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Isolation and identification of tick-borne pathogens
in hard ticks collected in Daejeon

So-young Han*, Sun-hye Sung, Jin-woo Seo, Jong-ho Kim, Seok-ju Lee, Sang-sik Yoo

Daejeon Institute of Health and Environment Division of Animal Health, Daejeon 34142, Korea

(Received 26 April 2021; revised 19 June 2021; accepted 19 June 2021)

In this study, a total of 9,449 hard ticks were collected once a month from April to October 2020 from
a neighborhood park in Daejeon by flagging & dragging method and CO, manned trap method. The col-
lected ticks were classified according to the Yamagutsi search table using a stereoscopic microscope and
molecular biological analysis of four pathogens (SFTSV, Anaplasma spp., Ehrlichia spp., Borrellia spp.).
As a result of the study, Haemaphysalis longicornis were collected the most in all areas of the five
boroughs at a rate of 82 to 96 percent, while adults were collected the most in May to July, nymphs
were collected the most in April to June, and larvae from August to October at a rate of 78 percent
to 98 percent. In pathogens, three cases of SFTSV were detected, showing a minimum infection rate
(MIR) of 0.46%, while Anaplasma spp. and Ehrlichia spp. were detected one each, with 0.15% and
Borrelia spp. with a minimum infection rate of 0.46%. The detected SF7SV showed 99.9% homogeneity
with the KF781490 detected in Cheongwon-gun, Chungbuk Province, Anaplasma spp. showed 99.0%
homogeneity with IN990105 detected in China, and Erhlichia spp. showed 98.9% genetic similarity with
U96436 separated from the U.S. In this study, the distribution status and pathogen infection rate of the
hard ticks in the Daejeon area are analyzed and provided as basic data for the prevention of the hard

tick-borne infectious disease.
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It YA RarEo] Ith(Chae &, 2002; Kim -5,
2005; Lee 5, 2005; Moon &, 2013).

TS EEAUTTA(SFTIS)R A =7] mifde &
7V =A #A T =2 Ago® o] 7HY Eol
A AeH= 2R AT ZHR & 7| (Haemaphylsalis longicornis)
7F a3t miZiA = &=A thKim &, 2011; Chong
S, 2013). YRAA=  PhenuiviridaeZ} Phlebovirus<:
Huaiyangshan banyangvirus©l| <£3l= SFTSVZA 2010
W F=oA A BIEYI(Gai 5, 2012) 1 o]F
UEOAE Bl F %) O w(Takahashi 5, 2014) T3t
o4& 20139 SFTS A7} A Hile & gk
Hrajo] i F7kste] 20179 o] AzF 200% o4
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ME ol gt A5pERYEoE XUt Fa
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Ao AmAe flal AAEE 5%~20%°] 23t
thHYu Z, 2011; Kim £, 2014; Yun 5, 2016; KCDC,
2020).

Anaplasma spp. (A. phagocytophilum, A. bovis, A.
marginaley= AEI 5E0 AE71E S5 A=
OSRG-S Yo7 19949 H|FoA] FHx H
TG ERI=oA = 201490 AS EHAEQIT
Ehrlichia spp. (E. chaffeensis, E. phagocytophila, E. equi,
E. ewingiiy= o|2g]|7|o}52] AQIAo]H 1986 m]
oA HEx HiH T X& FAst JAohQin 5,
2018). Th3HRI=oll A= 2000 H|LHALOlA FHZ2
BE ¥} QItiKCDC, 2014).
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o 7Itk(Sachar 5, 2000; Ismail 5, 2010; Kim 5,
2013).

UAFS] U9l Borrellia species (Borrellia burg-
dorferi, Borrellia afzelii, Borrellia gariniiy= Lyme* 2]
HolAo|H(Picken &, 1998) FZE Ixodesss A7
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nensisw= 23 S04 A Fa Wizl =7
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A HHS AL 1 mx12 m Jog &AY 1
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w2 SA 5 (idiosoma)2} OPiﬂl‘i—(gnathosoma)Ql Zo],
=Th(scrutum) ¥} SR (festoons)2] oLd FH|, AJA]7]
9] 2k, 9% (palps)?} Z5(palparticles)®] Zo], FA|
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2 FAs5HH

