap appears to be suitable for field 
studies that intent to examine the role of mosquitoes in 
WNV transmission in Brazil.

Both traps found Ae. aegypti to be the second-most 
abundant and Ae. albopictus the third-most abundant spe-
cies in the study area. Considering only these two spe-
cies, MQT and BGS caught about the same percentage 
of Ae. aegypti (89.9% in MQT and 90.2% in BGS). This 
result is similar to observations from an ovitrap survey 
from Manaus in 2004, where 85.5% and 14.5% of larvae 
hatched from collected eggs were Ae. aegypti and Ae. al-
bopictus, respectively (Ríos-Velásquez et al. 2007). Ae. 
aegypti populations decreased in North America with 
the establishment of Ae. albopictus (O’Meara et al. 1995). 
Despite the fact, that Ae. albopictus is a superior larval 
competitor, both coexist and in some North American 
settings, Ae. aegypti still remains dominant [reviewed by 
Juliano and Lounibos (2005)]. It was demonstrated under 
field conditions, that Ae. albopictus is also a superior lar-
val competitor in Brazil (Braks et al. 2004). When com-
paring our result concerning percentages of Ae. aegypti 
and Ae. albopictus with the results of Ríos-Velásquez et 
al. (2007), based on data collected about four years be-
fore, it seems that the relative abundance of Ae. albopic-
tus did not increase. One must however consider that the 
studies were conducted with different trapping devices in 
different neighbourhoods of Manaus.

Ae. aegypti monitoring results in the six clusters of Ci-
dade Nova showed that the two traps did not result in the 
same infestation rankings and that correlations between 
mosquito collections in the two traps were low. This dif-
ference might be associated with the MQT’s characteris-
tic to attract mainly gravid Ae. aegypti females (Fávaro 
et al. 2006), whilst the BGS attracts females in differ-
ent physiological stages (Maciel-de-Freitas et al. 2006, 
Williams et al. 2006, Rapley et al. 2009, Ball & Ritchie 
2010). In the present work, we also collected females in 
different physiological stages. As observed before in 
Australia (Rapley et al. 2009), we collected predomi-
nantly females in advanced ovarian development stages 
(> Christopher’s stage II), but we do not know how many 
of these females were ready to lay eggs. Another expla-
nation for lack of correlation on cluster level could lie in 
the study protocol: BGS traps changed their position ev-
ery week, whilst MQT were located on fixed positions. 
Furthermore, MQTs were exposed continuously for two 
weeks, whilst catch bags from BGS were removed after 
a sampling period of 24 h. BGS catches might have been 

strongly affected by the rainfall during the short sam-
pling period, in a way that strong rains diminished the 
mosquitoes’ flight activity. This hypothesis was not sup-
ported, as rainfall of the sampling day was no significant 
predictor of female Ae. aegypti abundance.

Interestingly, the overall mean numbers of Ae. aegyp-
ti females collected in the two traps were similar. How-
ever, the BGS traps collected 0.92 females in 24 h, whilst 
MQTs collected 0.99 females during a trapping period of 
two weeks, which is an equivalent of 0.07 individuals in 
24 h. Daily catch rates of BGS traps were therefore about 
13 times higher. This difference is probably due to (i) 
the trap-operating type: the BGS is active and ventilates 
even those mosquitoes inside the trap, who come close 
to the black catching funnel, whilst the MQT is a passive 
device that catches only those mosquitoes who actively 
enter the trap and land on the sticky card; (ii) the attrac-
tive size of the trap surface: the surface area of the BGS 
is approximately five times bigger.

MQT catches were highest during the dry season and 
numbers of mosquitoes in BGS increased in the rainy 
season. The observed temporal pattern of female Ae. 
aegypti in MQTs was contrary to the findings of other 
longitudinal studies with duration of at least one year, 
which were conducted in several cities of MG (Eiras & 
Resende 2009), in Belo Horizonte (Melo et al. 2012) and 
in Rio de Janeiro (Honório et al. 2009). In all these stud-
ies, MQT catches were higher in the rainy season. In the 
Brazilian state of Sergipe, on the other hand, catches of 
female Ae. aegypti were higher during the dry season, 
which the authors explained to have happened because 
of extensive application of vector control (Steffler et al. 
2011). In our study, the increased MQT catches in the dry 
season were probably caused by a reduction of breeding 
sites, confirmed by a lower house index and Breteau in-
dex during the dry season in Cidade Nova (FVS-AM). 
In this way, fewer breeding sites were competing with 
MQTs to attract gravid mosquitoes, presumably leading 
to increased catch rates. Ae. aegypti females are known 
to lay their eggs in multiple containers, a behaviour that 
is referred to as “skip oviposition” [reviewed by Reiter 
(2007)]. A general reduction in the number of breeding 
sites might also have forced females to retain eggs and 
disperse farer to seek oviposition sites. In this way, the 
increased number of females in MQTs during the dry 
season might reflect higher dispersal of gravid females. 
It was shown before, that gravid Ae. aegypti disperse 
more, when no breeding sites are available (Edman et al. 
1998). Additional investigations are necessary to char-
acterise longitudinal data obtained by BGS and MQT in 
different geographic and climatic regions.

As a high percentage of females caught in BGS traps 
were in late ovarian development stages, a similar longi-
tudinal trend as observed for MQT could have been pos-
sible. As this did not happen, we presume that most of 
the females that were classified as “late ovarian develop-
ment stages” were not ready yet for oviposition, but were 
seeking for a host in order to complete egg maturation. 
Another observation from our study, which strengthens 
this argument, is that correlation coefficients between 
catches in MQT and BGS did not increase substantially, 
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when only mosquitoes from late ovarian development 
stages in BGS were considered for the correlation analy-
sis. Multiple blood feeding is well documented for Ae. 
aegypti (Scott et al. 1993a, b, 2000).

