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Tick collection by using a dragging (A) and flagging (B)

Map of Jeju Island. Seventy-two tick collection sites indicated by

black dots

Haemaphysalis flava, female. A: dorsal, B: ventral, C: palpi

(dorsal), D: palpi (ventral), E: coxae

Haemaphysalis flava, male. A: dorsal, B: ventral, C: palpi (dorsal),

D: palpi (ventral), E: coxae

Haemaphysalis longicornis, female. A: dorsal, B: ventral, C: palpi

(dorsal), D: palpi (ventral), E: coxae

Haemaphysalis longicornis, male. A: dorsal, B: ventral, C: palpi

(dorsal), D: palpi (ventral), E: coxae

Haemaphysalis longicornis, nymph. A: dorsal, B: ventral, C: palpi

(dorsal), D: palpi (ventral), E: coxae

Haemaphysalis longicornis, larva. A: dorsal, B: ventral
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Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

Fig. 13.

Haemaphysalis longicornis, female, male, nymph and larva from

right with Imm scales bar

Agarose gel electrophoresis of Haemaphysalis longicornis tick 5.85
rRNA internal transcribed spacer 2 gene (360 bp amplicons). Lane
M, 100 base pair size marker. Abbreviation of each lane is as
follows: W, water control; LA, larva; NY, nymph; AM, adult male;
AF, adult female.

Map of Jeju Island. Seventy-two tick collection sites indicated by
black dots are classified into three areas (East, West, and North)
and tick—borne pathogens identified in Jeju Island are indicated by

squares.

Phylogenetic tree based on 1.406 bp sequence of Anaplasma and
Fhrlichia species collected in  Jeju Island of Korea. The
phylogenetic tree was constructed based on the alignment of 16S
TRNA gene sequences by CLUSTAL W and followed by the
unweighted pair group method with arithmetic mean (UPGMA)
method with 1,000 bootstrap resamplings using MEGA software.

The GenBank accession numbers are in parentheses.

Phylogenetic tree based on 390 bp gene sequence of Ehrlichia
chaffeensis. The phylogenetic tree was constructed based on the
alignment of  Anaplasma gene sequences obtained  from
species—specific nested PCR assay, by CLUSTAL W and followed
by the UPGMA method with 1,000 bootstrap resamplings using
MEGA software.
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Fig. 14.

Fig. 15.

Fig. 16.

Phylogenetic tree based on 926 bp gene sequence of Anaplasma
phagocytophilum, A. bouvis, and A. centrale. The phylogenetic
tree was constructed based on the alignment of Anaplasma gene
sequences obtained from species—specific nested PCR assay, by
CLUSTAL W and followed by the UPGMA method with 1,000

bootstrap resamplings using MEGA software.

Electrophoresis analysis on 1.2% agarose gel of DNAs amplified
by ompB-nested PCR assay with outer and inner primer set with
template DNAs from tick samples. Lanes M, 100bp DNA ladder,
lanes N, negative control, lane 1~26, each number of the
ompB-PCR products (407 bp). The number on the left indicates

the molecular size (in base pairs) of the amplified PCR products.

Electrophoresis analysis on 1.2% agarose gel of DNAs amplified
by gltA-nested PCR assay with outer and inner primer set with
template DNAs from tick samples. Lanes M, 100bp DNA ladder,
lanes N, negative control, lane 1~26, each number of the
gltA-PCR products (330 bp). The number on the left indicates

the molecular size (in base pairs) on the amplified PCR products.

@ jeju



Fig. 17.

Fig. 18.

Fig. 19.

Fig. 20.

Electrophoresis analysis on 1.29% agarose gel of DNAs amplified
by 17 kDa antigen—nested PCR assay with outer and inner
primer set with template DNAs from tick samples. Lanes M,
100bp DNA ladder; lanes N, negative control, lane 1~26, each
number of the 17 kDa antigen PCR products (360 bp). The
number on the left indicates the molecular size (in base pairs) of

the amplified PCR products.

Dendrogram representing phylogenetic relationships between
partial ompB gene sequences (the size of about 407bp) of various
rickettsial strain and PCR amplied ompB products from tick.
Phylogram were generated by neighbor—joining analysis with

1,000 bootstrapped replicates.

Dendrogram representing phylogenetic relationships between partial
gltA gene sequences (the size of about 330bp) of various rickettsial
strain and PCR-amplified gi{tA products from tick. Phylogram were
generated by neighbor—joining analysis with 1,000 bootstrapped

replicates.

Dendrogram representing phylogenetic relationships between partial 17
kDa antigen gene sequences f(the size of about 360bp) of various
rickettsial strain and PCR amplified 17 kDa antigen products from
tick. Phylograms were generated by neighbor—joining analysis with

1,000 bootstrapped replicates.
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rRNA
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HME
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Summary

This study investigates the geographical distribution and the presence of nucleic
acids of various rickettsial agents of ticks collected in Jeju Island from the year
2007 to 2008. A total of 3,089 ticks (3,086 of Haemaphysalis longicornis and three of
Haemaphysalis flava) was collected at 72 sites by dragging and flagging method.

By developmental stage, H. longicornis adult and lymph were collected from April to
August. On the contrast, M. longicornis larva was collected only on August. By
monthly distribution, The number of H. longicormnis adult increased steadily from April
to August but there was no difference by monthly except for May and June. H
longicornis lymph collected from April to August and peaked on May. H. longicornis
larva was collected and started to appear on August.

A total of 1,395 H. longicormis tick collected from Jeju Island were examined by 16S
rRNA gene-based nested PCR for the presence of infectious Anaplasma and Ehrlichia
species. Template DNAs to detect the tick—borne pathogens were prepared from a
total 506 tick pools. Eight Anaplasma and six Ehrlichia species by 165 rRNA gene
PCR and sequencing analysis were identified. A. phagocytophilum was most prevalent
(27, 1.9%) by nested PCR, followed by A. bovis (5, 04%). E. chaffensis (4, 0.2%), and
A centrale (1, 0.1%). In the phylogenetic analysis based on 16S rRNA sequences,
eight species of Anaplasma group (>99.4% homology) and six species of Ehrlichia
group (>995% homology) were close to deposited A marginale strains (AF309867,
AFA14874, and FJ226454) and Ehrlichia sp. (DQ324547), respectively.

Three Anaplsma species; A. phagocytophilum (group A), A. bovis (group B) and A
centrle (group C), and one Ehrlichia species; E. chaffcensis (group D) were determined
by comparing with Anaplasma and Ehrlichia related sequences. First, twenty—seven A

phagocvtophilum clones belong to group A were divided into 7 genotypes.

_ix_



The sequence similarity among genotypes Al to A4 was very high (>99.6%).
Genotype B2 was close to A bovis from Korea (99.7%). Genotype D1 was close to
known E. chdffcensis strains (M73222, AF147752, and AY350424) and their similarity
value was 99.7%. In conclusion, A phagocyvtophilum identified in predominant H.
longicornis ticks were ubiquitous throught the Jeju Island. The various tick-mediated
infectious rickettsia have been found through DNA sequence and phylogenetic analysis.

A total of 1,584 ticks were examined the presence of nucleic acids of various
rickettsial agents in ticks collected in Jeju Island, Korea from the year 2007
to 2008, through the nested polymerase chain reaction (PCR) and sequencing
analysis of partial citrate synthase (gltA), Rickettsia outer membrane protein
B (ompB), and 17 kDa antigen genes.

Examination of the 1,584 ticks showed that the species distribution of H.
longicornis was 99.81% (n=1581) and H. flava was 091% (n=3). A total of
224 out of 250 pools containing one to 15 ticks were found positive in
ompB-PCR assay. From the positive samples, 26 were analysed by gltA- and
17 kDa antigen PCR assays.

The nucleotide sequences of the ompB- and gltA-PCR products showed a
high degree of similarity to those of the F. japonica (98.7~99.296 and 98.7~
99.3%, n=25) and R. monacensis (99% and 99.79%, n=1).

However, analysis of the nucleotide sequences of the 17 kDa antigen PCR
amplicons showed that the sequences of the 25 PCR amplicons are more close
to B. marmionii (99.4~100%) than R. japonica (98.6~99.1%).

These findings suggest that various rickettsial diseases could be

transmitted via the bite of tick vectors in Jeju island, Korea.
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Spotted fever group(SFG, &RFEw) gAlz|o} AL MAZHCZ FE7F HArta
BaEkal 9lon, Fulg foie ARy duA g Sydete} ke Faad
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ANE7] A AFAGY Hx24 2 g5 < oA 2000d 6274 84744, 20084

498E 8974 1m® flannel flagE AM&3}e] dragging® flagging W (Fig. 1)<

)

ol-gste] & 3089vtE AHatslen, A J=rle F B 2 YA 2 A

A7A 10% Fatgol o Basisith

A B

Fig. 1. Tick collection by using a dragging (A) and flagging (B)
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Fig. 2. Map of Jeju Island. Seventy-two tick collection sites indicated by black

dots
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KOHel sh# &b @rbsol @A ZIth o] AL dvd SRl 1A ¥e F 1A
0% Y3l 1AZF HEls ohg 75%, 80%, 85%, 90%, 95%, 100% Lol oF 1A
ol 4 Ay st AL AXth EgFd BEE clove oild 143F ol HEeta
EEfol= FEka 7k SHEA 7189 U xylened Hojmlnl ¥ dolgle
clove oill& Aojylit} thA] X 9ol xylene balsame 3+ & "ol v}& 7| ¥%7}
WS SRR AHIHAE HS 08 AXAA BES AT dxd AEE
AA w7 (Science, Japan, 2005)& ©]-&3te] Ticks of Japan, Korea, and the Ryukyu
Islands (28)ell 4] A4 &F WRell whet £ A8

FBL

AFE A= ws dAREE, 75, A9 #E AR =i AR dvd
(Olymphus, SZX9, Japan) % #HFE Z=Z I3 (DeltaPix, DeltaPix View Pro-Image

Management)& ©]-&3to] #2319 T}

WA A=ro A F B77F 9859 223 A =7 (Haemaphysalis flava) 2 71
2P =7 (Haemaphysalis longicornis)ol o3t @5 gAME(KE AF2, )9 ozt A%

WA We Wl R el mhE A A vEs Hlal AR T

_11_
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6. ZIEJ|0fA DNA ==

.

