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Construction sites are often blamed for dengue outbreaks in surrounding localities. The environment is 
suitable for immature mosquitoes to develop without predators and the convenience of female mosquitoes to 
feed on the exposed construction workers. The purposes of this study were to identify the species of 
mosquitoes present at construction sites and the types of their preferred breeding habitats, and also to 
determine the vertical distribution of the mosquitoes. Nineteen construction sites in the Federal Territory of 
Kuala Lumpur were cross-sectionally surveyed for the presence of immature mosquitoes in 2018. All water-
holding containers were inspected for the presence of immature mosquitoes. Types of water-holding 
containers were recorded and counted. The number of immature mosquitoes was counted from each positive 
container and then transferred to the laboratory for species identification. A total of 1,643 immature 
mosquitoes were collected, comprising 1,287 larvae and 356 pupae. Aedes aegypti immature was the most 
abundant mosquito species (76%), followed by Culex quinquefasciatus (19%), and the Aedes albopictus (5%). 
The most productive breeding sites were flooded floors, drains, plastic containers, elevator shafts, water 
drums, and pails. We discovered that the immature mosquitoes were most abundant from the ground floor to 
the second floor, with Ae. aegypti immature could disperse up to the thirteenth floor. This study has provided 
useful information to the health department regarding the preferred breeding habitats of vector mosquitoes 
at construction sites. Consequently, it contributes to effective and efficient vector prevention and control 
measures, thus saving time and manpower.  
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1. INTRODUCTION 

Urbanisation is the process of changing the natural environment, 
transforming rural areas into urban areas, and expanding population 
distribution in urban areas from rural areas. This includes changes in 
occupational types, improvements in living standards, culture, and 
behaviour, as well as changes in demographic and social structures in 
urban and rural areas (Montgomery et al., 2013). Urbanisation is growing 
worldwide, and it is strongly linked to the existence of construction sites 
(Mutebi et al., 2018). A construction site is any land where activities to 
construct roads, buildings, or other structures are carried out. The 
proliferation of construction sites often results in disturbance to the 
environment by land-use modifications, increased human presence, and 
increased the number of wastes, which adversely affect the habitats of 
flora and fauna (Knop, 2016).  

Malaysia has experienced rapid industrial and economic growth over the 
past few decades, with massive infrastructure development and a 
continuous process of urbanisation. It has led to an increased incidence of 
dengue cases in Malaysia (Mudin, 2015). The number of reported dengue 
cases and deaths at construction sites in 2015 increased by 11.2% and 
50% respectively as compared to 2014 (Fernandez, 2016). The situation 
has created concern among the community, especially among those who 

are living near the construction site areas. Furthermore, the existence of 
construction sites in some countries has increased the number of dengue 
cases (Sampaio, 2009).  

The construction sites have been identified as contributing to a substantial 
increase in mosquito breeding habitats, with Aedes aegypti and Aedes 
albopictus which are the vectors for dengue often widely found in 
construction site areas (El Badri, 1999). In addition, Ae. aegypti and Culex 
quinquefasciatus are among the species of mosquito vectors that can grow 
in urban-dwelling near human populations (Kraemer et al., 2015; Samy et 
al., 2016). These mosquitoes survive in the construction site’s 
environment which provides suitable breeding sites to oviposit their eggs 
(McKinney, 2002). Meanwhile, water puddles on various surfaces such as 
drains, elevator shafts, stair shafts, and concrete floors are common 
breeding habitats for Ae. aegypti at construction sites (Hammond, 2007; 
Wilke et al., 2018). A previous study has stated that Aedes mosquitoes 
preferred to breed in water-holding plastic containers at outbreaks 
localities near construction sites (Rahim, 2021).  

