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Abstract : As a part of epidemiologic investigation of tsutsugamushi disease, the wild rodents which were
captured in Gyeongnam area were diagnosed with indirect immunofluorescent antibody assay (IFA) and
Polymerase Chain Reaction (PCR) to find if they have an antibody against Orientia tsutsugamushi. The
conclusion was drawn as followings. (1) The captured 58 wild rodents showed that the subspecies distribution
of Apodemus agrarius was 86.2%, Microtus fortis was 8.6% and Crocidura lasiura was 5.2%. (2) The
antibody positive rate of O. tsutsugamushi Gilliam, Karp, Karto and Boryong by IFA method was 32.0%
in Apodemus agrarius among 50 wild rodents and 40.0% in Microtus fortis among 5 wild rodents,
respectively. It was negative in the case of all the 3 Crocidura lasiura. (3) The antibody titers on Apodemus
agrarius, Microtus fortis and Crocidura lasiura against Gilliam, Karp, Karto and Boryong were measured
between 1:20 and 1:640. The antibody titer against each antigen was in the order Boryong>Gilliam>Karp.
(4) O. tsutsugamushi was detected from the blood, spleen and kidney from the artificially infected mice
by IFA and PCR. IFA showed the positive response between 3 and 18 days after inoculation. On the other
hand, positive response was found from all the samples by PCR. (5) From PCR of the genomic DNA
extracted from the blood, spleen and kidney samples of the captured wild rodents, Boryong-specific
amplification product with size of 210 bp, which is particular in Boryong, was detected from spleen and
kidney samples, but not detected in the blood. (6) Boryong-specific amplification product was detected from
spleen and kidney samples which were obtained at 3, 6, 12, 18 and 24 days after the infection with Boryong.
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But, it wasn’t detected from the uninfected samples. (7) From PCR of spleen and kidney samples of the
captured wild rodents, it was found that positive rate of O. tsutsugamushi in Apodemus agrarius and Microtus
fortis were 25.0% (4/16) and 20.0% (1/5), respectively. From the above results, it can be concluded that
Apodemus agrarius resided in Gyeongnam area carried O. tsutsugamushi and PCR method might be a
simple, precise, rapid and useful diagnostic tool than IFA for the diagnosis of O. tsutsugamushi.

Key words : Orientia, thutsugamushi, PCR, Gilliam, Boryong

B �

«¾ Rickettsia tsutsugamushi� ®Jr~ Orientia

tsutsugamushi (O. tsutsugamushi)º 0.3Ü1.2µm ;ê~

ÞW ^� V�W *�b�B ^ ê�V~ FÏ� Ò²

~ �ç�j �«� r 6">�, ²�, vÛ �~ *�

Ãç ê "GÛ, â*.«c, b¦Bê �j ¢bÎ
.

Rickettsia ³ �f ?" ÿbö î÷j ¢bÊº ·ç,

�Ò� �j *2~º 
BÏ~ «~ 5 �b�' Wç

ö V¢ typhus�, spotted fever�, scrub typhus�b� ª

~B
 [7, 31].

Scrub typhus�öº �¢ «� O. tsutsugamushi& ³

� ®b�, .Ó; ß� �ö� B� 
� Gilliam, Kato

5 Karp~ ^&æ ö; �"� ª~>� [29], *Ò �


 3ö; �"º ê��ö B·" ��ö �& �"�

ÒÏ>� ®
 [13, 15]. � 3 .Ó; ��ö j�j æ

�öBº Karp .Ó;" WÏ� jÝ� RA686, RA716,

RA763, TH1817 5 TA678~ 5&æ .Ó;� ®º ©b

� rJ^ ®
 [25]. �" ¢�öBê ^ &æ ö;

�" .Ó�' >w·ç� 
� î�Ú .Ó;b�

Kawasaki, Kuroki 5 Shimokoshi �� ��>î
 [28].

�ÚöBº Gilliam" Karp .Ó; �ö V�ö rJê

ö; �"fº .Ó�' >w·ç� 
� Boryong "&

ªÒ>� ®
 [14].

úú&Z�÷~ ê�öº ~¶~ .�b�¦V O.

tsutsugamushi¢ ªÒ~º O» [8]" ~¶~ .Ó Úö

B �Ú¢ Ã«~º O» [9-11] 5 7� Î²�ê>w

(polymerase chain reaction, PCR)j �Ï~� ~¶~ .