Anaplasma % ehrlichiosis HY9AE AE37] 98t AR J=7|= 70% E¢EE
el ¥ APARE Fukstnh =75 95% NEEISE 13 AF sl A2olA]

* 2 mL vAYAFR Axd W=7]9f 32mme| stainless steel
bead (BioSpec Products, New Haven, UK)E Y&t} A=7]2FH AA DNA
273+ DNeasy Blood & Tissue kit (Qiagen)® #ol] Wtk 2mm v dAFH
200 uLel W3y ATLI 20 pLe9l proteinase K (20 mg/mL)E Y3 TissueLyser II
(Universal laboratory mixer-mill disruptor, Qiagen Gmbll, Qiagen Strasse Hilden,
Germany) "Il F2ZA| 7130 5831 (308]/29) A8 A7l F, 56 C=2 97 F3edA
aFEuh A AT Uy 4 ule] RNase A (100 mg/mL)E ¥l 156 F¢F A&

d el w2l F44 DNAE FE3H 0 £81%® DNAE 08% op7t==

>
o
i
=)
=

Ao A A7NGFoz AMA DNAZ 21313 tHdata not shown).

NHE D=7 A EukdF(spotted fever group) HAAE selslr] 935 DNA
F22 FE(larvae), A (nymph), 4% S (adults male), A% U (adults male)2. 2
Tk e A2 AR 7 1~-167H, 4% dAH 23S As T 1~ E
FoZ AAE 20709 ANBEE YFAT (Table 5). 79 7 719 A=71Z eppendorf
tubeo] 2aL filter tip(Axygen Biosciences, USA)Co.2 F&NSE HEg3t & 30 plL9
phosphate buffer saline(PBS, pH 7.4)& #71ste] BRAIZT o|AS Chelex 100
(Bio-Rad, Hercules, CA, USA) HH(10)E ©]-&3ste] DNAE FE315 T

_12_



e stz A & FA H. longicornis A=71E f-47% Wl oz Hrhetoivk
GenBank databaseol A #1¥ I longicornis® 5.85 rRNA internal transcribed
spacer 2 44 A7IMDE pirmer 3 ETEIW(version 0.4.0, http://frodo.wimit.edu/
primer3/)ell ¢ &3] Zeo]W(HITS2-F: 5-GGTGCTCGAGACTCGTTTTG-3,
HITS2-R: 5-ATTCGCGGTTTACGAGAGAA-3)E A =2stith. PCR #Eg- o2
1U9 HiPi™Plus Tag DNA polymerase (ELPIS Biotech, Daejeon, Korea),
20 mM 9] dNTPs, 50 mM Tris-HCl (pH 9.0), 1.6 mM (NHy)2SO,, 3.5 mM MgCly,
0.1% Tween 20 12|32 Z=7]oA $%8 2 uLe] DNAE Y1 &3tk PCR S5
PTC-200 thermal cycler (M] Research, Waltham, MA, USA)E A-&33 o9,
94°CollA 581 13 WMAA7]aL 35919l A= 94°CellA] 132, 59°C oA 13, 72T A
1383 §ESAIATE PCR S3AEELS 15% o722 AdAa]l 4795313l ethidium
bromide (EtBr, 0.5 pg/ml)dll G443k <, 360 bpe] MEsHS SIS Th H. longicornis®l
FHE F BolAS FAdtr] Y3t Haemaphysalis 59 H. flava®t Ixodes 49 I
persulcatus= 5748 NE7] DNAE djxao=z RIS T

w3k A=V 2ERE gARoE HES] Y8t ompB, gitA, 17 kDa antigen -4}l
oA o2 WhEshE primeres ARESSITHTable 1). 1, 23 PCR 2% 0509 Tug
DNA polymerase, 250mM<] dNTPs, 50mM<] Tris-HCI (pH 83), 40mM<e] KCl, 1.5mM<]
MgCl2, gel loading dye”’} %% A+ premixture (AccuPower PCR PreMix, Bioneer,
Korea)oll & 242 10pmol primerE Yol 5 20 pLe] w3 o = urzxolx PCRE
stk

PCR2 Veriti 96 well Thermal Cycler (Applied Biosystems, Foster City, CA, USA)E
o3l om, 12k PCR whg-2 94TolA 583 ¥AAZL 5, w3 94TolA 2027
denaturation, 47~54Co 4 20%3} annealing, 72TColA 30%3%F extension A% HH-&

AFoH, HF g2 T2CoA 3R §H&AIA PCR A9 dAE f=skith

_13_



SE3 4 35~40 cycles® 3FATE 22 PCR §HE-9] $Z314= 30~35 cycles®
St o 9ATAA SR HAAAZ 3 94T A 20%7F denaturation, 47~567T ol 4]
20% 7} annealing, 72Col A 30%7F extension A2 HHSAIAL HF H9FE-2 72T oA

3E WHEAATE A UFT o R template DNA 2 755 AHS3ISITh PCR AHe2
ethidium bromide(EtBr, 0.5mg/mL)E #7}8Fo] A 2Hsk 1.2% agarose geldll #7149 s
3}9 o1 standard molecular weight marker 100bp DNA ladder(iNtRON Biotechnology,
Korea) 9t 7 SZ¥ DNA F-i-5 skt

_14_
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Table 1. Primer sequences of PCR primer and PCR condition of the primer set used in this study

Target : ! Products PCR condition
Primer Nucleotide sequence(5’—3") _
gene s1ze Denaturation Annealing Extension Cycles
WJ77 OF GTAACCGGAAGTAATCGTTTCGTAA 500bp A 54 72 40
WJg0” OR GCTTTATAACCAGCTAAACCACC
ompB  WJ79 SFG IF GTTTAATACGTGCTGCTAACCAA  SFG 407bp 94 56 72 35
WJs3 TG IF AAGATCCTTCTGATGTTGCAACA TG 231bp
W78 SEG/TGIR  GGTTTGGCCCATATACCATAAG
RpCS.87/p OF GGGGGCCTGCTCACGGCGG 380bp 94 52 72 35
RpCS.1,258n” OR - ATTGCAAAAAGTACAGTGAACA
&l RpCS.8%p IF GGCTAATGAAGCAGTGATAA 330bp A 54 72 30
RpCS.1,233n" IR GCGACGGTATACCCATAGC
Rr17k. 1p OF TTTACAAAATTCTAAAACCAT 540bp A A7 72 35
kD Rrl7k. 539n" OR  TCAATTCACAACTTGCCATT
Rrl7k. 90p TF GCTCTTGCAACTTCTATGTT 360bp A A7 72 30

Rri7k. 4170° IR TTTCCGCCTATTACAACTGTT

a

, ompB, specific outer membrane protein B gene gltA, FKickettsial citrate synthase gene 17 kDa antigen, Fickettsia
genus-specific outer membrane antigen gene. °, Reverse orientation ¢, Temperature (C)
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8. Anaplasma Y Ehrlichia £°| SHAI &

16S ribosomal RNA & x}Fol] 7] %3] Anaplasma®t Ehrlichia 45 45 PCR
HRow SESSY F TS FA AEE & e Zolw AE (AEL-F 5-
AAGCTTAACACATGCAAGTCGAA-3 AEL-R: 5-AGTCACTGACCCAACC TTAAATG-3)E
pimer 3 X210 2 ANgA A2y PCR vhe-4e A=) S48 oa) Algd 2t
YA ALt Hx WAGAE 94T ANA 583 AFsal 4099 Ad¢=
94Tl 13, 59Tl 13, 72°CollA 23, vpA2t SPdetAl= 72°ColA GRRE BHAIZ T
Anaplasma®t Ehrlichia <9 F4AEES AE371939 16S rRNA PCR S35t
1 ILE % DNAE AFE3t] nested PCRS AaslSith Kim 5(10)0l 93] 758 Wl
&}t A, phagocvtophilum 22tol HE (AP-F: 5-GTCGAACGGATTATICIT
TATAGCTTGC-3, AP-R: 5- CCCTTCOGTTAAGAAGGATCTA ATCTCC-3)% E.
chaffeensis Zz}ol®] AE (EC-F: 5-CAATTGCTTATAACCTTTTGGTTATA

ofo

AAT-3, EC-R: 5-TATAGGTACCGTCATTATCTTCCCTAT-3)E zt7} A}

%

ox

BFHTHEE). PCRS ¢%F B9+ 5 (annealing temperature)s= 56 C o4 23319
hF o2 A8H A phagocvtophiluma} E. chaffeensis Arkansas 7759 F44 A8
Z+Z} Prof. J. Stephen Dumler (Johns Hopkins University School of Medicine,
Baltimore, MD, USA)%} J. Dawson (CDC, Atlanta, GA, USA) S 2 -5 A3t}

_16_



A
A

)

b5 |

9. Cloning, 7MY 24 U HSLAsts

I
AL

Anaplasma®t Ehrlichia +7%-& 5743171 9all Al /7165 tRNA +1%H1,406 bpl,
A. phagocytophilum (926 bpl, E. chaffeensis [390 bpl)&l PCR SZXAEES oz
Aol A7) EtBr &0 dM3F & gel extraction kit (Qiagen)e] ¥l e}
e FAAE FEIYY FE2E F4AE2 pGEM-T vector (Promega Co.,
Madison, WI, USA)e] Z=ZY(cloning)dtal A+ JMI1099] FAAZ A)71 & S

Minipreps DNA purification kit (Promega)® W™ o} AzxsE Soliav=

o
=

u

(recombinant plasmid)E ##3th ABI PRISM 3700 DNA analyzer (Applied
Biosystems, Foster City, CA, USA)E Al&3to] A2 S2v =9 T73 SP6
ZfolwE 7HA AL A7IAEE AT EAE 714 E2 Chromas software (Ver
2.33, http://www.technelysium.com.au/chromas.html)®t CLUSTAL X (Ver 2.0,
http://www.clustal.org/) & Ab&3te] FdaE 9 dlgdAE v sk,
HAAE 719 FA47F BAEAAE 2AEHY] 9189] MEGA software (http:/www.
megasoftwarenet/) 5 AF&3F4 1000719 bootstrap resamplings©o] F-of %
UPGMA (unweighted pair group method with arithmetic mean)®wo] w&} A%
e A g A sketh

SR (SFG) #ARoF 7 ElS fl8ke] 22 PCR ¥Eg § 448 Hehdls a2
QIAEX I Gel Extraction Kit (QIAGEN, Hilden, Germany)® F%38%°9, pGEM-T
Easy Vector system I (Promega, WI, USA)el 22439t} clones o] 4% F4AAE
ZFR 3L QS BRG] $8Fe] plasmid DNAE £33kl EcoR [ (New England Biolabs,
A, USA)o. & Awtdle] 1.2% agarose geldl A A7 9% do] A7Age FA8-9 )
Mg A7 DEL primer FE-& A 93F3 GenBank databased] tHE g Ao} &g

4
A 71443} MegAlign software package (Windows version 7.1: DNA-STAR, WI, USA)2]

Z

l,:]__
multisequence alignment program-e ©|-831o] H| a3}t ‘Neighbor-joining algorithm’ 3%

'Tukes and Cantormatrix' & ©]-83}o] phylogenetic treeE A 231l treed] AN S

ZA18E7] 9381e] bootstrap analysisE 53 3+ 1t

_17_
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10. Nucleotide sequence accession numbers

