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The increasing prevalence of high-rise residential developments in dengue-endemic regions has created
new challenges for understanding the distribution and surveillance of Aedes mosquitoes. This study
investigated the vertical distribution of Aedes mosquitoes and evaluated the effectiveness of two modified
low-cost sticky trap designs in a high-rise residential complex in Hulu Langat, Selangor, Malaysia. A total
of 108 sticky traps comprising small and large trap designs were deployed across multiple floor levels
in two residential blocks over four sampling rounds. Adult mosquitoes were identified morphologically,
and trap performance was assessed using sticky trap indices and Generalized Estimating Equations (GEE)
analysis. Aedes aegypti was the dominant species captured throughout the study, particularly in Block A,
whereas Ae. albopictus was more frequently detected in Block B. Adult Aedes mosquitoes were recorded
from lower parking levels to the highest residential floors, demonstrating extensive vertical distribution
within the building environment. Large sticky traps consistently outperformed small traps, recording
higher sticky trap indices, greater mosquito captures, and all mixed-species detections. Negative-binomial
GEE indicated that floor level and trap size were significant predictors of Ae. aegypti abundance, while
binary logistic regression showed that the probability of Ae. aegypti detection also increased with floor
level and was substantially higher in large traps. These findings demonstrate that Aedes mosquitoes
are capable of occupying a wide vertical range in high-rise residential buildings and highlight the value
of low-cost stiky traps as practical surveillance tools. The study provides important ecological insights
into urban mosquito distribution and supports the development of scalable surveillance strategies for
dengue vector management in increasingly vertical urban landscapes.
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INTRODUCTION

Rapid urbanization, particularly the construction of high-
rise residential buildings, has created a complex urban ecology

Dengue fever is a global health issue transmitted by the bite of
female Aedes mosquitoes carrying dengue virus (DENV), a single-
stranded RNA virus with four major serotypes (DENV-1 to DENV-4)
that causes dengue fever. Two species of Aedes mosquitoes have
been identified as the main vectors of the disease, namely Aedes
aegypti and Aedes albopictus. The Ae. aegypti species acts as the
primary vector while Ae. albopictus acts as the secondary vector.
Both species are commonly found in tropical and subtropical
climates, especially in urban and semi-urban areas that provide
suitable environments for mosquito breeding (World Health
Organization, 2025). Tropical and subtropical climates typically have
high rainfall, temperature and humidity, which in turn create optimal
conditions for breeding and increase the lifespan of vectors (Abd
Majid et al., 2021; Alias et al., 2025).
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that has the potential to accelerate the breeding and spread of
Aedes mosquitoes (Dom et al., 2026; Woods & Randle, 2025). This
situation also poses new challenges to dengue vector surveillance
and control efforts. Conventionally, vector surveillance strategies
have focused on ground-level habitats and easily identifiable
breeding sites, such as discarded containers, used tires and drainage
systems. This approach implicitly assumes that vertical spread of
Aedes mosquitoes is limited and spatially dominant at lower levels.
However, recent evidence suggests that Aedes mosquitoes can
spread effectively across multiple floor levels in high-rise buildings,
and their presence at higher levels may have important implications
for vector control strategies and public health, especially in dengue-
endemic areas such as Malaysia. Over the past five decades, the
urbanization rate in Malaysia has increased significantly from 28.4%
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in 1970 to approximately 79% in 2024, with an urban population
growth rate of approximately 4% per year (World Bank, 2023).

Selangor is one of the areas experiencing rapid urban
development, including the increase in high-rise residential
construction due to land constraints (Malaysia Gazette, 2018). A
vector surveillance study conducted in several high-rise residential
buildings in Kuala Lumpur and Selangor showed that both Ae. aegypti
and Ae. albopictus species can be found from the ground floor to
the upper floors of the buildings. The ovitrap index obtained also
showed a wide vertical distribution range, indicating the continuous
presence of vectors across the vertical profile of residential buildings.
This finding is in line with observations in several other urban
environments in Malaysia, including Kuala Lumpur, Selangor and
Johor (Lau et al., 2013; Lau et al., 2015; Roslan et al., 2022), where
Aedes mosquito abundance was found to be higher at lower levels
but could still be detected at significant heights, up to 21 storeys of
buildings (Ab Hamid et al., 2020). This situation indicates the need
to refine vector surveillance strategies that consider the vertical
spread of mosquitoes in high-density urban environments.

