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INTRODUCTION

Dengue is a major arthropod-borne disease transmitted by
mosquitoes and presents a substantial threat for human
populations, especially those residing in the tropical and
subtropical regions. The causative agent of dengue, dengue
viruses (DENV-1 – 4), are members of the Flaviviridae family,
which are transmitted among humans through the primary
vector Aedes aegypti and the secondary vector Ae. albopictus.
For decades, vector control has remained the principal
intervention against Aedes mosquitoes as a safe and
efficacious dengue vaccine is not yet available. Recent vector
control tools developed to reduce dengue burden include
insecticide-, biological-, gene-, and mechanical-based tools
(Lee et al., 2015).

Vector control through the application of insecticides to
localized areas of vegetation that creates a barrier against
Aedes mosquitoes is a promising and under-exploited
insecticide-based vector control tool. The insecticide barrier

treatment could be applied to a small perimeter like the
house backyards and large but limiting areas like the
recreational parks. Besides serving as a barrier treatment in
the residential or non-residential settings, the application
of residual insecticide on foliage could potentially reduce
adult mosquito abundance since resting, or sugar-feeding
mosquitoes would come into contact with the foliage at
sufficient time and subsequently pick up the lethal dose on
the treated foliage. The small-scale and large-scale barrier
has been reported to be effective against various species
of mosquitoes such as Ae. atlanticus (Qualls et al., 2012),
Ae. aegypti (Fulcher et al., 2015), Ae. sollicitans (Madden et al.,
1947), Ae. taeniorhynchus (Anderson et al., 1991), Anopheles
quadrimaculatus (Ludvik, 1950), and Ae. albopictus (Trout et al.,
2007).

Many studies have reported on the residual efficacy of
insecticides on inert surfaces. For instance, indoor residual
spraying (IRS) and outdoor residual spraying (ORS) measures
insecticide efficacy on walls and ceilings (Oxborough et al.,
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The spraying of insecticide on foliage to provide an insecticidal barrier may serve as part of
the vector control measures to combat the increasing threat of Aedes-borne diseases. The
effectiveness of insecticide barrier spraying was evaluated by assessing the residual efficacy
of deltamethrin sprayed on foliage against Malaysian Ae. aegypti (L.) and Ae. albopictus
(Skuse). In this semi-field study, landscape plants grown within the vicinity of the Institute
for Medical Research (IMR), Malaysia, were treated with deltamethrin suspension concentrate
(SC) with the dosage of 30 mg/m2 and 50 mg/m2 in three rounds of spraying. Deltamethrin
residual activity on treated and untreated leaves was investigated using standard WHO
cone bioassays. Wild Aedes populations at both deltamethrin-treated and untreated plant
clusters were monitored by ovitrap surveillance. Ovitrap monitoring revealed that the mean
number of Ae. albopictus larvae at deltamethrin-treated were significantly lower than the
mean number of larvae of the same species at the untreated plant cluster. Cone bioassay
results showed that the insecticide remained effective for up to 4 weeks (> 80% mortality),
but the insecticide residual activity was affected by rainfall. These results suggest that
insecticide barrier spraying is a promising tool and may be used along with other mosquito
control tools such as indoor residual spray and space spraying to reduce the dengue burden.
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2014; Paredes-Esquivel et al., 2016; Dunford et al., 2018; Ab
Hamid et al., 2019). However, only a few studies, particularly
in Malaysia, have investigated the residual efficacy of insecti-
cide on foliage. Different classes of insecticides (carbamates,
organochlorines, organophosphates, pyrethroids) have been
previously tested for insecticide barrier spraying on foliage
involving various plant species (Ludvik, 1950; Perich et al.,
1993; Xue, 2008; Fulcher et al., 2015). An interesting study
conducted by Cilek and Hallmon (2006) has tested the
residual efficacy of two pyrethroids; deltamethrin and
permethrin, against female Ae. albopictus and Culex
quinquefasciatus in screened cage field tests. They found that
deltamethrin outperformed permethrin in leaf bioassays,
and deltamethrin lasted for up to four weeks (Cilek &
Hallmon, 2006).