� ÚöB DNA¢ ¦Ò~º O» �� ®
 [16, 20, 21,

24]. � 7 �Ú¢ V·~� î÷j ê�~º O»f �

V· �*� 4" �ç º�>æ� 
B ~¶~ �Vê

� Ï'b�º ¦'�~�, .Ó�' ê�»f ¦ÒO

»ö V¢ VF'� r
�æ, *rW (pseudo negative),

*·W (pseudo positive), Ò*W 5 ß>� Ë~~ jº

W �~ ^B6� ®
. 7�Î²�ê>wf Ò9~j

.Ãj ���B �Ú& ;W>æ pº 6".Vöê

~¶~ .�Úö ²ï~ �Úò ®Úê �~ �Ò¢ ;

{® ê�� > ®º Ë6� ®
 [20].

O. tsutsugamushiöº æ�Ú¾ 
�Ú& ìbæ� &

¦ª~ �ö Wªf �Wî� ©b� C&^ ®
 [5,

12, 18, 23]. .Ó;~ 
·Wj Ö;ùº O. tsutsugamushi

~ ^�ï �W�ööº « ß��ö" .Ó; ß�

�ö �� ®b�, O. tsutsugamushi¢ ;B� �öj

polyacrylamideJ *V'ÿ" immunoblottingb� ªC

~� 110-120, 58-60, 54-56, 46-47, 20-22 kDa �Wî~

"º �ö� �Ò�
. � 7 22 kDa, 46-47 kDa, 54-56

kDa, 120 kDa~ �Wî� �öWj &æ� ®b�, 54-

56 kDa �Wîf .Ó; ß��öb� rJ^ ®
 [17,

27]. �Þ O. tsutsugamushi �Ú¢ trypsinb� ¾Ò~�

lymphocyteö �R~º ËK� ²
B
º Ò
öB ^

� ���ö" O. tsutsugamushi~ ÷öW Ò�öº

&7� &ê& ®º ©b� rJ^ ®b�, O.

tsutsugamushiö &� OÚ��� .Ó;ö ß�� 6b

� �j 57-56 kDa �Wîf OÚ��~ FBöê 7º

� ��j ~º ©b� º;~� ®
 [30].

ÖÒ¾¢öB úú&Z�÷f ³2j 7�b� ôf

~¶& B�~� �ÃêÂ.�, ?ÆÊb¢Ã, Bê�"

�þ &jö F¯~º &�'� /WB�Wî~~ ~¾

� "Ïj r� ®º î÷�
. Ë" ; [8], Ë � [9-

11]f ~¶~ .ÓöB úú&Z��~ ªÒ 5 .Ó�

� �Ò¢ ~&�, � � [5], � � [2], V � [1], �

[6], ; � [3]f ³2æ�öB ê.ê æÒ' 
B ê�

V~ ª�¢ �Ò�� ~&b�, W � [4]f ãVêf

;öêöB ¢�
v~ Ò9~j 6" 
�¢ �Ò�

: ®b¾ �
~ �Òº "� 7 .§¦ æOöB ��

Úr�, ãÎ¢&ö &� ��º �~ ìº 
;�
. �

��öBº úú&Z�÷ö &� ��' ßWj ��

� Ï'b� ãçÎê ¢&öB �³� 
v~ O.

tsutsugamushiö &� �Ú�F ç�j �Ò~�, .Ó

" ËVöB Indirect immunofluorescent antibody assay

(IFA)»" PCR»b� jv ¦Ò~&
.

Òò 5 O»

úú&Z�÷ 
B ¢�
v~ ª� �Ò

¢�
vº 2001j" 2002j 10ú¦V 12úræ 2²

ö �ö ãÎæO~ úú&Z�÷ 
Bæ�j 7�b�

Chemal� Wooden trap (20 cmÜ8 cmÜ7 cm)j [30] æ
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;~� B·� Êv.Ê trapj ÒÏ~� Új ®º ç

�� �³~&
. � v�f v& 
Ú&B _�¢ ��

Òº B* «� ^� öê>�B v& -®ê� �nB

trapb� �& æV* ¢Ö, 
, ¦X � ¢� 
v& B

�� ò� Ë²ö J~~&b�, �³B 
vº 
rÆ

j�ö Új ®º ç�� 
þ
� Tâ
.

