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Abstract: This study was performed to investigate the distribution of ticks and the rate of infection with severe fever
with thrombocytopenia syndrome (SFTS) virus in ticks collected at Mt. Gwanak and the Seoul National University
campus, Korea. Ticks (n=273) were collected from May to October and included 76 Haemaphysalis longicornis (4
adult females, 72 nymphs), 49 Haemaphysalis flava (9 adult females, 3 adult males, 37 nymphs), and 148 Haemaphysalis
spp. larvae. SFTS virus detection was performed by using one-step RT PCR and nested PCR. The SFTS virus was
detected in 7 samples (1 Haemaphysalis longicornis nymph, 3 Haemaphysalis flava nymphs, and 3 Haemaphysalis
spp. larva). The overall minimum field infection rate was 2.6%, whereas the minimum field infection rates of adult,
nymphal, and larval ticks were 0%, 3.2%, and 2.0%, respectively. For a more accurate indication of the prevalence
of SFTS virus in Korea, further in-depth investigations of tick species and SFTS virus occurrence over a larger area

and longer period are needed.
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LA Y SEENE 45 JeT] vy Z2Eo]
I A1, 9, 11, 12].

SFTS H}o|#12~= Bunyaviridaed| &3F= Phlebovirus2X
group V negative single stranded RNA Hlo]3{ =2, 3719
RNA A%l L, M, S AHOZ o]fofA it} [16]. I,
2sh7] oll, Aautas 59 TR vERH, 1
@S flste] wpelyie] {2l ¥ 54, THELAMS

(polymerase chain reaction [PCR]), ¥ 33E2] (immuno-

Lt}

fluorescence assay), EAHEZAH (enzyme-linked immuno-
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sorbent assay) 5= AR 4 A, 7HE Ads|or & A
Hoze ATTETY, AEAYES, Z2RINAY, ohE
g2nlg 5ol ATt [10].