Sticky traps have been widely used in surveillance studies and
vector control efforts. Unlike conventional ovitraps that focus on
detecting mosquito eggs and larvae, sticky traps focus directly on
adult mosquitoes, thus allowing for a more accurate assessment of
the distribution of mosquito populations in an area. This approach
can also reduce the bias caused by the skip-oviposition habit of
Aedes mosquitoes, which is the behaviour of laying eggs in multiple
locations to reduce competition between larvae (Reinbold-Wasson &
Reiskind, 2021). In addition, the use of adult traps has the potential
to help reduce adult mosquito population density, thus reducing the
risk of virus transmission (Achee et al., 2015; Smith et al., 2012).
The present study provides a preliminary assessment of adult Aedes
occurrence across vertical levels within a single contemporary
high-rise residential complex while simultaneously comparing two
low-cost modified sticky trap configurations under paired sampling
conditions.

To address this, the present study aimed to investigate the
vertical distribution of adult Aedes mosquitoes within a high-rise
residential environment, and evaluate the operational performance
of two modified low-cost sticky trap designs for adult mosquito
surveillance in the Hulu Langat district, Selangor, one of the areas
that consistently records high dengue incidence. It was hypothesized
that Aedes mosquitoes would still be detectable at higher floors of
residential buildings, although their abundance would decrease
with increasing building height. Furthermore, smaller sticky trap
designs were expected to demonstrate higher capture efficiency
compared to larger designs, due to their operational characteristics
and their ability to effectively attract and retain adult mosquitoes
within confined environmental spaces.

MATERIALS AND METHODS

Research area

The study was conducted at Residensi Rimbun (Canopy Hill),
Kajang 2, located in Hulu Langat district, Selangor, Malaysia
(2.958129200841876 N, 101.79537436838639 E). This high-rise
residential complex was completed in 2022 and consists of two
blocks (Block A and Block B), where each block comprised 27
numbered levels, with the basement through Level 5 used primarily
for parking, level 6 containing shared recreational facilities, levels
7 to 26 comprising residential floors and level 27 consisting
predominantly of rooftop/common outdoor areas. The site was
selected due to its epidemiological relevance, as the residential
area had previously been identified as a dengue hotspot for
three consecutive weeks in 2024. Residensi Rimbun is adjacent
to Kajang railway station and is located approximately 10 minutes
from The National University of Malaysia and Bandar Baru Bangi,
and about 20 minutes from Putrajaya city centre. As shown in
Figure 1, the surrounding environment is characterised by rapid
urban development, including several newly constructed high-rise
residential complexes and ongoing construction projects in the
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Figure 1. Geographic location of Residensi Rimbun (Canopy Hill) within Hulu Langat district, Selangor, Malaysia, showing
the study site in relation to surrounding urban areas. Map source: OpenStreetMap.
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immediate vicinity. These urbanisation dynamics potentially create
favourable conditions for Aedes mosquito breeding and dispersal.
Within the building structure, the basement level up to the fifth
floor is designated for multi-storey parking facilities. The sixth
floor contains shared recreational facilities including a swimming
pool and gymnasium. Residential units occupy floors 7 to 26, while
the 27th floor consists of rooftop areas used for outdoor activities.
The site was considered suitable for this preliminary investigation
due to the absence of previous entomological surveillance within
a 200 m radius of the residence. Furthermore, Hulu Langat district
has consistently reported one of the highest dengue case burdens
in Selangor.

