&

i oo Soce CLINICAL LABORATORY SCIENCE

ORIGINAL ARTICLE

Korean ] Clin Lab Sci. 2020;52(2):143-149

https://doi.org/10.15324/kjcls.2020.52.2.143 e
LABORAT

Korean Journal of

Seasonal Prevalence of Ticks at Bukhansan Dullegil
and Detection of Severe Fever with Thrombocytopenia

Syndrome Virus

Jang-Hoon Seol, Bo-Young Jeonz, Sezim Monoldorovaz, In-Yong Lee’

'Department of Biomedical Laboratory Science, Shinhan University, Uijeongbu, Korea
*Department of Biomedical Laboratory Science, College of Health Science, Yonsei University, Wonju, Korea
3nstitute of Tropical Medicine, College of Medicine, Yonsei University, Seoul, Korea

Sertt 420N

TE719 AEH 2l

EZAMSAMZIAZS I HIO|HA S

do =20 OO

ARZE! AP Sezim Monoldorova®, 0]918°
Lagieehn elsi, Ak B skt Qe ket olskeft jelsia

ol

ARTICLE INFO

ABSTRACT

Received April 3, 2020
Revised 1% May 11, 2020
Revised 2™ May 19, 2020
Revised 3 May 20, 2020
Revised 4™ May 25, 2020
Revised 5" May 25, 2020
Revised 6™ May 26, 2020
Accepted May 26, 2020

Key words

Haemaphysalis longicornis

Tick

Severe fever with thrombocytopenia
syndrome

The study examined the seasonal pattern of larvae, nymph, and adult life stages for Haemaphysalis
longicornis and the rate of infection with severe fever from the thrombocytopenia syndrome virus in
ticks collected from 12 sections (Jichukdong), 14 sections (Uldaeri), and 18 sections (Howondong) in
Bukhansan dullegil for April-October 2019. Haemaphysalis longicornis ticks have been considered
the main vector for severe fever with thrombocytopenia syndrome (SFTS). Haemaphysalis flava and
Ixodes nipponensis were collected using the dragging and flagging method. The ratios of
Haemaphysalis longicornis of the collected ticks were 91% (Jichukdong), 94% (Uldaeri), and 98%
(Howondong). Monthly distributional studies of Haemaphysalis longicornis based on the
developmental stage showed that the adults peaked in September while nymphs were collected
more frequently from April through June. The larvae peaked in September and October. SFTS virus
detection was performed using 2 x OneStep RT-PCR and nested PCR. On the other hand, no SFTS
virus—specific gene was detected in 1,158 ticks of Haemaphysalis longicornis. This result provides
estimates of the population densities for the life stages of Haemaphysalis longicornis and the
associated disease risk in Bukhansan dullegil, where many people have visited since opening in
2010.

