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Abstract. Biweekly ovitrap surveillance (OS) was conducted for a year (August
2007 - September 2008) at two different dengue endemic sites in Shah Alam,
Selangor, Malaysia, 50 km from Kuala Lumpur. Aedes aegypti collected from
these 2 locations were raised to the F3 stage and subjected to a WHO standard
bioassay method to determine lethal time (LT) against pyrethroids (permethrin
0.75%, cyfluthrin 0.15%), organophosphates (malathion 5.0%, fenitrothion 1.0%),
carbamates (propoxur 0.1%, bendiocarb 0.1%) and organochlorine (DDT 4.0%).
Insecticide susceptibilities were analyzed for one year. Aedes aeqypti were resis-
tant to DDT with a mortality range of 0 - 13.3% throughout the year at both sites.
Susceptibilities to pyrethroids and carbamates varied throughout the year. In
contrast, susceptibilities to pyrethroids and carbamates varied throughout the
year: resistant to propoxur, bendiocarb and permethrin with mortality of < 80%
in most months; but, showed incipient resistant to cyfluthrin in most months.
Mosquitoes were consistently susceptible to malathion and fenitrothion, with
complete mortality during most months. They were especially susceptible to
malathion with LT, values of 21.32 - 36.37 minutes, suggesting effectiveness of
malathion for control of dengue.
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INTRODUCTION

Dengue and dengue hemorrhagic
fever (DF/DHF) are a major public health
problem in Malaysia and have been since
the first outbreak in 1973. In the absence
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of a dengue vaccine, control of dengue
vectors, Aedes aegypti (L.) and Aedes
albopictus Skuse, with chemical insecti-
cides is the only means of combating DF/
DHF. However, insecticide resistance has
hampered the effectiveness of the vector
control program.

Development of insecticide resistance
among insects generally occurs due to
selection of individuals that can survive
a lethal dosage of insecticide. When an
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insecticide is used repeatedly, it induces
resistance by a process of selection, which
kills individuals with a susceptible gene
and selects resistant genotypes (Brown,
1986). Devonshire and Field (1991) sug-
gested insecticide resistance may be due
to gene amplification.

Reviewing the historical background
of insecticides used for dengue control
programs, DDT was introduced for Aedes
aegypti control via residual spraying in
1954 by Reid. Until the major outbreak of
dengue fever and dengue hemorrhagic
fever in 1973, bioresmethrin was used
in thermal and cold fogging. However,
because fogging this chemical was ex-
pensive, and not effective against larvae,
bioresmethrin was soon replaced by other
chemicals (Cheong, 1986). Malathion was
recommended for the control of Ae. aegypti
in 1986 by the Ministry of Health (MOH)
(Vythilingam ef al, 1992) and in 1996 was
replaced by pyrethroids (PY), such as
permethrin (Ang and Singh, 2001).

In the past several decades, studies
on the susceptibility of mosquitoes in
Malaysia to various insecticides have
been conducted. In 1958, Coker reported
DDT resistance in Ae. aegypti and sug-
gested DDT resistance in this strain was
monofactorial inheritance, ie the resis-
tance was associated with a single gene
inheritance. When DDT was replaced by
organophosphates (OPs), resistance to
organophosphorous compounds, such as
malathion, fenitrothion and temephos, has
been found among Culex quinquefasciatus
and Ae. aeqypti (Lee et al, 1984; Lee and
Lime, 1989; Nazni et al, 1998, 2005). In
1996, pyrethroids (PY) were introduced in
the vector control program, with resulting
PY-resistance among Cx. quinquefasciatus
(Nazni et al, 2005). In spite of informa-
tion regarding insecticide susceptibility
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among mosquitoes in the field, we lack
information about the resistance of Ae.
aegypti in dengue endemic areas.

