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Present state and future of tick-borne infectious
diseases in Korea

Hyoung Sul, MD - Dong-Min Kim, MD
Department of Internal Medicine, Chosun University School of Medicine, Gwangju, Korea

The incidence of vector-borne infectious diseases is increasing due to developments in diagnostic techniques, as well
as due to economic, environmental, and ecological factors such as global warming, increased rainfall, globalization,
and urbanization. Tick-borne infectious diseases occurring in Korea include severe fever with thrombocytopenia
syndrome, Lyme disease, anaplasmosis, and Japanese spotted fever. Various skin lesions, such as erythema migrans,
tick bite sites, rash, and eschar, are associated with tick-borne infectious diseases. It is necessary to remove ticks
immediately to prevent transmission of these tick-borne infectious diseases. Especially for conditions such as Lyme
disease, at least 24 to 48 hours of tick attachment to the host is required for transmission of the causative pathogens
to the host. Tick-borne diseases are acquired after outdoor activities and have nonspecific symptoms such as fever,
headache, and chills, which make them difficult to identify without a diagnostic test. Rapid diagnosis and early
treatment can reduce the otherwise significant morbidity and mortality associated with these conditions; therefore,
therapy should not be delayed until laboratory confirmation is received.

Tick-borne diseases; Scrub typhus; Lyme disease; Rickettsia infections
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Table 1. Causative agents, vectors, and clinical characteristics of tick-borne diseases

Disease Major causative agents Major vectors Signs or symptoms Diagnosis Treatment
Lyme disease  Borelia burgdorferi sensu lato  Ixodes scapularis Erythema migrans, fatigue, ELISA, IFA, confirmed by Doxycycline
(B. burgdorferi sensu stricto, . ricinus myalgia, fever, chill, arthralgia Western blotting Amoxicillin
B. afzeli, B. garinii) 1. persulcatus PCR
1. nipponensis Culture
I. granulatus
Anaplasmosis  Anaplasma phagocytophilum | scapularis Fever, chill, headache, myalgia IFA Doxycycline
1. nipponensis Microscopic detection of Chloramphenicol
morula Rifampin
PCR
Culture
Ehrlichiosis Ehrlichia chaffeensis Amblyomma Fever, chill, headache, myalgia IFA Doxycycline
americanum PCR Chloramphenicol
Culture Rifampin
SFTS SFTS virus Haemaphysalis Fever, chill, IFA
longicornis Gastrointestinal symptoms PCR
(abdominal pain, diarrhea, Culture
nausea, vomiting), headache, 1 detection in skin biopy
myalgia
Japanese Rickettsia japonica Haemaphysalis spp.  Fever, headache, myalgia, IFA Doxycycline
spotted fever Ixodes spp. maculopapular rash, petechiae,  pCR
Dermacentor spp. eschar Culture
IHC detection in skin biopy
Rickettsialpox  Rickettsia akari Liponyssoides Fever, headache, myalgia, vesiculr  IFA Doxycycline
sanguineus (mouse  rash, eschar PCR
mite) Culture

IHC detection in skin biopy

ELISA, enzyme-linked immunosorbent assay; IFA, immunofluorescence assay; PCR, polymerase chain reaction; SFTS, severe fever with thrombocytopenia syndrome; IHC, im-

munohistochemistry assay; .
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Figure 1. Incidence of mite and tick-borne diseases reported to Korea Centers for Disease Control and Pre-

vention in South Korea. SFTS, severe fever with thrombocytopenia syndrome.

ageE

7l ko 2 2l (Lyme disease), 55 B/d 84t
Z3Z H(severe fever with thrombocytopenia syndrome,
SFTS), ohpZet=rs(Anaplasmosis), oI&217]ok5(Ehr—
lichiasis), Q¥, oIE7|H(oFEH, Tularemia), YESHH

=210 v

&, vhH|AJolF(Babesiosis) 5] o™, BR=7|uj7) A

CHSIOAFRE|X|

14

o 22IPRAY, SAREA(Ric-

- 14,000
L 12,000 kettialpox) 50| Atk A AAE o= A
151o] W Bo| A} =
y 10,000 & Erui7l Agke] WrEoe] A2t F7tst
S 31 9lom oj FolAE upEzkRl]
L8000 &
§  ThHFigure 1), & =FojA= 2 =7|0)
L 6,000 &
T ) asl e gobraa s,
L 4000 &
L 2,000
Lo

