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ABSTRACT: Aedes has become the most significant public health concern in Malaysia due
to dengue fever disease. As Aedes vectors are expanding their geographical distribution, the
population dynamics of the adult mosquitoes are highly significant in areas where dengue is
prevalent. The objective of this study was to conduct a short survey on the abundance of
Aedes mosquito in Universiti Sains Malaysia (USM), Health campus and its relation to
dengue virus. Two areas were selected in the campus as sampling location: hostel, and
Hospital USM area. The mosquitoes were reared from field collected eggs and the number of
adult, species, and sex of mosquitos produced were recorded. RT-PCR analysis was
performed on mosquito population from Hospital USM sampling area for dengue virus
detection. Results showed that Ae. albopictus was the predominant species in both sampling
areas. A spatial and ecological coexistence of Ae. aegypti and Ae. albopictus were observed in
Hospital USM area. However, there was no population of Ae. aegypti recorded in the hostel
area. Analysis of RT-PCR on samples showed that one pool from Ae. albopictus samples was
positive for dengue virus. Although Ae. albopictus has long been considered as a secondary
vector in dengue virus transmission in Malaysia and Southeast Asia, the increasing abundance
of Ae. albopictus should be of particular concern in the absence of Ae. aegypti as the former
vector could potentially evolve to become the primary vector for transmitting dengue virus in
a peri-domestic area.
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Introduction
Mosquitoes have a nearly worldwide distribution, being found throughout the tropics and
temperate regions. They thrive in a variety of habitats including fresh water and brackish
water (clear, turbid and polluted) but not in marine habitats with high-salt concentrations.
Apart from being found in many parts of the world, mosquitoes are among the most important
arthropod vectors for various diseases that are caused by viruses or parasites. At present, its
disease transmissions are very difficult and challenging to control and eradicate completely.
The most important pest and vector species belong to the genera Anopheles, Culex, Aedes,
Psorophora, Haemagogus, and Sabethes. In Malaysia, common mosquitoes that medically
important in disease transmissions are from the genera Aedes, Anopheles, and Culex which
transmit serious diseases such as malaria, dengue, Chikungunya, encephalitis and filariasis
(Becker et al., 2010). In addition, the recent rapid emergence of Zika disease has become
global attention among public healthcare services because of its highly suspected association
with related newborn microcephaly (Dyer 2015; Hajra et al., 2016). Among the genera, Aedes
is an important public health concern in Malaysia due to dengue. Depending on the
geographical factor, Aedes aegypti, Aedes albopictus, Aedes polynesiensis and Aedes
scutellaris are known to transmit the dengue virus (Gubler, 1998). However, in Malaysia only
Aedes aegypti and Aedes albopictus are commonly associated with dengue virus transmission
(Smith, 1956; Gubler, 1998; Norzawati et al., 2015; Ong, 2016).

Pediatric Dengue Vaccine Initiative (PDVI) estimated more than half of the world populations
(55%) are at risk of being infected with dengue. The endemic outbreak of this disease has
expanded to areas which were unaffected before. Malaysia, Cambodia, Philippines, and
Vietnam are among World Health Organization (WHO) Western Pacific region countries that
are severely affected by dengue. In Malaysia, a total of 32,435 dengue cases with 53 deaths
were reported from Jan 30 till June 30, 2018, compared to 49,726 cases with 110 deaths
during the same period in 2017 (CPRC, 2018). Once infected with dengue virus, patients
could exhibit a wide range of illnesses from mild fever to fatal hemorrhagic fever and dengue
shock syndrome (Zhang et al., 2014). Virus serotype immunity status, and genetic variation
are among the determining factors of disease severity (Gubler, 1998). Dengue virus belongs to
Flaviviridae family and there are four dengue virus serotypes which are antigenically related
namely dengue-1, dengue-2, dengue-3 and dengue-4. Strong resemblance of epitopes of these
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four dengue virus serotypes makes diagnosis difficult. Treatment is also a challenging matter,
since there is no cross-protective immunity among these four serotypes (Gubler, 1998). This
means that a person can still be infected with the other serotypes after being affected with one
of them and had development immunity towards it.

