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Distribution of Hard Ticks based on Environments and Detection of Severe
Fever with Thrombocytopenia Syndrome Virus in Sangju city, Korea, 2019
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ABSTRACT: Several hard tick species in Ixodidae are medically important pests that transmit infectious disease including severe fever
with thrombocytopenia syndrome (SFTS). In Korea, the number of SFTS patients continues to steadily increase since its first report in
2013, and Gyeongsangbuk-do (province) is the second most frequent area of SFTS patient occurrence. In order to investigate the
distribution of ticks in Sangju city, we collected ticks using the flagging method from 26 sites comprising urban green area, vulnerable
area of management, and rural area, and examined SFTS virus from the collected ticks in 2019. Based on Collection Index (CI = tick
number / 1 h / 2 people), CI 143 ticks, including Haemaphysalis longicornis, Haemaphysalis flava, and Ixodes nipponensis, were collected;
the most abundant species among the three tick species was H. longicornis (CI 138, 96.5%). Ninety two percent (CI 131) of ticks were
collected in vulnerable area of management, where people cannot easily enter and are not managed by city hall, whereas only 8.4% (CI
12) were collected in the urban green area and rural area. Regarding SFTS virus detection, virus was not investigated from 26 pools
containing CI 143 ticks. The results of this study are expected to be used as a recommendation for ensuring the safety of local residents
from tick-borne diseases.
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A ojdtiMoon et al., 2013; Shin, 2013). E3] ZR =7 1}o]
24:3l= U hard tickE2 $5IAE A4S S H(severe
fever with thrombocytopenia syndrome; SFTS), 2} (lyme
disease), Z1=7|ulj7}j%] &(tick-borne encephalitis), FE(Q fever),
HH| A|o}Z(Babesiosis) 52 k= HUAE Hatste] o]
= AR uj7fsts Ao 2 defA ¢t Dantas-Torres et al.,
2012; Jongejan and Uilenberg, 2004). Boophilus <2 A| 2|3k
YR o] AT S| 3 22 F=7](3-host tick) & ZF HHAY o
Aokek 8 455 bt 45 70 Al A 7H
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2013).
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(Raghavan et al., 2019), &3} FAHE, 0)X] 52 E3ol=
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Q= 7o g dEA Qi Barker and Walker, 2014; Heath et
al., 2011; Hoogstraal et al., 1968). Z|<L 2017 v]=t {4 ] %]
Aol A 2= LE o] %(Rainey et al., 2018), IHEZ, 74,
HEHE, A Yol v S5 A oA = o nj= &
A= JAI =7} 2o =] Itk Beard et al., 2018).

E3| A2 A0 =)= "4 T4 (thrombocytopenia),
‘ﬂﬂﬁé—? 7 A~Z(leukocytopenia), TFEHA #7]5-7(multi-organ
failure), T, 7= 59 S5 FL6h= SFTSE vi7lish= &
52 dA ) Oom(Yuetal, 2011; Zhang et al., 2012), 2009
W S, 2012 U3, 2013 Fholl A A5-2. & SFTS7F B
115 o]%(Kawabata et al., 1987; Kim et al., 2013; Takahashi
etal., 2014; Yu et al., 2011), Z=Fof| =201 1 HHE 2017
714] 3,500 o]4ke] A7} ek S ERol A Qo)A
898 oFAkS. Wo|1 QJrKLi, 2015). Sgulele] A= SFTS
735 Aoz A4 sol Tel ) 9lom, 20131 3 2
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H1E o] 3ixpr} A &4 0 & Z718h= oFARS Ho| 1l Qi
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Table 1. Location of tick collection sites and Collection Index of ticks in 26 sites in Sangju city, Gyeongsangbuk-do, 2019.