15 16 ofeled

el Bopleirt, R, oAlofe]
A 2 PSS A B s

=2 10-30 i Ao, 0.2-0,25 m FA 2] Au|Z3|ek Al
Borrelia species vl E9E A=777F ARES & o g€
th6], 2FdHe Yo 7)= Borrelia species= ek 2050
2 1A% T189] Borrelia burgdorferi sensu lato complex

o, B, burgdorferi sensu stricto, B, afzelii, B, garinii,



Sul H - Kim DM - Tick-borne infectious diseases in Korea

FrotaL Qlevt ofsa Aol 7Ht =3t
mi7h Aot

HRAE7= A2717F 27] el HhiA
ks A7) EHe 7198 Eol,
A7) &89 93} Borrelia species’}t
A W JEshe, 332971k 57
T &2 #9elA o34t (erythema
migrans)g o, IaHoR 5
Ale ARSIl SARSAe Helnh
ol 58 R 2 HHglolU O R A
el M) A Aoket shue] &
@Ak o]Zle] v gl

7 ARESIEHI), F24 719). 5%

=
olMoll B, burgdorferi= &3y

A
C D Aow ofy T} 9|2 WAL} uE
Figure 2. (A) Dorsal view of Ixodes nipponensis. (B) Ventral view of /. nipponensis. (C) Dorsal view of 2 9l0 HRA
Haemaphysalis longicornis. (D) Ventral view of H. longicornis. 5] ™ 7]‘1] ] ]'@l?l E]'E é huy

B valaisiana®t B, lusitaniae 5©] EILE|THT], oFAJo} 4, 458, WEE Y Al Al YE sag ARE
X 72 B garinii B+= B, afzelii7} ¥15tolt, HEZ] ob2- gt A = 4152 Ti7l 2= o] ol AHA|
Borrelia species &< F2 Ixodes species®] ZHE7]0] U, 271340 37 o)Zof AASE A 55 HhR| o2 50%

o3} Auteln G-l A= Ixodes ricinus®t I persulcatus

©
~
o
&
r G
D)
rir
i)
ulsd
ok
10
%
ok
ofN
tlo
A
)

7b 8 =7 uyfAR BaEglal, Fopdg]rte = 2 AR, F, AR AR 5, AEA
I scapularis, 9-2olX+= I nipponensis, =olA<= I (=, H9, WA, o dIA A, 49 5), T
persulcatus 50| HL=|ITH8], K1=7] WA} S718kaL d 9 Solm 7k v, 3%, ARz, ot 5o thA
gol T &, Zolgol ghlo] wol WAsh= Zo® 2715 AW FElEe] RaEleh@27], o 10—
A A Qlek, Ffjola= 19936 A=y 2R ekl He 18], T3 24 o1 % el AEA WHS i) AdR
A7F AL BeEgion, 20104 12% A4 HATEHL SHERRE HEe A 8E WA okbrhd Y e
2 A= ol TRl Fe= AdsiA Aok 7] ALHaS
SefuEtellA] 8 mAFOR AR = ARFIRKET|(L 2 SFAFER] HED), T, TR 54 At 1]
persulcatush= 74 ARt 2 x5t JEIHEY] FA)E AHTHE7], 371 A5HA)
(I nipponensish= A=12Q1 25 k= 2102 A& 3l 2Hl S SlateH 22 oA U1 YA (Borrelia
I (Figure 2), YR E7|(I granulatus)= F2 Aefd= species)& E|h= 0| ATE AA| Atol Al Y3l o B
Zol ZARIHY. FRET]= oP8F, thF, i, ARS, AF 7} 7t A= uie =5 g7l @A AR Sl
o 5Y LR 27, IeF Tl 71T 4 Qi A A KA ok, 27 5 ool A== 1eM &
B i, o, A Al A iiRollA B YAlE B A gl igt EolakAolar, Alzto] ZufsHHA]

2 Fley oy 2et 477



J Korean Med Assoc 2017 June; 60(6):475-483

AR 9 o2 el diet S Fst
Z|a1zo] o] 2tk ti7l IgM dﬂl% o
ZIAA o fastA HAE S5 A A7 E=A &
A E7) % g}, IgG A= 5Let 3ol thet SolaA|
2 IgM AR 5 A A7) Alxsin 24714
ol HAIARI s Helok, ey @5 Ak 7l
A= Sol=s A 58, 20-30%7F 5737101 3
7} AEEHH 10%7} 2—-45F T 3E7]o] A S 2
ojuf 27| A A 77t FHES RHE 4 Urh AT
2 ArpHo g HAYTH (immunofluorescence assay,
[FA)T} B a2 (enzyme—linked immunosorbent
assay, ELISA)©] 9l+=d|, ELISA7} 917t =, A, A&
Ao] =11 AF3} 7sSlERE IFA B ol ARgHT
A A4 39 T ERYE ol A et
AN 25 9491L o} m
[gM3} IgG W7ol thsfo] 92
ofgic) wHEZZA ol FHH 15]
Borrelia species®] tjgt S¢a4
chain reaction, PCR) HARS SalAE st o= 9lont
obA] UnbA o & AMEE|R|= Al QlrH 14,15],