As Aedes vectors are expanding their geographical distribution, this can infer the risk of
dengue transmissions especially in receptive and prone areas (Huang et al., 2014; Boonklong
and Bhumiratana 2016). Several studies had demonstrated that competent vectors are present
in various geographic locations (Gubler and Rosen 1976). This subsequently helps to
introduce viruses into new susceptible human populations. It was reported that the distribution
and abundance of the Aedes mosquitoes are related to the human population's behavior and
activities towards the environment. This includes modification of spaces and presence of
vegetation in urban and rural areas. Apart from that, meteorological factors such as
temperature, relative humidity and rainfall also contribute to the population density of Aedes
(Serpa et al., 2013). In addition, the epidemiology of diseases transmission is also determined
by vector behavior in the environment. The objective of this study was to survey the
population and abundance of Aedes mosquito spp in the USM Health campus. We
hypothesized that most areas would be dominated with only one species at a time.
Materials and Methods

Ovitrap settings of Aedes mosquito eggs

Ovitrap or oviposition trap is a popular method of obtaining eggs from Aedes mosquito
species. Ovitrap, as described by Lee (1992) was used in this study. It consists of a simple
cylindrical black plastic container and a hard board (paddle). The ovitrap were filled with tap
water and paddles were placed vertically in it, serving as a substrate for female mosquitoes to
lay eggs. Two sampling areas in Universiti Sains Malaysia Kubang Kerian, Kelantan were
selected in this study i.e Desasiswa Murni (6.09801,102.2834069) and Hospital Universiti
Sains Malaysia (Hospital USM) (6.0990448,102.2786647) (Figure 1). The locations were
chosen based on the presence of different habitat types. Desasiswa Murni is the students’
hostel areas, well shaded, often with many shrubs, or bushes, and well-tended lawns. On the
other hand, Hospital USM sampling areas were consisted primarily of concrete lots, covered
garages, building coverages with little vegetation or bushes and trees for shade. Some of the
37

Azlinda et al. 2018
Health and the Environment Journal, 2018, Vol. 9, No. 1

pp 35-50

areas had stagnant water and piles of discarded materials. Both locations are situated in USM
campus area with the distance from each point as 417.62 m apart. 20 ovitraps were placed
randomly at each area covering 50 meter radius from sampling point location (Figure 2 and
3). Ovitraps were placed on the ground level in a shady and hidden area to attract female
Aedes mosquitoes to lay eggs. Each ovitrap was labeled with basic information of the research
study and they were left for seven (7) days in the field.

Figure 1: Two ovitrap setting locations in Universiti Sains Malaysia Health Campus

Figure 2: Location of Desasiswa Murni in USM campus area
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Figure 3: Location Hospital Universiti Sains Malaysia (Hospital USM)
Rearing and culturing of Aedes mosquito

All ovitraps were collected after seven days of setting up in the field. Ovitraps were brought
back to the laboratory/insectarium for processing. The ovitrap contents and paddles were
poured into individual plastic trays and added with water to allow eggs hatching. A powder
form of larval food mixed with dried cow liver, cat food, yeast, vitamin B complex, and
cereals were added to the tray as food supply. Larvae that pupated were separated from the
colony by transferring them into a small bowl filled with water. The bowl was placed into a
cage to contain emerged adult. Date of adult emergence, species, sex and sampling location
were all noted down. Emerged mosquitoes were collected using mouth aspirator and pooled in
a plastic tube. The tubes were labeled and kept in a -80 °C freezer for PCR analysis. In this
study, PCR was performed only on samples collected in Hospital USM area where reported
dengue cases had been notified within a 200m radius of the case residence. The sampling
activity of the Aedes sp population was carried out for three consecutive months from June to
August 2015.

