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| Abstract _

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging disease characterized by fever and
thrombocytopenia. Haemaphysalis longicornis ticks comprise the major population of ticks in the envi-
ronment and have been considered as the main vector for SFTS virus (SFTSV). Here we investigated
the distribution of ticks carrying SFTSV collected from the environment using the dragging or sweeping
methods during April ~October 2015 in Jeollanam-do, Korea. Sampling was taken from Songjeong,
Omi, Bangkwang, Sandong areas in Jiri walking trails. Among the total 3,869 ticks collected, 3,823
ticks (98.8%) were H. longicornis, 41 (1.1%) were Amblyomma testudinarium, and 5 (0.1%) were
Ixodes nipponensis. Classification results by regional groups of H. longicornis indicated that 1,613 ticks
were collected in Sandong, 1,190 ticks in Omi, 603 ticks in Bangkwang, and 417 ticks in Songjeong.
In monthly distributional studies of H. longicornis based on the developmental stages, nymph (325
ticks) was collected from May to October, 94% of larvae from April to June, and 94% of adult from
June to August. These results showed the different dominant stage of ticks according to seasons.
However, no SFTSV-specific gene was detected in 3,823 ticks of H. longicornis, 41 of A. testudinarium
and 5 of I nipponensis.
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ATE Tk 20138 0] FeA o] A= #a} 5o b
QE|o} 15o] Apsl= A7l AATHKCDC, 2014)

Sfol A 201343 A 47 WAL OR 7
HE SFTSS] 8 QUaFEAromis 38°C ol4te] ub

v} QJtHKimi} Oh, 2014).

TUolA HExst= IE7] THE 23} 74 37F0]
o, 3REY] SR 145 MFo|oh R =77} o
o= WA Sof|= Severe Fever Thrombocytopenia
Syndrome Virus (SFTSV)Q}  Anaplasma, Ehrlichia,
Borrelia 5°] )3(Kim 5, 2006), ZHRAE=7] Fof u}
ghA = AE7|nHHSS 4oy AE At =
7= A2 Au 2 = 7| (Haemaphysalis  longicornis)E
xstelo]l GEZRA ST (Amblyomma testudinarium), <
H 2R & 7 (Ixodes nipponensis) 50 Yo F2 4L~
90dof wol] HYHE IV 7 5 T=us x2S
o 5% B2 Ui 5 Frobol Helo] e
AAS & HRE7|2 Gl A2 e 7t
92%~96%%5 AHAIsEAL glom, A EAsh=
SFTSVe] 5 ujAxletn Base] girkKim 5,
2011; Chong &, 2013).

Foanges|e] Wesry SHozs Suel
Z2| A| 3% (palpal segment 1) SZ0 g A&z M

7}A1&7)(dorsal retrograde spur)E 7}A|3L Q1o
A Al 24 (palpal segment 1) 9J9} -2 =E7|7F 91
T BEare) Rtet ozt BEsh £4] A 34
(palpal segment I)> Fof 5Hox A&y WL
7FA1&7](dorsal retrograde spur)E 7}A|3L k. 4A
o] A9 =% A| 3 (palpal segment 111)& 47} n}
AR TECR Ase WS 7HAE7](dorsal ret-
rograde spur)E 7} Yl ZX| A 2&(palpal seg-
ment )= 95 ¢ o= o &= ZF5 o]
24 A 3L FAHEE BE FLAE7|(ventral
spur)E 7}A| 2L QQtH(Yamagutsi 5, 1971). A4
2 F8str] A el vlsiA FE FY 4R
7] 1008] olFe = A= ¥ 7S 3~4u)
dho] AR|A] = 54 71X 3L 1 tK(Soulsby, 1982).
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H= A SHAEA - W - AbE - 2]
A =7 AAA R 24 4, A2, AR, 5=
4, Aeetsd & AEste] 55 H 77 A=
715 ARk A" A=Y T2 &7 §4T
of AI7IE 9 Aad FESAS AR SAOl A
E7]ollM 9] SFTSV HE A& Zelete2X SFTS
Ao HiuRt oA Am2 F-gstaat skl

EEET] ME

FE7] AP 20159 495E 104707 A 24l
Sl delA el YA AHE(35°1830.4"N 127°
26'18.7"E), ¥ H(35°15'56.2"N 127°28'24.1"E), 2.1|(35°
12'22.9"N 127°30'55.4"E), £-7J(35°12'01.0"N 127°34'21.0"E)
O] 4710 A RNE7] AARZ o= w3t oRih,
g 54, S w2 2Ud 9 "HE w4 A
B % FABY) F FUERUL, BAF ) 5
Watgrk AEs] AgEost
ojy= = (Flag method)¥} Dryice
fogging= o]-&sto] st ARt ANE=v]= &