Currently, data on the residual efficacy of insecticides
applied to foliage as the insecticide barrier treatment in
Malaysia is still lacking. Consequently, we investigated the
residual efficacy of deltamethrin suspension concentrate
(SC) insecticide sprayed on the foliage, which acted as the
insecticide barrier treatment against Malaysian Ae. aegypti
(L.) and Ae. albopictus (Skuse). Standard WHO cone bioassays
were conducted on treated and untreated excised leaves of
landscape plants grown within the Institute for Medical
Research (IMR) compound, Kuala Lumpur. The influence of
environmental factors on the insecticide residual efficacy
was also investigated in this study.

MATERIALS AND METHODS

Ethical approval
The study was approved by the Institute for Medical Research
Committee (JPP-IMR) and National Institutes of Health
Malaysia (JPP-NIH) and registered with the National Medical
Research Register (NMRR-13-921-17915). Ethical approval was
obtained from the Medical Research and Ethics Committee
(MREC) (Ref No: KKM/NIHSEC/800-2/2/2JldP13905).

Meteorological data
A hand-held thermohygrometer Tinytag V iew 2 (TV-4500,
Gemini Data Loggers Ltd, Sussex, UK) was used to measure
both temperature (°C) and relative humidity (% RH) of the air.
Rainfall was closely monitored using a rain gauge (RGR126N,
Wireless Rain Gauge, Oregon Scientific, Oregon, USA) placed
on the roof of the insectary of the Medical Entomology Unit,
IMR.

Insecticide formulation and application
Deltamethrin SC (Suspend PolyZone®, active ingredient: 0.42
lb deltamethrin per gallon, Bayer Environmental Science,
NC, USA) was used as the residual barrier treatment on
the foliage. The insecticide was prepared at two dosages
(30 mg/m2 and 50 mg/m2) based on the manufacturer ’s
instructions. Three rounds of spraying were conducted,
whereby each round comprised of the spraying conduct on
the first day and subsequent 14 days of post-treatment. Each
spraying was carried out in the morning using a hand
compression sprayer (Hudson X-Pert, Chicago, IL, USA) with a
flat fan nozzle (Teejet 8002, Spray Systems Co., Bessemer, AL,
USA). Prior to insecticide application, the sprayer was
calibrated as described in the application of residual sprays
for vector control guidelines (WHO, 2007). Following the IRS
application, the spraying procedure was performed and
was carried out by trained staff with appropriate safety
procedures as recommended by WHO (2007).

Site selection
The study was conducted at the IMR compound. Three low-
lying landscape plant clusters of Canna indica and Dracaena
fragrans representing three different treatments were
deployed for this study which consisted of an untreated plant
cluster as the control group, a treated plant cluster sprayed
with 30 mg/m2 of deltamethrin SC, and another treated plant
cluster sprayed with 50 mg/m2 of deltamethrin SC. The
distance between each plant cluster is 80-100 m.

Monitoring of Aedes populations using ovitraps
Aedes populations in the surroundings of untreated and
treated plant clusters were monitored using ovitraps.
Ovitraps were made of 300 ml black plastic containers with a
diameter of 7 cm and 9 cm in height and equipped with
oviposition paddles made from hardboard (10 cm x 2.5 cm x
0.3 cm). All ovitraps were filled with three-quarters of tap
water. One ovitrap was placed on the ground under the
untreated or treated landscape plants of the respective plant
clusters. Ovitraps were collected and replaced every 7 days.
Exposed ovitraps were collected at the weekly interval. The
contents of collected ovitrap (containing eggs and larvae)
were reared in containers at 27 ± 2°C with 75 ± 10% relative
humidity. The first and second instar larvae were fed with
beef liver powder (Difco Laboratories, MD, USA), while the
third and fourth instar larvae were fed with half-cooked liver
chunks. Species identification was conducted at the third
instar of larvae using the compound microscope. The total
number of larvae for each species was also recorded and
grouped accordingly into their respective treatments.