¢�
v~ *'"»ö ~� 0� UTVUTVHBNVTIJö &

� �Ú �Ò

�Ú �Òº *7��;7�Ú»ö V¢ 
�~&


[1]. O. tsutsugamushi Karp, Kato, Gilliam 5 Boryong"

¢ �öb� ÒÏ~� �öÒ¢��¢ acetonb� �;

~� �V 7öB ��� ê U-bottom 96 well microtitier

platerö PBS� 1:10V �C� .Ó 25 µl¢ &~� 37oC

öB 30ª* >w�Î 
r PBS, Ã~> Bb� �

�Ê#² ^¿ ~&
. �� ê 1:32� �C� FITC-

conjugated goat anti-mouse IgG (ICN Co., USA)¢ ' well

ö 25 µlO &~� ÿ¢� O»b� 2N >w�Ê� �

~ O»" ?� ^¿, ��~� mounting media (Sigma,

USA)� mounting~� ;7*�ãb� &V~&
. �Ú

·W 6;f Gilliam, Karp, Karto, Boryong 7öB 1"

�ç� ·Wj ��º ©b� ~&�, >w� ª«~²

&V>º �& .Ó�C V>~ �>¢ �Ú&� ;~

&�, 1:10 �ç~ �&¢ ��º ©j ·Wb� 6;~

&
.

0� UTVUTVHBNVTIJ~ ��6" �þ

�ã��ööB ª· Af úú&Z�~ Boryong"

¢ ãç&�vöB �Ö~º 4"_ �ç ICR mouse¢

z> �ªì� ª·Aj Ú7ö V� j~Òï(Sublethal

dose, 5Ü104 infected cell units [ICU])j êÖ~� �;

Ú� 7«~&�, Òòf bf ¶F�² _ê� ~&


. 7« ê .�, jË, �Ëj 3, 6, 12, 18 5 24¢ö

j�~&b�, 1�� 3îÒ¢ �Ï~&
. &��b�

�Ò�">¢ �;Ú R�� ©j ÒÏ~&
.

ËV'Â 5 .ÓªÒ


þ
� TÎê ¢�
vf �� 6"�Î ICR

mouse¢ ether� î�~� �Ë j.� 
r �Ë" j

Ëj Z�'b� 'Â~&
. .�f DNA ¦ÂÏ" .

ÓªÒÏb� ¾*î�, �Ë" jËf PBS(0.1 M; pH

7.2)� �}� ^¿~� -70oCö �&~&
. 

¢�
v 5 ��6" NPVTF ËV�¦V %/"

ºÂ

¢�
v 5 ��6" mouseö &� O. tsutsugamushi

DNA~ ¦ïf V � [1]~ PCR» [1, 2, 4, 6, 19, 26]

" Furuya � [16]� BB� PCR»j æ;~� ÒÏ~

&
. 58îÒ~ ¢�
v�¦V .�, jË 5 �Ëj

j�~� DNA¢ ºÂ~&b�, �r &¦b*~ vN

J"j Oæ~V *~� Î� �£ 5 V�º 1²Ï"

�� ¾ÒB ©j ÒÏ~&
. DNA ºÂf spin column

method (QIAamp Tissue kit, Blood Mini kit, QIAGen Inc.

Germany)¢ ÒÏ~� -70oCö �&B �çj 25 mg ;

ê~ ·f �'b� ¾¢B microcentrifuge tubeö I�

Buffer ATL 180 µlf Proteinase K¢ 20 µl Î&� ê,

vortexing~� �ç� j*® [�F rræ 55oC shaking

water bathö ;~~&
. [�& �Â Ï�j 15.*

vortexing ~� Buffer AL 200 µl Î&~� 
� vortexing

� ê 70oC shaking water bathöB 10ª* ;~~&�,

ethanol 200 µl¢ Î&~� vortexing ~&
. DNeasy spin

columnj 2 ml collection tubeö ¹� *~ b�Ï�j

&~� 8,000 rpmöB 1ª* ö�ªÒ~� columnj Û

"� Ï�" collection tube¢ ªÒ� DNA& �³B

DNeasy spin columnj î�Ú 2 ml collection tubeö �

� 
r Buffer AW1 500 µlj Î&� ê 1ª* ö�ª

Ò~� columnj Û"� Ï�" collection tube¢ ª^


. DNeasy spin columnj î�Ú 2 ml collection tube

ö �~� Buffer AW2 500 µl¢ Î&� ê 3ª* ö�

ªÒ~� DNeasy membranej ���V
. 
r DNeasy

spin columnj 1.5 ml microcentrifuge tubeö TV�

Buffer AE 200 µl¢ DNeasy membraneö I� çNö

B 1ª* ;~� ê 1ª* ö�ªÒ~� ºÂ� DNA

¢ template DNA� ÒÏ~&
.