£ G437 Y3le] E4 AZ3t Conical tube (50
mL)E o]&sto] & Al && Fa Aol AT
o 742 FHEIHAC)SFATHYun 5, 2014).
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FEf e R AAI A A (Zeiss, Ger-
many)< ©]8-5+0] Yamagutsi 5(1971)0] A|AgH B
of wteh &5 Fstaleh 4 B Soulsby

(1982)9] ol whet S

HEET| /MY mM=

A2 2.8 mm stainless-steel bead7} S01%+= H
-8 FEo 600 uLe| buffers i, =719 {
Zo Ay S0NA, kL Hoh 30717, AEe] A
Ao SAA s, FEE RS F pooling
313t Buffer:= W% phosphate-buffered saline (pH
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7.0) +10% fetal bovine serum (GIBCO BRL, Grand
Island, NY, USA), penicillin (500 IU/mL, GIBCO BRL)
1} streptomycin (500 pg/mL, GIBCO BRL)E ©]-835}%
a1, 22)-8 tube= Hard Tissue Griding MK28R (Bertin
Technology, Bretonneux, France)E AME-3}ich £4)7]
+ Precellys 24 tissue homogenizer (Bertin Technologies,
Bretonneux, France)E ©]-8-3}¢] 6,000 rpm o2 2524
28] Bajeli, BE A7) GRS 10,000 mpmo
A sBZE gaBelstel AQele Axsech

AZXIET|ZEE] RNA 22| U reverse transcription
polymerase chain reaction (RT—PCR)

RNAFZE-2 Gene-spin Viral DNA/RNA Extraction
kit (iNtRON Biotechnology, Seongnam, South Korea)E
olgstol Azibe] wpdel uel Eelstach 2,
SFTSVY E4 7212121 Medium Segment -3H A&
ghelstr] fIste] A A=t A& 200 pLE 1.5 mL
tubeoﬂ A 155‘37} vortexd}al AF2-of A 1087t 74

3 RNAE 3lgch MAH 243 A& o=
RT—PCRt primer set (5'-GATGAGATGGTCCATGCT
GATTCTAA-3', 5'-CTCATGGGGTGGAATGTCCTCAC-
3) (Ham 5, 2014)& ©]&35}o] DiaStar 2X OneStep
RT-PCR Pre-Mix Kit (SolGent, Daejeon, South Korea)
o] uh¥o whe} =33} tl. = 2X OneStep RT-PCR
Pre-Mix 15 pL, Primer Forward (10 pmol/uL) 1 pL,
Primer Reverse (10 pmol/uL) 1 pL, Template RNA 5
uL, DW 8 uL, Final volume 30 pL& PCR Wh3-oH2
A Z35} . PCR ZAL  Pre-denaturation (95°C/15
min)dt &, Amplification (95°C/20 sec, 58°C/40 sec,
72°C/30 sec)= 35 cycle 3L, 72°CollA 5&7} Final
Extensiond} ¢t} =Z% PCR AHE9Q] Eolojl = 2%
agarose Zl(1X TAE buffer)o]] PCR ¥Fg-o8 3 uLA& 6X

Table 1. The number of ticks collected from four regions in Jiri
walking trails of Jeollanam-do, 2015

Species of ticks

Regions Total

loading buffer2} 41 o] loadingslo] 100 V2 403+ A
7195 & WES {FE gel image analyzer?l
MiniBis-Pro (Shimadzu, Kyoto, Japan)Z 2Q15}%ith
AHES] Z7]&= 1 kb DNA Ladder (Invitrogen, Carlsbad
CA, USA) 5 4L (500 ngf 51512, 2 3stel

Hoj|A] Ouw SFTSV-EL FHEE o83t
SRR LE BB template DNAS P2 ok
A& AHESHA ‘4

HzEET| X|2|Y &

20159 447E 109702 Aeiksed A Y
47 AN AE7S AT AT} % 386901 0]
A& A5Gt ZeagZer|71 3 823U}F4
(98.8%) 2 TiF-2o] 1L, FHHAET|7}E 4lvte],
RIS Sokel ARHST, Aes Ry
= AFEL613uR)IE ©u)(1,1900k2) K] oA W
b AW, W SAolA 2 603ute,
417012 AA A= cHTable 1). AHE 3,8237)
Ao ZAeAu|ARAE7|E §= 742utE], 2= 2,907
ule], A= 174ul8]2 A= Q) x]o:hﬂdih A=
B8 A FALAH AU L6001 T f 30
netkel, 13 Llaswlel, 4% wkelw HY gol

