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Detection and Identification of the Spotted Fever Group Rickettsial
Agents from Haemaphysalis Ticks in Jeju Island, Korea
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*Department of Microbiology, College of Medicine, Konkuk University, Seoul,
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Disease Control and Prevention, Seoul, Korea

This study investigated the presence of nucleic acids of various Rickettsial agents in ticks collected in Jeju Island,
Korea from June 2007 to August 2008, through the nested polymerase chain reaction (PCR) and sequencing analysis of
partial citrate synthase (gltA), Rickettsial outer membrane protein B (ompB), and 17-kDa genes. Examination of the
1,584 ticks showed that the subspecies distribution of Haemaphysalis longicornis was 99.81% (n=1,581) and H. flava
was 0.19% (n=3). A total 224 out of 250 pools from one to 15 ticks were found to be positive in ompB-PCR assay
(minimal infection rate 141 ticks/1,000 tested). From the positive samples, 26 were analyzed by gltA- and 17-kDa-PCR
assays. The nucleotide sequences of the ompB- and gItA-PCR products showed a high degree of similarity with those of
the Rickettsia japonica (98.7~99.2% and 98.7~99.3%, n=25) and R. monacensis (99% and 99.7%, n=1). However,
analysis of the nucleotide sequences of the 17-kDa-PCR amplicons showed that the sequences of the 25 PCR amplicons
were more close to R. 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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AzF7F obd Orientia® T+E¥)3F Zo] 3719 #o=
TEHG (5). o= 16S rRNA, genus-common 17-kDa
antigen, citrate synthase (QItA), rickettsial outer membrane
proteins A (ompA)2} B (ompB) A= AH&-3F polymerase
chain reaction (PCR), restriction fragment length polymorphism
(RFLP), 9714 £4 7&S & dAxE 722 -
ATH (6~10). AR AAolA o], =], WE Fo
84 AAEE 718l o]ES miZE sto] Algol
Al Advpelo] Ak dor|m (1), 8 A= Lt
Aoz AAFEAA
3, 39.5~40.0C2
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YARE AR AAE
S 2ol AulZ} (Arachnida)oll
o} FZR=7] (mites)Z TFEFHTCH
(Ixodidae, hard ticks)<} —ér—rﬂwﬂ-L]- (Argasidae, soft ticks)
o] 27 UHRLh FHEr)= &7 =7]7 (Sarcoptidae)
o} WA H =713} (Pyroglyphidae)”} gtk R1=7]= A7
How de] s, A2Ae] tekdat 247] o& A
S 7 2P dAlE £ (larvae) A7 1E A A
% (ymph)A1 715 AA A% (adults)o] Hr} (13, 14). $-
gupgbel] AAEEstaL e SXEY] T FFHET
7] Argas £l 3%, FX=7]372] Amblyomma & 15,
, Haemaphysalis < 8

¥ % Qo) An, 4g
5 =

éo}ﬂi, SRR
237 2

<, Dermacentor & 3%
<, Ixodes & 10% —12] 3L Rhipicephalus & 15 5 % 3
3} 745 28%°]t} (15). Haemaphysalis longicornis (ZH224~%F
=712} H. flava (713371 =7])= Haemaphysalis <:<i|
%3h= Folth H. longicomists A4 o & F3X sk vt
APL=7) 7P & FOoE (16), wU SAEClA wt
(biting)o] H.31¥] 31 AT} (17, 18). H. flavat GA] o]
Ex3b, 1 wAto] 30t ofx} Ao A By ul Q)
th (19). oleld HM=r]= gAAe] T8 sFolxF Wl
A=A AR A vl F=2 #Eo] ATt (20).

Bophilus <5
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o] B E ol EAAEAQ Mo FTNAF
Aol Aol e 4AE DAt F& BRoh
Ak

2 Aol AREE =T
A= Al
7} flagging "5 o]-&ste] Y

2007*A 58] 20081 k=0
FEolA 1 m® flannel flagS AF8-3}e] dragging
sieict A A=

75% ethanolol] @o] B3 & R n|FS o] LR35}
BE . 2R T 21). s 8% AE SRS,

E 71Fo=2 o] AAE 250719 A B HA F
AT} (Table 2).

