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1. Introduction

   The first dengue fever (DF) case in the Peninsular Malaysia 

was reported in 1902 and the first dengue hemorrhagic fever was 

reported in 1962 in Penang. Between 1962 and 1964, there were 

61 cases with five fatalities, which were confirmed by dengue virus 

isolation and serology[1]. The cases increased with 67 reported 

cases in 1965[2]. From November 1962 to July 1963, 41 dengue 

haemorrhagic fever patients were admitted at General Hospital, 

Penang[3]. Recently, in 2014, 108 698 dengue cases were notified 

with 215 deaths with an increment of the 151% cases compared to 

43 346 cases reported in 2013 in Malaysia. The increasing number 

of cases was contributed by the peoples’ movement, changes in 

dengue serotype from dengue virus type 2 to dengue virus type 1, 

climatic factors and lacking in human awareness about dengue[4].

   In Asia, Aedes albopictus (Ae. albopictus) plays a role as an urban 

vector to spread the dengue viruses[5]. Generally, Aedes aegypti (Ae. 

aegypti) distribution is always correlated with the dengue outbreak 

following rainy season and the spike in Ae. albopictus mosquito 

population matched with the dengue occurrence[6,7]. Ae. albopictus 
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originated from the tropical forest in Southeast Asia was established 

in Malaysia[8,9]. The distribution of Ae. aegypti and Ae. albopictus 

in Malaysia was found to be overlaps and have adapted to the urban 

and suburban conditions[9,10]. Ae. albopictus is known as a rural 

mosquito and usually breeds outdoors in the natural habitats such as 

tree holes, whereas Ae. aegypti is abundant in urbanized and densely 

populated neighbourhoods. However, in 1970, the mosquitoes have 

successfully adapted to the urban and semi-urban town around the 

city[11]. In Penang Island, female Ae. albopictus has been found 

indoors or at domestic sites and currently shifted to colonized inside 

human dwellings, which can increase the opportunities for taking a 

blood meal[12].

   The climatic factor is an important role in the multiplication 

of Aedes mosquito and the transmission of dengue viruses[13,14]. 

Evidence showed that dengue epidemics have been associated with 

the rainfall, temperature and relative humidity (RH)[15-20]. Several 

forecasts modeling also found the relationship between dengue cases 

and climatic factors[21-24]. Under favourable climatic condition, the 

probability of vector human interaction and number of breeding 

sites for mosquitoes are increased[25]. Temperature, RH and rainfall 

indirectly influence the land-cover and land-used, which can 

promote or inhibit the growth of the dengue vector populations[26].

   The most effective vector control program is environment 

management, which includes planning, organizing and monitoring 

activities for the modification of environmental factors with a view 

to reduce the vector propagation and human vector-pathogen contact. 

Ovitrap index (OI) is one of the effective monitoring methods for 

estimation of mosquito populations. If the index is more than 30%, 

the vector control activity needs to be activated immediately at 

the particular area including public health education, community 

participant, active site surveillance, insecticide fogging and clinical 

surveillance system[27]. Ovitrap has been proven as an effective, 

simple and easily adaptable device to monitor the distribution of 

Aedes mosquitoes in term of the number of larvae and eggs that was 

directly collected from the field[28].

   The aims of this study were to estimate the Aedes mosquito 

population by using ovitrap as a monitoring tool and its relation 

between three climatic factors (temperature, humidity and rainfall) to 

confirm dengue cases. The current strategy of vector control program 

of the Department of Health Penang is also discussed to facilitate 

improvement of the preventive vector programme in the future.

2. Materials and methods

2.1. Study sites

   Ovitrap surveillance was conducted in three selected localities 

[Flat Hamna (FH) (5°21' S, 100°17' E), Kampung Sungai Gelugor 

(KSG) (5°22' S, 100°18' E) and Kampung Tanjung Tokong (KTT) 

(5°27' S, 100°18' E)] in the north east district of Penang Island, 

Malaysia. Selection of these three localities was based on registered 

dengue cases between 2006 and 2010. All of these localities were 

contributed to the highest number of dengue cases annually for 

the north east district of Penang Island. Vector surveillance using 

ovitrap was conducted for a total of 14 months from January 2010 to 

February 2011.

2.2. Dengue cases data

   The dengue cases data from the every weekly DF/dengue 

hemorrhagic fever cases, 2010–2011 were obtained from Vector 

Borne Disease Control, Department of Health, Penang, Malaysia. 

The weekly data were then converted into cumulative case number 

starting from January 2010 to February 2011.

2.3. Ovitrap surveillance

   The purposive survey technique using ovitrap was used as 

described from a previous study[27,29]. A total of 60 ovitraps were 

placed in 30 houses. Two ovitraps were located in each house: (1) 

inside the house (i.e. bedroom, living room, kitchen, garage or 

bathroom) and (2) outside the house (i.e. garden, drain or garbage 

bin). Houses were chosen randomly. Ovitraps and paddles were 

collected and replaced weekly with a fresh batch. The paddle made 

of hardwood with a rough side and smooth surfaces on the other 

side was used as an oviposition substrate. The rough side was the 

attachment side for the eggs. Any missing paddle was replaced as 

required. Ovitraps and paddles were brought back to the laboratory 

and all of the contents were poured into an enamel pan. Aged tap 

water was added into the enamel pan and eggs were allowed to 

hatch. The hatching larvae were counted after 3 days and identified 

at the 3rd instar larval stage using the entomological charts for 

teaching provided by the Unit of Medical Entomology, Institute 

Medical Research, Kuala Lumpur. 

