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The research progress of Wolbachia-based mosquito control
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Abstract Mosquito-borne diseases are responsible for significant economic losses and health burdens worldwide. The misuse
of traditional chemical pesticide strategies for mosquito control has resulted in pesticide resistance, exacerbating the
prevalence of mosquito-borne diseases. Thus, the development of novel safe and effective mosquito control strategies is
essential for controlling mosquito-borne diseases. Wblbachia is an obligatory arthropod-infecting endosymbiont that can
manipulate mosquito reproduction and block virus transmission. Releasing Wolbachia-infected mosquito lines to suppress or
modify the mosquito population is a promising mosquito control method. In this review, we discussed the effects of
Wolbachia-induced cytoplasmic incompatibility and virus blocking and reviewed two mosquito control strategies based on
these effects.
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fC NS, Hoh K254 9 600 J7 N T BT IR
JAJ7 (Bhattetal., 2013 ),

HiT, SR B A DAL G ) A B i - B
A, AR AR A AR 2 ) Ak 3 e 2
J7 i, AELSC e Ty v Dk 3] 42 4 e R B 4 s I
Wi B Yo 10, s % R ik B2 A i A
B A ER A, R T AU AR R BT
SR R G R AL, 2D T iR
B MERE , JEXTHEREAR RN ™ A AN RS

UTAER, A AT IR A Y i AN
TR, TR0 ) 0 WO B 45 5 12 8 W e T Fl
I FH o KR B 5 EG 4 Wol bachia i o 1 2 /4 46 78
g R A% 3, T ) HR P e A A R s
FRRFE L, SR I 75 52 ] . 4 BRIk
K FEARMUL G 2 AL RECR , CRIEI & —Fh i
H b B T B, AU T Wolbachia
XTI T FERYFE, 45 T Wolbachia fifd 5T AN
%% ( Cytoplasmic incompatibility, CI ) FlJ JFAAFH
Wik v ( Pathogens blocking, PB ) 781 HUFh ¥ B
Ry

1 Wolbachia B E 3478 FHIZ M

Wolbachia & — fift J& T 32 5 K K & H
Rickettsiales [ % > [C B4 I ( Gram-negative
bacteria ), i#1d FEAREHE ( Maternal transmission )
FIHE HAE#E ( Vertical transmission ) 7EFPREH%
Y B (Kaur et al., 2021), KA7E— ML
B, ATTE IRAEDR ¥ I Culex pipiens (194 740
4l h J& B Wolbachia ( Hertig and Wolbach,
1924 ), HEAhIF, 65%LA 175 e sh ¥y oy Fh sk e
Wolbachia, J&i24 A Ik & B HAE T T v K
B Zn—7Fh (Hilgenboecker et al., 2008 ),

Wolbachia 38 #7445 1E i T2 240 i Hh e Al
BHH, I AR T T AR BRI A R A T A
B ARG FEAE , B HE X AR AN
JofE EIRAE A Z5 4L (Lindsey et al., 2018 ), ZE
FAERNEELE A CL, REEVER (Male killing ).
e P 4t ( Feminization ) A1 fK M & 74

( Parthenogenesis ) ( Bourtzis et al., 2014 ) 4 FifJl
TR L HEVE R o ARHEVET . e Ak A PICHE A= 5

Wolbachia B4 R 5 AQMEPE LL 138, Rk
#+ Wolbachia FYMENE L AR S Wolbachia (14 #E 1
HAHE 2 A AL ( Riehle and Jacobs- Lorena,
2005 ); T CI A MUE EAR B P LA, T ™
HEAFEICET (Yen and Barr, 1971 ),

Wolbachia 7E1¢ H A BB 1E [m] 5210 fig 3238 1
£ . Wolbachia #% % B ELA 4 4 50k 54w Y g
MU T 51 2 8 P 35 S 7 e
H, HO H A S0 (Cook et al., 2008;
McMeniman et al., 2009 ). I, HEK
Wolbachia 45 4 iy (1) T R 5 1A 2 50 AR v
AT ISR g B 45 A S — A R SR o PR Ky i
AR, JUHOEME R, B TR Im YRR, &
R ek /b 1 g e 7 R I R g e e SR A B0
SRR o

