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AR 2R SEBERE CREFIHEESRNATERE T
P bt R R BB AR T A L R A S
1R BAR w2 ko AP F - B3 E (- ) AR H
FELERELGTFEC ) AR e R 2 BARE - URAEF
g R TR BT 2 prdx g 6 fEA TR S R B AR o H P 2
12 S989P+V1016G+F1534C £ A1 & + Z 4 » Rd > & A FIA TR D
FERR P EFEHF o 27 L IFH LRI M 2 prdsch vgse s
A FIAAES > 2 ¢ B S #ik & PGVD/SVCD (43%) = i 3 %
Fimeha AT 25 FH 2 48% > =0 5 PGFD/PGFD > ¢
TF b 23% 0 ¥ = ¥ 3 SVCD/SVCD (14%) » 3% A& %141+ 2018
# LM hend BRE (~31%) An AERDERIET ML 3BT
A FF VOSC R ¥ B E mix o AFT Y riE 2 B SO89P+V1016G
3] £+ (PGhomo) {r F1534C 4] & + (Chomo) ¥ % madx >
FrUWHO #R2 » 2874 s B 5870 2 F 7 4F 2_vgsc

K2 % ik %Y 0.015%% 0.0075% % = % 1 fJ‘El??év’ﬂﬁtﬁfﬁﬁ

1

24 | pEre = 325 100% - 5@ 0§ PGCheter 2 % % s f 31§
EERES ST L PEOFSFLBEEFTEL 0% 2% 24
JEES = F o uREETE T 14.1%% 8.1% 0 @ PGhomo £ % pmixeh
FAFAUBETELD 5%2 0% 24 [ FANEETED
4%% 3% > ® pt %% 77 8o PGhomo # PGCheter %% = % 3 #.8 3¢
Bl A7 R ABABLELRE A ABRGRBLUEAD LY
LB E 2459 &4k g o A k] % EE % (Rhipicephalus
microplus) 1,774 & ~ #&7| % g % (R. haemaphysaloides)3 & ~ % 7% x
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1% (Haemaphysalis hystricis)259 & -~ #&F o« 4% (H. flava)l9 & ~ p %
= & (H. mageshimaensis) 403 & £ ' 3% 7= i (Amblyomma
cordiferum)l & o 3 j&Eebd B B (T L L ] RS 5 8 e (Severe
Fever with Thrombocytopenia Syndrome, SFTS)¥? 5 4# :),%(Lyme disease)
2R REIEE AN & 356 Sk AP 012 RN L AR
18SrRNA A F] % £ PCR ## % B 10 B % % % 3.37% (12/356) > 5
MR A L 0.74% (12/1,615) « tkiplFen 12 % L A0 o AR ET

% Babesia bigemina (11 #8)2 2 % H. hystricis * &3] - - A A &
LengTAl T b e
MR S pa- @A BRI RER AT g BT P R AT EE

=L ARA



B HR:

To understand the risk that endemic diseases in neighboring countries
will develop into domestic emerging vector infectious and mosquito
insecticide resistance monitoring and risk assessment in Taiwan, This
project includes two sub-projects: (1) to continuously monitor the
distribution of drug-resistant genotypes carried by Aedes aegypti and
analyze the degree of resistance to local pesticides currently applied; (2)
Investigation the distribution of ticks which as a vector carrying
insect-borne diseases such as Severe Fever with Thrombocytopenia
Syndrome (SFTS), Lyme disease (Lyme disease) and Babesia Babesiosis
and identification their pathogens in Taiwan. According to surveillance of
Taiwan CDC, there are 6 genotypes associated with resistance, among
which, S989P+V1016G+F1534C heterozygotes are the main genotype. We
monitor the vgsc genotypes in Ae. aegypti in the field to understand its
trand of resistance status. The predominant genotype is PGVD/SVCD
(43%), which has been the main genotype in the fild for three consecutive
seasons and has a continuing upward trend. The following is PGFD/ PGFD,
which accounting for 23% of population. The third is SVCD/SVCD (14%),
which was the main population in the field in 2018 (~31%). However, we
did not detect the mutation-free genotype in Ae. aegypti in our sample. We
further established Ae. aegypti strain with S989P+V1016G homozygotes
(PGhomo) and F1534C homozygotes (Chomo) for biological tests
according to WHO recomendation. The results showed that the 1-hour
knock-down rate and 24-hour mortality of mosquito without carrying
specific vgsc mutation were both 100% under exposure of 0.015% and
0.0075% deltametrin. However, the knock-down rate of mosquitsoes
carrying PGCheter (0% and 2%) and PGhomo (5% and 0%) significantly
dropped in the same condition of exposure. The mortality of both PGCheter
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(14.1% and 8.1%) and PGhomo (4% and 3%) were also significantly
decreased when compared to un-mutated control. These results also
implied that PGhomo was more resistant to dimethrin than PGCheter. This
study provided the resistance trend of field Ae. aegypti by monitoring the
vgsc genotype. Because the information of resistance is helpfuf for
adopting appropriate strategy for vector ontrol, it is needed for long-tern
monitering of the resistance status of field population. In addition,
mosqutioes with PGVD/SVCD and PGFD/PGFD were insensitiviey to
deltamethrin. It is recommended that the efficacy test and effectiveness
evaltation should be conducted during vector porgramme. In addition,
althouth the use of pesticide inevitably causes selection pressure on vector
mosquitoes, using pesticides is needed to kill the virus-carrying mosquitoes
in case of dengue cases reported. Therefore, in order to reduce selection
pressure, environmental management and removal of breeding sources
should still be advocated. In addition, in a survey of ticks in high-risk areas,
a total of 2,459 wild ticks were collected, including 1,774 Rhipicephalus
microplus, 3 R. haemaphysaloides, 403 Haemaphysalis hystricis, 19 H.
flava, and 277 H. mageshimaensis. Testing for pathogens associated with
Severe Fever with Thrombocytopenia Syndrome (SFTS) and Lyme disease
yielded negative results for the captured tick samples. However, out of 356
tick samples, 12 tested positive for the Babesia genus's 18S rRNA gene
fragment through PCR amplification, resulting in an infection rate of
3.37% (12/356) and a minimum infection rate of 0.74% (12/1,615). Among
the 12 detected Babesia signals, 11 were identified as Babesia bigemina,
and the other one, found in H. hystricis, was classified as an unnamed
novel Babesia species.

