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Abstract 

 

An understanding of dengue vector ecology plays an integral role in the effective 

elimination of vector breeding sites. The aim of this study was to assess the profile 

of the breeding habitat of the Aedes mosquito in urban high-rise buildings in 

Malacca. This study utilized epidemiological data from 2013 to 2017 to 

determine the distribution of dengue cases and Aedes breeding sites in high-rise 

buildings. The Analytical Hierarchy Process (AHP) was used to evaluate the 

characteristics of Aedes breeding in high-rise buildings. In addition, the age and 

the total number of floors in the high-rise buildings were found to be important 

determinants of DF. The findings from this study will aid in the identification of 

target areas, which in turn can support future community-based search-and-

destroy intervention efforts. Furthermore, the conclusions of this research may 

guide the future design and construction features of high-rise buildings in 

Malaysia, which in turn can contribute toward a holistic and sustainable 

environment in the country.  
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INTRODUCTION 
Dengue fever (DF) is an important mosquito-borne viral disease that affects 

tropical and subtropical regions worldwide, predominantly in urban and semi-

urban areas. The World Health Organization (WHO) has classified dengue fever 

as a major public health concern due to the expanding geographical distribution 

of both the virus and the mosquito vector. DF can be transmitted primarily by the 

Aedes aegypti (Linnaeus) as well as through the Aedes albopictus (Skuse) 

(Gubler, 1998). Both species have been found to be responsible for the 

transmission of the dengue virus in many urban areas in Southeast Asia, including 

Malaysia. The Aedes mosquito can be found breeding in proximity to human 

settlements, typically in natural and artificial water-holding containers, and the 

life-cycle of the vector is closely related to human activities. Among the preferred 

breeding sites of the vector are ant traps, earthen jars, flower pots, drums, concrete 

tanks, coconut shells, and discarded tyres (Paupy et al., 2009; Dom et al., 2013a, 

Dom et al., 2013b). The rise in DF is of concern since there is no curative 

treatment for the viral disease. At present, abate, an organophosphate larvicide, 

is widely used for the control of dengue vectors in many parts of the world, 

including Malaysia.  

The abundance of Aedes mosquitoes has had a negative impact on the 

quality of human life. The survival rate of the mosquitoes and the increase in 

dengue cases are influenced by several climatic factors. Among the governing 

parameters are rainfall, humidity, and warm temperatures (Barclay, 2007; Hii et 

al. 2009), which provide optimal conditions for mosquitoes to breed and expand 

into new territories. Malaysia has a tropical climate with an average temperature 

of 27˚C and an average rainfall of 250 cm. The high temperature, relative 

humidity and rainfall throughout the year provide ideal conditions for the Aedes 

mosquito to thrive and breed. Cheong et al. (2014) documented that human 

settlements and non-agricultural areas largely influence the incidence of DF. 

Aedes mosquitoes have been found indoors and outdoors in human settlements, 

especially in culverts, water compartments, metal drums, plastic drums, pails, 

gully traps, discarded containers, and solid waste dumps, open spaces, 

construction sites, and factories. Furthermore, it is claimed that buildings with 

flawed structural designs contribute to the transmission of dengue 

(Omonikweinka & Iyagba, 2005; Yee, 2014). This study was aimed at further 

investigating and analysing the research gap in the identification of Aedes 

breeding sites on building structures. The findings will be useful in guiding 

relevant policy and public health decision makers in tackling the root causes of 

dengue outbreaks in Malaysia and other countries with similar climate 

characteristics. Community empowerment in identifying breeding places is a key 

aspect in the prevention and control of dengue. The conclusions of this study will 

help to highlight potential areas of concern with the goal of strengthening the 

overall dengue prevention strategy framework.  
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RESEARCH BACKGROUND  
Study Population 
The Melaka Tengah district was selected as the main research site to study the 

distribution of Aedes breeding habitats in urban high-rise buildings. Melaka 

Tengah, with an area of 314 km2, is the capital of the state of Malacca. It is 

comprised of 44 towns and 95 villages, the total population of which was more 

than 503,000 residents in 2016, of whom 303,000 were Malays (58%), 169,000 

were Chinese (32%), 22,000 were Indians (4%), and the rest were of other 

ethnicities. This district is administrated by two local authorities, namely, Majlis 

Bandaraya Melaka Bersejarah (MBMB) and Majlis Perbandaran Hang Tuah 

Jaya (MPHTJ) (Figure 1). 
 

