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Abstract 
The incidence of dengue in Malaysia has shown an increasing trend since the 
year 2000. Vector control is the primary approach for dengue control in Ma-
laysia. There is an urgent need for new or modified approaches such as the 
residual spraying on the outer walls that can potentially last long enough to 
control the Aedes population, particularly in the outbreak-prone areas. In this 
field study, we conducted outdoor residual spraying (ORS) using a newly 
formulated polymer-enhanced suspension concentrate (SC-PE) of deltameth-
rin. The objectives of this study were to evaluate the efficacy of ORS using 
deltamethrin SC-PE and its effect on wild Aedes populations and to assess its 
residual bio-efficacy on painted cement walls against the pyrethroid-susceptible 
strains of laboratory-reared Aedes mosquitoes. Three rounds of spraying in a 
four-month cycle were conducted between 2014 and 2015 in four residential 
areas (low-rise and high-rise housing types) in Hulu Langat, Selangor. The 
bio-efficacy of the insecticide was evaluated by assessing its impact on vector 
population using ovitrap surveillance. Standard WHO wall deposit bioassay 
was adapted to determine bio-efficacy of deltamethrin, i.e. post 30 min knock-
down and post 24 h mortality after exposure. During the treatment period, we 
observed significant reductions in the population of Ae. albopictus in the 
sprayed low-rise housing in both semi-indoor and outdoor environments, 
while in the high-rise housing, there was also a significant decline in Ae. ae-
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gypti population in the semi-indoor environment. The evaluation of the re-
sidual bio-efficacy of deltamethrin SC-PE against laboratory-reared Aedes 
mosquitoes showed that the insecticide lasted longer in the high-rise housing 
compared to the low-rise housing with >80% mortality achieved continuously 
for 16 weeks. We provide initial evidence on residual efficacy of deltamethrin 
SC-PE in reducing Aedes population size in the low-rise and high-rise hous-
ing. Our results showed that ORS is a promising tool in the dengue vector 
control and like IRS in malaria control; it is a powerful and effective method 
if conducted correctly. However, large scale and well-designed studies with 
entomological and epidemiological endpoints are still warranted before its 
routine use in dengue control. 
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1. Introduction 

Dengue is the predominant mosquito-borne disease in humans, caused by one of 
the four serotypes of dengue virus (DENV-1 - 4) that belongs to the genus Flavi-
virus. The virus is transmitted through the bite of an infected female of sympa-
tric Aedes aegypti and Ae. albopictus. Dengue disease is endemic in more than 
120 countries with the highest disease burden reported in Asia and Latin Amer-
ica [1] [2]. Within Asia, Malaysia ranked the third most affected country be-
tween the years 1991-2007 [3]. The incidence of dengue in Malaysia showed an 
escalating trend from 31.6 per 100,000 population in 2000 to 159.7 per 100,000 
population in 2010 [4]. Dengue infection affected all ethnicities and gender with 
an observed predominance in males and Malays [4] [5].  

In the absence of an effective and safe vaccine against the dengue virus, vector 
control remains as the primary approach for the prevention and control of den-
gue. Interruption of dengue transmission through vector control in the Carib-
bean, America, Cuba, and Singapore has resulted in a substantial reduction of 
the mosquito population and human cases of dengue [6] [7] [8] [9] [10]. Unfor-
tunately, these success histories did not sustain and have failed to prevent den-
gue outbreaks due to several reasons, including inappropriate implementation, 
lack of sustainability over-time and reduced herd immunity [10] [11] [12] [13]. 
These are the compelling reasons for the continuation of research and develop-
ment on new insecticides and tools for dengue control. At present, there is no 
consensus regarding the type of vector control approach that can bring the larg-
est impact on dengue transmission for both epidemic situation and sustained 
management [14]. Hence, there is an urgent need for new or modified ap-
proaches such as the residual spraying on the outer walls that can potentially last 
long enough to control the Aedes population, especially in the outbreak areas. 
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The integration of this modified approach as part of the Integrated Vector 
Management (IVM) may possess an unexploited potential for an effective den-
gue control effort if executed correctly.  

Indoor residual spraying (IRS) involves the application of long-lasting chemi-
cal insecticides on the inner walls, eaves and ceiling of properties where the 
mosquitoes might encounter the insecticides while resting on these structures 
[15]. IRS was historically used as the primary tool in the Global Malaria Eradica-
tion Program (1955-1969), which has resulted in the total elimination of malaria 
in 37 out of 143 countries while reducing malaria burden in other countries [15] 
[16] [17] [18]. A few studies have shown that the IRS is a promising dengue 
control tool and has high efficiency in reducing the Aedes populations. The ap-
plication of IRS using deltamethrin in Peruvian Amazon has appeared to pro-
duce >80% mortalities in Ae. aegypti in bioassay test for up to eight weeks 
post-spraying when applied on wood, unpainted wood and brick, and reduced 
adult index from 18.5 to 3.1, a month after the intervention [19]. Research in 
Merida, Mexico showed that treating inner house surfaces with bendiocarb has 
reduced Ae. aegypti infestation by 60% in three months period [20], and tar-
geted IRS research in Cairns, Australia demonstrated that IRS along with loca-
tion-based contact tracing had decreased the likelihood of dengue cases by 86% - 
96% in sprayed premises in comparison to unsprayed controls [21].  