2z}

[

40
N1
o

2.8 mm stainless-steel bead”} S0{9) —E‘_—JH% EQ
of E% PBS (phosphate buffer saline) 4 L
A, {52 A 50704, e 30704, 4

Table 1. Information of the tick collection sites in Daejeon, South
Korea

District Administrative location GPS coordinates

Dong-gu  Gao-Neighborhood Park
Choji-Park
Sanseo-ro
Jung-gu  Sajung-Park
Daedunsan-ro
Baekcheon-Buddhist temple
Seo-gu  Sotae-Neighborhood Park
Wolpyeong-Park 36°32°26”N 127°36°02”E
‘Whaum-buddhist temple 36°29°90”N 127°36’64”E
Yuseong- Sungdusan-Neighborhood Park 36°37°25”N 127°37°39”E
gu Sinsung-Neighborhood Park ~ 36°38’-5”N 127°35’35”E
Bokyong-Urban natural Park  36°34°29”N 127°53’18”E
Daedeok- Gilchi-Neighborhood Park 36°36°19”N 127°45°82”E
gu Birae-Buddhist temple 36°37°-9”N 127°44°88”E
Jangdong-Forest Park 36°4-’65”N 127°43’88”E

36°3-°63"N 127°45’87’E
36°27°85”N 127°46°22”E
36°28°35”N 127°46’-8”E
36°29°92”N 127°4-°69”E
36°28°9-"N 127°37°23”E
36°29°92”N 127°39°56”E
36°31°62”N 127°34’37°E

AA AAE, JHYHE, S8, A AR =29
3 poolingd} Tt H4)7|+= Precellys 24 tissue homog-
enizer (Bertin Technologies, Bretonneux, France)E ©|-&
Slo] 8,000 rpmO.Z 3024 33 Bafsty, Ea4d A
E7]= 12,000 rpm, 4°CoflA] 1027F M2 5H3H

DNA % RNAX TANBead Nucleic Acid Extraction
Kit (TANbead, Taiwan)E ©J-85to] A|RAZ}F A5
o] wheh &Skl

SFTSV A&

SFTSVe] HE= floto] M AHO| dckaid [ A}
< EHIOE M= MF3, MR2 primer sets ARE5}o]
reverse transcription PCRE 495} tHTable 2). =
2X RT-PCR Pre-Mix 10 pL, Primer-Forward (10 pmol/uL)
1 uL, Primer-Reverse (10 pmol/uL) 1 uL, Template
DNA 8 uL, Final Volume 20 uLZ PCR HI-S-9H-S A
Z5F9th RT-PCR-E 50°C (30 min)of| 4] Reverse tran-
scription 243} 95°C (10 min)©f|A] Predenaturation I}

S 935t & AmplificationS 35 cycle (95°C/30 sec,
59°C/60 sec, 72°C/2 min)d}al, 72°C (5 min)©{|A] Final
extentions $Y5}AU Tt PCROJA Y= 12} SZ A
= 1 uL, Primer MMF3 (10 pmol/uL) 1 uL, MMFZ (10

pmol/uL) 1 uLE Template DNA 8 uL%} 43l Final
volume 20 uLE ¥H3-H-E& A|Z3519 Uﬂ 94°C (5 min)
ofA] Predenaturation®}d-& ZY3st T AmplicationS

35 cycle (94°C/20 sec, 59°C/20 sec, 72°C/20 sec)3t &,
72°C (5 min)of|A] PCRS 43§35}t PCROJA A H
AFES 1.2% Agarose gelo]l 100VE 7] Y5015 o™

auzAN

[}
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® ™
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O Dong-gu @ Jung-su @ Seo-su @ Yusung-su @ Daeduk-gu

Fig. 1. Collecting sites of ticks in Daejeon.
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Table 2. (RT)-PCR primer sets used for PCR