Trap design

Two types of modified sticky ovitraps were used in this study.
The trap design was adapted from previously described models
developed by (Roslan et al., 2022), with minor modifications
introduced to optimise trap functionality and affordability for
community-based application. Each trap consisted of two containers:
an outer black container that served as the water reservoir and an
inner container fitted with adhesive surfaces for capturing adult
mosquitoes attempting to oviposit. The inner container was modified
by removing its base and lining the inner walls with commercially
available insect sticky paper. This design allowed adult mosquitoes
attracted to the infusion to enter the trap and become immobilised
on the adhesive surface during oviposition attempts. The sticky
papers used in the traps were inexpensive, widely available online,
and safe to handle, making the trap design suitable for potential
household-level deployment. Two trap sizes were tested in the study.
The small trap had an outer container capacity of approximately
250 ml, while the large trap had a capacity of approximately 650
ml. Both trap types were filled with hay infusion prepared by
fermenting dried grass in tap water for about a week. The infusion
was used to simulate natural organic breeding conditions and
enhance the attractiveness of the traps to gravid Aedes females
seeking oviposition sites. Detailed specifications of each trap type
are provided in Figure 2 and Table 1.

Placement of traps

A total of 108 traps were deployed during each sampling round
across the selected high-rise residential buildings. At each floor level,
two traps were installed, consisting of one large sticky trap (650 mL)
and one small sticky trap (250 mL). The paired trap design allowed
a direct comparison of the trapping performance between the two
trap types under similar environmental conditions while minimising
micro-habitat variability within the same floor level. The traps were
placed at approximately 1-2 m from each other, typically near lift
lobby areas or communal corridors that experience frequent human
movement. The selection of placement is due to the protection from

Table 1. Physical characteristics of modified sticky ovitraps

direct rainfall, relatively shaded, and less exposed to strong wind
currents, creating environmental conditions that are favourable
for gravid female mosquitoes seeking oviposition sites. Previous
entomological observations indicate that Aedes mosquitoes prefer
dimly lit and protected environments when selecting breeding or
oviposition habitats, making these semi-enclosed building spaces
suitable for trap placement.

Sampling was conducted over four rounds between April
and May 2025. During each round, all traps were left in place
for approximately 3-5 days before being collected for laboratory
examination. After each sampling period, the sticky substrates
containing trapped mosquitoes were retrieved and transported
to the laboratory for species identification. As for the entire study
period, the total sampling effort consisted of 432 trap deployments
(4 sampling rounds x 108 traps per round). This level of sampling
effort is comparable to several urban entomological surveillance
studies that utilise oviposition or sticky traps to monitor Aedes
populations in residential environments. The use of paired traps

(A) Inner container
Mosquito entry for oviposition

Internal Sticky Paper

(B) outer container

Water for Oviposition

Figure 2. Schematic illustration of the modified sticky ovitrap design
used in this study. The inner container (A) was modified by removing
its base and lining the inner walls with adhesive paper to capture
adult mosquitoes attempting to oviposit, while the outer container
(B) contained hay infusion to attract gravid Aedes females.

Trap

Description

Small Physical appearance:

i Outer container: Black with an approximate size of 250ml (diameter 6.1 cm and height 9 cm).

ii.  Innercontainer: Transparent container with an approximate size of 180 ml (diameter 5.5 cm and height 7.2 cm). The inner wall has been

glued with sticky paper.

Price per trap: Approximate RM 1.99 / USD 0.50
Volume of hay infusion: 70 ml

Large Physical appearance:

i Outer container: Black with an estimated size of 650 ml (diameter 9.6 cm and height 9 cm).

ii.  Inner container: Black with an estimated size of 350ml (diameter 9 cm and height 5.7 cm). The inner wall of the container has been

attached with sticky paper.

Price per trap: Approximate RM 0.70 / USD 0.20
Volume of hay infusion: 300 ml
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(a) (b)
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Figure 3. Trap placement within the residential complex: (a) traps installed in the multi-storey parking area,
(b) traps positioned near elevator and staircase access points commonly used by residents, (c) a large sticky
trap deployed at the study site prior to inspection after five days of sampling.
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Figure 4. Vertical distribution of Aedes mosquitoes detected across different floor levels of the residential house.
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across multiple floors allowed the study to assess both the vertical
distribution of Aedes mosquitoes and the relative trapping efficiency
of the two trap designs within the same structural environment,
consistent with the methodology adopted (Roslan et al., 2022, 2024).

