DOI:10.6661/TESFE.2012007 aEE s2Formosan Entomol. 32: 107-121 (2012) 9L ERE Research report

JFormosan Entomologist

Journal Homepage: entsocjournal.yabee.com.tw

Insecticide Resistance in Aedes aegypti (L.) and Aedes albopictus (Skuse) Larvae in Southern Taiwan
[Research report]

aSEmEitER RN AN IR aB A EG [FRRS]
Ying-Hsi Lin1, Huai-Hui Wu2, Err-Lieh Hsu3, Niann-Tai Chang4, and Yi-Pey Luo5*
HEZL  RIEB2 - RWZ3 - ®KEE4 - #EIRINS*
*BHEEE-mail (& insecta@mail.chna.edu.tw
Received: 2012/03/28  Accepted: 2012/04/28  Available online: 2012/06/01

Abstract

In 2008, Aedes mosquito larvae from the laboratory susceptible strains, the NS and Linkou strains, as well as from ten field
populations from both Tainan and Kaohsiung city were collected. They were then studied using the World Health Organization
(WHO) bioassay technique. Insecticides evaluated included pyrethroids permethrin, cypermethrin, fenvalerate and pyrethrin,
organophosphates temephos, chlorpyrifos, fenitrothion and pirimiphos-methyl. We demonstrated that Ae. aegypti were more
resistant to pyrethroids than Ae. albopictus. Field strains of Ae. aegypti larvae, except for the Guanmiao strain, exhibited a high level
of resistance to permethrin (RR50, 41.5-90.7). In the same collection areas, Ae. albopictus larvae only exhibited a low level of
resistance to permethrin (RR50, 1.1-2.0). Evidence is presented that Ae. albopictus has a lower susceptibility to organophosphates
than Ae. aegypti. All Aedes mosquito larvae were susceptible to temephos (RR50, 0.9-2.7). Cluster analysis was conducted using the
average between-groups linkage for permethrin RR50 of the Ae. aegypti larvae to detect natural data grouping, as well as the
distance of the field population from the NS susceptible strains in 2010. An extremely high level of resistance was observed for the
LYPR(640SF3) strain, which was selected in the laboratory for its high resistance to permethrin. The LYPR(F3) strain consisted of the
Lingya and Southern Fengshan strains, which were collected from districts in Kaohsiung city with higher dengue incidence,
exhibited a high level of resistance to permethrin. The resistance of Ae. aegypti to permethrin is characterized by evolution under
continued insecticide selection in the laboratory and through chemical control in the field. All Ae. aegypti larvae remained
susceptible to temephos in 2010, including the permethrin resistant strains of LYPR(640SF3) and LYPR(F3). Controlling the Aedes
mosquito larvae using an operational dosage of 1 mg/L temephos has been recommended since 1987, and complete mortality for
all strains is achieved after 24 hours.
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Table 1. Susceptibility of Aedes aegypti and Aedes albopictus larvae to permethrin, 2008.

. Aedes aegypti Aedes albopictus
Strains 5 5 " 5
N LCs¢* (95% CI) RRs5 N LCs* (95% CI) RR5,
Susceptible strain @ 539 3.0 (2.8-3.3) 1.0 584 17.3 (13.7-22.7) 1.0
East Dist. H 311 125.7 (116.7-136.6) 41.5 414 28.9 (26.1-32.4) 1.7
West Central Dist. i 366 137.2 (127.3-147.2) 45.3 347 19.6 (17.8-21.3) 1.1
South Dist. i 351 215.5 (194.5-250.3) 71.1 374 19.1 (15.9-21.7) 1.1
North Dist. i 372 188.9 (165.5-231.9) 62.3 323 34.6 (30.7-40.0) 2.0
Anping Dist. il 366 164.7 (148.6-184.3) 54.3 372 20.8 (19.1-22.5) 1.2
Annan Dist. i 368 127.4 (95.5-158.8) 42.0 337 22.9 (20.8-25.6) 1.3
Yongkang Dist. i 366 274.8 (238.2-351.3) 90.7 321 29.8 (26.4-33.4) 1.7
Rende Dist. 368 137.3 (124.8-152.4) 45.3 319 19.7 (17.8-21.6) 1.1
Guanmiao Dist. i 597 18.2 (10.5-24.8) 6.0 312 24.8 (22.6-27.5) 1.4
Zuoying Dist. A 427 140.3 (130.8-151.5) 46.3 341 31.6 (28.5-34.8) 1.8

@: The NS and Linkou strains were the susceptible strains of Ae. aegypti and Ae. albopictus respectively.