27] =2A/9E4d Aol teide B+ A A=7t
7FsshH, A, AEA A, 584 B Y o
& Hole gl theliid= AR A A1 w7E AR
ot ' 7)ol YA A&l gt Bkg-o] FAIRE Mg
7] A& BApe] A= A Aol Eslal T4
812 < Atk Doxycyclineo] 271 2tdH o] A =2A|= A
iﬂml, ol 2tHE Hufsl= K=7]of oJsf FAlol Hut
e ohET RS ol Bapale]7] wfizolth, 9Al
[k —4 axofel Al F2l Bl A= 7Hs3Hd doxyeycline
ii s 343110]:_}‘31 2o} 2kl EtofAl= 815 amoxicillin
0-40 mg/kge 38 & Lol 535 ik,

rlr >HU

o

rukﬂ

1:1

OlLISEI=0lS

ohfEetznts 9 oER|7loke2 Al W ARl

478 cistolArEsx|

Anaplasma phagocytophilum®} Ehrlichia chaffeensis
7h 8 Al A7) A Aetelei{16-18].
opfETtEntS-2 Hlwol = =& I scapularis X1E=7]
off 2sff uj7i=|o] A phagocytophilumo] I} W E+
£ HEA71AL, o Ee)7]ots2 2 Amblyomma ameri—
canum HE7]0) o8l wi7§=l" E chaffeensis’} T+
X ETE g,

2yl A A, phagocytophilum®} E, chaffeensis=
Haemaphysalis longicornis, I, nipponensis, I, persul—
catus 5 AE7)0h 524, FAH], AT 2 opEBol
A AEEeH[19-23], F-2lutol A A} Ty 2014
d 222 opEelznls $X7} RuEgleHod),

A=7)o) B2l 5 5-11%0] Aupd ndat E3)7t, 295,
o & HISOIA 9 Sl vEhH[25,26], Ee A4
LAt edol 7Lt el AaiRll
BIULT, IWIeEL $H) A% 2
213t S0 AT = Qlt, o ERtEnS e §47Iolke

*éé?—‘é‘d@%ﬁ BT HATLLT, 3

= v 1=

1o

ol

4o o

ol

=)
_?1_5
Q‘

S

°

o> onl
o
2
rlr
el
B~
e
yE
JE

o
151
-
oy
[

N
o
v
o

I
rkl
EJ

ol Lo A o1 ol 58 2 Sl
v]% ZARel BERAA WAE 144e] o Eax
Bl BAE g et Auie), o iEekznlE ¥
9 A gete] F471e] BolagolN Bawidee] Hzol
66x10°/L2 i g0l 7Pt S6lA TGl on],
71 9] Rl s glo] S| A s A lactate
dehydrogenase 45 E3F 31 TEH I ohbEet=
ol8 SRl A ) A (morula, 4F
e o] sk, A phagocytophilumE: B
= PCR& o]-8-5to] 2tket 4= ek, dAsh] iz
[FAE o]-g-sto] Zdeie}, Hjfoz Bjld ot Eet=nts:
Bhzke] 95% o1gellAl A, phagocytophilume Wizt FAl=
ZAF A B o 11 Ao WRE|Ql o Hi oF 15Y
7ol HaLA|of SRt diF-Ee] Sl A 1 & A
A 7 1:640 o2 Al 97FE o7ds] BAAL 19 Fof oF
REpol A @A7E AEEAH27). T IFAS o]8sto] At
& W= E chaffeensis®} A, phagocytophilum 7F 2 ApE



ol AF 4= o FoJslofof Fitt,
S Atol] =W 1299 opfE etk 842 - 210l
A3 o1 L R] 1092 doxycyclineS Fo4gh 2] 484
[Hiell Fol Wejm w27 3jEEgleH28], E o A+t
oM<= 1879] ohtEet=nts 84} B doxycyclines
olgt - 4817t o Hol Hjelm SR E et ohfEetzmt
= 4 o Eg7|ols ﬂx}_J 2 B2 E doxycycline2 10
S FostAL s F 3-59%F H Folste Ae A
sHH29]. ©] Xliﬂﬁ% B, burgdorferi®} 55} ZF¢IAl o]
AIAY 4= 31Tk, Tetracycline A|E oFAof H1S Ei= 2
247} Q= -$-olli= rifampin 300 mge 23]/4, 7-10
Tt Fofgd 4= glon, o] - ofe] A o] tisf S EaL