Deltamethrin polymer-enhanced suspension concentrate (SC-PE) (K-Othrine 
Polyzone) is classified as pyrethroid and is one of the WHO recommended in-
secticides for IRS against malaria vector [22]. The insecticide is a new formula-
tion of existing deltamethrin that has a prolonged residual effect through its 
property of the proprietary polymer. The polymer layer releases deltamethrin 
particle over an extended period and protects the deltamethrin particle from 
rainfall and abrasion. Consequently, less spraying applications are needed that in 
turn improve the cost-effectiveness of the residual spraying method and mini-
mizing disruption to families. Recent studies in America and Tanzania have 
shown that deltamethrin SC-PE has superior performance than formerly devel-
oped deltamethrin water dispersible granule (WG) [23] [24] [25].  

Here, we tested deltamethrin SC-PE in the outdoor residual spraying (ORS), a 
modified approach of an existing IRS method. The insecticide was applied to the 
outer walls of houses, instead of the indoor wall surfaces. This was done, in part, 
due to the lack of accessibility to houses and cooperation from the homeowners. 
ORS targets adult resting population where they may pick up the contact poison 
at a sufficient amount during resting to cause death. The behavior of Aedes 
mosquitoes resting on the walls is well established [26] [27]. The treated walls 
could also potentially act as barrier walls which prevent the mosquitoes from 
going inside houses for blood meals. We suggested that ORS is used as part of 
the national emergency response to a dengue outbreak. We applied deltamethrin 
SC-PE to the outer walls of terrace houses and apartment units at the application 
dosage of 30 mg/m2 in the residential areas in Hulu Langat district, Selangor. 
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The objectives of this study were to evaluate the efficacy of ORS using delta-
methrin SC-PE and its effect on wild Aedes populations and to assess its residual 
bio-efficacy on painted cement walls against the pyrethroid-susceptible strains of 
laboratory-reared Aedes mosquitoes. 

2. Materials and Methods  
2.1. Study Site and Design  

This study was conducted in four residential neighbourhoods in Hulu Langat 
District, Selangor. The study sites were selected based on epidemiological and 
ovitrap surveys by the Health District Office that has classified these zones as 
dengue outbreak hotspots with high vector density of Aedes spp. (≥10% ovitrap 
index threshold based on MOH guidelines). Two accommodation types were in-
cluded, i.e. low-rise housing (landed properties with one to three-story design) 
and high-rise housing (non-landed properties having four stories and above). 
We chose low-rise housing of terrace houses (Seksyen 2, Bandar Rinching, 
2˚55'50.4"N 101˚50'49.0"E and Seksyen 5, Bandar Rinching, 2˚55'50.9"N 
101˚51'48.4"E), and high-rise housing of five-story apartments (Pesona Apart-
ment, 2˚58'26.9"N 101˚47'58.1"E and Seraya Apartment, 2˚58'23.5"N 101˚47'55.8"E) 
as our study sites. A distance of more than 500 m radius separated the unsprayed 
and treated areas, serving as a buffer zone. The four sites were randomly as-
signed to control (Seksyen 2 and Pesona Apartment) and treatment (Seksyen 5 
and Seraya Apartment) groups.   

The study was conducted between January 2014 and June 2015 with 62 weeks 
of data collection for entomological surveillance. The entomological surveillance 
was carried out during a four-week of baseline prior to the intervention and fol-
lowing three spray rounds in week 9/2014, week 33/2014 and week 5/2015. A 
spraying cycle of 4-months was carried out as recommended by the manufac-
turer for deltamethrin SC-PE (3 months residuality) and we extended another 
month for entomological surveillance. If there was a dengue incidence in the 
control and treated areas during the intervention period, the Ministry of Health 
(MOH) guidelines shall be followed whereby activities under the mosquito con-
trol program that includes source reduction, larviciding, and space spraying will 
be conducted within 200 m radius of the infected house.  

2.2. Ethics Statement  

This study met with the ethical standard for Human Subject Research by the 
Medical Research and Ethics Committee (MREC). Study participants were informed 
on the objectives of the study by oral and information letter. Written informed con-
sent forms were obtained from residents in both control and treated areas. Only 
around 2% of houses (7 out of 379 units) in the treated low-rise housing did not 
agree to participate in this study. Public engagement was conducted using ban-
ners, posters, and announcement brochures three days before the spraying activ-
ities were performed.  
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2.3. Insecticide Formulation and Application  

The insecticide used was polymer-enhanced deltamethrin (K-Othrine Poly-
zone, Bayer Crop Science, Monheim am Rhein, Germany), which contains 62.5 
g/L deltamethrin as its active ingredient and formulated as a suspension concen-
trate (SC). The insecticide was prepared as recommended by the manufacturer 
and was sprayed using a calibrated hand compression sprayer (Hudson X-Pert, 
Chicago, IL, USA) with a flat fan nozzle (Teejet 8002, Spray Systems Co., Besse-
mer, AL, USA). Some of the external walls were not sheltered walls and were 
exposed to rainfalls. We decided to use a larger concentration (30 mg/m2) than 
the WHO-recommended dosage for IRS in malaria control (20 - 25 mg/m2) [22] 
to offset the amount of insecticide applied, withstanding the dry and wet season 
in Malaysia.  