keywords : insecticide resistance, vgsc mutant Aedes aegypti, SFTS, Lyme

disease, Babesiosis, tick, vector-borne diseases
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() E@AppicE Fe FE S TR e FE F - R LA
BHITTBAFERF oK E 5 P IREAEE SEBEIL R 2
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R g R SR AR S B B AR 0 AR U A I
b e PN e D SEEBRR FANGERFH S LY
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(=) FE BB HmE

B2 A FE pAE WA paE A opAs i Lopdlo n F R
B BN SRS Ay 0 T g S MR B
Bk - BEHE IS ARFFLRFE R FEY

7 50008 A 225 E o @ RENEREEA)L HE (Guzmanetal,

ﬁ«‘v

2010) « hiE BE BIEA A SAE AL S B BALK
feo K E 2 P EL (Linetal, 2014) » 1245 2~ % FTAl kT » 3 - L &
7\’?/?—441%’&”}5{33%?4,m20]_5_§£;l\4 ﬁ%i1i43419bﬂ1’7¢

<

#oo AZiE 98.5% e G A g %2 sdxa i+ % (Chen, 2018) o 3%
Ao FERECFAAARGE S E O TS P EREFIAFLNF R
R BB BEEA R BRARE A P EA RS
TopRE A opaf B EEA E A2 7 (Chang et al, 2012; Chang
etal., 2016) -

(Z)~ 1" P Epispiirm® i 4

a2 <

EBNPELERL Ry R X PG| T ’fﬁi'kﬁ—]rf/r'"z'ik
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FILE L Aehd &y o LR AIR S 2k D (Achee et al,
2019) o« H P 5 R ARG PoiE T i3 B R TR %‘:}gsi AL PR LR -5
B o KA > FRBAESHE EFRAELAL > HP X vgse R ¥
A RLEBREY] - A 0F B2 R FRAFDRLHE 2 RE
e i Bfex B %3 (Linetal, 2012; Wu etal., 2014) - +‘7%7§7‘ B
TRl T A E kY T 0 BB T 16 48 vgse A F14)
6 8 78 F14] &2 cypermethrin 2 4p B (Chung et al, 2022) - @ ~ 45 2016
3 2021 & 2 vgsc FLE BT R FALE T 0 ¥ F 4B M Ap B A F1 A 2 ik B
Hd 2016 # 3 7 699.2%H 3 2021 & 3 7 1 939% 0 ¥ R Tk 2
ﬁﬁiiiéﬁﬁ%é%ﬁﬁ%ﬁﬁ%éﬂ*é;aﬂﬂ*u
S989P+V1016G+F1534C £ 4| & + R % + % #1c> 2020 # 3 * 1 2021 =
10 # 4%+ 25%3% 32.6% (™ Bl » =% SPVGFCDD » % VGSC #eflfs
989-1016-1534-1763 w i~ 8Lz % = AL F|A ) o K@ o & A FA AR R in
RERRE LW FREM AT AT RSB M L P ET

B3t v s B b s (MR E Y FRL R

vgsc genotype - SSVVFFDD

60 SSVVFCDD

< SSVGFCDY

PPGGFFDD

<> SPGGFFDY
=

SSvVvCCDD
SPVGFCDD

percentage of genotype




(=)~ 3 % 3 vgsC Futt &2 7 I B F A 2 B2 58
VGSC & = & F R EH(~IV) = “fﬁa R LR T 2R B vgse
EoERAAN SFFE RS Fkior = (Catterall, 2000; Narahashi,