4Rk, BE4W5 T Wolbachia ¥ 31y
HoAthsZ e, Qe g AR R R B Ty A
B IR A, LIIER] Wolbachia 76 50 12
HImEFETERE ST ( Allman et al., 2020 ), BRI
PI4N, Wolbachia i Al D5 BA& 9 3 A HAE
DA e I i A 475

2 Wolbachiai#E &1 C

Wolbachiaifs § Y CT & —F 4SS T

(Y HEPE 7 A RS 5 0k F RIS Wolbachia 1)
PEERHEH AN [ HRHEZE A4 Wolbachia #k 2 (14 1
UIF RSN, BSRERATAE; Hit
ZF, AiXsufiiR YL T [F— Wolbachia # 5 |
B A i E AR A A RE IS AR B &R, T AR AT LA
EH7E1% (Serbus et al., 2008) (K1 : A), &
e Wolbachia [ 4C 78 Yt [T Bk 2R & A= L, X s
B FABHAS T AN A5 H A IR TE S — IR
225y SR YL R o B, NI T3 A5 R b
IRRIGFET . HE—2B IFoE 2RI, AR Y it
N — A% R I R 2B R B 7 S B AR &
il B FA s A TP A S R4, TR 2420
ZARHA R R YR IE A 2SI, R Pk
BN B IS A Z R i 5 b ( Tram
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and Sullivan, 2002; Horard et al., 2022 ), K itt,
LR YAONRA W REAESE — KA L 2t E 0%, B

TEATRIMG 2L, 4300 T BCAAE AR e AR AT A
JERGHIIE R ( Tram et al., 2006 ),

A MFAHMZ, CI Cytoplasmic incompatibility

O S B

1£1%, dEWolbachia
%ET- Death

% i
Q Viable, Non

Wolbachia carrier

115, Wolbachia 1%, Wolbachia

@ S| wen st
Viable, Wolbachia Viable, Wolbachia

carrier carrier

% Wolbachia JEZL S HL

B FhEEMAISEES Population suppression

BEHOR LG
@ s

Starting of releasing
: FrURB
Sustained releasing
Wolbachiaf YLt

‘olbachia infected
BFAROBE
Wild population

B Fif i)
Releasing Time
dynamical model

R B Total mosquitoes

RO BT

Released mosquitoes
* CI

Wolbachia infected mosquitoes

C  JGJE{KBHET, PB Pathogens blocking

i
% Inhibit

@ Wolbachia

WO IR A
Pathogens

D FEHMEMISR N Population modification
1
i
i BEHCRIA £
@ % + @ )% i /|\Starting of releasing
i -1 TR RUHK
; = I BE
1 1258 ﬁﬂzﬂ] Wolbachia
‘ Fﬂ :§E " wild YRR
=l 178 populatio Wolbachia
i L nfegted
Released mosquitoes ! Bl Eﬂfl‘lﬂ
o CI, PBHIHAt R ! Releasing Time
CI, PB, and other phenotypes dynamical model

1 Wolbachia X85 i 7 Fih 50 7 % B 42 5K e
Fig. 1 Two effectsand control strategies of Wolbachia on mosquitoes
A. Wolbachia CT 9 % £E DL KR ACHI ARG B s B. L Wolbachia CT S JE il A R il 556 s A0 g b R 5l 7 24 70
C. Wolbachia /1519 PB #Lifil; D. LA CI, PB Sl iR R i SR ms A s ek 3l 2l
A. Occurrence of Wolbachia CT and differential outcomes in offspring; B. Population suppression strategy and mosquito

release dynamics model based on Wolbachia CI; C. Wblbachia-mediated PB mechanism; D. Population modification strategy
and mosquito release dynamics model based on CI, PB and other phenotypes.

X LERBE XA R MR I & B sy, (1Y
Wolbachia J&JL (151§ 5 ZJE L& FiF, CI ek
YRR E IAEA R 22 5, HIL AT T
JUAP Wolbachia CI fEJH#EHY: R R -l FEAL A

( Toxin-antidote, TA model ) FI{& 1fi -4 R 7Y
( Modification-rescue, mod/resc model ), TA F& %I
A Wolbachia 75 A JSAHO RS T~ 7= A —FP g R
AR, RN SRR I H LR R
P, R 24 H 5 2R AR Wolbachia (1) B 732 A il
HTHERNAEE, @it 59 amisk DNA M1EH
FHLAGAC R YL ik i) & & M BORIG T 1M
Wolbachia F&Gs i B0 rPAAAEMERE ], IXRERY