A HAA, 1 o Qujwof A ZH@?& 1,190
ntel= {5 60ute], oFF 1,016uke], A5 114ufe
A=At B ApA] FHI el nk

HH e 2olA AW c03vte) F 45 2310},
oK% 364vtel, 4% sokelzk AP AT, $YA Yol
A AR ATNA A= RS 15k, oFS 3820t
X2 20v}2] G H(Table 2).

Table 2, Developmental stages of Haemaphysalis longicornis
collected from the four regions in Jiri walking trails of Jeollanam-do,
2015

Haemaphysalis ~ Amblyomma Ixodes . Ticks
lon gilc)ofnis testudi'}narium nipponensis Regions Number Larvae Nymph Adult
Songjeong 417 17 0 434 Songjeong 417 15 382 20
Omi 1,190 6 1 1,197 Omi 1,190 60 1,016 114
Bangkwang 603 7 1 611 Bangkwang 603 231 364 8
Sandong 1,613 11 3 1,627 Sandong 1,613 436 1,145 32
Total 3,823 41 5 3,869 Total 3,823 742 2,907 174
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ARAZE HeadRAE/ 9 HRAGH F0 Sl 874 & 327 o] FHE7t B
7w 54 A 4ol 12°C-27°CE AT o] 9lou], AN R delql AeavFAET R
o Aol ske odstel lgHol L sl SAE  feluere] A3 4ol ol $Eoka Y F7ol
glon, 5Yofli= 19°C~24°C, 6Qofl= 25°C~26°C, 7 THKim 5, 2006). #H7|=o] = 2ZoA X

Yoj|= 27°C~30°CE 3+ oJ& 1o UNE B}
8Yolli= a7 ofd Hupe] JFo R 24°Co
FAeEE Hygon 10¥os 19°C~20°CE AF
a7l AF7)Eo| AL AZEA o] ko =z whE A
7120l Wel7h= ¥skE HEQith(Table 3). Al&H
SHAE A7 A 73 2ARL 9, 52
HRE Q7] AlEsEe] 10€(3257k])ol B2 7l
A=7F Y=t o2 495E 1047H4] 2,907
k] 7F A= QAL B3] 4904 6€7HA] HYFH L
2 QYA ]@2,726ut2]) AH] 2FE0] 94%E H Yt
Ao 695 Y U7 AA| 459 94% (1631te])
7} A=) QK Table 3).

E7]9| SFTSV #Z

32X OneStep RT-PCRYE}HH S
SFTSVE= &hele]z] okQkthFig. 1).

1,636ukE] sl 552 FE7|7F FAEANL 1
Z e auFATI7E 1,503012](91.8%) Ao, 7
AwoA Z sleuta]e] N=7] % 494112(95.7%) 7}t
A2 HRE7| 2 FA = QIrK(Shin 5, 2013). &5
Ao ofthof| A 2002 ¥t 20031 of] 1901} o] X =7

£ Y75t 16101E](85%) 7} A2 An =2 B
1 3 tHLee 5, 2005). SEoA AT 9180t 9
HAEE Arlsto] 73 At 544%7F A240]
FAE72 FAHEJeHKIm 5, 2011), oA

Fig. 1. The results of amplification of SFTSV RNAs by RT-PCR
from the pooling ticks collected from the four regions in Jiri walking
trails of Jeollanam-do, 2015. Lane 1 show molecular weight marker,
lane 2 ~6: PCR products from the pooling ticks, lane 7: negative con-
trol, lane 8: positive control (410 bp).

Table 3. Monthly distributional studies of H. longicornis based on the developmental stages collected from the four regions in Jiri walking trails

of Jeollanam-do, 2015

Month Regions Tick Number Larvae Nymph Adult Temperature (°C)
April Songjeong 280 0 279 1 27
Omi 581 0 580 1 25
Bangkwang 90 0 90 0 12
Sandong 237 0 237 0 21
May Bangkwang 506 231 272 3 19
Sandong 798 46 750 2 24
June Songjeong 117 0 98 19 25
Omi 472 0 420 52 26
July Bangkwang 7 0 2 5 27
Sandong 319 140 153 26 30
August Omi 69 0 8 61 24
October Songjeong 20 15 5 0 19
Omi 68 60 8 0 20
Sandong 259 250 5 4 19
Total 3,823 742 2,907 174
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Gu PHEL Qe Assls S PELE Ao
2 ZesnBAE7t Seltet o) A A o)A