 
 

Figure 1: Administrate areas in Melaka Tengah. The red and green colours indicate   

the Parliament zone and DUN, respectively. 

 
Study design 
This study applied an integrated observational epidemiological approach to 

determine the distribution of dengue cases and outbreaks as well as the types of 

containers and the main problems in high-rise buildings. Data from January 2013 

to December 2017 were extracted from the e-Dengue version 2.0 online system 

of the Vector-Borne Disease Control Sector of the Ministry of Health (MOH). 

The study design required “exposure information” for the complete profile of the 

breeding habitats of the Aedes mosquito in areas with dengue fever outbreaks 

from 2013 – 2017. The research methodology consisted of three phases, namely, 

(i) distribution pattern of DF in high-rise buildings, (ii) profile of Aedes breeding 

habitats in urban high-rise buildings, and (iii) evaluation of the main problems in 

high-rise buildings using AHP.  
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Data collection and management 
The proposal for this study was submitted to the National Medical Research 

Register (NMRR) (NMRR-17-3503-38568 (IIR) for ethical clearance. This 

research utilized dengue surveillance data (DSD) collected from the Vector 

Control Division, Malacca State Health Department. The original DSD is a daily-

based dataset compiled between 2013 and 2017 with a few attributes (year, 

month, type of container, mean AI, mean BI, mean CI, mean PI). The dataset 

consists of relevant information concerning the breeding habitats of the Aedes 

mosquito in high-rise buildings in Melaka Tengah from 2013 - 2017. 

The preliminary phase of this study involved the determination of the 

distribution pattern of dengue outbreaks in high-rise buildings in the Melaka 

Tengah District from 2013 - 2017. In relation to the risk and exposure to DF, 

high-density population settlements in Melaka Tengah are associated with 

escalating incidences of DF cases. Moreover, the number of DF cases in Melaka 

Tengah is amongst the highest in Malacca compared to other districts. Even 

though the Melaka Tengah district has undergone extensive development, this 

study assessed the differences in the risk of exposure to DF and the distribution 

of outbreaks in specific premises in high-rise buildings between 2013 and 2017. 

The aim of this study was to identify the distribution pattern of dengue 

outbreaks in high-rise residential buildings in the Melaka Tengah district, 

Malacca from 2013 to 2017. The data represented secondary data retrieved from 

the MOH. The cases were categorised into two groups; either single cases or 

outbreaks. The data were computed according to outbreak categories, namely, 

controlled, uncontrollable, and hotspot outbreaks. Only the data on the outbreaks 

were maintained for further analysis. The epidemiological data were aimed at 

determining the dengue risk areas in Melaka Tengah, while the mosquito 

breeding habitat data were aimed at demonstrating the major contributing factors 

to dengue outbreaks, and the breeding container data at correlating the source of 

the issues. The distribution and pattern of dengue outbreaks involving high-rise 

residential buildings in Melaka Tengah were selected for the study. 

Two types of data were analysed, namely, the data on mosquito 

breeding habitats and types of breeding containers. This study integrated the 

environmental indicators and the demographic profile of the dengue vector 

distribution for the surveillance, monitoring and evaluation of dengue outbreaks. 