2.4. Meteorological parameter

   Mean temperature, RH and rainfall data were obtained from the 

Malaysian Meteorological Department of Bayan Lepas station, 

which is the nearest station to the selected study areas.

2.5. Statistical analysis

   The difference in number of mosquitoes found in three localities 

was analyzed using One-way ANOVA. The OI was calculated 

as percentage of the positive ovitrap against the number of the 

ovitrap in each study site. The correlation coefficient among ultra-

low volume activity, OI, number of larvae with the meteorological 

parameters (temperature, RH and rainfall) and number of dengue 

cases was also analyzed using the Pearson’s correlation coefficient 

and significant values were determined. All levels of the significance 

were determined at P = 0.05. 

3. Results

3.1. Mosquito surveillance and breeding site preference
 

   A total of 15 803 larvae were collected and Ae. albopictus was 

the most abundant mosquito species in north east district of Penang 

Island (92.4%) and only 7.6% was Ae. aegypti. No other species 

of mosquitoes were recorded in all inspected ovitrap. From the 

collected larvae, Ae. albopictus was found to be the predominant 

species in all three localities during 14 months of sampling period in 
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KSG (97.5%), KTT (91.7%) and FH (91.2%), followed by Ae. aegypti 

in FH (8.8%), KTT (8.3%) and KSG (2.5%). Ae. albopictus was the 

most common species in all three localities, while Ae. aegypti was 

more prevalent in FH, which constituted 17.16 ± 2.17 larvae and was 

significantly different compared to KSG and KTT (F = 43.609, df = 

2, P < 0.05) (Table 1).

Table 1 
Comparison of the Ae. aegypti and Ae. albopictus larvae collected from 
three localities.

Species Localities Mean ± SE
Ae. aegypti FH   17.16 ± 2.17a

KSG     1.29 ± 0.33b

KTT     2.91 ± 0.64b

Ae. albopictus FH   177.84 ± 24.50c

KSG   50.75 ± 7.96d

KTT   32.80 ± 2.88d

Same letter indicated no significant difference; Different letter indicated 
significant difference at P < 0.05.

   All of the three localities showed the distribution pattern of the OI 

with the range between 8%–77% for 14 months from January 2010 

to February 2011 of sampling (Figure 1). Classification of OI was 

determined: normal routine activities was taken at OI < 10%, house 

inspection and enforcement of destruction disease bearing insect act 

(DDBIA), and search and destroy activities were taken at 10% ≤ OI 

≤ 30% as well full coverage of house inspection and enforcement 

of DDBIA, while search and destroy activities, preventive space 

spraying and health promotion education actions were taken at OI 

≥ 30%. All actions were taken by health authority. The OI showed 

statistically significant difference between three localities (FH, KSG 

and KTT) as determined by One-way ANOVA [F (2.39) = 47.872, P 

= 0.000]. However, there was no significant difference between KSG 

and KTT against the OI (P = 0.192). At FH, increasing pattern of OI 

was observed for the first 8 months and attained a peak in August 

2010. Only slight changes of OI were recorded at KTT during 

the sampling period. Ae. albopictus was found to be the principal 

mosquito species in outdoor areas for all localities [KSG (73.01% 

± 2.43%), KTT (64.23% ± 1.97%) and FH (56.71% ± 1.34%)]. Ae. 

aegypti was also found to breed more in outdoor area compared 

to indoor area. From the independent sample t-test, it was found 

that there was significant difference (P < 0.05) between number 

of mosquito species collected in both breeding sites (outdoor and 

indoor) for all three localities (Table 2).

Table 2
Comparison of percentage of Ae. aegypti and Ae. albopictus breeding site 
in FH, KSG and KTT. %.

Ovitrap placement Locations Ae. aegypti Ae. albopictus 
Indoor FH   6.38 ± 0.71a 28.59 ± 1.10b

KSG   0.15 ± 0.15a 19.94 ± 1.59b

KTT   0.32 ± 0.22e 24.10 ± 1.80b

Outdoor FH   8.32 ± 0.84a 56.71 ± 1.34b

KSG   5.11 ± 0.91a 73.01 ± 2.43b

KTT 11.36 ± 1.19a 64.23 ± 1.97b

Data were expressed as mean ± SE. Means within a column followed by 
the same letter were not significantly different (P > 0.05).

3.2. The relationship between meteorological data and 
mosquito population
 

   The average air temperature was approximately between 26 and 

29 °C during the period of January 2010 to February 2011. OI in 

FH (r = -0.653) and KSG (r = -0.670) showed significant negative 

correlations with the temperature (Table 3). Whereas, only RH 

showed significant positive correlation with OI in FH. The highest 

OI was recorded in FH (77.92%) which contributed to the high 

population of Aedes mosquitoes and was found to be correlated with 

temperature and RH. 

Table 3 
Pearson correlation analysis result between temperature, RH, rainfall and OI 
in three selected areas in Penang Island, Malaysia.