x

ZIEJ|22E DNA

= ==
T=

i 58¥ =725 DNAE %37 918k
2y7+9] ZI=7]E eppendorf tubedll P IL filtered tip (Axygen

o] AFe] AL AFd MAlsla g Jer] = Biosciences, Union City, CA, USA)2. 2 3}3j|3}o] 30 pl<]
Table 1. Nucleotide sequences of PCR primers and conditions used in this study
Targft Primer Nucleotide sequence (5'—3") Prqducts PCR condition References
gene size Denaturation® Annealing® Extension®  Cycles
ompB  WIJ77 OF GTAACCGGAAGTAATCGTTTCGTAA 500 bp 94 54 72 40
WI80°OR GCTTTATAACCAGCTAAACCACC
WIJ79 SFG IF GTTTAATACGTGCTGCTAACCAA SFG 407 bp 94 56 72 35 23
WI83 TG IF AAGATCCTTCTGATGTTGCAACA TG 231 bp
WI78° SFG/TGIR GGTTTGGCCCATATACCATAAG
gltA RpCS.877p OF GGGGGCCTGCTCACGGCGG 381 bp 94 52 72 35
RpCS.1,258n° OR  ATTGCAAAAAGTACAGTGAACA
RpCS.896p IF GGCTAATGAAGCAGTGATAA 330 bp 94 54 72 30 o
RpCS.1233n° IR GCGACGGTATACCCATAGC
17-kDa Rrl7k. 1p OF TTTACAAAATTCTAAAACCAT 540 bp 94 47 72 35
Rrl17k. 5390 OR  TCAATTCACAACTTGCCATT
Rr17k. 90p IF GCTCTTGCAACTTCTATGTT 360 bp 94 47 72 30 #
Rrl17k. 417n° IR TTTCCGCCTATTACAACTGTT

*ompB, specific outer membrane protein B gene; gltA, Rickettsial citrate synthase gene; 17-kDa, Rickettsia genus-specific outer membrane antigen gene,

PReverse orientation, °Temperature (C).
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phosphate buffered saline (214+$+5-2]93<=, PBS, pH 7.4)<
F7Fsto] B-R-AlFHE o] 7S Chelex 100 (Bio-Rad, Hercules,
CA, USA) method (22)5 ©]-83l9) DNAE FZ3I3ITh

Zetad AM 8-S (polymerase chain reaction, PCR)

AE=7125E FZ3 DNAC 272t DNAZF A&
=2 B7] 9)5ke] ompB, gitA, 17-kDa -4 xel] So]2 o
2 Hheah= ZEtoln (23~25)53 AFE-EFSIT) (Table 1).
1, 2%} PCR =57 0.5 U9] Taq DNA polymerase, 250 mM
©] dNTPs, 50 mM¢] Tris-HCI (pH 8.3), 40 mM2] KCl, 1.5
mM2] MgCl,, gel loading dye”} ¥3H% o] Sl premixture
(AccuPower PCR PreMix, Bioneer, Daejeon, Korea)oll g+ #%
°] 10 pmol Zeto|HES ol F 20 plo] ¥hgHo =
2t3 PCRE asH3Ith

PCR- Veriti 96 well Thermal Cycler (Applied Biosystems,
Foster City, CA, USA)E ©|-&3312m, 12} PCR HH&-2
94CoAA 557F HAAAIZ] 3 94°Col|A] 2027} denaturation,
47~54°Coll 4 20%7} annealing, 72°Coll 4] 3053} extension
TOR WEAIZloH, HF vk 72Tl 383 vk
A7 PCR Ab=e] A4S FEai3it) o] W S&3la=
35~40 cycle® 3}iT} 22} PCR ®¥F3-9] & 3
35 cycleZ 3F3om, 94CollA] 53+ WA
ol 4] 2027} denaturation, 47~56Cll A4 20
72°Col A 2037t extension = 2 WFFA|F 1, FHF Wk

& 72CAA 383 AT (Table 1). PCR 58 A

B
N
o
2
g
@

& =T 22 R. japonica DNA (ATCC; American Type
Culture Collection, VR-1363)E template = A}-8-3}3] 2.1,
4 EZT O template DNA 3] S/H5E AFE-3IS]
t}. PCR AHE-S ethidium bromide (0.5 pg/mhE 3 7}a}o]
A 2F3F 1.2% agarose geloll 7|53} 2™, standard
molecular weight marker 100 bp DNA Ladder (iNtRON
Biotechnology, Seongnam, Korea)2} €17 5% DNA H-