K1

e

—(> m&

Fo 27129] 477} Lasiti(30],

SFTS®] A AAl= el 2|22 (Bunyaviridae
family)oll &ol= ST LWHLTI vholga
(SFTS virus, SFTSV)o|tH31]. SFTSV+= single—stranded
negative sense RNA segment?l & 54, £71 24 2o
A, oA 37| RS 732,

SFTS= 2009 S si/gollAl Wit SxjollA Hlol
HA7F A ZEAA31], D] B9 20129 ofrh-
A ol A A5 AR7F HAE AT 33, S-2uee] SFTS=
20129 7= =3 ofl AF=stE 2htof A I, wid ot
aF, avad 59 S0l WAkl o A7|RHeR
AP AR 7E A SR HArE Ak 34),

SFTS9] AR E 8 A2 AR T 7|(H, longicornis)
(Figure 2)7} vj7lste] Hiolej o] ZHEl= Ao U4
ATH31,35). Hio|# Ao e S 4-15U 2] 7|5 AA]
o, 19, 24, 75, T5F. 86, &, QAL 71 5
Eo|#Ql /0] Uehdt31,36]. E3F &
aT, dxadd, SHEd 5o AU 540t
[31,36,37].

S2lyzte] 2013—-20159 Ate] 1721 2] SFTS Akl of

_4.71—/\2 @1'4

Sul H - Kim DM - Tick-borne infectious diseases in Korea

o
N
Fo
e
oZ
N
12
i
>
H
o
>
o
i
1o
ol
i)
X
=4
é
—F
e

e 4= 3] A SFTSVOH it uto]2 A B
WA oF2] TR 2 Aefolw[39], okeldkE Al =
7ol E=]A] =5 oshe Zlo] BRsirH40].

A, =79}
AP Aol Al et Aol Helt 4971
won Z7]4FgHFI(Rocky mountain spotted fever), &
ZW;E A =7]E3EA(Queensland tick typhus), oFZ |7}
E7]"(Aftrican tick bite fever), YEEHFL (Japanese
spotted fever), AZ3]&HrE (Mediterranean spotted
fever) So| of7]of &3k}, 2A|IRREA (Rickettsialpox) 2]
L gRT7|o o8 AuEY, Rickettsia felis®] 73-9- 1L
2 O]Bflwoﬂ ofgl] Aupe= A& AlQdskile A9 2e &
HkALe] eARREES =T o8l HupE, &
0] GARREES 7 Y] e LTl OmpA
¢} OmpBE F& &8 4= k. S2lvetollA g &
kv 13471]1} HASE PARELS} dEFHEo] Q=
o 2AREA] RIS R, akario|H, YEZHIES
JaponicaZ} {latolt}, IfjofA= 19579 A&o=
FollA SHrEwe] FAXR] R, akaris Z@]8toH, o
% 7WNET FRE7|(H, bispinosa)ollAl R, japonica2:

&

mln

ZUf 27|y 22t 479



J Korean Med Assoc 2017 June; 60(6):475-483

R, rickettsits PCR< ‘&3l SHRISHIT}, EQF AlgtollA &
o] fARES Bejgh 22 20060] Ao ® R,
JaponicaZ} w2 =] $ITH41],

T2 SHIEE 4, o] & ool &3] WAst =7
o kZ F 2-14AH (R 570 W F5 185,
T, TE GO vjEo| ]l F/4Fo R ARk, 214RgRE
do| Wyl & E5 oA Al&tsto] A5 9 &)
o}, Bl o 2 x| o R YEhe jARIEAY] W
212 Z710f| WAy Bl 0 & AjRlste] edofl AA| 4=
3 ok PFoE R QlEY] ) Y
HFES iR IR A Tk 90%elA =)o &
2] 71 7Ha) 7} glom WL A o] R FEajofA] A7)t
A5l et 3719 Bhd SHHd Rl o2 AjRkste] izl
AATFRA T} T2 A

=
0
o
i

7Fa 79 4 7 % /\]7533}01 PCRo|Y WY %235t A
(hnmunohls‘oochennstry) S Aldfsto] Ask 4= glon o]
L AR Bl B uiztert hAaE R sl AR AR
7 AJeysfiof gict, SRMETEe] MEl4] A &A= doxycycline
O 2 100 mge 1247k 7HA 0 & 5-797F Folgiet,

=707 &2Ee| SAIAE

0

sl AErs M2 g2 A HEAE S0l 7t
A3 Q) 4 9lom, 3k ¥ tick biteZ o7 71A] WY
Ao Auprt 7hsskeH43]. I scapularise ohbEetzmt