Locations Temperature Rainfall RH
FH   -0.653*  0.446    0.726**

KSG    -0.670**  0.141  0.495
KTT -0.285 -0.384 -0.317

*: Significant at 0.05; **: Significant at 0.01.

3.3. Vector surveillance and registered DF cases

   In 2010, FH was recorded the highest registered DF cases with 

48 cases compared to other two localities. However, the number 

of dengue cases decreased in the year 2011 with 79.17% reduction 

in FH and more than 50% reduction of the registered DF cases in 

KSG (Figure 2). In FH, the first DF was reported in early February 
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Figure 1. Correlation between OI and physical parameter (rainfall, temperature and RH) in three localities from January 2010 to February 2011. 
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2010 and the peak of DF cases was reported in August and 

September 2010 (Figure 3A). This is due to the higher number of 

Aedes mosquitoes found during these two months period. In KSG, 

only one case was reported in January 2010 and no DF cases were 

reported afterward until June. However, the DF cases were lingering 

in July, September and December (Figure 3B). In KTT, only three 

cases were reported in July throughout the year 2010 (Figure 

3C). The correlation between the number of DF cases and OI was 

found highly significant in FH (r = 0.640) and KSG (r = 0.624). 

Surprisingly, negative correlation was found in KTT (r = 0.200). 

Results showed that the DF cases were paralleled with the high OI.
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Figure 2. Total number of registered DF cases from three selected 
localities in Penang Island from 2010 to 2011.

4. Discussion

   In the present study, Aedes mosquitoes density was monitored 

using ovitrap surveillance. FH, KSG and KTT were selected as the 

sampling areas due to high number the Aedes larval density and OI 

was positively correlated with the confirmed dengue cases. Ovitrap 

is a rapid, non-expensive and sensitive tool for monitoring dengue 

vector and widely been used in mosquito surveillance in mosquito 

control program. It can also be used to enhance the information of 

the vector in a smaller area and has a good predictive power[30]. 

More mosquitoes can be collected by using ovitrap technique 

compared to the conventional larval survey[31].

   In ovitrap surveillance, we successfully collected 15 803 mosquito 

larvae comprising of 92.4% Ae. albopictus and 7.6% Ae. aegypti 

from indoor and outdoor breeding sites. No other mosquito species 

was found in this study. This is similar with previous study in 

Penang Island using ovitrap and other entomological survey which 

showed high number of Ae. albopictus collections[12,31,32]. This 

species typically displayed outdoor breeding behaviour. However, 

we found the high frequency of Ae. albopictus breeding in indoor 

containers compared with Ae. aegypti. This suggested that Ae. 

Figure 3. The number of registered DF in relation with the OI.
A: FH; B: KSG; C: KTT.
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albopictus species has become an urban species, adapting to new 

indoor environments, well distributed in urban and forest habitats 

and producing niche overlap between these two species[33,34]. Ae. 

albopictus showed a high biting activity with a shorter feeding time 

compared to Ae. aegypti. This species also has a larger size, large 

diapausing eggs production and presents as one of the superior 

species in term of survival rate[35].

   Ae. albopictus is the most distributed outdoor species probably 

due to the structure of the house. The housing areas consist of an 

apartment with five levels of floors, built up with brick and cement. 

The ground floor structure is not well maintained, as it always 

collects water during rainy season and becomes a major potential 

breeding site in these areas. This is similarly with other finding in 

Selangor, which showed that in a clean residential environment, 

the areas were still infested with a high number of Ae. aegypti and 

Ae. albopictus species. The possible breeding habitats are concrete 

drainage and the structure of the house, other man-made structures 

such as drain, sand trap and other artificial containers such as empty 

paint cans, plastic sheet, plastic containers, trays and tin pots[36,37]. 

This showed that Aedes mosquitoes had adapted to some new 

breeding sites (not only in clear water, but also possibly breeding in 

turbid water).

   Generally, Aedes mosquito larvae require clean water, but not clean 

water is necessary for their development. For example, in septic tank, 

after the settling of organic matter, a clean water zone is formed on 

the top layer where large number of Aedes larvae can be found[38]. 

In Central Africa, Ae. albopictus was found to breed outdoor 

despites rich organic matter in the water. This showed the ability of 

this species to adapt in a new environment due to their behavior and 

genetic structure, in which this species has been shaped by additional 

abiotic and biotic factors[39]. In some highly urbanized areas in 

Thailand, an intensive Aedes control campaign has been done to 

eliminate artificial and natural breeding sites for Ae. albopictus[40]. 

This study also showed that the outdoor containers were more 

suitable and conducive as breeding sites compared to indoor 

containers. The Aedes preferred to deposit their eggs in an open 

container rather than covered. In urbanized areas, the changes in 

the environmental factors became more suitable for the growth and 

development of Ae. Albopictus. The condensed human populations 

produced more containers that served as larval habitat[41]. Both 

species can also breed indoors and outdoors which was similar with 

findings from Mexico and India[42-44].