S

0

M
2~

224 U 4Ny

Ho

2x} PCR Whg & & Uehl= AHE2 QIAEX 1T
Gel Extraction Kit (QIAGEN, Hilden, Germany)Z 5% 3}%)
© ™, pGEM-T Easy Vector system I (Promega, Madison, WI,
USA)ell 23l SE2E50] AYrdasE 7L 8l
55 #915l7] $18ke] plasmid DNAS #2]3}al EcoRI
(New England Biolabs, Beverly, MA, USA)S.2 Atts}o]
1.2% agarose geloll A 2719531tk F71MES (FA=
gl (Daejeon, Korea)oll 2]#]3}o] 41813t} 4% 47]
NEEL 2ol FES |93t GenBank database2]
o2 ARk sE 91714127 MegAlign software package
(Windows version 7.1; DNA-STAR, Madison, WI, USA)2]

multisequence alignment programS- ©]-83}e] H] L5} t}.

"Neighbor-joining algorithm'Z} 'Jukes and Cantormatrix'&
0]-8-3}o phylogenetic tree s A2}l treed] SHEAS =
A1817] #1381k bootstrap analysisE 5243131 T

Table 2. Tick collected at Jeju Island, Korea, 2007~2008

Collection
. No. No.
Species Stages 2007 2008 ticks pools
June July  August April  May  June July  August
Larvae® 0 0 3 0 0 0 0 0 3 1
L Nymph" 614 223 36 26 130 115 20 9 1,173 104
H. longicornis \
Adults male® 44 77 14 0 4 33 3 4 179 65
Adults female® 49 99 26 0 1 36 8 7 226 77
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 male® 1 0 0 0 0 0 0 0 1 1
Adults female® 0 0 0 0 1 0 0 1 2 2
Total 708 399 79 26 136 184 31 21 1,584 250

21~5 larvae/pool, ®1~15 nymphs/pool, ©1~5 adults/pool
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2 1

TEZ|9

OhY

HEE

HI

2007\ 69-E 84712} 20081 49FE] 8ol AA
ATzl A7 A=r)= F 1,584012]90m, 34
nAS o]&ate] /g A3 H. longicorise] -3 A
7} 3nteE], A @7 117301, SRS AT 179
vlg], AHAAF SAZE 26V = F 1,58191] (99.81%)
Oﬂq. H. flava .‘5 /\-]i D}7;]]7]_ IU]‘T"/] ol?%x—]i 1:]—7;]]
7} 2vkg] &2 & 3vkE] (0.19%)%ITF (Table 2). H. longicornis
v AFE A Aol AR, 3nke]e] H. flava &
TRARE GAY 1vkE= 574 126°33'29.07, &9 33°
2536474, AR AZE 2vke] F 1vkEeE 5
126.17'15.8", 9] 33°20132.8704, YA 1vtg)e= &
126°27°45.7°, 59 33°20'56.8 14 AHH = A} (Fig. 1).

ZI=EJ] DNA FE225H PCR el

ol

SELMES
Aey)= A4 dAE 71Fo2 ko] 1,5817H2]2] H.
247709] pooled sample (&&A=), 3vF2]9]
H. flavaZ 3719 R=7] A 82 o] A 2507}19] Z
=] AJREZR THEUT (Table 2). 250702] Al 2Bl A
=3k 247k DNAYIA ompB FZIAHE %%*174 HE
A3}, H. longicornis Al E5-2 22470 [1,0007F2] A&
Ha 798 142 (=224 FATEA 2574 1,581
Pz

2] FM=7] X 1000)]o14 407 bp 719 FEAES B

longicornis=

2>
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Figure 1. Map of Jeju Island,
Korea showing the geographic
distribution of ticks collected
from 2007 to 2008. Dots
indicate the collection area of
the H. longicornis and squares
indicate the collection area of
H. longicornis and H. flava.

o, H. flava N85S BF SATSS B (data
not shown). R3S HQl 22471¢] AR5 F 26719
ARE AEte] gitA, 17-kDa F34E FA o= 8l
nested PCRS 4343}t gtA PCR A3} 2671 (100%)°ll
A1 330 bp 2719] TEFAHES YERI 2 M, 17-kDa PCR
A3} 257 (96.2%)°1 4 360 bp F719] FEAES LERY
At (Fig. 2).