These in turn were correlated with the types of containers used for breeding, the 

locations of the containers (indoor/outdoor), the Aedes index (AI), Breteau index 

(BI) and Container index (CI) for the outbreaks, and the classification of the 

mosquito larvae species within residential areas to ensure that the type of larva 

belonged to the Aedes mosquito. The AI, BI and CI are commonly used to record 

Aedes mosquito infestation levels, and to evaluate the distribution and density of 

the mosquito species in a study area. 
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RESULTS AND DISCUSSION 
Figure 2 illustrates the temporal pattern of DF cases in Melaka Tengah from 2013 

- 2017. The number of DF cases increased in 2013, especially in the middle of 

that year, but gradually declined. Incidents surged in the early months of 2014 

before fluctuating, and the highest peak was reached in 2015. Following this, the 

number of DF cases reported steadily declined from 2016-2017. The temporal 

pattern of DF cases in Melaka Tengah from 2013 - 2017 was subjected to further 

analysis. The results were divided into five fractions, namely I, II, III, IV and V, 

to represent the years 2013, 2014, 2015, 2016 and 2017, respectively. In order to 

determine the pattern of DF cases for each year, a simple linear regression 

approach was used to estimate the general pattern of DF cases in response to the 

months of the year. The plot of the monthly DF cases revealed increasing trends 

in the number of DF cases reported, the number of DF cases in outbreaks, and the 

number of DF cases reported in high-rise buildings in the Melaka Tengah district 

from 2013 to 2017. The number of DF cases due to outbreaks escalated 

significantly between the years 2014-2015 in high-rise buildings. 
 

 

 
Figure 2: Temporal pattern of DF cases in Melaka Tengah from 2013 to 2017 

 

All the data on DF outbreaks were categorized according to the outbreak status, 

namely; (i) controlled outbreaks, (ii) uncontrollable outbreaks, and (iii) hotspot 

outbreaks. Table 1 represents the total number of dengue outbreaks from 2013 to 

2017, of which 12.5% of them were reported in high-rise residential buildings. 

The outbreak cases were classified as follows: 57 controlled outbreaks, 2 

uncontrollable outbreaks, and 4 hotspot outbreaks. 
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Table 1: Distribution pattern of dengue outbreaks in Melaka Tengah district from 2013 

to 2017 based on the status of the outbreak  

 
 

Next, a total of 63 dengue outbreaks in Melaka Tengah were further 

analysed. Overall, 92% (58/63) of the outbreaks occurred in areas where there 

were positive mosquito breeding sites on their premises. 47.6% (30/63) of the 

outbreaks were positive for the Aedes albopictus, and 11.1% (7/63) for the Aedes 

aegypti. 33.3% (21/63) of the mosquitoes detected were of mixed breed (Aedes 

aegypti with Aedes albopictus), a finding that was comparable with previous 

reports. Table 2 highlights the risk categorizations of the outbreaks according to 

the mosquito indices. Out of the 63 outbreaks that were analysed, 202 of the 

breeding containers were positive with Aedes species. The controlled outbreaks 

revealed the highest number of positive breeding containers, with 32% (65/202) 

of the containers being found indoors, and 52% (106/202) outdoors in high-rise 

buildings. 3% (6/202) of the breeding containers were found to have mosquitoes 

breeding only in outdoor areas for the uncontrollable outbreaks. Positive breeding 

containers were also found in indoor and outdoor areas for hotspots, but at very 

low frequencies, accounting for 4% (8/202) and 9% (17/202), respectively. 
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Table 2: Risk categorizations of outbreaks according to mosquito indices 

 
 

The controlled outbreaks, with a range of 1 to 5, recorded the highest 

PI (50%; 32/63) compared to the uncontrollable outbreaks (2%; 1/63), in the 

range <1 and 1 to 5, and the hotspot outbreaks (6%; 4/63) in the range of <1. For 

the outbreak status, the controlled outbreaks reported a high AI in the range of 

between 1 and 4 (54%) and > 4 (35%). This signified that most of the houses had 

positive breeding sites. None of the outbreaks had a BI of >4, and the controlled 

outbreak had a high BI value in the range 1 to 4 (58%; 37/63). However, several 

outbreaks revealed values of <1. A total of 88% (56/63) of the outbreaks had low 

levels of transmission based on the CI, 10% (6/63) of the areas had a moderate 

CI, and 2% (1/63) had a high CI. The mixed breeding of Aedes albopictus and 

Aedes aegypti was detected in containers from the controlled and hotspot 

outbreak areas.  