SFTSE 20100 3o Ae HaEYar, L o] o
23} SolA] dAE e, mid S dAdshs Aol
ok [11, 21, 25]. FUelAE 201396 A RIAHA,
I o]F Frr)el o FE, A TOoRREH A& =
AFSIaL QU [10]. & % [18]2] AFollde o mlisix]e}
e g a2l xZH oRFEEYE AFE A=
71olA SFTS Hlolei=g HENUL, oKsE ¥ 159
A2A A APE JA=T|2REE SFTS Hlo|3|2E HE
StATh [8]. HESH AMlgollA] AarFo]ZHE] SFTS Hlo]# X
E AR 17.5%] ZA9ES RlsieH (7], f7lsE
HE 2o AHS et 2efele] Aor = SFTS Hlo]H
27t AEHAG [14]. g sFFolA AdE dEIR=
719} BEFRNE7|2HE SFTS Hlolg 27t AEH AT
[20]. AT AR oA HPE F=r]eh At E9A
ol AMAE N=7|oME SFTS Hlo|g 27t AEHA] &k
o} [5, 19].
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Olympus, Japan)2 ©]&ste] 7]& 3ol wt IK=7E
BB 23], HSEA [F-5(Larva), <Z(nymph), 35
(Adul)]oll w2} BEFal7, A4ES A8 (male, female)s H7F
a1t 540] Bt IR=7)E AEE 2.0 mL tubedl] 2
°] RNA #2] 43 714 ¥FRA(-20°C) 3Tt
AFE =7 AP, A, S, gsd
A, dFES) IRE=7] 453 G AR 77
S, 59 Aol 10m28 poolingdte] FAAE
a9}, vlolels $2AE 227 918k Viral Gene-
spin Viral DNA/RNA Extraction Kit(iNtRON Biotechnology,
Korea)?] lysis bufferoll {3, tungsten beadsS AH&-3}o]
TissueLyser II(Retsch, Germany)oll4] 30 HzZ 5%7F =X
=& B9, vlelgl2: RNA &2 Viral Gene-spin
Viral DNA/RNA Extraction Kite] vi7dol me}h 21833t
SFTS ulelgi2e] &L SFTS vlo|g2 § W F3&
0|83 3L, PCR primer F7|AE> & & [18]°] Hargh
H71MES ARSIt (Table 1). FH=7]0l4 53 RNA
8 uL, distilled water(DW) 4 uL, SFTSV NP-2F(forward
primer) 1.5 uL(10 pmol), SFTSV NP-2R(reverse primer)
1.5 pL(10 pmol)2} OneStep RT-PCR Pre-Mix(SolGent, Korea)
15uLE 412 &, one-step RT nested PCRS Z13§3}15]
AAAES-S 50°C/30%-2F 95°C/ 15522 FaPEoen,
T SENRES 95°C/20%, 52°C/40%, 72°C/30%= 403] %
g, HE AFAA LS 72°C/5E 5% AP AT
Nested PCR2 First PCR 4F& 1pL, SFTSV N2F(forward
primer) 1 pL(10 pmol), SFTSV N2R(reverse primer) 1 pL
(10 pmol)®} HiPi PCR premix(ELPIS-Biotech, Korea)
4pL, DW 13 puLE 42§, 94°C/5E &2t wiAdS AX
T, SIS 94°C/20%, 55°C/40%, 72°C/30%= 253] X
gaton, HF AGHAS 72°C/5F 5 &SI
PCR ¥ F3E §312F MEs SFTS Hiol# o
2 W8k, 72 A7IME S ERlsk] f18ke] QlAquick
Gel Extraction Kit(Qiagen, Germany)E ©|&3}e E xR
DNAZ $%3}7, DNA sequencings 95l HERQA ] ¢
ot At E1E H71A¥E2 National Center for
Biotechnology Information(USA)$] nucleotide blast search
M FEA B FAAES Fohllo] B A2 97N
I 71E 3ol AFH A7IMES Clustal W softwares
53te] Aligne AAISA I [13], Alignd F71A4EL&
neighbor-joining methodE ©|-83}d MEGA 6 sofiware [22]

Table 1. The sequences of one-step RT-nested polymerase chain reaction (PCR) primers and target size for detection of S segment

of severe fever with thrombocytopenia syndrome virus

PCR steps Name of PCR primers Primer sequences (5°-3") Target sizes
Ist round PCR SFTSV NP-2F CAT CAT TGT CTT TGC CCT GA 461 bp
SFTSV NP-2R AGA AGA CAG AGT TCA CAG CA
2nd round PCR SFTSV N2F AAY AAG ATC GTC AAG GCA TCA 346 bp

(Nested PCR) SFTSV N2R

TAG TCT TGG TGA AGG CAT CTT
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Table 2. Detection of severe fever with thrombocytopenia syndrome virus

Gwanak 171

in ticks from Mt. Gwanak

Tick Species Developmental stages of tick

Positive for SFTS virus

Number of ticks (IR, MFIR*, %)

Haemaphysalis longicornis Adult female 4 0
Nymph 72 1 (1.39)
Subtotal 76 1 (1.32)
Haemaphysalis flava Adult female 0
Adult male 0
Nymph 37 3 (8.11)
Subtotal 49 3 (6.12)
Haemaphysalis spp. Larva 148 3 (2.03)"
Total 273 7 (2.56)

IR, infection rate; MFIR, minimum field infection rate.