Identification of species

After each sampling period, sticky traps containing captured insects
were transported to the laboratory for morphological identification.
Adult mosquitoes adhered to the sticky surface were carefully
examined using a stereomicroscope. Species identification was
conducted using standard pictorial identification keys for Aedes
mosquitoes.

Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics
version 25 (IBM Corp., Armonk, NY, USA). Descriptive statistics were
initially used to summarise mosquito abundance, trap positivity,
and species composition according to floor level, residential block,
and trap type. Generalized estimating equations (GEE) were used
to account for the repeated measurements obtained from the
same traps across the four sampling occasions. Species-specific
analyses were conducted separately for adult Aedes aegypti and
Aedes albopictus, with mosquito count as the dependent variable.
A negative binomial distribution with a log-link function was
specified to account for the overdispersal count nature of the
data. Trap ID was specified as the subject effect, while sampling
occasion was defined as the within-subject effect to account for
the correlation among repeated observations from the same trap.
An exchangeable working correlation structure was used,
assuming a common correlation among repeated observations
within the same trap. Floor level was entered as a continuous
covariate, whereas block and trap size were included as categorical
factors. Sampling occasion was additionally included in the final
model to account for temporal variation among sampling rounds.
Two GEE models were fitted for each species. Model 1 included
floor level, residential block, and trap size, whereas Model 2
additionally included sampling occasion to account for temporal
variation across the four sampling rounds. The associations were
expressed as regression coefficients (f3), incidence rate ratios (IRRs),
and corresponding 95% Wald confidence intervals (Cls). Model fit
was compared using the quasi-likelihood under the independence
model criterion (QIC) and the corrected QIC (QICC).

Ethical considerations

This study was approved by the National Institutes of Health
Malaysia and registered under the National Medical Research
Registry (NMRR ID: NMRR ID-24-02787-24Z).

RESULTS

Adult Aedes composition and trap performance

A total of 432 sticky traps was deployed across all floors in Blocks
A and B throughout four sampling rounds conducted between
April and May 2025. Both trap types successfully captured adult
Aedes mosquitoes, confirming the suitability of the modified sticky
ovitrap design for detecting Aedes presence in high-rise residential
environments. Overall, the relative abundance of species differed
between residential blocks. In block A, Ae. aegypti clearly dominated
the captures, whereas block B showed a more balanced composition
between Ae. aegypti and Ae. albopictus. The trapping results also
revealed occasional mixed species captures within a single trap,
indicating that both species utilised similar oviposition sites within
the residential environment.

Analysis of Trap Performance

The trapping performance of the two sticky trap designs varied
between residential blocks, as presented in Table 2. In Block A,
large traps recorded a higher number of positive traps (n = 23)
and a greater sticky trap index (21.3%) compared with small traps
(n = 7; 6.48%). A similar pattern was observed in Block B, where
large traps achieved a sticky trap index of 27.78% (n = 30 positive
traps), substantially exceeding that of small traps (10.19%; n =
11 positive traps). Mixed-species captures of Ae. aegypti and
Ae. albopictus were detected exclusively in large traps in both
blocks. Species composition also differed between residential
blocks, with Ae. aegypti dominating captures in Block A, whereas
both species were detected in relatively comparable numbers in
Block B. Overall, the results indicate that large sticky traps were
more effective in detecting adult Aedes mosquitoes under the
study conditions.

In the Table 3, the mosquito abundance varied across sampling
occasions. For Ae. aegypti, mean counts were highest during
Sampling 2 (0.33 mosquitoes per trap), followed by Sampling 1
(0.28), Sampling 3 (0.19) and Sampling 4 (0.05). Zero observations
accounted for 15.7-17.6% of traps during the first two sampling
rounds and declined to 4.6% in Sampling 4. For Ae. albopictus, no
individuals were detected during Sampling 1, whereas mean counts
were 0.07, 0.19 and 0.06 during Sampling 2, 3 and 4, respectively.