AM
AL
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=224

p =)
Ho

H7 M

Z} partial ompB, gltA, 17-kDa 4218 FZAME-S
vectordl] S22 & 2k AR o 17l9] S8 9714
415}0] GenBank databaseol| 4] A2 ThFgh 2] AIA}
A<=} 1] asFA T Table 32 GenBank database©l A
thget 27AF ompB 71N EET B ATl f2
224719] ompB-PCR 4Hz 25 T AdHd 107] S
o] A7IES vlagk ol 1071 285 T 9719
SE2E (No. 1, 5, 14, 35, 45, 81, 85, 97, 100)-= R. japonica
o} clusterS FA3F 2™, 98.7~99.2%2] FAL=S
BTt 107H54 ZES Z 19 ZFE No. 226002 R
HA I clusterE P8} 2™, 99. 0%-4
FAREE UrEP”“?} 7t 2259 2R genus® ol
A genotype®] #1XE Elsl7] $1te] ompB - =te]
A7IME EA el 2Ask AT £A4E 3
AL o7l E2E (No. 1, 5, 14, 35, 45, 81, 85, 97, 100)>
R. japonica®} FAFEE 2t Group 12} R. monacensis2f
FAREE Z2He 17119] S8 (No. 226)2 X338
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o o N @
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407 bp-b 330 bp-b 350 bp-b

Figure 2. Electrophoresis analysis on 1.2% agarose gel of DNAs amplified by PCR targeted ompB (panel A), gItA (panel B), and the
17-kDa (panel C) antigen gene. (A) The size of amplified ompB product was about 407 bp. Lane 1, positive control (R. japonica); lane
2~4, each number of the amplified ompB products. (B) The size of amplified gItA product was about 330 bp. Lane 1, positive control (R.
japonica); lane 2~3, each number of the amplified gItA products. (C) The size of amplified 17-kDa product was about 360 bp. Lane 1,
positive control (R. japonica); lane 2~3, each number of the amplified 17-kDa products. Lane M, 100 bp DNA ladder; lane N, negative
control. The number on the left indicates the molecular size (in base pairs) of the amplified PCR products.

Table 3. Similarity matrix between partial ompB gene sequence of various Rickettsial strains and nested PCR ompB products

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
- 929 992 954 942 99 949 952 954 949 952 954 954 954 954 932

Ju—

2 - 929 89.8 919 921 893 8.5 898 893 8.5 89.8 8.8 8§98 898 90.6
3 - 9577 948 987 952 954 957 952 954 957 957 957 957 937
4 - 91.7 954 987 989 992 987 989 992 992 992 992 903
5 - 937 912 914 917 912 914 917 917 917 917 99

6 - 946 952 954 949 952 954 954 954 954 927
7 - 992 995 989 992 995 995 995 995 909
8 - 99.7 992 995 997 997 997 997 912
9 - 995 997 100 100 100 100 914
10 - 992 995 995 995 995 909
11 - 99.7 997 99.7 997 912
12 - 100 100 100 914
13 - 100 100 914
14 - 100 914
15 - 91.4
16 - -

1, partial ompB of R. africae (AF123706); 2, R. akari (AF123707); 3, R. conorii (AF149110); 4, R. japonica (AB003681); 5, R. monacensis
(EF380356); 6, R. sibirica (AF123722); 7, ompB PCR clone 1; 8, clone 5; 9, clone 14; 10, clone 35; 11, clone 45; 12, clone 81; 13, clone
85; 14, clone 97; 15, clone 100; 16, clone 226

2 clustering ¥ AT} (Fig. 3). el FEES vl Aotk 10719 285 F 9719
Table 4= GenBank databaseol| 4] -2 t}eFst A=} FE2E (No. 1, 5, 14, 35, 45, 81, 85, 97, 100)< R. japonica
gitA 71M G} & Aol A2 gitA 2 2671 & 10 9} clusters® FA3H3 01, 98.7~99.3%2] FAMEE U
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999
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Figure 3. Dendrogram representing phylogenetic relationships
between partial ompB gene sequences (the size of about 407 bp)
of various Rickettsial strain and PCR-amplified ompB products
from tick. Phylograms were generated by neighbor-joining analysis
with 1,000 bootstrapped replicates.

etk 10719 85 & 1709 28 (No. 226002 R
monacensis¢} clusters B3 2™, 99.7%°] FAIEE
et 72 S25S AT Ql A4S e A
7}, R. japonicas} FAIEE 2= o7l 258 E36h=
Group 12} R. monacensis$} FAH=E 2t 17 228 %
315= Group 22 clustering™ AT} (Fig. 4).