%

i

1996) - 7] fm% MR ABELEAET B F BT i R R RRK
(vanden Bergetal., 2012) » 7k m » €470 * B H > 2 R P HERRRE
MR VYSC fhg AR VIR O AL R 8 vgse MLArd TR L
(Smith et al, 2016) > #£ = Knock-down resistance (kdr) » L2 |+ 23 4 o
mid - &Y 305 50 B kdr R ® fpiix? 4R & (Dongetal,
2014) -

% 2003 # 1% Pl ¢ o IR 2 ik vgse 7 G923V~L982W~11011M
v V1016G % % &2 i SR HFREN S B oA b F R R 11011V
- V10161 (Saavedra-Rodriguez et al., 2007) ; m F1534C > R et & &
3’rs" 7 I (Cosme et al, 2020) ; 7= % ?)f?ca‘ﬁ A4y 2 saix 7 e vgsC R % i
RSP A AR P DA% - 0 R e REREACR R 0T SR 2 B T
1100 # # % (Hirataetal., 2014) - £ H 0 VOSC R A fe AR B A e 58
mER @AY g oy S989P+VI0L6G A £ F REHT F
% SR faendult i 21~107 & (Smith et al, 2018) -

R 7 > V1016G 2 D1763Y 7 L adnp = % (permethrin)
ek 2 padx v 4R 40 (Chang et al., 2009) - % {s » S989P %2 F1534C
AT EF by 2 opagx? AR R Rl 0 T ILE Z madx vgsc 6 A B
H¢ S989P+VI1016G fri= ®4ilts M » 2= F M 6 A4 FAlfc f
7 ®iuts B (Chungetal., 2019; Chung et al., 2022) o 2 4= 35~ #F
V1016G % F1534C % i é’%",ﬁ% G BB R e g & (Du et al., 2013) o
¥ 1,%’6#,5 NS BRI G T ERL R AREN - bl 7
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S989P+V1016G+F1534C k3] & + R ¥ 5 = w4tk s 1100 & >
}"JL%/%\E} cypermethrin = # 3 90 & - S989P+V1016G+F1534C £ 4| &
+ 7v 5 4 3t (Plernsub et al., 2016) -

Ry E FER - FIP 52 o & pafs B A %35 6
o ARe v Reand Ry A1 (Chungetal, 2022) » £ ¢
* 11 S989P+V1016G+ F1534C £ 4] £+ 2 FI534C R R &+ R} T
hix B K6 = 0 B4 5 S989P+V1016G K | £ + 2 V1016G+F1534C+
D1763Y £4l &+ (243 F i) &) » FI » L AR AFAHNT
AR F o R A RPN VEY ZEH o PFE- BT uHEE
e E AR s VR
(I) pEidns 4

FHE LR R D S g (Severe Fever with Thrombocytopenia
Syndrome, SFTS) »+ 2019 & 11 * 19 p NmEP 7 b4~ 2 AL B %
(Pengetal.,2019) » 543 BP FHR L8 [ FROFERENET RZ
3% > p 2020 & 4= > i“aﬁ'lﬂ ] %L:J??Ffiéié ¥ 3% 13 % 439772
%o 5E L@#},% CHRA S 7&&5)}% (Lyme disease) 7= 7| 2 &
wOTE R @A 0 B p 2013 G AR ALk 0 R T B
MEE A AFIRA D HH] o B A REAT AR P G FRA T
ke 23 pPMRBLHEFISZS 8% 2 RTTHEF 2 BRI
FERE PRSP A GRIBIRGF FREL P FRCFER
WIEERB A S 2o (endemic) PR L E ;ﬁ%;};’,d\ﬂlg;g@
= é“i&ﬂ"*”‘ At mE 2w R G R
FAHZRLBEEFL SR L < kA (Babesia spp.) (Onyiche et
al.,2021) » Apom 3% E AR 2 MA@ Lo B o

A HRE L FANEFFIMLTIEE L A B4 <
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WERFBE c AL zEBHBRELILIEINHN 2 FTamEm pd LA
FEACP A SCFERAM{AEE T B4 oA AR
PAERFEF HRUESTRFEL > S G TRNLE S AP TR
%&ﬁﬁ%ﬁﬁﬁ@ﬂ°*%%ﬁi+%%*§€ﬁ%i§ﬁﬁﬁﬁ
LIRS U IR SR %}P‘a*»ﬂm’ P EFEFERB R H A E
¢ A WE G FERR o AT S BB 5 R R
T 2SR S E SI VNN RAE Bt L R R R R

- H ARG UERFZEARE RPN bR

IR 3 % ) AV RS I

A4 <o,

(961

g

HA g Rigim » B9
()~ d WA TSI F g R L PR FE R

FEREL PER AR WL 2012 24 %p 2007 &£ 5
RS ﬂﬂiﬁﬁﬁ%%ﬁ’%$i¢%\ﬂ%\$%\ﬁ%\
HRELPFR B d Hop 4 (Phenuivirudae ) FIH m+ B

(uf]