Il Tainan City

A: Kaohsiung City

N: Total number of mosquitoes tested
#: Values are in pg/L

b, RRy, were calculated as the ratio of LCs, for field strains divided by the LCs, of the susceptible laboratory

strains.
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Table 2. Susceptibility of Aedes aegypti and Aedes albopictus larvae to temephos, 2008.

Strai Aedes aegypti Aedes albopictus
trains > B 2 5
N LCs® (95% CI) RR5, N LCs" (95% CI) RR5,
Susceptible strain @ 492 4.4 (4.0-4.6) 1.0 568 49 (3.6-6.6) 1.0
East Dist. i 348 4.5 (4.3-4.7) 1.0 367 13.0 (11.4-15.3) 2.7
West Central Dist. ll 356 4.9 (3.9-6.2) 1.1 598 8.6 (7.1-11.2) 1.8
South Dist. i 365 5.0 (4.8-5.3) 1.2 334 7.5 (6.8-8.4) 15
North Dist. i 427 4.1 (2.9-5.4) 0.9 345 6.8 (6.4-7.4) 14
Anping Dist. i 372 4.1 (3.9-4.4) 0.9 448 10.2 (9.7-10.9) 2.1
Annan Dist. li 334 3.7 (3.6-3.9) 0.9 352 11.7 (10.6-13.5) 2.4
Yongkang Dist. i 363 4.3 (4.1-4.5) 1.0 345 6.8 (5.8-7.5) 14
Rende Dist. [l 574 6.2 (5.5-7.1) 14 303 7.7 (6.2-8.8) 1.6
Guanmiao Dist. i 609 7.2 (6.8-7.8) 1.6 361 8.1 (7.5-8.8) 1.7
Zuoying Dist. A 491 7.1 (6.7-7.5) 1.6 475 6.4 (5.1-9.0) 1.3

@: The NS and Linkou strains were the susceptible strains of Ae. aegypti and Ae. albopictus respectively.

Il Tainan City
A: Kaohsiung City

N: Total number of mosquitoes tested

#: Values are in pg/L

b, RRy, were calculated as the ratio of LCs, for field strains divided by the LCs, of the susceptible laboratory

strains.
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Table 3. Susceptibility of Aedes aegypti larvae to temephos and permethrin, 2010.

Strains Temephos Permethrin

N LCx" (95% CI)  RR;" N LCs* (95% CI) RR;,
NSAE @ 493  3.88 (3.65-4.13) 100 396 3.81  (3.40-4.31) 1.00
East Dist. ll 354 811 (7.75-848)  2.09 365  144.51 (132.06-160.00)  37.93
West Central Dist. ll 362 878 (8.31-9.24) 226 372 136.39 (126.17-147.97)  35.80
North Dist. |l 367 830 (7.87-8.89) 214 367 103.24 (92.57-115.37)  27.10
Guanmiao Dist. [l 355  8.01 (7.33-8.63) 207 366  19.19 (17.29-21.36) 5.04
Lingya Dist. A 362 893 (829955 230 294  198.69 (179.36-224.39)  52.15
Qianzhen Dist. A 362 945 (8.98-10.03) 244 355  96.31 (89.99-103.27)  25.28
Southern Fengshan Dist. A 359 1058 (9.96-11.30) 273 329  224.74 (208.53-245.10)  58.99
Northern Fengshan Dist. A 301  10.50 (10.06-10.96) 2.71 363  64.19 (55.32-71.82) 16.85
Middle Fengshan Dist. A 369  6.00 (5.25-6.54) 155 361 2595 (23.77-28.30) 6.81
North Dist. @ 321 13.85 (12.70-15.53) 357 350  119.15 (107.54-135.57)  31.27
Central Dist. @ 344 711 (6.37-7.68) 183 266  28.61 (13.49-39.36) 751
LYPR (F3)m 360 653 (5.76-7.14)  1.68 489  239.60 (212.09-272.45)  62.89
LYPR (640SF3) @ 369 751 (6.54-8.30) 194 345  845.76 (776.22-911.24)  221.98

@: The NS strain was the susceptible strain of Ae. aegypti.

