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Abstract

Background and purpose: Insecticide resistance in Aedes albopictus, an important vector of arboviral
diseases such as dengue, chikungunya, and Zika, represents a major challenge for vector control. Its high
adaptability and rapid spread in urban and semi-urban environments highlight the importance of
resistance surveillance. This narrative review aimed to summarise the major resistance mechanisms,
knowledge gaps, and consequences of insecticide resistance for vector control programmes.

Materials and methods: Studies published in Persian and English between 2014 and 2026 were reviewed
using PubMed, Scopus, and Google Scholar. Relevant studies addressing insecticide resistance and its
underlying mechanisms were selected based on their thematic relevance and scientific quality. Data on
molecular and metabolic resistance mechanisms were extracted and synthesised descriptively and analytically.

Results: Insecticide resistance in Ae. albopictus develops through multiple, often co-occurring
mechanisms. Major molecular mechanisms include knockdown resistance (kdr) mutations in the voltage-
gated sodium channel, while metabolic resistance is associated with increased expression or altered
activity of detoxification enzymes, including cytochrome P450 monooxygenases, glutathione S-
transferases, and esterases. Available studies are predominantly concentrated in Asia, while data from
some regions of Africa and Latin America remain limited. The influence of environmental and climatic
factors and the limited availability of alternative vector control strategies represent important knowledge
gaps. Insecticide resistance may reduce the effectiveness of chemical control and increase the risk of
sustained arbovirus transmission and outbreaks.

Conclusion: Continuous molecular and biochemical surveillance of insecticide resistance, together
with Insecticide Resistance Management (IRM) and alternative vector control strategies, is essential for
the sustainable control of Ae. Albopictus.

Keywords: insecticide resistance, Aedes albopictus, kdr mutations, metabolic resistance, vector control,
knowledge gaps

J Mazandaran Univ Med Sci 2026; 36 (261): 290-308 (Persian).

Corresponding Author: Ahmadali Enayati - Faculty of Public Health and Health Sciences Research Center , Mazandaran
University of Medical Sciences, Sari, Iran (E-mail: aenayati1372@gmail.com) & Seyed hassan Nikookar- Faculty of Public
Health, Mazandaran University of Medical Sciences, Sari, Iran(Email: nikookar_84@yahoo.com)

290


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

ohs—3jls (— S W)y ep—L col5 b a_L as
(PGe—WoA) 11€00 Jlw )0 VYl o)laid  quisd g ¢ 0)9s

L puuilSo Aedes albopictus ja lmyiitSa pita ay Cinglin
15J90 aellan:(julbli |4iiS gl p lwasly g pibila glowlSi

' sil>9 0550
TS 98 > as
"ol ol dgaza
'5%9S O bl
“G.JL; e o=l
23,8

Ale g 53007 SLasslon pge (86 51 (S Aedes albOPICIUS )3 L iSTs i 4 Cus glio 1822 9 dislas
) @ S 3L S 353 g e B S e sl S S US55 B Sy (K
g e da U ol ss e cpl il o3ls il 11y Coaglie Sl ol (6 gbidas 5 6 h Sl lames 53 65
(5 el (Bl IS (glaasl p gl OT (ladbely 5 (Gl L (Calis Lol 6“@—3‘1‘

GLaollL 53 Y YP L YF cladle b oSl 5 )b GLa0ls 0 odd tiie Sladlas sl B9 9 9o
Jernl L;L»r_m.;&ﬁ 9 S ot 4 Coaglie b Lo e Olalllas . s w )y » GoOgle Scholar 5 Scopus (PubMed
ke 5 D S plie 5 IS g0 Sl pudlS 4 b g e slresls 5 Sl ke sl 5 o 5 50 LI L
TR T el

S e 3 5 n Sz Olajen Bl 5 ol L;Lar_m»;&ﬁ G=_b 31 Ae. albopictus ;s & slis Landsdl
L;La‘._wg&a 5 55 4 atuls ek JUIS 5 knockdown resistance (kdr) gls zga Jols JoSJ 5o L;Larm:s&,
3Bl 5 S-055 U 58 PABO S st oz 51 el (slagu 5T ol ok b Oy 231 Juls oS ke
sgiime Y LK aT 5 i 5T Gblie 5 s (slaesls 5035 55 jate kT s Bkee 5.9 g0 Olalllan ot b3l 2l
S 1 U U, o Sl sl a4 (oo s Sy sdomn 5 oadl 5 Jamen fol g 5T ¢ riomen ol
SLasslas Db 5 JUasl o5l plast 5 osls (2alS 1y glaed J 287 i 31 il 5 o0 Coaglin dien 2303 o
s Eal 3y ey s seyT

(IRM) s 257s hm 4 Conglie Sy ke slaasl (6l ) 5 Cuoglin slondion 5 (JsSdsn potes il sgzliiunl

el $ 3 6 A, AIDOPICIUS LIl J =87 (sl el 87 o Kol slas oaly Lol jan

sy Gl il J 28 oS e Canglis kAP (gla igar ¢ j3STe i 4 s slie Aedes albopictus :saulS sl o lg

Email; aenayati1l372@gmail.com gl gl O3l (a3 p ke oKils ¢_zihig pole Dl S ey Sl oIS (gl — RIS Sledeal gl ilge
Email: nikookar_84@yahoo.com gl gl O3l (S35 p ke oKils ¢_zihig pole Dlais S ey Silg oSl (e ~ TGSy Syans

R PSR RSN é.‘;}v“l“\i,mu;.;w oSl (Bl L o plon 5 (S pwlid o 05,8l IS 5 (055 s oyl lid )57 (g il )

Ol e sl c0uti3le (K55 ke o8l (bltgy 0aSC8il3 (Bl b 03 5bn 5 (K55 gl o 2 03 8 ¢ 23lgs p sl Dliid S e 53kl Y

Ol sl oo (S pske oty (bl oSl (Bl J S 5 (S wlid o i 05 8 Ll Y

Ol e le ggt)uu)'u;_:m,m\i:m@_:wpbau,a,;;ff} bl Sl (il Loyl 5 (SCh gy wlid ot 05 8 ke 5 skl F

VEO/FINY 1y gt VBB SNl g sl VBN i sl P

Pq) 11€00 yo0 « PYY p)laild (@il g ¢, 5)9s ohdjle (b)) ek sl das


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSoyits @ Creglis

Sl Ol ge 4o el T sladdy Coama o e
g (53 3 5 JUSH 1 (6 8t 3 ol
JS Gl s sl mal cialy opl 55 358 o0
U8 & s ph gn a8 8 S & Ol pelaw 55 (8L
(Bl Ol i L AL Jole bojole 3o b Sl olacd
308 ey ol L.l @\) éu:ﬁj)j\é
b G (ol a1 o 03 28 5 patis
N3 15 ol e an ) Whady Comaz )3 (Zwglis 9 0
348 Cal JalSS oy 65 o 25T S 4 sl
Cod Glalamen 53 p3lae GL0) (b SBil G b
S g Ay ol g gn 5 25 o0 ol (B o LSS
LS L (o)) (S gl ¢ J 5S35 6“;'—*:3&‘
@352l US55 (5 sk
aws jlg a ol 3 Cagles jf (gal ol
PO IIN N L B PN L g B PR L S
Aedes (slaaiy Cmaz 53 dad i 5w s Lalal,lS
5 slos 18 Al gd ¢ poman (Ve ANl 0l 3§
S iSTs i 4 Cod Ae. albopictus s glas 59 -
el ol 5,158 Ol Caliden (sl 558 55 O slie
VLI 5 05 b g Wl o 53 o plonil el
aile o IS G851 ol 53 4y ol 457 Wlasls LA ooz
o slad S5y 5y 0 iee a5 5€ 1 DDT
Al 03 S Iy Caeglae O i Liy 6u°mr,u;
4 e glde ¢ Glga Cdilig Olejlw Can a5 b (IF
Ok oy (sl aay Slhg oUls Olge 4 (iS50 i
S 035 5a B oS S0 o (G553 e 53
L (K5 o8 5 5l 36 sl San o735 0
23y Ul s S plue Conglas (00) 5L (5,5l
Ju‘)»uqdwuo.tf,)’l‘)guiﬁfb&\;jﬁ
S ke Lo 5T 51 (ol o3l gl 4w (19)3 13 o L1
e PA50 5 S s 5 la 31 il 5 0556 58 a1 2
a1 ol Ol )3 (V) kis (2570 -t o] e
Caglie Ly o3 e (sLons 5T Lol 03] 5L PA50

PO 4 S Il 55 AL s iS55

4o do

o3l gls 3l glas & Aedes albopictus 4z,
La s 95T ol 0l 51 S 0l s 4 Culicidae
gz Jiomn (2 5 (6 s £t 6 e & Glis 3
T 5,8 i 51 Bl &7 8yl 558 o bl
Oolag s s (osMe VAL aas Sl ol Lie
D3 A e s gl s T S 5 Sl
IS 1 Aedes albopictus (¥ o) sl i 2.8
(DENV) s dsle gla_pws s Uil 55 (glodul
S 0 Ll (ZIKV) LSS 5 (CHIKV) LS5 S
Ok YA 55> VL ¢ Slga slns)sT 5 ol
LjEMJM;uACJQL@gCEM):ﬁ:CJﬁ
Ae. albopictus 5 & s oo Jize Aedes > glaw S
) S s 3 5 g LS 51 (oSS Ol e
(s LS T 5 Ll 3 M3 55 oo at b b slas
o Slap st 5 ods plb b L Ol 4 &5
Bl 055 Loges |,

