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Abstract

Pest control operators have routinely applied the insecticides for mosquito control when dengue fever cases occurred in the
Tainan and Kaohsiung areas of Taiwan. We used 7 kinds of WHO insecticide- impregnated papers to determine the insecticide
susceptibility of adult Aedes aegypti in 2002. There was poor efficiency to the all strains of Aedes aegypti with 0.1% propoxur
paper. The 24-h percentage mortality with 1% fenitrothion paper was above 80%. The 24-h percentage mortalities of the Chianjen
and Lingya (2002) strains with 0.15% cyfluthrin paper did not reach 100%. The Chianjen, Lingya (2002), and Shinshing strains
showed resistance to deltamethrin. The 24-h percentage mortalities of Chianjen, Lingya (1990R), Lingya (2002), Shinshing, Linyuan
and Fengshan strains with 0.5% etofenprox paper did not reach 70%. The Chianjen, Lingya (2002), Shinshing, Sanmin, Tzuoying,
Linyuan, Gangshan, Fengshan, Gueiren, Shinshi, S. District, W. District, and C. District strains showed resistance to permethrin. The
24-h percentage mortalities of Sanmin, Tzuoying, and Gangshan strains with 0.05% lambdacyhalothrin paper did not reach 70%.
The resistance ratios of adult mosquitoes of the Chianjen, Lingya (2002), and Lingya (1900R) strains for permethrin compared to
susceptible strains were above 312.5X, while those of the 4th instar larvae were 20.8, 37.5, and 102.1, respectively. Results of a
synergism study on larvae resistant to permethrin showed correlations to the activities of microsomal monooxygenases and
esterases.
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Table 1. Susceptibility of adult females of various strains of Aedes aegypti to 7 insecticide-impregnated papers in

WHO test tubes expressed as KTsp and percentage mortality of 24-h

Insecticide (concentration)  Strain KT;, (min) Slope 24-h percentage mortality
(Mean) (MeantSE) (Mean+SD)
Propoxur (0.10%) Bora Bora 52.13 5.4412.95 91.3419.57
NS 38.92 7.08+2.26 100.00+0.00
Chianjen 111.47 4.05+1.27 51.82+21.34
Lingya (1990) 39.84 10.76+4.37 95.0045.00
Lingya (1990R) 40.49 6.28+1.37 74.1245.12
Lingya (2002) > 102.53 - 55.00£7.07
Shinshing 75.49 3.16+0.28 71.67+2.89
Linyuan 183.22 3.28+1.30 81.67+31.75
Fengshan 59.82 8.1510.69 90.00+10.00
Fenitrothion (1%) Bora Bora 131.57 12.7149.27 100.00+0.00
NS 118.52 10.57+7.32 100.00+0.00
Chianjen 98.96 23.42416.59 100.00+0.00
Lingya (1990) 106.61 21.9646.83 100.00+0.00
Lingya (1990R) 110.18 9.94+1.81 100.00+0.00
Lingya (2002) 92.74 24.9618.54 100.00+0.00
Shinshing 95.07 19.30+11.54 100.00+0.00
Linyuan 82.87 13.76+2.30 83.331117.56
Fengshan 78.16 14.00£0.08 100.00+0.00
Cyfluthrin (0.15%) Bora Bora 11.87 11.4616.18 100.00+0.00
NS 11.67 9.4216.68 100.00+0.00
Chianjen 60.83 5.68+4.69 77.50+26.03
Lingya (1990) 10.98 8.89+1.04 100.00+0.00
Lingya (1990R) 56.10 6.96+2.55 100.00+0.00
Lingya (2002) > 86.15 - 60.00+14.14
Shinshing 44.75 3.9310.22 100.00+0.00
Linyuan 30.68 3.5840.84 100.00+0.00
Fengshan 29.83 8.45+4.06 100.00+0.00
Deltamethrin (0.05%) Bora Bora 10.36 6.90+3.53 100.00+0.00
NS 11.85 9.9142.96 100.00+0.00
Chianjen 61.3 6.1943.28 84.87+13.42
Lingya (1990) 11.01 8.8943.96 100.00+0.00
Lingya (1990R) 717.78 21.72+29.24 33.77+14.07
Lingya (2002) 83.47 4.46+1.53 55.0040.00
Shinshing 53.59 3.68+2.78 93.3342.89
Linyuan 43.10 2.65+0.20 95.0045.00
Fengshan 32.52 6.19+2.19 96.67+5.77
Etofenprox (0.50%) Bora Bora 50.95 3.65+1.72 96.43+5.56
NS 32.92 10.55+5.25 100.00+0.00
Chianjen > 120 - 5.8317.36
Lingya (1990) 35.81 3.7211.61 87.35+10.39
Lingya (1990R) > 120 - 0
Lingya (2002) > 120 - 0
Shinshing 124.40 17.51+1.96 25.00+13.23
Linyuan > 120 0
Fengshan > 120 - 0
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Insecticide (concentration)  Strain KT;, (min) Slope 24-h percentage mortality
(Mean) (Mean+SE) (Mean+SD)