B Ao A BAA Anaplasma®t Ehrlichia 38 BHY9AS2Z5E 16S rRNA F44t
%A 8 FAEEe] 4w de 474253 GenBankdll TE¥ U 22
BAA AN LDES v i}t Anaplasma sp. 201-3 (EU368723, Japan), Anaplasma
sp. NS108 (AB454076, Japan), Anaplasma sp. (FJ69956, China), A. phagocytophilum
(AY055469, USA), A. phagocytophilum (AY055469, USA), A. phagocytophilum
(AY082656, UK), A. phagocytophilum (AY527213, Sweden), A. phagocyvtophilum
(AF470699, Korea), A. phagocytophilum (AF470701, Korea), A. platys (AY(77619,
Japan), A. bovis (AF470698, Korea), A. bovis (AB196475, Japan), A. centrale
(AB211164, USA), A. centrale (AF318944, The Netherlands), A. centrale
(AF283007, France), A. ovis (EF587237, China), A. ovis (AF318945, The Netherlands),
A. marginale (F]226454, Japan), A. marginale (AJ633048, China), A. marginale
(AF414874, Australia), A. marginale (AF309867, USA), Ehrlichia sp. FN147
(AB196303, Japan), Ehrlichia sp. (DQ324547, China), Ehrlichia sp. HEDS65
(AB024928, Japan), Ehrlichia sp. (AB028319, Japan), E. canis (M73226, USA), E.
canis (AY394465, Spain), E. chaffeensis (AY350424, Korea), E. chaffeensis 0214
(DQ402484, Korea), E. chaffeensis (AF147752, China), E. chaffeensis (M73222,
USA), Candidatus Ehrlichia shimanensis (AB074459, Japan), E. ewingii
(AY093440, USA), E. ovina (AF318946, The Netherlands). &4 <A H
longicornis A=712588 B8l TAHY Anaplasma®t Ehrlichia &4 22719 #+<Y
DNA 7144 EE GenBankdl #|&38}e] accession number (GU046563-GU046565,
GU064895-GU064903, GU075695-GU 075704 & <84T
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ZAA Gl A flagging™} dragging Wil & A E FA= )= ERSbHon x|
L& F(phylum Arthropoda)®] 777 (class Arachnida), F1=7]o} 7 (subclass Acari B3
Acarina), ©$EAE(superorder Anactinotrichida), 3 = 7] % (order Ixodida)2]

A7 = 7] % I (superfamily Ixodoidea), #71=7]3}(family Ixodidae), 3 3=7]|<;

B

(genus Haemaphysalis)o €3t 713 22 =7 (Haemaphysalis flava)®} 2+

2 =7 (Haemaphysalis longicornis) & 2% ] %lt}.

o5 F ol Yla PR 2 4ud AL thed gt

Haemaphysalis flava Neumann, 1897 7l 3 Z# =7] (Fig. 3, 4)

Haemaphysalis flava Neumann, 1897: 333-336; Nuttall and Warburton, 1915; 408-410
(76, 77)

Haemaphysalis flava var. armata Neumann, 1905: 237-238 (78)

Haemaphysalis flava armata Neumann, 1911: 112; Kishida, 1922: 852 (79, &0)
Haemaphysalis i Kishida, 1922a: 852-853; Nakamura and Yajima, 1937: 148 (81, &2)
Haemaphysalis orientalis Kishida, 1934. (momentum); Keegan and Toshioka, 1957
14 (83, 84)

Haemaphysalis doenitzi  Warburton and Nuttall, 1909: 64-65; Keegan and
Toshioka, 1957: 18; Saito, 1959: 193-209 (84, 85, 86)
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Fig. 3. Haemaphysalis flava, female.

A: dorsal, B: ventral, C: palpi (dorsal), D: palpi (ventral), E: coxae
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Fig. 4. Haemaphysalis flava, male.

A: dorsal, B: ventral, C: palpi (dorsal), D: palpi (ventral), E: coxae

_22_
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Haemaphysdlis longicornis Neumann, 1901, 2-2-4ZA=7] (Fig. 5, 6, 7, 8, 9)

Haemaphysalis longicornis Neumann, 1901: 261; Hoogstraal et al. 1968: 1197-1212
(88, 89)

Haemaphysalis neumanni Donitz, 1905: 227-229; Warburton, 1908 508-519 (90, 91)
Haemaphysalis bispinosa Nuttall and Warburton, 19150 426-433; Kishida,
1922h: 852; Saito et al., 1965: 143-159 (80, 87, 92)

wol glow Azt vk wjde Agdolm Aol it FHAe] A 23 o]
ot 7|Hyh ejFo 2 E&HF o Yl FHA A 3% wlH Fd F-Ho] F 7A

= oy Ade 5/50]}
7% 25x1.6mP == wid

i
e
i
&
RO
i)
—
_O|L
24
1o
i
o
of
rd
)

odk
i
B
e
oot
i
o
%
2,
=
>
)
)
fu
gh)
9
o
_1
L
&

AAZE vl oz Yol o] gitk. 7= w8 45l SlaL, 7|ve =2l A 47}
of Joewm FA= Fa Al 2do] #F0= EFSSY. A dE 559
JEA o= H. bispinosa®t BlSz3lA|RE & Fo] A7|7F ] AW, F3HAY A Eo]
5/501HA ZEA 4/47} Y= WA, H. bispinosa’®s &7 4/49] A4& =

9 A$x A4do| 3/3°|L} H. bispinosa= 2/224 He|H oz Felo] i
Ao 2 Al A A" E T Fele A (LA, Fig. 6) A5 (FA, Fig. 1),
s (Fig. 8), F5(Fig. 9= &3] Yehlilen, ¥% dAEAES, Fs
) A =719 ¥ ii= Fig. 100 YeER Aok

a

_23_



o}

i

o=
dEA Ao

3
X
B

ul?

iz

il

2]
depel 4w A g
AT

T
17 B st |

S

5
T

v
A2 o=z 7HF
[e]

_24_

@ jeju



Fig. 5. Haemaphysalis longicornis, female

A: dorsal, B: ventral, C: palpi (dorsal), D: palpi (ventral), E: coxae
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Fig. 6. Haemaphysalis longicornis, male.

A: dorsal, B: ventral, C: palpi (dorsal), D: palpi (ventral), E: coxae
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Fig. 7. Haemaphysalis longicornis, nymph.
A: dorsal, B: ventral, C: palpi (dorsal), D: palpi (ventral), E: coxae
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Fig. 8. Haemaphysalis longicornis, larva.

A: dorsal, B: ventral
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Fig. 9. Haemaphysalis longicornis, female, male, nymph and larva from right

with Imm scales bar
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3. Zl=JIe] Xey 22 HE

i FAPIAE 27 AR elA F 3,089 wheZE AR ERLLL, 1L 5 Haemaphysalis flava=

3ukg], 283l U x| 3086vte = BT Haemaphysal longicornisth. H longicornis<

ZAbE RE X FHAA AFHEJS Bk opyet B2 AAFIF AR AFmolA
7t Eet Fo 2 IRIHNY [ flawa? AFAEL2 37 AAN (574 126° 337 29.0 7,

59 33° 257 3647, 12617" 15687, 33° 20" 3287, 126° 27" 4577, 33° 20 '
56.8 ") wWelA Rt 247} 1vke] ¥ F 3vbe] vk Ay 2915 ATH(Table 2).
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Table 2. The collection data of ticks at Jeju island from the vear 2007 to 2008

?\il Ze Colé;ion Coardinates ecis Developmental stage ol
1 2007-06-05 126.33.290 33.25.364 H longicornis 1 2 15 0 18
2 2007-06-07 12629131 3323251 H longicornis 4 1 65 0 70

12623110 33.25.246 H flava 0 1 0 0 1
3 2007-06-07 126.19.37.3 33.20.39.3 H longicormis = 11 2 70 0 83
4 2007-06-07 12629541 33.25.249 H longicornis 9 8 411 0 428
5  2007-06-09 12629184 33.26.19.1 H longicoomis 20 17 124 0 161
6  2007-06-09 12629289 33.25.345 H longicornis 3 2 10 0 15
7 2007-06-10 126.21.259 3321.11.1 H longicornis 6 10 136 ()= 152
8  2007-06-25 126.2259.3 33.20.345 H longicornis 0 1 11 0 12
9  2007-06-25 126.44.085 33.23.00.7 H longicormis 2 0o 77 0 79

10 2007-06-25 12629530 33.25.246 H longicormis 10 9 42 0 61
11 2007-06-26 12629530 33.25.246 H longicormis 1 3 2 0 24
12 2007-06-26 126.29005 33.26.305 H longicormis 2 0 45 0 47
13 2007-06-30 12643016 33.27.54.8 H longicomis 21 29 24 0 74
14 2007-06-30 126.42.126 33.26539 H longicornis 2 0 17 0 173
15 2007-07-16 12629070 33.27.44.0 H longicornis 8 0 0 0 8
16 2007-07-18 12629530 33.25.246 H longicornis 1 1 17 0 19
17 2007-07-18 126.33.282 33.25.364 H longicornis 2 7 86 0 95
18 2007-07-18 126.31.254 33.25.13.7 H longicomis 48 38 24 0 110
19 2007-07-23 12629525 33.25.246 H longicomis 18 10 1 0 29
20 2007-07-23 126.21.259 3321111 H longicornis 1 1 0 0 2
21 2007-07-23 126.21.259 3321111 H longicormis 10 0 0 0 10
22 2007-07-23 126.21.259 3321111 H longicornis 2 6 0 0 8
23 2007-07-24 12629.11.1 3326473  H. longicomnis 8 24 & 0 112

_31_



Table 2. Continued

ite Collection Coardinates Specis Developmental stage _
o. e Longitude Latituce Fnde Me Nmh Ima