1$3 ªC

PCR oligonucleotide primerº Furuya � [16]ö ~�

�nB nested PCR O»j £* æ;~� ÒÏ~&


(Table 1). ¢N PCR ªCf 10ÜPCR buffer 5 µl [100

mM Tris-HCl(pH 9.0), 400 mM KCl, 15 mM MgCl2], 1

ng~ template DNA, 200 µM dNTPs, ' .Ó; �Û'

Table 1. Primer sequences used for nested PCR

First PCR
forward (R56f) : 5'-ATT-GCT-AGT-GCA-ATG-TCT-GC-3'
reverse (R56r) : 5'-CTT-CTT-GCG-CTG-TAG-CTT-GA-3'

Second PCR
forward (R56c) : 5'-CAG-CCT-ACT-ATG-AGT-CCT-AT-3'
reverse :

B/K(Boryong) : 5'-CAC-CGG-ATT-TAC-CAT-CAT-AT-3'
KP(Karp) : 5'-ACA-ATA-TCG-GAT-TTA-TAA-CC-3'
KT(Karto) : 5'-GGA-ATA-TTT-AAT-AGC-ACT-GG-3'
GM(Gilliam): 5'-CTT-TAT-ATC-ACT-ATA-TAT-CTT-3'
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� 3' (R56r) 5 5' ö� primer (R56f)¢ 'V 10 pmol

O &~�, Taq DNA polymerase (Bioneer Co., Korea)¢

2 unit I� �« >w¦b¢ 50 µl� ~� thermal cycler

(Perkin-Elmer, GeneAmp PCR System 2400, USA)� �

ò DNA¢ Ã�~&
. � r Ã�Å>º C 30 cycle�

~&b�, 95oCöB 5ª* æW�Î ê 94oCöB 1ª*

denaturation, 55oCöB 1ª 30.* annealing, 72oCöB

2ª 30.* extentionBb� >w�Vb�, �ê >w ê

72oCöB 7ª* >w�B �« PCRÖb~ �Ëj Fê

~&
. �N PCRf template DNA� ¢N PCRöB á

f Öbj 3 µl, 10ÜPCR buffer 5 µl, 200 µM dNTPs,

' .Ó;ö �Û'� 5'ö� primer (R56c)f 3'ö�

primerº ' .Ó;ö ß�� primer
j 'V 20 pmol

O, Taqº 2 unit I� �« >w¦b¢ 50 µl� ~�

PCRj 
�~&
. 95oCöB 5ª* æW�Î ê 94oC

öB 1ª, 60oCöB 2ª 30., 72oCöB 3ª 30.� 25

cycle >w�Ê�, �ê >w ê 72oCöB 7ª* >w�

V
. ' >w �î
 rW &��b� template DNA

&� Ã~>¢ ÒÏ~&b�, vN J"j .O~V *

� aerosol resistant micropipet tipj ÒÏ~&
.

*V'ÿ

Ã�B DNA 5 µlö 6V ³ê~ loading bufffer (0.03%

bromophenol blue, 30% glycerol, 30 mM EDTA, 0.03%

xylene cyanol) 1 µlj b�� Ê 0.002% ethidium bromide

¢ Î&~� B·� 1% horizontal agarose minigel� *

V'ÿ ~&
. standard molecular weight marker (Takara

Co., Japan) 100 bp, 200 bp 5 20 bp DNA Ladderf �

þ Ã�B DNA .Þj {�~&
.

Ö "

¢�
v~ «ê ª�

2001j" 2002j 10ú¦V 12úræ v®ö �ö ã

ÎæOöB �³� ¢�
v~ «ê ª�º Table 2f

?� C 58îÒ 7 �*v(Apodemus agrarius)& 50î

Ò(86.5%)� &Ë ô~�, iv(Crocidura lasiura)& 3î

Ò(5.2%), .Sv(Microtus fortis)& 5îÒ(8.6)�î
.

ãÎæO ¢�
v~ 0� UTVUTVHBNVTIJö &� �

Ú ·WN

O. tsutsugamushi Gilliam, Karp, Karto, Boryong"ö &

� IFA»ö ~� �Ú ·WNf Table 3" ?� �*v

öBº 50îÒ 7 16.öB �Ú& ¦Â>Ú 32.0%~

·WNj ¾æÚî�, æ�ê� �� &·�öB 46.2%,

~_� 40.0%, c{� 41.7%, �·� 50.0%�î
. .

SvöBº &·�f c{�öB 5îÒ 7 2îÒ

(40.0%)öB ·Wj �&�, ivöBº 3îÒ Îv r

W >wj ¾æÚî
.