   The absence of Ae. aegypti indoor was probably due to more 

enforcement activity. Also community starts to increase their 

awareness and takes more time to check and eliminate indoor 

containers rather than outdoor containers. To survive, Ae. aegypti 

will move from indoor to outdoor containers. Study in Putrajaya 

found similar result that Ae. aegypti was found to breed outdoors 

along with Ae. albopictus[45]. Although, water temperature in 

outdoor containers was higher than indoor containers, Ae. aegypti 

still preferred to breed in outdoor containers. However, a major 

decline in Ae. aegypti population was reported in association with the 

high prevalence number of Ae. albopictus[46]. Laboratory and field 

studies found that adult Ae. albopictus had higher survival rate than 

Ae. aegypti[47]. This might due to Ae. albopictus is more competent 

in surviving and replacing the primary vector[48].

   The transmission of Aedes mosquitoes is climate sensitive as 

the mosquitoes need water to breed. Ambient temperature and RH 

are critical factors for larval development and affecting feeding 

behaviors[49,50]. Temperature was found to be correlated with the 

larval development, egg viability, adult longevity and dispersal[51]. 

At low RH, adult Aedes mosquito collection was high and usually 

associated with a lower temperature[52]. The temperature affected 

the mortality and hatching rate of Aedes mosquitoes[53,54]. Study 

in Texas showed that low temperature (15–27 °C) and high RH 

(55%–75%) caused the increase of egg hatching percentages, but at 

32 and 35 °C, the hatchability rate were decreased[55]. However, the 

RH alone did not effect Aedes mosquitoes activity[56].

   In Malaysia, the abundance of Ae. albopictus has always been 

correlated with rainfall[57-59]. Rainfall is one of the most important 

factors contributing to the density of Aedes mosquito populations and 

dengue transmission[51,60-63]. The wet season is usually associated 

with high number of Aedes mosquitoes. Rain fills artificial containers 

and creates natural breeding sites, especially in housing areas (e.g. 

vases and tires)[64]. Commonly during the wet season, the number of 

dengue cases is high compared to the dry season due to the number 

of breeding sites increased and influenced the increasing number 

of DF incidence. However, during heavy rains, the excessive rain 

will flush larvae out from the containers and decreased DF is often 

observed[65]. The effect of rainfall on dengue prevalence is a very 

important study to forecast variation in incidence and risk related to 

the impact of changes in climatic variations[66]. 

   This study can confirm the possible influence on rainfall 

which indicated that the peak prevalence happened during heavy 

rainfall. The analysis of the seasonal pattern of OI in the study 

areas indicated that high density occurred during August 2010 to 

September 2010. This could be contributed by the fasting month. 

During this period, all of the localities were occupied with the 

night market (Bazaar Ramadhan) nearby which sold food and 

drinks. In these localities, the usage of plastic bags and polystyrene 

containers by the public increased during both months. Irresponsible 

publics undiscriminating discarded polystyrene container, plastic 

containers and other containers after use and created breeding sites 

for Aedes mosquitoes when fill in with water from rain[43,67]. The 

massive amount of plastics used globally created innumerable non-

biodegradable ideal habitats for mosquitoes to breed[68,69]. This can 

be used as an alternative indicator for the density of vector, serving 

extra supplement to access the risk of dengue in the particular 

areas[70].

   The statistical analysis was performed between mosquito density 

(OI) and DF. The mosquito density showed a positive correlation 

with dengue cases reported from FH and KSG. Various of studies 

have investigated the relationship between dengue transmission and 

Aedes population[64,71]. Recently, study in Sisaket, Thailand showed 

that the high larval indices were correlated with the prevalence 

of human dengue infections which was associated with the rainy 

season[72]. This may produce a good warning system to the health 

authorities and local communities. However, there is no clear 
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indication of consistent association between dengue cases and vector 

indices. Most of the study showed weak study design, lack of basic 

knowledge of epidemiology and virus transmission. It is suggested 

to quantify the relationship between vector population, dengue 

transmission and clinical database which carefully match temporally 

and spatially[62].

   Based on the guidelines by Ministry Health of Malaysia, the OI is 

classified into three categories with different strategies and actions 

will be applied for each level of OI. For Aedes mosquito survey, 

search and destruction, thermal fogging and ultra-low volume 

will be mobilized, once the index reaches or exceeds 30%. The 

epidemiologist and entomologist will review and decide on whether 

the OI = 30% is reasonable for control activities according to the 

current situation. However, in some problematic areas with history 

of high DF cases, OI of 15% is considered the threshold of control 

activities. In our cases, FH is one of the localities which needs more 

attention for Aedes control effort base on previous high reported DF 

cases and high number of Aedes population found in that area.

   During the 2010 dengue outbreak in Penang, integrated vector 

strategies were applied in all of outbreak localities in north east 

district. The implementation of control strategies is by using simple 

strategies such as source reduction, combination use of Bacillus 

thuringiensis and fogging, ovitrap monitoring, health education, 

communication for behavioral impact activities and the enforcement 

of DDBIA. Inspection in all public centers, school, shopping complex, 

recreational theme park and markets was regularly conducted. A 

cleanup campaign organized by community leader together with the 

residence, public health workers, children and local administration 

authorities of Penang was held regularly to maintain the cleanliness 

around the communities. Garbage collection, drainage and canal 

maintenance by the local authority was also implemented.

   Although the effectiveness of the current strategies in dengue 

vector control is still unclear, the number of dengue cases reported 

in 2011 decreased 77% compared to 2010. It is very difficult to 

evaluate the effectiveness of vector control activities since we have 

started the integrated vector management. Surveillance, source 

reduction, biological control agents, insecticide application, public 

education and awareness, and enforcement have been implemented 

in all of the outbreak areas in north east district till date. Source 

reduction activities conducting by health worker, community and 

other agencies are the most important activity to reduce mosquito 

habitats in the targeted areas[73,74]. Integrated vector management is 

still the most effective method to control dengue[75].

