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Resistance Status of Sanitary Pests to Neonicotinoid Insecticides and
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Abstract: Sanitary pests, including mosquitoes, houseflies, cockroaches, etc., threaten the health of human and animals.
Neonicotinoid insecticides have incomparable advantages over the other traditional insecticides (organophosphates,
carbamates, pyrethroids). Neonicotinoid insecticides, targeting the nicotinic acetylcholine receptor in insects, are highly
efficient, low toxic, and friendly to mammals. Neonicotinoids are widely used in controlling agricultural and sanitary pests.
It is inevitable for insects to evolve resistance to insecticides, including neonicotinoids. So far, there are few reports about
field health pest populations with resistance to neonicotinoids. This article reviews the application, current resistance status,
resistance mechanism and cross-resistance of neonicotinoid insecticides in controlling sanitary pests, proposing some
suggestions for reasonable application of this kind of insecticide.

Key words: neonicotinoid insecticides; sanitary pests; resistance status; resistance mechanism; cross-resistance

IERE o= R ORIV SN RSN YE S 3 N SN o vV 1 e NS S W N G AR F S A S (O E
SLH AR, P N B R A ERG, ISR TP U AEAUR IR AR, AT R S OB R
TRIRE A HUBEE SRR JUsg MRS 2 AN T, 2B AR,

i PR T RO E T By, (HAC Ml T X e 250 o 3 TR R 24 71 A il o L R B IE A A AR
PR F RO IR B2 P A AN IR BT A AER T S E I R ), AR T
I 7 E B :2021-08-09

LA AT RO IEHTLY TERIN ri0: A 5 vk ) (20200902)

EE BN UM (1995 , 20, YEIRERIR, RS0 A, W55 100 O B SR B AE (L AN 22 . E-mail: 1446464998@qq.com
1 45 638 o A (R95812, i FTAL T A 8 s 3 e BN A B A A RN BS54, Ermaile gaoxiwu@263:néten

-1 -



20

N N N 4 56] o
GABA Rdl
[7]

2021

5

I N\~—N
0 D 1991
a—{ X
C _
N / N—<\_ /9
< N 1995
o
/ Cl
N, \ N
> \ 1996
N=—-N
Y
s/g N al
2000
4A i
N
\NH
NZ N/\[S
| H e
N% 2002
<0 N
o
\+ S\(
VS
I WA L
1998
—N
g
e
—N
0. N
\\N+_/)_ H 2002
O/
/
4B EN) —/
\ N
N/
4C
N s 2012
N——=N




2021 10

1)
2021
/
4D D—N N
42 2014
F
.
N
7\
O~ C
N (6]
4E
% 2016
o F
F
-
A\ /
N\
o H \_(\J\ 2002
87 >al
O.N /
D /N 2017
a1 N l\/ 0"
N/\]'\] / N\ Cl
2018
N=0
/
o)
HN N /
T w8
onN 2013
1.1 23
[19]
o o
B, 25 ng/mL 24,
14~21d%, 1.3
251
o117 3d
AChE - 2%
ATPase 121 el
1 (28]
2 1TS2 ) S )
(1] 1.4
24 h 129]
2~4h 14 1)
[16-19]
o 1.5
1.2
22 [30-32]



20 5

33]
[e]
34
o
1.6
o6l 2
B37]
o
[38]
o
[39]
o
1.7
[40]
o
N PBO
[42]
(e}
[43]
[e]
6
[e]
site
o S =
R- 4546
1.8
“1.10%
(48]
o
[49]

[35]
o

[41]
o

02014

N

[3H]-IMI binding

[44]
o]

WHO
N o 2021
5
|
2
2 o, 2015 (50511
. 2016 12015
2 o
2015
20 [53]O
[53]O
2 , Liu P4 1998 2000
5~10 °
5 531,2017—2018
[56]O
2004
1 2
[57-58] 5 2009 Gerry [59]
3~8 - 2005—2006
[60—61]0
10 621,2013—2014
0.4~6.1