Olejlaw b 5 s 5 ol 3158 3l 5s
Shoa Yors Jlo 5,50 000FY Sl Cblug Sl
933590 Oaabun Y/O 5 Yo Ve Il 55 5590 O salen /Y
sy oml | sladle s ol sdewy Y414 JL
Chem 4 YoYF Jla 5 550 g0 sl 5 4l aslsl il 551
el oy Ol el 53 5, 50 O 5-ks VF/7 )
VYA s, 5,Lle ¥/ aST dias e 0lis Las, T
Ve 5 sls S8 oles oml o 5 e 55 548
A (Ol LT 058 4 20 (s law )L o s
S 2yl sy LSS s s by sl
s oLals Lol5b 53 V80Y Jlu s 4L s
VAOA b 4 b g o LT 0,6 55 OT i1 8 ot
35 godnie slag, S aan s il o a bl s
aan Sl 03,8 slon | QST e 1 aslas ) gl
5 Lol e bl 5 WSS Sr s 6,5
F S 5315 ST kT oS 2 oS T
(& @d)das o Ol (6 ylew

11€00 yo0 DY) o)laddy (s § (w0 )93

ohjle (Al ol sl das pqp


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

ul)lSas g ilag) ojile

LU S s 5 (glailate slaoss 5 a8 & ol (5555
S Hl il b 4 e il g o Jasee Sl
235 Sl 3 Caslie gladaly gy 2 5 355 daT BT
S 31 (6 Sy 5 Ml s sLas S

Lol Sl gt IS slaasl

b b3, 9 slge

Ao pllsi 8 (6)9 0 sadlllas g5 51 Bl R

o3kl U a0l (glaesls .ol Narrative review
L;Lav_m_;&ﬁ ¢ 5K 3T ol T s (glao s S )
Cnd 5 (S glze Caslie ¢ J 5 g0 e slie cun slie
" Aedes albopictus Kl 5 v )
" " kdr mutations” dnsecticide  resistance™
"vector control «metabolic resistance™
S SLa, 8 50 5> smiue 5 b sl implications”
Web Ml s sode slaolKl, Google Scholar osls
yPubmed Scopus ScienceDirect «of Science
&S5 (SID) A ils sl ade SLeMbI oL
oA i e s (Magiran) 25" b 2 LSl
=S 5 b iy 9 (63,8l (6 s Oy s 4 (Civilica)
A 5557 mea (AND 5OR NOT) o sl Kles L
(bl Sladllas 8 SVl Jolis anlllas 4 35,5 (gla slns
AL 53 o slie 4 Lonitene 48 JUTlR UL (655 0
il o sl azils o)ylal OT ‘5Lar“,st§a s albopictus
D) u“”JG L;LA()LU' A odd e SYLas 4 anllae o)
S slaesls b s 5 gdoe Y2 YF B Y 5 S
QL&SLEALSJQLEJ&‘UMJ‘JLSJ}TC.?)\U.%.3}5;)@5
laesls (L rl?al e el 5 oo 50 ol ool
iy 8 ) Mo o 5 g5 4 5 £l el a5 e

a3l

o S Y Sl glaods O ojles Jgde

ol 55 a5 GLasl Jl elal & das o 0L 1

S5 5 (55 5 ST gl (S5 50 e S)

Llodd (ghuaiws jaixe

OVLen Lo o DDT i Caaglin LY sane a3l ol
035 s Ol SRl 33 L ks 5 e &S e slin
L3, s CYPEP12 5 CYPBN3 55 o3 5 4 PA50
s kdr o500 Ae. albopictus s g lie staliv .ol
(Dl ok &5 (5 e

S50 5 S5 gl Slalllas sl gladl 5
Sbli y3 Ae. albopictus (glalames 45 Ulesls Ol
@YU sl Lably 5 0BTl s o ¢ ke Sl
4 LS 4 Coglae cpl (MY =Y)Ao OLES |y oo glin
53] gladd 2 Kol wile S5 glater Mo
L o e (sLass Ol ol 531 S0 e oo -, VGSC
L (0 03515 (Gltnir B 55 (215 o Lguf_ﬂ
25 55 Job il S SE (als i ol s
)uw&‘w;»uw (aglin Ll e 555 S
Sl (et asle (5,587 e S
(Y9)3,15 54> L;_b_angQb_::ﬁjL;j)}‘_&f
Ae. ogas 3300l 3458 Syso gla sy
3l e Dlalllas 4 Buas g 03 5 3de L albopictus
35S Caliben blin j3 48 ol gi 515 5
AT Ol g 53 0K 5 w3 Slalllas Lske
2 O 5 LS S 5 O Ol 3 Ol e
= ol Jl 53 (V=Y s elast| Ol)is 5k
S ol Sl by 51 ey s laslllas
33 Caglia 6“('-““«"&" oomen 5 ) sla ST i
Rl gt ol Jetl s il o s 53 0L
Gladlul 35 S5 an s iSG IT uitsT S
3550 55 OledMbl ol godd s 5 ab O 5l Cakises
s 39 30 OT

L;Lar_..g&xu_w)jaupé),ﬂdwwl
Aedes 5 la jiSTe i an Cunglie ¢S plie 5 J5S g0
(25 53 25 sm Al LS Ll albopictus
b s etmaslie a1 S Jalse 5 o US A
U =S slaael y i 1 Canglie oyl sladkely

90T 1 ails G 4 5l Sl ol > b

pqw 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSoyits @ Creglis

v-wumvJujlw,*sﬁ,gTw.\:TﬁoT‘_;uM&,uJS,;,@u,mwquumww:s ooled Jou

_ Sas S slie (.NK. [& B
oA I s oS Jdu R e JoS 05
)
S St
v 05 A5 a5 4 o e e —— . =W - Marcombe S, Farajollahi ~ Insecticide Resistance Sttus of United States Populations
GST s 313 s CESae3a ooz A, Healy SP, etal. of Aedes albopictus and Mechanisms Involved
Sher O bl a5 eVl (553 e
. r Ishak IH, Jaal Z, Ranson Contrasting patterns of insecticide resistance and kdr in
" - e Yo
A ol 5 S e Sl i ki * o H, Wondji CS ‘Aedes albopictus from Malaysia
CYP6P12.
ok ,f A2 g oo yls 4 Caglia VL Low, WY Vinnie- First molecular genotyping of A302S mutation in the
(¥Y) o * 30 AR Siow, YAL Lim, TK Tan, gamma aminobutyric acid (GABA) receptor in Aedes
Sl s IS5 215 o151 (RANGABA CS Leong, CD Chen albopictus from Malaysia
5035 o) skt 4 ,3BCYPEPL2 0
. T . | Ishak IH, Riveron JM, The Cytochrome P450 gene CYYP6P12 confers pyrethroid
Y. T T ol e Yoy
) AR eolhe g T Oy e > " s . lorahim SS, etl. resistance in Aedes albopictus
e 5
3 FIB3AC sl g 35 05 g 50
N Auteri M, La RussaF, Insecticide Resistance Associated with kdr Mutations in
o oo onslie 5 s oy 5 l511532T Utz YA v :
o w0 * i Blanda V, TorinaA Aedes albopictus: An Update on Worldwide Evidences
2355 o 3bla 5
on b (Somon 15 SFISUC e . -~ 3 Gao,HMChen, HSh,  Carrelation between adut pyrethroid resistance and kar
Ar=0.78) 515> 0L ol e slae etal. mutations in China
| SEOLINCCESSSTS . - - Bherati M. R P Seha D> Insecicde resisance in Accis albopictus from sub-
s SFIS34C e Himalayan districts of West Bengal, India
S(UED syl 53 56 38l 61, V106G g .
() s i * o sl 8t Skas, Bc"p‘a’}"* T First detection of Vssc allele V016G in Europeand Asia
A I O K s b (o) LT Tsunoda, etal.
UFIS3AC (o y38: Ve o s oS
. . w o Balaska S, Fotakis EA, Bioassay and molecular monitoring of insecticide resistance
. P450 A5 b 9 Yove
™ e 358D e oo A5 * * bz Kioulos , etal. in Aedes albopictus from Greece
o
Aty do YT 511 a8 PBO 03531
N .y " Resistance to insecticides and synergism by enzyme
YA 5 gt do 30V pge) 35 33 kST Yy HAA resIsance > " ;
(™ O e SRR * oSty Khan inhibitorsin Aedesalbopictus rom Punjab, Pekistan
Vile 3l b
. 4 Zaglin b 11582T 5 FIS34S sla 2 . - on Wei Y, Zheng X, He S, et Insecticide susceptibility status and kdr mutation in Aedes
Vi ghalcn 5 kzsls Soon oy bl i al. albopictus in China
e Ok HIF
e Rahman RU, Souza B, Insecticide resistance and mechanisms in Aedes albopictus
R} P 1, \Y)CYPQU2 RR>A (81
A BO {rom s 2 CYPIZ " " Sl Uddinl, etal. from Lahore, Pakisian
a3 e o 3OV | Caaslae
213U sl 4 g 53 S pe b
Aty B S L Hang JLi Lpmg r e Diffrenial MetabolicProffe Between Deametin
(%) J)ﬁtdﬁbﬁ)&bjrhh_ﬂ'ﬁéhé}b * o Yo 9L, d Resistant and -Susceptible Strains of Aedes albopictus by
Xie, etal. 1HNMR
b asia
o 4 sl FIS3S S 1I582T (s re b . ) o - Knockdown Resistance (kcf) Mutations 11532T and
- o . Y Wy, Q Liu, Y Qi, etal. > - ) "
dzils Soanlag Y 5 oy salls F1534S in Zhejiang Province, China
CYPBP12 clacyOverexpressed
Dijiappi-Tchamen B, - : .
(¥ > CCEae3a ;GSTE2 (CYPGMIL * s (R Nana-Njangwo MS, Analyses of Insecticide Resistance Genesin Aedes
Mavridis K, etal. albopictus from Cameroan
<0r s 5 DDT 4 pglie (glanenr
ol
_ (RR=AD)
5055Vl p ralds 4 48 o oo glis
05 YangX, ZhouY,SinY,  Mult ide res i i
- FISUC o oo " g, ,SunY, Jultile insecticide resistance and associated mechanisms
" 4 o Dlejon - s J(RR=YY) * * LiuJ, Jiang D in Aedes albopictus from southem China
GSTE2.; CYP9J26 overexpressed
))jf-}f-
(RR=YA)
(Serratia marcesoens) <y jas 55
" . . Wang H, Liu H, Peng H, A symbiotic gut bacterium enhances Aedes albopictus
o5 .
(¥%) 3055 W1, ( GST 3P4SO ) slagy 5T * o Al etal. resistance to insecticide
a3 g0 AP A5 4 Caslie
o y3# 330 FIBBAC & 55 gun iS5 First report of F1534C kdr mutation in deltamethrin
(¥d) ) _ RR=AY * L AR Modak MP, SahaD resistant Aedes albopictus from northern West Bengal,
a4 gl jlsls Sccan India
12V +V b Ae. albopictus s - 7435 RR
s b3 SRISUC e 2 RRo1Y . . " ey ﬁ‘iﬁﬁmﬂm Updating the Insecticde Resistance Siaus of Aedes aegypi
Kdr S8 53 ST ghis Conslin s 300 (VU ; W and Aedes albopictus in Asia
gl
;& L. . 'Y Gomard, H Alout, C
%) GABA S SRl i oy s 4 aslie . wis vy Lebon, A Latreille, A Fitness costs associated with a GABA receptor mutation
( e Benlali, P Mavingui, P conferring dielrin resistance in Aedes albopictus
Tortosa, C Atyame
D3Rl T 515 o5 ¢y ol s & Coaslie Zgﬁhmsgxﬁ i/l Spatio-Temporal Dynamics of a Dieldrin Resistance Gene
(¥v) * adp Yoy . " in Aedes albopi d Culex quir i
e Weill, P Tortosa, C D ;
e e Populations From Reunion Island
b d300< 0 gS 0L DDT 4 o glie
P el Piedra LA, Rodriguez Insecticide Resistance Status of Aedes albopictus
¥ 13, ] Yorr
(" S AP AT 50 5 el SOST * L MM, Lopez |, etal. Populations from Cuba
sy
F1534S (gla g 0% oy sa ks 55, YRR
o J‘C?/‘ s L0 e oo Resistence of Aedes albopicts| daduiisto
) gl bl Soan Zagli | 115327 5 RR=1% * * g Yove uQ a? hHoud, insecticides based on hicassays and kdr mutations in