24 W7-07-24 1645021 BR23 M longicomis 0 1 2 0 3
9% 07-07-24 19641491 X255 M longicomis 3 3 36 0 42
% 0070724 12643593 3323095 M longicomis 8 7 0 0 15
27 70724 1645021 BR22 Hlomgicoms 0 0 2 0 2
98 07-07-24 12644053  BRS8S M longicomis 2 5 4 0 11
29 07-07-25 12644200 3319548 M longicomis 15 17 20 0 52
30 007-07-% 12641055  BR467  H longicomis 2 5 5 0 12
31 007-07-%5 12629457  BB2B4 M longicomis 9 3 26 0 38
32 2007-07-30 19629457 335234 H longicomis 22 3 0 0 95
33 2007-07-30 19629260 3325593  H longicomis 1 2 2 0 5
34 2007-07-30 19637143 3324133  H longicomis 2 0 0 0 2
35 2007-07-30 19637292 332081 M longicomis 5 1 11 0 17
36 007-07-30 19637215  3B2LULS8 M longicomis 17 4 22 0 43
37 2007-07-30 19636291  3BBX5 M longicomis 2 2 34 0 38
38 2007-07-31 12629450 3323351 H longicomis 0 0 5 0 5
30 2007-07-31 12627460 3321981  H. longicomis 4 2 63 0 69
40 2007-08-07 12626294 3324491 M longicomis 1 1 9 0 11
A1 2007-08-07 12625088 3324188  H. longicomis 2 1 14 0 17
42 2007-08-07 12621290 3324277  H lomgicomis 0 0 2 0 2
43 2007-08-08 12624309 3324126  H longicomis 117 1 6 95
44 2008-04-29 12629530 3325246  H. longicomis 3 2 4 0 9
45 2008-04-29 12645021 8322273  H. longicomis 29 9 0 0 38
46 2008-04-29 12613142 3319584 M longicomis 0 0 0 0 0
A7 2008-04-29 12627575 3324525  H. longicomis 0 0 26 0 2%
A8 2008-04-29 12639063 3325367 M. longicomis 0 0 26 0 2%
49 2008-04-29 12625007 3318150 M. longicomis 0 2 7 0 9
50 2008-04-29 12629530 3325246  H. longicomis 0 0 16 0 16




Table 2. Continued

Coardinates Developrental stage
Species Total
Longitude Latitude e Me Nmh Iawa

Site Cdllection
No. date

51  2008-04-29 126.45.02.1 33222713  H. longicomnis 0 1 35 0 36

52  2008-05-20 126.25.15.3 3317441  H. longicornis 1 0 17 0 18

53 2008-05-20 126.24.02.4 3319297  H. longicornis 0 0 22 0 22

54 2008-05-20 126.23.49.3 33.16.43.1 longicornis 0 0 52 0 52

55  2008-05-20 126.2357.0 33.17.074 longicornis 0 1 34 0 35

56 2008-05-27 126.2953.0 33.25.246 longicornis 1 Sl 39 0 43

57 2008-05-27 126.17.15.8 33.20.32.8 longicornis 0 0 32 0 32

5
_
o
o
o
)

58  2008-05-27 126.26.11.6 33.24.50.2 longicornis 0 1 41 0 42

59  2008-06-26 126.21.29.2 33.24.27.3 longicornis 3 1 65 0 69

60  2008-06-26 126.21.40.1 33.21.31.2 longicornis 2 1 38 0 41

61  2008-06-26 126.20.10.0 33.18.56.6 longicornis 2 1 2 0 5]

62  2008-06-26 126.31.37.3 33.25.219 longicornis 3 0 30 0 33

63 2008-06-27 126.14.49.3 33.16.18.3 longicomis 56 58 26 0 140

64 2008-06-27 126.1559.4 33.16.07.2 longicornis 1 0 22 0 23

65  2008-06-27 126.1531.9 33.18.00.7 longicornis 1 2 46 0 49

66  2008-07-08 126.19.23.8 33.20.41.6 longicornis 3 4 3 0 15

67  2008-07-08 126.29.53.0 33.25.246 longicornis 2 1 6 0 9

68 2008-07-08 126.2953.2 33.21.52.7 longicornis 6 0 30 0 36

69  2008-08-21 126.27.45.7 33.20.56.8 longicornis 1 0 4 0 5

flava 1 0 0 0 1
70 2008-08-21 126.27.09.7 33.16.46.4 longicornis 1 2 4 0 7
71 2008-08-21 126.2722.3 33.17.10.3 longicornis 6 1 2 0 9

72 2008-08-21 126.27.42.0 33.17.381 longicornis 6 4 7 0 17
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Table 3. Monthly occurrence to developmental stages of Haemaphysalis longicornis

collected in Jeju island from the year 2007 to 2008

Developmental stages

Month Total
Female Male Nymph Larva
April 5.3 1.8 12.0 0 19.1
% 27.8 9.4 62.8 0.0 100.0
May 0.3 0.9 31.0 0 32.2
% 0.9 2.8 96.3 0 100.0
June 7.6 7.0 69.0 0 83.6
% 9.1 8.4 82.5 0.0 100.0
July 7.4 58 17.1 0 29.8
% 24.8 17.8 57.4 0.0 100.0
August 3.9 2.3 6.4 0.9 13.5
% 28.9 17.0 47.4 6.7 100.0
Total 24.5 17.3 1355 0.9 178.2
% 13.7 94 76.1 0.5 100.0
-35 -
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TE Ao FHA AE7|E2 FHEAQ 4 e 2 H. longicornis®
SAYAUY. ZHFHOZ A FY ZAAH(EF, AR, FH)E VISR 7239 AF
Ao F=HE 1,390k 9] A=7]1(506 pools) oA A=(nymph)o] 1,043 vl
(7T48%)= 717 w@ekar, 200 vie](14.3%)9] A dS(female adult), 149 w2](10.7%)<]
47 A %Z(male adult), 3v+21(0.2%)2] F-%(arva) <ok 2 Ao M= AAl 506712

A
=8y A=7] DNA A& o= I longicornis 585 rRNA 1TS2 #4244 PCRS
ol g3t FAAA WHOR WEVE FAIAHFig. 10).
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H. longicorinis H. flava L persulcatus

M W IANY AM AF JANY AMAF IA NY AM AF

(kb)

10—

05~
— 360bp

Fig. 10. Agarose gel electrophoresis of H. longicornis tick 585 rRNA internal
transcribed spacer 2 gene (360 bp amplicons). Lane M, 100 base pair size
marker. Abbreviation of each lane is as follows: W, water control; LA,

larva; NY, nymph; AM, adult male; AF, adult female.
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Hel

6. PCRO| 2fgt FI=7] ool HAAN<S gl=et X[FH &

AFE XA AHA H longicornis® DNA A &NA Anaplasma$} Ehrlichia <
2 FAEFES 9 PCR 4% F 5014 nested PCRZ &39It ®A], 16S rRNA
FAA ZgfolWE AR 12 PCRY & Anaplasma®t Ehrlichiad) #HEE  16S
rRNA 44 SEAE oF 1406 bpE A7]9ds AolA <lsila, ol& 13 A
T4 DNAZR 8} nested PCR SF 93 FAn &7 LdA7/d HEd
F= BE S51E ZAE vk data not shown). ©]E PCR SZ4HE FollA Anaplasmas}
Ehrlichia®l +4% 71%& 9% nested PCRZ 915 &8 14705 714D £
A3 GenBank database alignment®] 7]z38}e] 870(0.6%)7} Anaplasma £2.%, 671
(0.4%)7} Ehrlichia €22 1A HTable 4). 4% &4 98 nested PCR
Aol 97149 2 GenBank database ¥4743 M. longicornisol Al 717 ¥
Az WA= 270(1.9%)9 A, phagocytophilum .2 ZFAE A1, 571(0.4%)9] A.
bovis, 47M(0.2%)9] E. chaffeensis, 171(0.1%)9] A. centrale <ol 1} 714 B2 A&
YIT=E Wl A phagocytophilume Al MY ZAMRE A  FH A7 E(minimum
infection rate, MIR)& 7122 A F-A|HelA 1570(2.5%), &5 F5F-A G A 747}
671(2.0%) oI, F=7] TRATAEZ = FFo A 1271(1.4%), +3 4 ZFIA
8M(5.4%), &H A ZoA 7TM(35%)Tol k. AR GE 2 E. chaffeensisv
S X ol M Hx]Go ut FE IR Anaplasma FEL BE ZARYGOA HE
9 A THFig. 11). 8709 Anaplasma &5 oA 670(0.6%)= %=, 271(1.3%)= A

oA YEsEaL, 6709 Ehrlichia € o4 471(2.0%)< €3 A3, 2710.2%)=
Atz A B}, ZAX G 2 HAA AZHEE 243(1.7%)9 A 52 Ao A
H Bk, 173H(1.2%) 9 FF-AY, 10780.7%) 9 HH-AY oAt A bovisst
E. chaffeensisv= Zt7¢ 43:(0.3%)¢] A1 F-A 93 33(0.2%)9 sF-AGolA dFE&
A8tk
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Table 4. Prevalence of total ticks (number of pools) and tick-borne pathogens identified from the three main survey areas during

the year 2007 and 2008 in Jeju Island, Korea

No. of PCR-positive samples (%°)

Survey .
areas Stages (O % S Anaplasma Ehriichia Al Al Al E
(n=72% ' Spp. Spp. phagocytophilum bouvis centrale chaffeensis
Larva 3 (1) 0 0 0 0 0 0
Nymph 342 (49) 5 (1.5 1 (0.3 309 0 0 1 (0.3)
<§:a25§) Male 70 (70) 1.4 0 2 29 0 1.4 1 (1.4
Female 79 (79 0 0 1 (1.3) 0 0 1 (1.3)
Subtotal 494 (199) 6 (1.2) 1 (0.2) 6 (1.2) 0 1 (0.2) 3 (0.6)
Nymph 473 (70) 1 (0.2) 1 (0.2) 6 (1.3) 0 0 1 (0.2)
West Male 51 (51) 1 (2.0) 0 6 (11.8) 1.0 0 0
(n=25) Female 69 (69) 0 1 (15) 3 (44 3 (4.4 0 0
Subtotal 593 (190) 2 (0.3) 2 (0.3) 15 (2.5) 4 (0.7 0 1 (0.2)
Nymph 228 (37) 0 0 3 (1.3 0 0 0
North Male 28 (28) 0 0 0 0 0 0
(n=24) Female 52 (52) 0 3 (5.8 3 (6.8) 1(.9 0 0
Subtotal 308 (117) 0 3 (1.0) 6 2.0) 1 (0.3) 0 0
Larva 3(1) 0 0 0 0 0 0
Nymph 1,043 (156) 6 (0.6) 2 (0.2) 12 (1.4) 0 0 2 (0.2)
Total Male 149 (149) 2 (1.4) 0 8 (5.4) 1.7 107 1 (0.7
Female 200 (200) 0 4 (2.0) 7 (35) 4 2.0 0 1 (0.5
Total 1,395 (506) 8 (0.6) 6 (0.4) 27 (1.9 5 (0.4) 1.1 4 (0.2)
- 39 -
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North area

W E = A phagocytophilum
A bovis

Eastarea
= A phagocytophilum
~ A centrale
West area = E. chaffeensis

" = A phagocviophilumn
< = A bovis
= E chaffeensis

Fig. 11. Map of Jeju Island. Seventy-two tick collection sites indicated by black dots are classified into three areas (East, West, and

North) and tick-borne pathogens identified in Jeju Island are indicated by squares.
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7. Anaplasma Y Ehrlichia £°| HSulMstE EM