Observations of Aedes life cycles
20 Aedes 1st instar larvae used in this study were collected from Desasiswa Murni and
Hospital USM field sampling area respectively. Larvae were transferred individually into 40
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paper cups using a disposable pipette and labeled accordingly. Sufficient larval food was
provided throughout the observation period to promote larval growth and development.
Observations and recording of the life cycle duration were carried out every four hours.
Species and gender of emerged adult mosquito were recorded. The cup opening was covered
with a net cloth to contain adult mosquito from escaping the individual cup.
Reverse transcriptase polymerase chain reaction (RT-PCR) analysis

RNA extraction

Viral RNA from mosquitoes samples was extracted using Analytik Jena innuPREP Virus
RNA kit according to the manufacturer's instruction. In brief, pools of head-thorax (from 1020 adult mosquitoes) were ground in 500 µl of 1% DMEM and centrifuged at 20 000 g for 15
minutes. 450 µl lysis solution was added to 150 µl of head-thoraxes suspension together with
20 µl proteinase K before being mixed vigorously and incubated for 10 minutes. Then, 600 µl
binding solution was added and mixed before being transferred to a spin column and
centrifuged at 10 000 g for 1 minute. Subsequently, the bound RNA was washed twice using
washing solution HS and LS. The spin filter was centrifuged at a maximum speed twice to
remove traces of ethanol. The RNA was eluted from the column by adding 60 µl heated
RNase free water and incubated for 2 minutes before centrifugation at 8000 g for 1 minute.
The extracted RNA was stored at -80˚C until further use.
Detection of dengue virus by conventional RT-PCR
A conventional RT-PCR was performed using MyTaq™ One-Step RT-PCR kit to detect the
presence of dengue virus according to the manufacturer’s instruction. 5 µl RNA extract from
10 samples were used as template in a 25 µl reaction. The primer sequences are as follows:
DV1, 5′-GGRACKTCAGGWTCTCC-3′; DV3, 5′-AARTGIGCYTCRTCCAT-3′ (DiazBadillo et al., 2014; Seah et al., 1995). The expected size of the amplicon product is 470 bp
(DV1 and DV3). The RT-PCR profiles were: One cycle of reverse transcription at 50°C for
30 min, one cycle of polymerase activation at 95°C for 5 min, followed by 39 cycles of
denaturation step at 95°C for 15s, annealing step at 60°C for 30s and extension step at 70°C
for 1 min and finally, one cycle for final extension at 70°C for 10 min. The PCR products
were electrophoresed on 1.5% agarose gel in 0.5 X TBE buffer.
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Data Analysis

Data were analyzed using SPSS v.22. Distribution and abundance of mosquito species were
recorded accordingly in percentages for species and sex. For development duration, mean of
time duration in days was calculated for each stage from 1st instar larvae until adult
emergence. Paired samples T-test were assessed statistically for group differential.
Results
In total 40 ovitraps were set up in Desasiswa Murni and Hospital USM, Ae. albopictus was
the predominant species in both sampling areas and it was also the only species collected from
Desasiswa Murni. However, in Hospital USM study area Ae. aegypti and Ae. albopictus
coexisted in the same habitat radius. Percentile of mosquito species and sex is presented in
Figure 4.

Hospital USM 2015

Figure 4: Population of Aedes sp in Desasiswa Murni and Hospital USM, Kubang
Kerian, Kelantan
Following the trend, the numbers of male mosquitoes produced from both Aedes species were
shown to be higher than female mosquitoes from both studied areas. In Desasiswa Murni the
total number of adult mosquitoes was lower than Hospital USM study area. The percentage of
Ae. albopictus male mosquitoes that emerged from the eggs collected was 56% and of female
mosquitoes it was 44%. Male Ae. albopictus and Ae. aegypti were the dominant Aedes
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populations in Hospital USM area, contributed 45% and 17% of total population,
respectively. Percentages of female mosquitoes were 24% for Ae. albopictus and 14% for Ae.
aegypti. Straight line (R2) in Figure 4 indicates the general pattern or direction of Aedes sp
population over time. The value of R2 (1.0) exhibited a significant increase in female Ae.
aegypti populations by years in both sampling areas.

Table 1 describes the mean duration development in days of Aedes sp from both sampling
areas under laboratory condition. Ae. albopictus population from Desasiswa Murni area was
shown to have shorter growth period when compared to Ae. aegypti and Ae. albopictus
populations from Hospital USM with a total mean time from egg hatching to adult emergence
of 7.9 ± 2.3 days and 9.0 ± 1.9 days, respectively. The first (L1), second (L2) and third-instar
(L3) larvae presented a significant difference in the growth periods between both sampling
areas with a p-values less than 0.05. The pupation duration from both sampling areas was
longer than any larvae stages with similar duration of 3.0 days. Adult development time was
moderately similar between both areas with a mean duration of 1.4 ± 0.5 days and 1.7 ± 0.5
days for Desasiswa Murni and Hospital USM areas, respectively.