Generalized estimating equation analysis

Table 4 and 5 presents the Generalized Estimating Equations analysis
used to account for repeated measurements obtained from the same
trap across the four sampling occasions. For Ae. aegypti, Model 1
(Table 4) showed that floor level was positively associated with
mosquito abundance (3 = 0.087, IRR = 1.091, 95% Cl: 1.048-1.136,

Table 2. Species composition and trapping performance of sticky traps in each residential block

Type Number Sticky Single Aedes . .
Block of of Trap Mixed Aedes species
. Ae. aegypti only Ae. albopictus only
Traps positive Index
traps (%) Total Mean / Total Mean / Total Mean /
mosquitoes species mosquitoes species mosquitoes species
caught, positive caught, positive caught, positive
n (%) trap + SE n (%) trap £ SE n (%) trap £ SE
A Small 7/108 6.48 13 (92.9) 2.16 +0.83 1(7.1) 0.14 +— - -
Large 23/108 21.30 32(80.8) 1.89+031 1(2.2) 1.00 + - 8(17.8) 2.67+0.47
B Small 11/108 10.19 10 (52.6) 1.67+0.33 9(47.4) 1.80+0.37 - -
Large 30/108 27.78 28 (52.8) 1.47 +1.42 15 (28.3) 1.88+0.58 10 (18.9) 3.33+0.94

Mean adults per positive trap was calculated using traps in which the respective species was detected; SE was calculated from the corresponding species-
specific trap-level counts. Percentages represent the proportion of total mosquitoes captured within each trap type and block.
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Table 3. Descriptive distribution of Aedes mosquito counts across sampling periods

. . Trap . . . Zero
Species Sampling Observations Mean Count Minimum Median Maximum Observations (%)
Ae. aegypti 1 108 0.28 0.00 0.00 4.00 17.6

2 108 0.33 0.00 0.00 6.00 15.7

3 108 0.19 0.00 0.00 3.00 13.0

4 108 0.05 0.00 0.00 1.00 4.6
Ae. albopictus 1 108 0.00 0.00 0.00 0.00 0.0

2 108 0.07 0.00 0.00 2.00 6.5

3 108 0.19 0.00 0.00 5.00 10.2

4 108 0.06 0.00 0.00 5.00 19
Table 4. Generalized estimating equation (GEE) analysis of factors associated with Ae. aegypti abundance

. Model 1 Model 2

Predictor

B IRR (95% Cl) p-value B IRR (95% Cl) p-value
Floor level 0.087 1.091 (1.048-1.136) <0.001 0.091 1.095 (1.052-1.140) <0.001
Block A vs B 0.231 1.260 (0.712-2.231) 0.428 0.201 1.223 (0.692-2.159) 0.489
Large vs Small Trap 1.150 3.158 (1.554-6.416) 0.001 1.173 3.232(1.613-6.469) 0.001
Sampling 1 vs 4 - - - 1.820 6.171 (2.418-15.751) <0.001
Sampling 2 vs 4 - - - 2.063 7.872 (2.740-22.615) <0.001
Sampling 3 vs 4 - - - 1.424 4.153 (1.672-10.315) 0.002

IRR = incidence rate ratio; Cl = confidence interval; 3 = regression coefficient. Reference categories were Block B, small trap, and Sampling 4. Floor level was

entered as a continuous variable.

Table 5. Generalized estimating equation (GEE) analysis of factors associated with Ae. albopictus abundance

Predictor Model 1 Model 2

B IRR (95% Cl) p-value B IRR (95% ClI) p-value
Floor level -0.132 0.876 (0.814-0.943) <0.001 -0.123 0.884 (0.824-0.947) 0.001
Block A vs B -1.983 0.138 (0.044-0.428) 0.001 -1.976 0.139 (0.045-0.426) 0.001
Large vs Small Trap 0.935 2.568 (0.960-6.769) 0.060 0.975 2.651 (0.991-7.099) 0.052
Sampling 1vs 4 - - - NE* NE* -
Sampling 2 vs 4 - - - 0.337 1.401 (0.215-9.126) 0.724
Sampling 3 vs 4 - - - 1.218 3.381(0.576-19.857) 0.177

IRR = incidence rate ratio; Cl = confidence interval; = regression coefficient. Reference categories were Block B, small trap, and Sampling 4. Floor level was
entered as a continuous variable. NE, parameter not estimable because all observations for Ae. albopictus at Sampling 1 had zero counts, resulting in singularity

of the Hessian matrix.

p < 0.001), indicating an approximately 9.1% increase in expected
mosquito abundance for each one-floor increase. Trap size was also
significantly associated with abundance, with large traps recording
higher expected counts than small traps (3 =1.150, IRR = 3.158, 95%
Cl: 1.554-6.416, p = 0.001). Residential block was not significantly
associated with Ae. aegypti abundance ( =0.231, IRR = 1.260, 95%
Cl: 0.712-2.231, p = 0.428).