WHO cone bioassays
WHO cone bioassays were conducted on deltamethrin-
treated excised leaves of Canna indica and Dracaena fragrans
based on guidelines for laboratory and field-testing of
long-lasting insecticidal nets (WHO, 2013) with a few
modifications. The first bioassay was conducted on a day
after the spraying and repeated on day 7 and day 14 of post-
spraying (DPS). Similar sizes of untreated and treated leaves
were excised, transported to the laboratory, and subsequently
fixed on the filter papers. Sampled leaves taken from each
cluster were of similar sizes. Standard WHO bioassay cones
were firmly positioned onto the leaves using masking tape.
Laboratory-reared Ae. aegypti and Ae. albopictus female adults
(F4) from the insectary of the Medical Entomology Unit, IMR
were utilized. For each species, ten sucrose-fed mosquitoes,
aged 3-6 days, were carefully introduced into the bioassay
cones using the battery-operated aspirator. The bioassay
cone openings were then plugged with cotton balls and
subsequently covered with a black cloth. The knockdown
was observed for 30 min at a 5-minute interval time. After
the exposure time, the mosquitoes were aspirated out and
transferred to clean paper cups. The mosquitoes were held
for 24 hours at the IMR laboratory and with access to a 10%
(w/v) sugar solution on cotton balls. Mortality counts were
taken at 24 hours post-exposure. Three replicates were
conducted for each treatment. The categorizations of adult
mosquitoes as knocked down or dead in cone bioassays
were reported as described by WHOPES (2012).

Data analysis
All statistical analyses were conducted using IBM Statistical
Package for Social Science software (SPSS) version 25.0 (IBM,
2017). We performed independent t-test analyses to compare
the mean number of larvae between the different treatments
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for each Aedes species. Data for the WHO cone bioassays
were pooled from the two plant species and presented
as the knockdown percentage after 30 min (KD30) and
mortality percentage after 24 hours, which were calculated
independently for three separate spray rounds and
treatments. Multivariate analysis of variance (MANOVA)
for univariate analysis was performed to determine any
significant differences in the mean percentages of mortality
between the variables spray round, dosage, and Aedes
species. ANOVA and independent t-test were performed to
compare the mean percentages of mortality between the
variables. All differences in analyses were considered
statistically significant at P < 0.05.

RESULTS

The mean temperature and the mean relative humidity
throughout this study period were 27.4 ± 0.2°C (19.4 – 34.3°C)
and 71.8 ± 0.8% (33.7 – 96.7%), respectively. The study was
conducted during the inter-monsoon period (September until
October 2014), in which the west coast of Peninsular Malaysia
usually receives heavy rainfall during this time (Jamaludin
et al., 2010). The average rainfall precipitation recorded by
the rain gauge was 5.23 mm.

A total of 2142 larvae were collected from ovitrap
surveillance conducted during the treatment period, with
82.3% of these larvae were Ae. albopictus. The highest mean
number of Ae. aegypti larvae (6.58 ± 3.42) were recorded from
the plant cluster treated with 50 mg/m2 deltamethrin,
followed by the untreated plant cluster (4.08 ± 2.32) and plant
cluster sprayed with 30 mg/m2 deltamethrin (3.96 ± 1.93)
(Table 1). There was no significant difference in the number
of Ae. aegypti larvae between all treatments (P = 0.73). For Ae.
albopictus, untreated plants (control) had the highest mean
number of larvae (38.73 ± 6.87) followed by plants sprayed
with deltamethrin 50 mg/m2 (14.88 ± 3.81) and 30 mg/m2 (14.15
± 4.13) (Table 1). The mean number of Ae. albopictus larvae
between different treatments were statistically significant
(P = 0.001).