Table 1: Life cycle duration of Aedes spp. in Desasiswa Murni and HUSM

Larvae stages
*

L1

Mean of development time
(Day ± SD) (n = 20)
Ae. albopictus population
Aedes sp population
in Desasiswa Murni
in Hospital USM
0.9 ± 0.1
1.3 ± 0.0

Paired
samples test
p-value
0.00

*L2

1.1 ± 0.4

1.8 ± 0.9

0.01

*L3

0.9 ± 0.2

0.7 ± 0.1

0.00

L4

0.6 ± 0.2

0.5 ± 0.1

0.19

Pupae

3.0 ± 2.1

3.0 ± 1.4

1.00

Adult

1.4 ± 0.5

1.7 ± 0.5

0.17

Total development

7.9 ± 2.3

9.0 ± 1.9

0.15

L = larva
*There were significant differences among Aedes sp between both populations (p< 0.05)
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Table 2 shows the results of RT-PCR assay analysis for dengue virus detection in Desasiswa
Murni and Hospital USM study areas. RT-PCR was run on 10 pooled samples of Aedes sp,
each pool consisted of head and thorax from 10-20 mosquitoes. Dengue virus was detected
positive from Hospital USM studies area in 1 of the 10 pools from Ae. albopictus samples
(Lane 2, sample: USM 2) as shown in Figure 5.

Table 2: Data for dengue virus detection in Aedes populations
Study Area

Aedes sp

No of pools

RNA RT-PCR

Desasiswa Murni

Ae. albopictus

10

negative

Ae. albopictus

10

1 positive

Ae. aegypti

10

negative

Hospital USM

Figure 5: Agarose gel electrophoresis of PCR results from pooled Ae. albopictus samples.
Ladder (marker) used was 100bp. Positive control (last lane on the right) was obtained from
cultured dengue virus 2. Presence of dengue virus was detected in sample USM 2.
Discussions

Two Aedes species that are commonly associated with dengue are Ae. aegypti (Linnaeus) and
Ae. albopictus (Skuse) (Christopher, 1960; WHO, 2011; Kamgang et al., 2013). Ae. aegypti
can be found worldwide, especially in a domestic environment in close proximity to humans
that are abundant with artificial containers containing clean water which are often their
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preferable spot to lay eggs. Observations on the larval development of Aedes sp from
Desasiswa Murni and Hospital USM recorded that the developmental time durations were
from 7.9 days to 9.0 days, which were considered as normal time duration. Similar duration
had also been observed under controlled conditions when food was supplied in optimum
amounts at 25°C by Hawley (1988) where their data showed that larval developmental period
of Ae. albopictus was varied from 5 to 10 days. On the other hand, under field conditions,
other factors like sex, humidity, food supply and temperatures may govern larval
developmental time (Dye, 2008; Couret et al., 2014). Along with the aforementioned
observation we also recorded a higher number of male mosquito production in both Aedes
species. However, Lounibos and Escher (2008) had suggested that the bigger population of
male mosquitoes could be balanced by the increased fitness of female mosquito, believed to
be related to delay hatching.

