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Organophosphate and carbamate insecticide susceptibility in genetically pyrethroid-

resistant Aedes aegypti from a dengue risk area in Phitsanulok province

Thanyapak Makruen, B.Sc. Chayada Khamsawads, M.Sc.
Jariya Krutbut, B.Sc. Jakkrawarn Chompoosri, Ph.D.
Archawin Rojanawiwat, M.D., Ph.D.

National Institute of Health, Department of Medical Sciences, Ministry of Public Health

Abstract

The purpose of this study was to investing the susceptibility of genetically pyrethroid-resistant Ae.
aegypti the organophosphate and carbamate insecticide in a dengue risk area in Phitsanulok province. The
mosquitoes were tested for susceptibility to individual 16 insecticides status using the WHO procedure.
PCR and DNA sequencing were conducted to detect mutation in the para gene in pyrethroid-resistant Ae.
aegypti.

The results showed that the mosquitoes were completely susceptible to fenitrothion, malathion, and
fenobucarb with mean mortality rates of 100% after 24 h. However, the mosquitoe were resistant to
pirimiphos-methyl, propoxur, and 10 pyrethroid insecticides with the mean mortality rates ranging from
3.00£2.00% and 87.00+5.03%. The mortality rates of mosquitoes were significantly different among
insecticides (p<0.05). In addition, a mutation in the para gene at position V1016G was detected with a
mutation frequency mean of 0.52. Suggesting that organophosphates and carbamates could be alternative
insecticides to pyrethroids for controlling genetically pyrethroid-resistant Ae. aegypti and preventing Ae.
aegypti-borne diseases.

Keywords: insecticide susceptibility, para gene, pyrethroid-resistant Ae. aegypti
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(%)
Mean mortality rates of Ae. aegypti
(%,MeanSD)

Insecticides

Figure 1 Mean mortality rates of Ae. aegypti from Phitsanulok province derived from insecticide
susceptibility test. Different letters followed by mean mortality (£SD) indicate the statistically

significant difference in mean mortality rates (p<0.05)
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Y
Huuadszuna 614-630 bp ﬁuagﬁ’u intron polymorphism (234-250 bp) 519a219gAAaA 11

o v A J a a . o
Figure 2 118291A713A529M1819UHIAE To Indueananda PCR #2835 DNA sequencing L1d31110a
o v A = sy Y a L4 v = ~ Y o w A =
arauiang 1o lnan & lUinsgimnsnaewuivesdu para TaomsifSouieunudiautiing lo

J v = 9y A 3 a . =
InauredIuvedu para Tugudoya GenBank Milun51a: S6 segment 11 domain IT ¥o9 11 581
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9 o & o JAA A a a . 3 =
1016 HazgIa1etIUaeRUENaeR U NN suNUNnTAol Tua1n AU (Valine, V) 1iu Tnadu
. = [ . a L4 = o v A =
(Glycine, G), V1016G 510az1deaadudad 1y Figure 3A 91nn15as1zvitazifseumeudiauiling 1o
4 1 =\ Y tg = d o @ [ (= v J
Indueaauvesiu para lugamerthudedrs lWinsess s1uau 90 A19619 WU IMsnareiugves
= o @ 1 9 = ti' a = =
81U para 311U 47 #2089 (3ovaz 55.22) lagimsunuinsaezd Tulullsauls@euuyuualu
% 1 A = d‘ % d' d’ o a =)
$19819 DNA A9 V1016G ¥n1sunuiuadn 2 lulaasuain GTA ndvuansassd lunauly
Y v JY a oA ~ o . I A o Aa
gameumenugrol iams s1vaziveaduansly Figure 3B 11U GGA Nimuansaozil Ty
~ Y dij = o = [ . v d =\ ~
Tnagulugeametuaeais lwinsooa s1eazdeaaaanslu Figure 3¢ mMInaoWuguesdu para 0

[ [}

@ 1 { @ 1w a < @ 1 {a
dumisdananianudmsnateiusmiiiy o.52 nSeaalludesas 52 ¥oad219819 DNA Hins12H
9

@ = [ 1 o w A =\ o Y v Y Aa oA [l
1IN V9 S”IEJa&@EJﬂﬂQLLﬁﬂﬂ‘L! A1TN 3 mumﬂ‘uu’maT’e)"hnﬂmaaqqawmumﬂwuﬁwmﬂgmms‘lu

Y] 4 { o ] a Y] 1
WUMINABWUE VOIIU para NAMHUIVDINTADLA TUAINGT?

1000 bp wp

Figure 2 PCR products of 614-630 bp in size of the para gene, Lane M: Marker = 1kb Plus DNA Ladder;
Lane PC1 and PC2: genomic DNA of laboratory strain of Ae. aegypti; Lane F1 and F2: genomic
DNA of pyrethroid-resistant Ae. aegypti died from 1.0% fenitrothion; Lane M1 and M2: genomic
DNA of pyrethroid-resistant Ae. aegypti died from 0.8% malathion; Lane FE1 {t8ig FE2: genomic
DNA of pyrethroid-resistant Ae. aegypti died from 0.336% fenobucarb; Lane NC: negative

control
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(A) V/e L N b E L A L L L 'S
Ref.1---GTACTTAACCTTTTCTTAGCCTTGCT GTCC-—--
Ref.2---GGACTTAACCT CTTAGCCTTGC TGTCC—-

1016
B) EBEBACTTAACCTTTTCTTAGCCTTGCTTTTGTCC

AN AW

1016
(0 EEBACTTAACCTTTTCTTAGCCTTGCTTTTGTCC

MMM

Figure 3 Partial nucleotide sequences of the para gene at the S6 segment in domain IT (IIS6) of voltage-

gated sodium channel protein in Ade. aegypti (exon 20). (A) Ref. 1 is a wild-type strain of
Ae. aegypti (GenBank: AB914690.1) and Ref 2 is Ae. aegypti withthe V1016G mutation
(GenBank: AB914689.1) (B) Wild-type laboratory strain of Ae. aegypti (V1016) and (C)
Pyrethroid-resistant Ae. Aegypti from Phitsanulok province with the V1016G mutation

1919 3 Mutation frequencies of the para gene in pyrethroid-resistant Ae. Aegypti that died from the

organophosphate and carbamate susceptibility test

Pyrethroids-resistant

Ae. aegypti No. of DNA samples
No. of analyzed

that died from positive for a para Mutation frequency
DNA samples

organophosphate and gene mutation

carbamate insecticides

fenitrothion 30 14 0.47
malathion 30 18 0.60
fenobucarb 30 15 0.50
Total 90 47 1.57
Mean 30 16 0.52

'
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1ae V1016G U510 segment 7 6 11 domain I (IIS6) Ltag F1534C U5 segment 76 14 domain I1I
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