. . Develop-
Area Collection Site Collection Environment GPS Altitude . No. 0§f Species mental
Date (m) pool
stage
. . N 36° 24'26.70" . .
1 Riverside traill ~ Sep. 10 short weeds, street tree E 128° 10'37.81" 55 3 1 H. longicornis  nymph
L . . N 36°25'23.07"
2 Riverside trail2  Sep. 10 short weeds, streetlight E 128° 10' 09.78" 56 0
. . short weeds, streetlight, N 36° 22'32.97" . .
3 Riverside parkl  Oct. 16 wildlife trail E 128° 08' 52.75" 63 1 1 H. longicornis  nymph
L . N 36° 25'26.44"
4 Riverside park2  Sep. 6 lawn, streetlight, E 128° 09' 13 56" 57 0
Urban parkl e . N 36°25' 04.53"
5 (flatland) Sep. 9  lawn, artificial environment E 128° 10' 12.63" 55 0
Urban park2 e . N 36° 24' 53.62"
6 (flatland) Sep.9  lawn, artificial environment E 128° 10' 08.43" 56 0
Urban park3 . . N 36° 25' 00.36"
Urban (flatland) Sep.9  lawn, artificial environment E 128° 09' 42.87" 60 0
green area Urban park4 Sep. 9 lawn, artificial N 36° 24'22.39" 0 0
(hill) p: environment, E 128°09' 11.07"
Urban park5 lawn, artificial N 36°24'12.30"
(hill) Sep-9 environment, E12se 002121 4 0
. N 36°25'"13.61"
10 Sports complex  Sep. 9 short weeds, streetlight E 128° 10' 45.75" 53 0
. . N 36°25' 54.81"
11 Stadium park Sep. 9 short weeds, streetlight E 128° 09' 47.29" 71 0
lawn, streetlight, artificial N 36° 25' 19.65"
12 Gaieballcourt  Oct. 16 environment E 128° 11' 06.65" >3 0
. short weeds, streetlight, N 36° 25' 39.54"
13 High school Oct. 16 artificial environment E 128°09' 51.76" 72 0
. . short weeds, streetlight, N 36° 22' 43.60"
14 University  Oct- 16 ificial environment ~ E 128083947 o> ©
. . wildlife trail, long weeds, N 36° 25' 22.60" X .
15 Riverside roadl  Sep. 6 nearby hillock E 128° 08' 53 46" 61 3 1 H longicornis  nymph
. . wildlife trail, long weeds, N 36°25'19.47" . .
16 Riversideroad2  Sep. 6 nearby hillock E 128° 08' 50.95" 60 2 1 H. longicornis  nymph
ildli i 095 " 53 11 H. longicornis adult
17 Riverside Aug. 23 wildlife trail, l'ong weeds, N 36°25'15.56 60 g
nearby hillock E 128° 08' 50.54" 11 1 H. longicornis nymph
Vulnerable 18 Mountain path  Sep. 6 copse, small valley é\] 1326802028,294'6663" 107 11 1 H. longicornis  nymph
area of :
manage- Vacant lot with . N 36°22'59.80" . .
ment 19 weeds Sep. 11 long weeds, nearby hillock E 128° 09' 47.27" 65 2 1 H. longicornis  nymph
Vacant lot in long weeds, streetlight, N 36° 22' 40.65"
20 residence Oct. 16 artificial environment E 128° 08' 57.32" 60 0
44 2 H. longicornis  nymph
long weeds, nearby hillock, N 36°23' 35.45" 1 1 H. flava adult
21 Desertedhouse  Sep. 11 wildlife trail, fruit tree E 128° 10' 48.62" 121 1 1 I nipponensis adult
3 1 H. flava nymph
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Table 1. Contimued

. . . Develop-
Area Site Collection Site Collection Environment GPS Altitude - . No. 0§f Species mental
No. Date (m) pool
stage
N36°25'17.18" . .
22 Cattle shed Sep. 6 long weeds E 128° 08' 45.99" 63 3 1 H. longicornis  nymph
Experimental e . N 36°22'22.23" . .
23 stock farm Sep. 10 short weeds, wildlife trail E 128° 08' 21.69" 78 2 1 H. longicornis  nymph
. short weeds, artificial N 36° 24' 51.60"
Rural area 24  Rice paddyl  Sep. 11 environment E 128° 08' 49 80" 61 0
. short weeds, artificial N 36° 22'39.49"
25 Ricepaddy2  Sep. 11 environment E 128°09' 41.93" 7 0
I . N 36° 24' 56.68" . .
26 Farm road Sep. 11 long weeds, wildlife trail E 128° 08' 14.93" 65 3 1 H. longicornis  nymph
Total 143 26

"CI: Collection Index (CI = ticks / 1h / 2 people)
SNumber of Pools for SFTS detection

S

| Il Urban green area
I Vulnerable area of management
I Rural area

Fig. 1. Geographic location of tick collection sites in Sangju city,
Gyeongsangbuk-do, 2019. Purple, red, and brown numbers indicate
the collection sites in urban green area, vulnerable area of
management, and rural area, respectively.
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THEE 10 2714 flagging method (WA §-4: 1 m x | m)ES
o]g3lo] ZAFSIETHNoh et al., 2018). 7 ZhZ2X|(site 17) 2]
785-2%10] 1A17F 52k A5kl aL, w7 Ksite 21) 04 4¢10] 1
ARZE ARsER e, T 9] 237 AR A= 4Q10] 24174 A
etk S 2R =7]= 50 ml cornical tubeo]] 235}
AN FY T A ol Behd = R Tsha 1 2 AAY
et A A Z RPN, B8 A4 &2 o] FHEH
7 742 4°C Y 27 02 Hslt B o A= AAw
1] %(SZ51, Olympus, Japan)2- 0|85k 7]E w3l ofl whe} &
ol 7hst A oF% WS 7155813 0. (Yamaguti et al,
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SFTS HIO[HA ZEA}