The residual efficacy of deltamethrin sprayed on the
foliage was evaluated against laboratory-reared Ae. aegypti
and Ae. albopictus using standard WHO cone bioassays.
Overall, the knockdown and mortality percentages among

Ae. aegypti and Ae. albopictus populations exposed to leaves
treated with 30 mg/m2 and 50 mg/m2 of deltamethrin were
higher than Ae. aegypti and Ae. albopictus populations exposed
to untreated leaves during the entire study (Figures 1 and 2).
The knockdown percentage of Ae. aegypti exposed to
deltamethrin-treated leaves ranged from 30% to 75.2%.
However, except for the 14 DPS of the second spraying round,
the knockdown percentage of Ae. aegypti increased during
the second and third spraying round, which ranged from
88.3% to 100%. A similar trend was observed in the mortality
percentage, whereby high mortality percentage was achieved
during the second and third spraying rounds (98.3-100%)
except for the 14 DPS of the second spray. Meanwhile,
the knockdown percentage of Ae. albopictus exposed to
deltamethrin-treated leaves was much lower as compared
to Ae. aegypti (Figure 2). However, the mortality percentage of
Ae. albopictus was similar to Ae. aegypti in which more than
80% mortality was achieved at 24 hours post-treatment.

ANOVA analysis showed a significant difference
between the means mortality rate (F2,10 = 4.76, P = 0.010) among
the three spray rounds (Table 2). The second spray round
produced the highest mean mortality rate (71.10 ± 0.46),
followed by the first spray round (70.80 ± 0.43) and the
third spray round (54.40 ± 0.41) (Table 2). In addition, there
was also a statistically significant difference in the mean
percentage of mortality (P = 0.032) between the Aedes species,
in which Ae. aegypti displaying a higher mean percentage of

Table 1. Comparisons of the mean number of larvae between the wild,
free-flying Aedes species in each treatment

Species Dosage Mean ± SE 95% CI P

Control 4.08 ± 2.32 (-0.70, 8.85)

Ae. aegypti 30 mg/m2 3.96 ± 1.93 (-0.02, 7.94) 0.73

50 mg/m2 6.58 ± 3.42 (-0.47, 13.62)

Control 38.73 ± 6.87 (24.57, 52.89)

Ae. albopictus 30 mg/m2 14.15 ± 4.13 (5.64, 22.67) 0.001*

50 mg/m2 14.88 ± 3.81 (7.04, 22.73)

* = Statistically significant different (P < 0.05).

Figure 1. Knockdown percentage (KD30) and mortality percentage at 24 hours post-exposure of Ae. aegypti exposed to deltamethrin-
treated leaves at 1, 7, and 14 DPS in three rounds of spraying.
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Table 2. Summary of statistical analysis results of the mortality
percentage of laboratory-reared Ae. aegypti and Ae. albopictus

Variables
Sub-variables/

Mean ± SE (95% CI)
Analysis test

Spray round Spray round 1 70.80 ± 0.43 (62.20, 79.50)

Spray round 2 71.10 ± 0.46 (62.00, 80.20)

Spray round 3 54.40 ± 0.41 (46.20, 62.70)

ANOVA Df = 2
F = 4.76
P = 0.010*

Species Ae. aegypti 70.90 ± 0.33 (64.50, 77.40)

Ae. albopictus 60.00 ± 0.39 (52.30, 67.70)

Independent t-test Df = 1
F = 4.68
P = 0.032*

Dosage 30 mg/m2 65.60 ± 0.36 (58.60, 72.70)

50 mg/m2 65.30 ± 0.37 (58.00, 72.50)

Independent t-test Df = 1
F = 0.01
P = 0.94

Spray round x Univariate MANOVA Df = 2
Species F = 0.08

P = 0.92

Spray round x Univariate MANOVA Df = 2
Dosage F = 0.22

P = 0.80

Species x Univariate MANOVA Df = 1
Dosage F = 0.26

P = 0.61

Spray round x Univariate MANOVA Df = 2
Species x F = 0.20
Dosage P = 0.82

* = Statistically significant different (P < 0.05).
x = Correlation.