Il Tainan City
A: Kaohsiung City
[@®: Pingtung City

B: Permethrin resistant strain

N: Total number of mosquitoes tested

#: Values are in pg/L

b RRs, were calculated as the ratio of LCs, for field strains divided by the LCs, of the susceptible laboratory

strain.
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Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combination
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7 2010 FxkHMMARI B ERBEREEFHEIMMTENRE - Ll SPSS Hat SRS TR KM B HZENHELE

HOBFE DA

 LAIAL=RF 0 8K LYPR (640SF3) ik (RRso = 221.98) - E_EFASMHEIHE - BILRA

ERMEEE LYPR (F3) &% (RRso =52.15~62.89) - E=#AIFAmMAMEE * BILFERFRFE (RRs =
5.04~7.51) » RAamEmERE « FAR * ItE » SEHAEE « BILUtERFERILE (RRso = 16.85~37.93) o
Fig. 5. Dendrogram from the resistance ratio cluster analysis of the Ae. aegypti strains for permethrin, 2010. The
cluster analysis was conducted with SPSS® for Windows. Cluster analysis was used to determine the average
between-groups linkage for permethrin RRso of the Ae. aegypti larvae to detect natural data grouping, as well
as the distance of the field population from the NS susceptible strains in 2010. The group most distant from
the susceptible strain consisted of populations from LYPR (640SF3), with RRsy of 221.98, exhibiting the
highest resistance level to permethrin. The second group consisted of the LY Kaohsiung, S Fenshan, and
LYPR (F3) populations, with RRso between 52.15 and 62.89. The populations that were grouped close to the
susceptible NS came from GM Tainan, M Fenshan and C Pingtung populations, with RRso between 5.04 and
7.51, and the others were E Tainan, WC Tainan, N Tainan, QZ Kaohsiung, N Fenshan, and N Pingtung

populations with RRso between 16.85 and 37.93.
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ABSTRACT

In 2008, Aedes mosquito larvae from the laboratory susceptible strains, the
NS and Linkou strains, as well as from ten field populations from both Tainan
and Kaohsiung city were collected. They were then studied using the World
Health Organization (WHO) bioassay technique. Insecticides evaluated
included pyrethroids permethrin, cypermethrin, fenvalerate and pyrethrin,
organophosphates temephos, chlorpyrifos, fenitrothion and pirimiphos-methyl.
We demonstrated that Ae. aegypti were more resistant to pyrethroids than Ae.
albopictus. Field strains of Ae. aegypti larvae, except for the Guanmiao strain,
exhibited a high level of resistance to permethrin (RRsy, 41.5-90.7). In the same
collection areas, Ae. albopictus larvae only exhibited a low level of resistance to
permethrin (RRjy, 1.1-2.0). Evidence is presented that Ae. albopictus has a
lower susceptibility to organophosphates than Ae. aegypti. All Aedes mosquito
larvae were susceptible to temephos (RRjy, 0.9-2.7). Cluster analysis was
conducted using the average between-groups linkage for permethrin RRj5, of
the Ae. aegypti larvae to detect natural data grouping, as well as the distance of
the field population from the NS susceptible strains in 2010. An extremely high
level of resistance was observed for the LYPR(640SF3) strain, which was
selected in the laboratory for its high resistance to permethrin. The LYPR(F3)
strain consisted of the Lingya and Southern Fengshan strains, which were
collected from districts in Kaohsiung city with higher dengue incidence,
exhibited a high level of resistance to permethrin. The resistance of Ae. aegypti
to permethrin is characterized by evolution under continued insecticide
selection in the laboratory and through chemical control in the field. All Ae.
aegypti larvae remained susceptible to temephos in 2010, including the
permethrin resistant strains of LYPR(640SF3) and LYPR(F3). Controlling the
Aedes mosquito larvae using an operational dosage of 1 mg/Li temephos has
been recommended since 1987, and complete mortality for all strains is
achieved after 24 hours.

Key words: Aedes mosquito larvae, permethrin, temephos, insecticide
resistance, cluster analysis
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