The suitable environment at the construction sites will facilitate the 
female mosquitoes to obtain blood sources from exposed construction 
workers (Wilke et al., 2018). The spread of infection is easier among 
workers because Aedes mosquitoes tend to bite during the day, with the 
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biting activity increasing within 2 hours after sunrise and several hours 
after sunset. It is a time when construction workers are still working 
outside and making them easier targets for infection. As is known, 
construction workers commonly work all day without wearing personal 
protective equipment such as long-sleeved shirts and repellents, which 
may susceptible to becoming infected by mosquito-borne diseases (Sang, 
2014). Therefore, due to the lack of awareness by both workers and 
construction companies about the importance of eradicating mosquito 
breeding habitats, construction workers and nearby communities are very 
vulnerable to mosquito bites (Moore, 2017). Furthermore, poor 
cleanliness conditions, high humidity, the existence of numerous water-
holding containers, and a heavily populated, make construction sites 
suitable breeding places for Aedes mosquitoes (Atique, 2018). 

Currently, not much information is known regarding the mosquito species 
found at construction sites, the type of its breeding sites, the factors 
influencing its abundance, and the risk of high numbers of vector 
mosquitoes breeding at construction sites in the surrounding 
communities (Wilke et al., 2018). The information is important to assist in 
the planning of vector prevention and control activities by the health 
department, hence reducing vector-borne disease cases.  Therefore, this 

study aimed to identify the mosquito species that are present at the 
construction sites, the types of water-holding containers in which it 
breeds, and to determine the vertical distribution of mosquitoes in the 
construction sites. 

2. MATERIALS AND METHODS 

2.1  Study Area 

We used a cross-sectional study design to survey nineteen construction 
sites in the Federal Territory of Kuala Lumpur for immature stage 
mosquitoes from January to December 2018 (Figure 1). Construction site 
selection criteria are according to the construction phase, size, and 
location. Surveillance activities at all construction sites were carried out 
after the basic frame structure of the building was fully constructed, with 
no windows and doors installed that allow mosquitoes to fly inside. 
Construction site size is defined as small if the size of a residential house 
or residential building (300 m2); medium, residential or commercial 
buildings with an area of not more than five floors or one acre; large, 
buildings with more than five floors or one acre of the area (Wilke et al., 
2018). 

Figure 1: Map displaying the surveyed construction sites in the Federal Territory of Kuala Lumpur 

2.2   Immature Mosquitoes’ Collection and Examination 

All water-holding containers were inspected for the presence of immature 
(larvae and pupae) mosquitoes from different floors of the construction 
site areas. The floor levels were grouped into three categories which are 
the ground floor to the fourth floor (category one), fifth floor to the ninth 
floor (category two), and tenth floor to the thirteenth floor (category 
three). Each water-holding container was counted, and the type of 
containers and the location found was recorded (Rahim, 2021). The 
immature mosquitoes were collected from containers with a pipette or 
dipper depending on the container’s type. The total number of immature 
mosquitoes was then counted from each positive container. All collected 
immature mosquitoes were transferred into the specimen bottles, then 
transported to the Entomology and Pest Unit, Health Department of 
Federal Territory Kuala Lumpur & Putrajaya’s Laboratory. Species 
identification of the immature mosquitoes was performed using a 
microscope and referred to identification keys (Rohani et al., 2014). 

2.3   Data Analysis 

Data entry and statistical analyses were conducted using Microsoft Excel 
and Statistical Package for Social Sciences (SPSS) Version 26.0. The larval 
index used in the investigation is Container Index (CI) as per guidelines 
issued by the Ministry of Health, Malaysia. The threshold for larval index 
value for CI is < 10%, and was calculated and analysed using the following 
mathematical formulae (MOH, 2014);  

CI = 
Number of positive containers 

× 100% 
Total number of containers inspected 

The Kruskal-Wallis test was conducted to determine if there are any 
significant differences between the number of mosquitoes collected and 
the floor level categories.
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Table 1: The total number of immature mosquitoes collected at construction sites in Kuala Lumpur 

