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Abstract

This research aimed to study a natural compound aerosol spray against genetic fipronil and
pyrethroid-resistant Ae. aegypti mosquitoes in dengue risk areas in Thailand. A natural compound aerosol
spray was developed that contained 5 natural compounds of citral, citronellal, citronellol, geraniol, and
linalool at concentrations of 8.00%, 0.41%, 0.52%, 0.61%, and 0.75%, respectively as active ingredients.
The aerosol spray was evaluated against fipronil and pyrethroid-resistant Ae. aegypti mosquitoes in glass
chambers and Ae. aegypti mosquitoes in the fields of 6 provinces: Kanchanaburi, Chanthaburi, Chumphon,
Phitsanulok, Nakhon Pathom, and Nakhon Ratchasima. Polymerase chain reaction (PCR) and DNA
sequencing were conducted to detect mutations in the para gene and the Rdl gene in Ae. aegypti mosquitoes
that died in the fields. The result showed that the natural compound aerosol spray provided a 100%
mortality rate for Ae. aegypti mosquitoes in both the glass chambers and the fields. Mutations in the para gene
at amino acid positions of 989 (S989P) and 1016 (V1016G) were detected in the dead mosquitoes in the
fields of 6 study provinces with mutation frequencies of 0.23-0.40 and 0.30-0.47, respectively. In
addition, a mutation in the Rdl gene at an amino acid position of 302 (A302S) was found in dead mosquitoes
in Kanchanaburi and Nakhon Pathom provinces with mutation frequencies of 0.13 and 0.20, respectively.
In conclusion, the natural compound aerosol spray developed and tested in this study was effective against
genetic fipronil and pyrethroid-resistant Ae. aegypti mosquitoes in dengue risk areas in Thailand. It suggests
that the natural compound aerosol spray could be developed further as an alternative anti-mosquito product

to anti-mosquito chemical products to prevent mosquito—borne diseases.
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Table 2 Efficacy of natural compound aerosol spray against Ae. aegypti mosquitoes in the fields of 6 provinces
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thedlalndusdvuastiu para uazéiu Rdl lughu
#oya GenBank WarmenuiikILN MnmMslFey
eudauinale ndunaiuwesdiv para vesgeas
thunnia 6 SavdadumduiiedlaIndundiumes
81 para vasegAIBtIUMEWUSUNG S989 13D Ref.
1 gaangtuaenugnanawug S989P 138 Ref. 2
(il 1.1) wasgaanenhuaeiugiaal jianmsi
humeiugind $989 (mwil 1.2) wuh gamenfi
N 6 Fanda dmsnaewugidumis 989

L4

(S989P) (AW 1.3) Imﬂﬁﬂamﬁ'ﬂﬁﬂawﬁ’uq
521179 0.23-0.40 (517 3) waznuauiiisu
aauihaale ndudiuyesdiu para 2asgeansiiu
MM 6 Sanusiauineale lndusuasiy
para YENNENUABWRUTUNG V1016 %38 Ref. 3

geangtnuaENUgNaNEWUS V1016G W38 Ref. 4

(il 2.1) uazguanehumenugias fiadu
MewusUnG V1016 (mwil 2.2) wuh gamethu
NN 6 Sauia Imsnaeugichumis V1016G
(mwil 2.3) Iﬂﬂﬁmmﬁ'miﬂmﬂﬂ’uﬁ:‘sxwiw 0.30-
0.47 (M51¥ 3) sumsiSsuiieuaauinedle
Tngfunsdhumasiiu Rdl waseganathuanig 6 31w
nusauihealalndunadiueesiiu Rdl vesgeans
tuaewusUnd A302 %3a Ref. 5 U Ref. 6 1{lu
aauihaalalndudiuuesdiv Rdl 2asgeansaiu
wazerhmyaeRusnMeERLE A302S Fuwilaudu

4

apagRBthu’® (mwil 3.1) wazgasthumeiug
ﬁmﬂﬁﬂ'@ﬁtﬂumﬂﬁuﬁ:ﬂﬂa A302 (MW 3.2) Wu
T geangihuludaiomaanuiuasiamiouasugs i
MINMNEWUS A302S (mwi 3.3) Tagflanuins

AIEWUS UNAY 0.13 Uas 0.2 NNEIAU (5197 4)

1.1 SPM WD C M L V G

Ref. 1---TCCATGTGGGATTGTATGCTTGTGGGT---

Ref. 2-—-CCCATGTGGGATTGTATGCTTGTGGGT--

90 100 110

1.2 BEEATG TGGGATTGTATGCTTGTGGGT
80 90 100

1.3 FEATGTGGGATTGTATGCTTGTGGGT

T

M 1 Sauihedlslnduedinwesdu para UM S5 loop Uaz S6 loop Tu domain 11 2aelUsAulzfenuaULaYDIEN

a8 (exon 20) 1.1) Ref. 1 1lugauinnadlalnduredinuastiu para sesgeansinuaewugund (GenBank:

AB914690.1) uae Ref. 2 {uiduihaalalndunadiugesdiu para sesgeanethuniimsnanswug S989P (GenBank:

AB914689.1) 1.2) geanzinusenugiesljuamsiiduameiugund ($989) uar 1.3) gamathuinesanmsdsziiv

nazavallsganssssumfsamaluiunimaanam 6 Jwia Imsnaenug S989P (TCCHCCC)