¢�
v~ 0� UTVUTVHBNVTIJö &� �Ú&

�*v, iv, .Sv~ Gilliam, Karp, Karto, Boryong

"ö &� immunofluorescent antibody assay(IFA)»ö ~

� �Ú&º Table 4f ?� 1:20öB¦V 1:640ræ 


·~² ¾æÒb�, �Ú&º Boryong "öB &Ú� ¸

² ¾æ¾º >�, Gilliam"öBº 7* ;ê�, �Ò�

Karp"º Ô² ¾æÒ
.

��6" îÖÊöB 0� UTVUTVHBNVTIJ ¦ÂNö

&� *'"»" 1$3~ jv

O. tsutsugamushi¢ ¦Â~V *~� Boryong"¢ î

ÖÊ~ �;Ú� R�� ê .� 5 ËV Òò�¦V

IFA O»" PCR »b� O. tsutsugamushi¢ ¦Â� Ö

" IFA»f � 7« ê 3¢ö 3îÒ 7 2îÒöB ¦Â

>V �·~� 6, 12¢öº '' 3îÒ ÎvöB ¦Â

Table 2. Species of wild rodents trapped in Gyeongnam
area from 2001 to 2002

Locality
No. of
tested

rodents

No. of rodents trapped (%)

Apodemus
agrarius

Crocidura
lasiura

Microtus
fortis

Miryang
Uiryeong
Changnyeong
Goseong
Hamyang
Hapcheon

15
6

15
8
7
7

13(86.7)
5(83.3)

12(80.0)
8(100)
6(85.7)
6(85.7)

1(6.7)
0
1(6.7)
0
0
1(14.3)

1(6.7)
1(16.7)
2(13.3)
0
1(14.3)
0

Total 58 50(86.2) 3(5.2) 5(8.6)

Table 3. Detection rates of antibody positive on O.
tsutsugamushi Gilliam, Karp, Kato, Boryong by
IFA

Miryang
Apodemus
agrarius

Crocidura
lasiura

Microtus
fortis

Miryang
Uiryeong
Changnyeong
Goseong
Hamyang
Hapcheon

6/13(46.2)a

2/5(40.0)
5/12(41.7)
0/8
3/6(50.0)
0/6

 0/1
 0/0
 0/1
 0/0
 0/0
 0/1

 1/1
 0/1
 1/2
 0/0
 0/1
 0/0

Total 16/50(32.0)  0/3  2/5(40.0%)

a. No. of positive rodents / No. of tested rodents(%)
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>îb¾ 18¢¦V 6²~V �·~� 24¢öº ¦Â>

æ p~
. �ö >~� PCR»f � 7« ê 3¢¦V

24¢ræ * BÚ~ Î� �òöB ¦Â>î
(Table 5).

.� 5 ËV Òò�¦V 1$3 Ã�Öb~ {�

¢�
v 58îÒöB j�� .�, jË 5 �Ëb�

¦V ºÂ� ' genomic DNA¢ PCR� Ã��Î 
r

1% agarose gelöB *V'ÿ� Ö"º Fig. 1" ?
.

jË Òò 4� 5 �Ë 1�öB 210 bp �V~ Boryong

" ß�~ Ã�Öbj ¾æÚîb¾, ��� .� 5�

öBº ?f �V~ Ã�Öb� ¾æ¾æ p~
. �Þ

Boryong"¢ �� 6"�Î ê 3, 6, 12, 18 5 24¢ö

j�� jË" �Ë Òò¢ PCR� Ö" Boryong" ß

�~ DNA Ã�Öb� &V>îb¾, 6"�Êæ pf

&��~ ËV ÒòöBº ÚÆ� Ã�Öbê ¾æ¾æ

p~
(Fig. 2).

PCRö ~� O. tsutsugamushi~ ¦ÂNj ¦Æ~V *

Table 4. Antibody titer of serum by against O. tsutsugamushi of wild rodents captured in Gongnam area

Rodents No. Collection area
IFA antibody titer

Gilliam Karp Karto Boryong

M-A. agrarius-2
M-A. agrarius-4
M-A. agrarius-7
M-A. agrarius-12
M-A. agrarius-13
M-A. agrarius-15
U-A. agrarius-1
U-A. agrarius-3
C-A. agrarius-3
C-A. agrarius-5
C-A. agrarius-8
C-A. agrarius-10
C-A. agrarius-12
HM-A. agrarius-1
HM-A. agrarius-3
HM-A. agrarius-6
M-M. fortis-14
C-M. fortis-15