Our study site, Shah Alam (the capital
of the State of Selangor), had 14 dengue
hotspots in 2009 and was identified as an
area with large number of dengue cases
in the State of Selangor, Malaysia (Salina,
2009). Selangor State reported 18,676
cases of dengue in 2009 (MOH, Malaysia,
2010a). Until 3 July 2010, a total of 24,240
dengue cases with 81 deaths had been
reported nationwide for 2010, compared
to 25,234 cases with 62 deaths during the
corresponding period in 2009. Although
there was a 4% decrease in dengue cases,
there was a 31% increase in fatalities.
Selangor reported the largest number of
cases (10,699) among the states of Malay-
sia (MOH, Malaysia, 2010b). Two localities
named Site A and Site B were selected for
ovitrap surveillance during August 2007 -
September 2008. Ae. aegypti collected from
these two localities were tested against
various classes of insecticides. Because
fogging with insecticides is the major
method of controlling dengue vectors, itis
necessary to ensure these insecticides are
still effective. Hence, the susceptibility of
Ae. aegypti was monitored continuously
for 1 year in this study.

MATERIALS AND METHODS

Study site

This study was carried out during
August 2007 - September 2008 in section
17, Shah Alam, approximately 50 km
from Kuala Lumpur City, Malaysia. Two
sites were chosen: Site A (8 ha) with 300
houses and Site B (10 ha) with 400 houses.
Both were residential areas with rows of
two storey terrace houses or clusters of 4
houses. The distance between 2 rows of
houses was approximately 10 m. Heavy
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vegetation was observed at both study
sites. Site A was treated with Bacillus
thuringiensis israelensis (Bti) at 500 g/ha
for 7 months from December 2007 - June
2008. Site B was treated with chemical
adulticides by the local authority when
dengue cases were reported during the
study period.

Ovitrap surveillance (OS) and adult mos-
quito colonization

Sixty ovitraps were placed indoors
and outdoors in 30 randomly selected
houses at each site. Modified ovitraps
were used for surveillance as described
by Lee (1992). OS was conducted twice
a month, the first and third weeks of the
month. The traps were left out for 5 days
then collected and brought to the labora-
tory.

In the laboratory, the ovitrap contents,
including oviposition paddles, were trans-
ferred into respective plastic containers
filled with fresh water. A sufficient quan-
tity of water was then added to ensure
the paddle was fully submerged. A piece
of half-cooked beef liver was added to
each container as larval food and L3/L4
larvae were identified and counted. Larval
counting was carried out every alternate
day until day 7 post-collection. All con-
tainers were covered to prevent wild mos-
quitoes from ovipositing. Only Ae. aegypti
mosquitoes were kept for further testing.
The larvae were pooled and bred until F3.
Non-blood fed adult female mosquitoes
aged 2 - 5 days were selected for adult
bioassay. WHO insecticide monitoring test
kits were comprised of WHO test tubes
and WHO impregnated paper. In this
study, the mosquitoes were tested against
4% DDT, 1% fenitrothion, 5% malathion,
0.1% propoxur, 0.1% bendiocarb, 0.15%
cyfluthrin and 0.75% permethrin for 1
hour per WHO instructions.
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Bioassay procedure

The adult bioassay was conducted
according to WHO standard procedure
(WHO, 1981a, b) for determining the
susceptibility status. The non-blood fed
adult female mosquitoes aged 2-5 days
were kept in clean paper cups covered
with a fine mesh. Each cup contained 15
healthy mosquitoes. The mosquitoes were
exposed to the insecticide impregnated
paper in the WHO test kits. Each insecti-
cide was tested using three replicates and
three controls. During exposure, the knock
down number was recorded every five
minutes for 1 hour. For pyrethroids, ex-
posure tubes were held horizontally and
the knockdown rate was recorded every
minute for 1 hour. After 1 hour, mosqui-
toes were transferred to clean paper cups,
fed with 10% sugar solution and mortality
was recorded 24 hours post-exposure.

Data analysis

Susceptibility test data were analyzed
according to WHO criteria (Davidson
and Zahar, 1973; WHO, 1998): 98-100%
mortality indicated susceptibility; 80-98%
mortality indicated possibility of resis-
tance that needed further confirmation,
and <80% mortality indicated resistance.

The results were then evaluated by
probit analysis (SPSS version 11.5; SPSS,
Chicago, IL) to compute the LT, values.
Susceptibilities of field-collected Ae. ae-
gypti mosquitoes were tested by month.
The resistance ratio (RR) was calculated
by dividing the LT, of the field strain by
the LT, of the susceptible strain main-
tained at the Medical Entomology Unit:

Resistance LT,, of field strain

Ratio (RR)

LT,, of laboratory
strain (susceptible)
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Table 1
Susceptibility of Ae. aegypti to 0.75% permethrin.