Figure 1 Partial nucleotide sequences of para gene at S5 loop and S6 loop in domain II of voltage-gated sodium channel

protein in Ae. aegypti (exon 20). 1.1) Ref. 1 is a wild-type strain of Ae. aegypti (GenBank: AB914690.1) and Ref 2 is
Ae. aegypti with S989P mutation (GenBank: AB914689.1) 1.2) Wild-type laboratory strain of Ae. aegypti (S989) and

1.3) Ae. aegypti mosquitoes that died from natural compound aerosol spray in the fields of 6 provinces with S989P

mutation (TCC=>CCC)
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2.1 Ve L N L F L A L L L

Ref. 3-—-GTACTTAACC CTTAGCCTTGC TG

Ref. 4-—GGACTTAACC CTTAGCCTTGC G—

410 420 430
2.2 EBOACTTAACCTTTTCTTAGCCTTGCTTTTG
420 430 440
2.3 EERCTTAACCTTTTCTTAGCCTTGCTTTTG

Aoy o

mMwii 2 Sauinedlelndueaiusedy para UM S6 segment T4 domain 1T 2a9lUsfuladenuruiuaasgeansing

(exon 20) 2.1) Ref. 3 {udauihnalalnduisdiuwastiv para vosgeasthusenugund (GenBank: AB914690.1)
wa Ref. 4 {udduinadlalndunsdinesadiu para vosgamethuiiimsnmeiug V1016G (GenBank: AB914689.1)
2.2) ganshumenugiaafianmsidumeiugnd (V1016) uas 2.3) geanethuluiuiidnwig 6 Smiadimsnas
Wug V1016G (GTADPGGA)

Figure 2 Partial nucleotide sequences of para gene at S6 segment in domain II (IIS6) of voltage-gated sodium channel
protein in Ae. aegypti (exon 20). 2.1) Ref. 3 is a wild-type strain of Ae. aegypti (GenBank: AB914690.1) and Ref. 4 is
Ae. aegypti with V1016 mutation (GenBank: AB914689.1) 2.2) Wild-type laboratory strain of Ae. aegypti (V1016) and
2.3) Ae. aegypti mosquitoes that die from natural compound aerosol spray in the fields of 6 provinces with V1016G
mutation (GTA=>»GGA)

!
a

M3 3 ANNIMINENUFBNEU para TugeaneinuimennmsUssiiunavesasdarssssundsamsluiui
MATNN 6 WKIA

Table 3 Mutation frequencies of para gene in Ae. aegypti mosquitoes that died from natural compound aerosol spray in the

fields of 6 provinces

mwﬁm‘snmﬂﬁuﬁ:mmﬁu para Tugaanarthuy

AILHUS (IMIUAIBEI DNA ﬁwumiﬂmﬂﬁ'uﬁf/ﬁmmﬁmiha DNA fidtasnzinanan)
nImaziily vaalfiieinns Mg Iumgs NNI wivelan wasUsn  uAIIEFIN
S989P 0(0/30) 0.23 (7/30) 0.40 (12/30) 0.27 (8/30) 0.37 (11/30) 0.23 (7/30) 0.27 (8/30)

V1016G 0(0/30) 0.30 (9/30) 0.47 (14/30) 0.43 (13/30) 0.47 (14/30) 0.37 (11/30) 0.30 (9/30)
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3.1 A/S L

G VvV T T V L T M

Ref. 5---GCATTAGGTGTAACCACTGTCTTGACAATG---

Ref. 6—TCATTAGGTGTAACCACTGTCTTGACAATG—

3.2

80 90 100
BT TAGGTGTAACCACTG TCT TGACAATG

3.3 80 20 100
. OEATTAGGTGTAACCACTG TCTTGACAATG

Mwii 3 SHauihedlalndunainwasdiu Rdl US1M GABA receptor 2a9enamatu 3.1) Ref. 5 Wudauihadlalndus
duvasiiy Rdl 2asgeanshuaneWugund (GenBank: U28803.1) uae Ref. 6 tludauinnadlalnduisaiuaasdiy Rdl
PDIENAAIUUDEN NI BN UTSINEWNUS A302S Fundauiuzasgeansnu®? 3.2) geansthuamenugresljianms

nlufimsnaneiug A302 uaz 3.3) geanehuluiuimasnudiauasUguuazdaniamaauys Imsnarewug
A302S (GCA=>TCA)
Figure 3 Partial nucleotide sequences of the Rdl gene at GABA receptor in Ae. aegypti. 3.1) Ref. 5 is a wild-type strain of

Ae. aegypti (GenBank: U28803.1) and Ref. 6 is Ae. albopictus or Cx. Quinquefasciatus with A302S mutation that

contains a partial nucleotide sequence corresponding to that of Ae. aegypti(m 3.2) Wild-type laboratory strain of

Ae. aegypti (A302) and 3.3) Ae. aegypti mosquitoes that died from natural compound aerosol spray in the fields of
Kanchanaburi and Nakhon Pathom provinces with A302S mutation (GCA=»TCA)

= o o ™ v a av o &
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MAFUIN 6 WHIA

!
a

Table 4 Mutation frequencies of the Rdl gene in Ae. aegypti mosquitoes that died from natural compound aerosol spray

in the fields of 6 provinces
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AIRUS

2 &
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0 (0/30) 0.2 (6/30) 0 (0/30)
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