35 Fd suhe A, of -2 3
of) 30ut] A A8 £ H(S1193, MP Biomedicals, Irvine, CA,
USA)ol| E3ith 7+ & Holli=NucleoZoL (740404.200, Macherey-
Nagel, Diiren, Germany) 400 ul& 37}s}al 302 52t A=
A incubation 3FT} 0]5 AWZ.S. 547](P000062-PEVO0-A,
Bertin Technologies, Bretonneux, France)E ©]-8-5}%] 6,600
rpmol A 3024 33 TRAHE}L, 14,000 rpmof A 4C 2A0Z
5359k AAELSle] A5NE Shuslglck Shust A5l
2 Direct Zol RNA extraction kit (R2052, Zymo Research,
Irvine, CA, USA)& o]- 31 t7 o] w2} RNAS 253}
JL 5= SFTS vpo] 2] 2ek AF A71A] -80°C 27dofA] Kt
shaict.

poolmg 30

SFTS Hlo] &2 ZAT-S SFTS Hfo|gAM T $Z-3 o]¢
5191l == vpol A9 gFo] Al A& 1125ke] Nested-

. First PCR primer 7|41 Q-2 o] 5L
Al gk A B E 0]-85}9 1(Table 2) (Ham et al., 2014), Dia-
Star 2X OneStep RT-PCR Pre-Mix Kit (DR31-P096 SolGent,
Daejeon, South Korea)ol] =53+ 2FA=7] RNA 5ul, distilled
water (DW) 8ul, SFTSV MF3 (forward primer) 1ul (10 pmol),
SFTSV MR2 (revers primer) 1l (10 pmol)2 4-2 % First
PCR-& A3J3}9ith. PCR 272 50°C/304, 95°C/158 213Y
ko] JAAFSFA T 95C/20%, 58°C/40%, 72/30% 2 353 vt
Balo] 2Ea 7 72°C/5 8 Bok H% AFTY-S A5k
0]o]A] Nested PCR-2 AccuPower Hotstart per premix kit
(K-5050, Bioneer, Daejeon, South Korea)o]| First PCR A= 1
1, SFTSV For (forward primer) 1ul (10 pmol), SFTSV Rev
(revers primer) 1ul (10 pmol), DW 17ul& 4-& 5 94C/58
%0} pre-denaturationd} 1, 94°C/20%, 59°C/20%, 72/20%
oll4] 263 Wk B1o] ZZ3kE 72C/52 Bk A GG
A5t tHTable 2) (Jung et al., 2019). $Z5 PCR A&
1% agarose Zlo]| 4] 100V 30 A SR A7|FEsH L Wi=
9] §-5+= GelDoc XR+ System (Universal Hood 11, Bio-Rad,

Hercules, CA, USA)2 E3} &-2l5}%ich

2t R O&

ZBEE AAFAlol A RIET] Aol o idEl= A3 263
< o2 flagging 3-& AAISIATE & CI 1439 A=
717k A 54 1, 2R AT ET|(C 138), AR =7
(CI 4), QEAA=7|(CI 1)) 3%2] ¥hijo| BFolg|qict 13
2213 XE l% % A7 2=7]2] 96.5%(CI 138)E 214
&l 2

JEA oA 9450 2 T gl c(Table 1, Fig. 2A). =+
el A o)d A5 ofs, 2|2)a Eel dolA) 2
E719] E25 AR Aol M= 98.8%2] =7]7F 2h2a
TR E7] 1 ©H(Song et al., 2016), 37| = B FEAFZ] o] A
= 75.8%2] Z1=7]7KChong et al., 2013), 77 %= FFA] 9]
79 90%7H(Jung et al., 2019) ZF2A TR E7| 2 HolE] Q)
o}, gk Seluel ARl AR B Qo] eJsh A7)
YF AE=7]2]90.8% 7} 22 An 2 = 7] 2 TH2E]| QT Park
etal, 2014). & A5 BIES U IR =7] At SAS
o), 22 4ml B S| Az et ofjg) ol A
sl Zo2 ek

APZEAolA A HAET| 9] B e WS 24}
o 2k, ) Z1oFx| ool A 91.6%, 5 X ol A 5.6%, F4)
2] 2] ol 4] 2.8%2] A =77} Y Eo], w4 =) A] ed1
s Aol 25 9 =
T Ao ] R oA AE] e AR =T o WA
£ EKFig. 2B).