AAshE Aoz HIskthKim 5, 2014). & A+
o= Ao AR =77} 98.8% = hEEo| L,
ool B ey|or dEAAET|7E AR = o
(Table 1) Z-2A2THRE7|7F ZARR GO F5H A=
7] 207 3ol it xdHor ALl AuAE
71 AFE(L6I3uLE)TE 2u](1,190uke) A o A T
<= 71 A= of(Table 1) FO.=2 o] x| oflA SFTS
A 7ol gt AT AA7E AlE Fojop &
Zlo|tt.

HAET = &, 715, % 45 9 47 E5
HAE 7HAAL e, 5 oFF A7l 5ol A
geheo] T8 & 2yste] AF(aduly o= ST
ok Aol whet QR e A7) dETA 7 2po)

7F =l fr52 sERE AR ET] AlEkste] 109
@325kl @2 A7 AR U o2 449

oA 674 HFAo= AR Ef(2,726mt2]) WA
oFF-2] 94%E HA. 4SE 6dFE 8e7MA] A
e T 94%7F AR = FEE A-A HolE HA
CHTable 3). o|2|gt Ail= 452 497H 8d7HA
WAE AR, oF52 A =AM AA thE B
Ao AAEY B 2 AR HEe HolHA S
dof| RS e, 152 8ol YERr] A
At 2 il(Lee 5, 2005; Kim 5, 2011)¢} v nLs}
of & wj & =Ake] Aifet zol7h glleh

SFTSVE Zesh= ookt 5 27] vpolgfs
Aol Aehye SFTS Hiol2| 9] L, M 2L S seg-
ment X 59] highly conserved region< ©]-8-3t OneStep
RT-PCRo] A}-&E| o]z, RT-PCR Assayol 2|3} H}o]
A28 B8E Y 727 ool 397 WA
o 7besty 7tEel Eolwis 7H7E 98.6%2) 99.0%
gt BT ﬁ}oﬁtl-(Sun = 2012). Yun 5(2013)2 261
ohe] o] AL2Au IR ET]E 189 poolZ UbE A RT-
PCREFH O & SFTSVO] E4 94219l Medium Seg-
ment SRS 8018t ATt 18 poolo]A] AFAS BHol
shlom, 100ut2] 9] ME=r]oflA A AHES 22
AT =T oA 5.7%, SRR =7 23.5%, QEAL
AAE7]= 133%2 SFTSV S-S 6.9%0]3tha
SFitk Park 5:(2014)2 11,856me] o] 22429347
=7)0A 0.46%0] A SFTSVE 3Folsleirty X 113}
ek 2 AFoAE AErE A 9 FEHE
1273] poolings}o] 2X OneStep RT-PCRYH O 2 G4
A} 245 A3t SFTSVE 1S A] $Fokth(Fig. 1). ©]
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oF o] AE=7|ofA 9] violg o] HEEL Hixt
o st gEEAA Aol wsi, A, s
oo we} R=7]7h vlolel g AT A gkelA
=A, L~717P 7HA AL 9l BRel A titer7F R G
3FQIA] Alm), A=7]9] pooling® & <Ist Z-2& ko]
slolel st sl A3 AAE ok & YRt ool
Qroz Bojwol T kol ARy dE 5 4
£79l A7) Baw Aew Az,

4 E

g Felol g Asdd 197 F
4TFHEA - on) - u - AFE)OlA AEATE A4
3w 3 s datew Assle] BE 54
& zAsIA % 386912 9] A
A7) e an) A =717} 3,823012)(98.8%)2 T
REo|9liL, BEIAET|} 4lute], QRGNS
sube] A= QT 2eAT I E S AHE(L613u}
2} eul(,0mh R oA we 47 A Y
3, T 004 247 603utz), 417ntel R A
A AR 383 el
9= 742ule], k= 2,907uld], AE 174ut8]|2 =4
ol ALY weuAE 2Ajolx, §E& sUR
B =] AZsre] 1090 B ARl4G2501e)
7} AT oFEL 495E 109714 2907012
7} AL, £ 42ol4 67 WEHoR A
A 7emrehEo] AA okEol 94%E Harh 4%
= 6URE §UA) A 4F) 4% (1637127} )
Asisick A1 392 vhele) Ao gas), 4
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