Table 5+ T3t AR} 17kDa G714 EEY] & A
Tol A A& 25712 17kDa FA F2E F ol EF2
58 vlugk Aotk 9712 FEE (No. 1, 5, 14, 35, 45, 81,
83, 97, 100)2 E5 R. marmionii2} clusterS #4313 0™
A2 A7IME FARESE A g AT orlle] SRES
R. marmionii¢} 99.4~100%¢] FAM=S Yepdct 2t &
5 ARl A4S A% 23, R marmionii
o} FALEE Z2HE 97l SEES X5 Growp 102

clustering ¥ %t} (Fig. 5).
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753 R slovaca (DQB21853)
R aficae (RAUSGT33)

R conorii (RCUS9730)
R marmioni (AYTAT684)
600 R. honei (AFO18074)
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| R monacensis (DQ100163)
Clone 226
R. feiis (RAU33922)
R. helvelica (DQ131912)
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R, belli (AY362703)
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Figure 4. Dendrogram representing phylogenetic relationships
between partial gItA gene sequences (the size of about 330 bp) of
various Rickettsial strains and PCR-amplified gltA products from
tick. Phylograms were generated by neighbor-joining analysis
with 1,000 bootstrapped replicates.

]

i

ARz Aol A o], =7, W& 5o FEA dA

7143 L, oS vzl Ste] Aol A AutE=
Agto g Izl Al A= Azhek AWS of7]gtt (8).
AR Aeke 2 dle] H= YARE Foll et o
group &= ot} AA7bA] defxl YAk oF 25
Zo]1 (26), ZL 5 R. japonicat" Japanese spotted feverS
o7 Ao, 19841 Ao A A5 FEE AL
w, 71 o] & tho] A7F Bt (27, 28). Ul
o 5= H. longicornis F1=7]ellA] 1 S4ko] EA)7} &
A= Ao (29), H SAIAME € vF AT (30).
R. monacensist= 52| English Gardenol 4] =73+ Ixodes
ricinus JE=7]olA HE2 2% v} o, Slovakia®}
Bulgaria®] |. ricinus 21 =74 2= At 31). 2ol
= Algeriaoll A A E 1 ricinus J=7]o A 2= Ao
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Table 4. Similarity matrix between partial gltA gene sequence of various Rickettsial strains and nested PCR gItA products

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 - 946 993 993 100 96 100 983 98 987 983 983 983 987 987 987 957
2 - 936 946 946 96 946 936 94 94 936 936 936 94 94 94 963
3 - 987 993 95 993 977 973 98 977 977 977 98 98 98  94.6
4 - 993 96 993 99 987 993 99 99 99 993 993 993 957
5 - 9 100 983 98 987 983 983 983 987 987 987 957
6 - 96 95 946 953 95 95 95 953 953 953 99.7
7 - 983 98 987 983 983 983 987 987 987 957
8 - 99 997 993 993 993 997 99.7 99.7 946
9 - 993 99 99 99 993 993 993 943
10 - 997 997 997 100 100 100 95
11 - 993 993 99.7 99.7 99.7 94.6
12 - 993 997 997 99.7 946
13 - 997 997 99.7 946
14 - 100 100 95
15 - 100 95
16 - 95
17 -

1, partial gltA of R. africae (RAU59733); 2, R. akari (RAU59717); 3, R. conorii (RCU59730); 4, R. japonica (RJTU59724); 5, R. marmionii
(AY737684) 6, R. monacensis (DQ100163); 7, R. sibirica (RSU59734); 8, gltA PCR clone 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 226

Table 5. Similarity matrix between partial 17-kDa gene sequence of various Rickettsial strains and nested PCR 17-kDa products

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 - 93.6 991 983 98 942 991 974 98 98 98 98 98 98 98 98
2 - 942 939 939 933 942 933 939 939 939 939 939 939 939 939
3 - 98.6 983 948 994 974 983 983 983 983 983 983 983 983
4 - 99.1 945 986 986 991 991 991 991 991 99.1 991 99.1
5 - 942 983 994 100 100 100 100 100 100 100 100
6 - 948 936 942 942 942 942 942 942 942 942
7 - 9777 983 983 983 983 983 983 983 983
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 of R. africae (AF445383); 2, R. akari (AF445383) 3, R. conorii (AE008675); 4, R. japonica (RIR17KGCA); 5, R.
marmionii (AY737683); 6, R. monacensis (EF380355) 7, R. sibirica (AF445384); 8, 17-kDa PCR clone 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
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Figure 5. Dendrogram representing phylogenetic relationships
between partial 17-kDa gene sequences (the size of about 360 bp)
of various Rickettsial strain and PCR-amplified 17-kDa products
from tick. Phylograms were generated by neighbor-joining analysis
with 1,000 bootstrapped replicates.
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