Copyright © 2020 The Korean Society for Clinical Laboratory Science. All rights reserved.
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t, Hlo|E A, 71483 50] &5 A= oA - =lo] =71
2ol RI=717Fui7RA] S qtH2). AR E7|= SEsfoF
Sk= s5=0] & st 520 71486k ol
A 155 2E7], Al 255 Ae7], A 35 XV E e
th Al 355 X7 AR vi7liste] ofgkd o= S5,
Al 3% A =71 = R E719] 7 s dAM EE O] 55
L= ol T 5 il Eeloto] golx] Zujgitt. tiREe
FRE7]7} o] ¥ 0 &= S5l=t| A2 E7 % A 3
&5 2719 sl
335G AT AT T severe fever with thrombo-
cytopenia syndrome, SFTS) 11, 435p7| 34}, d4u 74
&, WA AASE EX O F Sl= 5584 Hiol2| A A
02 201090 S=ollA 23 HAr=Qlr, 71 olF LR} b
oA Al oM, i SRR RS K= Ao |HH3, 4]. 2009
6€l| St s\ dolA] LAY BRI A] o] AL 22| =|9)
o}, S=ollA] ARt SRt H Hli= 0]4d0] 53.3%= EA R
o} o7t B Wokom SRRte] o= 584 AF AdFoA =
HHAgSIGiTt. A8 A7 = 495 E 1197HK]o]w 7] 7~84
of| 52 o= WP¥star QITH5). F-2uete] SFTS= e &
Aol AF5HA 634 o dollA] Ao = SRIE QI o] SHA}
£2012 8o UG, WAL 4T, Bau gaFo] WAYst
Rom o 7| Fd o= AFgsiSit. ShAke] F oA SFTSV
7} E2=]o] 20134 5€0] HA =]}, SFTS $Af=Hiol# A
o =5 T4~ 15U HEVIEAA HE, B, 58 1L
d 5 3780 el Eatt as, Jd v, Wi A
T 59 A9t EAolvk. ¥Rl B¥Al= Bunyaviridaedt
Phlebovirus&ol &3k= SFTS Hlo|HARA, 479
RNAE F-8A=2 Zk=t|| o= % 37]2] E4(E &4 large [L]
segment, 57F 54 medium [M] segment, 254 small
[S] segment)Z F3=0] ATHG). $FUEte] SFTS ERj=
20134 367, 20149 5574, 20154 794, 20164 1657,
20178 21271 0% vjd 571 FAl0] 9lem, 20139 A &4}
HPRY o] 9 A4t HAPTAH o 2 X shy Tefskar AeH7I.
3PS A A 9150 AFgollA] Hlofur ERtit
A= A S 5 U 2AE AR o AHER
20109 8¢ 44 km 7k AR} 23t RS AT = A=
E 2=} SRk EE A4S AAghg o] B SHoA A
BT SAM S AT |8 HAo] AJSlal et
2 AlFE0] 2788t 4k FtoliAl AA) ol AR o STkt
o|cH8]. A T2} 71 ¥ d5lo]| e opiEE] 571t

A §8& WIEA] foF ol RRI=r19] 44 B vl A

o Y 1
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W ESH A WAE 208 BRItk T X Er| 9] thl
A HE IR 1L A1 dISste] 3419, E-AI79
2% ejgho 24 7ot 8848 ¥ " art ol w=h
Al A5 LT} N ET] A4 HE|RARE AlEstolalAt &
Aol = BB 127 HA155 37°41'04.8'N 126°
58'05.7'E), 1477KHE&H=] 37°43'06.3'N 126°59'39.1"E),
1877HZD5 37°42'39.3'N 127°02'07.2'E)ollA FR=7]
A= foto] AdA ERXRALE slal w7l 9] S524
ATIATITE HIOJZIA(SFTSV) A HoiR-E SRIsIith

e e

M= 3 G
1. ZIE7| ZHE

RS 127K A155-37°41'04.8'N 126°58'05.7'E),
1477HE8] 37°43'06.3"'N 126°59'39.1"E), 187-7HEA
5 37°42'39.3'N 127°02'07.2"E)°llA ¥ 100 mY] 471,
<4, AR, o s 4 5ollk] 20199 495E 1097t
A At AAHHE Ho 2 H 7IE A2 1 m AL ol8
slo] 4E7](dragging)2t A4 7|(flagging) ®4] 0= 13] 14]
A 1A A-sIA A AET = FE Al =

25 he —70°Col Batslei,

AAIET]E(x 10, x40)= o851 Yama-
guti S191°] Ao wheh F5 57gst it 2243t
AE719] 452 leye)> L AE(hypostome) 5212
ol#dental formula)2 5/5& =0l S54%A(dorsal
palpal) 27FH] 2} <= (ventral palpal) 3Pt oll= 7HAIE7]
(spur)7} U} a1 257 (festoon)= & Bl 214 UL
= 440tk A2 587 (scutum)7t 5 ol 1AL A
7 2] Ertt(coxa)oll W&~ 1(internal spur)= 5551
Y215 (genital aperture) i & 7R2glo] Utk A2 54
g717F il 3 o ek (coxa)oll WiEE71(internal
spur)= 4™ EE(anal groove)©] YA ofjo] it} OFE
& - 571 gl thef= 44t A2 (basis capituli)oll &
7R (dorsal-lateral marginy= 27 7}2& 1 Q137 o4&t
< 3/32 =ofqlth. 52 o - 971 gl vhEl= 38|tk &+
2&(basis capituli)oll 57F3A2](dorsal-lateral margin)
A ZIEE Y UHH10). S &7 s JET|oM Es
GAE(ES, S, 73)= P W Ay 7iA BlES Bl
ZAFSITH