(Banyangvirus) - iz 4 © 4% 37 % (Zhu et al., 2019) © ik @
fEF RS LEF RS LGP ed LR e F 12-30%
}[iam LB A F AL Rfrr R AL R B RACE o EEL L S
40 f r2 ko ) 5y ik 90% (Liu etal., 2014) » &2 @ BZHRITEHP & 2 5§ ™
P03 EFFEFRBRLE > fble a?d W~ pAZ2a &
AR EBEBRELPFERCFERERS AR AL S E Y AR
PR E R B D g~ B HERLE ~ S A TCME P A ARF & b
iobr BERME R M A gRE M2 RS MR OEER N 0 B E R
CFELin 9 A ),%‘ﬁ—j—ifr ® (Xing et a., 2015; Wang et al., 2015; Hu et al.,
2015; Oh et al., 2016; Yun et al., 2016; Jin et al., 2021; Sato et al., 2021;
Hayasaka et al., 2015; Lin et al., 2020) > 7 =+ ¥k &4 *F Hepiag 5 4
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Bt 2018-2019 # FF > d Lin & A fem 3Rk - dc B Hrqf & en
360 & pr ] mEpidd g R A IBARINFRLL P FROFE
R P bl BEFE 5% £ k- BH2 L (48%) % X8
(29%) t1pd pipe > @ BP 530 2019 & 11 0 /RS A2 F bl
(Peng et al., 2019) > 4p B < J*Jc;%,i:b;&ﬁ% ﬁbs)ﬁa:‘i LANER RS (A ik
Bfpeh > Mpra ey Bigp FABSKR RS PR ER T
LR RPN A mA A2 A W RIS ot AR R Lfa
WE bl a? AR FTFRZ ey Bhies: 2 BHUEHE (&
R~mir2 § 3455 96.0~96.9% - 88.9% ) (Wang et al., 2015; Im et al.,

x‘ﬂ

oy

2019; Jiao et al., 2015) » & & AfF - Pt B K g2 AR R T oo @
Fr o Ad AU i 5 (genus Ixodes) #f @3 1 & Ed A 4r AT M
(Ixodes scapularis) ~ & 3 &/ L& (Ixodes ricinus) ~ /A4 4%  (Ixodes
persulcatus) % = T Xz &% (Ixodes pacificus) @3 » & 7 HAp7n g 2o
B bt 48 0 £ & 29 f(Imetal., 2019) » i L fE B B 1 0
AT R R E o AL P e ard Rt 2EL N ER
¥t P AR M~ %A 1 (Ixodes angustus)® £ & g e ) 16K p af e 4
(Cao et al., 2003; Kim et al., 2020) » H ¥ p A& &4 7 530 & B alx 4
BhAE 0w K kR AN RGBS (R, 2019) 0 ¥ R LR SR 2
TR RAgE - RFLABR-T LR A (Babesiaspp.) 7 g #
254 4% B W 25 (Onyiche et al., 2021) B 82 0 & 45 A 1 25 4 4
BBNLFLARBR ARG LA RAS 0 AT ARG EPF
28 m RS HREH 4 > 4o ~ B microti ~ B. divergens ~ B. duncani

B. venatorum ~ B. motasi ¢ B. crassa-like % 4 3 * id & %nga/ﬁ;éi g+

—\\}:

H BN ARG ST FE R HNRE w2 F 2 AR
RS Y R ?@@%4& ﬂ%&i@%aiﬁi%%oé
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WA AT E S BU SO dm FRo F e R R R AL
B 5 BMEIT Y > ML p L A B A R RIT > B
- HRF o UBEEERARBG RPN Lk A H Y AR LR
T2 T A FE o i B EARM s Rk o
(F)*3FFEep R T2 pM
DN BER R kP EME 2B ERE FFREET

o REBLEHRBLE A2 RACTF PR 0 AR
SR PP FRE R E e RIRERRESE L E R
o VMRS E AR S WM G E R Syt o SR § AT B R R
BELCPFRCEERES FRE 0 Y R R P AFHEL A
WYL BE AR AR R RIS ki b BB 5 2
BN BRGAHLR O EF AR Bl L AFETFE (- A
LIMBP B (X002 nix) L FUE A G E R s
BAFRRRGH A2 5 - Ay in® FL g 24 245~ 24
WAMAREET TR EFR P RUGAS » 2 ) B B
EREERAPFRES T oo AP AR 1A BopiRAT
CAEEZAEe e T GNP A G2 FE RN P

r"’vrayc

Z~3Ep

PR H 2B P IR

1. BB A3 B2 padx > B FHREMHAFIVGSC 28 AT 2 At T
B e

PR SR NERENE x% FRE AL T A5 R il (TR R 0 T L
EICE e B2 iRy o

3HEAIUMAHRS > BFAYMBREET
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4 WP ETEASRTHF BRAITERRM > A4 E ERE TF
B AR RARARAT S 2 F R GER AR R AR