Ae. albopictus usually dwells in suburban areas and areas like forest fringes and rubber
plantations (Hawley 1988; Service 1992). Interestingly, due to rapid urbanization, this species
has evolved and adapted its habitat to co-exist with Ae. aegypti (Estrada-Franco and Craig
1995; Liu et al., 2016; Lounibos et al., 2016). In addition, Ae. albopictus distribution and
abundance are also influenced by female mosquito behavior of oviposition, environment and
the local climate (Serpa et al., 2013). In this study, it was observed that only Ae. albopictus
dwelled in Desasiswa Murni with males notably dominated the population with a 12% margin
while in Hospital USM area, both Ae. albopictus and Ae. aegypti co-existed. Ae. albopictus
had a much higher distribution rate than Ae. aegypti. Similar observations have also been
reported by other studies conducted in the field and in laboratory settings. Field investigations
by Paupy et al. (2010) have shown that Ae. albopictus was abundant and outnumbered Ae.
aegypti to a large extent in Gabon, Nigeria particularly in suburban environments. However,
the co-existence of Ae. albopictus and Ae. aegypti in Hospital USM areas could have been
contributed by the variants ecology and environments in Hospital USM where some areas are
close to vegetations, jungle fringes and some areas have become dumping sites for discarded
items and broken furniture. In contrast, the predominance of Ae. albopictus population in the
hostel sampling area could be influenced by the secluded area where patches of vegetation are
readily available. Our findings were supported by Braks et al. (2003) who described that
habitat variants could have some effects on the distribution and abundance of Ae. aegypti and
Ae. albopictus in the Southeastern Brazil and Florida. They observed a predominance of Ae.
albopictus in rural areas but similar abundance of both species in the suburban areas. Studies
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by Saleeza et al. (2013) also concur with our findings as their studied showed that Ae.
albopictus was the predominant larval species found outdoors. The higher survival rate of
adult Ae. albopictus than Ae. aegypti could be associated to the predominance of Ae.
albopictus as reported by Brady et al. (2013).

Assuming that both species are equally competent to transmit dengue virus, we performed
RT-PCR analysis from the samples collected in both sampling areas. However, only one
sample tested were positive for dengue virus from a pool of Ae. albopictus (USM 2). There
were no dengue virus detected in pool samples of Ae. aegypti and Ae. albopictus from
Hospital USM and Desasiswa Murni sampling areas respectively. Since this study was
conducted in a short period, further investigation should be carried out to determine the
specific role of both Aedes species in dengue virus transmissions. Epidemiological evidence
clearly shows that Ae. aegypti and Ae. albopictus are responsible for the majority of dengue
transmission in Southeast Asia and many other parts of the world (Smith, 1956; Failloux et
al., 2002; Gubler and Kuno 1997; Lee et al., 2015). Ae. aegypti is the primary vector and Ae.
albopictus, as the secondary vector. Other mosquito-borne diseases transmitted by these two
vectors are West Nile fever, yellow fever, and chikungunya (Primavesi, 2013; Restrepo et al.,
2014). Ae. albopictus, also known as the “Asian tiger mosquito”, survives around human
dwellings in the daytime and is very common in Malaysia and other Asian countries (Huang,
1972; Coffey et al., 2014). Whereas, Ae. aegypti is mainly abundant in the indoors and urban
areas in tropical countries (Service, 1993).

The distribution and abundance of dengue vectors, Ae. aegypti and Ae. albopictus are
commonly affected by climatic factors (Higa, 2011; Brady et al., 2013) and environmental
changes (e.g vegetation, building density) (Kamgang et al., 2010). As their life cycles are
highly adaptable to the human environment, any changes from human activity such as
urbanization result in a great impact on their distribution (Higa, 2011). However, there were
studies reported that the spread of Ae. albopictus and the declining Ae. aegypti populations
might be linked to inter-species competition (O'Meara et al., 1995; Juliano et al., 2007). As
cited by Kamgang et al. (2010), previous studies have suggested Ae. albopictus preferentially
colonizes environments with vegetation and mainly breeds in natural containers such as tree
holes and leaf axils, whereas Ae. aegypti prefers to breed in artificial containers located in
environments with higher building density (Chan et al., 1971; Cox et al., 2007). According to
Higa (2011), as dengue virus circulates only between humans and vector mosquitoes, thus the
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spatial distribution of the vectors highly affects the epidemiology of the disease and the vector
presence is a limiting factor of transmission. Mendenhall et al. (2017) suggests that detection
of virus in field-caught vectors is an important evidence of potential vector capacity in natural
settings. Therefore, surveillance activity by the vector control team should include a peridomestic area in the vector management program.

Conclusions

This study has shown that both Ae. aegypti and Ae. albopictus were present in the USM
Health Campus area. Ae. albopictus were predominant particularly in the peri-domestic area,
and the increasing abundance of Ae. albopictus should be of particular concern due to its
potential trait to evolve and become a primary vector in transmitting dengue virus in a certain
favorable area.