   This study provided useful data for dengue control management. 

The relationship between dengue vector density and the 

meteorological data is responsible for the decision support in 

deciding the best method to be used for dengue vector management 

in Northeast Penang, Malaysia. It is also important for us to evaluate 

and understand the vector populations according to the seasonal 

activity, which can help to improve the effectiveness of our control 

program. However, other factors that might also contribute to the 

increment of dengue outbreak such as the number of available 

breeding sites, behavior of the vector against environmental factors 

and the cleanliness of the environment need to be considered.

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgments

   The authors would like to thank the Director of Health Malaysia 

for permission to publish this paper, Director of Penang Health 

Department and Vector-Borne Disease Control Program, Penang for 

all support and technical assistance and we also thank the staff of 

Vector Control Research Unit, USM, for all of assistance during this 

project. We are grateful to the volunteers and residence from all three 

localities for their active participation. This project was partially 

funded by FGRS Grant by Ministry of Education and Universiti Sains 

Malaysia (203/PBIOLOGI/6711359).

References

[1]    Rudnick A, Lim TW. Dengue fever studies in Malaysia. Vol. 23. Kuala 

Lumpur: Institute of Medical Research; 1986.

[2]    Lucas JK. Recent epidemics of haemorrhagic fever in Malaysia. Jpn 

Med Sci Biol 1967; 20(Suppl): 79-81.

[3]   Paramaesvaran N. Haemorrhagic fever in children in Penang: a report on 

41 cases. Bull World Health Organ 1966; 35(1): 40.

[4]    Chang AY, Fuller DO, Carrasquillo O, Beier JC. Social justice, climate 

change, and dengue. Health Hum Rights 2014; 16(1): 93-104.

[5]    Rezza G. Aedes albopictus and the reemergence of dengue. BMC Public 

Health 2012; 12: 72.

[6]    Kesorn K, Ongruk P, Chompoosri J, Phumee A, Thavara U, Tawatsin 

A, et al. Morbidity rate prediction of dengue hemorrhagic fever (DHF) 

using the support vector machine and the Aedes aegypti infection rate 

in similar climates and geographical areas. PLoS One 2015; 10(5): 

e0125049.

[7]    Schmidt-Chanasit J, Emmerich P, Tappe D, Gunther S, Schmidt S, Wolff 

D, et al. Autochthonous dengue virus infection in Japan imported into 

Germany, September 2013. Euro Surveill 2014; 19(3): 20681.

[8]    Yap HH, Chong NL, Foo AE, Lee CY. Dengue vector control: present 

status and future prospects. Gaoxiong Yi Xue Ke Xue Za Zhi 1994; 10: 

S102-8.

[9]    Lee HL, Hishamudin M. Nationwide Aedes larval survey in urban towns 

of Peninsular Malaysia (1988-1989). Trop Biomed 1990; 7: 185-8.

[10]  Chen CD, Nazni WA, Lee HL, Seleena B, Mohd Masri S, Chiang YF, 

et al. Mixed breeding of Aedes aegypti (L.) and Aedes albopictus Skuse 

in four dengue endemic areas in Kuala Lumpur and Selangor, Malaysia. 

Trop Biomed 2006; 23(2): 224-7.

[11]  Kwa BH. Environmental change, development and vectorborne disease: 

Malaysia’s experience with filariasis, scrub typhus and dengue. Environ 

Dev Sustain 2008; 10(2): 209-17. 

[12]  Rozilawati H, Zairi J, Adanan CR. Seasonal abundance of Aedes 

albopictus in selected urban and suburban areas in Penang, Malaysia. 

Trop Biomed 2007; 24(1): 83-94.

[13]  Mudin RN. Dengue incidence and the prevention and control program in 

Malaysia. Int Med J Malays 2015; 14(1): 5-9.

[14]  Naish S, Dale P, Mackenzie JS, McBride J, Mengersen K, Tong 



Ahmad Mohiddin et al./Asian Pac J Trop Dis 2015; 5(11): 869-876 875

S. Climate change and dengue: a critical and systematic review of 

quantitative modelling approaches. BMC Infect Dis 2014; 14: 167.

[15]  Chandran R, Azeez PA. Outbreak of dengue in Tamil Nadu, India. Curr 

Sci 2015; 109(1): 171-6.

[16]  Sharma S, Samak G. Prevalence of dengue fever in Shimoga District of 

Karnataka, India. Innov J Med Health Sci 2015; 5(2): 23-7.

[17]  Chandy S, Ramanathan K, Manoharan A, Mathai D, Baruah K. 

Assessing effect of climate on the incidence of dengue in Tamil Nadu. 

Indian J Med Microbiol 2013; 31(3): 283-6.

[18]  Sharmin S, Glass K, Viennet E, Harley D. Interaction of mean 

temperature and daily fluctuation influences dengue incidence in Dhaka, 

Bangladesh. PLoS Negl Trop Dis 2015; 9(7): e0003901.