T T EREM, KRR GE % fF S
( Beckmann et al., 2019 ), Mod/resc BN K
Wolbachia 1] LA i mod PR (e 43 W6 He 16 Wi
KT, T2 CIRYAA; T Wolbachia 5L 51
T resc R0 DL A R85 106 5 X R I, A
ik CI 19 &4 ( Landmann, 2019 ),
EAEK, CI WS AR N F e e
CI #5511 Wolbachia B HRAFA I BN 00 B
3 M BEFR A M BT F A (CI factor A,
CifA) il B ( CI factor B, CifB ), EfiTLA—FhZ{l
B\ 254 ZAEEA (LePage et al., 2017 ),
1 40 >k [ B2 S W Drosophila melanogaster
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Wolbachia F#k wMel fi) CI 2K CifA 1 CifB,
DL 22335 FE B C. pipiens Wolbachia itk wPip H
52 [ElJEK CidA F CidB £:[X ( Beckmann et al.,
2017; LePage et al., 2017 ), 1 h—Fh 232 AL
( Deubiquitylase , DUB ), CidB J& CI i5FH%
SRR, AT LAE A S C1 R A CidA %
YERT, CidA D2 CI A F( Chen et al., 2019;
Beckmann et al., 2021 ), 7E&FE R B G S b Hh 1
— SRR T ClL B T AL 7E ARG
Wolbachia [ CidB M 4: 4% 3E P SR ik J CI 26
IR A F AT RE, HiXHEMES CidA R
WEPERSIC S AT LIS R CT 4k ( Beckmann et al.,
2017; LePage €t al., 2017; Chen et al., 2019 ), #
T, Xiao 55 (2021 ) Xf Wi E2EAYRY CT LAY
AT T A . A RIDIRERT ST, S5 kBt
WXt ARG CTEEH, CinA il CinB, L) J% CidA
1 CidB i i AH [F] 1) 25 G UL 45 CLIY S A
fne, JIF HHAE B SOR: TA B,

3 EF Wolbachia CI #1 %1 &% B 55
FEORER: FhEFHPH

FPEEAI ] ( Population suppression ) K HE
ZAIEAT R BRER (Sterile insect technique,
SIT ), AHHAER 2FE AR ( Incompatible insect
technique, IIT ) A THIEFWEAR, HHYE
TEW /D BH K BOR AR % ( Wang et al.,
2022 ). Wolbachia 55 1) CI 3 ik Fée IR 1A 15 ot
A E 1 F B ARG I 2R T R, REARL
FEBI () R AR PRI, PRI 4G R
FIRLRE fil Wol bachi a Jak e 19 it P i 2= WF A0 5 5
WA i ACBE ( Caragata et al., 2021) (Kl 1.
B). miEJUAE, ZEERHP 5 (Caputo et al.,
2020 ), FENFIHEJE T ( Crawford et al., 2020 ),
TRARHE B = U4 ( Beebe et al., 2021)
FMIHRET N ( Zheng et al., 2019 ) KRR T /2%
#t Wolbachia fyRfEVERCHL, B AR R 2
b 4 5 R 0 R B R AR R T 70%

( Ryan et al., 2019; Indriani et al., 2020; Hugo
etal,, 2022 ), W% Wolbachia fr)H B il 5 s
s B T EEA B RN T .

b HE D PO RR BRSO W Hb R ik
Wolbachia 2% ik, PRI H o e H R ) 52
mi) ELA ) FRBR I A, T I o R R R
B, AT 12 #:3% . Wolbachia 44
W EORS PR, (LB ATA8R vl ekl B A M R ik
I HARFPRET, X ] RE T R ROCR FEAR,
PRI Ay 3ok 6 e AN 2 R0 R TR0 e e 22 TR e A= C
BN o PRI, R 1A 3 7 3 5l A X6 A e 100 ot
WS 1 A J SR AT A2 o BN, FIFHBLER 2= 2]
KB —Fh H S AR P G , SRS AT
BB SN AT ( Crawford et al.,
2020 ), DLk, KEREL Wolbachia JEkys il i i
RS HARFP RS T, {H PR A TR i ]
51, HABEM Wolbachia 7EFIRENIEHE, S35
PEROR AP Sy 0] i HL 75 2 2B 1, PRt
HEAT IS AR SR 1R A Y R A A R A