0.75% Permethrin (1 hour exposure time)

LT,, (min) Regression line RR,;, 24 h post-exposure
95% (CL) mortality (%)
Susceptible strain 13.95 (13.28 - 14.57) Y =5.06x - 5.79 - 100
Field strain
Site A
Sep 2007 179.63 (116.72 - 556.85) Y =2.58x - 5.81 12.9 31.1
Oct 2007 37.84 (36.74 - 38.98) Y =4.68x - 7.38 2.7 80.0
Nov 2007 29.72 (28.40 - 31.00) Y =3.01x-4.43 2.1 75.6
Dec 2007 45.27 (43.60 - 47.19) Y =3.89x - 6.44 3.2 77.8
Jan 2008 52.06 (48.64 - 56.56) Y =3.83x - 6.58 3.7 77.8
Feb 2008 152.36 (105.61 - 384.21) Y =2.76x - 6.02 10.9 54.5
Apr 2008 129.36 (103.45 - 188.92) Y =3.09x - 6.52 9.3 55.6
Jul 2008 * (-) - 20.0
Sep 2008 377.36 (173.29 -5,681.43) Y =1.80x - 4.64 27.1 8.9
Site B
Sep 2007 253.66 (150.10 - 858.71) Y =1.79x-4.30 18.2 42.2
Nov 2007 417.47 (-) Y =1.86x - 4.88 29.9 64.4
Dec 2007 41.52 (40.32 - 42.72) Y = 8.88x - 4.36 3.0 42.2
Jan 2008 66.22 (60.46 - 76.02) Y =3.71x-6.76 4.7 36.7
May 2008 515.81 (196.28 - 37,291.38) Y = 1.64x - 4.46 37.0 6.7
Jun 2008 *(-) - - 11.1
Jul 2008 *(-) - - 11.1
Aug 2008 *(-) - - 4.4
Sep 2008 440.43 (173.40 - 53,118.80) Y =1.60x - 4.23 31.6 6.7

*mortality < 10% in 1 hour exposure period

RESULTS

Pyrethroids susceptibilities

Mosquitoes from Site A were resis-
tant to permethrin throughout the year
with < 80% mortality during all months
(Table 1). A trend of decreasing suscepti-
bility to permethrin was seen over time,
beginning from October 2007 and con-
tinuing to September 2008 with resistance
ratios (RR) ranging between 2.1-27.1 fold.
Resistance to permethrin increased 10
times by September 2008. A similar trend
of decreasing susceptibility to permethrin
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over time was observed at Site B where
mortality rates were 4.4-64.4%. The RR
values (3.0-37.0) showed Ae. aegypti was
highly resistant. The resistance increased
at least 10 times by May 2008.

Susceptibility to cyfluthrin fluctuated
throughout the year at Site A (Table 2),
with the RR ranging between 1.6-7.1 and
45-97.8% mortality rates. The field popula-
tions had resistance. Similar findings were
seen at site B. Complete mortality by 24
hours exposure was seen in May 2008.
The RR ranged from 2.0-5.2 throughout
the year.
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Table 2
Susceptibility of Ae. aegypti to 0.15% cyfluthrin.

0.15% Cyfluthrin (1 hour of exposure time)