Acknowledgements

We thank the Universiti Sains Malaysia, Health Campus for providing facilities to conduct
this short survey. It was partly funded by short term grant, 304/PPSP/61313037 from
Universiti Sains Malaysia.
References
Becker, N., Petrić., D., Zgomba., M, Boase., C, Madon., M, Dahl, C. and Kaiser, A. (2010).
Medical Importance of Mosquitoes. In: Mosquitoes and Their Control. Springer,
Berlin, Heidelberg pp 25-42
Boonklong, O. and Bhumiratana, A. (2016). Seasonal and geographical variation of dengue
vectors in Narathiwat, South Thailand. Canadian Journal of Infectious Diseases and
Medical Microbiology, 2016, 11 pp
Brady, O.J., Johansson, M.A., Guerra, C.A., Bhatt, S., Golding, N., Pigott, D.M., Delatte, H.,
Grech, M.G., Leisnham, P.T., Maciel-de-Freitas, R., Styer, L.M., Smith, D.L., Scott,
T.W., Gething, P.W. and Hay, S.I. (2013). Modelling adult Aedes aegypti and Aedes
albopictus survival at different temperatures in laboratory and field settings. Parasites
& Vectors, 6:351
Braks, M.A., Honório, N.A., Lourençqo-De-Oliveira, R., Juliano, S.A. and Lounibos, L.P.
(2003). Convergent habitat segregation of Aedes aegypti and Aedes albopictus

46

Azlinda et al. 2018
Health and the Environment Journal, 2018, Vol. 9, No. 1

pp 35-50

(Diptera: Culicidae) in southeastern Brazil and Florida. Journal of Medical
Entomology, 40(6):785-794
Chan, K.L., Chan, Y.C. and Ho, B.C. (1971). Aedes aegypti (L.) and Aedes albopictus
(Skuse) in Singapore City. 4. Competition between species. Bulletin of World Health
Organization, 44, 643–649
Christophers, S.R. (1960). Aedes aegypti (L.) the yellow fever mosquito. Its life history
bionomics and structure. Cambridge University Press, London, United Kingdom.
Coffey, L.L., Failloux, A.B. and Weaver, S.C. (2014). Chikungunya virus-vector interactions.
Viruses, 6(11):4628–4663
Couret, J., Dotson, E. and Benedict, M.Q. (2014). Temperature, Larval Diet, and Density
Effects on Development Rate and Survival of Aedes aegypti (Diptera: Culicidae).
PLoS ONE 9(2): e87468
Cox, J., Grillet, M.E., Ramos, O.M., Amador, M. and Barrera, R. (2007). Habitat segregation
of dengue vectors along an urban environmental gradient. American Journal of
Tropical Medicine and Hygiene, 76:820–826
CPRC (2018). Current situation of Dengue, Chikungunya and Zika in Malaysia, viewed 10
July 2018, from https://www.facebook.com/kkmcprc/February
Diaz-Badillo, A., de Lourdes Munoz, M., Perez-Ramirez, G., Althuzar, V., Burgueno, J.,
Mendoza-Alvarez, J.G., Martínez-Muñoz, J.P., Cisneros, A., Navarrete-Espinosa, J.,
Sanchez-Sinencio, F. (2014). A DNA Microarray-Based Assay to detect dual infection
with two dengue virus serotypes. Sensors, 14(5):7580-7601
Dye, C. (2008). Intraspecific competition amongst larval Aedes aegypti: food exploitation or
chemical interference? Ecological Entomology, 7(1): 39-46
Dyer, O. (2015). Zika virus spreads across Americas as concerns mount over birth defects.
BMJ, 351:h6983
Estrada-Franco, J.G., and Craig, B.C. (1995). Biology, disease relationships, and control of
Aedes albopictus Technical Paper No. 42. Pan American Health Organization.
Failloux, A.B, Vazeille, M. and Rodhain, F. (2002). Geographic genetic variation in
populations of the dengue virus vector Aedes aegypti. Journal of Molecular Evolution,
5:653–663
Gubler, D.J. and Rosen, L. (1976) Variation among geographic strains of Aedes albopictus in
susceptibility to infection with dengue viruses. The American Journal of Tropical
Medicine and Hygiene, 25:318–325
Gubler, D.J. (1998). Dengue and dengue hemorrhagic fever, Clinical Microbiology Reviews,
11(3): pp 480-496