All accessible external walls in the house front yards and backyards were 
sprayed by trained staffs following procedures from WHO [28]. Safety proce-
dures when spraying and handling of the insecticide were also followed [28]. The 
areas with aquarium or fish ponds, edible plants, surfaces that were near to the 
electric supply, water filter and water container were avoided. House owners 
were advised to keep their pets away during the spraying activities until the in-
secticide has dried completely. The percentage coverage of houses that have been 
sprayed in both types of accommodation was as described in Table 1. The cov-
erage is defined by the total number of houses sprayed during a spray round di-
vide by the total number of houses that were targeted [15]. The ORS coverage 
for terrace houses was not 100% due to inaccessibility to the houses since the 
homeowners were not at home at the time of spraying.  

2.4. Ovitrap Surveillance  

The number of larvae which translated to population densities of Ae. aegypti and 
Ae. albopictus was assessed in the control and treated areas via ovitrap surveil-
lance. We performed ovitrapping as described in Lee [29]. Ovitraps (300 ml black 
plastic containers, diameter 7.0 cm and height 9.0 cm) filled with three-quarter 
of tap water along with the rough surface of the oviposition paddles (made from 
hardboard, approximately 10 cm × 2.5 cm × 0.3 cm) facing upwards were placed 
at the ground level in both semi-indoor and outdoor environments. A total of 60 
ovitraps and 40 ovitraps were placed in randomly selected houses in the low-rise  
 
Table 1. The total number of houses and percentage coverage of houses that have been 
sprayed in the study areas.  

Study site 
Seksyen 2 
(Control) 

Seksyen 5 
(Treated) 

Pesona Apt. 
(Control) 

Seraya Apt. 
(Treated) 

Total no. of houses 389 379 100 100 

Percentage coverage in cycle 1 (%) NA 72 NA 100 

Percentage coverage in cycle 2 (%) NA 79 NA 100 

Percentage coverage in cycle 3 (%) NA 55 NA 100 

*NA—Not Applicable. 
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and high-rise housing, respectively. The number of ovitraps was equally distri-
buted between the semi-indoor and outdoor environments. Semi-indoor is de-
fined as the area outside of the house units but shielded by the roof, e.g. the 
porch and hallway. The ovitraps were collected after seven days and immediately 
transported to the Institute for Medical Research (IMR) laboratory. New ovi-
traps were placed at the same time when exposed ovitraps were collected. Any 
disturbances to the exposed ovitraps, e.g. stolen or vandalized, ovitraps were 
tipped over, invasion by insects were recorded. The recovered ovitrap contents 
along with the paddle were poured into labelled plastic containers and separated 
according to the study sites and date of collection. Beef liver powder (Difco La-
boratories, MD, USA) was added to the ovitrap contents. Fourth instar larvae 
were identified and separated according to species by using established taxono-
my keys [30] [31] under a compound microscope (Nikon Eclipse E100, Japan). 
Contents were examined for species identification until no newly emerged larvae 
were found.  

2.5. WHO Wall Deposit Bioassay  

The residual activity of deltamethrin SC-PE was evaluated following standard 
WHO wall deposit bioassay procedures with a few modifications [32]. The sus-
ceptible laboratory-reared strains of Ae. aegypti and Ae. albopictus from insec-
tary of Medical Entomology Unit, IMR were used in this bioassay. Wall bioassay 
was conducted biweekly until week 16 in each cycle and was performed on the 
treated wall surfaces of approximately five percent of the total houses. The 
houses for the bioassays were randomly selected. Standard transparent plastic 
cones (internal diameter 8.5 cm and internal height 5.5 cm) were fixed vertically 
onto the wall surfaces. Three bioassay cones, each containing 10 laboratory-reared 
mosquitoes (sucrose-fed, 2 - 5 days old) were prepared for each Aedes species. 
Mosquitoes were introduced gently into the bioassay cone using battery-operated 
aspirator. The aperture of the bioassay cone was plugged with a cotton ball. 
Mosquito knockdown was observed at the 1-minute interval for 30 min. After 
the exposure, the mosquitoes were aspirated out and transferred into clean paper 
cups. The mosquitoes were fed with 10% (w/v) sugar solution with the holding 
condition of 28˚C ± 2˚C and 75% ± 10% relative humidity. The mortality was 
recorded at 24 h post-exposure. The classification of adult mosquitoes as 
knocked down or dead was as described by WHO [33].  

2.6. Meteorological Data  

We set up a weather station in each study site. Temperature and relative humid-
ity were recorded using thermohygrometer Tinytag View 2 (TV-4500, Gemini 
Data Loggers Ltd., Sussex, UK) while rain gauge (RGR126N, Wireless Rain 
Gauge, Oregon Scientific, Oregon, US) was used to closely monitor rainfalls.   

