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Distribution and Property Analysis of Tick Borne Bacterial Pathogens in Hard
Ticks Collected in Gyeongbuk

J. H. Song, Y. H. Son, S. Y. Seo, K. R. Hwang, E. Y. Lee, J. C. Son and K. H. Lee

Infectious Disease Research Division

Abstract

The aim of this study was to monitor tick population density and its infection rate at four collection sites in
Gyeongbuk province. For this study, total 6,777 ticks were collected for two times in the Spring(May) and
Fall(September) 2018 using the dry-ice bait trap and flagging method in Yeongcheon, Chungdo, Andong and Gumi in
Gyeongbuk. The collected ticks were classified by species using a stereoscopic microscope, and 4 pathogens
(Anaplasma spp., Borrelia spp., Ehrlichia spp., Rickettsia spp.) were analyzed in using a molecular biological
method. As the results from classifying the all ticks by species, the highest rate of collected ticks was the
Haemaphysalis longicornis as 98.6 %, and followed the Haemaphysalis flava as 1.3 %, and then the Ixodes
nippoensis as 0.1 %. In this study, 3,081 ticks(127 pools) and 3,696 ticks(85 pools) were collected in the first half and
the last half, respectively. 76 pools were positive for Borrelia spp.(3 pools), Rickettsia spp.(73 pools) according to
PCR for groEL or Fla genes and sequencing analysis were identified. This report suggests that surveillance of tick
vectors and characteristic analysis of Gyeongbuk isolates are necessary to prevent the spreading of tick-borne

diseases.

Key Words : Tick-borne pathogens, Haemaphysalis longicornis, Rickettsia spp., Borrelia spp.
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HAE7)= BRed o2 A7 (Arachnida),
HE75 (Acari), $7]50 (Metastigmata), %
=713 (Ixodidae) ol £k, 94557, 5
o] Azl 7188k A ERA theFek W
AE vz A AAE o= oF 80001 Fo] Hals il
Rom Fel] Bard FHET]E 65 28F0]H,

o] & AL AUARA =7 (Haemaphysalis long—
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icornis), NAXRNE7| (Haemaphysalis flava),
ARIEEA E 7] (Ixodes persulcatus), Q21 E7]
(Ixodes nipponensis)7} 7V o] B3 &1a1 Qi)

HRAE719) Adrhs Llege) — 3 (larva) —
2k (nymph) — A% (adult) 2] A2 o]Fo] =] 11
ROoH, Hebd W gtk =V F8ske
ol STl Al AHEET IR =T vk
(tick paralysis)E &3, WA wlol 2o}
Al 9 A5 wi7isich =710l o8| w7 ==
AL 2R, ohEek ks, dlelrloks, Sk
A, 74, vp|AlokE TR TheFsith |l e
AZE= ATt Borrelia spp., Bartolella spp.,

-

Coxiella burnetir, Anaplasma spp., Ehrlichia spp.,
Hpo]H Q1 =7l 7)1 4 wio]e] 2, SFTS Hpo]

22, 939 Bapesia spp. So] Y}, FA 7

o 7)) AR gt AR, o=, A X5 SollAl
Ak = AR s 207l Q- aa sl o] &
2FIH-2 )= gl oA mid Suk v o] At
AlElar gl om? | T oA = SFTSRE ¢l
APGARAL Y © 72 R = 7] wlj 7] A kel oot 34

Wap & AT ARAel A 2

S0 L HF - STl AP, AR B

N

S-S Ak, A=) vzl A Gl g QA 45
Rickettsia spp., Borrelia spp., Anaplasma spp.,
Ehrlichia spp.8] FA2Hs ERlst HeA A& 4
I FEl K =] vl A o) 3 S-S Sl 1%
A ggataat .