47

Azlinda et al. 2018
Health and the Environment Journal, 2018, Vol. 9, No. 1

pp 35-50

Gubler, D.J. and Kuno, G. (1997). Dengue and Dengue Hemorrahgic Fever. New York: CAB
Inernational Publishing. 478 p
Hajra, A., Bandyopadhyay, D. and Hajra, S.K. (2016). Zika Virus: A Global Threat to
Humanity: A Comprehensive Review and Current Developments. North American
Journal of Medical Sciences, 8(3): 123–128
Hawley, W.A. (1988). The biology of Aedes albopictus. Journal of the American Mosquito
Control Association, 4: 1-39
Higa, Y. (2011). Dengue Vectors and their Spatial Distribution. Tropical Medicine and
Health, 39(4 Suppl):17-27
Huang, Y-M. (1972). Contributions to the mosquito fauna of Southeast Asia. XIV. The
subgenus Stegomyia of Aedes in Southeast Asia I – The scutellaris group of species.
Contributions of the American Entomological Institute, 9(1): 1–110
Huang, Y.-J.S., Higgs, S., Horne, K.M. and Vanlandingham, D.L. (2014). FlavivirusMosquito Interactions. Viruses, 6(11): 4703–4730
Juliano, S.A, Lounibos, L.P. and O’Meara, G.F. (2007). A field test for competitive effects of
Aedes albopictus on A. aegypti in South Florida: differences between sites of
coexistence and exclusion? Oecologia, 139:583–593
Kamgang, B., Happi, J.Y., Boisier, P., Njiokou, F., Herve, J-P., Simard, F. and Paupy, C.
(2010). Geographic and ecological distribution of the dengue and chikungunya virus
vectors Aedes aegypti and Aedes albopictus in three major Cameroonian towns.
Medical and Veterinary Entomology, 24(2): 132-141
Kamgang, B., Ngoagouni, C., Manirakiza, A., Nakouné, E., Paupy, C. and Kazanji, M.
(2013). Temporal Patterns of Abundance of Aedes aegypti and Aedes albopictus
(Diptera: Culicidae) and Mitochondrial DNA Analysis of Ae. albopictus in the Central
African Republic. PLoS Neglected Tropical Diseases, 7(12): e2590
Lee, H.L. (1992). Aedes ovitrap and larval survey in several suburban community in
Selangor, Malaysia. Mosquito Borne Diseases Bulletin, 9(1): 9–15
Lee, H.L., Rohani, A., Khadri, M.S., Nazni, W.A., Rozilawati, H., Nurulhusna, A.H., Nor
Afizah, A.H., Roziah, A., Rosilawati, R. and Teh, C.H. (2015). Dengue vector control
in Malaysia- challenges and recent advances. The International Medical Journal
Malaysia, 14 (1): 11- 16
Liu, Q.Y., Guo, Y.H., Lai, S.H., Huang, Q., Ren, D.S., Zou, J.H. and Zhang H.Q. (2016).
Coexistence of Aedes aegypti and Aedes albopictus in Jinghong City, Yunnan
Province: a survey of Aedes aegypti invasion. J Trop Dis, 4: 227
Lounibos, L.P. and Escher, R.L. (2008). Sex ratios of mosquitoes from long-term censuses of
Florida tree holes. Journal of the American Mosquito Control Association, 24(1): 1115