SFTS virus KY468964 Korea 2015 Tick

SFTS virus AB985658 Japan 2015 Human
SFTS virus KY468962 Korea 2015 Tick
SFTS virus KY468958 Korea 2015 Tick

—— SFTS virus KY468961 Korea 2015 Tick

—— SFTS virus KY468959 Korea 2015 Tick

—— SFTS virus AB821348 Japan 2014 Human
SFTS virus KY468960 Korea 2015 Tick

—— SFTS virus AB818000 Japan 2013 Human

Phlebovirus HM802204 China 2010 Human

-

0.0050

SFTS virus KY468963 Korea 2015 Tick
SFTS virus AB818001 Japan 2014 Human
| SFTS virus KP663742 Korea 2015 Human
L SFTS virus AB985577 Japan 2015 Human
SFTS virus KJ739548 Korea 2014 Human
SFTS virus KJ739544 Korea 2014 Human
SFTS virus KR612076 Korea 2013 Human
SFTS virus KF282702 Korea 2014 Human
,— SFTS virus AB817997 Japan 2013 Human
SFTS virus AB985559 Japan 2015 Human
| SFTS virus KF374683 China 2013 Human
| SFTS virus JX462454 China 2012 Human

SFTS virus JQ693002 China 2013 Sheep
SFTS virus JQ670932 China 2011 Human
SFTS virus KM201296 China 2014 Human
SFTS virus JX987717 China 2012 Tick
SFTS virus JF906043 China 2012 Tick
L SFTS virus KC292287 China 2012 Human
SFTS virus JF906050 China 2012 Tick
SFTS virus KF358693 Korea 2013 Human

Fig. 1. Phylogenetic tree for severe fever with thrombocytopenia syndrome virus detected in ticks collected from Mt. Gwanak in
the Republic of Korea. The neighbor-joining method was used for analysis and Bootstrapping was carried out with 1,000 times.

The bold letters are identified in this research.

oA neighbor-joining methodE ©]-&3te] AledA = 2
AZS 43139t} BootstrappingS 1,000 =3 =0t}
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% 1339 AL AYste F 273vke]e] FH=T7 A
et A= Aguista ISl Al &
W2 T A4 oFgR] FHAARE FH =7 AFPEAL,
Mg Aeis 2 Ul 3309 i FH FEoA e
FHE77E AE A=A st

ol ZAPIA AFS FRE=T] T F 2TOBA F2
2R =7 (Haemaphysalis longicornis), N2 =71 (Haema-
physalis flava)3Th. FHE7] T 2730k 5, 76mte] o] ZF
2AXET (AT YA antE], ok 72n; 27.8%)9F 49miE
o] NAFH=7|AF GA vk, AF 3 vk, =
3791215 17.9%), 22]3l FR=7] 45 1487121 (54.2%)7F
AF = ATH(Table 2). FHPAFA (g A4 FR=7] 273
ukg] FollAl T AlE7F SFTS Hpole] o= A= o]
A He F Aok E (minimum field infection rate)y
2.6%2 eIt ¥, AGTAE SFTS vlolgix A& 2
I, AFe #2aF =], NERRET] BE A=A %
own, Z2AFE7] ok | ulEelA AEE ] oFF oA
= HEEC] 14%°100H, A2y er] WellMe 1.3%%
vepdth AMAZHE7] <5 3 mlglolA] SFTS uvlo]#{2r}t
Azzo] %5 UelMs AEEe] 8.1%cI0em, 7=
=71 WollM= 6.1%= Uebsth 3R =7] 2 371 Z0lA
SFTS Hleld27F HEH O] f5 Wollx] HAokdEo]
2.0%= LERTH(Table 2).

Pt A-E FHE7]oAM 9] SFTS Hle|8 & 7
Suego g wE 7o clusterd] YX|EIL low, AR
oA BHiEl SFTS wpolei BRdat 7 fASHATHFig.
1). 58 o] AollM AEE F1AF G7IEL ol
HE SFTS vielE 2 -2 97142 (KU507573)2 100%
A =3 ch(Fig. 1).
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o