2. =2 3 gpeH

2.1, =T M
B, A, S, 0] 47] A9 215 42 ol

2018 54 (59 I 7HEE (99D o A =7E AH

- gaz 1 EUT
« ®ZA| Bonghwa-gun |, Uin-sur
Ceongju-|

~2aN - -z

» ‘\’»?mwar;-uuu
1ean-gun
A

Fig. 1. Collecting sites of hard ticks in
Gyeongbuk area.
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SFltHFig. 1. AR e Eefolotol s {1 ER) 2.4. PCRO| |5t Helx| H=
(dry—ice bait trap) 3} H517] (flagging) & © % Anaplasma spp., Ehriichia spp., Borrelia spp.,
sholtt(Fig. 2). A3 F X =712 -70°Cell B Rickettsia spp. AR 450] SA7 4SS o5t
sra Aol ARt PCR 271 Table 13} 2},
2.4.1. Anaplasma X Ehrlichia &
Anap/asma 9 Ehrlichia spp. AES $J8ke] 14+
S22 primer AE1-F, AE1-R2 ARSIt PCR
WML OX PCR pre—mix 10 L, Primer Forward
(10 pmol/ #L) 1 pL, Primer Reverse (10 pmol/
Fig. 2. Tick collection by using a dry—ice bait #L) 1 pL, template DNA 8 L, #& 1 20 2L
trab(A) and flagging (B). 2 Azt PCR 242 95TollA] 1087 271
HAAGAE AR AL, 95Tl 3027 WA, 59T
22. 5 =7 - 3% oA 607t A, 72N 2327k WA A=
QA7) %_E__?-r e AR AL o] -8 35 cycle WEA|A O, 72°CollA 587 H A%+
Yamaguti 570] AN AAEE Fmsge o TR
(palps) 9} %< (palparticles) 2] Ae¢], 5|9} te] <] Anaplasma spp. HEE % 24 THE 14
0 52 Dol $Y, AL BYgey. oo e L aL, primer AP-FUO pmol/uL) 1 uL,
AP—R(10 pmol/ L) 1 xLZE 2X PCR pre—mix®l|
2.3. SN K= LU SMA == HiL FRTE TRl HE F9E 20 pLE ks
fAloe B PBSOY 10% FBS, 5% sy, e AZSUEH, 95CAA 1084t 271 W
5% 2~ERIEo] 1S 2j0] EFBITE 600 41.9] E”J”E 7171, 95°CelA 302k WA, 56T el
SR NE AEh] bead7} = Halg Brio] @3 % 27 A3 72°CoA] 4531 A A1 35 cycle
AE719] §5-E ) 5074A, 252 Arh 3071, ‘{}”0‘*]33*3”4 720 SRR HF TS Bi5,
XZo] Ao Zu) 5N £, AT H R T8 Ehrlichia spp. &% 918k 22k 5352 12 5
3t & poolingdF3tt. +47] (Precellys 24 tissue F4k= 1 pL, primer EC-F(10 pmol/ L) 1 L,
homogenizer, Bertin Technologies, France) = EC—R (10 pmol/ L) 1 12 2X PCR pre—mixel]
o] 43ke] 9,000 rpm % 302X 33 Bajslgiey. AL ST TR HE E 20 plE ke
AlA HRA 458 AEE) Y8l whskE A S Az om, PCR 2240 Anaplasma spp. £+
445 DNeasy tissue kit (Qiagen, Germany) & TASA T
o]g-3ato] DNAE F=3F3ith PCRoA A AbE-2 A7 1985784] (Qagen,
SXE-cHsl HAS . BUY o2y axE - ods 11 |
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Table 1. Nucleotide sequence of PCR primers and conditions for amplification of tick—borne agents sequencing