<. oEel7lors, 2d. 2 vhHiAoe s Aud 4

480 cistolArEsx|

ouct. 2kl $kxpe] 23%7} v Alolgo] s HkE|lal[44],
10—-30%7} ohJEetznlZo|L o Sa]7]ofZo] EHlEQ]
o} B e Yo 7)= o7 AHA
ATH43,45], THERZ 2Ryo|yt ol Zet2nls xS
Az o2 =77l Aske] 7RsAdS 5ol Folof
atH, Ao A9 A7 A opfEZetRnge] FA| 44
< nEste] o2 A Boks opfEetRulgel Skt

Y= tetracycline A8 YA Foi5 st Al Fot

A5} ZAFS

=7 ’MAH 2 F=7(007H ZEe| ol

gole] Aol Hesjuj AW %
AE7|9} 0] Hol 244843t Washy| o] 219l
A At 7HsAS FY 4 YE=S AHET)S e AA
ok 4], A=7] QAL ZAL ARSI, TS S

dstslr] Slalis

iz}

WA AE71S AASH BER A 7o) 7]7)
oA Syef g 4 glone, mHoR AEy|] BAS

wjo] 2{cfet 17 ot
o e}, 717} ol
3712 Ao} Hei{a7],

A=A AR olel] Sl HE|e] Fa A
A7) B0l L7} 7481 Aot wjsforstat, 2]
7|19 A S AM8sk= Ao| vEtzls) ofejslE A] 2z 7
H]—Z] EX]— E_’_ﬂ E/\] zl—@- oh:ﬂ- ng]. = E.Q_:[L
ok ofs) 25 ol BAat v A9, 59 Sos
A Bl Basid,

21O 5 o 2y Y SiE Aol A ofjekE
L = Aol vz Wi & AE 59 mlalal Aok
oA 87 2571917412 AHgsforeict. DEET (N.N-
diethyl-m—toluamide) A& E33H 7|7 Al= 2-3A]7F
ot g7} glom HpAlGE, Anf oFak Al 721 w3}
Q) S Aelat wo] Ao Helst e of
4y0] 5127 9)R0) A7) S QES Fojaof eiAo0),
Permethrin®] 5o 9= 7|u|Al= u)5o] 23] B4] of2L

oJsoflgt Helalor det. AHgs] A Aelsksiehrt o

G0 7S AN A
o 7jEsk EA 0 F Holgl=




el ohaoll dofof &,
Folet BrdsiA, F=rlo =Y 7
ol 24-T2/%t FF AET7F Eehgo] Qlojof A=
SEb7E A=7] Wl M Al Sl AlgelAl dute ez
24A1ZF ool AAsITHE Ao 2 S-Sk, 2y
TR Hol A 3617 ol A=7] F2to] elElen, &
g oS AFol WA MNE=r|E AASKL o
A 7T doxycycline 200 mge 13] Fofsh= A& 4
gheH48].

1=

A AAA R AE7|) Agke] WAlgo] WA 715t
ol Welst Wl B8, o, TE 5 uiSolel 4
o] GlowIA, HEY] e $IFo] Gl oflEE e W
WA, b, A7) B $9] 59 YAAS Kol B
o] 749 A= w7l A3HS WhEA] Sfalshuolof gk Agt
2 Sla Bobe ol e A3k Bo] S B

PO
o

3 PCRS Alsl7Ivt 347] 9 5187]0) 2y
A8 Nslo] A7 AL Bal Aetslolof s, o
o] AE|alAf Aol ﬂi—ﬁl 27)0] gkslel A\ gt 4
SAE= A9l Bon s AFA A SIS 98 A=
7} A|QAEol A o FIch, B sho] AE7|7t ole] A=
7] 21 YRS 7L Qe 4 glom & He] A
7 o RE7|u) 7ol SAZo] FHsstug

A iR g w9 o] Fadh 4 Qlok

o

i3

F

o

Acknowledgement

This study was supported by research funds from

Chousn University Hospital 2016,

SOHE 7|2 ZI=7 (o7, M&ILSA|Y; 2t ; 2| AR

Sul H - Kim DM - Tick-borne infectious diseases in Korea

ORCID
Hyoung Sul, http://orcid.org/0000-0001-9305-4814
Dong-Min Kim, http://orcid.org/0000-0001-6373-0922

REFERENCES

1.National Institute of Meteorological Research. Climate change
of Korea: present state and future. Seogwipo: National Insti-
tute of Meteorological Research; 2009.

2.Kim SH, Jang JY. Correlations between climate change-related
infectious diseases and meteorological factors in Korea. ] Prev
Med Public Health 2010;43:436-444.