Monthly female Ae. aegypti abundance in BGS traps 
was positively associated with dengue incidence, whilst 
dengue vector abundance in MQTs was negatively associ-
ated with dengue incidence. The pattern of BGS catches and 
dengue incidence being positively associated with rainfall 
was observed before in Puerto Rico (Barrera et al. 2011).

Of all 28 tested meteorological variables, only Nday-
srain1w was a significant predictor of female Ae. aegypti 
abundance in MQTs (in a negative relationship). It was 
expectable, that temperature variables were poor pre-
dictors, as variation throughout the year was low. It is 
however surprising, that none of the Rain or RH vari-
ables were significant. All rain variables were negative-
ly associated with mosquito abundance at all evaluated 
time lags. With increasing number of rainy days during 
the traps’ exposal time in the field, the availability of 
breeding sites increased, as many suitable objects were 
available in the yards. Therefore, the MQT had to com-
pete with more recipients for gravid females, which pre-
sumably lead to a reduction in the number of collected 
mosquitoes in rainy periods. Another explanation of the 
result could be an inhibition of oviposition behaviour 
on rainy days, a phenomenon that has been observed by 
P Reiter and MA Amador [cited as unpublished obser
vations in Reiter (2007)]. Honório et al. (2009) found a 
negative effect of rainfall at lag 1 on MQT collections 
in one of three neighbourhoods of Rio de Janeiro. Ap-
parently, this neighbourhood had similar characteris-
tics to our study site, with houses and yards, permanent 
water containers and rain-dependent breeding sites. In 
contrast to our study however, rainfall at other lags was 
positively associated with female abundance (Honório et 
al. 2009). In a study of 12 weeks duration, conducted 
during the rainy season in Pedro Leopoldo, MG, a nega-
tive relationship between MQT catches and rainfall was 
observed (de Resende et al. 2013).

Most meteorological variables were significant pre-
dictors of female Ae. aegypti abundance in BGS. Rain 
and humidity variables were positively associated with 
mosquito abundance, no negative association was found 
after rain (accumulated rain or number of rainy days) has 
reached a certain threshold. This result is in concordance 
with results from a simulation study, which revealed that 
Ae. aegypti larvae and pupae are almost not affected by 
flushing effects due to heavy rain (Koenraadt & Har-
rington 2008). The best predictor of mosquito abundance 
in the LME model was the mean RH at two weeks before 
the 24 h trapping period. Humidity at the same time lag 
was also significantly associated with female abundance 
in BGS traps in Cairns, Australia (Azil et al. 2010).

Minimum temperature was a significant negative 
predictor on the trapping day (range of daily minima: 22-
27.5ºC) and for lag 3 weeks. All maximum temperature 
variables (range of daily maxima: 27.3-37.6ºC) were also 
negatively associated with mosquito collections. Accord-
ing to Beserra et al. (2006), the ideal temperature range 
for Ae. aegypti in terms of development, longevity and fe-

cundity is 22-29ºC and Rueda et al. (1990) found the ideal 
temperature in terms of survival to adult stage to range 
between 20-27ºC. The lower temperature threshold was 
not reached in Manaus during our study period. The up-
per ideal temperature however was frequently exceeded. 
During those periods of high temperatures, mosquitoes 
likely reduced their flight activities and sought for shad-
owed places in order to avoid excessive heat. This prob-
ably contributed to decreased collections in BGS traps. 
Furthermore, highest temperatures occurred during the 
dry season (Fig. 1), at a time, when the overall number 
of breeding sites was reduced. At that time, oviposition 
in existing containers probably increased. Mendki et al. 
(2000) reported the oviposition-stimulating effect of a 
semiochemical of conspecific larvae on Ae. aegypti. In a 
recent field study, the number of eggs laid per recipient 
increased with increasing conspecific larval density and 
in the same study, the wing size of mosquitoes decreased 
with increasing larval density (Wong et al. 2011). If the 
same has happened in our study, it is possible that dur-
ing the dry and hot season the mosquitoes’ body size de-
creased, which might have led to reduced biting persis-
tence (Nasci 1991), reduced fecundity (Farjana & Tuno 
2012) and decreased mating capacity of males (Ponlawat 
& Harrington 2009), factors that may have contributed to 
a reduction of the female mosquito population. It would 
therefore be interesting to assess mosquito body size in 
future longitudinal studies with adult traps.

In summary we demonstrated that MQT and BGS 
detected the same relative abundance of Ae. aegypti, Ae. 
albopictus and Culex spp in Manaus. Both traps detected 
the presence of Ae. aegypti in Cidade Nova at all monitor-
ing weeks, which shows that MQT and BGS are sensitive 
tools for dengue vector monitoring. However, the daily 
catch rate of female dengue vectors was 13 times higher 
in the BGS. Quantitative longitudinal data of both traps 
were more suitable than presence/absence data to detect 
seasonal differences in mosquito abundance. Time se-
ries of fortnightly female Ae. aegypti collections in MQT 
and BGS followed opposing trends. The MQT collected 
highest numbers of female dengue vectors during the 
dry season, the period when collections in BGS reached 
their lowest level. It appears that the MQT is especially 
sensitive to collect gravid Ae. aegypti in the dry season 
of the Amazonian region. Catches of BGS traps however 
reflected better the dynamic of dengue incidence.
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