2.7. Data Analysis  

Ovitrap index (OI) was calculated to assess the density of the Aedes population. 
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OI is defined as the percentage of positive ovitraps per the number of ovitraps 
recovered. We also calculated the mean number of larvae in each positive ovi-
trap for each Aedes species. Since the data was not normally distributed, a 
non-parametric test of Mann-Whitney Test (equations described in 1, 2 and 3) 
was used to compare the OI and mean number of larvae between unsprayed 
control and treated sites.  

( )1 1
1 1 2 1

1
2

n n
T n n S

+
= + −                       (1) 

( )2 2
2 1 2 2

1
2

n n
T n n S

+
= + −                       (2) 

( )1 2min ,T T T=                           (3) 

where S1 = sum of the ranks assigned to the sample observations from Popula-
tion 1, S2 = sum of the ranks assigned to the sample observations from Popula-
tion 2, n = number of individuals in the sample [34]. Bioassay results of 30 min 
knockdown (KD30) and mortality rates were calculated and analysed according 
to [35]. The association between time (months) and mortality were analysed us-
ing log-time probit regression [35] [36]. Comparisons of mean mortality between 
the types of housing were analysed using Mann-Whitney Test as described above. 
All analyses were performed using the Statistical Package for Social Sciences 
(SPSS) version 25.0 [37].  

3. Results  
3.1. Surveillance of the Aedes Population  

The mean temperature recorded during the entire period studied was 29.29˚C ± 
0.117˚C (26.38˚C - 32.20˚C) while the mean relative humidity was 73.45% ± 
1.004% (65.46% - 81.44%). The mean precipitation recorded by the rain gauge 
was the highest during cycle 2 with 6.46 ± 1.089 mm precipitations in the 
low-rise residences and 7.47 ± 1.406 mm in the high-rise residences (Table 2). 
The rain amount was not statistically significant between the different housing 
types during the treatment period (Table 2).  

Comparisons of the OI between unsprayed control and treated low-rise resi-
dences for semi-indoor ovitraps showed that there were no statistical differences 
(p-value > 0.05) during the treatment period (Table 3). Surprisingly, the OI at 
both control and treated sites decreased after spraying was conducted. Looking 
at the species-specific mean number of larvae per ovitrap, treated houses have 
unexpectedly higher mean number of Ae. aegypti larvae per ovitrap compared to 
unsprayed control (except in cycle 3). Interestingly, this contrasted with Ae. al-
bopictus, which displayed a downward trend of larvae number per ovitrap with 
significant differences between treated houses and unsprayed control. This was 
reflected in the Ae. aegypti: Ae. albopictus ratio in which Ae. albopictus dominated 
during the baseline period and the predominant species changed to Ae. aegypti 
only in the treated area as seen in the treatment period (Table 3). Meanwhile,  
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Table 2. Average rainfall for the low-rise and high-rise study areas during the treatment 
period.  

Cycle 
Low-rise housing High-rise housing 

p-value 
Mean rainfall ± SE 95% CI Mean rainfall ± SE 95% CI 

Cycle 1 5.96 ± 1.129 (3.73, 8.19) 3.70 ± 0.806 (2.10, 5.29) 0.104 

Cycle 2 6.46 ± 1.089 (4.31, 8.62) 7.47 ± 1.406 (4.69, 10.25) 0.572 

Cycle 3 3.95 ± 1.065 (1.84, 6.06) 5.55 ± 0.991 (3.59, 7.51) 0.272 

 
Table 3. Comparisons of the ovitrap index and mean number of larvae between un-
sprayed control and treated low-rise residences for ovitraps placed in the semi-indoor en-
vironment.  

Statistical analysis Treatment Baseline Cycle 1 Cycle 2 Cycle 3 

Ovitrap index (%) 
Seksyen 2 (control) 85.00 ± 5.10 65.00 ± 3.20 65.00 ± 3.10 41.00 ± 2.80 

Seksyen 5 (treated) 70.00 ± 6.20 59.00 ± 3.10 71.00 ± 2.70 41.00 ± 2.70 

p-value 0.067 0.143 0.170 0.989 

Mean number of Ae. 
aegypti larvae per 

ovitrap 

Seksyen 2 (control) 4.85 ± 2.286 3.30 ± 0.585 1.45 ± 0.172 3.14 ± 0.497 

Seksyen 5 (treated) 7.02 ± 2.637 5.28 ± 0.646 5.95 ± 0.629 2.74 ± 0.430 

p-value 0.187 0.014* 0.000* 0.535 

Mean number of Ae. 
albopictus larvae per 

ovitrap 

Seksyen 2 (control) 28.23 ± 4.492 4.26 ± 0.464 5.28 ± 0.559 3.40 ± 0.535 

Seksyen 5 (treated) 10.25 ± 1.942 2.24 ± 0.308 2.21 ± 0.297 1.84 ± 0.299 

p-value 0.000* 0.000* 0.000* 0.001* 

Ratio of Ae. aegypti: 
Ae. albopictus 

Seksyen 2 (control) 1.00: 5.82 1.00: 1.29 1.00: 3.64 1.00: 1.08 

Seksyen 5 (treated) 1.00: 1.46 2.36: 1.00 2.69: 1.00 1.49: 1.00 

*indicates that there is a significant difference between control and treated site. 