Target Primer Nucleotidye sequence  Taget gene PCR condition
species (5-3) (product size) Denaturation(C) Amnealing(‘C)  Extension(*C) Cycles
AE1-F AAGCTTAACAC
Anplisma 1 ATGCAAGTCGAA 165 rRNA . . . .
o Spp_w 4 AE1-R AGTCACTGACCC (1,406 bp)
1st AACCTTAAATG
AP—F 2nd GTCGAACGGATTATTC
Anaplasma TTTATAGCTTGC 16s tRNA o - ” .
SPp- AP-R %nd CCCTTCCGTTAAGAAG (926 bp)
GATCTAATCTCC
RO 9nq CAATTGCTTATAACCT
Ehrlichia TTTGGTTATAAAT 16s rRNA o5 5 » i
SPp- EC-R 2nd TATAGGTACCGTCATT (390 bp)
ATCTTCCCTAT
1398 TGGTATGGGAG
TTTCTGG fla
(774 bp) 9% 50 72 30
905¢ TCTGTCATTG p
Borrelia TAGCATCTTT
SPP- 990 CAGACAACAGA
GGGAAAT a . N . .
894r TCAAGTCTATTT (605 bp)
TGGAAAGCACC
& 95 44 72 30
Rickettsia ~ © TTCATAATC
SPP: groEL GTAGTTAAAG
OFN  GTATGATGTTTGATA  groRL o . , .
groEL.  ATCTTCAATATTTTTC (468 bp)
ORN TTATCACCG

Germany)  o|-&

sho] FA; 552 gl
H-8-0] Ay} phEoi AME9] 7=
spp. 12+ 1,406 bp, 22k 926 bpo] 9L

Anaplasma
template DNA 8 x«L,

pre—mix 10 gL, Primer Forward (10 pmol/ zL)
1 gL, Primer Reverse(10 pmol/xL) 1 u«L,
= Hyu) 20 L2 AF

Ehrlichia spp. 12H= 1,406 bp, 2= 390 bp©]
gtk

2.4.2. Borrelia 3=

Borrelia spp. &S 935k 13} 522
132f, 905r< ARE-8F3ITE PCR HP%O

2 primer

2X PCR

3loith PCR 24L& 95CoA 1087 7] WA

WAE AR AL, 95Cellx] 30%1F WA, 50CollA
45%7F A, 72TCAA 45327 A1 FAE 30
cycle REEAIFH O 72°Cof|A 587 HF A4S
SRtk

22F FEL2 12} $EAME 1 pL, primer 220f
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(10 pmol/ L) 1 pL, 824r (10 pmol/ L) 1 pl. 5
2X PCR pre—mix°l| 4131 T/ F7}sto] A%
H3= 20 pLE WEGNE A|Z=sIS o, 95T ellA
1033 27] WAAGAIE 71X 3L, 95°CollA 3023t

HH-8-0] A3} vhEo] R AHES] A7]= 13+
774 bp, 22F= 605 bpe] KTt

2.4.3. Rickeltsia &

Rickettsia spp. 2] groEL 24} &2 43l

12} %2 primer OF, ORS AF-8F3iTh PCR
HES-dMe 9% PCR pre—mix 10 gL, Primer

Forward (10 pmol/ 1) 1 pL, Primer Reverse
(10 pmol/ L) 1 pL, template DNA 8 1L, H%E
79 20 pLZ Azl PCR 2412 95CollA]
1087 7] WAYAIE AX] 31, 95 CollA 30%7¢F
WA, 44°CollA 4537 Ag 72°CellM 45%3F

o
24
of\
|
rlo

A} SEAME 1 pL, primer OFN
(10 pmol/ L) 1 L, ORN(10 pmol/ xL) 1 plLE
2X PCR pre—mix°ll 4131 55 S8t #%
)= 20 pLE RGeS AZEH o, 95 CollA
1083 27] WAdAE #A5L, 95 Collx 30%
7F WA, 56CelA] 301+ Asl, 727 CollA] 45%7F
A=A 2 35 cycle HESAIF O, 72°CollA] 53

7+ HFE NS 3k
Hh-3-0] Ay} vhSol W AR S 7] 12}
534 bp, 23H= 468 bpo| ATt
EX8 - &Y

loh

2.5. ¥7IM8 2N

=

PCR 2HE9] 97149 242 fpte] 29 E (Dae
jeon, Korea) ©l] 2| sto] X317t} Rickettsia
spp. A& groEL FHAE T& 07 3= pri—
mer& ARSI, Borrelia spp. &= fla 4
A= TAHOF 3= primerE: AFESFITE PCR
AHE-2- A A F- National Center for Biotechnology
Information (NCBI ; http://www.ncbi.nlm.nih.
gov) ol A F8k= BlastE o8-8t 7Hg 717k

AY7E A,

ik,

3.