2005



2021 10

1.2011—2012 N N
[6510 [GG]O
2008
2012 o
2
2017—2018 [56]
2017—2018 [56]
2002 7.5 [54]
2002 5
1998 10
2015 1~3 [50-51]
2015 0.96 [52]
2015 1.18~2.05 [51]
2015 1.20 [52]
. 2017 1.13 [55]
vitre(-) 2017 5.74
2017 1.52
Coluzzi Tiassale(-) 017 613
2017 1.06
Gagoa(-) 2017 .
2004 3.1~8.0 - [57]
2005—2006 1.7 [58]
2007—2008 5.4~14.1 -
2008 10.3 [59]
2005—2006 12~130 - [60]
2005—2006 11~65
2005 130~140 [61]
2005 17~28
>10 [62]
2013—2014 0.4~6.1 - [63]
2005 1.1~3.8 [64]
2011—2012 1.2~34 [65]
2018 19.47 [53]
2008 2.0 [66]
2008 31.7
2008 2.4
2008 46.8
2012 462.6
2012 >33333
2012 546.0
2012 198.0
2012 163.3
2012 >33333
2012 226.2
2012 358.6
3 P450. N S-
o P450
1671
S



20 5

. . P450 o (7]
5- CYP6D3 CYP6A24
1 PBO o CYP4G2
11 [7072] N (4] CYP6G4 761 - Markussen
P450 61 CYP6AI .CYP6DI .
3, CYP6D3 o
P450 CYP6BB2 .CYP9M9 . CYP6N12 . P450
CYPo6M11 (o1 o 3
CYP6BB2 2 S- Mdgst 4
(21, Mdgtl
CYP6AGI )
[56]O
N [62] 5 [74] S_ [66] 5
GST
P450 o
3
P450 CYP6AGI 2 . [56]
CYPs CYP6BB2.CYP6N12  UDPGTs . [70]
CYPs o [71]
CYPs (CYP6BB2.CYPIM9.CYP6M11 ) UGTs . CYP6BB2 2 (2]
PBO P450 . [69]
P450 CYP6D3 CYP6A24 [75]
PBO P450 . CYP6AI.CYP6DI .CYP6D3 . [61]
P450 CYP4G2 CYP6G4 [76]
3 S- Mdgst 4 Mdgtl (77
Mda2 . [61]
1 4 [84]
PBO P450 . [14]
S- . [66]
. [82]
o a6
[78] N [79] [83] 5
- Markussen ¢V 1
Mda2 4 2
(e} [84] [e]
’ 4
3.
[80-81] o
83 Riaz,, . 3



2021 10

54 o
3.55 4.40
DDT 1.81
N o 4
202 °
18.26 20.33
20~30 831
5
5.1
N N 5
52
53
[3610
[87-88]

o

o PBO
®] PBO
[22,90]O
- PBO
6
N 10~50 mg/m’
80~160 mg/m?,
[1] . kdr [D].
2019.
[2] ) . ,
1. ,2015,21(3): 306-308; 313.
[3] , . ,
1. ,2011(1): 12-17.
[4] ) ,
1. ,2013(3): 182-186.

[5] NAUEN R, JESCHKE P, COPPING L. In focus: neonicotinoid
insecticides[J]. Pest Management Science, 2008, 64(11): 1081.
[6] JESCHKE P, NAUEN R, SCHINDLER M, et al. Overview of the

status, and;global, stra tegy  for neonicotinoids[J]. Journal of



20 5

Agricultural and Food Chemistry, 2011, 59 (7): 2897-2908.

[71 TAYLOR-WELLS J, BROOKE B D, BERMUDEZ I, et al. The
neonicotinoid imidacloprid, and the pyrethroid deltamethrin, are
antagonists of the insect Rdl GABA receptor[J]. Journal of Neuro-
chemistry, 2015, 135(4): 705-713.

[8] PAUL A, HARRINGTON L C, SCOTT J G. Evaluation of novel
insecticides for control of dengue vector Aedes aegypti (Diptera:
Culicidae)[J]. Journal of Medical Entomology, 2006, 43(1): 55-60.

[9] s R , .4

[J]. ,2012,23(1): 63-65.

[10] ANTONIO-ARREOLA G E, LOPEZ-BELLO R, ROMERO-
MORENO D K, et al. Laboratory and field evaluation of the effects
of the neonicotinoid imidacloprid on the oviposition response of
Aedes (Stegomyia) aegypti Linnaeus (Diptera: Culicidae)[J]. Memo-
rias do Instituto Oswaldo Cruz, 2011, 106(8): 997-1001.