s R 5 oS ke

Zhejiang Province, China

11€0 0 yo0 P& o)laddy (s § ¢ )93

ohsjls Sy eolc olEimsl alss

paic


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

ul)lSas g ilag) ojile

Q)

)

(¥8)

0+

(v)

(V)

(oY)

(1)

(o)

(oF)

()

(o0)

o)

(o#)

(ov)

(on)

(f)

)

RNASE] &+/< ¢y jalds o555 0
PA450 (CYP6Z8, &) A overexpressed
50151, GST 1330 sCYPAI26, CYPONS)
San GST b 055 Vlo & Canslis
Ao, ,sVIOLBI g ol ke
(Pe.aegypti U ) 4% ilalbopictus
5 CYPBNB 0l 11 el oy ol b agorl e
s las,Y ,5CYPAI26
S R o 53 0 T 53 Caaglie
ks 4 3 WIOL6H+FIS3AL. 5 Jn
el ol (6593k 5 o8 s 20
42530,¥=+ \A):V1016G s jtg 5 3
11532T «

Y 5-YPIFI534CIS] (Ao ys \ Y-V A)
1 VI016G+FIS3AC s sha S 5 (o>
<23l pa Zuaglie o Yl
[[RCTEFPRE OGN S
g Vkdr e
S B S 53kl 7 el
PBO (355 o 03 087 bkl g 5 2
B a8 g5 B o |y Caslie
okt aST oo Sy ke e ol e

el
53 WCYP overexpressed b ¢S plie o glio
&
o33 i gdS ) o kLo e
o3 A S SUFIBAS e
46 i Liza LFISBACISILAW (gl g
Samaz 53 FIS3AC (Y S 3¢ Jiie
Sl
s 035 6 gla 4 536 CYPAI26 (—'JT
el e n s
bsla S 5 g5 slapresr 53 aslia
2350l pen o]l 5PA50 (VL
sCYPBAB ( CYPBPI2 glas} ol 131
ealia 4y 550 4 pslia (glag s 5> CYPENS
o o S gl gl S 7 A
Vo< 3Ly 5 Wkl 53 11532T T
J25350% 65 syl 2FISAC sy
A b
e s S e
Cda s 5l )W 6 3 LFIS34SIL
s e ool 5 - B 1y e 5lasPBO
VO 0565 ) 3.5 e DDT & sle
ghjt,:,\,GSr\shﬁ;Tqu‘(u)a
K e cdls (I3 ALY 5065 5
s b Sl
LS s a5 4 o o i

A5 odalakdr 2 i L EPBO sk

Pe. 33y s 4 (RR) Caoslis S
CaslaaPBO sl c3 ¥Y 1 albopictus
e B e S S b0y
25405 b1, 1aP450

RR=\ Y+

RR=fY

2V

ok

Insecticide resistance in field populations of Aedes

e ?(% Li i ¥| R, gl” albopictus in Beijing; resistance status and associated
" g, Tong detoxification genes
Yove Carrera LC, Piedra L, Insecticide resistance status and mechanisms in Aedes
Torres-Cosme R, etal. ‘aegypti and Aedes albopictus from Panama
Yoye P Das, S Das, A Saha, et Effects of deltamethrin exposure on cytochrome P450
al. monooxygenases of Aedes albopictus larvae
. A Critical Review of Insecticide Resistance in US Aedes
YoYP :
Estep AS, Sanscrainte ND albopictus
: Detection and population genetic analysis of Aedes
Yore MaZ, L'“%W”‘QM'E' albopictus based on kdr mutations in Yangtze River besin,
} China
Resistance to pyrethroids and relationship between adult
ACA
¥ Y Znangeta resistance and kdr
Insecticide resistance in the dengue vector Aedes albopictus
Yore Mercombe S, DOk B, oy o a review of istibution, mechenisms and

Thammavong P, etal control

Insecticide resistance in the field populations of Aedes

Yoy
¥ Zhouxetal albopicts in Bejing
) Insecticide Susceptibility and KDR Mutations in Aedes
Yoy
¥ QZhao, ¥ Jia, X Lu, etal Albopictus from Guangyuan, China
Yors JinB, Wei L, Duan T, et Evolution of kdr mutations of Aedes albopictus in Hainan
al. Island and Leizhou Peninsula, China

ZhaoY, Zhou X, Li M, Functional characterization of C'YP9J26, a cytochrome

AR QuX PA450 associated with insecticide resistance in Aedes
albopictus
Yove CLin,Y Yuan,J Liu, et Pyrethroid resistance in Aedes albopictus in Pudong New
al. Avrea, Shanghai China
Yors DasP, DasS, Saha A, Expression of cytochrome P450 monooxygenase genes in
SahaD pyrethroid-resistant Aedes albopictus

" Tracking pyrethroid resistance in arbovirus mosquito
v Pichler V. Valadas V. o ors: muations 11532 and F134C in Accles albopicus

Akiner MM, etal.

across Europe
Yove Han'S, Miot EF, Liao Y, Insecticide resistance levels, spatial distribution, and kdr
etal. mutations in Aedes albopictus of Hong Kong
Yovs Konkon AK; Aikpon R, Insecticide resistance in Aedes aegypti and Aedes
Hoyochi |, etal. albopictus in southern Benin

o J:e‘*s’ “éﬁﬂcﬂ;’gl'l"gé Pyrethoid Insecticide Resisance of Aedes albopictusand

Mathias DK, Lee Y Aedes aegypti across the Hawiian Islands

Wu Y-Y, Chang Y-C, Insecticide resistance profiles and mechanisms in field
Yev$ Chen M-E, Ishak IH, populations of Aedes aegypti and Aedes albopictus in
Nech K-B Taiwan

*\

Yo

YA

A2l

(Yangtze 5 Hainan Guangdong Beijing <Zhejiang

c()b.iu 4L§J‘JL.A cb\:.wf\.; L )'\ Sildlas O )'| o

ot o158 Labl 5 LsS codote VL O3l g ¢yt

)aj_:u;ﬁou:.ag&.u;@owc)'}:@\ ]

oL 3T (glaesls 50350 75 aze LT ¢Sl Gblis

OIS 5 Oloj poles] Sl s
GY Y ladle & by o OV slaws o 5 i
a5 S il edias L 4T Coul Yo YF
L Ae. albopictus s & jlie Cj_@yax_gu_ﬁkp
Mt U ¢ oWl 55 51l sl sladl

GOlewl jHadlas VY 51 i) s,ls L e 25

Pq0 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSoyits @ Creglis

el s B b |y Ceglin Ui oS
() das e

L5 »Ae. albopictus skdr ig> olels oJ4l
BP1 IV RL N BTN o3l e Gaarer 4
L i 8l 0T 53 V10166 figr 45
iz 0L 5 Kasal b 5Y V8 Jlw )3 5 51
SSse dal g gl odias OLas CasS ol 00)AS
St S Jo s opa S ol s target-site sl
el Aedes aegypti s buas ola_jigr o OT
$wdlw ;3 F1534C g OT 3l Ly V)L 5 0l
ol e (sl et 518 Oler ol bl s
CSYW e 35 o)y 03 i ol 5l i SIS
s IS Jlet 3 gl e 5 P23 S
N5 Y- JIEV TS JEPR Weeppis P R W O | QRUSTS
s gy nl L oks plabid cpslin &80 sun
M\}J‘Cj@,ww%ﬁpﬂﬁoﬂ»uﬁ
3525 p peds 4 Caaglin b OT s LSl 51 S
(FO)3 1L

e ol Sl w5 adsl iS5l ey
(Y YP) e 3.3 8 1,5 aalllae 5y 50 S
L F1534C/S/L 411532T V1016G sl—a g
e lolid (Ao )3 YY/85 b+ /AA) Soglize (gla LS5
aals Gla ig 45 515 Olas ¢S f sk o 5 s
ach 5 OLula o s 5 (YDAl & 55 Lae 11186