2 T3 dEA SFTSe] e AlE7t 53 AL
o, SelM e e fe] ARZE BAEA Sl [3, 10,
21]. A2thstal Ao deprtel] Sume] 3laL, sl W
o= ko] gol gt ojo] wel SFTS upol2j2g w7l
ke IRE71E Hoks 7137 8BS Ao= F450] gl
W A sel shs Sepal e BN FRI=719
MAzARE 2 FRIE7|25E SFTS Hiel2 2 349 o5
SQlsl r gkt

MEishal W oM s FR=77F s A EA o
ek A Welle AlEe] g7t 23 Pelle iET
EHlo= qlsle] opllEEe] SFe] oEiS AeolH, wet
A o g FEoMe IRI=T7E AR A STk Aot
Z9 oM =77 AHEA L, F=
o st el AlgtEls EEellA A=
R

WSkl WAL AR ofAgER 2AHo] glon, A=

. Xél;qj . tih%;(] BRI . 31751/%1 . ‘?rL:_‘_ . H]—HHEL .

T 4 gl Beht 2R @M JT-E5FAE ok
FEE0] Athly] ojgy] W] FAEs] Aol ol
A Aoz 3k

Bl Fxslal vk gEiA =l [2], ol RAMIA
T FEE A oA =r 7t TevElE 7P Bol A
ek, FR=7] A dolHE R w4 2 A7 8
Yol f5o] o] AFHANEH, olE =719 FEAE
E o 8992 50 YA Felsle Al7lela, 52 4
© 3 238 o] gJorz MY A 8 FroA] AW
o] ol AHEA7] wFoz FAHET} [6].

SFTS Holgiie 7€l A3 22X =7] oFF (vl
oF gl A KT {5 10y £ AE 5
NelA AZEATE SFTS Hioly 2 S Bl FXI=7]
o] A A71E HE F2 7~990] AHE AESe|Ed, o
= SFTS vloleizrt BARE AlAsle] 5d 785
o 7R gtk 71E RIEF fAKS [15)

AR FR=7)9] SFTS vlolg 2 AHES v|ws|Hd
AFAAEEE A 0%(0/16), oM 3.2%(4/125),
233 F59] FHAoRIAES 2.0%((3/148)2 UERIT o}
2 Ao ziE =715 A8l SFTS wpol#i2 7
S AP AFeM = AFA L] TAES oF 6.3%(26/
415)2 YERttHunpublished data). o] 7oA E AdZo|
Al SFTS wlelg 27t AEER] ekok=dl olggh Aole A
HE AFe A7 UF HojA vlo|g 27t MR e
Aoz FZEL FHEZ ENnH Feazsr]e] AHE
< 1.3%, I =719 FHES 6.1%= A=
Al d = AEES eI AW o2 dFre
F2 A2 o 22 A9ES YUeRE (18],
olgigt Aol B Aolx F=r] AR At oM
e ozt AT} IRNEr] F3lHE HioR|UdE
o] 2.0%2 YERE=Y], o3 Fdslr] A dAlel fFHA
oM = SFTS ulo|2i2r} HEE ZO2A, o] Hlo]g2r}
T8 53 HAuEERt ol WA dvke Jhssithe A
S AR B AeiMe WAY duke] 7isAde AEF
SR AR, oln] SFTS ulolaize] At A
JHow W3 ¥yl ot [17).

Fetitel] AMalshs FXI=r125E HEE SFTS vf
olgi9] § T tigt §xAF A7IMYE AT, e
A BaE §32 @793 7P Akl UERATHEFg.
1). SFTS Hloleiae I 593 YEFOE Uro| &
T o [24], QB U SFTS Hlolglay =23} vl
SHARE A O AlFAEE SR Tk ZoE UeRdth

o] A+t KIEH 2B F2 tie ol A
o #opt SAIRE FHOE IR =] APES MY
™, A& Tqlol fRIskE Pt AAehs FRIE=7]o0A
SFTS nlolgi2g WA 4 o} 54 Aol 13
B AR, MEolA A U= Aargolo A= SFTS
7h AE AAE AMox] AAslal Qe o opEE Y
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