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Abstract

Aedes aegypti were collected from Kaohsiung City, Pingtung County and Tainan City, from 2002 to 2012. World Health
Organization’ s standard protocols were used for the insecticide bioassays and biochemical assays to determine the insecticide
susceptibility and resistance mechanisms. The susceptibility of mosquitoes was tested against propoxur (0.1%), fenitrothion (1%),
cyfluthrin (0.15%), deltamethrin (0.05%), etofenprox (0.5%), permethrin (0.75%) and lambda cyhalothrin (0.05%). All field cohorts
from southern Taiwan were highly susceptible to fenitrothion and highly resistant to permethrin and etofenprox. The results
showed a higher proportion of resistant cohorts against propoxur and deltamethrin in Kaohsiung City than in Pingtung County and
Tainan City, and a higher proportion of resistant cohorts against cyfluthrin and lambda cyhalothrin in Pingtung County than in
Kaohsiung City and Tainan City. The difference in the resistance profiles between these areas is in accordance to the insecticide
used. Since Kaohsiung City has adopted the use of deltamethrin, cyfluthrin and lambda cyhalothrin for the control of dengue
vectors in 2007 to 2008, the proportions of resistant cohorts against deltamethrin, cyfluthrin and lambda cyhalothrin all increased
in 2009. In this study, we used the insecticide-impregnated paper bioassay method which revealed moderate to extremely high
levels of resistance to cyfluthrin, deltamethrin, permethrin and lambda cyhalothrin in Aedes aegypti from Southern Taiwan. The
biochemical assays showed that the activity of glutathione-S-transferase, cytochrome P450 monooxygenase and [-esterase were
elevated in the field cohorts in comparison with the NS strain. These results imply that these three enzymes are involved in the
pyrethroid resistance in Aedes aegypti of Taiwan, however, no evidence was found for the altered acetycholinesterase sensitivity.
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WHO) > 1960 4 7 17 DL & 5l 08 &
(diagnostic dose) Wi {RAGEAE(FSERAZ - #EFT
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Zahar, 1973) - WHO jiA 1998 F{Z1ELIE R
TR A BT EEMEAVIRAE - $RHE AU AL
S ER 2 100 & » DU RREEE 2 SR T
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transferase, GST) W37/ AR ERN
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1 mL - 63 mM 1-chloro-2,4-initrobenzene
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(glutathione, GSH) JE& 1 INERE 20 47
## > (il Thermo ELISA Reader H|ENE
340 nm HYEAE - ¥HELHLL 20 pL EEEF7K
EUARHFESTE (Anonymous, 1998b) -

AR P450 EE(LEE (cytochrome
P450 monooxygenase, CYP) (Y5315 4 E
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A K20 mL - 0.1 M ~ pH 7.2 BSR4 A
W&EL 200 pL ~ 30 mM o-naphthyl acetate
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ATChI » fE5=8E 1 /NI > {HFH Thermo
ELISA Reader f& M| 405 nm I} {5
(Anonymous, 1998b) - HHE &K HEEER K BEIL
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Fig. 2. The proportion of cohorts classed as resistant (black, mortality < 80%) and not resistant (gray, mortality >
80%) to propoxur (A), fenitrothion (B), deltamethrin (C), cyfluthrin (D), lambda cyhalothrin (E), permethrin (F)
and etofenprox (G) in Aedes aegypti collected from Kaohsiung City (KS City), Pingtung County (PT County)
and Tainan City (TN City) during 2002-2012, using WHO diagnostic concentrations.
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Fig. 3. Bioassays of Aedes aegypti adults from a susceptible strain (NS strain), Tainan Guanmiao (GM, TN) cohort,
Tainan West Central (WC, TN) cohort, Tainan East (E, TN) cohort, Pingtung North (N, PT) cohort, Kaohsiung
Northern Fengshan (N, FS, KS) cohort, Kaohsiung Qianzhen (QZ, KS) cohort, Kaohsiung Southern Fengshan
(S, FS, KS) cohort and Kaohsiung Lingya (LY, KS) cohort in 2010, with permethrin, lambda cyhalothrin,