LT,, (min) Regression line RR,, 24 h post-exposure
95% (CL) mortality (%)
Susceptible strain 9.54 (8.88 - 10.16) Y =10.95x - 10.73 - 100
Field strain
Site A
Sep 2007 49.20 (47.46 - 51.24) Y =4.55x-7.70 5.2 77.8
Oct 2007 15.05 (13.82 - 16.19) Y =3.86x - 4.54 1.6 93.3
Nov 2007 22.62 (21.79 - 23.41) Y =6.04x - 8.18 2.4 95.6
Dec 2007 30.38 (29.26 - 31.52) Y =3.57x-5.29 3.2 88.9
Jan 2008 17.91 (16.96 - 18.82) Y =3.78x - 4.74 1.9 97.8
Feb 2008 36.73 (35.73 - 37.76) Y =5.06x - 7.92 3.8 84.4
Apr 2008 40.32 (39.12 - 41.58) Y =4.65x-7.47 4.2 84.1
Jul 2008 67.61 (61.85 - 76.08) Y =3.60x - 6.60 7.1 45.0
Sep 2008 31.34 (30.21 - 32.48) Y =3.66x - 5.47 3.3 97.8
Site B
Sep 2007 31.2 (30.36 - 32.04) Y =6.01x - 8.98 3.3 97.6
Nov 2007 27.56 (26.30 - 28.74) Y =5.98x - 8.61 2.9 93.3
Dec 2007 19.44 (18.03 - 20.76) Y =2.83x - 3.64 2.0 90.9
Jan 2008 30.38 (29.26 - 31.52) Y =3.57x-5.29 3.2 88.6
May 2008 25.39 (24.46 - 26.31) Y =3.96x - 5.57 2.7 100
Jun 2008 37.36 (35.89 - 38.94) Y =3.21x-5.05 3.9 57.8
Jul 2008 37.37 (36.25 - 38.52) Y =452x-7.11 3.9 62.8
Aug 2008 33.81 (32.81 - 34.82) Y =4.63x-7.08 3.5 91.1
Sep 2008 49.23 (46.76 - 52.25) Y =3.09x - 5.23 5.2 45.5

Organophosphates susceptibilities

Field mosquitoes caught at site A had
100% mortality to malathion during all
months except April 2008 (93.3%) with a
RR ranging from 1.2 to 2.0. At Site B, com-
plete mortality was observed throughout
the year with the RR ranging from 1.4
to 1.9 (Table 3). Low mortality at 1 hour
post-exposure with fenitrothion revealed
mosquito populations at both Sites A and
B were not as susceptible to malathion.
However, complete mortality was seen by
24 hours to fenitrothion (Table 4).
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Carbamates susceptibilities

The mosquitoes at Site A had 31.8-
95.3% mortality with propoxur and RR of
1.0-2.3 throughout the year. At Site B, the
mosquitoes showed varying resistance to
propoxur throughout the year with mor-
tality rates ranging between 13.6-68.9%
and RR of 0.9-3.2 (Table 5).

Similar susceptibilities to bendiocarb
were observed at Site A (Table 6). The
mortality rates were 33.3-100% and the RR
ranged between 0.9-2.0. Alow RR did not
confer higher mortality since RR values in
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Table 3
Susceptibility of Ae. aegypti to 5.0% malathion.

5.0% Malathion (1 hour of exposure time)

LT,, (min) Regression line RR,, 24 h post-exposure
95% (CL) mortality (%)
Susceptible strain 18.20 (17.72 - 18.66) Y =10.45x - 13.17 - 100
Field strain
Site A
Sep 2007 23.93 (23.44 - 24.42) Y =12.39x - 17.09 1.3 100
Oct 2007 21.32 (20.82 - 21.80) Y =11.03x - 14.65 1.2 100
Nov 2007 28.82 (28.21 - 29.43) Y =9.57x-13.97 1.6 100
Dec 2007 33.8 (32.76 - 34.79) Y =10.34x - 15.82 1.9 100
Jan 2008 25.51 (22.59 - 28.72) Y =8.57x-12.05 1.4 100
Feb 2008 32.99 (32.49 - 33.52) Y =13.31x - 20.20 1.8 100
Apr 2008 31.93 (31.32 - 32.53) Y =10.03x - 15.09 1.8 93.3
Jul 2008 30.44 (29.94 - 30.93) Y =15.90x - 23.59 1.7 100
Sep 2008 36.37 (35.62 - 37.10) Y =8.36x -13.04 2.0 100
Site B
Sep 2007 27.65 (26.95 - 28.33) Y =8.61x-12.42 1.5 100
Nov 2007 34.97 (34.41 - 35.52) Y =13.24x - 20.44 1.9 100
Dec 2007 29.99 (26.91 - 33.43) Y =8.89x - 13.13 1.6 100
Jan 2008 25.58 (-) Y = 6.43x - 9.06 1.4 100
May 2008 26.12 (25.61 - 26.63) Y =11.72x - 16.61 1.4 100
Jun 2008 33.76 (33.14 - 34.37) Y =10.49x - 16.03 1.9 100
Jul 2008 24.86 (24.16 - 25.59) Y =11.00x - 15.35 1.4 100
Aug 2008 33.94 (33.12 - 34.76) Y =12.63x - 19.33 1.9 100
Sep 2008 26.58 (26.00 - 27.18) Y =10.61x - 15.11 1.5 100

Table 4

Susceptibility of Ae. aegypti to 1.0% fenitrothion.