Sl g (VY0) e i

S as 5158 s ws Lawe L F1534C/S/LIW
2L T ool Ja s 5 e JalSS 51 S
odte SYLT 55 . OF) el Cadides slalomes
dtle ey S Jos slacS 5 (Y YF (Wl 5 55)
5L sl sl S s 5 5 V10161 + F1534L
53 bl Ceslia 28 5 8 1S
0385 aST LK 6T glacures
Sl G b S s e ol (LSS S
Lol s iy o 2 (3 e )2 Lo ac

Cooglio L;ur..fm
=k 51 Ae. albopictus s s jiSe b 4 Cusglae
Do b NS 503 o 2l Ol o e ok
)JLS@%}E‘J@}L&}&P@}LBQ}

(Target-Site Resistance) /5 s» (Lo mu (o
23 STt 4y Canglin S 5SU5m (gl S
target-site resistance ¢ Bl Gles Ae. albopictus
Jail Jooa 53 (S5 Sl i Jald 5 Lz n
e JUE o5 0 cOn latis 4 b 2S7e
voltage-gated sodium channel, ) 5Ldg 4o atls
Gl 2alS Eol Ol i ol W55 0 (VGSC
Wy 5 03,5 Sl iSTe im (s SV
43 8 » DDT 4 (permethrin «deltamethrin L)
s> 1, knockdown  resistance (kdr) ea < 5
cpke Joli baasy )3 VGSC 55 .08 0TS e
slabi gla_igr 5 Cmul (IHIV) 63, Shas aals
£ 1VS6 511156 I1S6 laaals 55 T c

Sl e Ypams L g () 00 ns o
Sle 4 Wad o gesdew JUI 55 sl (sladul
Iy STe i Jlai| 48" dias o i (5y5b 1, JUIST
22355 @S S0 i a3 (S (o Joee
(VA3 o Cows 1 JUIST 5 7587 55 JDst| slow |
Ae. 3 edes 5, S kAN sla g o 5 en
asls ,3:V1016G (Val1016Gly) ¢ J»Ls albopictus
3 11S6 a—_ls ,5:11532T (11e1532Thr) 11S6
aals 45 :F1534C/S/L (Phel534Cys/Ser/Leu)
gy el La g ol il 4 111S6
Ll s Lo plb OS5 L DS e
Oz 4 (Cross-resistance) abl e & lis
(ol o (YP)AS slowl (GAd g 5w iSTe ke
L V1016G + F1534C usle) oo shla laeS 5

ols i)l S blures & 3 (11532T + F1534S

11€0 0 yo0 P& o)laddy (i § (w0 3)9s

ohijle (Al ok slEibily dlas Py


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

ul)lSas g ilag) ojile

LT G a g 535U cpuss g1 Ae. albopictus
om! 457 sl Ol s Slalas (FAS i1
23 o e adien (Glaamer 55 Olomes polas JIT
5ole FL SlLL ke 1515 b REUNION o 5
(V)30 1,8 LS 5 oo Jalye 5L cou
it ) S e ASTE ) Gla e et
ST 5 4 Yool ¢ pllys aslizl (5 3575
Olimen K03 slo 25Te i 5 0 b colie sl
()l okl Lot e

Ae. Slalomer jladsl J oS se dal i 0ol ol 5s
394> )3 FI534L igm o5 ol esls oLz albopictus
oo slia C,J_,:,itﬁ aS 5,13 3 g A sa Loy FO
&35 Cpmnl 4Bl | Gl il 4 (K55
Ol el sl Jl o 53 (o s pa DL 5 550
Card s i opl oo ol (6,8 IS dl 3 Caaslin i S
" glie 5 ygb o o 53 01l 53 (J5S g0 S
ol 0 S OSSOT Ly 55,05 ) 3

w81 (S5 n SlapdlSae pl 383 &S5
TagMan PCR-RFLP 1ile) m ;o o i5 slayl 3l
o) el (659 0 (Ao Jus sequencing L probes
S e a5 1) gl o855 oyl OISl a3
L oS o SSaST gnpas Sl Oyl 4
S esleul dla jiSTo i 4 Cusglan Sy e slacs 3!
b plert b @las Ss) L doier SLS 5
Sl dsbadu T Sl (V)S Jlas!
b ig opl (fitness CoSts) culs (glaa 5o ¢ S5 0!
Glwdie 5 (Coly b ee d b (oa)k a5 Lle)
RN G SO T S g
B)355 b ikl 7S Slas sl

(Metabolic Resistance) <0y o (sla e
23 iSTe o g Cnslie <SS plis (gl S
Gl oy odomy 5 0p s 5| S Ae. albopictus

Lol Sl al a8 ol bajiSTs i 4 S slie

(00 oslizal sl 56 &yl A5le) Sl slaclad
SV S 3 1) b o Joite oy GbLie 4
bl as Sl (6 s Gblis ;o La JIT ol g
VGSC o de (Pl ol b odalin gliwy,
@ce-1) 05 53 b S5 L e
laolins 58,1 4 Cuglie sl acetylcholinesterase
Dl 0k 2,18 55 bl S

5 (YA O 5 Auteri Al (5 0 Y lia
kdr sla_jigr 45 Lsls Ol (Y4 YF) 0o, Ss 5 Estep
7S Ol 93 L iy 5 0 g5 258l
il gla ier YU Sl 3 e La 0T il
Lol Sler o 531, VI016G 5 F1534S (F1534C
sMa 5 (YYD s Wei Sladlas (00 #¥)Ls S
LKA sz 25 > (Y YF) L Sea
Wia )3 (P aNLs S I e il Slaamen
D Dol 6l — (Y4 YY) 0L, Sea s Modak
Sl s pslis (sLaome 31, F1534C
(Y+¥e) o, LSea sBalaska ;5 L o)l ys.(f0)dss S
ﬂu)kdréuﬂ?b}_?jﬁw‘bw)‘
Wl ol 0l OLES 1y bdd s 5 e 4 Sl
s kdr jige 59 45 Wlesls Ol Slalllas &
e (51 das s 5 15 o glin (sl S plas Ll 5 oai
g 0348 s S S (Y19 ol LSCea 4 Ishak
J=B e slie Kdr iz > 2 g r&)u*" TGS
sl A edas 0L a8 Coul odd sdaline g 5
)l s lSa

0593 g 51 oBU cpytlis 4 e glis vmg&,,
33 L e wss Ae. albopictus 8 > Rdl
Réunion o ,— > ;3 4y (ol ad lal e
4> (A302S) pslie PT s g iS55 5bas cds u;)\)f
el Yo A Jlw 5o oUd)jTC«? slaa gl
35 i oml J5Sse dal s OT 5 g (F9)5
35 laallas 53 s ol 568 ol ey 035w

Py 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSoyits @ Creglis

SAS o gl op melds 5 op e 2l Sl
ol 4 ol 5 O U pslie slagy e 55 0T 0L
3l gumte GBS DT 51 g (Tl oo Sl 31
0l 58 s bl asl ol Olgr Calibes bl
L Lo e slads Ol il 31 (YY0) O, Ken 5 Das
A5 4o palae Saaman 531, PA50 o5 8 s
(YY) 0,LSun 5 Zha0 ‘poman (VL3S 515
Lol )3 ks osbas CYPOJ26 05 aS™ Wsls Olis
L;ur_mg&ﬁ Catl 4Bl | (Y9515 285 e gl
ol posdhe das e Oli |y o I s &S polie
Sl o 3l eslinul L (Y+YF)0I,LSes 5 Huang
268 L3S GLls 1) s Ll g S
D et (V))AS 5 28 05V e 4 S glas
03 S e Caslie S 5 53 035 p s S
(Y YY)Ol,en s WaNg .35 e » 5o Yl
039) Sy b Slag SL (o5 45 Asls LS
Conglie (S gz (a s Clad 201531 L G155 o
(PSS o5 |y s 2S04

Lags 5Tl 2(GSTS) ba3jinsl 5= ol 0556 58
Q}:Sujlfl_gl)(awj..u)bﬁ&\;jrﬂll 56 55
La0T SOl pbs 4y pomte 4 S 0 a8 55,8
Al epsilon GSTs delta sla oMS 555 o0
sDDT o aslis ,5 (GSTE2 , GSTD1
polis Slalomax 53 5 Liws a5 Sy 5
RO 28 IO V- S  CCO  PE R

Caglie 53 GSTs i 51 o e Al
sl 09,08 53 YV Jle & b g s Ae. albopictus
L of o8) GSTs b 2l 551 0, Sen 5 Kamgang
DDT 5 cp 20 5 4 polie slaumas )3 15 (Lol 2l
ot 5T CIb oo 47 sl Ol 5 i3 ST 318
e lad s 2l 4 U6 5 slaone 5o
sl 3T (6 —goz 53 OT S ey (VR
il 31 0, 5 Ngoagouni «(Y+19) s ;—S
o slie Il S Ol siean 1, GSTs b

L“r-*“f'&” ) ol gl 1330 gl 5T Ol
Ale) o s s Ok y 51 e 5 b (2870 i
ol 5 S o 3 b 555 o) plie (e (e
P40 ¢ 5 S st clae 3T Ll sl gl s
cytochrome P450 monooxygenases, ) b ;b 5S4 50

b3l =l 0455 € (P450s L CYPs

s (glutathione S-transferases, GSTs)
bl 2 il oS 5 ST 3|
(esterases/carboxylesterases, ESTs/CESS)