Figure 2. Knockdown percentage (KD30) and mortality percentage at 24 hours post-exposure of Ae. albopictus exposed to
deltamethrin-treated leaves at 1, 7, and 14 DPS in three rounds of spraying.

mortality (70.90 ± 0.33) in comparison to Ae. albopictus (60.00 ±
0.39) (Table 2). There was no significant difference (P = 0.94)
between the two different deltamethrin dosages used (Table
2). Independent t-test analysis showed that the deltamethrin
30 mg/m2-treated plants exhibited only a marginally higher
mean rate of mortality (65.60 ± 0.36) compared to the plants
sprayed with 50 mg/m2 (65.30 ± 0.37) (Table 2). Univariate
MANOVA showed that interactions between spray round and
species, spray round and dosage, species, and dosage, as
well as between spray round, species, and dosage were not
significant at 0.05 level of significance (Table 2).

DISCUSSION

The number of Ae. albopictus larvae collected via ovitraps
placed under deltamethrin-treated plant clusters were
significantly lower in comparison with the number of
Ae. albopictus larvae collected from ovitraps deployed under
the untreated plant cluster. This result suggested that the
deltamethrin-treated plant cluster attracted fewer Aedes
adults to lay eggs, indicating that the barrier spraying is
working to a certain extent. The large difference in the
number of larvae collected between Ae. albopictus and
Ae. aegypti was most likely due to differences in their resting
behavior. Ae. albopictus is an exophilic species while Ae.
aegypti is an endophilic species (Estrada-Franco & Craig, 1995;
Chadee, 2013; Dzul-Manzanilla et al., 2017). Ae. albopictus also
feeds outdoors and is mainly found in vegetation areas
(Hawley, 1988; Bonizzoni et al., 2013). This species used to be
found in rural areas, but many reports have suggested the
adaptation of Ae. albopictus to the urban and suburban
environments in which breeding of Ae. albopictus has been
demonstrated in artificial containers like tires and plastic
containers and also in natural sites like tree holes (Hawley,
1988; Higa, 2011). The reason for the shift is unclear, but the
increasing number of gardens or parks with vegetation and
home gardens grown by house residents could have
contributed to this adaptation of Ae. albopictus (Higa, 2011).
In contrast, Ae. aegypti is predominantly abundant indoors
and is endophagy (Chadee, 2013; Dzul-Manzanilla et al.,
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2017). A study in Panama City found that only a low percentage
of resting Ae. aegypti (0.3% females, 0% males) were found in
the garden, whereas a higher percentage of Ae. aegypti was
recovered from bedrooms (43.1% females, 34.3% males)
(Perich et al., 2000). Thus, the placement of ovitraps under
untreated and deltamethrin-treated plant clusters in this
study is limited for the monitoring of Ae. albopictus population
only.

Rainfall seemed to cause a noticeable effect on the
residual reduction of deltamethrin on both treated plants.
The decline in knockdown and mortality percentages on 14
DPS of the second round of spraying was due to heavy rain at
the study site from 10 DPS until 14 DPS, in which the highest
amount of rainfall (49 mm) was recorded on 10 DPS. The
amount of rainfall and intensity directly influences the
extent of pesticide removal from plant surfaces (Ware, 1987).
Suspend PolyZone® used in this study is formulated as SC
and contains a proprietary polymer layer that protects the
active ingredient of deltamethrin, making it more durable
and resistant against weathering. We believe that Suspend
PolyZone® has longer residual efficacy and greater foliar
persistence than other insecticides, but to a certain extent,
it still could not withstand heavy and frequent rainfall, as
demonstrated in this study. Interestingly, although rainfall
appeared to cause residual reduction of deltamethrin on
treated leaves, we detected gradual buildups of deltamethrin
on the leaf surfaces from spray round 1 to spray round 3. This
was depicted from the general lower knockdown and
mortality percentages during the first spray round for both
Aedes species and increased going from the second and third
spray round.