[11] FERNANDES K M, GONZAGA W G, PASCINI T V, et al.
Imidacloprid impairs the post-embryonic development of the
midgut in the yellow fever mosquito Stegomyia aegypti (=Aedes
aegypti) [J]. Medical and Veterinary Entomology, 2015, 29 (3):
245-254.

[12] FARAHAT N M, ZYAAN O H, KHALED A S, et al. Toxic and
biochemical effects of imidacloprid and tannic acid on the Culex
pipiens larvae (Diptera: Culicidae)[J]. International Journal of
Mosquito Research, 2018, 5(5): 111-115.

[13] BHINDER P, CHAUDHRY A, BARNA B, et al. Imidacloprid and
thiamethoxam induced mutations in internal transcribed spacer 2
(ITS2) of Anopheles stephensi[J]. Toxicology International, 2012,
19(2): 201-206.

[14] WEN Z, SCOTT J G. Cross-resistance to imidacloprid in strains of
german cockroach (Blattella germanica) and house fly (Musca
domestica)[J]. Pest Management Science, 2015, 49(4): 367-371.

[15] JIN B L, SULAIMAN S, OTHMAN H F. Evaluation of
imidacloprid against the housefly Musca domestica Linnaeus in the
Laboratory[J]. Journal of Tropical Medicine and Parasitology, 2010,
31(1): 23-27.

el .2.5% 0.
,2007(5): 63-64.

n7 . .25% .

,2014(2): 162-163.
[18] , , 5

(1. , 2019, 25(2):
102-104.
[19] , , , .6
0. 2014, 53(10): 762-764.

[20] MULROONEY J E, DAVIS M L K, WAGNER T L, et al.
Persistence and efficacy of termiticides used in preconstruction
treatments to soil in Mississippi[J]. Journal of Economic Entomo-
logy, 2006, 99(2): 469-475.

[21] 3 5 s A [41.

,2009, 20(1): 85-87.

[22] AHMED M, VOGEL C. Synergistic action of octopamine receptor
agonists on the activity of selected novel insecticides for control of
dengue vector Aedes aegypti (Diptera: Culicidae) mosquito[J].
Pesticide Biochemistry and Physiology, 2015, 120: 51-56.

[23] SHAH R M, ALAM M, AHMAD D. et al. Toxicity of 25 synthetic
insecticides to the field population of Culex quinquefasciatus Say

[J]. Parasitology Research, 2016, 115(11): 4345-4351.

[24] , s , .3
[J1. ,2018, 24(6): 68-71.
[25] , ; ,
[J]. Entomologia Sinica, 2002, 9(2): 45-49.
[26] s , , 2%
[J]. , 2000, 12(4): 275-276.
[27] , , ,
[J]. ,2003, 42(5): 26-28.
[28] R s , . S-
[J]. ,2007, 50(12): 1225-1231.

[29] STEVENS M M, HELLIWELL S, HUGHES P A. Toxicity of
Bacillus thuringiensis var. israelensis formulations, spinosad, and
selected synthetic insecticides to Chironomus tepperi larvae [J].
Journal of the American Mosquito Control Association, 2005, 21
(4): 446-450.

[30] NGUFOR C, FONGNIKIN A, ROWLAND M, et al. Indoor residual
spraying with a mixture of clothianidin (a neonicotinoid insecticide)
and deltamethrin provides improved control and long residual
activity against pyrethroid resistant Anopheles gambiae sl in
southern Benin[J]. PLoS ONE, 2017, 12(12): e0189575.

[31] AGOSSA F R, PADONOU G G, FASSINOU ARSENE JACQUES
Y H J, et al. Small-scale field evaluation of the efficacy and residual
effect of fludora fusion (mixture of clothianidin and deltamethrin)
against susceptible and resistant Anopheles gambiae populations
from Benin, West Africa[J]. Malaria Journal, 2018, 17(1): 484.

[32] FONGNIKIN A, HOUETO N, AGBEVO A, et al. Efficacy of
fludora® fusion (a mixture of deltamethrin and clothianidin) for
indoor residual spraying against pyrethroid-resistant malaria
vectors: laboratory and experimental hut evaluation[J]. Parasit
Vectors. 2020, 13(1):466.