3.Rossati A. Global warming and its health impact. Int ] Occup
Environ Med 2017;8:7-20.

4.Medlock JM, Leach SA. Effect of climate change on vector-
borne disease risk in the UK. Lancet Infect Dis 2015;15:721-
730.

5.Randolph SE. To what extent has climate change contributed
to the recent epidemiology of tick-borne diseases? Vet Parasi-
tol 2010;167:92-94.

6.Rudenko N, Golovchenko M, Grubhoffer L, Oliver JH Jr.
Updates on Borrelia burgdorferi sensu lato complex with res-
pect to public health. Ticks Tick Borne Dis 2011;2:123-128.

7.Noh Y, Kim SY, Lee YS, Kim DW, Kwon T, Hwang KJ. Whole-
genome sequence of Borrelia garinii strain 935T isolated from
Ixodes persulcatus in South Korea. Genome Announc 2014
Dec [Epubl]. https://doi.org/10.1128/genomeA.01298-14.

8.Picken RN, Strle F, Picken MM, Ruzic-Sabljic E, Maraspin V,
Lotric-Furlan S, Cimperman J. Identification of three species
of Borrelia burgdorferi sensu lato (B. burgdorferi sensu stricto,
B. garinii, and B. afzelii) among isolates from acrodermatitis
chronica atrophicans lesions. J Invest Dermatol 1998;110:211-
214.

9.Shim JC, Youn YH, Kim JR. The investigation of Ixodidae.
Rep Natl Inst Health 1994;31:149-155.

10.Blaut-Jurkowska J, Olszowska M, Kaznica-Wiatr M, Podolec P.
Lyme carditis. Pol Merkur Lekarski 2015;39:111-115.

11.Santino I, Longobardi V. Clinical and serological features of
patients with suspected Lyme borreliosis. Int ] Immunopathol
Pharmacol 2011;24:797-801.

12.Stanek G, Wormser GP, Gray J, Strle E Lyme borreliosis. Lan-
cet 2012;379:461-473.

13.Stanek G, Strle E Lyme borreliosis. Lancet 2003;362:1639-
1647.

14.Sroka-Oleksiak A, Ufir K, Salamon D, Bulanda M, Gosiewski
T. Nested-PCR real time as alternative molecular tool for
detection of Borrelia burgdorferi compared to the classical
serological diagnosis of the blood. Med Dosw Mikrobiol 2016;
68:47-56.

15.Moore A, Nelson C, Molins C, Mead P, Schriefer M. Current
guidelines, common clinical pitfalls, and future directions for
laboratory diagnosis of lyme disease, United States. Emerg Infect
Dis 2016 Jul [Epub]. https:// doi.org/ 10.3201/eid2207.151694.

16.Bleeker-Rovers CP, Vos FJ, de Kleijn EM, Mudde AH,
Dofferhoff TS, Richter C, Smilde TJ, Krabbe PE, Oyen W],

2uj 2= (ofoy 2E 481



J Korean Med Assoc 2017 June; 60(6):475-483

van der Meer JW. A prospective multicenter study on fever of
unknown origin: the yield of a structured diagnostic protocol.
Medicine (Baltimore) 2007;86:26-38.

17.Bakken JS, Dumler JS. Clinical diagnosis and treatment of
human granulocytotropic anaplasmosis. Ann N 'Y Acad Sci
2006;1078:236-247.

18.Dumler JS, Choi KS, Garcia-Garcia JC, Barat NS, Scorpio
DG, Garyu JW, Grab DJ, Bakken JS. Human granulocytic
anaplasmosis and Anaplasma phagocytophilum. Emerg Infect
Dis 2005;11:1828-1834.

19.Chae JS, Yu DH, Shringi S, Klein TA, Kim HC, Chong ST, Lee
1Y, Foley J. Microbial pathogens in ticks, rodents and a shrew
in northern Gyeonggi-do near the DMZ, Korea. ] Vet Sci
2008;9:285-293.

20.Kang JG, Ko S, Kim YJ, Yang HJ, Lee H, Shin NS, Choi KS,
Chae JS. New genetic variants of Anaplasma phagocytophi-
lum and Anaplasma bovis from Korean water deer (Hydrop-
otes inermis argyropus). Vector Borne Zoonotic Dis 2011;11:
929-938.

21.Chae JS, Kim CM, Kim EH, Hur EJ, Klein TA, Kang TK,
Lee HC, Song JW. Molecular epidemiological study for tick-
borne disease (Ehrlichia and Anaplasma spp.) surveillance at
selected U.S. military training sites/installations in Korea. Ann
N'Y Acad Sci 2003;990:118-125.