G b 3l e L 5T LA PV i
Al o 9 Nisd o Jlab ab g 0 slal; OVEIEXpIESSION
Asle 2STe b WAL o pbldte sl
Lao IS 58 51 5 Lacslol )8 claclans 58 a5 0
ool ¢ J ST 50 (slapslSe (3N GOLS 3l
e Jols 50 o 5 g 5 el S gy S e
ol aS o, 8 S gl w5yt (ST des aile
s S e 8 el 558 Al 1, 0T
W)l 05 S

Lo 5T esl gl ol :(CYPS) 1 P450 g S sz
Ll 1y La 38 ot | 36 O ganl ST 55 Lol 25
Js o 505 G plie 415 LOT 5 S
3 CYP6 slassl gl 5 Ae. albopictus ;s .4
(CYP6Z8 5CYP9J26 CYP6P12 u_L) CYP9
s dds 5w a4 Cuslie 5 L sd e OVEreXpress el
o=l Ao b0 NS e g 1 lias 56
piperonyl butoxide s § juw 5l eslarwl ded s
(e § Olalllas 53 (P450 ouS e PBO)
s o ialS 1y Ceglis 457 ol (bioassay)
sdody 53 8L a8l &y epas |, CYPS 2k
V) das e OLES Cwglae

058 S 2 I aseda 3158 )
4 b 5, Ae. albopictus & 5las 45 P450 p;,:.:w
(Sl ol 55 ol g PLe 53 YN0 — Y019 JL
5L CYPEP12 (5 45 asls olis ol )Saa 4 Ishak

11€00 yg0 Py d)ladd (@il g (0 )93

ohjls (A eolc oGSl dlas PIA


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

ul)lSas g ilag) ojile

Olseas 5 blius €50 4 Cnsglio ;s Tas bOT
35 oo o alie £l8 i sl 3 JoS slSe

035, p s Ser Wile by ol e cnl 2 0sDle
b jl,a il 5 o 5 5SUE-UDP 5 (gut microbiome)
Alods GLalis od i Sy 485 53 1, (UGTS)
éuﬁﬂ Al 55 e SYmbiotic slas =STL (Jls (sl 5
AL 580y Cnslin 5 A W, ol3 50
Lsd oo oS 5 KAN o g b Al LS
L 0T padeis 45 S o slowl 68 ki Conglie
el transcriptomic Lo o3 oo sla A5,
(355 0

transcriptomics Slslas ¢ =t gladlw s
5Zhou «(Y+YF) o s . Lsls &)1 6 5 i OS5
Uil 30 0l L P450 03 VA RNA-seq L ol )L ea
CCE ¥ , GST & ((CYP9J26 5 CYP6Z8 sle) asils
23S 555 3 s s pslie Glalomaz 3 )
sMarcombe «(Y+YF) 7 5ulS™ )3 Q55 S 3151
MalS 1 g 5 Sl S35 0 2 a4 Canglie O
g 09 1 LaP450 i i g dinusls ¢S gl
Rahman «(Y+ )OS, 53 .(va)Ls S aub VGSC
L1, GSTs sESTs b L2l 5—51 O, Lo
au 1, CYPOJ28 5 ussls Olis s Sy sla s
(YN0) i 53 . (M9)Uss ST 3 yme (sST 05 Ol sie
5 GSTs o Jld 21751 oI )L Sea s Muthusamy
s Ll Lo e permethrin 4 ceslas L | CESs
O (6,8 aamaz 53 15 baw 5T ol YL 2 slie
Ul 01,8 5 Ishak «(Y+10) b 55 .(v#)Lsls
ladd s 5w 4 Caglin 45 1, CYPBP12 -yl 0L
1) Cmnslas PBO a8 ulsls lis 5 s S slalis
B S Bl sl ol o S g e Sne SalS
("V)s 5 Ae. albopictus ;s P450 o5 ¢ ol

Sl G b S sl o ¢ oSS s S
3l A (o e 5L L b

L o0 5 el dile Cals glaay o Ll 5 e

L Lﬁ-‘—aﬁJQT L;L.dss;:’uq- BE) J}A\_ﬂ:_g DDT
s Muthusamy «(Y+14 5 ¥+ 10) d_a ,5.(vd)ASs S
b o S F LY il 58 0l Ses s Bharati
V8 0 udls bad e o e s 4 Cuglis LI, GSTS
o CYOYY) s s (YY) LS 5 S Olalllas
oL s S ol (TP P Sles S Ayl DDT 4 p5lis
Gaes epsilon GSTs s delta sla oS 4" das
JSa v—m’&ﬂ Olsiear 5 bao IS 581 & anslia o
=) ((ESTS/CESS) a1 il g8 55 ST/ 5 sl
L Lassbeb, 18 5 0 s 5850 sla S o i b 5T
@S i e 0T 4 Canglie 55 5 ST o jd g pun
Ae. pslis slaoner ;> CESAE3R 0 iS5 i)l
Shoslizal ¢ cpl posdle .l ods i1 8 albopictus
S,S,S-tributyl  (DEF) a5l b3l i ul oS Hlgs
(el j oL alle 45 phosphorotrithioate
Mjﬁjasb()uﬁb@jua@j&ﬁui&\;
OV XD)AS s
Ae. s bl al Cdled ol sl 5158 sl
asllas 4 b 0 s GSTS L Ols 5an 50 albopictus
4S el 03,608 s (YN )OS 5 Kamgang
s Marcombe casls! ;5 .(vF)sls oL DDT 5 oy e
CESae3a 0 ;=55 odowze YL s (Y41 F)01,Ken
sBharati «(Y+18) A 3.0 )dSs S iS5
b gl F LY il sl oL s
Sladllas (1) A5 gad odalion |y Lajl ol oS 90 S
S (Y YDOLSTL YY) QU g 5 sdate s §
W V)Lles S b Lol 5 bolius 55|

Sl 53 5 (51l Lal) S5 i gare 5

paq 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSoyits @ Creglis

SN AV S S g T G S
3l a5 Ll 3 4 S Jl 3 ol s
e glin LS aT 55 5 oo pn 40=Ve Ll a5
U Tdae sl ol 08 @ OV (Y0 P ] Lo g0
2 S ke sde SV 5 s esleal
lrosls .ol LT (Sl Cojlan 5 J 287 (slaasl
3508 ol 5 ool 5 gdmen Y (IS5 oT 5 L 5T
OIS |, 5 63 580 g O gmimen e (iils IS
Al ooy a8 55 JiS0se 5 ol 5 Slallas
LS laanl 15 o 2l 5 50l ez
a8 Sl

o5 940) KAr (gla g “}}Q}A L;LA(.M:}&» 33
Cronl 5 (1315 bl i o 5l (F1534C/SIL
i shle glacS 5 e 5o .ol (glaibis LapT
of o gl o 5YL L V1016G + F1534C wile
YU (528 Ceslin 7 5alST 5 (55l 53 (YD) Liles
(P50 abauly L) I plia Gtas 5 kP g 0ok
Lo i (sl Lol 33 .M )l s sualie
aiy bl L CLEl LOT 55,5 5 ol 5ol kdr
= Ol b5 e featie o U Oyl 5 b
e kdr J S35 Gaiets dns o 015 Sl
Lol mad Aol 5 S BLST Cnslin 2Ly
25 bl glesd go 5 (i 5 Gl 50T

L;ur_m:;&ﬁ s oo olis Olallbs § s
A PAB0 5 S g (sla 5T 05 e (S slae
Als sy 5 0 4 Ae. albopictus Cwslis 55 e
il S e ol 05 0 SIUT 5 e S e a2
03,5 o5d slze L Loz CYPY 5 CYPE (slacys Ol
3 GST i (0wl g e o elds 5 o 2
sl g8 Caglin p3 5 s bl il
Lalamer (o5 51 3 5 Sl 4y L IS 56
A o Jae JoSs oSG Ol s

LT ble 51 gl 53 oLl i L

5 5 sn GlapadlSn 1S op o Jol el

DS B WAS sl ases el g 4 Gl
03 28 o3lizal U bl 53 L0 ol Ol il YL
oe (Al ok otalie Sl (gla S0 2o
ABC  5UGTs i eSS slap 5T —
33 3 0dcd i 5 p go 33 3 tranSpOItErs
Nl 03 5 5 (Y YF) s Glalane

02 S ple Sl Conds (M b
Wl i Lal s glalis JulS &) soas 5 Ol 4l
I Il 3 5 g 0l 4 a3 g0 DL e
O R PPN Ot JC S PP N
Seslezal wile ((IRM) o glian o e sl s 51 2l
L cdln b o a0 s ¥ g0 3 53 b S § i
Sl Al (655 e o3l 5 Sl 5T
S e 55 S b S plie SOl il okt T
U S 5 05 0k ey s5edte 5 S5
ODLL drnn 5 (6 54Dy (a5 Gl

Ceslie 47 das oo 0L Laadl ol o goma 5
Sl (S5 s ey S K S ks
CpsSo L S 5 53 b Sl &) ot Ll 5 o0
S Joe J5S35e

4 Cnglie 4 das o QLIS 50 opl slaal
(slgr e oSG Ae. albopictus s s iSTs e
Holwjen spbasasS ol et 5Ly
33,8 o Sl J ST 5 S e slapaslSa
Lo Sl ot plonil Slalllan aeslin L ¢ iiny o
5 b8 (e e slin S o LS
3,8 ) L 3y g0 L g5 sladkely
REWSTA L j\g;?_:c&L_:é\ﬁq-cﬁjjj_Ejj\
(T G2 S 5 o osa0) LT o Slalllas
S BS54 Caglie Ghblie pl 55l S ez
G T 5 Lol 3l YU (g 55 2B 5 5ba DDT
03 e elds i (RR) Ceglin s Ll Jlais