 
analyses of OI for ovitraps placed in the outdoor environment revealed that the 
treated houses have slightly lower OI values compared to unsprayed control 
(Table 4). As with the semi-indoor, we observed the same decreasing trend for 
Ae. albopictus where the differences were statistically significant (p = 0.000) be-
tween control and treated area (Table 4). Altogether, these results suggested that 
ORS with deltamethrin SC-PE was reducing Ae. albopictus larvae number, indi-
cating a decreased of Ae. albopictus density in the low-rise residences.  

The OI of semi-indoor ovitraps at treated high-rise residences declined after 
the first round of spraying with a significant difference between unsprayed con-
trol and treated site (Table 5). The OI subsequently increased in cycle 2 and de-
creased in cycle 3 (Table 5). As opposed to the low-rise housing, we found that 
the ORS is effective in reducing Ae. aegypti abundance as evident from the sig-
nificantly lower number of Ae. aegypti larvae in the treated site than the un-
sprayed control (Table 5). This was supported by the Ae. aegypti: Ae. albopictus 
ratio that shifted to Ae. albopictus dominance during cycle 1 and 3. The ORS, 
unfortunately, did not seem to influence the number of Ae. albopictus larvae per  
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Table 4. Comparisons of the ovitrap index and mean number of larvae between un-
sprayed control and treated low-rise residences for ovitraps placed in the outdoor envi-
ronment. 

Statistical analysis Treatment Baseline Cycle 1 Cycle 2 Cycle 3 

Ovitrap index (%) 
Seksyen 2 (control) 72.00 ± 5.50 79.00 ± 2.80 75.00 ± 2.80 54.00 ± 2.80 

Seksyen 5 (treated) 83.00 ± 4.80 66.00 ± 3.50 75.00 ± 3.00 47.00 ± 3.00 

p-value 0.142 0.004* 0.920 0.107 

Mean number of Ae. 
aegypti larvae per 

ovitrap 

Seksyen 2 (control) 4.93 ± 1.423 1.57 ± 0.366 0.49 ± 0.112 3.38 ± 0.625 

Seksyen 5 (treated) 4.06 ± 0.964 3.06 ± 0.615 8.52 ± 0.938 3.99 ± 0.607 

p-value 0.099 0.001* 0.000* 0.014* 

Mean number of Ae. 
albopictus larvae per 

ovitrap 

Seksyen 2 (control) 20.88 ± 3.398 10.28 ± 0.961 10.42 ± 0.767 9.35 ± 0.878 

Seksyen 5 (treated) 16.36 ± 2.282 4.89 ± 0.650 2.29 ± 0.357 1.61 ± 0.303 

p-value 0.849 0.000* 0.000* 0.000* 

Ratio of Ae. aegypti: 
Ae. albopictus 

Seksyen 2 (control) 1.00:4.23 1.00:6.55 1.00 21.27 1.00:2.77 

Seksyen 5 (treated) 1.00:4.03 1.00:1.59 3.72:1.00 2.48:1.00 

*indicates that there is a significant difference between control and treated site. 

 
Table 5. Comparisons of the ovitrap index and mean number of larvae between un-
sprayed control and treated high-rise residences for ovitraps placed in the semi-indoor 
environment.  

Statistical analysis Treatment Baseline Cycle 1 Cycle 2 Cycle 3 

Ovitrap index (%) 
Pesona Apt. (control) 55.00 ± 6.50 58.00 ± 3.30 61.00 ± 3.20 36.00 ± 2.70 

Seraya Apt. (treated) 64.00 ± 5.70 47.00 ± 3.40 57.00 ± 3.20 49.00 ± 2.60 

p-value 0.301 0.022* 0.354 0.001* 

Mean number of 
Ae. aegypti larvae 

per ovitrap 

Pesona Apt. (control) 6.93 ± 2.069 4.63 ± 0.557 5.28 ± 0.436 3.72 ± 0.506 

Seraya Apt. (treated) 8.32 ± 2.460 1.96 ± 0.362 2.98 ± 0.480 3.25 ± 0.582 

p-value 0.514 0.000* 0.000* 0.469 

Mean number of 
Ae. albopictus  

larvae per ovitrap 

Pesona Apt. (control) 1.58 ± 0.598 2.74 ± 0.671 0.63 ± 0.119 1.38 ± 0.284 

Seraya Apt. (treated) 1.33 ± 0.388 2.71 ± 0.389 1.46 ± 0.230 4.32 ± 0.577 

p-value 0.833 0.053 0.010* 0.001* 

Ratio of Ae. aegypti: 
Ae. albopictus 

Pesona Apt. (control) 4.39: 1.00 1.68: 1.00 8.38: 1.00 2.70: 1.00 

Seraya Apt. (treated) 6.26: 1.00 1.00: 1.38 2.04: 1.00 1.00: 1.33 

*indicates that there is a significant difference between control and treated site. 

 
ovitrap after spraying (Table 5). Both indices of OI and number of larvae for 
outdoor ovitraps in the high-rise residences did not differ considerably between 
unsprayed control and treated site (Table 6).  