3. HIO[2{A RNA =&

=TS e A ol Wt oF 2~20 4] poolingst3t
t}. Pooling §F Z=719] 500 pl2] Trizol (Invitrogen Co.,
Carlsbad, CA, USAYE 73t 5 2A17H 2004 REGAIZ] &
homogenizer (Precellys homonizer, Bertin Instruments,
France)E 0]-85}o] Z4f5kirt. &4fgt =] F-A|9ef 200
uL (phenol: choloroform: isoamylalcohol) & #7}5t] &
etoto] YAEER &, AT HE AASt] =2 FEA 571
31600 pLe] isopropanol& F7Fste] —20°Cefl 3084 H3t
SISt YRS AAIRE S I pelletZ 100% ofghs H
70% ollgtE= o|-8stod AlAsIN, Bets75=30 ulE A7t
5tar 50°Cofl 1027t ¥ESAIHT

4. SFTSV #Z2 /8t PCR =71

SFTS Hlo]2iA HES #I5lo] &7 RNAE DiaStar 2x
OneStep RT-PCR premix kit (SolGent, Daejeon, Korea)
< o835t 1A} PCR ZId¥siiet. FRE7|oA &3¢
RNA 5 pL, DiaStar 2% OneStep RT-PCR premix 15 pl,
SFTS MF3 primer (forward, 10 pmol) 1 pL, SFTS MR2
primer (reverse, 10 pmol) 1 uL, distilled water 8 pL& &%+
St & ARG 50° CollA] 308} 95°CollA 15%-2= %1
P=QIT}. 11 T FENEZ 95°CollA] 20%, 52°Coll 40,
72°CollA] 102 353] Z1¥5}al, 2E APdag2 72°Coll
Al 5 5% Z13Y5ITH1 11

5. SFTSV A=2 /8t nested PCR A

Nested PCRZ 1A} $24M=E 1 pl, SFTSV 24} forward
primer (10 pmol) 1 pL, SFTSV 2%} reverse primer (10
pmol) 1 L, HotStart PCR premix kit (Bioneer Co.,
Daejeon, Korea) 5 pL, distilled water 17 u.& 2%+ 94°Co||
A SEREGAIT] 7, J2 T2 94° CollA] 20, 59°CollA] 20
Z, 72°CollA 20x= 263] Agsilon, & AT
72°ColAl 5 5T AFstirH12l.
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20199 4€5E 109714 B3kt =214 127K AISS),
14-HEH), 18HEEE)olA ET] AR R oS5E]
SAVIE, €4, AR, 2, A & 55 A= AEst
A}, AS552 Y 234 T 143] st o™ Sfiel= 6ol
335 IRt A 2314 F 153] A1 s> 49, 68
o 3315 Zslot A 23514 Z 163] st A-HE J=7]
= T S5k 224 TRR ST |(Haemalhysalis
longiconis), WERRE7(Haemaphysalis flava)2t QEZ
=7 \(Ixodes nipponensis) 5 3E°]|AtHTable 1).

AP &} B3 1A 127 AlEEolM= 5 193
N7 AHE AL 1 F AR ET = 443 871A. 2%
130704 735 387MAI7F - = AT 147171 2ol A=
219717 A=A 11 5 ARL2ATRIIET = 4% 1670
A, oK 120704, 53 7070417 AR =] . 1877t Ses
A= F 7907147 Q= Lo 1 5 AR2ATRRIET |=
3% 24704, 95 474704, 53 27871417 R = Ak 2R
A ET]9] 73 1811 Tk 5ollA] 2|55 S 2 =t
3~41) o} B W2 ZAI7 - = U AR ET = A
S5 16714, 2] 8704, 295 1270A7F =Rl D2
HRET = A5 171, S 571, S5 27147 44
Eof AA HH A=) Foll A2AvRRET 1= ASES
91%, = 94%, SY B2 98%S ZFA|otAtK Table 2).