11€0 0 yo0 P& o)laddy (i § ¢ 3)9s

ohijle (Al ok slEibily alas Woo


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

ul)lSas g ilag) ojile

Aas o OLE Y YP LY YF Olallas w)y
o) plie Kkl g s RNA-SEY a0 b J2n g%
L e S S a5 (63 Shes 2B et
ssba s s (ol JU e bl Jl-
o a i bl o)l Ol Sl
e glie s i 503,55 L5115 ST e
p 3 S A L)l 0351 3 guloms Sl S5 S
alllan S5 s g S e Cnslin Sy 55 3 039,
Sladlas ST (PRl ot ST 5 ok 3,18
Sledas s iba |y Sy gladiyy 5 dtus  abie
MVl OU g s dlodan (2ol balial 5 gdae

4wslas |y Ae. aegypti 5 Ae. albopictus asilas L
Y sane Ae. BEQYPL 48" il sl ol (6 SN los S
kdr la g = ohem 113 5 YL Caslie - s
Ae. aegypti 55 s s RR (Y+Y9) 0l 53 e s i
Labl 55 (1555 FY 1, Ae. albopictus ;s 5 Y0F il
c—5L Ae. aegypti ,5> Lgs V1016l i g (Y- YF)
(LSS a6 1 B0 Sl oS gl ol (V)
2 b sl & e 5831 5 Cmar o100
Conglin casil 5 28 11 Ae. albopictus " bl
Sl Golin S 55 b 0 S35 e S5 5
Sl J 287 glaaals

3 IS g Sl 255 o Sy claadl S 5 L
12 e 4SS 15 0,8 plel oS 5 ) o o8 5
Ceslte s GbLis 53 e SLSTKAN L s
P (Gl 5 e Aile) S5 5 YL
e@\d,jgo}u;ﬁ‘}&w&puyxaﬁp
ShalasT o by ) laclinus 58 51 b go oslinul
(VYL S aalllas il 30 Ll 5 o B L (Gl
OS5 o 9 Sl Lo 520 598 O 55Vle 4 Cua gl sl Ol
PBO b 4o ()5 1 0 g0 i 2 4 B Ol giey OT
S0 sy g 8 4y S5 o (2] 039 Pl A3 00 DL 33
LS i 1y oS e Conglin U150 (S35

Qﬁbﬂd‘@k}&%g@)ﬁf@)&ﬁ@@j

i 3T el 53 48 J 55 (ol &S ke
a3l 2wl 5 GST 05 g4 (&SI e L;ur__mg&
5 585, PASO i 55 Ly 55 s e
das e 0L 5 &Keals ol cmul KA (sLa i
5Ol e Gl s 3T Cow o glie S
sl g o adilile oL Oy e gL al
g b ez p I la S

UK 0T Loyl 5 bl o Coslie s & plis
0313 md B IS Slas il L g
o3l (g lwT (glay 558 51 (sl 55 355 o0
GLs oLl jLis b iS5 to 3, S 05 28
cJ.gLE.A);.g;_Mo;}A}GfJ Iy Canglas 5 03,5 slow!
o e il slons S5,y LG oT 5 Lyl 5o
S b eslaal et il Juls (IVM) 036
Ly ool SLid (glasd o Sla ) 5 L ESTe e
wils a5 ol 1y Sl s g o3ls 2alS
5 el Cawglae Sl pl sl L0V )l
las,aly by Cal il (2 pde il
Ll G55 Aal sy SHae 5 ) radilais

 Olajan) B i Conglio 4 aalllae s
oLl (Lassbab,l8 5 lasliwd & )l dlad 35 5 0
4 Olajen Conslia e g 53 M Ao S
Gt Lreler 558 s 5 O Vle o el
iS5 GSTE2 5 CYP9J26 oLy il 53l 5 F1534C
agr i b Ol §l S ST Cl ol
()l

sldss 5 g S slae (fitness cost) Cnls 4 5a
lae 5 LSS 53 Sl ol gy p Slalllae 1 ST
Jsb V10161+F1534L s shls glyls lad s
by el 4 g 4 o S 505 So00b 5 e
Ol (ol LS ) sl )3 4y ja (ml i oo
O p b sn ol (SLS (s p ks (00355 o0
BRIV Y-31 K W) P Syt Vi RV WAGION RY-NE A

el g OT @ el L2 L

Wol) 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSoyits @ Creglis

J S gl gl o g Ly (SIS (SCi
oy (e CS s 5 03,8 sl ol
& I E PGS Y B PR RCH - O
dptzs St ble 315 K5 5 555K ¢ S0
st 35 B g 5 saLuasl slaacy a5 S
i el bl s el iled e
5 gaaS il il G OSE 03,S 1 Oy,
(o) 5 SLKe 5 i i g (oLl e slaesl
5Ol 5 0150 5 s €385 Sl S le s dn g
Coaglie ol glactely S o uSTE aes S S
o e ol sl SO, S Jlsl e
CIYs Ly e il 5 e LSS sl ) 2l
sl ol 03,5 5 o b eds T Slidss Lo yls
3 phort b (IS Gl Sy S S -
- Jo L J R o T e
SOSKen 5l Gl )l anw 5 5 Ay
5Bl (BL e (L 2STE S S e Ml

AL el L sl oley ¢ st

é_&ji (:}_LG o‘.i_iq".) LS:“A}J“’-’- rj.'z-.e \L.:_gbu)‘
oAb sl b lis oo 51 e ol g (0150

b e a5 YPVIA

References

1- Das P, Das S, Saha A, Saha D. Expression
of cytochrome P450 monooxygenase genes
in pyrethroid-resistant Aedes albopictus.
Sci Rep 2025;15(1):42279.

2- Wu YY, Chang YC, Chen ME, Ishak IH,
Neoh KB. Insecticide resistance profiles
and mechanisms in field populations of
Aedes aegypti and Aedes albopictus
(Diptera: Culicidae) in Taiwan. J Med

SLa by 335153525 885 s =8 5 oSy
g G P O U S ST ST P CORR =
3 ons Gl an g gl o sl Ses
FOLL 528 AL 55 bt sla s
Sl los 28 Sladaly b iSTe st 4 un i
ol e Sl ST 5 (oapae St
ot A 5 (Bl (S S LS ey o
S5 sl OBl (w3 K05 dile) bas ey
s Do (olad Sl 20 b 1 3
ol il o e s IRM) Caslie 4 ) LS
Ml 5 (e slaasl Lo SEomans (IVM)
S o a 2STe o e ga IS e e 4y L
o3 28 eslimul (Cunglin 5 owlidio i bl ol
5 Sl 5 SLaolS Oods (oS5 g slal
rimmen S S e Olaind 5 ansly Jleb S L
A g5 (Ca 9l2s (6 Hl5 pails (), GIS i esla
ot Giledie s JsSsn @ paeis sla)l
(0)3,8 515y gl 55 Ll e slia
L 4g Ae. albopictus ;s la [iS7e ho 4 s sl
A Dl o s S 11 5 b s ook
G b a8 el o s Gl (il oS
3 g gn sl S e 5 (J5ST 50 (Sla s
o ot laomaz I (Sokm 3 I lie unslie O3

it Sl e 505 o KA slaigr 528 L

Entomol 2026;63(1):tjaf161 PMID:
41217239.

3- Bhatt S, Gething PW, Brady OJ, Messina
JP, Farlow AW, Moyes CL, etal. The
global distribution and burden of dengue.
Nature 2013;496(7446):504-507 PMID:
23563266.

4- Seok S, McCollum MT, Jacobsen CM,
Akbari OS, Mathias DK, Lee Y. Pyrethroid

insecticide resistance of Aedes albopictus

11€0 0 yo0 P& o)laddy (i § ¢ 3)9s

ohdjle (i) eolc olEibily alas Wop


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

uljlSnm g (ilag) ojila

10-

11-

and Aedes aegypti (Diptera: Culicidae)
across the Hawaiian Islands. Parasit
Vectors 2026;19(1):17 PMID: 41351054.
Yousuf R, Salam MW, Akter S, Sinha S,
Haque M. Dengue dynamics: a global
update. Advances in Human Biology
2024;14(1):5-10.

Mercado-Reyes M, Acosta-Reyes ],
Navarro-Lechuga E, Corchuelo S, Rico A,
Parra E, etal. Dengue, chikungunya and
zika virus coinfection: results of the
national surveillance during the zika
epidemic in Colombia. Epidemiol Infect
2019;147:e77 PMID: 30869010.

Lau KW, Chen CD, Lee HL, Low VL,
Sofian-Azirun M. Bioefficacy of insect
growth regulators against Aedes albopictus
(Diptera:  Culicidea) from  Sarawak,
Malaysia: a statewide survey. J Econ
Entomol 2018;111(3):1388-1394 PMID:
29617840.

Noor M, Suddin L. Larviciding practice for
prevention and control of dengue among
urban community. Brunei Int Med J
2017;13(2):58-63.

Zhou X, Li J, Ni R, Qiu X, Zhang Y, Tong
Y. Insecticide resistance in the field
populations of the Asian tiger mosquito
Aedes albopictus in Beijing: resistance
status and associated detoxification genes.
Front Physiol 2024;15:1498313 PMID:
39744704,

AhbiRami R, Ishak I, Yahaya Z, Zuharah
W. Knockdown resistance (kdr) in dengue
vectors, Aedes aegypti and Aedes
albopictus: a post-flood risk assessment.
Genet Mol Res 2020;19(2):gmr18604.

Ali W, Ahmad R, Nor ZM, Hassan A.
Spatial distribution, enzymatic activity, and

insecticide resistance status of Aedes

12-

13-

14-

15-

16-

17-

aegypti and Aedes albopictus from dengue
hotspot areas in Kuala Lumpur and
Selangor, Malaysia.
2020;25(3):65-92.

Elia-Amira N, Chen C, Low V, Lau K,
Hazigah-Rashid A, Amelia-Yap Z, etal.

Adulticide resistance status of Aedes

Serangga

albopictus (Diptera: Culicidae) in Sabah,
Malaysia: a statewide assessment. J Med
Entomol 2019;56(6):1715-1725 PMID:
31290534.