A=7)A AED 809 Anaplasma <3 6709 Ehrlichia F5< GenBank
database®] 3= U3 Anaplasma®}t Ehrlichia 59 16S rRNA 44 ALEs
Hlastel AT 4 AN, HAVIME FAEE ook ATLASE AmE T 7
BEA F5 el e AEAE /I AATHig. 12). 8709 Anaplasma < Z1EE 1]
A7AE FAEEHSAE 994%0A4 99.7% 2 ZAENITL A marginale (FJ]226454,
AFA14874, AF309867) ¢} 71 =2 Aeids 7.0, ol539] Ak 93.9%014 94.3% =
ZAE RS 6709 Ehrlichia & %% 39 9714E fFARES 99.5% 41 99.9% ] 3L
3o A Boophilus microplus AZ=7104 54% Ehrlichia sp. (DQ324547)¢F 7174 &2
AEd oz YEPITHAANE e, 98.8% - 99.0%). Fig. 132 97|14 <E 48 F3 37
IFo2 EFHE Anaplasma +AE27702 A. phagocytophilum [group Al, 5712
A. bovis [group Bl, 1718l A. centrale [genotype C1)E3 GenBank database®l 4|
UE Anaplasma F+AEE 19 44 Aeds BoAFeE AT TS Aolrt
277M9 A. phagocytophilum 22 %S X33l A group= $7144E
e} 97.9%00 4 98.4% HMAE 7719 genotypel® EFEHULL 3719 F2& EdHst=
genotype A6E V=t SR A phagocyvtophilum (AY055469)3 +A&HA L= &}
Ark 2719 F88 ¥+ genotype AT U2 H. longicornis 2=7]o A 4%
A. phagocytophilum (AF470699)3 714 ARSI TE Whde O E HYA S f44

Aol vre genotype Al, A2, A3, A4 7o 74D FAEE 99.6% ol e

AEAe BYvh A bovisE EHF%F genotype Bl1¥ B2E 7+ dAVAd FALEE
99.4% 2 ZAIE QI ol 5L dE(AB196475)3 3= (AF470698)9 A A F A,

bovis® Z}7} 99.1% 9 99.7% 2 AEA o= FAHA 1709 A. centrale (genotype
ChxE v=o A 4EA A, centrale (AB211164)9} 99.2% 9 AHsA oz ZALE AT
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E. chaffeensis 8% U9 ASIAA A== Fig. 149 vepdid=d, 2719
genotype D13} D2+= E. chaffeensis 165 tTRNAQ| 2 474 <E GHEHE 8Qldo]
FA438U 3L o5 genotypesS GenBank databased & E. chaffeensis (AY350424,

M73222, AF147752)% ZH2t 9.7%%F 99.2%9] &ids HERAIH

_42_

@ jeju



100 A. phagocytophilum, USA (AY055469)
|A. phagocytophilum, Sweden (AY527213)

A. platys, Japan (AY077619)

66

99

o1 Anaplasma sp. 201-3, Japan (EU368728)

100 Anaplasma sp. NS108, Japan (AB454076)

99 A sp., China (FJ169956)

A. centrale, The Netherlands (AF318944)

ovis, China (EF587237)

100

marginale, Japan (FJ226454)
37

A
A
A. marginale, Australia (AF414874)
A. marginale, USA (AF309867)

HLAE143 (GU075699)

100 ‘

| HLAE107 (GU075700)
100

HLAE431 (GU075701)
51

HLAE444 (GU075702)
28

HLAES333 (GU075703)
24

HLAE344 (GU075704)
44

HLAE101

46

HLAE109
———————_E. canis, USA (M73226)

£ is, USA (M73222)

60

100 Ehriichia sp. FN147, Japan (AB196303)

56 Ehrlichia sp., China (DQ324547)

HLAE331 (GU075697)

79

HLAE334 (GU075698)

HLAE178 (GU075695)

94
HLAE188
77 |,HLAE346 (GU075696)

73 |HLAE419

T T
0.04 0.03

Fig. 12. Phylogenetic tree based on 1.406 bp sequence of Anaplasma and Ehrilichia
species collected in Jeju Island of Korea. The phylogenetic tree was
constructed based on the alignment of 16S rRNA gene sequences by
CLUSTAL W and followed by the unweighted pair group method with
arithmetic mean (UPGMA) method with 1,000 bootstrap resamplings
using MEGA software.

parentheses.
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The GenBank accession numbers are
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HLAP343
HLAP360
HLAPO031
HLAP364
HLAP293
HLAP357
HLAP401
HLAP408
HLAP292
HLAP493

95

69

72 84

70

HLAP392

75 6

HLAP455
HLAP410
HLAP290 (GU064897)
HLAP276
HLAP456
HLAP409

44

39

42 — A. phagocytophilum, Korea (AF470701)
A. phagocytophilum, UK (AY082656)
HLAP327 (GU064899)

4| A. phagoctophilum, USA (AY055469)
HLAP102
HLAP345

74

73 A. phagocytophilum, Korea (AF470699)
—| 100 | HLAP260 (GU064900) :I
HLAP324

97

88

A. platys, Japan (AY077619)
A. bovis, Japan (AB196475)

o5 | HLAB187(GU064901) ]
_—l HLAB399
A. bovis, Korea (AF470698)
€Y HLAB352(GU064902)
87 {11 AB384 :I
HLAB400

—99: A. ovis, The Netherlands (AF318945)
A. marginale, China (AJ633048)

99 [—A. centrale, France (AF283007)
66 [: HLAC222(GU064903) -
A. centrale, USA (AB211164)
0.020 0.015 0.010 0.005 0.000

Fig. 13. Phylogenetic tree based on 390 bp gene sequence of E. chaffeensis. The
phylogenetic tree was constructed based on the alignment of Anaplasma
gene sequences obtained from species—specific nested PCR assay, by

CLUSTAL W and followed by the UPGMA method with 1,000 bootstrap

resamplings using MEGA software.
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E. chaffeensis, China (AF147752)
—{E. chaffeensis, USA (M73222)

go| ' chafleensis, Korea (AY350424)

HLEC081(GU046563)

80 L {HLEC(48 D1

6 HLEC099

HLEC002(GU046564) - D2

| E. chaffeensis 0214, Korea (DQ402484)

50 Candidatus E. shimannsis, Japan (AB074459)

E. ewingii; USA (AY093440)

99 — Ehriichia sp. HF565, Japan (AB024928)

<©

L———— Efrfichia sp. Japan (AB028319)

100 |E. canis, Spain (AY394465)

|E oving, The Neterands (AF316046)

] ] ] |
0.008 0.006 0.004 0.002 0.000

Fig. 14. Phylogenetic tree based on 926 bp gene sequence of A. phagocytophilum,
A. bouis, and A. centrale. The phylogenetic tree was constructed based
on the alignment of Anaplasma gene sequences obtained from
species—specific nested PCR assay, by CLUSTAL W and followed by the
UPGMA method with 1,000 bootstrap resamplings using MEGA software.
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b

8. ZI=7| DNA FZEZ0[A PCR EZLME &

1o

A=E At 71Eo=2 158199 H longicornisE 247719 pooled sample, I
flava® 3719 sample® o] AA 250712 A 8E S UTHTable 5). 250719 Al 5ol A]
F=% Z}7Fe] DNAE F3Oo% ompB FAAE S2A1Z1 23, H longicornis MNEE2
2470070 A A07bp =719 SEES BoH, H flwa AMESS BF 4SS

Ak oY A= H longicornisl st ompB fFAAE HEX 2 sk XTo|HE
Abgske] et vh SRk AR ole] dedo] WA = AdvtE AS & 4t Ao,

offl APl AHSH I flavad] WA= AHE AAFIE Aol AdEE A &)

G A= EaArh ek &5 H flavad] HATE ol FHI] AA HAES
g Fart lvkal Abmdry B3 H ukes Bl 24719 AEE 5 671E Aol

J

gltAS} 17 kDa antigen +4AHE Bl 2 3F= nested PCR2 738} t}. gltA PCR 23}
2671(100%)ll 4] 330bp 719 FHFAEE o] YER o™, 17 kDa antigen PCR 2 3=
257M(96.2%) A 360bp 27|29 FEAHES YeRQItE A& o V)& Izl Tk
2 A x| o} partial ompB FAA 9714 4E3 ompB PCR 4t= ZE859 A7 |NEE
v wekd=d, R joponicast 7VE =& SAIEE Bow &0 ® R ofricae, R. akari,
R. conorii, R. monacensis, R sibirica®l 971X 23 42 949~954%, 89.3~89.8%,
B.2~%B.7%, 91.2~91.7%, H.6~9%.4%2] FAL=E e AtHFig. 15, 16. 17).

GenBank databaselli= R. marmioniidlA B8 ompB 7372l d7|Ado] FEH o

‘!

o2,
o

mlo

AR korom BE=W R japonicast B marmionii®] gitA FAA 47149 vawdk A
oMol <177} e LEEHSARE 99.3%). 17 KDa antigen S-AAF 97)A1AS 1]5a)
Az 39 97] AolE BYTHAANE 99.1%).
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Table 5. Tick number of pools by stages of collected ticks at Jeju Island from the year 2007 to 2008

@ jeju

Collection
] 2007 2008 No. of No. of
Species Stage e tick )
June July tg April May June July August 188 POo1S
us
Larvae® 0 0 3 0 0 0 0 0 3 1
Nymph” 614 23 36 26 130 115 20 9 1,173 104
H.

longicornis ﬁ;gf 44 7 14 0 4 33 3 1 179 65
Adults 49 9 % 0 1 36 8 g 296 77

female
Larvae 0 0 0 0 0 0 0 0 0 0
Nymph 0 0 0 0 0 0 0 0 0 0
H. flava Adults 1 0 0 0 0 0 0 0 1 1

male
Adults 0 0 0 0 i 0 0 1 2 2

female
Total 708 399 79 2% 136 184 31 21 1,584 250

4 ~15 larva/pool, "1~15 nymph/pool, “1~5 adults/pool
- 47 -



1 2 34 5 67 M8 9 1011 12 13 14

407 bi) .