Differences in the abundance and arrangement of leaves
on the plants as well as the chemical properties of leaf
cuticular wax could influence the residual efficacy of the
insecticide sprayed on the foliage. Variations in the leaf
cuticular wax have been shown to affect the transfer and
contact of pesticide to the target insect, leading to different
residual efficacy of the pesticide (Ford & Salt, 1987; Kirkwood,
1987; Doyle et al., 2009). In a previous study by Chowdhury et
al. (2001), sixteen leaf types treated with deltamethrin were
tested against Folsomia candida Willem in leaf bioassays.
Plant species with low cuticular wax would increase
insecticide active ingredient movement into the plant cuticle
and consequently reduce the chance of contact between the
insecticide sprayed on the leaf surface and the target insect
(Chowdhury et al., 2001). A limitation in our study was that we
did not investigate the leaf cuticular wax properties on the
plant species that we used, which could have affected the
bioassay results. Further studies may be warranted to
investigate the effect on the residual efficacy of insecticides
applied to different species of landscape plants in Malaysia.

In conclusion, results from this study suggest that the
use of insecticide sprayed on foliage as the insecticide
barrier treatment may serve as an effective and promising
tool against dengue vectors. Barrier treatment using
deltamethrin could be used along with other existing
methods such as IRS and ULV fogging for integrated vector
management of Aedes mosquitoes. However, the scale size
of the barrier spraying area should be relatively limited,
such as house backyards or recreational areas where
mosquito populations are pestiferous. This is important
to avoid insecticide resistance that occurs due to repeated
application of persistent insecticide. Variables such as
leaf types, leaf arrangement, leaf wax properties, and
environmental factors like rainfall may influence the
residual activity and should be considered.

ACKNOWLEDGMENTS

The authors express their gratitude to the Malaysian Director-
General of Health for his permission to publish this paper.
The authors also thank the Director of the Institute for
Medical Research for the support of this project. We also
acknowledge members of the Medical Entomology Unit, IMR,
and Bayer Co. (Malaysia) for their technical support by
providing staff training. This research was financially
supported by a grant from the Ministry of Health, Malaysia
(NMRR-13-921-17915).

Conflicts of Interest
The authors declared that there are no potential conflicts of
interest with respect to the research, authorship, and/or
publication of this article.

REFERENCES

Ab Hamid, N., Mohd Noor, S.N., Saadatian-Elahi, M., Isa, N.R.,
Md Rodzay, R., Md Ruslan, B., Omar, T., Mohd Norsham,
M.I., Amanzuri, N.H. & Abd Khalil, N. (2019). Residual Spray
for the Control of Aedes Vectors in Dengue Outbreak
Residential Areas. Advances in Entomology 7: 105-123.
https://doi.org/10.4236/ae.2019.74009 

Anderson, A.L., Apperson, C.S. & Knake, R. (1991). Effectiveness
of mist-blower applications of malathion and permethrin
to foliage as barrier sprays for salt marsh mosquitoes.
Journal of the American Mosquito Control Association 7: 116-
117.

Bonizzoni, M., Gasperi, G., Chen, X. & James, A.A. (2013). The
invasive mosquito species Aedes albopictus: Current
knowledge and future perspectives. Trends in Parasitology
29: 460-468. https://doi.org/10.1016/j.pt.2013.07.003

Chadee, D.D. (2013). Resting behaviour of Aedes aegypti in
Trinidad: With evidence for the re-introduction of indoor
residual spraying (IRS) for dengue control. Parasites &
Vectors 6: 255-255. https://doi.org/10.1186/1756-3305-6-255

Chowdhury, A.B., Jepson, P.C., Howse, P.E. & Ford, M.G. (2001).
Leaf surfaces and the bioavailability of pesticide residues.
Pest Management Science 57: 403-412. https://doi.org/
10.1002/ps.311