[33] DAVARI B, KASHANI S, NASIRIAN H, et al. Efficacy of
maxforce and avion gel baits containing fipronil, clothianidin, and
indoxacarb against the German cockroach (Blattella germanica):
gel bait efficacy against German cockroach[J]. Entomological
Research, 2018, 48: 459-465.

[34] SIERRAS A, SCHAL C. Comparison of ingestion and topical
application of insecticides against the common bed bug, Cimex
lectularius (Hemiptera: Cimicidae)[J]. Pest Management Science.
2017, 73(3): 521-527.

[35] s s , . N

1], ,2014,27(3): 7-11.



2021 10

[36] NAUEN R, EBBINGHAUS-KINTSCHER U, SALGADO V L, et
al. Thiamethoxam is a neonicotinoid precursor converted to
clothianidin in insects and plants[J]. Pesticide Biochemistry and
Physiology, 2003, 76(2): 55-69.

[37] ALLAN S A. Susceptibility of adult mosquitoes to insecticides in
aqueous sucrose baits[J]. Journal of Vector Ecology, 2011, 36(1):
59-67.

[38] s s . N

[1. , 2013, 24(4):
304-307.

[39] , ; ,

[J1. ,2020, 31(1): 46-48.

[40] KHALID K, QUALLS W A, REVAY E E, et al. Attractive toxic
sugar baits: control of mosquitoes with the low-risk active
ingredient dinotefuran and potential Impacts on nontarget
organisms in Morocco[J]. Environmental Entomology, 2013, 42(5):
1040-1045.

[41] VINCENT C, STEPHANE D, MORTEZA Z, et al. Dinotefuran: a
potential neonicotinoid insecticide against resistant mosquitoes [J].
Journal of Medical Entomology, 2001, 41(4): 712-717.

[42] DARRIET F, CHANDRE F. Combining piperonyl butoxide and
dinotefuran restores the efficacy of deltamethrin mosquito nets
against resistant Anopheles gambiae (Diptera: Culicidae)[J]. Journal
of Medical Entomology, 2011, 48(4): 952-955.

[43] , , ;

[J1. ,2016,22(1): 19-21.

[44] NOMURA K, KAWASE A, OZOE Y, et al. Further
characterization of distinct high-affinity binding sites for
dinotefuran in the abdominal nerve cord of the American cockroach
Periplaneta americana (Blattodea)[J]. Pesticide Biochemistry and
Physiology, 2020, 165: 104554.

[45] MORI K, OKUMOTO T, KAWAHARA N, et al. Interaction of
dinotefuran and its analogues with nicotinic acetylcholine receptors
of cockroach nerve cords[J]. Pest Manage Science, 2001, 58(2):
190-196.

[46] KIRIYAMA K, NISHIWAKI H, NAKAGAWA Y, et al.
Insecticidal activity and nicotinic acetylcholine receptor binding of
dinotefuran and its analogues in the housefly, Musca domestica[J].
Pest Management Science, 2003, 59(10): 1093-1100.

[47] LEES R, PRAULINS G, DAVIES R, et al. A testing cascade to
identify repurposed insecticides for next-generation vector control
tools: screening a panel of chemistries with novel modes of action

against a malaria vector[J]. Gates Open Research, 2019, 3: 1464.

(48] , , , .5
1. ,2012, 18(3): 200-202.
[49]
[D]. : ,2012.
(501 / ; 9

1. ,2015a, 16(1): 65-67.
[51] , , ,
1. ,2015b, 21(1): 23-25.
521, .. 9
[71. ,2016,22(2): 121-123.
[53] , . ,
1. L2018, 24(1): 20-23.

[54] LIU H, CUPP E W, MICHER K M, et al. Insecticide resistance and
cross-resistance in Alabama and Florida strains of Culex quinquefa-
sciatus [correction] [J]. Journal of Medical Entomology, 2004, 41
(3): 408-413.

[55] MOUHAMADOU C S, DE SOUZA S S, FODJO B K, et al.
Evidence of insecticide resistance selection in wild Anopheles
coluzzii mosquitoes due to agricultural pesticide use[J]. Infectious
Diseases of Poverty, 2019, 8(1): 64.

[56] VAULIN O V, KARAGODIN D A, NOVGORODOVA T A, et al.
Analysis of Anopheles messeae s.l. intron gene polymorphism
associated with imidacloprid resistance[J]. Journal of Vector
Ecology, 2020, 45(2): 220-232.