22.Kim CM, Kim MS, Park MS, Park JH, Chae JS. Identification
of Ehrlichia chaffeensis, Anaplasma phagocytophilum, and A.
bovis in Haemaphysalis longicornis and Ixodes persulcatus
ticks from Korea. Vector Borne Zoonotic Dis 2003;3:17-26.

23.Kim CM, Yi YH, Yu DH, Lee M]J, Cho MR, Desai AR, Shringi
S, Klein TA, Kim HC, Song JW, Baek L], Chong ST, O'guinn
ML, Lee JS, Lee IY, Park JH, Foley J, Chae JS. Tick-borne ric-
kettsial pathogens in ticks and small mammals in Korea. Appl
Environ Microbiol 2006;72:5766-5776.

24.Kim KH, Yi J, Oh WS, Kim NH, Choi §J, Choe PG, Kim NJ,
Lee JK, Oh MD. Human granulocytic anaplasmosis, South
Korea, 2013. Emerg Infect Dis 2014;20:1708-1711.

25.Aguero-Rosenfeld ME, Horowitz HW, Wormser GP, McKe-
nna DE Nowakowski ], Munoz J, Dumler JS. Human granulo-
cytic ehrlichiosis: a case series from a medical center in New
York State. Ann Intern Med 1996;125:904-908.

26.Bakken JS, Krueth J, Wilson-Nordskog C, Tilden RL, Asano-
vich K, Dumler JS. Clinical and laboratory characteristics of
human granulocytic ehrlichiosis. JAMA 1996;275:199-205.

27.Aguero-Rosenfeld ME, Kalantarpour F, Baluch M, Horowitz
HW, McKenna DF Raffalli JT, Hsieh Tc, Wu J, Dumler JS,
Wormser GP. Serology of culture-confirmed cases of human
granulocytic ehrlichiosis. J Clin Microbiol 2000;38:635-638.

28. Bakken JS, Dumler JS, Chen SM, Eckman MR, Van Etta LL,
Walker DH. Human granulocytic ehrlichiosis in the upper
Midwest United States: a new species emerging? JAMA 1994;
272:212-218.

29.Parola P, Raoult D. Ticks and tickborne bacterial diseases in
humans: an emerging infectious threat. Clin Infect Dis 2001;
32:897-928.

30.Bakken JS, Dumler JS. Human granulocytic ehrlichiosis. Clin
Infect Dis 2000;31:554-560.

482 tiEtelnEsR|

31.Yu XJ, Liang ME Zhang SY, Liu Y, Li JD, Sun YL, Zhang L,
Zhang QF, Popov VL, Li C, Qu J, Li Q, Zhang YP, Hai R,
Wu W, Wang Q, Zhan FX, Wang X]J, Kan B, Wang SW, Wan
KL, Jing HQ, Lu JX, Yin WW, Zhou H, Guan XH, Liu JE, Bi
ZQ, Liu GH, Ren J, Wang H, Zhao Z, Song JD, He JR, Wan
T, Zhang JS, Fu XP, Sun LN, Dong XP, Feng ZJ, Yang WZ,
Hong T, Zhang Y, Walker DH, Wang Y, Li DX. Fever with
thrombocytopenia associated with a novel bunyavirus in
China. N Engl ] Med 2011;364:1523-1532.

32.Elliott RM. Emerging viruses: the Bunyaviridae. Mol Med
1997;3:572-577.

33.Takahashi T, Maeda K, Suzuki T, Ishido A, Shigeoka T,
Tominaga T, Kamei T, Honda M, Ninomiya D, Sakai T, Senba
T, Kaneyuki S, Sakaguchi S, Satoh A, Hosokawa T, Kawabe
Y, Kurihara S, Izumikawa K, Kohno S, Azuma T, Suemori K,
Yasukawa M, Mizutani T, Omatsu T, Katayama Y, Miyahara
M, Tjuin M, Doi K, Okuda M, Umeki K, Saito T, Fukushima
K, Nakajima K, Yoshikawa T, Tani H, Fukushi S, Fukuma
A, Ogata M, Shimojima M, Nakajima N, Nagata N, Katano
H, Fukumoto H, Sato Y, Hasegawa H, Yamagishi T, Oishi K,
Kurane I, Morikawa S, Saijo M. The first identification and
retrospective study of severe fever with thrombocytopenia
syndrome in Japan. ] Infect Dis 2014;209:816-827.

34.Kim KH, Yi J, Kim G, Choi §J, Jun KI, Kim NH, Choe PG,
Kim NJ, Lee JK, Oh MD. Severe fever with thrombocytopenia
syndrome, South Korea, 2012. Emerg Infect Dis 2013;19:1892-
1894.