Al e85 7178 A8 =] SES 1Al 1470 2139
LAl A A ol A= AP AR = (site 1)@} 2 HE-H(site 3)0])
A Z}2FCL 3, CL 1] 220X =717 = o] =]
o bAgo] gl E oy, L A] 127 Aol A= Rl =7] v
AJo| THEE|R| QITH(Table 1). R =7]9] Hhiio] ol E] %]
oL 127 A| L b AL R (site 2) L 71 F-Y(site 4) T} =
| Z-(sites 5 ~9), A|=- A E|(sites 10 ~ 12), 1158 (site 13)
ookl Ui o] ZhefRi(site 14) 22 of| 2 2] Yl 85 WA &
G

of AA A Bel7k ol Folx| 1 AgEe] Yot sow of

S ARy AL Bl ol

off o mx &2

Table 2. The sequence information of primers for detection of M segment of severe fever with thrombocytopenia syndrome virus.

PCR steps Name of PCR primers Primer sequences (5°-37) Target sizes
SFTSV MF3 GAT GAG ATG GTC CAT GCT GAT TCT
First PCR 560bp
SFTSV MR2 CTC ATG GGG TGG AAT GTC CTC AC
SFTSV For TAA ACT TGT GTC GTG CAG GC
Nested PCR 245bp
SFTSV Rev CCC AGC GAC ATC TCC TTA CA
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(A)

138
(96.5%)
~ 4(28%)
1(0.7%)

1 Haemaphysalis longicornis
=1 Haemaphysalis flava
mmm /xodes nipponensis

(B)

131
(91.6%)

o —4(2.8%)
8 (5.6%)

[ Vulnerable area of management
= Urban green area
mmm Rural area

Fig. 2. Distribution of tick species collected in Sangju city, Gyeongsangbuk-do, 2019. Collection Index of each tick species and its
percentage (A). Collection Index and percentage of ticks collected from different environments (B).
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| Fig. 1) ol SISk A8 2 2lolo
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AR=717E A A Lok T ol Aok fARE 2
T2} A2 =t Chae et al., 2017).

Hhel Q1A o] BB SEo] $7]X|u] Tel7} o] ol o
= 34 2P T Q- o Aol A Fa
£719]91.6%7} AR = K Fig. 2B). 1 & 71 =2 4]
Cl 647} A5 7 g2 A(site 17) ] 73-9= 454 ol =
7} vk Qo] WA 2l A 24 E¥o] £510] 1 m o]
O 22 o] Fojql g o] H& e =E BAste] 1=
o] drdof 1-2|5k37] ulZell B2 =2 I =717F AR E Ao
2 AJZF3ItH(Heath, 1979; Yoon, 2002). E3HCI 4971 3%
| 7Ksite 21)9] 7 9= opita} gbdol Ql= Lo & QA o] =
=l nhgoll= AUHEeR I m 0] o] g% =zt 9l of
o] BHo] PAEE A0 R ol opYEEe] 2907}
3 Hhe 4=0] 7|7} QYR = Ao = AyzH=E )

o
A (site 18)-& 2 A=

e wjet g Elo] 9)

T

It RE7]o 8 %%“%J?_ opiEEel &4

rz r>4 &4

X]—ZE

=&Y *L AFEQ] 7 A AL we] E|A] grot il
A A5 9 A7Ee) =2 27 A (sites 15, 16)-& 22}
CI 33} C129] A=7]7F YR = =), FH 20| o= oF
30 cm HER WQkoLt Ao ofito] glom o EE| &
o] PAE= 5 o] =R HE|7} F kst AR H AL
= A7t FA] O FE(site 19)= B EA] o2 2
(1 m oJh7} FAJ8kar op o] T ajo] Pakeli= 3o & Cl
2 A=7]7} PH = A Table 1, Fig. 1). ¥FH 42| ZE

(site 20)= JAH=

717k A=A kel FAA S FE (site
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20)= b7t o @A E AR 7kt v7idE A q o= 1
m ol St ekl A5 Sl Bl 2
2 Aape] iy} ehtele) T 2
7ol @Hﬂmagﬁiﬂlaq%%aﬂﬁﬂ%%°§
1o Aekel A0l ZHLE| 7} Hhal) ks 211 Ao 4
Z+E|tl(Table 1, Fig. 1).

152 492] 59 57 ARAGA] & C1 82| 21E7]7} A
o] 4] 354 7]24(C1 4) 5} o] A AckFig. 28). 27)
o] 1= 8)(sites 24, 25) T} 52 (site 26) o A= F=7]7} A H
A FQF=d), o)== AEof FH L7 2 Q351H= A
< 17138} wj(Kniille and Rudolph, 1982), 0|5 FH x| o] 7l
upelo] 10 gleuw] of & 2310 ol o014 golHl 1 st
Az o] A= 17} AEA) gk elo ot v
?44-4”¢N2NNWm%D2$ﬂHt4ﬁG3#

=717} ARSI Table 1, Fig. 1), S 9542
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