1.0% Fenitrothion (1 hour of exposure time)

24 hour post-exposure mortality (%)

Susceptible strain

Field strain
Sep 2007
Oct 2007
Nov 2007
Dec 2007
Jan 2008
Feb 2008
Apr 2008
Jul 2008
Sep 2008

100

Site A

100
100
100
100
100
100
100
100
100

100
Site B
100
100
100
100
100
100
100
100
98
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Table 5

Susceptibility of Ae. aegypti to 0.1% propoxur.

0.1% Propoxur (1 hour of exposure time)

LT,, (min) Regression line RR,, 24 h post-exposure
95% (CL) mortality (%)
Susceptible strain 46.24 (43.63 - 49.38) Y =5.62x - 9.36 - 100
Field strain
Site A
Sep 2007 49.18 (46.18 - 53.18) Y =5.36x - 9.06 1.1 57.8
Oct 2007 55.14 (50.82 - 62.21) Y =4.70x - 8.18 1.2 64.4
Nov 2007 51.89 (49.31 - 54.39) Y =5.82x-9.98 1.1 95.3
Dec 2007 64.22 (58.02 - 77.68) Y =5.32x-9.61 14 47.7
Jan 2008 103.6 (91.20 - 129.22) Y =3.68x - 7.42 2.2 43.2
Feb 2008 47.72 (45.29 - 50.66) Y =6.49x - 10.89 1.0 86.7
Apr 2008 91.3 (83.62 - 103.11) Y =4.10x - 8.03 2.0 70.2
Jul 2008 ND
Sep 2008 106.11 (75.93-1,101.99) Y =4.45x-9.01 2.3 31.8
Site B
Sep 2007 58.3 (54.30 - 65.10) Y =6.38x - 11.27 1.3 68.9
Nov 2007 69.15 (58.93 - 108.66) Y =5.63x - 10.35 1.5 55.6
Dec 2007 85.94 (69.82 - 184.58) Y =5.63x - 10.88 1.9 50.0
Jan 2008 64.05 (57.33 - 76.72) Y =4.32x-7.80 14 48.9
May 2008 75.19 (65.59 - 106.41) Y =647x-12.13 1.6 18.8
Jun 2008 73.48 (64.38 - 142.84) Y =8.72x - 16.28 1.6 28.9
Jul 2008 43.39 (41.12 - 45.87) Y =6.18x - 10.11 0.9 64.4
Aug 2008 74.06 (63.27 - 99.13) Y =3.67x - 6.87 1.6 35.6
Sep 2008 149.17 (87.79 - 41,683.96) Y =3.17x - 6.89 3.2 13.6

December 2007 and April 2008 (0.9 fold)
did not show complete mortality 24 hours
post-exposure (December 2007, 86.7%;
April 2008, 95.1%). At Site B, resistance
to bendiocarb remained stable with mor-
tality that ranged 53.3-68.9%, except in
July (44.4%) and September 2008 (26.7%).
Generally, the mosquito population at Site
B was resistant to bendiocarb.

DDT susceptibility

Aedes aegypti at both Sites A and B
were highly resistant to DDT. Mortality
was hardly seen after 1 hour of exposure
and 24 hours post-exposure. No mortality
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was observed during most months, except
in September (2.2%) and December 2007
(13.3%) at Site A. A similar pattern was
seen at Site B with no mortality during 4
months (November 2007, April 2008, July
2008, and September 2008); relatively low
mortality was seen during the rest of the
test period (Table 7).