3.2. Residual Bio-Efficacy of Deltamethrin SC-PE on Cement Walls  

Wall bioassays done on cement-painted walls in terrace houses displayed consider-
able variation in KD30 between the three spray cycles (Figure 1). The knockdown  
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Table 6. Comparisons of the ovitrap index and mean number of larvae between un-
sprayed control and treated high-rise residences for ovitraps placed in the outdoor envi-
ronment.  

Statistical analysis Treatment Baseline Cycle 1 Cycle 2 Cycle 3 

Ovitrap index (%) 
Pesona Apt. (control) 100.00 ± 0.00 65.00 ± 4.60 80.00 ± 3.00 44.00 ± 3.50 

Seraya Apt. (treated) 75.00 ± 16.40 61.00 ± 4.70 67.00 ± 4.30 46.00 ± 2.80 

p-value 0.023* 0.578 0.020* 0.692 

Mean number of 
Ae. aegypti larvae 

per ovitrap 

Pesona Apt. (control) 0.05 ± 0.050 2.97 ± 0.942 2.11 ± 0.397 2.80 ± 0.535 

Seraya Apt. (treated) 8.38 ± 5.653 1.13 ± 0.374 0.57 ± 0.1123 2.70 ± 0.490 

p-value 0.004* 0.053 0.008* 0.092 

Mean number of 
Ae. albopictus  

larvae per ovitrap 

Pesona Apt. (control) 36.75 ± 6.928 7.64 ± 1.484 8.25 ± 0.915 4.63 ± 0.666 

Seraya Apt. (treated) 13.75 ± 8.217 7.97 ± 1.355 7.72 ± 0.836 3.39 ± 0.555 

p-value 0.020* 0.715 0.821 0.164 

Ratio of Ae. aegypti: 
Ae. albopictus 

Pesona Apt. (control) 1.00:735.00 1.00:27.88 1.00:3.91 1.00:1.65 

Seraya Apt. (treated) 1.00:13.75 1.00:7.05 1.00:13.54 1.00:1.26 

*indicates that there is a significant difference between control and treated site. 

 

 
Figure 1. Percentage knockdown (KD30) of laboratory-reared Ae. aegypti and Ae. albo-
pictus post-exposure to deltamethrin-treated walls in three rounds of spraying at treated 
low rise residences.   
 
rates in cycle 1 and 3 remained above 80% for 12 weeks in exposed Ae. aegypti, 
while for 6 weeks in cycle 2 (Figure 1). The KD30 values, however, did not ap-
pear to be reflected in the percentage mortality where cycle 2 exhibited high 
mortality rate (above the WHO 80% mortality threshold) until week 14 for both 
Aedes spp., as opposed to cycle 1 and 3 that lasted until week 12 (Figure 2). 
Overall, there was a downward trend of KD30 and mortality from week 2 to 
week 16, suggesting that the residual bio-efficacy of deltamethrin SC-PE was re-
ducing over time.  

Like low-rise housing type, variation in knockdown rates was also reported in 
the high-rise residences. The overall trend showed that same descending trend 
over time, with cycle 3 produced higher KD30 for both Aedes spp. compared to 
the other cycles (Figure 3). Percentage knockdown remained high (>80%) until 
week 16 as seen in cycle 3 for Ae. aegypti. For Ae. albopictus, KD30 remained  
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Figure 2. Percentage mortality (24 h) of laboratory-reared Ae. aegypti and Ae. albopictus 
post-exposure to deltamethrin-treated walls in three rounds of spraying at treated low-rise 
residences.   
 

 
Figure 3. Percentage knockdown (KD30) of laboratory-reared Ae. aegypti and Ae. albo-
pictus after exposure to deltamethrin-treated walls in three rounds of spraying at high-rise 
residences.   
 
above 80% until week 12 in cycle 3 (Figure 3). There were very high mortality 
rates (above 80% threshold) observed for both Aedes spp. in cycle 3, which 
lasted until week 16 (Figure 4). Looking at the mortality rates between the dif-
ferent accommodation types suggests that deltamethrin SC-PE has a higher re-
sidual efficacy in eliminating Aedes laboratory strains in the apartment (>80% 
for 16 weeks) compared to terrace houses (>80% for 14 weeks).  