Cilek, J.E. & Hallmon, C.F. (2006). Residual effectiveness of
pyrethroid-treated foliage against adult Aedes albopictus
and Culex quinquefasciatus in screened field cages. Journal
of the American Mosquito Control Association 22: 725-731.
https://doi.org/10.2987/8756-971X(2006)22[725:REOPFA]
2.0.CO;2

Doyle, M.A., Kline, D.L., Allan, S.A. & Kaufman, P.E. (2009).
Efficacy of residual bifenthrin applied to landscape
vegetation against Aedes albopictus. Journal of the American
Mosquito Control Association 25: 179-183. https://doi.org/
10.2987/08-5804.1

Dunford, J.C., Estep, A.S., Waits, C.M., Richardson, A.G., Hoel,
D.F., Horn, K., Walker, T.W., Blersch, J.S., Kerce, J.D. & Wirtz,
R.A. (2018). Evaluation of the long-term efficacy of K-
Othrine PolyZone on three surfaces against laboratory
reared Anopheles gambiae in semi-field conditions. Malaria
Journal 17: 94. https://doi.org/10.1186/s12936-018-2239-z

Dzul-Manzanilla, F., Ibarra-Lopez, J., Bibiano Marin, W.,
Martini-Jaimes, A., Leyva, J.T., Correa-Morales, F., Huerta,
H., Manrique-Saide, P. & Vazquez-Prokopec, G.M. (2017).
Indoor resting behavior of Aedes aegypti (Diptera:
Culicidae) in Acapulco, Mexico. Journal of Medical Ento-
mology 54: 501-504. https://doi.org/10.1093/jme/tjw203



170

Mohd-Noor et al. (2021), Tropical Biomedicine 38(2): 165-170

Estrada-Franco, J.G. & Craig, G.B. (1995). Biology, disease
relationships, and control of Aedes albopictus. Washington
D.C.: Pan American Health Organization.

Ford, M.G. & Salt, D.W. (1987). Behaviour of insecticide
deposits and their transfer from plant to insect surfaces.
In: Pesticides on plant surfaces, Cottrell, H.J. (editor).
Chichester, United Kingdom: John Wiley & Sons, pp. 26-
81.

Fulcher, A., Farooq, M., Smith, M.L., Li, C.X., Scott, J.M., Thomson,
E., Kaufman, P.E. & Xue, R.D. (2015). Evaluation of a new
spraying machine for barrier treatment and penetration
of bifenthrin on vegetation against mosquitoes. Journal
of the American Mosquito Control Association 31: 85-92.
https://doi.org/10.2987/14-6424R.1

Hawley, W.A. (1988). The biology of Aedes albopictus. Journal of
the American Mosquito Control Association 1: 1-39.

Higa, Y. (2011). Dengue vectors and their spatial distribution.
Tropical Medicine and Health 39: 17-27. https://doi.org/10.
2149/tmh.2011-S04

IBM, C.R. (2017). IBM SPSS statistics for windows, version 25.0.
Armonk, New York: IBM Corporation.

Jamaludin, S., Mohd Deni, S., Wan Zin, W.Z. & Jemain, A.A.
(2010). Trends in Peninsular Malaysia rainfall data
during the southwest monsoon and northeast monsoons
seasons: 1975-2004. Sains Malaysiana 39: 533-542.

Kirkwood, R.C. (1987). Uptake and movement of herbicides
from plant surfaces and the effects of formulation and
environment upon them. In: Pesticides on plant surfaces,
Cottrell, H.J. (editor). Chichester, United Kingdom: John
Wiley & Sons, pp. 1-25.