Construction 
Site 

Species Total 

Aedes aegypti Aedes albopictus Culex quinquefasciatus 

Larvae Pupae Total Larvae Pupae Total Larvae Pupae Total 

1 73 11 84 5 0 5 15 3 18 107 

2 35 14 49 7 2 9 21 8 29 87 

3 26 4 30 0 0 0 0 0 0 30 

4 37 7 44 6 0 6 0 0 0 50 

5 37 5 42 0 0 0 44 12 56 98 

6 57 16 73 0 0 0 0 0 0 73 

7 38 8 46 0 0 0 0 0 0 46 

8 100 35 135 13 3 16 41 17 58 209 

9 35 13 48 0 0 0 16 11 27 75 

10 37 5 42 0 0 0 7 0 7 49 

11 132 49 181 22 1 23 13 6 19 223 

12 32 6 38 0 0 0 0 0 0 38 

13 80 18 98 0 0 0 24 8 32 130 

14 72 20 92 0 0 0 0 0 0 92 

15 43 11 54 0 0 0 17 2 19 73 

16 18 1 19 0 0 0 31 14 45 64 

17 62 19 81 0 0 0 0 0 0 81 

18 39 7 46 0 0 0 0 0 0 46 

19 31 18 49 21 2 23 0 0 0 72 

Total 1251 82 310 1643 

Median 49 0 7 

Interquartile 
Range (IQR) 

42 6 29 

Minimum 19 0 0 

Maximum 181 23 58 

3. RESULT

Overall, 1,643 immature mosquitoes were collected from the construction 
sites, comprising 1,287 larvae and 356 pupae (Table 1). The immature 
mosquitoes collected were distributed among two genera (Aedes, and 
Culex,) and three species (Aedes aegypti, Aedes albopictus, and Culex 
quinquefasciatus). Ae. aegypti immature was the most abundant mosquito 
species collected at construction sites, comprising 1,251 specimens (984 
larvae and 267 pupae), followed by Cx. quinquefasciatus immature with 

310 specimens collected (229 larvae and 81 pupae), and Ae. albopictus 
immature with 82 specimens collected (74 larvae and 8 pupae). The 
nineteen construction sites in this study displayed a median of 49 Ae. 
aegypti immature (IQR = 42), with the minimum and maximum values, are 
19 and 181 respectively. While for Cx. quinquefasciatus immature, the 
median of 7 (IQR = 29), with the minimum and maximum values are 0 and 
58 respectively. Then followed by Ae. albopictus immature, the median of 
6 (IQR = 6), with the minimum and maximum values, are 0 and 23 
respectively.  

Figure 2: The images of breeding sites for immature mosquitoes at construction sites in Kuala Lumpur.

The types of breeding sites for immature mosquitoes at construction sites 
are described in Table 2, with the images shown in Figure 2. From the 
many potential breeding sites present at construction sites, such as 
buckets, pipes, empty soda cans, stacks of construction supplies, etc., the 

most productive breeding site features were flooded floor, drain, elevator 
shaft, plastic container, water drum, and pail. The most common breeding 
site for Ae. aegypti was the flooded floor with 769 immature mosquitoes 
collected, comprising 592 larvae and 177 pupae, followed by the drain 

[1] Flooded floor [2] Drain [3] Elevator shaft

[4] Water drum [5] Plastic container [6] Pail
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with 310 immature mosquitoes collected, comprising 256 larvae and 54 
pupae, and the water drum with 134 immature mosquitoes collected, 
comprising 100 larvae and 34 pupae. The median of the flooded floor, 
drain, and water drum for Ae. aegypti are 42(IQR = 47), 18(IQR = 19), and 
0(IQR = 17) respectively. In contrast, the most common breeding site 
forCx. quinquefasciatus was the elevator shaft, in which 226 immature 

mosquitoes were collected, comprising 163 larvae and 63 pupae, with a 
median of 0 (IQR = 25). While for Ae. albopictus, the most common 
breeding site was the plastic container, in which 68 immature mosquitoes 
were collected, comprising 62 larvae and 6 pupae, with a median of 0 (IQR 
= 6)

Table 2: The type of breeding sites for immature mosquitoes at construction sites in Kuala Lumpur 

Type of breeding site 

Aedes aegypti Aedes albopictus Culex quinquefasciatus 

Larvae Pupae Total 
Med 

(IQR) 
Larvae Pupae Total 

Med 
(IQR) 

Larvae Pupae Total 
Med 

(IQR) 

Flooded floor 592 177 769 42 (47) 0 0 0 0 (0) 59 18 77 0 (0) 