Target species Primer Nucleotide sequence (5°—3’) Target gene (size [bp]) Reference
SFTSV MF3 GATGAGATGGTCCATGCTGATTCT M segment (560) Chae et al (2017)
MR2 CTCATGGGGTGGAATGTCCTCAC
MMF3 TAAACTTGTGTCGTGCAGGC M segment (245)
MMF2 CCCAGCGACATCTCCTTACA
Anaplasma Spp. AEIF AAGCTTAACACATGCAAGTCGAA 16s rRNA (1406) Kang et al (2013)
Erhlichia Spp. AEIR CCCTTCCGTTAAGAAGGATCTAATCTCC
Borrelia Spp. 132f TGGTATGGGAGTTTCTGG Fla (774) Wodecka et al (2007)
905r TCTGTCATTGTAGCATCTTT
220f CAGACAACAGAGGGAAAT Fla (605)
824r TCAAGTCTATTTTGGAAAGCACC

vh3-9] A3 rEoj7 A9 Z7]= 13F= 560 bpSl
3 22}= 245 bpo]¢{tt. PCR 7]7]&= Veriti Thermal
Cycler (Applied Biosystems, USAYE A5} Tt

Anaplasma spp. Y Ehrlichia spp. &

Anaplasma®} Ehrlichia &S 9/5}9] Table 29} &
o| Primer AE1-R, AE1-F& A}8-5}o] PCRS 4345}
t}. £ 2X PCR Pre-Mix 10 pL, Primer Forward (10
pmol/uL) 1 pL, Primer Reverse (10 pmol/uL) 1 pL,
Template DNA 8 puL, final volume 20 pLZ PCR W&
AL A|Z5IFTE. PCR AL 95°C (10 min)ofl Al
Predenaturationd}1?, Amplifications 35 cycle (95°C/30
sec, 59°C/60 sec, 72°C/2 min)§t &, 72°C (5 min)of| 4]
final extensiono}$iTt. PCROJA AE AFEES 1.2%
Agarose gelof] 100VE A7 P55t o ¥H-g-o] ZAx}
TH=01%l AR29] A 7]= 1,406 bp ©]%ltt. PCR 717]
+ Veriti Thermal Cycler (Applied Biosystems, USA)S
A1g5t3ict

Borrelia sp. 2%

Borrelia sp.2] 16s tIRNA §-42 A& 9ol B,
B2 primer setS AFE-5}0] PCRES 34513 tH(Table 2).
Z 2X PCR pre-Mix 10 pL, Primer Forward (10 pmol/
uL) 1 pL, Primer Reverse (10 pmol/uL) 1 puL, Template
DNA 8 uL, Final volume 20 uLZ PCR WFS-H-& A=
5}t PCR AL 95°C (10 min)of|A4] Predenaturation
313, amplification 30 cycle (95°C/30 sec, 52°C/30
sec, 72°C/45 sec)3t ¥, 72°C (5 min)of|A] final ex-
tensiono}F Tt PCROJA] AAAH AFES 1.2% Agarose
gelo] 100VE 7| g55tlom vhg9] 23 vhso]
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A AHE9] F7]% 465 bpo] Ut PCR 7]7|% Veriti
Thermal Cycler (Applied Biosystems, USA)S AR&-51%
o}

PCR £M22| DNA A

PCR AME2 LaboPass TM PCR Purification kit
(Labopass, Korea)E ARgoto] JA|st9ct. PCR ¥
2o] PB PEBOIE S 7L TET ¥ BT
< spin column tube®] &7 & PB &45-8H-S 500 p
H7psict. AREo] BAEW 37°ColA] SaalT 18
7t 13,000 rpmof| 4] Y41E St Z column tubeE E3}
S A A2 AASEAL, 750 uLe] PE €582 spin
column tube®]] &3}sto] E2 F ThA] 13,000 rpmof A
17t QAReetT ofBle AASHT oA
13,000 rpmof| 4] 387 AAEZ T & 50 uLo| Elution
bufferg H7Fsto] 127F A2 AT & 287 &
42 sto] DNAE AI5H3 . A€ DNAE SYBR
safeE =91 1% Agarose gelo|A] A7| P53 & gel
docs B &Y WHEE SISttt

flo Lol
(o
md o

o

Agarose gel Oll{] DNA &

2]
Al &4 1.5 mL centrifuge tubed] &7 & QGLEE
AL 05 mL Wrhslel SeColH 1587 YA ¥
Agarose gelo] £H45] o€ AS FRIgt & 23t=
< Binding column tubeZ A A] 25°C, 13,000 rpmoj|
A 187 YAEE5Y . Binding column tubeE &
St ojzlele AASL, 750 uLe] PE 9EgoS
binding column tubeo] H7}3t ¥ 25°C, 13,000 rpmo]|
A 387t AARESHRH. 25 uLo] Elution $5-&%
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[ =