[57] KAUFMAN P E, GERRY A C, RUTZ D A, et al. Monitoring
susceptibility of house flies (Musca domestica L.) in the United
States to imidacloprid[J]. Journal of Agricultural and Urban Ento-
mology, 2006, 23(4): 195-200.

[58] KAUFMAN P E, NUNEZ S C, MANN R S, et al. Nicotinoid and
pyrethroid insecticide resistance in houseflies (Diptera: Muscidae)
collected from Florida dairies[J]. Pest Management Science, 2010,
66(3): 290-294.

[59] GERRY A C, ZHANG D. Behavioral resistance of house flies,
Musca domestica (Diptera: Muscidae) to imidacloprid[J]. US Army
Medical Department Journal, 2009: 54-59.

[60] KRISTENSEN M, JESPERSEN J B. Susceptibility to thiamethoxam
of Musca domestica from Danish livestock farms[J]. Pest Manage-
ment Science, 2008, 64(2): 126-32.

[61] MARKUSSEN M D, KRISTENSEN M. Low expression of
nicotinic acetylcholine receptor subunit Mdo2 in neonicotinoid-
resistant strains of Musca domestica L.[J]. Pest Management Science,
2010, 66(11): 1257-1262.

[62] KHAN H, ABBAS N, SHAD S A, et al. Genetics and realized
heritability of resistance to imidacloprid in a poultry population of
house fly, Musca domestica L. (Diptera: Muscidae) from Pakistan
[J]. Pesticide Biochemistry and Physiology, 2014, 114(1): 38-43.

[63] KUSTIATI K, MARSELINA I T, SRI Y, et al. Monitoring
permethrin and imidacloprid resistance in indonesian house fly
Musca domestica L. (Diptera: Muscidae)[J]. Journal of Entomology,
2016, 13(1/2): 40-47.

[64] CHAIR Y, LEE C Y. Insecticide resistance profiles and synergism
in field populations of the German cockroach (Dictyoptera:

Blattellidag) from Singapore[J];Jouma! of Economic. Entomology,



20 5

2010, 103(2): 460-471.

[65] WU X, APPEL A G. Insecticide resistance of several field-collected
German Cockroach (Dictyoptera: Blattellidae) Strains[J]. Journal of
Economic Entomology, 2017, 110(3): 1203-1209.

[66] ALVARO R, TROY D A. High levels of resistance in the common
bed bug, Cimex lectularius(Hemiptera: Cimicidae), to neonicotinoid
Insecticides[J]. Journal of Medical Entomology, 2016, 53(3):
727-731.

[67] LIU N N, ZHU F, XU Q, et al. Behavioral change, physiological
modification, and metabolic detoxification: mechanisms of
insecticide resistance[J]. Acta Entomologica Sinica, 2006, 49(4):
671-679.

[68] SCHULZ-JANDER D A, CASIDA J E. Imidacloprid insecticide
metabolism: human cytochrome P450 isozymes differ in selectivity
for imidazolidine oxidation versus nitroimine reduction[J]. Toxico-
logy Letters, 2002, 132(1): 65-70.

[69] AHMED M A I, OTHMAN A A. Piperonyl butoxide enhances the
insecticidal toxicity of nanoformulation of imidacloprid on Culex
pipiens(Diptera: Culicidae) Mosquito[J]. Vector Borne and Zoonotic
Diseases, 2020, 20(2): 134-142.

[70] RIAZ M A, CHANDOR-PROUST A, DAUPHIN-VILLEMANT C,
et al. Molecular mechanisms associated with increased tolerance to
the neonicotinoid insecticide imidacloprid in the dengue vector
Aedes aegypti[J]. Aquatic Toxicology, 2013, 126: 326-337.

[71] DAVID J P, FAUCON F, CHANDOR-PROUST A, et al.
Comparative analysis of response to selection with three
insecticides in the dengue mosquito Aedes aegypti using mRNA
sequencing[J]. BMC Genomics, 2014, 15(1): 174.

[72] MARIUS G Z, THIERRY G, SOPHIE M P, et al. Molecular bases
of P450-mediated resistance to the neonicotinoid insecticide
imidacloprid in the mosquito Ae. aegypti[J]. Aquatic Toxicology,
2021, 236: 105860.