After additionally adjusting for sampling occasion in Model 2
(Table 5), the associations with floor level and trap size remained
significant. Floor level was positively associated with Ae. aegypti
abundance (3 =0.091, IRR = 1.095, 95% Cl: 1.052-1.140, p < 0.001),
while large traps continued to show higher expected counts than
small traps (f =1.173, IRR=3.232,95% CI: 1.613-6.469, p = 0.001).
Residential block remained non-significant (8 = 0.201, IRR = 1.223,
95% Cl: 0.692-2.159, p = 0.489). Sampling occasion was significantly
associated with Ae. aegypti abundance, with higher counts observed
in Sampling 1, 2 and 3 than in Sampling 4 (IRR = 6.171, 7.872 and
4.153, respectively; all p < 0.002).
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Model selection and goodness-of-fit assessment

Two negative binomial GEE models were evaluated for each species.
Based on Table 6, Model 1 included floor level, block and trap size,
whereas Model 2 additionally incorporated sampling occasion.
For Ae. aegypti, Model 2 showed lower QIC (1424.486) and QICC
(242.346) than Model 1 (QIC = 1504.481; QICC = 261.134). Similarly,
for Ae. albopictus, Model 2 produced lower QIC (597.790) and QICC
(118.436) compared with Model 1 (QIC = 669.790; QICC = 136.715).
Therefore, Model 2 was selected because incorporation of sampling
occasion improved model fit based on lower QIC and QICC values.

DISCUSSION

This preliminary study investigated the vertical distribution of adult
Aedes mosquitoes and evaluated the operational performance
of low-cost modified sticky traps within a high-rise residential
environment in Selangor, Malaysia. Mean ambient temperatures
during the study period ranged from 33.9-34.1°C, which falls within
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Table 6. Comparison of negative binomial GEE model specifications based on QIC and QICC

Species Model Predictors Qic Qlcc

Ae. aegypti Model 1 Floor level, block, trap size 1504.481 261.134
Model 2 Model 1 + sampling occasion 1424.486 242.346

Ae. albopictus Model 1 Floor level, block, trap size 669.790 136.715
Model 2 Model 1 + sampling occasion 597.790 118.436

QIC = quasi-likelihood under the independence model criterion, QICC = corrected QIC.

the optimal developmental and survival range reported for Ae.
aegypti (Pekl’anska et al., 2025). Consequently, temperature was
unlikely to have limited mosquito occurrence during the sampling
period. The study site consisted of two L-shaped residential blocks
with open-sided parking levels extending from the basement to
Level 5, open-ended residential corridors, multiple balcony areas,
and elevator lobbies that were frequently connected to residential
corridors through open doors and windows. Although the present
study did not directly evaluate mosquito dispersal mechanisms,
these architectural characteristics may provide opportunities for
passive or active movement of adult Aedes mosquitoes throughout
the building. Adult mosquitoes were detected across multiple
floor levels in both residential blocks, including upper residential
floors, indicating that mosquito activity within modern high-rise
environments is not restricted to lower levels alone. However, the
observed distribution patterns were heterogeneous and did not
demonstrate a uniform distribution pattern across all floor levels.
The heterogeneous distribution pattern observed across different
floor levels suggests that surveillance approaches relying solely on
lower-floor sampling may underestimate mosquito presence within
the building.