Yst= DNAE FEo9tt. 53 DNAE 1%
Agarose gelof| /] A7] 953t & SYBR safeZ A5}
of BHoIBheT

ATIMEe| 2

FZ3 DNAE FFO & 5l9 2 pmol 9 Sense pri-
mer?} Antisense primers F7|AE AA 0]-835}%
t}. BigDye TM Terminator v3.1 Cycle Sequencing Kit
(Perkin-Elmer Applied Biosystem, USA)E Alg-5}o]
95°Col| A 302, 50°Co|A] 5%, 60°CO|lA 487t 253]
§hRelol WAL WS B ATES 3M sodium
acetate (pH 5.8)2} EthanolZ Z A A]Zl & ABI 3730XL
Genetic Analyser (Applied Biosystem, USA)E ©]-&79]
o A7IMES AAsHA-

A7k £A

sholEl H7|AE=E National Center for biotechno-
logy Information (NCBI; http://www.ncbi.nlm.nih.gov)
oA A|53}= Blast I Reference Sequences 52 ©]
glo] 14 ke @lAEe Bl o 97
A DL Bioedit Z21HS AMESIO] H7|AES HE
5}3l MEGA X program (Neighbor-joining phylogenetic
tree using Maximum Composite Likelihood model with
1,000 bootstrap replications)S ©]-85}0] Phylogenetic
analysiss A A|SI3 T}

20204 495 E 109744 SAA] S AN 2} 3
A AH 5 157 AGelA HAE] F o4dontel S
Agetact. ANE FAET] F FeanFAS] 7
8,555112](90.5%), MW E 77} 827012 (8.8%), 2
BHAET]7E 670120702 AWE FAEY) F 2
LATFAE} STt AL AIHES |
BRolA 1324m12l06%), FToIH 1,68592192%),
AFANA 1839012 (829), ST 1.3869H1(91%),
gl A 2320020192 Ao Auglel 713

o] Y= AckFig. 2).

AXE 94a9nkele] HAET] % HFol 15200k
(16%), Ok20] 3,7251}2](39%), 3-30] 4,2041}+2] (45%)
AY= =t A2 59~797H  1,1951H(78%) &
o] JPHEGL o5 48 ~6Ho] 3,323112](89%)
2 o] AYEAOH $5L 58~ 1080] 4108912)
(98%)2 7F8 wo] W= hTable 3, Fig. 3).

AA A= ERN7F BRI 7] AlZshe 54

25| F7Fsto] 7¥= AQATt 9ETA] W A
5305 20209 79 AT A ol g
27 7179] AuHF1/37, 2020) = A Fo] o
Ql ASR RQATt}(Table 4).
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AYE 9,449ut2]9] JHEY] F S5 S Flag-
ging & Dragging¥]© & 2530}2](17%) A€ ¥ CO,
trapt] 0 2 AYHH 52 1,26771(83%)°] 1. 25
O] 7§ Flagging & Dragging® © 2 1,4320}2](38%) A
HE §vhE COo, trap o2 AFE FF2 2,2930}E]
(62%)°] 2t} 922 Flagging & DraggingH 0.2 1,8531}
2 (44%)7F A-EHAL CO, trapH O == 2,3511}E]
(56%)7F A= THTable 5).

Z= Flagging & Draggingfl 0.2 AF st HA =7
L = 3538018 (37%)°] .01 CO; trapH O 8 A
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Fig. 2. Count of collected ticks by district.
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Table 3. Monthly count of ticks by species and life stage

s s

Species Life stage & 2020 Total

gender Apr May Jun Jul Aug Sep Oct

H. longicornis Adult (F) 97 284 335 234 64 1 - 1,015

Adult (M) 34 101 159 63 9 - 1 367

Nymph 975 1,647 626 84 107 142 3 3,584

Larva 4 31 1 45 1,659 1,657 192 3,589

Subtotal 1,110 2,063 1,121 426 1,839 1,800 196 8,555

H. flava Adult (F) 3 9 3 - 5 8 26 54

Adult (M) 8 4 - 1 7 10 2 52

Nymph 22 30 4 - 23 21 21 121

Larva - - - - - 11 589 600

Subtotal 33 43 7 1 35 50 658 827

1. nipponensis Adult (F) 2 1 1 - - 2 11 17

Adult (M) 1 - - - - 2 12 15

Nymph 8 8 3 - 1 . . 20

Larva - - 15 - - - - 15

Subtotal 11 9 19 - 1 4 23 67

Total 1,154 2,115 1,147 427 1,875 1,854 877 9,449

*Adult (F), female hard ticks; Adult (M), male hard ticks; Nymph, the stage after larva in incomplete metamorphosis; Larva, the stage after egg.