S ERIEER AP eI
T8 1IFIE P 4T ;
L 84352 s 2 (7F U R FIVGSC % % & 7132 4 47

2. A4 A D R REZEM AT L E bR RE H R R 2
B o £ 4 445

3. HREAIBARS  EFALMBEET -
4. WwRIFEETEFAFIATHIFTELL | FROFERE i%}};&i 7k
SRAE SRR S ATE R R

(- ) B2 s BE B AT EREE R B o X 4 24T
B2 T ple %8 2 rdx vgse FLE A F1A) > 4 Fx‘iééﬁ‘
Bt R BARTEIAFL G RE 10 FRew > HETEZ
AP RRZERTEFEATEIRP > REY L 10114 P 5 Rk
BREEZ25°Co RA G T0H1I0% RH 2 £z ¢ o 4% 3 8 23 154 47
(Chungetal., 2019) > 3 & % B 4% A pR& ¢ » 3 31 909+
BAep* BR e SR A G KR o I X E T E FEE S (30
x30x30 cm ; MegaView Science) ¥ - & & 10% % #8/% i% 5 =g & X
o X PRI (TR M A TR do s B FARAN L SRR 2
Sk o PPIX R A A F A G h (s 35 p o K F P R e R
BUREE A P o T BT - NP s (S BPIE R ARG P T e i L %
S RAEA S NE ARk ST o
2.VQsC £ F] T_5&
x4 Qiagen QlAamp DNA ' it 2&&] (Cat. NO 51306 > QIAGEN >
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4.

Germany ) ¥ TP P8 Lyx @ 2 gDNA » i3 QJI? » i * PCR
(Biometra T3000 » £, B ) i& 74 2 % B3 > PCR F i3 ik @ 4v »
12.5 11 L 2xPCR Master mix Solution (i-pfu) ( Cat. NO 25186 - iNtRON
BIOTECHNOLOGY) ~1yL &5 #3513 (10uzM)~1yL gDNA 4=
95, LddH20 » %484 5 25uL-PCRiE® 5 94°C5 4243 -94°C A
2304 °55°C 51336 304 72°Cut B 14> £ 39 Bk -
RisuEE 72° C10 ~ 45> 18 * 2_ 315 44 — (Kasaietal., 2011) » #
Forr 1.5%3f FqpE s BT AR A PCRAY o &% Fra e /il
(%- ) &7z A (Genomics® ~ %) o T A %% @ * GeneStudio
(http://genestudio.com/) * ¥4 4 $7-5 i vgsc = Bhef FA] o
i 2 % 3 S989P+V1016G-~F1534C I+ 3] & + % S989P+V1016G+F1534C
3

Rt < [gk v iE 2 B 4FE_vgse A F1Aehk 2 maix 5k (Kasai et al.,

b -]

fx»

/"

\\ﬁr

2019) - ¥ & sadx s B A Wb 0% o Lai s HHE A 20 mL
Eppendorf @ > & 4% 10%¢hi-k o 32 i 18> dop il - R ion s
VgSC 2 )4 A o 4>t S989P+V1016G+F1534C B 4| &£ F 2 dx @ » o >
B S989P fr V1016G i=*tk — H 4|9 > @ F1534C 1R il
S989P {r V1016G :H % 3| ¢ (Chung et al., 2019) - F]pt LiE = &
S989P+V1016G 3] & + fr& 5 F1534C 4| & F 3 & mrdx » L i
732 12 1% S989P+V1016G+F1534C R A& F o ¥ Ak - ¥ ®Ic B
989P ~ V1016G ~ F1534C 2 D1763 #2i1 3 R ¥k 2 padx (v 5 2L R §
e FBAe Bgil R¥ZIACIEE FATE R
7 AR TT(KHSM77 ) *14k B 2 522 A R F % 2 & 4 ¥ 2 six (G2
e BBl RE) FHRE

MR ARG A R D% RS (Deltamethrin) 3 ¢4 A F)4]dx
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S L e R ) SRR 3 Ul S B o e v a b
k3 WHO Zik2 2 14k p| > = (Organization, 2022b) » & - 14
WHO 22 @ % 7 7 %= %2 %% (Organization, 2022a) » I 2 % f 2
ﬂﬂﬁ&B%%&iﬁﬁ’QWﬁulF%&i%ﬁﬁ%&ﬁ%’%
B 60 ~45f  BIXH B IR R E > s AT E 2 mix2 F
AR 280C o JRA T5%RH 3 % 5 0 Tieskd Bk A G124 )
s oo i g A F AR s AT R Y RRARS
AL Y 2 AR ER RS G o UFRREE AT -
R B2 R e
(=) BAREDE
1o Stk a8k B
AR ES B &S RN YR EA R (et SRR
ESEEE LTV SR IR YN 1 3 ST
BB »Z23h'ey PHLAIBLSRENLG ¢ FpdEE F AU
a. pd BEFEE I Imx ImAf # @S2 ES Ail g hE e A E AR
7 &1 Z (flagging) &% # » % (dragging)$x & » #-ik st b endd B 4R #3
> 15mi g F o pBEES FHFRAE > NAFEA GE o tick B Y
B A~ 5= > PIMgo/k e AR g TR f et 2§81
-80°C W13 M flis FHe ok -
b. #2 b5 i ¢
LEA & B iS4 R A& DR e 5 cdh 7 84 (27x16x13
cm) 10~30 i » % Sherman &4 (26.5x10x8.5 cm) 10~30 & - 1«