Drain 256 54 310 18 (19) 0 0 0 0 (0) 7 0 7 0 (0) 

Plastic container 15 1 16 0 (0) 62 6 68 0 (6) 0 0 0 0 (0) 

Elevator shaft 0 0 0 0 (0) 0 0 0 0 (0) 163 63 226 0 (25) 

Water drum 100 34 134 0 (17) 0 0 0 0 (0) 0 0 0 0 (0) 

Pail 21 1 22 0 (0) 12 2 14 0 (0) 0 0 0 0 (0) 

Table 3: The Container Index and type of breeding site according to floor level 

Construction 
site 

Number of 
inspected 

breeding site 

Number of 
positive 

breeding site 

Container Index 
(CI) 

Type of breeding site (floor level) 

1 39 6 15.38% 
Flooded floor (5,6), Plastic container (0), Elevator shaft (0), Water drum 

(1), Pail (1) 

2 23 4 17.39% Flooded floor (4), Drain (5), Plastic container (0), Elevator shaft (0) 

3 26 3 11.54% Flooded floor (3), Drain (2,5) 

4 41 4 9.76% Flooded floor (4), Drain (3,7), Plastic container (0) 

5 28 6 21.43% 
Flooded floor (1), Drain (2,3), Plastic container (0), Elevator shaft (0), 

Water drum (2) 

6 47 3 6.38% Flooded floor (0), Drain (10,11) 

7 46 3 6.52% Flooded floor (2,4), Drain (9) 

8 72 7 9.72% 
Flooded floor (7,11,13), Drain (5), Plastic container (0,1), Elevator shaft 

(0) 

9 54 3 5.56% Flooded floor (1), Drain (3), Water drum (2) 

10 38 3 7.89% Flooded floor (2,3), Drain (1) 

11 45 7 15.56% 
Flooded floor (7,8), Drain (3), Plastic container (0,1), Elevator shaft (0), 

Water drum (1) 

12 49 3 6.12% Flooded floor (1,6), Drain (2) 

13 62 5 8.06% Flooded floor (5,7), Drain (4), Elevator shaft (0), Water drum (2) 

14 35 3 8.57% Flooded floor (0), Drain (0,3) 

15 27 4 14.81% Flooded floor (2), Drain (6), Water drum (1), Pail (1) 

16 43 3 6.98% Flooded floor (12), Drain (6), Elevator shaft (0) 

17 31 3 9.68% Flooded floor (5,8) Drain (3) 

18 19 3 15.79% Flooded floor (4), Water drum (1), Pail (1) 

19 17 3 17.65% Flooded floor (2), Plastic container (0), Pail (0) 

Total 742 76 10.24% 
Flooded floor (0,1,2,3,4,5,6,7,8,11,12,13), Drain (0,1,2,3,4,5,6,7,9,10,11), 

Plastic container (0,1), Elevator shaft (0), Water drum (1,2), Pail (0,1) 

Table 4: The dispersal of immature mosquitoes according to floor level 

Floor level 
Approximate Height 

(m) 

Ae. aegypti Ae. albopictus Cx. quinquefasciatus 

Larvae Pupae Larvae Pupae Larvae Pupae 

0 0.0–3.0 94 25 74 8 163 63 

1 3.1–6.0 103 26 0 0 49 16 

2 6.1–9.0 150 47 0 0 17 2 

3 9.1–12.0 115 30 0 0 0 0 

4 12.1–15.0 87 22 0 0 0 0 

5 15.1–18.0 119 31 0 0 0 0 

6 18.1–21.0 68 10 0 0 0 0 

7 21.1–24.0 110 31 0 0 0 0 

8 24.1–27.0 56 20 0 0 0 0 

9 27.1–30.0 5 2 0 0 0 0 

10 30.1–33.0 14 3 0 0 0 0 

11 33.1–36.0 25 12 0 0 0 0 

12 36.1–39.0 12 0 0 0 0 0 

13 39.1–42.0 26 8 0 0 0 0 

Total 984 267 74 8 229 81 
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The results of the commonly used larval index are described in Table 3. 
Container Index ranged between 5.56% and 21.43%, at different 
construction sites. The average of the Container Index was 10.24%, which 
is higher than the threshold index (CI < 10%). Eight construction sites 
found CI higher than the threshold index (CI value > 10%). The breeding 
sites were found from the ground floor to the thirteenth floor, with an 
abundance of breeding sites from the ground floor to the second floor 
(Table 4).  