ZR2ATIRIE 7| 9] dettA ol tE Al AHleS
H 35 A A58 59, 84, 9o A= etiEl=
593} 8E-2 A2t A7 A=t S¥E-2 74, 849
S= AlLIRt A7]o - =R oH Al 2| B 9Hof| H A&
BRI A24mRR E719] o524 8ol 649 Alo]d
T2 A= ASa2 A 25 A 7AIES] 68%, 2T
= 72%, T 63%7F o] A710 HE U 152 A5
220l A 74, 9¢, 1080 A= 852 6E0]
A 1097H] F<5] A= ek Figure 1, Table 3).

A2 AT E7|9] SFTSV 41 915h 1,15871415 2~

Table 1. The sequences of 2x OneStep RT-nested polymerase chain reaction (PCR) primers and target size for detection of M segment

of severe fever with thrombocytopenia syndrome virus

PCR steps Name of PCR primers Sequence (5'-3’) Product size (bp)  Accession No.
1st round PCR SFTSV-MF3 GATGAGATGGTCCATGCTGATTCT 560 KF781489
SFTSV-MR2 CTCATGGGGTGGAATGTCCTCAC
2nd round PCR SFTSV-NF TAAACTTGTGTCGTGCAGGC 245 KF781513
(Nested PCR) SFTSV-NR CCCAGCGACATCTCCTTACA
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Table 2. The mean (total) number of ticks collected from the three regions in Bukhansan dullegil

Species of tick (mean [total])

Regions Total
Haemaphysalis longicornis Haemaphysalis flava Ixodes nijpponensis
Jichukdong 12.6 (176) 1.1 (16) 0.1 (1) 13.8 (193)
Uldaeri 13.7 (206) 0.5 (8) 0.3 (5) 14.6 (219)
Howondong 48.5 (776) 0.8 (12) 0.1 (2 49.4 (790)
Mean (Total) No. 25.7 (1,158) 0.8 (36) 0.2 (8) 26.7 (1,202)

Mean No. Adults

Mean No. Nymphs
8 & 8

Mean No. Larvae

AN

0

25
" — Sy ;4 A

—_—
Apr May Jun July Aug Sep oct Apr May Jun July Aug Sep Oct Apr May Jun July Aug Sep Oct

|

°

—m—Jichukdong —e—Uldaeri Howondong —#—Jichukdong =8=—Uldaeri Howendong ~#—Jichukdong == Uldaeri Howondong

Figure 1. Seasonal pattern of adults, nymphs and larvae of Haemaphysalis longicornis collected from three regions Bukhansan dullegil for 2019.

Table 3. The total number and monthly mean number of larvae, nymphs and adults of Haemaphysalis longicornis collected from the three
regions in Bukhansan dullegil from April through October 2019

Regions Month Adult Nymphs Larvae Total
Jichukdong April 0 (0 16 (32) 0 (0 16 (32)
May 1) 18 (36) 0 (0) 19 (38)
June 0 (0) 10 (20) 0 (0) 10 (20)
July 0 (0) 12 (24) 4 (8) 16 (32)
August 1(2) 0 (0) 0 (0) 1)
September 2 4) 5 (10) 9 (18) 16 (32)
October 0 (0) 4 (8) 6 (12) 10 (20)
Mean (Total) No. 0.6 (8) 9.3 (130) 2.7 (38) 12.6 (176)
Uldaeri April 1) 17 (34) 0 (0) 18 (36)
May 0 (0) 14 (28) 0 (0) 14 (28)
June 2 (6) 8 (24) 0 (0) 10 (30)
July 1) 6 (12) 3 (6) 10 (20)
August 0 2 4) 0 (0) 2 (4)
September 2 (4) 4 (8) 25 (50) 31 (62)
October 12 5 (10) 7 (14) 13 (26)
Mean (Total) No. 1.1 (16) 8 (120) 4.7 (70) 13.8 (206)
Howondong April 2 (6) 42 (126) 0 (0) 44 (132)
May 12 54 (108) 0 (0) 55 (110)
June 2 (6) 22 (66) 2 (6) 26 (78)
July 0O 21 (42) 7 (14) 28 (56)
August 0 (0 10 (20) 3 (6) 13 (26)
September 3 (6) 24 (48) 55 (110) 82 (164)
October 2 (4) 32 (64) 71 (142) 105 (210)
Mean (Total) No. 1.5 (24) 29.6 (474) 17.4 (278) 48.5 (776)
2070414 L0 poolinggt 114 pool®] T3l 2 x OneStep o &