DISCUSSION

Field collected Ae. aegypti from Shah
Alam exhibited varying levels of resis-
tance to PYs (permethrin, cyfluthrin),
CARBs (propoxur, bendiocarb) and DDT.
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Table 6
Susceptibility of Ae. aegypti from Site A to 0.1% bendiocarb.

1.0% Bendiocarb (1 hour of exposure time)

LT,, (min) Regression line RR,, 24 h post-exposure
95% (CL) mortality (%)
Susceptible strain 39.25 (37.47 - 41.01) Y =797x-12.71 - 100
Field strain
Site A
Sep 2007 37.48 (35.89 - 39.15) Y =9.45x - 14.87 1.0 100
Oct 2007 47.29 (44.82 - 50.29) Y =6.29x - 10.53 1.2 82.2
Nov 2007 44.11 (41.10 - 46.80) Y =5.07x - 8.33 1.1 93.2
Dec 2007 36.28 (34.37 - 38.07) Y =7.34x -11.45 0.9 86.7
Jan 2008 77.56 (65.23 - 131.93) Y =4.79x - 9.05 2.0 33.3
Feb 2008 45.44 (42.87 - 48.52) Y =5.50x - 9.11 1.2 73.3
Apr 2008 35.86 (32.86 - 38.83) Y =4.18x - 6.49 0.9 95.1
Jul 2008 ND
Sep 2008 76.14 (65.24 - 135.89) Y =6.60x - 12.41 1.9 52.3
Site B
Sep 2007 83.03 (68.36 - 128.41) Y =3.77x-7.24 2.1 54.3
Nov 2007 49.02 (46.69 - 51.87) Y =7.23x-12.22 1.2 68.9
Dec 2007 107.89 (96.11 - 136.74) Y =5.82x-11.83 2.7 53.3
Jan 2008 49.1 (46.83 - 51.86) Y =7.48x 12.66 1.3 62.2
May 2008 67.71 (61.07 - 81.17) Y =5.89x - 10.77 1.7 64.4
Jun 2008 47.98 (45.35 - 51.26) Y =5.97x - 10.03 1.2 66.7
Jul 2008 67.24 (60.82 - 83.03) Y = 6.65x -12.15 1.7 444
Aug 2008 54.51 (50.04 - 62.70) Y =4.34x -7.54 1.4 68.9
Sep 2008 131.7 (86.78 - 771.92) Y =3.27x-6.94 34 26.7
ND, not done
Table 7
Susceptibility of Ae. aegypti from Site A to 4.0% DDT.
4.0% DDT (1 hour of exposure time)
24 h post-exposure mortality (%)
Susceptible strain 35.6 35.6
Field strain Site A Site B
Sep 2007 22 8.9
Oct 2007 0 0
Nov 2007 0 13.3
Dec 2007 13.3 2.2
Jan 2008 0 4.4
Feb 2008 0 2.2
Apr 2008 0 0
Jul 2008 0 0
Sep 2008 0 0
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Table 8
Dengue cases and history of insecticide application in Shah Alam, Selangor, 2008.
No. Month No. cases Insecticide ~ Thermal/ULV Site
DF DHF

1 January 1 0

2 February 0 0 22/02/2008 Resigen Thermal A

3 March 0 0

4 April 0 0

5 May 3 0 09/05/2008 Resigen Thermal B
09/05/2008 Resigen Thermal B
16/05/2008 Resigen Thermal B

6 June 6 0 04/06/2008 Resigen Thermal B
04/06/2008 Resigen Thermal B
05/06/2008 Resigen Thermal B
10/06/2008 Resigen Thermal B
10/06/2008 Resigen Thermal B
17/06/2008 Resigen Thermal B
24/06/2008 Resigen Thermal B
24/06/2008 Resigen Thermal B
25/06/2008 Resigen Thermal B
30/06/2008 Resigen Thermal B

7 July 3 0 09/07/2008 Mospray Thermal B
10/07/2008 Mospray Thermal & ULV B
21/07/2008 Mospray Thermal B
25/07/2008 Mospray Thermal B
25/07/2008 Mospray ULV B