Demok S, Endersby-Harshman N, Vinit R,
Timinao L, Robinson LJ, Susapu M, etal.
Insecticide resistance status of Aedes
aegypti and Aedes albopictus mosquitoes in
Papua New Guinea. Parasit Vectors
2019;12(1):333 PMID: 31269965.

Konkon AK, Padonou GG, Osse R, Salako
AS, Zoungbédji DM, Sina H, etal
Insecticide resistance status of Aedes
aegypti and Aedes albopictus mosquitoes in
southern Benin, West Africa. Trop Med
Health 2023;51(1):22 PMID: 37085936.
World  Health

procedures for insecticide resistance

Organization.  Test

monitoring in malaria vector mosquitoes;
2016.

Ranson H. Current and future prospects for
preventing malaria transmission via the use
of insecticides. Cold Spring Harbor
Perspect Med 2017;7(11):a026823 PMID:
28507193.

Kasai S, Komagata O, Itokawa K, Shono T,
Ng LC, Kobayashi M, etal. Mechanisms of
pyrethroid resistance in the dengue
mosquito vector, Aedes aegypti: target site
insensitivity, penetration, and metabolism.
PLoS Negl Trop Dis 2014;8(6):e2948
PMID: 24945250.

Wo i 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSeyits @y Creglis

18-

19-

20-

21-

22-

23-

David JP, Ismail HM, Chandor-Proust A,
Paine MJI. Role of cytochrome P450s in
insecticide resistance: impact on the control
of mosquito-borne diseases and use of
insecticides on Earth. Philos Trans R Soc B
Biol Sci 2013;368(1612):20120429 PMID:
23297352.

Senthil-Nathan S. A review of resistance
mechanisms of synthetic insecticides and
botanicals, phytochemicals, and essential
oils as alternative larvicidal agents against
mosquitoes. Front Physiol 2020;10:1591
PMID: 32158396.

Ishak IH, Riveron JM, Ibrahim SS, Stott R,
Longbottom J, Irving H, etal. The
Cytochrome P450 gene CYP6P12 confers
pyrethroid resistance in kdr-free Malaysian
populations of the dengue vector Aedes
albopictus. Sci  Rep 2016;6(1):24707
PMID: 27094778.

Carrera LC, Piedra L, Torres-Cosme R,
Castillo AM, Bruno A, Ramirez JL, etal.
Insecticide resistance status and
mechanisms in Aedes aegypti and Aedes
albopictus from different dengue endemic
regions of Panama. Trop Med Health
2024;52(1):69 PMID: 39385264.

Ma Z, Liu Q, Wang M, Du YT, Xie JW, Yi
ZG, etal. Detection and population genetic
analysis of Aedes albopictus (Diptera:
Culicidae) based on knockdown resistance
(kdr) mutations in the Yangtze river basin
of China. Infect Genet Evol
2024;123:105634 PMID: 38950667.

Zhao Y, Zhou X, Li M, Qiu X. Functional
characterization of CYP9J26, a cytochrome
P450 associated with insecticide resistance
in the arbovirus vector Aedes albopictus.
Int J Biol Macromol 2025;318(Pt
4):145280 PMID: 40533012.

24-

25-

26-

27-

28-

29-

Piedra LA, Rodriguez MM, Lopez I, Ruiz
A, Martinez LC, Garcia I, etal. Insecticide
resistance status of Aedes albopictus
(Diptera: Culicidae) populations from
Cuba. Journal of Medical Entomology
2023;60(3):487-493.

Zulfa R, Lo WC, Cheng PC, Martini M,
Chuang TW. Updating the insecticide
resistance status of Aedes aegypti and
Aedes albopictus in Asia: a systematic
review and meta-analysis. Trop Med Infect
Dis 2022;7(10):306 PMID: 36288047.

Wei Y, Zheng X, He S, Xin X, Zhang J, Hu
K, etal. Insecticide susceptibility status and
knockdown resistance (kdr) mutation in
Aedes albopictus in China. Parasit Vectors
2021;14(1):609 PMID: 34922622,
Azari-Hamidian S, Norouzi B, Maleki H,
Rezvani SM, Pourgholami M, Oshaghi
MA. First record of a medically important
vector, the Asian tiger mosquito Aedes
albopictus  (Skuse,  1895)

Culicidae), using morphological and

(Diptera:

molecular data in northern Iran. Journal of
Insect  Biodiversity and
2024;10(4):953-963.

Doosti S, Yaghoobi-Ershadi MR, Schaffner
F, Moosa-Kazemi SH, Akbarzadeh K,
Gooya MM, etal. Mosquito surveillance

Systematics

and the first record of the invasive
mosquito  species Aedes (Stegomyia)
albopictus (Skuse) (Diptera: Culicidae) in
southern Iran. Iran J Public Health
2016;45(8):1064-1073 PMID: 27928533.

Nikookar SH, Charkame A
Nezammahalleh A, Moradi-Asl E, Enayati
A, Fazeli-Dinan M, etal. Entomological
surveillance of invasive Aedes mosquitoes

in  Mazandaran Province, northern Iran

11€00 yg0 Py d)ladd (@il g (0 )93

ohjls (S eolc 2GSl alss Wl


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

uljlSnm g (ilag) ojila

30-

31-

32-

33-

34-

35-

36-

from 2014 to 2020. Sci Rep
2023;13(1):8683 PMID: 37248286.
Marcombe S, Farajollahi A, Healy SP,
Clark GG, Fonseca DM. Insecticide
resistance  status of United States
populations of Aedes albopictus and
mechanisms involved. PloS one.
2014;9(7):101992.

Ishak IH, Jaal Z, Ranson H, Wondji CS.
Contrasting  patterns  of  insecticide
resistance and knockdown resistance (kdr)
in the dengue vectors Aedes aegypti and
Aedes albopictus from Malaysia. Parasites
& vectors. 2015;8(1):181.

Low V, Vinnie-Siow W, Lim Y, Tan T,
Leong C, Chen C, et al. First molecular
genotyping of A302S mutation in the
(GABA)
receptor in Aedes albopictus from
Malaysia. 2015.

Auteri M, La Russa F, Blanda V, Torina A.

Insecticide resistance associated with kdr

gamma aminobutyric  acid

mutations in Aedes albopictus: an update
on worldwide evidences. BioMed research
international. 2018;2018(1):3098575.

Gao J-P, Chen H-M, Shi H, Peng H, Ma Y-
J. Correlation between adult pyrethroid
resistance and knockdown resistance (kdr)
mutations in Aedes albopictus (Diptera:
Culicidae) field populations in China.
Infectious diseases of
2018;7(05):37-45.

Bharati M, Rai P, Saha D. Insecticide

poverty.

resistance in Aedes albopictus Skuse from
sub-Himalayan districts of West Bengal,
India. Acta tropica. 2019;192:104-11.

Kasai S, Caputo B, Tsunoda T, Cuong TC,
Maekawa Y, Lam-Phua SG, et al. First
detection of a Vssc allele V1016G

conferring a high level of insecticide

37-

38-

39-

40-

41-

42-

resistance in Aedes albopictus collected
from Europe (ltaly) and Asia (Vietnam),
2016: a new emerging threat to controlling
arboviral  diseases. Eurosurveillance.
2019;24(5):1700847.

Balaska S, Fotakis EA, Kioulos I, Grigoraki
L, Mpellou S, Chaskopoulou A, et al.
Bioassay and molecular monitoring of
insecticide resistance status in Aedes
albopictus populations from Greece, to
support evidence-based vector control.
Parasites & vectors. 2020;13(1):328.

Khan HAA. Resistance to insecticides and
synergism by enzyme inhibitors in Aedes
albopictus from Punjab, Pakistan. Scientific
Reports. 2020;10(1):21034.

Rahman RU, Souza B, Uddin I, Carrara L,
Brito LP, Costa MM, et al. Insecticide
resistance and underlying targets-site and
metabolic mechanisms in Aedes aegypti
and Aedes albopictus from Lahore,
Pakistan. Scientific
2021;11(1):4555.

Huang L, Li J, Peng L, Xie R, Su X, He P,

et al. The differential metabolic profiles

Reports.

between deltamethrin-resistant and-
susceptible strains of Aedes albopictus
(Diptera: Culicidae) by 1H-NMR. Journal
of Medical Entomology. 2021;58(3):1256-
63.

WuY, LiuQ, Qi Y, WuY, NiQ, Chen W,
et al. Knockdown resistance (kdr)
mutations 11532T and F1534S were
identified in Aedes albopictus field
populations in Zhejiang Province, Central
China. Frontiers in Cellular and Infection
Microbiology. 2021;11:702081.
Djiappi-Tchamen B, Nana-Ndjangwo MS,
Mavridis K, Talipouo A, Nchoutpouen E,

Makoudjou I, et al. Analyses of insecticide

Wed 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSeyits @y Creglis

43-

44-

45-

46-

47-

48-

resistance genes in Aedes aegypti and
Aedes albopictus mosquito populations
from Cameroon. Genes. 2021;12(6):828.

Yang X, Zhou Y, Sun Y, Liu J, Jiang D.
Multiple

insecticide  resistance  and

associated  mechanisms to  volatile
pyrethroid in an Aedes albopictus
population collected in southern China.
Pesticide biochemistry and physiology.
2021;174:104823.

Wang H, Liu H, Peng H, Wang Y, Zhang
C, Guo X, et al. A symbiotic gut bacterium
enhances Aedes albopictus resistance to
insecticide. PL0S Neglected Tropical
Diseases. 2022;16(3):e0010208.

Modak MP, Saha D. First report of F1534C
kdr mutation in deltamethrin resistant
Aedes albopictus from northern part of
West Bengal, India. Scientific Reports.
2022;12(1):13653.

Gomard Y, Alout H, Lebon C, Latreille A,
Benlali A, Mavingui P, et al. Fitness costs
associated with a GABA receptor mutation
conferring dieldrin resistance in Aedes
albopictus. Heredity. 2022;129(5):273-80.
Lebon C, Alout H, Zafihita S, Dehecq J-S,
Weill M, Tortosa P, et al. Spatio-temporal
dynamics of a dieldrin resistance gene in
Aedes albopictus and Culex
quinquefasciatus populations from Reunion
Island. Journal of Insect Science.
2022;22(3):4.