Hlongicornis

~ Adlt = Nizgh = Laxa

] 7]

.U o

3 g o
) &

F-1 o

g ,5 200
‘< z

Hflava

600 = Aduk -« Nimgh -+ Lana

Lrapponensis

- Adult —» Ninph —= Lana

Number of ticls

24 ET] oA 3710] AEEHA=T 1712 44
CO; trapH o= ZYTE oFFolA, T 242 5¢
22 CO, trap o2 AT FFollA A=A 2
= SFTSV+= Z 9,4490}2]9] ZAE=7] pooling sample
65171 % 3719] poolo A AEE]0] 0.46%2] XA7A
EMIR)y eI

Anaplasma spp= 78 57 A9 A ZO] A Flag-
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Fig. 3. Monthly count of ticks by
life stage.

ging & Dragging'] = A 2249 ET] oS
oA 170o] AEEYCH Erhlichia spp= 88 &
A9 AHZO|A CO, trap o2 AT 2240 %
RE7] Ag3olA 170] HEEUAT. dnaplasma spp.
@} Erhlichia spp. + 651719] pool & Z¥Z} 144 A&
%o} 0.15%2] HAAFEMIR)E UEHIT
Borrelia spp= 3710] 5% GAT A Y ALHE 0| A

-+
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Table 4. July 2020 Dagjeon regional weather AEE =Y 5€ Flagging & Dragging‘ﬂ.?& A5k
SUN MON TUE WED THU FRI  SAT YEIHET] FFolA 17, 8 CO, trapH O &2 Z|F
. @ ASAWEAS] ofelAl 17, 98 CO; tapHlo

? ? ? 2 QAT F2A0IRET] {FFolA 140] HE

k. Borrelia spp.2] HATIEMIR)IZ 0.46%0]}
9 01 o},

S
* >

19 20 2
Flgging & Dragging 253 1,432 1,853 3,538

26 27 28 29 30 31
? ? ? ? ? ? CO; trap 1267 2293 2351 5911

A 1,520 3,725 4,204 9,449

8
15 16 17 18
Table 5. Number of collecting ticks by collection methods

22 23 24 25 —
Collection No. of collecting ticks
Total
methods Adult

Nymph Larva

1

. AB817988 SFTS Japan

AB817994 SFTS Japan

AB817992 SFTS Japan

KF781511 SFTS Korea
AB817991 SFTS Japan

74

ool B KJ739583 SFTS Korea
98 81 KJ739590 SFTS Korea

o ——— KJ739579 SFTS Korea
KF781492.1 SFTS Korea
& | KF781489 SFTS Korea

117 KF781491 SFTS Korea
% 1 KF781513 SFTS Korea

91
AB817989.1 SFTS Japan
KC189856 SFTS China

7o | * Dong gu 200529T
“ e Dong gu 200529T

e Dong gu 200429T

KF781490 SFTS Korea

— KF781506 SFTS Korea

. KF781502 SFTS Korea

KF781494 SFTS Korea

%% |— KF781504 SFTS Korea
[ KF781499 SFTS Korea

5.1 KF781505 SFTS Korea

KF781500 SFTS Korea

HQ141593 SFTS China

98

NC 018138 SFTS China
be HM802203 SFTS China
£ — ——— HQ141608 SFTS China

55 JQ684872 SFTS China
== "m | KC473538 SFTS China

o5 KC473541 SFTS China

Fig. 4. Phylogenetic tree of SFTS
virus based on 560 bp M segment
0.010 gene sequence.
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AEE 379 SFIsrE A714<YE &4 ¥ Genbank
of 5549 15719 Izx+F} A5 vl EA45)
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Fig. 5. Phylogenetic tree of Ana-
plasma spp. And Ehrlichia spp.
Based on 1406 bp 16s rRNA gene
sequence.
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