[N

i A

3.1.

K= || =4

S, Ao

=
23 5N

A AR % 6,7770RI 01, 2Re-4v]
6,680v121(98.6%), /¥ FA =71
89112 (1.3%), L=3F71=7] 8u4] (0.1%) Atk

Q7)o Aol A3 ArR= Table 29 2tk
FHA| Aol A F2-29] 3 =7] 970w (98.7%),
A= 791 (0.7%), LEFA=7] 6vfe
(0.6%) 7} A=At HEA M= 2247
=71 3,2579H (98.4%) , 7NN =7 54vf]
(1.6%) 7F AR =N, 2=+ A EA
Uk QbEA| A olid= A2AuRKI =] 1,643w 1
(99.5%), MR E=7] 79k (0.4%), D37l
=71 27k (0.1%) 7+ AF = ek FrA G A=
22293 =71 810vH] (97.5%), T =]
21vH] (2.5%) 7F AR E 3L, D=7 1= A

2
AA=7)=

s
o
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o
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Table 2. Species classification of ticks collected from four region in Gyeongbuk

. Species
Site - - - - Total
H. longicornis H flava [ nippoensis
Yeongcheon 970(98.7%) 7(0.7%) 6(0.6%) 983(100%)
Chungdo 3,257(98.4%) 54(1.6%) 0 3,311(100%)
Andong 1,643(99.5%) 7(0.4%) 2(0.1%) 1,652(100%)
Gumi 810(97.5%) 21(2.5%) 0 831(100%)
Total 6,680(98.6%) 89(1.3%) 8(0.1%) 6,777(100%)
Table 3. Species classification and seasonal distribution of ticks collected from Gyeongbuk
Species Stage FEE emsoprgﬁ)g (;)F Eﬁofil}i) Total
Adult 72(2.4%) 16(0.4%) 88(1.3%)
H Nymph 2,908(96.9%) 168(4.6%) 3,076 (46%)
longicornis Larva 20(0.7%) 3,496 (95%) 3,516(52.6%)
subtotal 3,000(97.3%) 3,680(99.6%) 6,680(98.6%)
Adult 2(2.7%) 5(31.3%) 7(7.9%)
Nymph 71(97.3%) 11(68.8%) 82(92.1%)
H flava
Larva 0 0 0
subtotal 73(2.4%) 16(0.43%) 89(1.3%)
Adult 8(100%) 0 8(100%)
. . Nymph 0 0 0
[ nippoensis
Larva 0 0 0
subtotal 8(0.3%) 0 8(0.1%)
Total 3,081 3,696 6,777
CRp e ﬂ%m% A7) 4] A0 miel]  H A7) 369601 Feld AEE 2171 0.6%),
F97% o132 =& 94 S HERfo] sfellA 2 179w (4.8%), 5~ 3,4967 ] (94. 6%)7}
71 ol *1*‘6}~ SHFAE FAF 5 . A=Ak 521 (5D ol AT A =7 o
BRI AR, AAAE AR a0k 7R2EOD AR AT TR £
Table 3%} Zt}, AF ¥ 6,777712] 5 HH(GY) Aol whet A7 ARE A g ZFol 7} ASITH.
ofl&= 3,0817k, 7HH (99 olli= 3,696t U FR 7] 9] QA AT e e

4G AFd i‘ﬁEﬂ 3,08171e] Folr do

82uk] (2.7%), 9¥-2 2,9797+2] (96.7%) , 5
20vH] (0.6%) 7F QA= A3, 7FA (99) ol A

oFF, EE 52

[e)
=A%,

,_1_7 OO Ozo]_?_i

ARE = Row deiA gomOl ® dAeln

1:]:]]

S8 A2 FAsgn,
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Table 4. Results of tick—borne pathogen PCR for tick species and stages of development collect in Gyeongbuk

No. of infected pools

Site Species Stage ti?{.s pligl.s Rickettsia Borrelia Anaplasma Ehriichia
Spp. Spp. Spp. Spp.