Liu Q, Zhang H, Hou J, Wang J, Li T, Wu
Y, et al. Resistance of Aedes albopictus
(Diptera: Culicidae) larvae and adults to
insecticides based on bioassays and
knockdown resistance (kdr) mutations in
Zhejiang Province, China. Ecotoxicology
and Environmental Safety.
2024;284:117007.

49-

50-

51-

52-

53-

54-

Das P, Das S, Saha A, Raha D, Saha D.
Effects of deltamethrin exposure on the
cytochrome P450 monooxygenases of
Aedes albopictus (Skuse) larvae from a
dengue- endemic region of northern part of
Medical and
Veterinary Entomology. 2024;38(3):269-
79.

Estep AS, Sanscrainte ND. A critical

West  Bengal, India.

review of insecticide resistance in US
Aedes albopictus:  resistance  status,
underlying mechanisms, and directions for
future research. Journal of the Florida
Mosquito Control Association. 2024;71(1).
Zhang Y, Wang D, Shi W, Zhou J, Xiang
Y, Guan Y, et al. Resistance to pyrethroids
and the relationship between adult
resistance and knockdown resistance (kdr)
mutations in Aedes albopictus in dengue
surveillance areas of Guizhou Province,
China. Scientific
2024;14(1):12216.

Doeurk B, Marcombe S, Maquart P-O,

Boyer S. Review of dengue vectors in

Reports.

Cambodia: distribution, bionomics, vector
competence, control and insecticide
Parasites & Vectors.
2024;17(1):424.

Zhao Q, Jia Y, Lu X, Liu Y, Yin Z, Zhang

Y, et al. Insecticide susceptibility and KDR

resistance.

mutations in Aedes albopictus collected
from seven districts of Guangyuan City,
Northern Sichuan, China. Journal of the
American Mosquito Control Association.
2024;40(1):20-5.

Jin B, Wei L, Duan T, Wang Y, Wang H,
Jin H. Mechanisms and genetic mutations
of pyrethroid resistance in Aedes albopictus
in the context of urbanization: a case study

of Hangzhou, China. Frontiers in Cellular

11€00 yo0 Py d)ladd (@il g (w0 )93

ohjls (A eolc oGSl alss Woty


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

uljlSnm g (ilag) ojila

55-

56-

57-

58-

59-

60-

61-

and Infection
2025;15:1566942.
Lin C, Yuan Y, LiuJ, LuQ, Li H, Feng L,

et al. Pyrethroid resistance in Aedes

Microbiology.

albopictus in Pudong New Area, Shanghai
China. Asian Pacific Journal of Tropical
Medicine. 2025;18(11):508-18.

Pichler V, Valadas V, Akiner MM,
Balatsos G, Barceld C, Borg ML, et al.
Tracking pyrethroid resistance in arbovirus
mosquito vectors: mutations 11532T and
F1534C in Aedes albopictus across Europe.
Parasites & vectors. 2025;18(1):506.

Han S, Miot EF, Liao Y, Khan MA, Rivot
M, Tang LT-W, et al. Insecticide resistance
levels, spatial distribution, and kdr
mutations in the dengue vector Aedes
albopictus of Hong Kong. PLOS Neglected
Tropical Diseases. 2025;19(12):e0013792.
Konkon AK, Aikpon R, Hoyochi I,
Zoungbédji DM, Sovi A, Salako AS, et al.
Insecticide resistance in Aedes aegypti and
Aedes albopictus in southern Benin:
quantification,  investigation of  kdr
mutations, and detection of detoxification
enzyme activity. Tropical Medicine and
Health. 2026;54(1):6.

Smith LB, Kasai S, Scott JG. Pyrethroid
resistance in Aedes aegypti and Aedes
albopictus: Important mosquito vectors of
human diseases. Pesticide biochemistry and
physiology. 2016;133:1-12.

Dong K, Du Y, Rinkevich F, Nomura Y,
Xu P, Wang L, et al. Molecular biology of
insect sodium channels and pyrethroid
resistance.  Insect  biochemistry  and
molecular biology. 2014;50:1-17.

Silva APB, Santos JMM, Martins AJ.
Mutations in the voltage-gated sodium

channel gene of anophelines and their

62

63-

64-

65-

66-

67-

association with resistance to pyrethroids—a
review. Parasites & vectors. 2014;7(1):450.
Brengues C, Hawkes NJ, Chandre F,
McCarroll L, Duchon S, Guillet P, et al.
Pyrethroid and DDT cross- resistance in
Aedes aegypti is correlated with novel
mutations in the voltage- gated sodium
channel gene. Medical and veterinary
entomology. 2003;17(1):87-94.

Moyes CL, Vontas J, Martins AJ, Ng LC,
Koou SY, Dusfour I, et al. Contemporary
status of insecticide resistance in the major
Aedes vectors of arboviruses infecting
humans. PLoS neglected tropical diseases.
2017;11(7):e0005625.

Kraemer MU, Sinka ME, Duda KA, Mylne
AQ, Shearer FM, Barker CM, et al. The
global distribution of the arbovirus vectors
Aedes aegypti and Ae. albopictus. elife.
2015;4:e08347.

Marcombe S, Mathieu RB, Pocquet N, Riaz
M-A, Poupardin R, Seélior S, et al.
Insecticide resistance in the dengue vector
Aedes  aegypti from Martinique:
distribution, mechanisms and relations with
environmental factors. PloS one.
2012;7(2):e30989.

Ghavami MB, Naseri Karimi N, Naghiloo
M. Molecular characterization of invasive
Aedes albopictus (Diptera: Culicidae)
populations in northwest Iran: Insights into
origin,  insecticide  resistance, and
Wolbachia infection. Parasites & Vectors.
2025;18(1):440.

Hemingway J, Hawkes NJ, McCarroll L,
Ranson H. The molecular basis of
insecticide resistance in mosquitoes. Insect
biochemistry and molecular  biology.

2004;34(7):653-65.

WV 11€00 ye0 P& o)Louls (@uinids § ¢, )93

ohsjle (Al ek oGRSl dlas


http://jmums.mazums.ac.ir/article-1-23213-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-10-13 ]

Aedes albopictus s o gisSeyits @y Creglis

68-

69-

70-

71-

72-

73-

74-

75-

Li J, Wang Q-Y. Multi-omics insights into
mosquito  insecticide  resistance  for
integrated vector management. PeerlJ.
2026;14:€21083.

Scott JG. Cytochromes P450 and
insecticide resistance. Insect biochemistry
and molecular biology. 1999;29(9):757-77.
Lackovi¢ N, Pernek M, Bertheau C,
Franjevic D, Stauffer C, Avtzis DN.
Limited genetic structure of gypsy moth
populations reflecting a recent history in
Europe. Insects. 2018;9(4):143.

Huang X, Kaufman PE, Athrey GN,
Fredregill C, Slotman MA. Unveiling
candidate genes for metabolic resistance to
malathion in Aedes albopictus through
RNA  sequencing-based
profiling. PLOS
Diseases. 2024;18(6):e0012243.

Heckel DG. Learning the ABCs of Bt:

ABC transporters and insect resistance to

transcriptome

Neglected Tropical

Bacillus thuringiensis provide clues to a
crucial step in toxin mode of action.
Pesticide Biochemistry and Physiology.
2012;104(2):103-10.

Zhang FX, Shao HL, Wang JX, Zhao XF.
B- Thymosin is upregulated by the steroid
hormone 20- hydroxyecdysone and
microorganisms. Insect molecular biology.
2011;20(4):519-27.

Kamgang B, Marcombe S, Chandre F,
Nchoutpouen E, Nwane P, Etang J, et al.
Insecticide susceptibility of Aedes aegypti
and Aedes albopictus in Central Africa.
Parasites & vectors. 2011;4(1):79.
Ngoagouni C, Kamgang B, Brengues C,
Yahouedo G, Paupy C, Nakouné E, et al.

76

77-

78-

79-

80-

81-

Susceptibility  profile and metabolic
mechanisms involved in Aedes aegypti and
Aedes albopictus resistant to DDT and
deltamethrin in the Central African
Republic. Parasites & Vectors.
2016;9(1):599.
Muthusamy R, Shivakumar M.
Involvement of metabolic resistance and
F1534C kdr mutation in the pyrethroid
resistance mechanisms of Aedes aegypti in
India. Acta Tropica. 2015;148:137-41.
Rivero A, Vezilier J, Weill M, Read AF,
Gandon S. Insecticide control of vector-
borne diseases: when is insecticide
resistance a problem? PLoS pathogens.
2010;6(8):€1001000.

Kiambi SG, Févre EM, Omolo J, Oundo J,
De Glanville WA. Risk factors for acute
human brucellosis in ljara, north-eastern
Kenya. PLoS Neglected Tropical Diseases.
2020;14(4):e0008108.

Marcombe S, Doeurk B, Thammavong P,
Veseli T, Heafield C, Mills M-A, et al.
Metabolic resistance and not voltage-gated
sodium channel gene mutation is associated
with  pyrethroid resistance of Aedes
albopictus (Skuse, 1894) from Cambodia.
Insects. 2024;15(5):358.

Ng KH, Zuharah WF. Current resistance
status of Aedes aegypti and Aedes
albopictus populations in Penang Island,
Malaysia. Asian Pacific Journal of Tropical
Medicine. 2024;17(10):445-55.
Organization WH. Global plan for
insecticide resistance management in
malaria vectors: World Health

Organization; 2012.

11€0 0 yo0 P& d)laddy (il § (w0 )9y

ohdjle (il ok slEibily dlas Wo A


http://jmums.mazums.ac.ir/article-1-23213-fa.html
http://www.tcpdf.org