RT- PCRZ Aol o1 B A= HEEA] 2dtKFigure 2).
T Eo] 7]15wslo] ofgt 2dslE R =] /A4St 5
7sted JE7] vif w1, 2, SE5EAE AT
z o

2 =7] w7 el S7FsAL 131, 20199 44
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Figure 2. The results of amplication of SFTSV RNAs by RT-PCR from
the pooling ticks collected from the three sections in Bukhansan
dullegil. Lane M: molecular weight marker, Lane 1~10: PCR products
from the pooling ticks, Lane N: negative control, Lane P: positive
control (410 bp).

2] 10Y7HA] BIAFEA 12, 14, 1677 5 AL 5
1.20274719) FE71E Asigich, FeamRA=T ] A
T2 B S S S Uy o] AR ]9}
B P A HoL} 2Al Ao 1 Hasha
Ql= 702 Uehr}. 20181 AFELZANA Lt 22
ATEAET] 96.1%, AHRAE] 3.1%, DAL= 0.7%
7} 9HE0 2 Lept A3} 29I

Ao 7ol A2l 22 A9 777 % 47700
3,869 WA} ARIslo] e ATRAIES] 3823704, &R
1=7] 4170, QRS 7 AR ATH4), o]
oA ZeARAES], NI, AuE
7], QRIEY], AIIHE7] 5%0] BIE|g0m S0
AT S Alele 4% Y EIIT, WA
AL ATHACT 7} 242} 95.6%9F 63.0%2 2 HES XpH5t
QA7

Aol wfeh A she 2L ATRR E 7| o] T
3017} Q=] A 40l AZHE|o] T vl -2 ORIt
717+ 59} Tz AYEIROr £359) Aol AHE(1 2T
7D 79%, H=2(1477D+= 91%, THS(16+7H291%7}
9~ 109l HYEIIL. o] AL 7| % Be. Az} B o]
A 9% A Hlgo] T LRt Al7]} 29HeH15). ol Az}
2 B anRET |} 518710] A2k AZel] 7Fed B
2 220] 820 A A0 HAlL 77Io] T2 A AR
2 1Y 1677 EAFOAE TFE 5 2 urh of 45 g2 /)
A7 AAE] & A H18-S Bk B X Hr} T YE
Aleje) L2 A HlES 9] 9o A% 2t x| U wlte) 71,

HietE= Al T1R]al oPdE = Eieo] iRk 2ARR A A

—
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EI7FAASHE A4 & AT Hlwsk=E4o] RS
I ATk

TSI TS i
ofg{2of FdE IR =70 &8 Wck= 4 EE 1]
7l ZrdgolcH16]. SFTSS] I A2e F2 F2A3KE
7(Haemaphysalis longicomis)7} ti7fst] vlo]zjAof 7+
Ful= A o2 dHA 9t 20138 S S5EHE AL
S5 TP AZo 2 HurE 3 Al FTskal ATH171.

SFTSV+= single-standed negative sense RNA segment
o] & B4 (large [L] segment) 18|31 57t 4 (medium [M]
segment) 18|11 2R B & (small [S] segment)?] 3709] 541
A5 7PAH18]. SFTSVE XIeksh=" & SFTS Hle|2|A9]
L, M ¥ S 249 highly conserved regione ©]-83+
RT-PCRo] o-85|™ SFTS FAE Ak A4 ggARIE
UTH19].