According to the Kruskal-Wallis Test result, significant differences (H = 
28.60, df = 2, P = 0.00) were found among the floor categories. Further 
pairwise comparisons using the post hoc Bonferroni test indicated that 
floor category one and two was significantly difference with a p-value of 
0.006. In addition, floor category one and three was also significantly 
different with a p-value of 0.000. However, there was no significant 
difference observed for floor categories two and three with a p-value of 
0.072. 

4. DISCUSSION

The findings of this study indicate that the construction site has proven to 
be a suitable habitat for both dengue vectors Ae. aegypti and Ae. albopictus, 
as well as Cx. quinquefasciatus. We discovered that, Ae. aegypti was the 
predominant species with their immature found at all construction sites 
with 76% of the total immature mosquitoes collected. The dominance of 
Ae. aegypti is equivalent to the results of previous studies conducted in 
urban high-rise residences (Lau et al., 2013; Wan Norafikah, 2010). While 
Ae. albopictus recorded the lowest number with 5% of immature 
mosquitoes collected. Ae. albopictus immature was found in only six 
construction sites with its breeding sites found in the uncovered place and 
outdoor environments of the construction sites, which corroborates with 
previous studies (Rahim, 2021; Estrada-Franco JG and Craig GB, 1995). In 
addition, the behaviour of Ae albopictus itself has contributed to the lower 
number of immatures found at all study sites. Ae. albopictus prefers to 
breed in natural water-holding containers such as leaf axils and tree holes 
then rest in places where vegetation is abundant (Estrada-Franco JG and 
Craig GB, 1995). The immature stage of Cx. quinquefasciatus was found in 
19% of immature mosquitoes collected and it was more dominant at two 
construction sites than Ae. aegypti.  

Ae. aegypti immature was found in all positive breeding sites except in the 
elevator shaft, and it was preferred to breed on the flooded floors (61.5%), 
drains (24.8%), and water drums (10.7%), as compared to the others. 
Flooded floors and drains have become a common construction site 
problem due to uneven constructed concrete floor surfaces. The situation 
has created stagnant water which then retained water for a long period, 
hence becoming a favourable breeding site for the vector mosquitoes (Dia 
et al., 2012; Wilson and Sevarkodiyone, 2014). Meanwhile, the water 
drums found in workers' hostels located at the construction sites are also 
at risk of becoming a breeding site for mosquitoes. The condition of water 
drums that are not properly covered, contributes to the breeding site of 
the Aedes mosquito (Rahim, 2021; Duarte et al., 2013). From our study, the 
breeding sites of Ae. aegypti were located indoors, shaded, and less 
exposed to sunlight, and these findings were supported by several studies 
(Hassan et al., 2005; WHO, 1986). On the other hand, Ae. albopictus 
immature was greatly bred in the water-holding plastic containers located 
outdoors and uncovered at the construction sites. Ae. albopictus is known 
to be a container breeder in both natural and man-made containers and it 
is mostly found in outdoor areas (Rahim, 2021; Rao, 2010). In another 
situation, the elevator shaft was found completely invaded by Cx. 
quinquefasciatus immature at all surveyed construction sites. Their 
immature also found in flooded floors but a lower number. Cx. 
quinquefasciatus are commonly bred in filthy waters and their existence in 
various types of breeding sites is a possible indication that the mosquito 
may adapt easily to various conditions in the water (Burke, 2010).  