I Adult 5 2 0 0 0 0

S Nymph 451 16 2 0 0 0

fongicornis " 514 11 1 0 0 0

Adult 6 2 0 0 0 0

Yeong H flava Nymph 1 1 1 0 0 0

cheon Larva 0 0 0 0 0 0

Adult 6 2 0 0 0 0

I nippoensis Nymph 0 0 0 0 0 0

Larva 0 0 0 0 0 0

subtotal 983 34 4 0 0 0

Adult 44 10 0 0 0 0

on ggms Nymph 2,031 68 33 0 0 0

Larva 1,182 25 4 3 0 0

Adult 1 1 0 0 0 0

Chung H flava Nymph 53 3 6 0 0 0

do Larva 0 0 0 0 0 0

Adult 0 0 0 0 0 0

[ nippoensis Nymph 0 0 0 0 0 0

Larva 0 0 0 0 0 0

subtotal 3,311 107 43 3 0 0

I Adult 10 2 1 0 0 0

S Nymph 313 12 2 0 0 0

fongicornis " e 1320 27 16 0 0 0

Adult 0 0 0 0 0 0

H flava Nymph 7 1 0 0 0 0

Andong Larva 0 0 0 0 0 0

Adult 2 1 0 0 0 0

I nippoensis Nymph 0 0 0 0 0 0

Larva 0 0 0 0 0 0

subtotal 1,652 43 19 0 0 0

Adult 29 6 2 0 0 0

/mgg) . Nymph 281 11 1 0 0 0

Larva 500 10 3 0 0 0

Adult 0 0 0 0 0 0

Gumi H flava Nymph 21 1 1 0 0 0

Larva 0 0 0 0 0 0

Adult 0 0 0 0 0 0

[ nippoensis Nymph 0 0 0 0 0 0

Larva 0 0 0 0 0 0

subtotal 831 28 7 0 0 0

Total 6,777 212 73 3 0 0

MIR* 1.1% 0.04%

MIR*, Minimum infection rate per 100 ticks (number of positive pools/total number of tick X 100)
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3.2. HHEH HE

A3 A =7] % 6, 7770l 21272 pooling

3lo] A= w7l B A

2k

= A= A= Table 42}

Rickettsia spp.= 212 pools -4 73 pools”}

AEE 1.1%9] H4 A9 E

(MIR) = WFERA AT,

AdHzE= 8- (5¢9) 41 pools, 7F&H (9€)
32 poolsellX AZEEH A (Fig. 3). A gHE 2= G

A9 4 pools % 243 Z7 T 7] o204 2 pools,

F%ollA 1 pool, 71937 =7] eF5ellA] 1 pool®]
AEF AT HEX9LS 43 pools F Fr2- 4wzt
=7 eFZef|A] 33 pools, 52141 4 pools, 711 ¥]

M 1 2 3 456 7 8 9101112 1314M 1516171819 202122 23242526 27286M 29303132 333435363738394041 N

(A) The spring (5 month)

M1 2 34 5 6 7 8 91011 12M 13 14 15 16 1718 19 20 21 22 23 24 M 25 26 27 28 293031 32 N

(B) The fall (9 month)

Fig. 3. Electrophoresis analysis results of Rickettsia spp..
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HA=7] o)A 6 pools7F @%5] At okEA