A B A d FREFREL AR HEERE - FEH O IRP
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LR F ARG HFERT S A~ | 11 0.1~0.4 ml Zoletil 50

T S R RO E A AR S R B - g 15 ml
R N e LR E i

HLERAFF FielEd  OHEL SR REEZEL]F B
FRAET AL A YRR G 5 HS o d ALK R
PAEE T EE  BUAEFR TR BRI ORLENS mm?3 %
SHE B RR 2R F (Iritk A FFL ) & 5 f{;%ﬁﬁ%
RNAlater 2z -] ¢ @ o 74 b ch&lw 7 & s 0 F igid 418 1 -80°C
EOEIIRR URE & 3

iVAC A Y F RAF Sk A F S A o Plea g B g

aFL 2B WAPEES -

)M ST AR B2 R Es e £ (1991) ~ Yamaguti et al.(1971) %
Baker(1999) it 7 o

b. 4 a4 + F > VR % Beati and Keirans (2001) - 4 12S rDNA

3.

a.

% 16S rDNA 5 28 Flik o #dx & #7157 8% & 2~ 2ml [f] & eppendorf
tube > 4r » 200 ml & MEM 3% %% ~ Imm % 2mm 43k ] *

TissueLyser r2 & #5 30 = £ 2.5 ~ 45#-A 884747 > 40« 10,000rpm
10 &~ 48 » B~F ik £ 2 Qiagen QIAamp DNA ‘& it 288 5 B~k o

By F 2 s - 4313 % 12S rDNA -T1B/T2A ¥ 16S rDNA-
165+1/16S-1(% = )4 w|3i t5i4 & 125 rDNA £ 165 rDNA £ 7%
o2 B~PCREMWGA BT IR T/ 28 L 1 NCBI k41

* BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) i& 7 & 7|+t 4F o

% 7 48 SFTSV 2 Borrelia & i7!

RSP RT3 S o™ o B30mg p 4 o R 0
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s s BT PR o k2 6 34 32~ 2ml 2 [f] & eppendorf tube
RAEF R E PR e I B U B it RNA 2
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ABSTRACT

Keywords:
Tick
Babesia
SFTSV
Borrelia
Taiwan

Newly recorded ticks and emerging tick-borne pathogens have recently been reported in subtropical and opical
East Asia. In this study, a total of 1,615 ticks (259 Haemaphysalis hystricis, 1334 Rhipicephalus microplus, 19
H. flava, and 3 R. haemaphysaloides) were collected by flagging from vegetation in Taiwan during 2019-2021. All
1,615 captured tick samples tested negative for SFTSV and Borrelia, but 12 of 356 tick samples tested positive for
PCR amplification of a fragment of the 185 rRNA gene of Babesia spp., with an infection rate of 3.37 % (12/356)
and a minimum infection rate of 0.74 % (12/1,615). Among the 12 detected Babesia spp., 11 were identified as
Babesia bigemina in R. microplus, and the other one, detected in H. hystricis, was classified as an unnamed novel
Babesia sp. Interestingly, the 185 rRNA sequence from the isolate detected in H. hystricis shared 98.79 % to 99.50
% idenrity with those of recent isolates from Japan, China and Nigeria. The exact origin of the Babesia species is
not known, but the findings highlight the importance of international cooperation and the exchange of infor-
mation on ticks and tick-borne pathogens. This represents a rare report of a Babesia sp. identified in H. hystricis, a
tick species that has been proposed as a novel vector for some Babesia spp. This study supports H. hysricis as a
possible vector of Babesia spp.
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Ha. mageshimaensis-LY17-TWN-2023
A. reflexus-U95865
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Bz :}ﬁ‘jﬁi&ﬁ_ﬁﬂk\—? &3] e (A) 122:}7? 12SrRNA & FIR 7| £ 17 M 1%
Neighbor-joining phylogenetic tree based on partial 16S rRNA sequences (A) and partial 12S rRNA
sequences (B) of ticks. Bootstrap values (>70%) are shown as percentages derived from 1,000 sampling
at the nodes of the tree. Scale bar denotes the number of nucleotide substitutions per site along the
branches. Red dots indicate ticks collected in this study. Ticks’ 16S rRNA and 12S rRNA nucleotide
sequences analyzed are about 450-nt long, from positions 6,937 to 7,362 based on H.
hystricis_mitochondrion complete sequence (NC_039765), and about 350-nt long, from positions 6,930
to 7,355 based on H. mageshimaensis mitochondrion complete sequence (NC_062163), respectively.
Abbreviations: AUS, Australia; CAN, Canada; CHN, China; COL, Colombia; ITA, Italy; PAR, Paraguay;
POR, Portugal; RSA, Republic of South Africa; THA, Thailand; TUR, Turkey; TWN, Taiwan; URU,
Uruguay; USA, United States of America. A., Argas; D., Dermacentor; Ha., Haemaphysalis; Hy.,
Hyalomma; R., Rhipicephalus; Am., Amblyomma; I., Ixodes; N., Nuttalliella.
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Ha. elliptica-HM068956-RSA
Ha. longicornis-OM368291-Beijing-CHN-2018
Ha. longicornis-MW642341-Anhui-CHN-2019
Ha. elliptica-HM068961-RSA
56, @ Ha. hystricis-NH4-TWN-2019
61| @ Ha. hystricis-NH4-TWN-2020
100 |' Ha. hystricis-OM232105-THA SR (H. hystrcis )
Ha. hystricis-MT294298-Fujian-CHN-2019
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52 Ha. mageshimaensis-NC 062163-Haikou-CHN-2018
@ Ha. mageshimaensis-LY22-TWN-2022
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100