Sejuete] SFTS gFelo] thisto] '3t Al=o] ofskH SFTS
= Aol A4 Wgstal 9low 3719k 3R] Hofl A Y
E0| =T EAHEAYZ 5YRE 119 Afelo]w 20179 ¢
5¢€ 2% A xpHRgsto] 10 797802 SRpiAgo] S7tot
o7} 114e] 3P 0= F45] ASIGith AL ALeh
I &4 A7 olls SR A1 0 = g QITH20]. HeRAr
SARE 9 A= w2 Rof| A= 27371A412] -ERIET )71 A
A=At S, AATAE SFTSHIO A HARS AA|5H AT
ZR2ATIFIET] RS2 1.4%, /HuRHEY] 52 8.1% 1
11 A2ATRRIET] {F5olA= 2.0%2] AHES EAT
[21]. 25 23olx= AEE X=7] 5 JX=7] AW SFTS vt
oA HARE A8 S 347 poold] gt A3 23} 8 pooldll
Al o] ERIE0] 0.15% EEC] Uefsith. ¥dE=5Y
oflA 10€71A] 882 A|2J5k v SFTS Hol|A /go] &Rl
E|ACH22]. vhHo| Z|2jat S doA I KT 1S st
A 9 FEE RT-PCR HHZ o|-8sto] 5441 2415 2o
A= SFTS Hio|HAZF UFEA] QiQal AFR| S 34, B,
=7, 15oNA YR K =7 A% SFTS Hiol#] A 2 &

A= Zol A R =7 S Z1Pste] AE KT & s
HAERE 1143] pooling 319 2% OneStep RT-PCR B O
2 SFTS Hlo|g|A HARS 3t A3 /g2 LERLEA] 2ttt
2007 9 Al =d1do] 7= Al B2 AlgtEo] ]85t
HA A=A o2 A= Ao gk Iilo] F7Ist] SYRA=
2 7 A gAlE0] A1 A2 A& 246kl Qi 20109

84 7iast Hebit 42 71 100 ol 155%te] o] ot

il
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Y 24 Fr 2 o8 7} S71SHAEHS]. - E=717F SFTS
FE ui7iA|o]7] st ol@jol| e A4, 4, < =AL AN, Bk
= 71504 FAks AEEL FASES UERFA] ot Hf<
= AR 1L ATH23). LMt =l B Wt 7]
F= 71550 AL ES 2USIet A A H © of| wE oY 5=
Z71e0} gEo] HitA] TFE sflof 51= 2Rt r] EAAF 2R
=71 7S] ASAR] S7 P AV E B2 S digh
T719] ae2]l o] Ardoli= 54 A9, 4 Al7190
A% 7 2 st g AlslE A2 AERAR AEE T
Bl iRt A2 Q1 Aol Akm=3lo] o]FojAof g Zio.
2 ARSIt

O OF

i |

20199 495E 10¥971X] B3kt =214 127K AIS5S),
1477H &), 187IHEEB) oA FH=7 S AaA A
AR B3 ZAWRLI/NA|] SFTS Hio|2A 7Y o] 2.5 Slels}
k. AA79F 2B WoE AuIREy], YRS
9} FS AT AMATIY] = W7iA R Lefrl Z2Aa
TRIE7] 350] A=t F2AnR =T = AHdHlE
o] X|&% 91%, 2] 94%, TUE 98%= XA|sl0] 9-7Z0]
et ZR2ATRR =] 9] oAl e AEE AuieS
HH 39 B9 Al A9 5 9gol| H 1A H il o]
7390z 4olA 69 Alolol] =2 A=At 752 9ol
£ 997} 100l H1AE Bt AE A2Au7 e
1,15870A1E A& AR R 2 x OneStep RT-PCRZ} nested
PCRZ SFTS Bfo|& A HALE 3 A3t A2 LA e3Sict
20104 7 o] % o]-8Zo| Fofihi= E3kit | dolA 715
24312 Z7P el == R wivh Aol gt $1EEA
3 G8FQ oo B AL Aupt 289 5= Qlck
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