[19]  Banu S, Hu W, Guo Y, Hurst C, Tong S. Projecting the impact of climate 

change on dengue transmission in Dhaka, Bangladesh. Environ Int 2014; 

63: 137-42.

[20]  Xu HY, Fu X, Lee LK, Ma S, Goh KT, Wong J, et al. Statistical 

modeling reveals the effects of absolute humidity on dengue in 

Singapore. PLoS Negl Trop Dis 2014; 8(5): e2805.

[21]  Limper M, Thai KT, Gerstenbluth I, Osterhaus AD, Duits AJ, van Gorp 

EC. Climate factors as important determinants of dengue incidence in 

Curaçao. Zoonoses Public Health 2015; doi: 10.1111/zph.12213.

[22]  Bicalho CC, Safadi T, Charret IC. The influence of climatic factors on 

dengue epidemies in the cities Cuiaba (Mato Grosso State) and Lavras 

(Minas Gerais State), Brazil, using statistical methods. Rev Bras Biom 

Sao Paulo 2014; 32(2): 308-22.

[23]  Stewart-Ibarra AM, Muñoz AG, Ryan SJ, Ayala EB, Borbor-Cordova 

MJ, Finkelstein JL, et al. Spatiotemporal clustering, climate periodicity, 

and social-ecological risk factors for dengue during an outbreak in 

Machala, Ecuador, in 2010. BMC Infect Dis 2014; 14: 610.

[24]  Hii YL, Zhu H, Ng N, Ng LC, Rocklöv J. Forecast of dengue incidence 

using temperature and rainfall. PLoS Negl Trop Dis 2012; 6(11): e1908.

[25]  Gomes AF, Nobre AA, Cruz OG. Temporal analysis of the relationship 

between dengue and meteorological variables in the city of Rio de 

Janeiro, Brazil, 2001-2009. Cad Saude Publica 2012; 28(11): 2189-97.

[26]  Morin CW, Comrie AC, Ernst K. Climate and dengue transmission: 

evidence and implications. Environ Health Perspect 2013; 121(11-12): 

1264-72.

[27]  Vector Diseases Branch. [Protocol for surveillance and monitoring 

of vector using ovitrap]. Putrajaya: Division of Disease Control, the 

Ministry of Health; 2005. Malay.

[28]  Regis L, Monteiro AM, Melo-Santos MA, SilveiraJr JC, Furtado 

AF, Acioli RV, et al. Developing new approaches for detecting and 

preventing Aedes aegypti population outbreaks: basis for surveillance, 

alert and control system. Mem Inst Oswaldo Cruz 2008; 103(1): 50-9.

[29]  Wan Norafikah O, Chen CD, Soh HN, Lee HL, Nazni WA, Sofian-

Azirun M. Surveillance of Aedes mosquitoes in a university campus in 

Kuala Lumpur, Malaysia. Trop Biomed 2009; 26(2): 206-15.

[30]  Pessanha JEM, Brandão ST, Almeida MCM, de Magalhães Cunha MC, 

Sonoda IV, Bessa AMS, et al. Ovitrap surveillance as dengue epidemic 

predictor in Belo Horizonte City, Brazil. J Health Biol Sci 2014; 2(2): 

51-6.

[31]  Rozilawati H, Tanaselvi K, Nazni WA, Mohd Masri S, Zairi J, Adanan 

CR, et al. Surveillance of Aedes albopictus Skuse breeding preference in 

selected dengue outbreak localities, Peninsular Malaysia. Trop Biomed 

2015; 32(1): 49-64.

[32]  Dieng H, Saifur RG, Hassan AA, Salmah MR, Boots M, Satho T, et al. 

Indoor-breeding of Aedes albopictus in northern peninsular Malaysia 

and its potential epidemiological implications. PLoS One 2010; 5(7): 

e11790.

[33]  da Rocha Taranto MF, Pessanha JE, dos Santos M, dos Santos Pereira 

Andrade AC, Camargos VN, Alves SN, et al. Dengue outbreaks in 

Divinopolis, south-eastern Brazil and the geographic and climatic 

distribution of Aedes albopictus and Aedes aegypti in 2011-2012. Trop 

Med Int Health 2015; 20(1): 77-88.

[34]  San Martin JL, Brathwaite O, Zambrano B, Solorzano JO, 

Bouckenooghe A, Dayan GH, et al. The epidemiology of dengue in the 

Americas over the last three decades: a worrisome reality. Am J Trop 

Med Hyg 2010; 82(1): 128-35.

[35]  Costanzo KS, Schelble S, Jerz K, Keenan M. The effect of photoperiod 

on life history and blood-feeding activity in Aedes albopictus and Aedes 

aegypti (Diptera: Culicidae). J Vector Ecol 2015; 40(1): 164-71.

[36]  Devi NP, Jauhari RK, Mondal R. Ovitrap surveillance of Aedes 

mosquitoes (Diptera: Culicidae) in selected areas of Dehradun District, 

Uttrakhand, India. Glob J Med Res Dis 2013; 13(5): 52-7.

[37]  Chen CD, Benjamin S, Saranum MM, Chiang YF, Lee HL, Nazni WA, 

et al. Dengue vector surveillance in urban residential and settlement area 

in Selangor, Malaysia. Trop Biomed 2005; 22(1): 39-43.