48

Azlinda et al. 2018
Health and the Environment Journal, 2018, Vol. 9, No. 1

pp 35-50

Lounibos, L.P., Bargielowski, I., Carrasquilla, M.C. and Nishimura, N. (2016). Coexistence of
Aedes aegypti and Aedes albopictus (Diptera: Culicidae) in Peninsular Florida two
decades after competitive displacements. Journal of Medical Entomology, 53(6):
1385-1390
Mendenhall, I.H., Manuel, M., Moorthy, M., Lee, T.T.M., Low, D.H.W., Missé, D., Gubler,
D.J., Ellis, B.R., Ooi, E.E. and Pompon, J. (2017). Peridomestic Aedes malayensis and
Aedes albopictus are capable vectors of arboviruses in cities. PLoS Neglected Tropical
Diseases, 11(6): e0005667
Norzawati, Y., Mohd. Maher, I., Chong, J.H., Husna Mahirah, S., Nur Adawiyah, A. and,
Ang, B.Y. (2015). Spatial distribution of dengue vectors in Malaysia. Medical Journal
of Malaysia, 70(S1):54
O'Meara, G.F., Evans Jr., L.F., Gettman, A.D. and Cuda, J.P. (1995). Spread of Aedes
albopictus and decline of Ae. aegypti (Diptera: Culicidae) in Florida. Journal of
Medical Entomology, 32(4): 554 - 562
Ong, SQ. (2016). Dengue vector control in Malaysia: A review for current and alternative
strategies. Sains Malaysiana, 45(5):777-785
Pang, E.L. and Loh, H-S. (2016). Current perspectives on dengue episode in Malaysia. Asian
Pacific Journal of Tropical Medicine, 9(4):395-401
Paupy, C., Ollomo, B., Kamgang, B., Moutailler, S., Rousset, D., Demanou, M., Hervé, J.P.,
Leroy, E. and Simard, F. (2010). Comparative role of Aedes albopictus and Aedes
aegypti in the emergence of Dengue and Chikungunya in central Africa. Vector-Borne
Zoonotic Diseases, 10(3):259-266
Primavesi, R. (2013). Wedding fever: fever in the returning traveler. Canadian Family
Physician, 59: 742-744
Restrepo, B.N., Beatty, M.E., Goez, Y., Ramirez, R.E., Letson, G.W., Diaz, F.J., Piedrahita,
L.D. and Osorio, J.E. (2014). Frequency and clinical manifestations of dengue in
urban Medellin, Colombia. Journal of Tropical Medicine, 2014: 1-8
Saleeza, S.N.R., Norma-Rashid, Y. and Sofian Azirun, M. (2013). Mosquito species and
outdoor breeding places in residential areas in Malaysia Southeast Asian. Southeast
Asian Journal of Tropical Medicine and Public Health, 44(6):963 - 969
Seah, C.L.K., Chow, V.T.K., Tan, H.C. and Chan, Y.C. (1995). Rapid, single-step RT-PCR
typing of dengue viruses using five NS3 gene primers of the cited article. Journal of
Virological Methods, 51: 193–200
Serpa, L.L., Monteiro Marques, G.R., de Lima, A.P., Voltolini, J.C., Arduino Mde, B.,
Barbosa, G.L., Andrade, V.R. and de Lima, V.L. (2013). Study of the distribution and
abundance of the eggs of Aedes aegypti and Aedes albopictus according to the habitat
and meteorological variables, municipality of São Sebastião, São Paulo State, Brazil.
Parasit Vectors, 6(1): 321

49

Azlinda et al. 2018
Health and the Environment Journal, 2018, Vol. 9, No. 1

pp 35-50

Service, M.W. (1992). Importance of ecology in Aedes aegypti control. Southeast Asian
Journal of Tropical Medicine and Public Health, 23(4):681-690
Service, M.W. (1993). Mosquito Ecology: Field Sampling Methods, 2nd edn. London,
Elsevier Applied Science
Smith, C.E. (1956). The history of dengue in tropical Asia and its probable relationship to the
mosquito Aedes aegypti, Journal of Tropical Medicine and Hygiene, 59: 243–251
WHO (2011). Comprehensive guidelines for prevention and control of Dengue and Dengue
Haemorrhagic Fever Revised and expanded edition, viewed 13 February 2018, from
http://www.searo.who.int/entity/vector_borne_tropical_diseases/documents/SEAROT
PS60/en/
WHO (2015). Dengue Situation update 468 1 July 2015, viewed 13 February 2018, from
http://www.wpro.who.int/emerging_diseases/dengue_biweekly_20150701.pdf?ua=1
Zhang, H., Zhou, Y.P., Peng, H.J., Zhang, X.H., Zhou, F.Y., Liu, Z.H. and Chen, X.G.
(2014). Predictive Symptoms and Signs of Severe Dengue Disease for Patients with
Dengue Fever: A Meta-Analysis. BioMed Research International, 2014: 1-10

50