35.Zhang YZ, Zhou DJ, Qin XC, Tian JH, Xiong Y, Wang JB,
Chen XP, Gao DY, He YW, Jin D, Sun Q, Guo WP, Wang W,
Yu B, Li ], Dai YA, Li W, Peng ]S, Zhang GB, Zhang S, Chen
XM, Wang Y, Li MH, Lu X, Ye C, de Jong MD, Xu J. The
ecology, genetic diversity, and phylogeny of Huaiyangshan
virus in China. J Virol 2012;86:2864-2868.

36.Xu B, Liu L, Huang X, Ma H, Zhang Y, Du Y, Wang P, Tang
X, Wang H, Kang K, Zhang S, Zhao G, Wu W, Yang Y, Chen
H, Mu E Chen W. Metagenomic analysis of fever, thrombo-
cytopenia and leukopenia syndrome (FTLS) in Henan Provin-
ce, China: discovery of a new bunyavirus. PLoS Pathog 2011;7:
€1002369.

37.Gai ZT, Zhang Y, Liang MF, Jin C, Zhang S, Zhu CB, Li C, Li
XY, Zhang QF, Bian PE Zhang LH, Wang B, Zhou N, Liu JX,
Song XG, Xu A, Bi ZQ, Chen §J, Li DX. Clinical progress and
risk factors for death in severe fever with thrombocytopenia
syndrome patients. ] Infect Dis 2012;206:1095-1102.

38.Choi SJ, Park SW, Bae IG, Kim SH, Ryu SY, Kim HA, Jang
HC, Hur J, Jun JB, Jung Y, Chang HH, Kim YK, Yi J, Kim KH,
Hwang JH, Kim YS, Jeong HW, Song KH, Park WB, Kim ES,
Oh MD; for Korea SFTS Clinical Network. Severe fever with
thrombocytopenia syndrome in South Korea, 2013-2015.
PLoS Negl Trop Dis 2016;10:e0005264.

39.Liu W, Lu QB, Cui N, Li H, Wang LY, Liu K, Yang ZD, Wang
BJ, Wang HY, Zhang YY, Zhuang L, Hu CY, Yuan C, Fan X],
Wang Z, Zhang L, Zhang XA, Walker DH, Cao WC. Case-
fatality ratio and effectiveness of ribavirin therapy among
hospitalized patients in china who had severe fever with thro-
mbocytopenia syndrome. Clin Infect Dis 2013;57:1292-1299.

40.Korea Centers for Disease Control and Prevention. Tick borne
infectious disease management guideline. Cheongju: Korea
Centers for Disease Control and Prevention; 2017.



41.Chung MH, Lee SH, Kim M]J, Lee JH, Kim ES, Kim MK, Park
MY, Kang JS. Japanese spotted fever, South Korea. Emerg
Infect Dis 2006;12:1122-1124.

42.Angelakis E, Richet H, Rolain JM, La Scola B, Raoult D.
Comparison of real-time quantitative PCR and culture for the
diagnosis of emerging Rickettsioses. PLoS Negl Trop Dis 2012;
6:€1540.

43.Walker DH, Barbour AG, Oliver JH, Lane RS, Dumler JS,
Dennis DT, Persing DH, Azad AF, McSweegan E. Emerging
bacterial zoonotic and vector-borne diseases: ecological and
epidemiological factors. JAMA 1996;275:463-469.

44 Meldrum SC, Birkhead GS, White DJ, Benach JL, Morse DL.
Human babesiosis in New York State: an epidemiological des-
cription of 136 cases. Clin Infect Dis 1992;15:1019-1023.

Sul H - Kim DM - Tick-borne infectious diseases in Korea

45.Belman AL. Tick-borne diseases. Semin Pediatr Neurol 1999;
6:249-266.

46.Spach DH, Liles WC, Campbell GL, Quick RE, Anderson DE
Jr, Fritsche TR. Tick-borne diseases in the United States. N
Engl ] Med 1993;329:936-947.

47.Choi E, Pyzocha NJ, Maurer DM. Tick-borne illnesses. Curr
Sports Med Rep 2016;15:98-104.

48.Wormser GP, Dattwyler R], Shapiro ED, Halperin JJ, Steere
AC, Klempner MS, Krause PJ, Bakken JS, Strle F, Stanek G,
Bockenstedt L, Fish D, Dumler JS, Nadelman RB. The clinical
assessment, treatment, and prevention of lyme disease, human
granulocytic anaplasmosis, and babesiosis: clinical practice
guidelines by the Infectious Diseases Society of America. Clin
Infect Dis 2006;43:1089-1134.

2 27 (o) 22t 483