19 pools & 224022 =7] AZoA 1 pool,
eFzollA 2 pools, -glA 16 pools”t AZ= Stk

eksA1 2 B9 AN e 5] WA Wk,
T10) W A HE g o] | 2o 7 gzber
THA 7 pools T A4 FolA]
2 pools, ¢Fzll4 1 pool, 24 3 pools, 717
L] oFFolA 1 poolo] HEH AT

735 47§ A|9 T A=A A4 43 pools®E 7MY
Wol AEH 3, o= Aol w44k 55
S0 53 Aol w3 =79 iAl E

'l__
g wFo] 2w, AR Aol

FR=7] A=

>gh|CPOZ2049. 1]
Length=1283254
Score = 857 bits (454), Expect = 0.0
|dentities = 457/463 (99%), Gaps =
Strand=Plus/Minus

Query 4

1/468 (O%)

oA A o= AR E
- 3 poolsellA AZE] ] 0.04%2)
4 95 (MIR) & YR SLaL, A eA1S 7He4

) ol AF & A2 I =] felArt HE
H3AHFig. 4). =rfielA #Hed WAl 1993+
A7) W oAl F2HE A #elEglom 2012
ZFAEoA R =Tl =1 W SRl AKX 5
SN, @shs wket g A ek ZAL
Az} epoin o Ag by By wp Qo gt
71351 o) Atel] ofaha AL X Aol AF] ) Y
HRA=71X Borreliaspp.2] A& H.a3k3ith

Borrelia spp.<

Rickettsia japonica strain L44/2015 chromosome, conplete genome

TAGTTAARAGGTATGATGTTTGATAGAGGT TATCTATCACCGTATTTTGTAACGAATICC 63

FECLE TR EE R T R Ry

Sbict 525281

Query B4 GAGAALATGGTTGCT GAGCTTGAAAATCCT TTCATCT TACTATT TGAGAAALAATT ATCA

TAGTT-AMAGGTATGATGTTTGATAGAGET TATCTATCACCGTATTTTGTAACGAATICC 925223

23

PECCUECECRE TR DERE T R e e e ey
Sbjct 925222 GAGAAAATGGTTGCTGAGCTTGAAAATCCTTTCATCTTACTATTTGAGAAAAAATTATCA 925163

Query 124

AATTTACAACCGATGT TACCTATACTTGAGGLT GTAGTACAATCACAACGCCCGLTATTA 183

FELCEELREEEE LR EEEE R R e e e ey
Sbict S25162 AATTTACAACCGATGTTACCTATACTTGAGGCTGTAGTACAATCACAACGICCGLTATTA 925103

(A) Rickettsia spp.

>gb |AYER0064. 1| Borrelia lonestari isolate MO2O0Z-Y2 flagellin (fla) gene, complete

cds
Length=937

Score = 856 bits (463), Expect = 0.0
|dent ities = 522/551 (95%),
Strand=Plus/Minus

Query 9

Gaps = 2/551 (O%)

CTC-TTGAT-AGTTACCATTCTAATAGCATCTTCAATCTTTGTAAGGGATGTATTAGCAT BB

FIETRERE PEERRERE e e e e e e e e e e e e e ieee eeee el
Shict T3 CTCTTTGATCAGTTACCATTCTAATAGCATCTTCAATCTTTGTAAGCGATGCATTAGCAT 710

Query 67

CAATAGCAGTTGT AACAT TAATTGGAGAAT TAACTCCACCT TGAGCTGRAGCTGET TGAA 126
FIRERETLETEETEERELE REerrd

FEPELEIEETELEERETEIET bt

Sbict M09 CAATAGCAGTTGTAACAT TAATTGGAGAGCTAATCCCACCTTGAGCTEGAGCTGGTTGAA 650

Query 127 CTCCTTCTTGTTGTGCACCCTCTTGAACTGGAGCAGCT TGCGCACCTTCCOCACCAAR AR 185

FICCEEE TEELELEEREPELEETTE PHE e e

FLLETE TTEELETT

Sbict ©49 CTCCTTCCTGTTGTGCACCCTCTTGAGCTGGAGCCGCT TGAACACCTTCTCCACCAARAA 550

(B) Borrelia spp.
Fig. 5. BLAST alignments for the detected DNAs.