15 16 17 18 19 20 M 21 2223 24 25 26N

Fig. 15. Electrophoresis analysis on 1.2% agarose gel of DNAs amplified by
ompB-nested PCR assay with outer and inner primer set with
template DNAs from tick samples. Lanes M, 100bp DNA ladder,
lanes N, negative control, lane 1~26, each number of the ompB-PCR
products (407 bp). The number on the left indicates the molecular

size (in base pairs) of the amplified PCR products.
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1 2 34 5 6 7 M 8 91011 12 13 14

330 bp—

15 16 17 18 19 20 M 21 22 23 24 25 26N

330 bp—

Fig. 16. Electrophoresis analysis on 1.2% agarose gel of DNAs amplified by
gltA-nested PCR assay with outer and inner primer set with
template DNAs from tick samples. Lanes M, 100bp DNA ladder,
lanes N, negative control, lane 1~26, each number of the gltA-PCR
products (330 bp). The number on the left indicates the molecular

size (in base pairs) on the amplified PCR products.
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1 234 5 67M 8 910111213 14

360 bp—»

1516 17 18 19 20 M 21 2223 24 25 26 N

360 bp —

Fig. 17. Electrophoresis analysis on 1.2% agarose gel of DNAs amplified by
17 kDa antigen nested PCR assay with outer and inner primer set
with template DNAs from tick samples. Lanes M, 100bp DNA
ladder; lanes N, negative control, lane 1~26, each number of the
17 kDa antigen PCR products (360 bp). The number on the left
indicates the molecular size (in base pairs) of the amplified PCR

products.
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9. Cloning, H@7IAM

Z} partial ompB, gltA, 17 kDa antigen 42} SZ4H22 TA vectordl| cloningdt %
7 AH 1709 cloneg A7IAE #4310] GenBank databaseoll Al -2 thekst g]AA] o}
A7) 93t v wEFth Table 62 GenBank databased] A @2 @ Z 2o} ompB 97)
AE} B ool AL 24719 ompB PCR 4tE cone T AE® 10719 cloneE2
7INE-E vlask Aotk 10719 28 + 919 E8WMo. 1, 5, 14, 35, 45, 81, &, 97,
10002 R. japonica®t clusterE 33392 987~99.2%2 FAFEE YERITE 10719
FE T 1Y FE®No. 22602 R monacensis?t ZHAQ cluster® A oM,
99.0%°9] FAIZE YeMSILE 7t FEE9 AR olEe] EolA genotyped HAAE

e8] Hske ompB A 9714 E 4ol Al phylogenetic 4=

>
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7= group 13 R monacensis®t FAFEE 7FA= 1709 28 No. 226)S E8H5hs=

group 2= clustering ¥ 1 tH(Fig. 18).
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Table 6. Similarity matrix between partial ompB gene sequence of various rickettsial strains and nested PCR ompB products

1 2 3 4 5 6 i 3 9 10 Al 12 13 14 15 16
1 - 929 992 954 942 990 949 952 954 949 B2 954 94 954 94 932
2 - 929 8.8 919 921 893 &5 898 &3 895 &8 898 &8 898 906
3 - 957 948 987 952 954 957 952 94 957 9T 957 9T 937
4 - 917 954 987 989 992 987 989 992 992 992 992 903
5) - 937 91.2 914 917 912 914 9.7 917 917 917  99.0
6 - 946 952 954 949 952 954 954 954 954 927
7 3 99.2 995 989 992 995 995 995 995 909
8 3 99.7 992 995 997 997 997 997  91.2
9 - 99.5 997 100 100 100 100 914
10 - 99.2 995 995 995 995 909
11 - 99.7 997 997 997 912
12 - 100 100 100 914
13 = 100 100 914
14 - 100 914
15 - 91.4
16 -

1. Partial ompB of R dfricae (AF123706); 2. R akari (AF123707); 3. K. conori (AF149110); 4. E. japonica (ABO03631); 5. R monacensis
(EF380326); 6. . sibirica (AF123722); 7. ompB PCR clone 1; 8. clone 5; 9. clone 14; 10. clone 35; 11. clone 45; 12. clone 81; 13. clone &5
14. clone 97; 15. clone 100; 16. clone 226.
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- Clone 5
Clonea 97
Clong 24
- Clone 35
- Clona 91
Clona 111
Clona 131
- Clone 142
Clone 22
= Clone 66
Clona 85
Clona 177
Clone 1829
Clone 113
- Clone 115
" Clone 45
Clona 100
Clone 31
[ Clone 61
Clone 81
{ Clone 77

Clone 153
Clona 19

Clone 14
2321 Clone 1
B A hellongiangenzs (AY280712)
R japonica (AF123713)

R afrcae (AF 123706)
R honel (AF123711)

R sibinca (AF123722)
R slovaca (AF123723)

R nckellsii (RRP120)

R cononi (AF143110)
R monlanensis (AF123716)
R monacenss (EF32803586)
23] Clong 226

R halvalica (AF123725)
R gkan (AF123707)
60 R _auslraliz (AF123709)

R felis (AF182279)
R prowazekn (AF123718)

750

69
677

Fig. 18, Dendrogram representing phylogenetic relationships between partial
ompB gene sequences (the size of about 407bp) of various rickettsial
strain and PCR amplied ompB products from tick. Phylogram were
generated by neighbor-joining analysis with 1,000 bootstrapped

replicates.
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Table 72 GenBank databaseol X @2 AR} gitA A7IAFF 2 Aq-olA &
glitA & 2670 < 10719 E&& g Aok 10789 28 & Yo 2E2WNo. 1, 5, 14,
35, 45, 81, &5, 97, 10002 R. japonica®t clusterE FAEIoH, 087~90.3%2 FAIEES
e A 10719 8 <+ 1719 FENo. 226)2 R monacensis®t clusters 34
3t o, 97%9] FAREE YeERIIY. 7t E8E58 phylogenetic #4435 733 43 R

japonica®t FAIEE 7HAE 9e EEEE X3 group 22 clustering ¥ 91 Th

(Fig. 19).
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Table 7. Similarity matrix between partial gltA gene sequence of various rickettsial strains and nested PCR gltA products

1 2 3 4 5 6 i 8 9 10 11 12 13 14 15 16 17

1 - 946 993 993 100 96.0 100 983 980 987 983 983 93 987 987 987 957
2 - 93.6 946 946 960 946 936 940 940 936 936 936 940 940 940 963
3 - 987 993 95.0 993 977 9713 9RO 977 977 977 980 980 980 946
4 = 99.3 960 993 990 987 993 990 99.0 990 993 993 993 957
5) - 96.0 100 983 980 987 983 983 983 987 987 987 97
6 - 96.0 90 946 953 9O 95.0 9O 9B3 993 B3 997
7 r 98.3 980 987 983 983 983 987 987 987 957
8 3 99.0 997 993 993 993 997 9977 997 946
9 3 993 990 99.0 990 993 993 993 943
10 1 99.7 997 9977 100 100 100  95.0
11 1 99.3 993 997 997 997 946
12 - 99.3 997 997 997 946
13 - 99.7 997 997 946
14 - 100 100 95.0
15 - 100 95.0
16 95.0
17 - -

1. Partial gltA of R dfricae (RAUS97336); 2. R akari (RAUS9717); 3. R. conori (RCUS9730); 4. R japonica (RJUS724); 5. K. marmionii
(AY737684); 6. R. monacensis (DQI00163); 7. K. sibirica (RSUS9734); 8. gltA PCR clome 1; 9. clone 5; 10. clone 14; 11. clone 35, 12.
clone 45; 13. clone 81; 14. clone 85; 15. clone 97; 16. clone 100; 17. clone 246.
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Clone 77

Clone 111
Clone 100
— Clone 115
— Clone 24
Clone 97
—  Clone 113
— Clone 45
Clone 142
= Clone 131
— Clone 61
Clone 189
— Clone 153
— Clone 1
Clong 91
— Clone 81
— Clone 177
'E Clone 5

Clone 22

Clone 31
Clone 85

636(| Clone 19
938 Clone 14
Clone 66
R. japoniea (RJIUSAT24)

R rickettsi (AY189819)
753 R. siovaca (DQ821853)
R. africae (RAUSS733)
R. conom (RCLUS9730)

R. marmioni (AY737634)
979 600 R. honei (AFD18074)

R. sibirica (RSU59734)
499 R. africa (RAUS9717)
R, australis (RAUS9718)
R. monacensis (DQ100163)
Clone 226
R felis (RAU332922)
R. helvelica (DQ131912)
996 R prowazekii (AY57030)

R iyphi (RTU20245)

_| Clone 35

515

R. bellii (AY362703)
01

Fig. 19. Dendrogram representing phylogenetic relationships between partial
gltA gene sequences (the size of about 330bp) of various rickettsial
strain and PCR-amplified gl{tA products from tick. Phylogram were
generated by neighbor—joining analysis with 1,000 bootstrapped

replicates.
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Table 8 thekdl g A Ao} 17 kDa antigen G71ADEH 2 AFox A& 2579
17 kDa &4 FE5 5 YN S5 vlus Aotk 9719 Z25WNo. 1, 5, 14, 35, 45,
81, 85, 97, 10002 =T R marmionii®} clusterE A0 F44 471448 FAHRE
A% 2% R marmionii%t clusters FA3tE Jd P S5 9.4~100%9]
FAEE e 2 28 phylogenetic ¥48 #3338 A3 R marmionii®}
FAEE A= O FEES E38E group 102 clustering = $1tHFig. 20).

B odTdA HEE kg ARt S-S B A3 ompB, gitA FAA
EXNoR= R japonica®) 717H$H, 17 kDa antigen 44 E4 2 2+= R manocensisd

ke Aoz vk
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Table 8 Similarity matrix between partial 17 kDa antigen gene sequence of various rickettsial strains and nested PCR 17 kDa antigen products

1 2 3 4 5) 6 ke 3 9 10 i) 12 13 14 15 16

1 - 93.6 991 983 980 942 991 974 980 930 980 980 980 98.0 980 980
2 - 942 939 939 933 942 933 939 939 939 939 939 939 939 939
3 - 98.6 983 948 994 974 983 983 983 983  9B3 983 93 983
4 - 991 945 986 986 991 991 991 991 991 991 991 991
5) - 942 983 94 100 100 100 100 100 100 100 100
6 - 948 936 942 942 942 942 942 942 942 942
7 y 977 983 983 983 983  9B3 983 93 983
8 = 994 994 994 994 994 994 994 994
9 - 100 100 100 100 100 100 100
10 - 100 100 100 100 100 100
11 - 100 100 100 100 100
12 - 100 100 100 100
13 = 100 100 100
14 - 100 100
15 - 100
16 -

1. Partial 17 kDa antigen of E. gfricae (AF445383); 2. R dkari (AF445383); 3. R. conori (AE00R675); 4. R japonica (RIRITKGCA; 5. R,
monacensis (AY737683); 6. R. monacensis (EF380355); 7. R. sibirica (AF445384); 8. 17 kDa antigen PCR clone 1; 9. clome 5; 10. clone 14;
11. clone 35; 12. clone 45; 13. clone 81; 14. clone &5; 15. clone 97; 16. clone 100.
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Clone 45
Clone 61
Clone 66
Clone 77
Clone 81
Clone 85
Clone 91
Clone 97
Clone 115
R marmionii (AYT37683)
Clone 111
Clone 100
Clone 35
Clone 31
Clone 189
Clone 177
Clone 153
Clone 142
Clone 115
Clone 24
Clone 22
Clone 19
Clone 14

507 Clone 5

791

180

95

— Clone 113
A. japonica (RIR17TKGCA)
R. conorii (AEO0SEGTS)
R. parkeri (RPU17008)
R. peacockli (AF260571)
R. rickelfsii (DQ176856)
R. sibirica (AF445384
R africa (AF445383)
R. amblyommii (RAU11013)
R. honel (AF027124)

341{— Clone 1

847| HOOD

999

R. bellii (AF445380)

Fig. 20. Dendrogram representing phylogenetic relationships between partial 17

kDa antigen gene sequences (the

rickettsial strain and PCR amplified 17 kDa antigen products from

tick. Phylograms were generated by neighbor—joining analysis with

1,000 bootstrapped replicates.