Miryang
Miryang
Miryang
Miryang*
Miryang
Miryang
Uiryeong
Uiryeong*
Changnyeong
Changnyeong
Changnyeong
Changnyeong*
Changnyeong
Hamyang*
Hamyang
Hamyang
Miryang*
Changnyeong

20
0

40
80
0
0
0

80
20
0

40
160

0
80
40
40
80
0

0
0

20
0

20
0
0
0

20
0
0
0

40
0
0
0
0

20

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
20
0

640
0

40
80

160
0

20
0

640
0

320
0
0

320
40

*Antibody positive

Table 5. Comparison of detection rates of IFA and PCR
for detecting O. tsutsugamushi in artificial
infected mouse

Detection method Organ
Days after inoculation

3 6 12 18 24

Clinical manifestationb

IFAc

PCR
PCR
PCR

−
Serum
Blood
Spleen
kidney

0/3
2/3a

3/3
3/3
3/3

3/3
3/3
3/3
3/3
3/3

3/3
3/3
3/3
3/3
3/3

2/3
2/3
3/3
3/3
3/3

1/3
0/3
3/3
3/3
3/3

a : No. of positive samples / No. of tested samples.
b : Clinical manifestation actually developed from 5 days
after inoculation.
c : Indirect immunofluorescent antibody assay.

Fig. 1. Agarose gel electrophoresis of rickettsial DNAs
amplified by polymerase chain reaction for the various
specimen of wild rodents. [Lane 1, 2, 3: 100, 200, 20 bp
DNA ladder, Lane 4: negative control, Lane 5: M-A 12, Lane
6: U-A 3, Lane 7: C-A-10, Lane 8: HM-A 1, Lane 9: M-M
14 PCR products from the spleen, and kidney specimen of
wild rodents, Lane 10, 11: non-infected ICR mouse control
spleen, kidney, Lane 12, 13: Gilliam, and Boryong strain].
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~� &·, ~_, c{" �· J æ�öB �³B 
v

~ jË" �ËöB PCR»b� rickettsial DNAs¢ ¦Â

� Ö" �*vöBº 16îÒ 7 4îÒ(25.0%)öB

Boryong" ß�~ Ã�Öb� ¦Â>î�, .Svº 5

îÒ 7 1îÒ(20.0%)öB ¦Â>î
(Table 6).

� V

úú&Z�÷f ��j j�� ¢�, 7� 5 ÿÎj

�jö ª�~º "º �W î~b�B ��, vÛ, B

êj ßûb� ~º ê�V& 
B~º Ò9~jW î

÷�
. ö�Ú� O. tsutsugamushiº ^�Ú V��b

�B ?"^�~ ö;îöB Ã�~�, ^�º 0.3 - 0.5

µm, � 0.2 - 0.4µm ;ê~ �V�B ^�ï~ ßWç

�²rW�b� ª~B
 [7]. O. tsutsugamushiº «¾

�b�' ßWö V¢ Rickettsia ³b� ª~>îb¾

^�ã~ ��& R. prowazekii, R. typhi, R. rickettsiif

º 
�� 
� Ò9~jf �övN>wj ¢bÊæ

p�, F*¶~ çÿW� 'Ú Orientia³b� Òª~>

î
 [11, 24]. úú&Z�÷j 
B~º ^ê�Vº r,

FÏ, ®�V 5 WÏ~ J �ê~ ��Ò¢ �~º�,

®�V� î:î~º FÏ �êöB ÿb~ .�j

�.�
. Ò²f Ö�?"(incidental host)�B O.

tsutsugamushiö 6"B ^ê�V~ FÏ� Ò²~ �ç

�j �«� r �Ú& .� Ú� "«>�B úú&Z

�÷ö 6"B
 [5]. ÖÒ¾¢ö B�~º ^ê�V 7

Leptotrombidium pallidum, Leptotrombidium scutellare,

Leptotrombidium palpale~ 3&æ «� O. tsutsugamushi

¢ 
B~º © [3]b� rJ^ ®
. O. tsutsugamushi

º � B~ «b� ª~>¾ 
·� .Ó;� ®b�,

� 7 Gilliam, Karp, Kato "& �&�"� C&^ ®

b¾ ' ¾¢î
 
� .Ó;� ��>î
 [3, 22]. �

�öB ªÒ>º "º .Ó;f Gilliam, Karp, Boryong

��, � 7 Boryong "& &Ë ô� ªÒB
� ��

>Ú ®
. ãÎæOöB �³� ¢�
v~ «j ª~

� : C 58îÒ 7 �*v& 86.5%� &Ë ¸f ª�

¢ ¾æÚî� � 
rb� .Sv(8.3%) 5 iv(5.2%)

Bb� ¾æÒ
(Table 2). �º ; � [3]" W � [4]�

��� Ö"f FÒ� Ö"¢ ¾æÚî
. �f ?f Ö

"� ��Ú " r ãÎæOö B�~º 
vê ÖÒ¾

¢ 7, Î¦æOö B�~º ¢�
vf ?f �*v&

"«j ��� ®º ©b� r > ®î
.