100 @ Ha. mageshimaensis-LY1-TWN-2022
@ Ha. mageshimaensis-LY26-TWN-2022 ) .
91 @ Ha. mageshimaensis-LY35-TWN-2022 HE Mm% (H. mageshimaensis )
@ Ha. mageshimaensis-LY17-TWN-2023

@ Ha. mageshimaensis-LY23-TWN-2022
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N. namaqua-JF776368-RSA
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Neighbor-joining phylogenetic tree based on partial 16S rRNA sequences (A) and partial 12S rRNA
sequences (B) of ticks. Bootstrap values (>70%) are shown as percentages derived from 1,000 sampling
at the nodes of the tree. Scale bar denotes the number of nucleotide substitutions per site along the
branches. Red dots indicate ticks collected in this study. Ticks’ 16S rRNA and 12S rRNA nucleotide
sequences analyzed are about 450-nt long, from positions 6,937 to 7,362 based on H.
hystricis_mitochondrion complete sequence (NC_039765), and about 350-nt long, from positions 6,930
to 7,355 based on H. mageshimaensis mitochondrion complete sequence (NC_062163), respectively.
Abbreviations: AUS, Australia; CAN, Canada; CHN, China; COL, Colombia; ITA, Italy; PAR, Paraguay;
POR, Portugal; RSA, Republic of South Africa; THA, Thailand; TUR, Turkey; TWN, Taiwan; URU,
Uruguay; USA, United States of America. A., Argas; D., Dermacentor; Ha., Haemaphysalis; Hy.,
Hyalomma; R., Rhipicephalus; Am., Amblyomma; I., Ixodes; N., Nuttalliella.
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99 — T. buffeli-AF236094-AUS
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Theileria sp.-AB602879-Capricornis crispus-lwate-JPN-2010
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‘T. cf. luwenshuni-OQ134882-goat-CHN-2022

B. bigemina

80

J B. bovis

T. luwenshuni

T. luwenshuni-LC326009-goat-Putao-MMR-2016
T. luwenshuni-OQ540587-H. longicornis infesting dog-CHN-2022
Theileria sp.-AY533143-ovine-Bizkaia-ESP i

—_—

0.02
Wi BT ELEARAZZIFHRA G IBSIRNA A Fefik A M 4
Neighbor-joining phylogenetic tree based on partial 18S rRNA sequences of Babesia spp. Bootstrap values (>70%)
are shown as percentages derived from 1,000 sampling at the nodes of the tree. Scale bar denotes the number of

nucleotide substitutions per site along the branches. Red and blue dots indicate Babesia spp. and B. bigemina detected
in this study, respectively. Phylogenetic relationship of Babesia spp. 18s rRNA sequences analyzed are 1,415nt long,
from positions 146 to 1,560 based on the complete sequence of B. odocoilei 18S rRNA (U16369). Abbreviations:
ARG, Argentina; AUS, Australia; AUT, Austria; CHN, China; CRO, Croatia; CZE, Czech Republic; ESP, Spain; IRL,

Ireland; IRN, Iran; ITA, Italy; JPN, Japan; MMR, Myanmar; NED, Netherlands; RSA, Republic of South Africa;
SDN, Sudan; SUI, Switzerland; TWN, Taiwan; USA, United States of America. B., Babesia; H., Haemaphysalis; 1.,
Ixodes; R., Rhipicephalus; T., Theileria.
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Primer Name Sequence Mutation site
AaSCF20(F) 5-GACAATGTGGATCGCTTCCC-3

S989P, V1016G (PCR)
AaSCR21(R) 5’-GCAATCTGGCTTGTTAACTTG-3’
AaSCF3(F) 5-GTGGAACTTCACCGACTTCA-3’ :