_59_

Collection @ jeju

il R. aeschiimannii (DQ379979)
R, montana (RMU11017)

R. akari (AF445383)

R felis (AF195118)

R canadensis (AF445381)

size of about 360bp) of various



Fw-(phylum Arthropoda) @l 7 7|7(class Arachnida)el] <3}
FoAIRE FH2oll EolAl= =T] oA
5 4 (ordinal rank)o.= {F3
SR RIS
2 rE7LH28)
THA

T'.E': A=A
o
A
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sk} A= 7)=
ghalol] kM= E(order) Hi= Z(class) o2 F
e 7 &0l At J=7]
T2 (subclass rank) 0.2 FAdlo] o] FAo] A7 wrol5o] X
iti =3} Acariformes
Acariformes®  7E817| 5  STHED)
w3 g93lE vE2A
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gl ont ob%
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Notostigmata®t Anactinochitinosi® 5¢] Acari-Actinochaeta® 3}3l ActinochitinosiE
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thef 50Rte] Foz Fatekal vk A=r]e) ggals EdREE oby oA F-3jshd
ek 382 7 fE(larva), 449 tHlE 7H %S (nymph), 459 HAE AR
FRAEZ)= hard tickolgkal F21 A4 W57]70o] o | ofido] A=t 47 &4
F AGer ol v & & e E°y Y ol woiM ol dsd WA
T F3r 7Yy g FX =7 (mites)= AA T57130] 2~3F e TN
cedv A=7e 4 AA-oR T2t o AAAY tgdst 7ty e g
A et 45 5 ol 7HA 2]ldl eate] Ag deg s shA g W=7]9
e 73 B8k od 9] dAAAAE ZH-E A FHol HA ¥ vk oY
olff= Qlate] =l AAst e AE=7]e] Eiel @3 Ae A9 o] FAA
3L Sl Ao, AFAGel het A= FEA LR o] Fox|al gle ¥ AdubAel
BE AL oA E EHat A nbt gl
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a8y AF Rad 75 918 vl Haemaphysalis bispinosa 0| Z=rd oz B¥3lal
A= AL RIS AT H bispinosa &3 H. meumanni &< H. longicornis &3
TUIE Ae BIASITK33). 18y H concinna 2 18 71 §l9len Ixodes
acuminatus <% B3 vt oy I persulcatus E9 2Q.¢lo] ol HAtk
Boophilus decolatus &2 2% AW Aste] FHLsHA FE31aL drhal sF9 oL}, & F2
olZ @7} o] BFaTtu A glol, B, microplus F°] 9% ASE wltiu
WY Dermacentor variegatus~ 17855 X GollA A HATHE RaLE SH9 AR,
A= Fardvkal BastHth33). H flava T& Fulel A2dkal kil Bl
ol o, At AR 37RAVE A SQ1H AT

H flova & 5742 Neumanno| 02 URoA ALFEHIL = 715 FolA AHd
AENE gatoz 3o Busdlgloy, gE e A% H flavat H companulata
274X ZFo| E3HE o] glvtal Btk 2 o] F o] Neumanne KIH =704 A7)

2% ol9lo M japonica® E3F O Att= AMES WASIe] o]e]d AES BAste] I

flavae} ARSI 3 H flwaE AL 714 AHA el 7vhed WES 711
A= H flava 52A3E gEshdsd, vsdl &2 JEs AFsThHon).
H. longicomis® &=, 94, ko SXolA A 1A H bispinosa$t H. neumanni=

Tot A H=A A FAE H longicomis T3 TRALSE W FARHAR 27]7)
ganE A 4ssith

AT =il A =7] fdf WA dE) #dste] 7P WidsH Badal gls
AE=713= Haemaphysalis £°]3, UE0 =2 [xodes oA WAH Ut} E7,
Haemaphysalis %5 FoA H. longicornist= YHFE oz HYAEY AFHTI} =2
TO=E B JTHI6, 97). Lev H: RadAE ] YEA G oy AHA 4
2B Y] 50l FHFASAE Bkl AFE A 72309 APAFAA 4
N=7] T2 Fushs el fa5h4 F44500 7|%38ke] 2% H. longicornis 319
FoR I o] E o] f= opwte o WEAYI A 2ehA o ® Holilu|vt
£8e 7 Fx6 me} aboly A, E T AARANA M. longicornis FE7)7}

#7409 St Aol ATl AFE A% AGOR FUAE AOR FFET.

N

4
m
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=

2
o703

ol

T
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AR J=r)e) AFAE AAgG o e H A7) vt whEEEol
e oRgEEEd Addte AEEE w43 B Zlo] 83ttt ddd
By HYAES 5457 93 HHEL real-time quantitative RT-PCR (TagMan) |
nested PCRel| 9]8] AR§-5]o] g}, eyt JE=r] 2578 JYAE9] 16S rRNA fridAe2
ol 719 BarHo] SlX] ARt dAgAbso] V=g s AA ARREE ECCS
ECB Zzfol™ AlE& w4 165 tRNA #2345 S5317] §18 14 Zefo|v & AREH 1AL

olE WA FAHFEE A= A3 nested PCRS H8 73 DNAR AMS-H o3t}
(96). A3 16S rRNAY i §4A= ZAEe AZsHA] Fala 9 AAo )

2 Aol A= nested PCR 232 A& Anaplasma®t Ehrlichia F73E%9 PCR
FEo ok A& H nlaste], 16S rRNA FAA FA &= FItA AeHA

gkt =7 vl BAAE HES] Y8l TagMan PCR WHol  Anaplasmast

O
T
pj—
=

O_u

Olt

Ehrlichia 42 16S rRNA #4

A E=7]04 16S rRNA Fd Aol Bk 714D S B48k4] ekl th96). 22y £ A7

A3l A= nested PCROI &3 SFAbwratol Fidn| &3 GosiA dAjshx] A

MEA ARG Zejolw AEE ALL3tY] Anaplasma®t Ehrlichia®) 16S rRNA F4AAHE-S
5
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WA B U 7 (sensitivity) &F £0] A (specificity)©] ¥ o

Agsittd PCR 5% 382 Xy dE Aoty M. longicornisZ%-E EA44¥
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%3 GenBank databased] v UE A7IAGEIAE B Zolrt o AFE
Ao ARt et alf-gh =7 v B AlEoletal AZFAv Haemaphysalis <
W= Ixodes & A=7152 A phagocyvtophilum, A. platys, E. chaffeensis, E. canis®t
2o A=y W) HedEe] #dE Ae® WaHa Qlvk17, 97, 98). ¥ A sl A
4 29 WAA(A. phagocvtophilum, A. bovis, A. centrale, E. chaffeensis)S°] #A|F%E
AN A=, B3 A phagocvtophilum®] 7Zad A=7] - HAdAES
2 A Y 2AA A HABS AL e A0l BE SAEAe] J=r]50A
gttt o3k At o] AH97)NA M. longicornis F+& A. phagocytophilum
AL AFE QA AZHATHE Ayets RS9 Ao, H longicornist™
o] Al ¥AH A. phagocytophilum A3 #Hsle] Geggoz Fad Wy
(vector)! Ao = AU} E chaffeensis, E. canis, E. ewingiit canine ehrlichiosis®}
HME®] HAA 2 4 A k3L o] F, E. chaffeensis= 3+=2] YHEX G A &3 A7)
2 W HEAN2EE FHE H longicornisd A AY A& ACK1, 98). L&}
M E. chaffeensis 792 Abgroluh of ks i Ziglal HE =7] FolA] of
=87 Barse] ghk(99, 100). 2 o2 E Aol A AFA Gl A MY FRlFo®
sol=l A phagoctophilumES3+= hEH 02 E. chaffeensis B YA 52 oA AF
ol AF-ZAAEI dAFte] E5HA FEEA FL AR FAHUT A bovis AR
2% 2L W EEodA Eolu HEZAWS 85 st AN 22 SHEH
TEdol JE ALRE d4¥A JTHIY). & AeA 5A7F AFH A bovisT A 50671<]
Z2 % DNANA 16S rRNA PCR## nested PCRel &8l A. phagocytophilum SEZTHHS
A& AVIAME A4S B3 FAFAL gUlolA = H longicornisol Xl A. bovis 97]

A3} Aedol =2 BYAZE BUIAGNA FAHAATE Bazh ATH20). M-
d¥o] A% A bovist 20013 2002 FoF d 9] Hokkaido9t Honshu 4 # &l
A2 Ek= AbE(deer) ol A HEE o] Fo FH- 20063 Okinawa® Yonaguni A
A Go A AbFakE & dello A A EFom WA TS, 101).
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W2 e E3s) Hol & sFEER HYAE A9ty e Aoy SE 1S
JdoZl AoR At weba AFEE A FoA AAsh= H. longicornis X Anaplasma®}
Ehrlichia &5 £A49 259 44 S A dore Ars
Algolu ok FE RS A SAHE A phagocytophilum™} E. chaffeensis® 16S rRNA <]

Q/1NG ABHYSH B NEF A BHES ATely, oE AARE

A ol= AQAoA o], EY] HE Fo Fdd dAEad 7T ol WiE
of At A Huts= Ao R AlolA AAE™ A7k Ae ofr|shH(29), ol#d
2 oL o] HE PAA ol Foll met oy aF o ol A 4l
AR o} £ oF B5FE0Z(12), R japonicas UESHFA(Japanese Spotted Fever)<
Jo 7] Aol 1934l oA A5 e Hazk Ql9lom, T o]¥E we At
HuEQH19, 62). FWl A= H longeornis RE7) oA 1 Algte] Ak EA47F =l
H o34, FHleAE H longicornis FNE719A] ko] EA7F S1E A TH25).
SRR BHE wrb Auk10). K. monacensiss S99 English Gardenoll A x4
Ixodes ricinus Q=714 A& E27F SRl Slovakia®t Bulgaria s *olA| I
ricinus AE=7191A] 2] BLaE QIQIEHOA). Htell= Algeriadl A ANHE I ricinus A=7]91A4]