Permethrin (0.75%) Bora Bora 12.53 6.7412.80 100.00£0.00
NS 12.11 11.43+6.58 100.00+0.00
Chianjen 129.53 1.95+0.46 6.11+13.18
Lingya (1990) 13.76 6.50+0.41 95.00+7.07
Lingya (1990R) > 120 - 0
Lingya (2002) > 120 - 0
Shinshing 178.74 2.86+0.58 61.67+2.89
Sanmin 134.28 2.9211.35 19.42411.05
Tzuoying 102.34 2.81+0.64 13.60+7.74
Linyuan 271.43 2.2211.51 23.33115.28
Gangshan 54.92 2.95+0.26 17.57+3.12
Fengshan 55.92 1.88+0.24 41.68+30.18
Gueiren 70.75 1.28+0.27 48.33+20.21
Shinhua 35.03 2.67+0.33 83.3317.64
Shinshi 39.98 2.3240.99 31.23£11.05
Yungkang 14.92 3.71+1.64 93.1547.58
E. District 47.47 2.38+0.17 100.00+0.00
S. District 131.10 1.90+0.68 21.38+13.37
W. District 15.45 5.77+5.08 60.00+0.00
N. District 45.85 2.5310.58 86.23+13.20
C. District 39.34 1.88+0.53 60.74+11.13

Lambdacyhalothrin (0.05%)  Bora Bora 16.28 6.321+2.62 100.00+0.00
NS 17.21 9.07+3.67 100.00+0.00
Chianjen 103.73 5.50+3.36 70.63+35.54
Lingya (1990) 13.84 8.0014.33 100.00+0.00
Lingya (1990R) 110.61 12.7245.56 86.67+12.58
Lingya (2002) 58.37 4.23+1.40 86.00+20.43
Shinshing 717.54 3.4143.04 98.3342.89
Sanmin 91.08 3.28+0.80 48.89+16.19
Tzuoying 104.22 1.93+0.67 29.6016.61
Linyuan 60.15 2.35+1.25 100.00£0.00
Gangshan 52.56 3.1340.31 45.53+12.33
Fengshan 63.38 8.6616.75 100.00+0.00
Gueiren 31.56 2.88+0.62 100.00+0.00
Shinhua 29.51 3.1210.34 100.00+0.00
Shinshi 37.55 2.6940.70 80.00+10.00
Yungkang 23.02 4.01+1.18 100.00+0.00
E. District 35.46 2.2210.26 100.00+0.00
S. District 71.73 3.2210.65 80.141+4.39
W. District 16.35 4.204+2.50 78.33£10.41
N. District 56.27 7.1341.14 100.00+0.00
C. District 32.78 2.93+1.00 98.33+2.89
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Table 2. Adult susceptibility of 6 strains of Aedes aegypti to permethrin

Strain Generation  LC., (ppm) 95% Limits (ppm) LCq (ppm) Slope RR!

NS 1.6 1.4-1.8 2.9 6.2

Bora Bora - 1.8 1.5-2.1 8.5 2.4 -

Chianjen F, > 500 - - - > 312.5

Lingya (2002) F, > 500 - - - > 312.5

Lingya (1990) Fiis 5 4.1-76 27.2 2.3 3.1

Lingya (1990R) Fog > 500 - - - > 312.5

! RR (resistance ratio) = LC;, (refractory strain) / LCy, (normal strain).