In order to evaluate the problem of the breeding of the Aedes mosquito 

in high-rise residential buildings, five factors were identified and clustered 

according to their domain of influence, namely; (i) building structure, (ii) age of 

building, (iii) maintenance status, (iv) total number of residences, and (v) total 

number of floors. All the criteria were assigned different ratings on a scale of 1 

(low relationship with dengue outbreak) to 7 (high relationship with dengue 

outbreak), according to a comprehensive analysis of the local data obtained by 

different analyses. The results obtained from a preliminary analysis of all the 

factor groups and criteria after evaluation are summarized in Figure 3. The most 
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significant factors were building structure, age of building, maintenance status, 

total number of residences, and total number of floors. Most of the problems were 

found to be related to the age of building (CR = 0.07) and the total number of 

floors (CR= 0.07). The results indicated that each factor had its own role in 

enhancing the transmission of dengue. The CR values were lower than 0.1, which 

indicated that the use of weights was suitable. The problems in high-rise buildings 

were derived by following the weighted linear combination method. 

 
Figure 3: Weights of all the decision processes. The symbol (F) indicates the main 

criteria, and (C) indicates the sub-criteria. 
 

The nature of the vector-breeding habitat is associated with the 

influence of the building design on the human social factor. The design of the 

high-rise buildings affects the assessment of certain residences. The body tasked 

with the management of high-rise buildings has failed in certain areas, including 

the lack of a septic tank management system, abandoned rain gutters, and poor 

air-well management. This was proven in the findings, where the public and the 

building management failed to achieve a satisfactory level of hygiene awareness. 

The behaviour and habits of people living in high-rise buildings, regardless of 
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their economic status, are still traditional when it comes to managing municipal 

waste. Despite a regular waste management collection schedule, the presence of 

illegal settlements is still evident. On the other hand, the results also revealed that 

kitchen utensils and other man-made containers were left uncovered outside. 

Malaysia, being a tropical country, experiences frequent rainfall throughout the 

year. Water tends to stagnate in the exposed containers, thereby providing 

breeding sites for the Aedes mosquito. The breeding sites point to the failure of 

the building management to systematically maintain gully traps and rooftops. 

These findings indicate that the building design and surrounding environment 

will affect the breeding habitat of the Aedes mosquito. DF outbreaks can be 

permanently controlled by improving the environmental conditions. The dengue 

transmission chain can be broken by destroying the habitats of the Aedes 

mosquito and halting the life cycle of the immature mosquitoes. Measures to 

prevent Aedes infestation can be made feasible by simply removing the stagnant 

water, which can be effectively achieved through public campaigns and vector 

control activities. The relationship between density and risk will vary 

temporarily, depending on factors like human social factors, population growth, 

uncontrolled and underserviced urbanization, and the deterioration of high-rise 

building infrastructures. 

The key to effectively controlling DF outbreaks is to recognize high-

potential transmission areas with the densest human and vector populations. The 

results of the present study demonstrated significant differences in the preferred 

breeding habitats, and highlighted potential areas of concern, which can form the 

baseline information in detecting the potential occurrence of DF outbreaks, 

especially involving high-rise buildings. The findings from this study provide 

insights that could help policymakers to formulate guidelines aimed at tackling 

the root causes of the escalating dengue crisis in Malaysia and neighbouring 

countries. In addition, such findings can give rise to greater community 

empowerment and enhanced social responsibility to aid in the identification, 

evaluation and elimination of breeding places, thereby helping to augment and 

strengthen the existing dengue prevention framework. 
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