[38]  Rohani A, Aidil Azahary AR, Malinda M, Zurainee MN, Rozilawati H, 

Wan Najdah WMA, et al. Eco-virological survey of Aedes mosquito 

larvae in selected dengue outbreak areas in Malaysia. J Vector Borne Dis 

2014; 51: 327-32.

[39]  Ngoagouni C, Kamgang B, Nakouné E, Paupy C, Kazanji M. Invasion 

of Aedes albopictus (Diptera: Culicidae) into Central Africa: what 

consequences for emerging disease? Parasit Vectors 2015; 8: 191.

[40]  Chareonviriyaphap T, Akratanakul P, Nettanomsak S, Huntamai S. 

Larval habitats and distribution patterns of Aedes aegypti (Linnaeus) 

and Aedes albopictus (Skuse), in Thailand. Southeast Asian J Trop Med 

Public Health 2003; 34(3): 529-35.

[41]  Li Y, Kamara F, Zhou G, Puthiyakunnon S, Li C, Liu Y, et al. 

Urbanization increases Aedes albopictus larval habitats and accelerates 

mosquito development and survivorship. PLoS Negl Trop Dis 2014; 

8(11): e3301.

[42]  Vijayakumar K, Sudheesh Kumar TK, Nujum ZT, Umarul F, Kuriakose 

A. A study on container breeding mosquitoes with special reference to 

Aedes (Stegomyia) aegypti and Aedes albopictus in Thiruvananthapuram 

District, India. J Vector Borne Dis 2014; 51: 27-32.

[43]  Samuel PP, Thenmozhi V, Nagaraj J, Kumar TD, Tyagi BK. Dengue 

vectors prevalence and the related risk factors involved in the 

transmission of dengue in Thiruvananthapuram District, Kerala, South 

India. J Vector Borne Dis 2014; 51: 313-9.

[44]  Manrique-Saide P, Davies CR, Coleman PG, Che-Mendoza A, Dzul-

Manzanilla F, Barrera-Pérez M, et al. The risk of Aedes aegypti breeding 

and premises condition in South Mexico. J Am Mosq Control Assoc 

2013; 29(4): 337-45.

[45]  Saleeza SN, Norma-Rashid Y, Azirun MS. Mosquito species and outdoor 

breeding places in residential areas in Malaysia. Southeast Asian J Trop 

Med Public Health 2013; 44(6): 963-9.

[46]  Juliano SA, Lounibos LP, O’Meara GF. A field test for competitive 



Ahmad Mohiddin et al./Asian Pac J Trop Dis 2015; 5(11): 869-876876

effects of Aedes albopictus on A. aegypti in South Florida: differences 

between sites of coexistence and exclusion? Oecologia 2004; 139(4): 

583-93.

[47]  Brady OJ, Johansson MA, Guerra CA, Bhatt S, Golding N, Pigott DM, 

et al. Modelling adult Aedes aegypti and Aedes albopictus survival at 

different temperatures in laboratory and field settings. Parasit Vectors 

2013; 6: 351.

[48]  Weeraratne TC, Perera MDB, Mohamed Mansoor MAC, Parakrama 

Karunaratne SHP. Prevalence and breeding habitats of the dengue 

vectors Aedes aegypti and Aedes albopictus (Diptera: Culicidae) in the 

semi-urban areas of two different climatic zones in Sri Lanka. Int J Trop 

Insect Sci 2013; 33(4): 216-26.

[49]  Couret J, Dotson E, Benedict MQ. Temperature, larval diet, and density 

effects on development rate and survival of Aedes aegypti (Diptera: 

Culicidae). PLoS One 2014; 9(2): e87468.

[50]  Canyon DV, Muller R, Hii JLK. Aedes aegypti disregard humidity-

related conditions with adequate nutrition. Trop Biomed 2013; 30(1): 

1-8.

[51]  Das M, Gopalakrishnan R, Kumar D, Gayan J, Baruah I, Veer V, et al. 

Spatiotemporal distribution of dengue vectors & identification of high 

risk zones in district Sonitpur, Assam, India. Indian J Med Res 2014; 

140: 278-84.

[52]  Crepeau TN, Healy SP, Bartlett-Healy K, Unlu I, Farajollahi A, Fonseca 

DM. Effects of biogents sentinel trap field placement on capture rates of 

adult Asian tiger mosquitoes, Aedes albopictus. PLoS One 2013; 8(3): 

e60524.

[53]  Carrington LB, Armijos MV, Lambrechts L, Scott TW. Fluctuations at 

a low mean temperature accelerate dengue virus transmission by Aedes 

aegypti. PLoS Negl Trop Dis 2013; 7(4): e2190.

[54]  Eisen L, Monaghan AJ, Lozano-Fuentes S, Steinhoff DF, Hayden MH, 

Bieringer PE. The impact of temperature on the bionomics of Aedes 

(Stegomyia) aegypti, with special reference to the cool geographic range 

margins. J Med Entomol 2014; 51(3): 496-516.

[55]  Dickerson CZ. The effects of temperature and humidity on the eggs of 

Aedes aegypti (L.) and Aedes albopictus (Skuse) in Texas [dissertation]. 

Texas: Texas A&M University; 2007.