Lee, H.L., Rohani, A., Khadri, M.S., Nazni, W.A., Rozilawati, H.,
Nurulhusna, A.H., Nor Afizah, A.H., Roziah, A., Rosilawati,
R. & Teh, C.H. (2015). Dengue vector control in Malaysia-
Challenges and recent advances. The International Medical
Journal of Malaysia 14: 11-16. https://doi.org/10.31436/
imjm.v14i1.448

Ludvik, G.F. (1950). Barrier strip and pre-flood treatments with
DDT to control Anopheles quadrimaculatus. Journal of
Economic Entomology 43: 516-519.  http://dx.doi.org/10.1093/
jee/43.4.516

Madden, A.H., Schroeder, H.O. & Lindquist, A.W. (1947).
Residual spray applications to salt-marsh and jungle
vegetation for control of mosquitoes. Journal of Economic
Entomology 40: 119-123. https://doi.org/10.1093/jee/40.1.119

Oxborough, R.M., Kitau, J., Jones, R., Mosha, F.W. & Rowland,
M.W. (2014). Experimental hut and bioassay evaluation
of the residual activity of a polymer-enhanced suspension
concentrate (SC-PE) formulation of deltamethrin for IRS
use in the control of Anopheles arabiensis. Parasites & Vectors
7: 454-454. https://doi.org/10.1186/s13071-014-0454-1

Paredes-Esquivel, C., Lenhart, A., del Río, R., Leza, M.M.,
Estrugo, M., Chalco, E., Casanova, W. & Miranda, M.Á. (2016).
The impact of indoor residual spraying of deltamethrin
on dengue vector populations in the Peruvian Amazon.
Acta Tropica 154: 139-144. https://doi.org/10.1016/
j.actatropica.2015.10.020

Perich, M.J., Davila, G., Turner, A., Garcia, A. & Nelson, M. (2000).
Behavior of resting Aedes aegypti (Culicidae: Diptera) and
its relation to ultra-low volume adulticide efficacy in
Panama City, Panama. Journal of Medical Entomology 37:
541-546. https://doi.org/10.1603/0022-2585-37.4.541

Perich, M.J., Tidwell, M.A., Dobson, S.E., Sardelis, M.R., Zaglul,
A. & Williams, D.C. (1993). Barrier spraying to control the
malaria vector Anopheles albimanus: Laboratory and field
evaluation in the Dominican Republic. Medical and
Veterinary Entomology 7: 363-368. https://doi.org/10.1111/
j.1365-2915.1993.tb00706.x

Qualls, W.A., Smith, M.L., Muller, G.C., Zhao, T.Y. & Xue, R.D.
(2012). Field evaluation of a large-scale barrier applica-
tion of bifenthrin on a golf course to control floodwater
mosquitoes. Journal of the American Mosquito Control
Association 28: 219-224. https://doi.org/10.2987/12-6255R.1

Trout, R.T., Brown, G.C., Potter, M.F. & Hubbard, J.L. (2007).
Efficacy of two pyrethroid insecticides applied as barrier
treatments for managing mosquito (Diptera: Culicidae)
populations in suburban residential properties. Journal
of Medical Entomology 44: 470-477. https://doi.org/10.1093/
jmedent/44.3.470

Ware, G.W. (1987). Reviews of environmental contamination
and toxicology: Continuation of residue reviews. New York,
USA: Springer-Verlag New York Inc., pp. 156.

WHO. (2007). Manual for indoor residual spraying application
of residual sprays for vector control. Third edition. Geneva:
WHO, pp. 1-43.

WHO. (2013). Guidelines for laboratory and field-testing of
long-lasting insecticidal nets Geneva: WHO, pp. 1-89.

WHOPES. (2012). Report of the fifteenth WHOPES working
group meeting: WHO/HQ, Geneva, 18-22 June 2012: review
of Olyset plus, Interceptor LN, Malathion 440 EW, Vectobac
GR. Geneva: WHO, pp. 1-99.

Xue, R.D. (2008). Toxicity of permethrin-, malathion-, and
fipronil-treated plant foliage to Aedes albopictus and Aedes
aegypti. Journal of the American Mosquito Control Association
24: 169-171. https://doi.org/10.2987/8756-971X(2008)24
[169:TOPMAF]2.0.CO;2