cyfluthrin, deltamethrin and fenitrothion.
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Fig. 4. Scatter plots of corrected absorbance values of Aedes aegypti adults from a susceptible strain (NS strain),
Tainan Guanmiao (GM, TN) cohort, Tainan West Central (WC, TN) cohort, Tainan East (E, TN) cohort,
Pingtung North (N, PT) cohort, Kaohsiung Northern Fengshan (N, FS, KS) cohort, Kaohsiung Qianzhen (QZ,
KS) cohort, Kaohsiung Southern Fengshan (S, FS, KS) cohort and Kaohsiung Lingya (LY, KS) cohort for
glutathione-S transferase (A), cytochrome P450 monooxygenase (B), a-esterase (C) and (-esterase (D)
enzymes. Mean absorbance for each cohort is shown (horizontal bar). Aedes aegypti cohorts with elevated
enzymatic activity compared to the NS strain are marked with an asterisk. (*, p < 0.05; **, p < 0.01; ***, p <
0.001, Tukey HSD tests).
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Fig. 5. Scatter plots of the percentage residual activity of AchE of Aedes aegypti cohorts from the susceptible strain
(NS strain), Tainan Guanmiao (GM, TN) cohort, Tainan West Central (WC, TN) cohort, Tainan East (E, TN)
cohort, Pingtung North (N, PT) cohort, Kaohsiung Northern Fengshan (N, FS, KS) cohort, Kaohsiung
Qianzhen (QZ, KS) cohort, Kaohsiung Southern Fengshan (S, FS, KS) cohort and Kaohsiung Lingya (LY, KS)
cohort. The mean percentage residual activity of AchE for each cohort is shown (horizontal bar). Aedes
aegypti cohorts with altered enzymatic activity compared to the NS strain are marked with an asterisk. (**, p <

0.01; ***, p <0.001, Tukey HSD tests).
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ABSTRACT

Aedes aegypti were collected from Kaohsiung City, Pingtung County and
Tainan City, from 2002 to 2012. World Health Organization’s standard
protocols were used for the insecticide bioassays and biochemical assays to
determine the insecticide susceptibility and resistance mechanisms. The
susceptibility of mosquitoes was tested against propoxur (0.1%), fenitrothion
(1%), cyfluthrin (0.15%), deltamethrin (0.05%), etofenprox (0.5%), permethrin
(0.75%) and lambda cyhalothrin (0.05%). All field cohorts from southern
Taiwan were highly susceptible to fenitrothion and highly resistant to
permethrin and etofenprox. The results showed a higher proportion of resistant
cohorts against propoxur and deltamethrin in Kaohsiung City than in Pingtung
County and Tainan City, and a higher proportion of resistant cohorts against
cyfluthrin and lambda cyhalothrin in Pingtung County than in Kaohsiung City
and Tainan City. The difference in the resistance profiles between these areas
is in accordance to the insecticide used. Since Kaohsiung City has adopted the
use of deltamethrin, cyfluthrin and lambda cyhalothrin for the control of
dengue vectors in 2007 to 2008, the proportions of resistant cohorts against
deltamethrin, cyfluthrin and lambda cyhalothrin all increased in 2009. In this
study, we used the insecticide-impregnated paper bioassay method which
revealed moderate to extremely high levels of resistance to cyfluthrin,
deltamethrin, permethrin and lambda cyhalothrin in Aedes aegypti from
Southern Taiwan. The biochemical assays showed that the activity of
glutathione-S-transferase, cytochrome P450 monooxygenase and pB-esterase
were elevated in the field cohorts in comparison with the NS strain. These
results imply that these three enzymes are involved in the pyrethroid
resistance in Aedes aegypti of Taiwan, however, no evidence was found for the
altered acetycholinesterase sensitivity.

Key words: Aedes aegypti, insecticide resistance, monitroing, biochemical
assay
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