[73] NISHIWAKI H, SATO K, NAKAGAWA Y, et al. Metabolism of
imidacloprid in houseflies[J]. Journal of Pesticide Science, 2004,
29(2): 110-116.

[74] . [D].

,2012.
[75] . GPCRs P450s [D].
,2019.

[76] HOJLAND D H, KRISTENSEN M. Analysis of differentially
expressed genes related to resistance in spinosad- and neonicotinoid-
resistant Musca domestica L. (Diptera: Muscidae) Strains[J].
PLoS One, 2017, 12: e0170935.

[77] REID W R, SUN H, BECNEL J J, et al. Overexpression of a
glutathione S-transferase (Mdgst) and a galactosyltransferase-like
gene (Mdgtl) is responsible for imidacloprid resistance in house
flies[J]. Pest Management Science, 2019, 75: 37-44.

[78] ZIMMER C T, GARROOD W T, PUINEAN A M, et al. A

CRISPR/Cas 9 mediated point mutation in the-alpha 6 subunit of

- 10

the nicotinic acetylcholine receptor confers resistance to spinosad
in Drosophila melanogaster[J]. Insect Biochemistry and Molecular
Biology, 2016, 73: 62-69.

[79] HIRUTA E, AIZAWA M, NAKANO A, et al. Nicotinic
acetylcholine receptor a6 subunit mutation (G275V) found in a
spinosad-resistant strain of the flower thrips, Frankliniella intonsa
(Thysanoptera: Thripidae)[J]. Journal of Pesticide Science, 2018,
43(4): 272-276.

[80] GERRY A C, ZHANG D. Behavioral resistance of house flies,
Musca domestica (Diptera: Muscidae) to imidacloprid[J]. US Army
Medical Department Journal, 2009 7/9: 54-59.

[81] SERAYDAR K R, KAUFMAN P E. Does behaviour play a role in
house fly resistance to imidacloprid-containing baits? [J]. Medical
and Veterinary Entomology, 2015, 29(1): 60-67.

[82] CRAWLEY S E, KOWLES K A, GORDON J R, et al. Behavioral
effects of sublethal exposure to a combination of B-cyfluthrin and
imidacloprid in the bed bug, Cimex lectularius L[J]. Pest Manage-
ment Science, 2017, 73(3): 598-603.

[83] HUBBARD C B, GERRY A C. Seclection, reversion, and
characterization of house fly (Diptera: Muscidae) behavioral
resistance to the insecticide imidacloprid[J]. Journal of Medical
Entomology, 2020, 57(6): 1843-1851.

[84] HUBBARD C B, GERRY A C. Genetic evaluation and
characterization of behavioral resistance to imidacloprid in the
house fly[J]. Pesticide Biochemistry and Physiology, 2021, 171:
104741.

[85] ABBAS N, KHAN H, SHAD S A. Cross-resistance, stability, and
fitness cost of resistance to imidacloprid in Musca domestica L.
(Diptera: Muscidae) [J]. Parasitology Research, 2015, 114 (1):
247-255.

[86] DARRIET F, CHANDRE F. Efficacy of six neonicotinoid
insecticides alone and in combination with deltamethrin and
piperonyl butoxide against pyrethroid-resistant Aedes aegypti and
Anopheles gambiae (Diptera: Culicidae)[J]. Pest Management
Science, 2013, 69(8): 905-910.

[87] POTTER M F, HAYNES K F, GORDON J R, et al. Dual action bed
bug killers[J]. Pest Control Technology, 2012(40), 62-68; 75-76.

[88] WANG C, SINGH N, COOPER R. Field study of the comparative
efficacy of three pyrethroid/neonicotinoid mixture products for the
control of the common bed bug, Cimex lectularius[J]. Insects,
2015, 6(1): 197-205.

[89] PAUL A, HARRINGTON L C, SCOTT J G. Evaluation of novel
insecticides for control of dengue vector Aedes aegypti (Diptera:
Culicidae) [J]. Journal of Medical Entomology, 2006, 43: 55-60.

[90] AHMED M, VOGEL C. Effects of piperonyl butoxide on the
toxicity of novel selected insecticides against Aedes aegypti
(Diptera: Culicidae) adults[J]. Australian Journal of Basic and
Applied Sciences, 2016, 10(12): 248-254.