In the present study, floor level was positively associated with
Ae. aegypti abundance after accounting for repeated measurements
within traps. The association remained consistent after adjustment
for sampling occasion, with the expected abundance increasing
by approximately 9.5% per additional floor (IRR = 1.095, 95% ClI:
1.052-1.140, p < 0.001). Similarly, the positivity analysis showed
approximately 10% higher odds of detecting Ae. aegypti per
additional floor (OR = 1.100, 95% Cl: 1.036-1.167, p = 0.002). This
observation looks contrary to the initial expectation that mosquito
abundance would decline with increasing building height, as well
as from several previous studies conducted in high-rise residential
areas in Selangor (Ab Hamid et al., 2020; Lau et al., 2013; Wan-
Norafikah et al., 2010) and studies from other countries including
China (Jin et al., 2023), Taiwan (Liao et al., 2023), and Indonesia
(Andriyani et al., 2023), where mosquito abundance generally
decreased with increasing building height. The detection of Ae.
aegypti at upper residential levels in the present study suggests that
vertical distribution patterns may vary depending on local ecological
conditions and human activity within the building environment
(Jayathilake et al., 2015).

While Ae. aegypti abundance increased with increasing
floor level, Ae. albopictus abundance decreased significantly with
height. After adjustment for sampling occasion, each additional
floor was associated with an approximately 11.6% reduction in
the expected abundance of Ae. albopictus (IRR = 0.884, 95% Cl:
0.824-0.947, p = 0.001). This species-specific pattern suggests
that vertical distribution within high-rise environments may not
be uniform across Aedes species and may reflect differences in
ecological preferences, dispersal behaviour, or interactions with
building-associated environmental conditions. However, because the
present study did not measure floor-specific environmental variables
or dispersal mechanisms, these explanations remain hypotheses
requiring further investigation. Although the present study was
preliminary in nature, it suggests that surveillance protocols based
on limited floor sampling may not adequately capture the spatial
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variability of mosquito populations within high-rise residential
structures. In addition, the observed species-specific patterns
indicate that vertical mosquito distribution in modern residential
buildings may be more complex than previously assumed.

This study should be viewed as a preliminary investigation. Future
studies should incorporate longitudinal sampling across multiple
seasons and residential complexes, along with environmental
variables such as temperature, humidity per floor, rainfall,
occupancy density, and availability of breeding sites. Molecular
screening for dengue virus and insecticide resistance markers will
further improve understanding of the epidemiological significance
of vertically dispersed Aedes populations. Nevertheless, based on
the researchers’ observations throughout the sampling, there are
several possible factors that may have contributed to this distribution
trend. First, the higher incidence of trap loss and damage at lower
levels may have resulted in fewer mosquito detections in the area,
thus introducing a potential bias in the observed distribution pattern.
The residential complex includes a multi-level parking area extending
from the basement to the 6th floor, which experiences frequent
movement of residents and vehicles. Therefore, it is possible
that traps placed at this location were inadvertently disturbed
by residents or cleaning staff, which may have compromised the
reliability of mosquito capture on the lower floors.

Moreover, the establishment of resident Aedes populations
on higher floors is biologically plausible given the presence of
domestic water containers, ornamental plants and semi-enclosed
microhabitats observed on several higher housing levels, which
may serve as suitable oviposition sites. This may allow mosquitoes
to complete their life cycle on upper residential floors, including
corridors and indoor home environments. This mechanism is
consistent with previous studies showing that human behavior and
building use patterns play an important role in shaping the three-
dimensional distribution of mosquitoes in urban environments (Dom
et al., 2026; Jin et al., 2023). Overall, these findings suggest that
the occurrence of Ae. aegypti at upper residential levels is unlikely
to be solely the result of incidental dispersal and warrants further
investigation into the ecological and behavioural factors influencing
mosquito distribution in high-rise residential environments.

Large traps showed substantially higher Ae. aegypti abundance
than small traps, whereas the association for Ae. albopictus was
weaker and did not reach conventional statistical significance. This
improved performance may be attributed to the larger volume of
hay infusion used as an attractant, which may enhance mosquito
attraction. In addition, the larger trap provides a greater internal
surface area and potentially more stable microhabitat conditions,
which may prolong the attractiveness of the trap to gravid female
mosquitoes. The cost of constructing a single trap was estimated to
be less than RM 2.00 (approximately USD 0.50), indicating that the
trap design has potential as a low-cost tool for mosquito monitoring
at the household level. Similar findings have been reported in
both tropical and temperate settings, where trap design, infusion
volume, and microenvironmental conditions have been shown to
influence the capture rates of adult Aedes mosquitoes (Bockmann
et al., 2021; de Santos et al., 2012; Roslan et al., 2017). Despite
the small difference in unit cost between the two trap sizes, the
higher capture efficiency of the larger trap suggests a favourable
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cost-effectiveness profile, particularly for surveillance purposes in
high-rise environments where sampling logistics may be challenging.