( Zhang et al., 2018 ),

4 Wolbachia 4t & # 4% & 44 BE &

Wolbachia i % {47 i B 4 32 95 i 44 1) 4=

T, IR TR SRR A SR | AR AR Y
M, U HE U B, FR e A BH B
( Pathogens blocking, PB ) ( Bando et al., 2013 )
(Bl 1 : C)o XFhRON I SEFERY: Wolbachia
R O EE B, IFREIAR N Wolbachia 15
TAE X JE AR B AR RE R EHCHT T ( Yoshida
etal., 2001 ), 54 Wolbachia [ IEAH L, J&
& Wolbachia A SR 7E 32 BT LI HA B K
() 375 B () R AT 9 12T B2 ( Teixeira et al.,
2008 ). X—H S EAEUEM T Wolbachia i
FREE T Z A, R EV], Wolbachia /17
(1) PB UWAE FH T8 2 AN [A) ) Bt S A, anogk
PR EE ( Dengue virus, DENV ), J&AL & TR 5
( Chikungunya virus, CHIKV ), # #5551
( Yellow fever virus, YFV ), 2552 ( Zika virus,
ZIKV ), V9B ( West Nile virus, WNV ),
Bk R: (Mayaro virus, MAYV ), =7 b
57 ( Sindbis virus, SINV ) 25 U RE, LIKJE
J HURN 22 AR AR ( Bhattacharya et al., 2017,
Caragata et al., 2021 ), A2, 5 DNA Ji§H
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FHLG, RNA JEHELLIF- S 45 5 8% Wolbachia FHIT .
wMel fifi H A 5 FANE S BRXT 3 Ff RNA fi 7« S0
C #% % ( Drosophila C virus ), i Nora J&55F1
% LS EE ( Flock House virus ) B BT
J1, 8%} DNA #i#E-RHUE I EE 6 (Insect
iridescent virus 6 ) AT PFHWIYER] ( Teixeira et al.,
2008 )., BRELHMKSR Wolbachia FFEAN, AT
Tk Y 28 e AR ERE A Wol bachi a -t B TE B 5 A 9 5
PR BB % 0 o an N T % 94 i) wMel 7T LA B ik
CHIKV. DENV Fl ZIKV 7E$# S APl it e
(Aliota et al., 2016 ),

PB W&k AENLEIILE %, W EIAR T
Wolbachia B #£- 15 42 i 32 -9 iR 4 A ( Caragata
etal., 2016 ), Haf DI ALE H R ASTE 2 o 2R 11,
—BURF5Y 22, Wolbachia 7] B 1 I8 35 0 g
N, B 5 1 T A AR R SR R I R
/N e SO 1711 7 e e 1) U BN S e N
L A5 X T e v iz i AT AT, Sk s e
BRI W R AE, oE B3 50T RNA FHEAE
FH LA BR il JELAA (9 8% g . B4 AL G ( Molloy
et al., 2016; Geoghegan et al., 2017 ),

5 E-F Wolbachia 7 B {2 FEL BT 14 5t
HBFE RS . FEHEN

R ( Population modification ) HHE &
TEfff . Wolbachia /2% Z4 19 Fi i B AR R 2k G
Wolbachia AYIBCHRARE, A IHIZ R ML SRR Fh
BEE(L (Population replacement ) &, X T Fi
WM, R PERIHEE, Wolbachia JE&Ye it i Bt
FIHE RER B TC 22 Rk, PR E AT DL Cl
VE R E] E bR AR, s g U] [ B T AE i
Wolbachia F1 BH W5 5L 1% 7 ( O'Neill et al.,
2018) (¥ 1: D), Kk, —H Wolbachia 7rFf
PR e AL, , PRI AW o] LAAE — 1> St JA]
BN SRR R G AAR ) A R AEFFFFRE o

— Sy KSR HEAT Wolbachia, #R1—S6
By g A A2 Wolbachia iR 215 32,
DENV [ 2 AR5 I, Wolbachia % 4411
AP RIFEREAS A S PB W R AL, HE R
Wolbachia i 175 5 i PB, {541 wAIbB Fi