The time (months) needed to eliminate 50% of the Aedes population (LT50) and 
90% of the population (LT90) of exposed mosquito was analyzed using log-time 
probit regression. The results of probit analysis revealed that Ae. aegypti exposed 
to deltamethrin SC-PE in terrace houses exhibited LT50 of 22.32 months and LT90 
of 6.61 months (Table 6). In comparison, longer periods of LT50 of 34.44 months 
and LT90 of 9.52 months were seen for Ae. aegypti in the treated apartment 
(Table 7), suggesting that the residual bio-efficacy in apartment exceeded that of 
terrace houses. Ae. albopictus followed the same trend, at which treated apart-
ment displayed a longer period of LT90 (6.26 months) compared to terrace hous-
es (LT90 = 4.49 months) (Table 7). Post-hoc analyses supported probit regres-
sion results demonstrating that treated apartment has higher means of mortality 
rate for both Aedes spp. in comparison to treated terrace houses (Table 8).    
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Figure 4. Percentage mortality (24 h) of laboratory-reared Ae. aegypti and Ae. albopictus 
after exposure to deltamethrin-treated walls in three rounds of spraying at high-rise resi-
dences.   
 
Table 7. Probit mortality per log time (months) regression analyses for each accommo-
dation type from which LT50 and LT90 were estimated. The analysis was conducted using 
SPSS Statistics.  

Housing type Aedes species 
Lethal time, LT (months) Regression  

coefficient ± SE LT₅₀ LT₉₀ 

Low-rise Ae. aegypti 
22.32 

(17.10 - 37.68) 
6.61 

(5.00 - 7.84) 
3.269 ± 0.163 

 Ae. albopictus 
36.66 

(20.04 - 288.31) 
4.49 

(1.75 - 6.39) 
2.197 ± 0.112 

High-rise Ae. aegypti 
34.44 

(20.90 - 289.66) 
9.52 

(5.99 - 12.62) 
3.526 ± 0.220 

 Ae. albopictus 23.67 
(16.87 - 55.75) 

6.26 
(3.66 - 8.05) 

3.048 ± 0.160 

 
Table 8. Comparisons of the mean mortality for Aedes populations between different 
types of housing were analyzed using Mann-Whitney Test in SPSS Statistics.   

Aedes species Housing type Mean ± SE 95% CI p-value 

Ae. aegypti 
Low-rise 89.2 ± 0.80 (87.6, 90.8) 

0.007 
High-rise 94.1 ± 0.69 (92.8, 95.5) 

Ae. albopictus 
Low-rise 87.0 ± 0.85 (85.3, 88.6) 0.170 

 High-rise 87.3 ± 0.87 (85.6, 89.0) 

4. Discussion  

This was the first field study that evaluated the efficacy of deltamethrin SC-PE in 
an ORS intervention. The findings of this study provide initial evidence on its 
potential utilization as part of the national dengue vector control program. ORS 
can potentially be used during dengue outbreaks acting as an alternative to ULV 
or thermal fogging that only has transient residual activity. The study demon-
strated that ORS had entomological impacts, with significant reductions in pop-
ulation densities of Ae. aegypti or Ae. albopictus—depending on the type of ac-
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commodation, up to 4 months of post-spraying. The results of this study con-
trasted with a previous ORS study performed using deltamethrin WG which did 
not show any effect on the number of larvae in the sprayed area [38]. The study, 
however, was only carried out in a short period of 12 weeks. Our study used the 
improved formulation of deltamethrin and showed an impact on reducing Aedes 
population size.  

The initial dominance of Ae. albopictus during the baseline in the semi-indoor 
and outdoor environments in low-rise residences could be elucidated through its 
behavior. It is worthwhile mentioning that in terrace houses, semi-indoor ovi-
traps were placed outside of houses, in which they were partly shielded by roofs. 
Ae. albopictus is largely considered as exophilic (outdoor resting) and exophagic 
(feeds outdoor), which breeds in natural habitats such as tree holes as well as 
man-made containers [39] [40]. Moderate- or high-density vegetation such as 
shrubs and trees that were spotted in the terrace house yards are the preferred 
habitats for Ae. albopictus. Vector studies in other locations in Malaysia have 
also discovered that Ae. albopictus was the dominant species in the outdoor en-
vironment [41] [42]. ORS using deltamethrin SC-PE appeared to produce a 
quantifiable impact on Ae. albopictus population size, but not on Ae. aegypti, 
depicted from the significant reduction in the number of larvae and the shifting 
of dominance to Ae. aegypti at post-spraying. We think that ORS may have af-
fected Ae. aegypti abundance but the method that we used was not sensitive 
enough to capture this impact since Ae. aegypti was not the dominant species in 
this type of housing. Resistance to deltamethrin seemed unlikely since standard 
WHO susceptibility assay performed using another pyrethroid insecticide of 
permethrin 0.75% against wild Ae. aegypti in the treated area exhibited 100% 
mortality [43].   

In the high-rise housing type, Ae. aegypti dominated in the semi-indoor en-
vironment during the baseline. The apartment semi-indoor was mostly sheltered 
walls that were nonetheless considered as indoor, and so the initial abundance of 
Ae. aegypti was highly anticipated due to its behavior. Ae. aegypti is primarily 
known as endophilic species (indoor resting), endophagy (feeds indoors) and 
prefers indoor artificial containers for breeding [26] [27]. We discovered that the 
number of Ae. aegypti population size decreased in the treated site after spraying 
and that the dominance has changed to Ae. albopictus in cycle 1 and 3, suggest-
ing ORS was effective in eliminating Ae. aegypti. ORS did not seem to have an 
effect on the outdoor environment. A likely explanation was that the outdoor 
ovitraps were placed quite far from the sprayed walls, offering a less residual ef-
fect of the ORS.  