Dengue outbreaks are often associated with environmental
sanitation issues and may disproportionately affect densely
populated or lower-income residential areas (Ali et al., 2026).
Therefore, the development of affordable and easy-to-use
mosquito traps may help facilitate community participation
in vector surveillance and control. Although adult mosquitoes
were consistently captured throughout the sampling period, the
present study does not provide direct evidence that the traps
reduced mosquito populations within the study area. Nevertheless,
previous intervention-based studies have demonstrated that the
sustained use of sticky traps can contribute to local reductions in
adult Aedes populations when deployed at sufficient density and
integrated with other vector control strategies (de Santos et al.,
2012; Facchinelli et al., 2007; Roslan et al., 2017). Accordingly, the
present findings should be interpreted primarily as evidence of
surveillance effectiveness rather than direct vector control impact.
The concept of introducing a simple trap that can be implemented
by the community is consistent with recommendations by the
World Health Organization for rapid vector surveillance and control,
particularly during dengue outbreaks. In situations where dengue
transmission occurs rapidly, community participation becomes an
important component of comprehensive vector control efforts
(World Health Organization, 2009).

At the same time, increasing evidence suggests that reliance
solely on insecticide-based interventions may be insufficient
due to the emergence of insecticide resistance among Aedes
populations. Several studies have reported reduced effectiveness
of ultra-low volume (ULV) spraying and other chemical control
measures (Esu et al., 2010; Selvarajoo et al., 2020). For this reason,
the deployment of low-cost sticky traps should be viewed as a
complementary household-level intervention within an integrated
vector management framework rather than as a replacement for
source reduction activities. Nevertheless, successful implementation
of community-based vector control tools requires a high level
of public awareness and participation. Knowledge, Attitude and
Practice (KAP) studies related to dengue prevention are therefore
important in assessing the readiness of communities to adopt such
interventions. Previous studies conducted in Malaysia (Samsudin
et al., 2025; Selvarajoo et al., 2020) as well as in countries such
as Thailand (Crowley et al., 2025) and Brazil (Zhang et al., 2023)
have indicated that there is still room for improvement in public
knowledge regarding dengue prevention and vector control.
These findings highlight the importance of strengthening public
health education to support community-based vector surveillance
initiatives.

Several limitations should be acknowledged when interpreting
the findings of this study. The study design was observational and
did not include intervention-based comparisons before and after
trap deployment. Future studies should therefore explore whether
the consistent use of adult mosquito traps at the household level
can contribute to measurable reductions in Aedes population
density. Another potential concern is that improperly maintained
traps may inadvertently become breeding sites if left unattended
for extended periods. For this reason, the use of such traps should
be accompanied by appropriate public health education and regular
monitoring to ensure that they function solely as surveillance tools
rather than potential mosquito habitats. Despite these limitations,
the present study provides useful preliminary evidence regarding the
vertical distribution of Aedes mosquitoes in a high-rise residential
environment. By extending mosquito surveillance to upper
residential levels, the study contributes baseline information that
may inform future longitudinal and intervention-based research in
increasingly vertical urban landscapes.
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CONCLUSION

This preliminary study demonstrated that adult Aedes mosquitoes
were distributed across multiple floor levels within a high-rise
residential environment in Selangor, Malaysia. Both abundance-
based and positivity-based regression models consistently indicated
increasing Ae. aegypti occurrence with increasing floor level. In
addition, larger modified sticky traps demonstrated substantially
higher mosquito detection efficiency compared with smaller traps.
These findings highlight the importance of vertically integrated
mosquito surveillance strategies in high-density urban housing
environments and support the potential utility of low-cost sticky
traps for community-based Aedes monitoring programmes.
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