The discovery of Ae. aegypti immature on each floor level suggested that 
the dispersal of this mosquito species was from the ground floor to the 
highest floor level, supporting the survival of the Aedes mosquito. 
Mosquitoes could be involved in close-range dispersal through human 
transportation using elevators or stairs (Lau et al., 2013; Wan Norafikah, 
2010). Mosquitoes may disperse to find their food sources which are blood 
and nectar, mates, breeding sites, and resting sites (Service, 1997). 
Although Ae. aegypti immature dispersal seemed extensive (up to 42.0-
meters height), our study demonstrated the abundance of Ae. aegypti 
immature was on the seventh-floor level and below, with most abundant 
on the second-floor level (up to 9.0-meters height). A previous study found 
that the dispersal of Ae. aegypti was up to 63.0 meters in height, with most 
abundant on the ground floor level (Ab Hamid et al., 2020). Meanwhile, Ae. 
albopictus immature was only found breeding on the ground floor level, 

with a maximum height of up to 3.0 meters. Our findings suggest that, Ae. 
albopictus preferred elevations closer to the ground floor, probably due to 
the outdoor environment with scattered plastic containers, pails, and 
vegetation around for breeding and resting. Although Cx. quinquefasciatus 
immature were found dispersed up to 9.0 meters in height, they were most 
abundantly found on the ground floor. We discovered the preferred 
breeding site of Cx. quinquefasciatus which is the elevator shaft was only 
found on the ground floor level of the construction sites. The breeding sites 
closer to the ground may create a complete ecosystem and ecology 
suitable for mosquitoes’ infestation (Ab Hamid et al., 2020). These results 
emphasized that the lower floor level requires additional efforts during 
vector preventive and control measures. The availability of biotic 
(including plants, humans, and pets) and abiotic components (including 
building structure, wind speed, humidity, and temperature) and ecological 
system in our study sites may have provided adequate food sources, 
breeding sites, and resting places for the mosquitoes (Vijayakumar et al., 
2014).  

The average Container Index (CI) found in this survey was consistent with 
a relatively moderately high dengue sensitivity and dengue transmission 
risk (Rosenberg et al., 2018). All the positive containers were found in 
common places at the construction sites, making it accessible for workers 
to do the elimination process. Furthermore, construction workers are 
particularly exposed to mosquito bites since they spend most of the day 
working outdoors. Lack of knowledge among workers regarding mosquito 
breeding sites and indifferent behaviour about cleanliness at construction 
site areas will possibly increase the risk of getting a mosquito-borne 
infection (Wilke et al., 2018). Changes in construction phases, weather 
conditions, or human behaviour may significantly influence mosquito 
abundance. Therefore, controlling vector mosquito populations is 
recognized as the most effective and efficient strategy for preventing 
vector-borne disease outbreaks (Ajelli, 2017). Safety guidelines for 
construction sites must take into account the presence of vector 
mosquitoes, building features that influence the distribution of their 
breeding sites, and their interactions with construction workers. Specific 
vector mosquito control strategies may be required for different 
construction phases, since the efficiency of standard vector mosquito 
preventive and control strategies may be drastically reduced for different 
phases of the construction site (Wilke et al., 2018). 

Our study possesses several limitations. Firstly, the study sites have 
various building sizes and designs that may have influenced the results. 
The larger size of construction sites required additional manpower to 
conduct mosquito breeding habitats inspections. Therefore, due to time 
constraints and lack of manpower, overlooked situations may occur when 
the inspections are carried out in some areas. Secondly, all construction 
sites surveyed were only carried out near dengue outbreak localities. 
Further surveys may include more construction sites in non-dengue 
outbreak areas as well so that the findings will be more valuable.  

5. CONCLUSION

Despite these limitations, this study has the importance of providing the 
first baseline data on the presence of mosquito species, their preferred 
breeding habitats, and their vertical distribution at construction site areas 
in the Federal Territory of Kuala Lumpur. This study revealed that 
immature vector mosquitoes can be found in high numbers at construction 
sites and construction sites display sheltering exclusively for Ae. aegypti, 
which led to a high risk of dengue transmission. These evidence-based 
findings are essential for the health department to facilitate vector 
mosquito preventive and control activities in the construction site areas. 
Thus, the search and destroy activities should be focused on the 
productive vector mosquitoes’ breeding habitats so that the outcomes will 
be more effective and efficient which could save time and manpower.  
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