[56]  Estallo EL, Ludueña-Almeida FF, Introini MV, Zaidenberg M, Almirón 

WR. Weather variability associated with Aedes (Stegomyia) aegypti 

(dengue vector) oviposition dynamics in Northwestern Argentina. PLoS 

One 2015; 10(5): e0127820.

[57]  Aziz S, Aidil RM, Nisfariza MN, Ngui R, Lim YA, Yusoff WS, et al. 

Spatial density of Aedes distribution in urban areas: a case study of 

breteau index in Kuala Lumpur, Malaysia. J Vector Borne Dis 2014; 51: 

91-6.

[58]  Mohd Salleh NH, Ali Z, Noor NM, Baharum A, Saad AR, Sulaiman 

HM, et al. Modelling the breeding of Aedes albopictus species in an 

urban area in Pulau Pinang using polynomial regression. AIP Conf Proc 

2014; 1605: 844-9.

[59]  Cheong YL, Burkart K, Leitão PJ, Lakes T. Assessing weather effects on 

dengue disease in Malaysia. Int J Environ Res Public Health 2013; 10: 

6319-34.

[60]  Moreno-Madriñán MJ, Crosson WL, Eisen L, Estes SM, Estes MG Jr, 

Hayden M, et al. Correlating remote sensing data with the abundance 

of pupae of the dengue virus mosquito vector, Aedes aegypti in Central 

Mexico. ISPRS Int J Geo-inf 2014; 3: 732-49.

[61]  Aigbodion FI, Uyi OO. Temporal distribution of and habitat 

diversification by some mosquitoes (Diptera: Culicidae) species in Benin 

City, Nigeria. J Entomol 2013; 10(1): 13-23.

[62]  Bowman LR, Runge-Ranzinger S, McCall PJ. Assessing the relationship 

between vector indices and dengue transmission: a systematic review of 

the evidence. PLoS Negl Trop Dis 2014; 8(5): e2848.

[63]  Sang S, Yin W, Bi P, Zhang H, Wang C, Liu X, et al. Predicting local 

dengue transmission in Guangzhou, China, through the influence of 

imported cases, mosquito density and climate variability. PLoS One 

2014; 9(7): e102755.

[64]  Alshehri MSA. Dengue fever outburst and its relationship with climatic 

factor. World Appl Sci J 2013; 22(4): 506-15.

[65]  Dieng H, Rahman GM, Abu Hassan A, Che Salmah MR, Satho T, 

Miake F, et al. The effects of simulated rainfall on immature population 

dynamics of Aedes albopictus and female oviposition. Int J Biometeorol 

2012; 56: 113-20.

[66]  Wiwanitkit V. An observation on correlation between rainfall and the 

prevalence of clinical cases of dengue in Thailand. J Vector Borne Dis 

2006; 43: 73-6.

[67]  Mariappan T, Thenmozhi V, Udayakumar P, Bhavaniumadevi V, Tyagi 

BK. An observation on breeding behaviour of three different vector 

species (Aedes aegypti Linnaeus 1762, Anopheles stephensi Liston 1901 

and Culex quinquefasciatus Say 1823) in wells in the coastal region of 

Ramanathapuram District, Tamil Nadu, India. Int J Mosq Res 2015; 

2(2): 42-4.

[68]  Nkwachukwu OI, Chima CH, Ikenna AO, Albert L. Focus on potential 

environmental issues on plastic world towards a sustainable plastic 

recycling in developing countries. Int J Ind Chem 2013; 4: 34.

[69]  Raharimalala FN, Ravaomanarivo LH, Ravelonandro P, Rafarasoa LS, 

Zouache K, Tran-Van V, et al. Biogeography of the two major arbovirus 

mosquito vectors, Aedes aegypti and Aedes albopictus (Diptera, 

Culicidae), in Madagascar. Parasit Vector 2012; 5: 56.

[70]  Jeelani S, Sabesan S. Aedes vector population dynamics and occurrence 

of dengue fever in relation to climate variables in Puducherry, South 

India. Int J Curr Microbiol Appl Sci 2013; 2(12): 313-22.

[71]  Karim MN, Munshi SU, Anwar N, Alam MS. Climatic factors 

influencing dengue cases in Dhaka City: a model for dengue prediction. 

Indian J Med Res 2012; 136: 32-9.

[72]  Wongkoon S, Jaroensutasinee M, Jaroensutasinee K. Distribution, 

seasonal variation & dengue transmission prediction in Sisaket, 

Thailand. Indian J Med Res 2013; 138: 347-53.

[73]  Healy K, Hamilton G, Crepeau T, Healy S, Unlu I, Farajollahi A, et 

al. Integrating the public in mosquito management: active education 

by community peers can lead to significant reduction in peridomestic 

container mosquito habitats. PLoS One 2014; 9(9): e108504.

[74]  Seidahmed OM, Siam HA, Soghaier MA, Abubakr M, Osman HA, 

Abd Elrhman LS, et al. Dengue vector control and surveillance during a 

major outbreak in a coastal Red Sea area in Sudan. East Mediterr Health 

J 2012; 18(12): 1217-24.

[75]  Naranjo DP, Qualls WA, Jurado H, Perez JC, Xue RD, Gomez E, et al. 

Vector control programs in Saint Johns County, Florida and Guayas, 

Ecuador: successes and barriers to integrated vector management. BMC 

Public Health 2014; 14: 674.