ãÎ¢&öB �³� �*v, iv, .Sv~ O.

tsutsugamushi Gilliam, Karp, Karto, Boryong"ö &� æ

�ê �Ú �FNj ¦Ò� Ö" 50îÒ~ �*vöB

º ï� 32.0%¢ ¾æÚî
(Table 3). æ�ê� �� &

·�& 46.2%, ~_�f 40.0%, c{�f 41.7%, �·

�� 50.0%~ ·WNj �&�, &·�f c{�~ .

Sv 2îÒöBê ·Wj ¾æÚîº� ��� Ö"º

W � [4]" FÒ� Ö"¢ ¾æÚî
. �f ?� ãÎ

æOöB B�~º ¢�
v 7öB �*v& Ò9~j

÷j 
B~º &Ë FK� ÿb ?"� ©b� ºG�

> ®
.

�Ú&¢ G;� Ö" Boryong "öB &Ú� �Ú&

& ¸² ¾æ¾º >�, Gilliam"öBº 7*;ê~ �

Ú&¢ �&�, Karp"öBº &Ú'b� �Ú&& Ô

² ¾æÒ
. Boryong, Gilliam " 7öBê ¢¦ �Ú

& Ôf ©f �öb� ÒÏ� 4" 7 2" �~öò >

w~º ©ê ®îV r^ö &¦ª Boryong"öB ;~

² ¾æÚî
. ��� Ö"º Ë � [8-11], � � [5],

W � [4]� ��� Ö"f FÒ~² ¾æÎb�B ãÎ

¢&öBê Gilliam"f Boryong"& "� 6">� ®

º ©b� " > ®
.

ICR îÖÊö O. tsutsugamushi¢ �� 6"�Ê�

Fig. 2. Products of rickettsial DNAs amplified by
polymerase chain reaction for mouse specimen infected
with Boryong strain. [Lane 1, 2, 3: 100, 200, 20 bp DNA
ladder, Lane 4: negative control, Lane 5~9: PCR products
from the infected ICR mouse 3, 6, 12, 18, 24 day after
inoculation. Lane 10, 11: non-infected ICR mouse control
spleen, kidney, Lane 12, 13: Gilliam, and Boryong strain].

Table 6. Detection rate of rickettsial DNAs from the
spleen and kidney samples of wild field rodents
by nested polymerase chain reaction

Locality
Detection rate of rickettsial DNA

Apodemus agrarius Microtus fortis

Miryang
Uiryeong
Changnyeong
Hamyang

1/6a

1/2
1/5
1/3

1/1a

0/1
0/2
0/1

Total(%) 4/16(25.0) 1/5(20.0)

a. Total no. of detected samples. / No. of tested samples.
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IFAO»" PCR»j �Ï~� O. tsutsugamushi¢ �Ò

� Ö" IFA»f � 7« ê 6¢" 12¢öº * BÚö

B ¦Â>îb¾ 18¢ �ê¦Vº ¦ÂN� 6²~º

ãËj ��º >�, PCR»f blood, spleen, kidney Î

� �òöB � 7« ê 3¢¦V 24¢ræ ¦Â>î


(Table 5). ��� Ö"º Kee �[20]� ��� Ö"f

FÒ� Ö"¢ �&
. 

58îÒ ¢�
vöB j�� .�, jË, �Ë Òòö

B ºÂ� genomic DNA¢ PCR� Ö" .�öBº Ã

�Öb� ¦Â>æ p~æò, jË 4�" �Ë 1�öB

Boryong" ß�~ Ã�Öbj &V� > ®î�(Table

4, 6), 6� ��6" ê 3, 6, 12, 18 5 24¢~ jË"

�ËöB ÿ¢� Ã�Öbj &V� > ®î
. �f ?

f Ö"º &��b� �Ï� j6" îÖÊ~ jË"

�ËöB Ã�Öb� ¦Â>æ p~�, ��6" ËV

ÒòöB � 7« ê 3¢¦V 24¢ræ DNA ¦Â� &

Ë~&~ 6b� ��Ú " r PCR»~ Ö>�j «Ã

� > ®îb�, PCR ¦Ò Òò�Bº .��
 jË

5 �Ë Òò& FK� ©b� ÒòB
. 