SXe - £83 - MYS - 8- 0128 - £8F-0/3=2



b 1 el 223 =T 1o RE Borrelia
spp.©] AEE0] 7] 'V o] Autel ol 7} YgIeh
o= 2 Borreliaspp.= W7l skc}ar 8% A
FA=719) A AAF7E A2 =719
NATFET A o x A o2 BZHT
- ATrolA ] AR AL AT =] oA 9]
WA B A= uellA ] 2kl 73 3y
7hs/d ol tinlate] F4S e o] F Aol o gt
AL AT & Aoz BzErn

o]t &A-rollA] Anaplasma spp. 2 Ehrlichia spp.<
AZEE A A, R E7] A2 e f2fgt 37
Oz o] Wglz sl A=A K =7] w7l A2
o] dojd = glom el A pejrtd

F 707 ok

ek

3.3. ¥7IMg 2N

PCR 7 A A3 9k o 7 S Rickettsia spp.
73 pools®ol gt A7\ d & A3} Rickettsia
Japonica strain LA4/2015 chromosome} 7}
FAH99%) 8 A 0 7 Rt} Rickettsia japonica
HEL FelA ARE ez e e WeE
UERTh= Lee 57 9] A7 Au}o} HA181IT

Borrelia spp. 3 pools< Borrelia lonestari
16S rRNASF 7Fg #-4H95%) & 2 02 Lyttt
(Fig. 5). SIS vlsts BdA= dA oF
21529 tpekst F=ol slom, tisE4l 3709 &
© B+ Borrelia burgdoferi, Borrelia garinii,
Borrelia afzeliie. %214 3111, o] 2ol vhekst
FTEo] Al A 4R 7Hed o ® HE o

QU 23] aelA] AT AT B

| 18 zZys=sznszaza

burgdoferi, B, atzeli7} 32 QT2 A& vk
A QLo M Aol = 19k thE E91 B
lonestari©] 7ZE= 0] tha Zo|7} QI of= ¥
Arellx AR A=) AWAF F B burgdoferis:
F ) siha g2 QR =79 Ak
FR =719 AATTE AAY A=A okobA] Lt
AR AR Eh

4. ZE

2018\ 583 9ol A5 470 Aol 4] 3]
A= F6,777vRIE, HHGY) 3,0817H,
7H2A(99) 3,6967H o, HHd= okl
7heAolle f5o] Wol AFEE AFE Brh
Az 93 983vk, 53,3117k, 9k
1,652nte], v 831wkl E A a3ict.

FAE7] T4 B Ay A2a9mT)
6,68071 (98.6%), H¥3=1=7] 89v] (1.3%),
YRR E717F 89k (0.1%) Row, A z=
9 9707k, & 3,25701=], oHE 1,64371,
7] 810wk R, vl A]¢f RiFeA A24v33
A=VAVA R SR SRR S o

WA A% Ay Rickettsia spp.2 73 pools7}
HEH 1.1%9 HA2AAEMIR)E, Borrelia
spp.<= 3 pools7} AZEE ] 0.04%2] HADAE
(MIR) & yepsllth. = o A HE 23 94
A& Rickettsiaspp. 4 pools, BER S Rickettsia
spp. 43 pools, Borrelia spp. 3 pools, ¢FEA] -2

Rickettsia spp. 19 pools, 71X 92 Rickettsia
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spp. 7 pools7} A&FH Atk

371 B4 A3R= Rickettsiaspp. 73 pools<
Rickettsia japonica strain LA4/2015 chromosome 2}
7H f-AH99%) & A 0 = eV, Borrelia spp.
3 pools+= Borrelia lonestari 16S rRNAS} 717
FAH95%) & 21 & ekt
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