5 Wik A1om(12), SpainollAe gAke] Aol FFE Halsh{rHed).

B
r

Rickettsia marmionii (named in honor of the Australian rickettsiologist marmion)+=
Flinders Island Spotted fever® R honei®] strainl.@ 4eix] o339 o~Ed Yo}
EH-A 99 sl A F2 = ATHT, 61).
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gAA o} 71 oARE 2181 7] 8t AHE F=r] F I longicornis &-& 171 oA
150k ®oba 247709 pools, H flavas ZH7: 19k 3702 Uro] & 250719 A&
wrEolx] BARAETA Ade S ompB FAAE R = ZEo|WE
AHE3Fe] Nested PCRS- =33 23}, [ longicornis AEA 90.7%2] &S nyow,
H flava N EAAE A5 FAEA] ey 2 A3l A%a S9dT glxoke] o]
dold & glth= 7heAe o 4 ok 2w oyl Ael AM8E I flwa W=

HAE7E Aol AAEE A Sl B wol ittal @ 4 Slvh mEkA

o
ol
N
h
S
S
X,
n
~
10
=
>
¥
]
fot
i
o,
£
_1 (!
B o
e
(i)
ko
~
%2,
O,
=
Dl
ftl
i
v

T

A AS FAA 6745 AEste] PCRE AAlstal 2 Akws SEH8] dA7AE e
Mg & GenBank databased|A] B2 theksk E|ZlX|o} partial ompB, gltA, 17 kDa
antigen A4+ €714 3t vl F4EESI
A AA = 7)Eel dexl gAA o} partial ompB A4k A7 23 ompB-PCR 4k

EFE59 dVIAEE vustAth F 26719 S5 T D79 2852 R japonicast
FE =2 FAR(RT~92%)E B9owW. R dficwe, R dkari, R coromi, R
monacensis, R sibirica® @71X93 21zt 94.9~954%, 89.3~89.8%, 95.2~95.7%,
91.2~91.7%, 946~95.4%9 FAI=E Yt 25719 285 5 5719 FEEWNo.
1, 35, 61, 66, 7)< R. japonica®t 98.7%, 7718 FE5(No. 5, 45, 91, 115, 142, 153, 226)=
R japonica®t 98.9%, 137119] E&E(No. 14, 19, 22, 24, 31, 81, &, 97, 100, 111, 113, 131,
1772 R. japonicaSt 9.2%9] FAIEE BAth a8al 26719 285 5 1719 28No.
226)2- R monacensis®t 99.0%9] fFALEE KT

T AR V]Sl 2R 2AAoF partial gltA HRAR] SVIMEE gItA-PCR b
FEEY IAEE vt F 2670 S T /MY E8ES R japonicast
F 2o FAR(O87~99.3%)5 HAow R mamioni, R dfricae, R dkari, R
conorii, . monacensis, K. sibirica®l 971443} 217} 98.0~98.7%, 98.0~98.7%, 93.6~
94.0%, 97.3~98.0%, 94.6~95.3%, 98.0~98.7% < FA=E KT

Hm

N

N
2o
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25709 285 F 2709 FEEWNo. 5, 22)2 R. japonica®t 98.7%2 FAIEE K9l
WHA R marmioniifhs 9R.0%2 FAFEE By o 14719 E85(No. 24, 35, 45, 61, 66,
77, 81, 111, 113, 115, 131)2 RE. japonica$t 99.0%%] FAF=E R ¥ R marmionii
ol 9RB.3%9 FAIRE B ow 9o EEE5WNo. 14, 19, &, 91, 97, 100, 142, 153, 177,
18902 R japonica®t 99.3%2 FAFEE Wl ¥ R marmionii®h= 98.7%2 FAIEE
wolk ga 267 S5 T 19 FEWNo. 22602 R monacensis$t 99.7%9] =2
TAFEE UERIT

upxjato 2 7| &R g Ao} partial 17 kDa antigen 44 7145 17

antigen PCR 2t 2859 971448 vast 43 5 26719 285 & e

m

mlo

Bl BAY FEBSL R gfficae, R akari, R conorii, R japonica, R marmionii, K
monacensis, K. sibirica®l 971X E3 242 97.4~93.0%, 93.3~93.9%, 97.4~93.3%, 986~
99.1%, 99.4~100%, 93.6~942%¢] FAL=E BRI 4719 ompB, glitA F3Ake] &4
ZAytel gyl 252 17 kDa antigen 44 A7 E 2 A-$ R japonica(98.6~99.1%)
B R marmionii®t =2 FARR(994~100%)5 R4 26719 S5 F 29 FEE
(No. 1, 113)2> R. marmionii®t 99.4%¢°] fFAI=E Bl 8HH R japonica®t 98.6%9
TAEE BYlow 23719 E8EWMNo. 5, 14, 19, 22, 24, 31, 35, 45, 61, 66, 77, 81, &, 91,
97, 100, 111, 115, 131, 142, 153, 177, 189, 226)2 R. marmionii®t 100% FAIEE H.9 0
9 R japonica®l A= 9.1%9] FAMES BTk

GenBank database®l= K. marmioniiol Al F2% ompB f§2AFe] 71Ado] FEH o
RA ko, FEA R japonica?t R marmionii®] gltA A A7 E-E& wlask 2
2702l 7|7t Eet o (FAME 99.3%), 17 kDa antigen 442 47|14 &S wjwst 2
370 A7) AolE BATHEALE 99.1%). 25709 F259 gitA, 17 kDa antigen 544}
A7NMEH R marmionii®l gltA, 17 kDa antigen 24 d7|A<E FAIEE Wk
A3} glitAdA R japonica®t 98.7~%P.3%, R marmioniidl A= 980~9R.7% FAIEE
LER AT

17 kDa antigen®l| A= R. japonica®} 98.6~99.1%, R marmioniiol A+ 99.4~100% 2]
TAEE Yo & Aol AlFellA Afle =719 DNAE o|-§3ke PCR W&
el AFAelA AFD A=7PF ZEHAL s gAA ot diste] SEIgEd tF-Ee

o
W=7k FudTel gdslol 9eg He%

=

A

52
o



AA AFA G FA=T|oA gAXo} HEe] #ek A RiE gloy dAIAE
Ao 2 Indirect immuno fluorescence assay(IFA)E AF&3}e] A sha zALE 3 A3

FAAA R japonica®l WE FAE B SEAIF lol FAEJTHI9). ol
ANE AHE wo] AFR Yo MAE= H longicornis NE=7]7}

AEE o Ao AlgEry W3l 2 AqelA HEE SRkdT AR oL IS AT bt
ompB, gltA FAAF EAoR= R japonica®l] 7VP7H$M, 17 kDa antigen 734 EAoR=
R marmioniiell 7V RALE YEh A|FA Ao BEske gAX|op AMEE FY
7heAdol U&E AAstaL At sAIRE A|FEX Aol E xS AT AR obE

WA BRI AdAs un A4 g AAAE BAGE Aol Fasy

i

FRIS tisto] FA HARE sk Aol Basirtal AladEnh B3 Ao o5 de
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AT E T AFAAdA AHE A=rles =7 (family Ixodidae), I
FA =72 (genus Haemaphysalis)oll £:31= 73] 224 =7 (Haemaphysalis flava) <}
3 = 7] (Haemaphysalis longicornis) & 28 ©] 91T},

ZARZE &9 & 7270 A Aol A 30897KAI 7 AR E A=, L T H flava 370A],
a3 YWz 3086704l 2 H longicornis Tt %8t I longicornist ZAMA A

oA AFHJLY, H flavaw 37N AH(E7HE 126° 337 2907, H9 33° 257
3647, 74 126177 1587, 5 33° 20" 3287, A 126° 27" 4577, 5% 33°
207 568 " )ellA 77t A 3AMAIZE A A= A,

H longicomis&2 W5 wAld mE AAE A3 v&S i, A I3 4fde

195 H 89741 AYAAA W 595 698 AGetns AAH o FARAL 4F

e 89l UEr] AlZFsE T

AFA Gl F=H3 2 1,395v+2]19] H. longicornis =715 Ao 2 16S rRNA
ARl 7) %3 nested PCRS A 33+ Anaplasma$t Ehrlichia €9 FAEAE 3l
stalth. A7) w7l HeAES AEsy] $1F PCR BHelA 5% DNA= 50670
7] Epools)oll A F=ate] Al o]&atith. PCR FX4t= e ¢V E 740
&l 8719 Anaplasma %3 6709 Ehrlichia 4°) $4%$th

Nested PCR3} 7| &) $AE FHAFEY EF3= A phagocvtophilum®]
27(1.9%) W& 7} A8 BEetd i theo 2 570(0.4%) 9 A. bovis, 471(0.2%) 9]
E. chaffeensis, 171(0.1%)9] A. centrales=0| T}

16S rRNA 47 714Dl 7123 A4 EAoA 849 Anaplasma <

|
Ach
=

(s, 99.4% o] GenBank database = A. marginale &5 (AF309867,
AT414874, FJ226454)3}, 67019 Ehrlichia (%873, 995% o< Ehrlichia sp.
(DQ324547) &+ 7V =2 FAMSE BAth
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3709l Anaplasma A% A. phagocytophilum (A group), A. bovis (B group), A.
centrale (genotype C), ZL8|3L 1719 Ehrlichia +74%< E. chaffeensis (D group)<
GenBank database®l Xl Anaplasma$t Ehrlichia ¥8% 971N EE 3 W w3}
&7tk

A groupd €3 2709 A, phagocvtophilum ZE(clone)ES 7Y HHY
(genotype) 8.2 5|0t 53], 97]M Aol dAsh= 3709 SEE& £ genotype
A6E w4 509 A phagocytophilum (AY055469)3 ]38}
A3, A4 genotypeS9 9714 WYE 99.6% oo wlg =& AEAS ek
genotype B2i= StolA 5AH Al bovis®t 99.7%= o}
genotype D12 GenBank databaseolA ®|=r(M73222), = (AF147752), 3=
(AY350420)0ll A =203 E. chaffeensis 7553 99.7%9 =& AH2AS vehA T

olggt Az BY AFE AHY AAAAAM JHF ®ol EESE H

2
AW
=2
re
o
>
l—‘
>
,N

N

longicornis A=7]oA SA" A phagocytophilum (genotype Al1-A7)S 7o &
ZARA ol A AHASE AL, el =] vzl BLAQ) AR oF FHEE] VAL
ZARN ARyt 245 T3kl HrrHAT

ANAE A7l dSaARE A=7]E5S F 250712 poolingshel DNAE F&3}¢
a7 (Spotted fever group) #AZ|ole] E-o|dHA| H-SSFEE A2 ompB, gltA,
17 kDa antigen Zg}o]|ME o] &3}o] nested PCRE Fa3k5it}.

250719 AlE 5 224709 AE(90.7%) A ompB-PCR &7 AHES FQlskgl o
22470 9] A E FolA 26709 A8 E AWl gltA, 17 kDa antigen PCRS
A3, 247 2671(100%), 2570(96.2%) ) Al&ellA] kA 9h-&-& Bolth PCR AHEES
Z243te] GenBank databaseollAl €& v ARl AZ|AFA vud 2
ompB, gltA%t =2 FAMdS YER AT
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