WMelPop, AEMSIA T HLAKREE B 1Y wMel B 5% 1) BH
Wi A ( Caragataetal., 2016 ), HAT, JLAEZEK
1E 7E T JR (8 FH Wolbachia % Ye 35 J P iscth A7 R b
BARIRWG . 76N JE VW EAT Y wMel JER YLl %
KA CREOR I 2, wMel BUEDE A Z 8 K
BCRPEESS , T DAA SRS A R %, JFIa
/b U B9 e R ( Utarini et al., 2021 ), 75 53k
POE, 4 wAIbB #:5| A BRI R RS, 4
Hi B R & R 8/ 40%,  HL Wolbachia $74%
HeFFE = FE (Nazni et al., 2019 ),

Tl R 11 SR M SR Wolbachi a J2%% fit iy it i
AR T AN PRI P A% 475 0K 300 24 5 A e SR SR
TR Wolbachia £k wMelPop #% % PiLX i
HfE AT ENAEAEN, s A, I
FIRIAE 1%, I HAUE R S 76 B A A Fh B
Hif£4% ( Nguyen et al., 2015; Walker et al., 2011 ),
SRTM, —2LRIA Wolbachia #RZ&, W1 wMel #l
WAIbB  #IE A AS 25 1 A I 3 1038 1 M 15

( Axford et al., 2016 ), b, FHEFAMKE
AR RE 33X 4 Wolbachia #4 44 5 % isc it 75
B e 3 IV 1 3 B PR &R AT RE TN IE A H T A
FEB TR IE o BRUCLAAE, PRSP R AR 2R
52 Wolbachia AU E (Lau et al., 2020 ), &
1555 Wolbachia Btk wMel F1 wAIbB FY 2k &[4
o 3 PTFE M s Hh RRE TS SRS 1) SIEe , f8)  EE
S b U5 S CT, Wolbachia i #E & £4& A1 PB
ROV RY %4 ( Mancini et al., 2021 ), Fir A —5i
R, M TEEM 27 °C, 27-37 °C B8
TR AL PR S5 WAIbA il WAIbB 7352 K A ir o it &
YR R FEZE 56 %A1 66 %, 1 WA IR BA
82 YRR, R B IR E I, HL gt
A R PELIBT S R ZE R FE 2 HE (Ant et al.,
2018 ), Mk, #EExt PB AL, IE6fE
PB W2 R 2, X TR HEAE 1 5w i) S it H AT
R,

6 SEMMREE

FEF Wol bachia fi4 85 L 575 4 7R i — 5 3475 7
PR . FRBEM R SR BB . P Y HA —E
DA, {H [R] At A7 7 25 VR A 18 XU AT R B 4k
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fi e (1) AMUTFE AT E# S FE R Wolbachia J2%
YL s AhRE , A Wolbachia 76 5 s fil e
HAR R CL 8U0RFEAREERCR., (2) 720
15 R % 25 0 Wolbachia 76 BFAMie il 2 91,
UNHE A 45 K8 ( Yen and Failloux, 2020 ), 1§
J& Wolbachia 33 b 4% . ik, #E£F Wolbachia
F14) IS L 87 8 SR 1) B g ST, A ZRARAR B3 Y A
fFo (3) XFFRBENGISRIS I S, 2 — PG i
PSS e ik, PR AR Wolbachia 2%
() M A2 T BOZ 7 IR AR R R RE TR 2R3k S5 kIR
B, EARFREE T AT R, (H 4R
TWEZAC T MR PR, Feil2)E
4 0 2 591 M [ s 88 5 A R o T I TS A 1Y
INFETDA NS, S5 3K PR R AN [R) AR it s
DA [FRERCb AS, R IEY | I AY | >
FERR D) S B 25 25 RS [A) 75 500 R0 1Y)
SO, BEAL, RS AR S A
ol 5 H A ¥ R s B s 2 A, TEASR LA
AT B Ay st il ST IR [ 45 SR WS 1 — 043 o

JUE i, L Wolbachia S 5Ll (1) DENV i
T G 525 ), W] Wolbachia 76 /b s %
Yy T A 5RO 77 . Wolbachia A 32
Z IR R R E V) AR 240, ez
ZFh AR A bR E BARR . BEf% Wolbachia
VA 32 22 [ A9 A AR FH G 0 57 42 5 s ) S
it I, HAEARE N, EAK, fF C1 H
O3 FAEFBLEIAE R — g 78 5 PR 9K 5l 2 45 1 3
Bilt, 2L 7 ) I S At B R Al
H B R 7
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