Several external factors could have influenced the OI and the number of larvae 
per ovitrap in both control and treated sites. A likely factor was the dengue con-
trol and preventive actions performed by the Health District Office if there is a 
reported dengue case in the areas, which might influence the Aedes population. 
Another factor that should be taken into consideration was the rainy season in 
Malaysia. During the second cycle, we observed an increase in OI in both types 
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of accommodation. The second cycle coincided with the rainy season of the in-
ter-monsoon period (October-November), in which the rainfall was higher than 
the rest of the cycles. Additionally, results should be interpreted with caution 
because measures of ovitraps in the study did not correlate with indoor adult 
abundance. The evaluation of efficacy was based solely on semi-indoor and out-
door ovitrap collection, which did not consider the probability of indoor cryptic 
breeding sites such as the toilet tanks [44].  

The high percentage mortality of laboratory-reared strains of Ae. aegypti and 
Ae. albopictus (above the WHO 80% mortality threshold) was probably stemmed 
from the correct formulation of deltamethrin SC-PE used on the painted cement 
walls. The SC formulation was found to be more suitable on cement wall surfac-
es than another deltamethrin formulation of WG in a recent study [23]. Fur-
thermore, the higher mean of mortality for both Aedes spp. in the high-rise res-
idences in comparison to the low-rise residences was most likely, in part, due to 
environmental influences. Since the walls in terrace houses were exposed to rain-
falls and sunlight, the rate of insecticide removal from the wall surfaces of terrace 
houses was higher than the sheltered walls in the apartment. Besides, there ap-
peared to be a gradual accumulation of insecticide on the wall going from spray 
cycle 1 to cycle 3, influencing the knockdown and mortality rates. It was ob-
served that cycle 3 exhibited mortality of >80% until week 16 for both Aedes spp. 
in the high-rise residences in comparison to cycle 1 which lasted until week 14 
for Ae. aegypti and week 12 for Ae. albopictus.   

The impact of vector control on reducing Aedes density is well established 
[45], but the evidence of the efficacy of vector control in reducing the incidence 
of dengue is limited. Indeed, a key limitation was that our study was not de-
signed to detect such a relationship. To our knowledge, only a few studies have 
reported a positive relationship between mosquitos abundance and the number 
of dengue cases [46] [47]. Interestingly, Guo et al. [47] found that the increase in 
Ae. albopictus abundance with a lag time of one month is associated with den-
gue outbreak in the region. In their critical review, Wilson et al. [48] reported 
that shortcomings in the study design, conduct, analysis, and reporting of vector 
control studies are the common factors that limit the assessment of the efficacy 
of vector control programs on the epidemiological outcomes i.e. reduction of hu-
man cases. Recommendations on the design and conduct of vector-control studies 
that would provide evidence of such interventions on the epidemiology of the tar-
geted vector-borne disease have been published recently [48] [49], which could 
be applied in the future studies.  

Thinking beyond dengue control, the recent outbreaks of Zika virus that fol-
lowed West Nile virus (emerged in 1999) and Chikungunya (emerged in 2013) 
underline challenges in the fight against mosquito-borne diseases and their huge 
public health implication. Vector-borne diseases accounted for more than 10% 
of the burden of infectious diseases around the world [50]. To date, no vaccines 
have been developed so far against these diseases. As a consequence, even in the 
presence of some vaccines, vector control would still have beneficial effects by 
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enhancing vaccination programs to further reduce human cases and by playing 
as cross-disease vector control programs. Programmatic projects such as the 
Partnership for Dengue Control (PDC) may be useful to show the full impact of 
such integrated programs. The partnership was established in 2013 and is a 
global consortium of international health agencies and dengue experts to facili-
tate this new paradigm by providing expert guidance to dengue-endemic coun-
tries for dengue management and to combine best practices and facilitate infor-
mation on the design of improved and innovative disease-prevention strategies 
[51].  

5. Conclusion 

In summary, we report on the initial evidence of deltamethrin SC-PE in reduc-
ing Aedes populations in the low-rise and high-rise housings. This study was 
useful in providing an estimation of the performance of deltamethrin SC-PE in 
ORS. We suggested that the ORS needs to be completed in three spray rounds of 
a four-month cycle to optimize its efficacy. Perhaps more well-designed rando-
mized controlled studies with both entomological and epidemiological end-
points are warranted to better understand the true entomological effects of ORS 
and its impact on dengue incidence. Our results showed that ORS is a promising 
tool in the dengue vector control and like IRS in malaria control, it is a powerful 
and effective method if conducted correctly. However, similar to the IRS, several 
factors should be considered when conducting ORS. These include the require-
ment for skillful staffs to ensure uniform application of the insecticide, house-
hold’s accessibility, and suitability of wall surfaces and insecticides. This study 
did develop excellent community trust and support that could help pave the way 
for further trials aiming at evaluating the impact of ORS on the incidence of 
vector-borne diseases such as dengue, chikungunya, and Zika. 
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