8 August 2 0 26/08/2008 Mospray Thermal & ULV B

9 September 1 0 02/09/2008 Mospray Thermal & ULV B

Data source: Shah Alam City Council

They were susceptible to OPs (malathion,
fenitrothion). Permethrin resistance was
observed at both Sites A and B. Site B had
a higher resistance level to permethrin
with higher RR values and lower mortal-
ity 24 hours post-exposure. Mortality with
permethrin was extremely low (<10%)
from May 2008 onwards at Site B. Shah
Alam Municipality used fogging at Site B
when a dengue case was reported (Table
7). Twenty thermal foggings conducted
druing May- September 2008 at Site B; the
insecticide used during the operation was
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permethrin. At Site A, thermal fogging
was conducted in February 2008. Con-
tinual use of insecticides to control dengue
vectors has created selection pressure re-
sulting in the emergence of resistant popu-
lations. In Thailand, deltamethrin and
permethrin have been the most common
insecticides used for vector control. In a
resistance studies conducted during 2003-
2005 permethrin resistance was detected
at all study sites in Thailand (Ponlawat
et al, 2005; Jirakanjanakit et al, 2007). Most
mosquito populations showed resistance
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to deltamethrin and permethrin. Thus, it
is not surprising that permethrin resis-
tance occurred at our study sites in Shah
Alam due to the intensive exposure of
mosquitoes to permethrin fogging opera-
tions during dengue outbreaks.

Permethrin resistance has been docu-
mented to develop faster than with other
insecticides. Nazni et al (1998) in Malaysia
reported the RR of permethrin was 12 fold
that of malathion after 9 generations for
permethrin and 8 generations for mala-
thion among field-collected Culex quinque-
fasciatus Say mosquites. These results are
similar to studies conducted by Hidayati
et al (2005) who reported permethrin re-
sistance developed at a faster rate than
malathion and temephos resistance. The
resistance developed faster in field strain
than in laboratory-permethrin-selected
mosquitoes (Wan-Norafikah et al, 2008).
Resistance to insecticides can eventually
extend to other compounds that share a
similar mode of action. Our results show
incipient resistance and resistance to cy-
fluthrin were detected in Ae. aeQypti even
though this compound was not used in the
vector control program. Development of
resistance to cyfluthrin in this context may
be explained by cross-resistance among
PYs. In California, a permethrin selected
strain of Cx. quinquefasciatus showed a
relatively broad spectrum of resistance
to related PYs (WHO, 1980). Somboon
et al (2003) found Ae. aegypti from north-
ern Thailand was resistant to the two
commonly used insecticides for dengue
control: permethrin and deltamethrin.
They also had resistance to another PY
insecticide, etofenprox, although this in-
secticide was not widely used for dengue
control in Thailand.

PYs resistance was associated with
cross-resistance to DDT, since both PYs
and DDT act on the nervous system
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(Hemingway and Ranson, 2000). Detoxi-
fying enzyme, oxidase and monooxgenase
are associated with cross-resistance be-
tween DDT and PYs (Brogdon and McAl-
lister, 1998). In our study, DDT resistance
was observed throughout the year at
Sites A and B suggesting cross-resistance
between PYs and DDT in these areas. Our
results agree with that of Lee ef al (1998),
where adult Ae. albopictus Skuse collected
from Kuala Lumpur were resistant to
permethrin and DDT. Cross-resistance
between DDT and PYs has been reported
in numerous locations throughout the
world. In Colombia, application of lamb-
da-cyhalothrin for malaria control in re-
cent years has resulted in resistance to this
insecticide. DDT resistance was detected
in the same population. Historically, DDT
was used for malaria control in Colombia
before it was replaced by lambda-cyhalo-
thrin; DDT resistance was sustained in the
population for 17 years after the termina-
tion of DDT usage (Fonseca-Gonzdlez,
et al, 2009). Adult mosquitoes collected
from eight countries in Latin America
exhibited DDT resistance; most had de-
veloped resistance or incipient resistance
to PYs (Rodriguez et al, 2007). DDT was
exclusively used for dengue control in the
past in Thailand before it was replaced
by PYs. DDT resistance is widely spread
throughout Thailand and confers cross-
resistance to other insecticides (Paeporn
et al, 2005; Jirakanjanakit et al, 2007). A
different finding with DDT resistance was
seen in Vietnam where Ae. aegypti was
found resistant to DDT, but susceptible
to PYs (Huong et al, 2004). Casimiro et al
(2006) reported Anopheles funestus from
southern Mozambique were susceptible to
DDT but resistant to PYs, suggesting the a
kdr-type target site resistance mechanism
was not present in these populations.