S989P, V1016G (Sequencin
AaSCR22(R) | 5-TTCACGAACTTGAGCGCGTTG-3’ (Sequencing)
AaSCF7(F) 5-GAGAACTCGCCGATGAACTT-3’

F1534C (PCR)
AaSCR7(R) 5’-GACGACGAAATCGAACAGGT-3’
AaSCR8(R) 5-TAGCTTTCAGCGGCTTCTTC-3’ F1534C (Sequencing)
AISCF6(F) 5-TCGAGAAGTACTTCGTGTCG-3’

D1763Y (PCR)
AISCR8(R) 5’-AACAGCAGGATCATGCTCTG-3’

AISCF7(F)

5’-AGGTATCCGAACGTTGCTGT-3’

D1763Y (Sequencing)
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Primer Name | Sequence Target gene
T1B 5’-AAACTAGGATAGATACCCT-3’ 125 rDNA
T2A 5’-AATGAGAGCGACGGGCGATGT-3’

16S+1 5’-CTGCTCAATGATTTTTTAAATTGCTGTGG-! 165 IONA
16S-1 5’-CCGGTCTGAACTCAGATCAAGTA-3’
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Primer Name Sequence Target gene
(A) SFTSV
SFTS-1F 5’-GGAAACTGGRAGAGAGAACT-3’ .

NS protein gene
SFTS-1R 5’-GAAGTGAACAAGTGGTGGTT-3’
SFTSV-SF 5’-ACCTCTTTGACCCTGAGTTWGACA-3’ .

NP protein gene
SFTSV-SR 5’-CTGAAGGAGACAGGTGGAGATGA-3’

(B) Borrelia spp.

23SN1-F 5’-ACCATAGACTCTTATTACTTTGAC-3’
23SC1-R 5’-TAAGCTGACTAATACTAATTACCC-3’
23SN2-F 5’-ACCATAGACTCTTATTACTTTGACCA-3’
5SCB-R 5’-GAGAGTAGGTTATTGCCAGGG-3’

ribosomal RNA intergenic spacer
(non-coding region)

(C) Babesia spp.

BmF1 5’-GCGATGTATCATTCAAGTTTCTG-3"
BmR1 5-TGTTATTGCCTTACACTTCCTTGC-3’
BmF2 5’-ACGGCTACCACATCTAAGGAAGGC-3°
BmR2 5’-TCTCTCAAGGTGCTGAAGGA-3’

18S ribosomal RNA of Apicomplexa
(screening primer)

BTH 18S 1st F

5’-GTGAAACTGCGAATGGCTCATTAC-3’

BTH 18S 1st R

5’-AAGTGATAAGGTTCACAAAACTTCCC-3’

BTH 18S 2nd F

5’-GGCTCATTACAACAGTTATAGTTTATTTG-3”

BTH 18S 2nd R

5’-CGGTCCGAATAATTCACCGGAT-3

18S ribosomal RNA of Babesia spp.
(specific primer)
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2020 = € ¥R/ a B 763 & (% A) 77 2% 8 11 14.10% 1.44%
2021  i= & #%/% H B 571 8 (1% & ~ 570 % &) 30 £(29 # a1 &Y 0 0 0
2022 = #8[ % 4RER 310 & 79 £(26 4 2+ 53 & P) 1 0 0
(50 £ & ~ 3% B 257 % B)
2023 = %G B 130 & 58 (8 4 2~ 50 & ) 1 1.72% 0.77%
(50 = & ~ 80 % &)
= 1,774 & 244 (140 # 2~ 104 & ) 13 5.33% 0.73%
(100 = & ~4 F 4 ~ 1,670 2 B)
(B)&7) % g4 (R. haemaphysaloides)
2021 K B ERIEE 38 () 3i/gb 0 0 0
(C) % 7 = i (H. hystricis)
2019 PP wR/EMT 4 ¢ 4 i:/8 8 0 0 0
(=83 %F8)
2020 P wR/IE T 226 & 226 i+/& @ 0 0 0
4= ~21F4 201 % 4)
2021 PP R[A A 20 & 9 (5% 24 80 1 11.10% 3.45%
R @=~d~1%Fa~25%4)
|3+ 259 & 239 (54 2234 & Y) 1 0.42% 0.39%
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Count.

(D)i&s & i (H. flava)

2021 k Fr2 %o 19 & 7iE@# 2480 0 0 0
LR (1=+4 354 15%4)
(E)p % = & (H. mageshimaensis)
2022 fieesRld LR 277 & (6 %24 ~ 271 % &) 36 i 0 . .
(304 26809

2023 fFeswE LB 126 & 36 i+ 0 0 0
(1I+a 1724 108 % #) (11# 2-18 &)

3t 403 & 79 14 0 0 0
(1A -23%4H 379 %4) (41 2~ 24 &Y

(F)iwiz =i (A. cordiferum)

2023 paasIE AR 1& (R4 14/ 2 0 0 0

w3t 2,459 & (112 & # 56 % £.+2,290 566 * 14 2.47% 0.57%
% f1) (189 4 2~ 370 & Y
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