®R= ANELRERINMNREBRRENZDMY

Table 3. Larval susceptibility of 6 strains of Aedes aegypti to permethrin

Strain Generation  LC,, (ppb) 95% Limits (ppb) LC, (ppb) Slope RR!

NS 1.2 1.0-1.4 5.1 2.6

Bora Bora - 1.3 1.1-16 3.4 4.0 -

Chianjen F, 25.0 20.0-40.0 225.0 1.8 20.8

Lingya (2002) F, 45.0 30.0-55.0 405.0 1.7 37.5

Lingya (1990) Firs 2.1 1.8-2.6 6.1 3.5 1.8

Lingya (1990R) Fog 122.5 104.0-148.0 531.0 2.6 102.1

! RR (resistance ratio) = LCjy, (refractory strain) / LC;, (normal strain).

RN =BRRRRIABHIVER HER TR ER RN

Table 4. Larval susceptibility of 3 strains of Aedes aegypti to permethrin with a synergist

Strain Insecticide + Synergist LCj, (ppb)  95% Limits (ppb) LCq; (ppb) Slope SR?

Chianjen permethrin 25.0 20.0-40.0 225.0 1.8 -
+PBO! 12.6 9.8-15.7 64.6 2.3 2.0
+TPP? 76.2 46.9-227.2 1581.9 12 0.3
+DEM? 28.7 23.4-35.4 126.4 2.6 0.9
+DEF* 17.0 13.0-23.0 233.5 14 15

Lingya (2002) permethrin - 45.0 30.0-55.0 405.0 1.7 -
+PBO! 15.0 12.0-18.5 102.0 2.0 3.0
+TPP? 21.8 17.3-26.7 93.1 2.6 2.1
+DEM? 36.2 29.4-46.4 168.5 2.5 12
+DEF* 7.0 4.0-9.5 106.5 1.3 6.4

Lingya (1990R) permethrin - 122.5 104-148 531 2.6 -
+PBO? 7.5 6.5-8.5 185 4.2 16.3
+TPP? 26.0 19.0-31.5 112.0 2.6 4.7
+DEM? 20.5 9.5-26.0 80.5 2.8 6.0
+DEF* 4.0 3.9-4.2 4.8 21.1 30.6

1 PBO, piperonyl butoxide.
2 TPP, triphenyl phosphate.
3 DEM, diethyl maleate.

* DEF, s,s,s-tributyl phosphorotrithioate.
% SR (synergism ratio) = LCy, (w/o synergist) / LCj, (with synergist).
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ABSTRACT

Pest control operators have routinely applied the insecticides for
mosquito control when dengue fever cases occurred in the Tainan and
Kaohsiung areas of Taiwan. We wused 7 kinds of WHO insecticide-
impregnated papers to determine the insecticide susceptibility of adult Aedes
aegypti in 2002. There was poor efficiency to the all strains of Aedes aegypti
with 0.1% propoxur paper. The 24-h percentage mortality with 1% fenitrothion
paper was above 80%. The 24-h percentage mortalities of the Chianjen and
Lingya (2002) strains with 0.15% cyfluthrin paper did not reach 100%. The
Chianjen, Lingya (2002), and Shinshing strains showed resistance to
deltamethrin. The 24-h percentage mortalities of Chianjen, Lingya (1990R),
Lingya (2002), Shinshing, Linyuan and Fengshan strains with 0.5%
etofenprox paper did not reach 70%. The Chianjen, Lingya (2002), Shinshing,
Sanmin, Tzuoying, Linyuan, Gangshan, Fengshan, Gueiren, Shinshi, S.
District, W. District, and C. District strains showed resistance to permethrin.
The 24-h percentage mortalities of Sanmin, Tzuoying, and Gangshan strains
with 0.05% lambdacyhalothrin paper did not reach 70%. The resistance ratios
of adult mosquitoes of the Chianjen, Lingya (2002), and Lingya (1900R)
strains for permethrin compared to susceptible strains were above 312.5X,
while those of the 4" instar larvae were 20.8, 37.5, and 102.1, respectively.
Results of a synergism study on larvae resistant to permethrin showed
correlations to the activities of microsomal monooxygenases and esterases.
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