Aedes aegypti from Sites A and B
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were susceptible to OPs, malathion and
fenitrothion with 100% mortality during
most months of the year. CARBs resistance
(propoxur and bendiocarb) was seen in
Ae. aegypti populations. Malathion was
replaced with pyrethroid formulations in
1996 in the vector control program in Ma-
laysia (Ang and Singh, 2001); malathion
resistance among Ae. aegypti is rarely re-
ported in this country. A review by Brown
in 1986 showed malathion resistance was
detected in Ae. albopictus mosquitoes in
Malaysia. Nazni et al (2005) reported field
collected Cx. quinquefasciatus from Kuala
Lumpur had high levels of resistance to
malathion and fenitrothion. In Thailand,
Ae. aegypti was susceptible to OP com-
pounds (Somboon et al, 2003; Paeporn
et al, 2005; Ponlawat et al, 2005; Sathantri-
phop et al, 2006). The tested populations
of Ae. aegypti were resistant to PYs, but
still susceptible to malathion and feni-
trothion. These results are similar to our
findings which showed resistance to per-
methrin, but susceptibility to malathion
and fenitrothion. In Sri Lanka, malathion
was applied heavily with indoor spray-
ing in the malaria and filariasis control
program. Widespread use of malathion
has resulted in resistance to malathion in
Culex and Anopheles mosquitoes in these
areas. However, the dengue vectors, Ae.
aegypti and Ae. albopictus were found to
be susceptible to malathion in spite of
intensive use of malathion in malaria and
filariasis epidemic areas (Karunaratne and
Hemingway, 2001). Similar conditions
also occurred in Cuba, Venezuela, Costa
Rica and Jamaica, where Ae. aegypti was
susceptible to malathion regardless of
heavy application of this insecticide in
the Ae. aegypti control program in those
countries (Coto et al, 2000).

Propoxur and bendiocarb resistance
were observed at Sites A and B during
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most months of the year. This is the first
report of CARB-resistance of Ae. aegyptiin
Malaysia. In Townsville, Australia, Ae. ae-
gypti was found to be resistant to bendio-
carb, although bendiocarb was never used
in the Townsville vector control program.
Propoxur and bendiocarb have never been
introduced in any vector control program
in Malaysia, yet resistance was detected
suggesting these findings are related to
cross-resistance (Canyon and Hii, 1999).
In a nationwide insecticide resistance
evaluation conducted by Jirakanjanakit
et al (2007), only one strain in the whole
nation, from Mae Wong, Nakhon Sawan
Province, was resistant to propoxur. Liu
et al (2004a) reported absence or very low
levels of resistance to propoxur in field
collected Ae. albopictus from Alabama and
Florida. However, Liu et al (2004b) found
cross-resistance between propoxur and
OPs in Cx. quinquefasciatus mosquitoes
from the two locations mentioned above.
Cx. pipens, from filariasis endemic areas of
Egypt, was found to be resistant to all four
classes of insecticides, including propoxur
and bendiocarb (Zayed et al, 2006). Low-
level resistance to CARBs was reported in
Mozambique due to bendiocarb use in the
malaria control program in some localities
(Casimiro et al, 2006).

Bioassay data shows temporal varia-
tions in susceptibility to all insecticides
were seen. A similar finding of variations
in insecticide susceptibility was also re-
ported by Lee et al (1998) after 10 weeks
of insecticide susceptibility monitoring.
The bioassay data provide useful baseline
information about susceptibility of field
collected mosquitoes to commonly used
insecticides in vector control programs.
OP compounds, such as malathion, had
the greatest toxicity against Ae. aegypti
among the four classes of insecticides
tested in a dengue endemic area, Shah
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Alam, suggesting the urgent need to re-
vert to malathion in the dengue control
program. The presence of resistance of
Ae. aegypti in a dengue endemic area to
multiple insecticides reveals current vec-
tor control strategies need to be reviewed.
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