6� ãÎæ�öB �³B 
v~ jË" �ËöB

PCR »b� rickettsial DNAs¢ ¦Â� Ö"öBê 4B

æ� 5B ¦Ú~ jË" �ËöB Ã�Öbj &V�

> ®î
. ��� Ö"º IFA»ö ~� �Ú ·WN ¦

ÒöB �Ú&& ¸j ãÖf 2« �ç �Ú&& ·W

j ��º � 
·� �Ú&¢ ¾æÞ ©" &�'b�

PCR»~ ;{Wj 
�. «Ã~º ©�
. Kee � [20]

ö ~~� �b�'� �ò~ ¦Â�ê& .� 1 ml Ú

ö Ò9~j >& 10B �ç 
Ú ®Ú¢ �
º 6b

� ��Ú " r �º �Ú ·W¢æ¢ê .� þ2ö

B ¦Â>æ pf ©f �Ú& ¦ÂF �6öº .�ö

÷öÚ& ²
>�, .�Ú BÚ>& �~ ì�¾ 6º

J¾ *ö �Ú& ²
B ©b� " > ®
. Kee �

[20]f jËf .��
 Ò9~j DNA¢ ¦ï~º� ®

ÚB ÎNW� ÎÚæ� jËöB ß� DNA band& &

VB ©f jËÚö &ï~ ^�& �Ò~V r^�¢

� ~&
. � 
þöBº �f ?f *ç� ¾æ¾æ

p~� .��
º jËöB DNA ¦ïN� ¸² ¾æ

Â ©b� ��Ú " r PCR»f Ò9~jW î÷~ ê

�ö FÏ� ê�»� F ©b� ÒòB
.

Ö �

úú&Z�÷ö &� ��' ��~ ¢~b� ãÎæ

OöB B�~� ®º ¢�
v¢ �³~� Orientia

tsutsugamushiö &� �Ú �F ç�¢ IFA»b� �Ò

~� PCR»b� 6ê ê�� Ö" 
r" ?f Ö�j

áî
.

(1) ãÎæ�öB �³� ¢�
v~ «ê ª�¢ �

Ò� : 58îÒ 7 86.5%(50îÒ)& �*v&�,

.Sv& 8.6%(5îÒ), iv& 5.2%(3îÒ)�&
.

(2) O. tsutsugamushi Gilliam, Karp, Karto 5 Boryong

"ö &� IFA»ö ~� �Ú ·WNf �*vº

50îÒ 7 32.0%(16îÒ)�&�, .Svº 5îÒ

7 40.0%(2îÒ)�&b�, ivº 3îÒ Îv r

W�î
.

(3) �*v, iv 5 .Sv~ Gilliam, Karp, Karto 5

Boryong"ö &� �Ú&º 1:20öB 1:640ræ


·~&�, &Ú'b� Boryong"öB ¸f �

Ú&¢ ¾æÚî�, Gilliam"º 7*;ê~ �Ú

&¢, �Ò� Karp"öBº Ô² ¾æÒ
.

(4) ��6" îÖÊ~ .�, jË 5 �Ë Òò�¦

V IFA»" PCR»b� O. tsutsugamushi¢ ¦Â

� Ö" IFA»f � 7« ê 3¢¦V 18¢ræ ·

Wj ¾æÚîb¾, PCR»f 24¢ ræ * �ò

öB ¦Â>î
.

(5) �³� ¢�
v~ .�, jË 5 �Ë Òò�¦

V ºÂ� genomic DNA¢ PCR� Ö" jË 5

�Ë ÒòöBº 210 bp �V~ Boryong" ß�

~ Ã�Öb� ¦Â>îb¾ .�öBº ¦Â>

æ p~
.

(6) Boryong"¢ ��6"�Î ê 3, 6, 12, 18 5 24

¢ö áf jË 5 �Ë Òò�¦V Boryong" ß

�~ Ã�Öbj &V� > ®îb¾ j6" Ò

òöBº &V>æ p~
.

(7) �³� 
v~ jË 5 �Ë Òò¢ PCR� Ö"

O. tsutsugamushi ·WNf �*vöB 25.0%(4/16

îÒ), .Svº 20.0%(1/5îÒ)�&
. 

�ç~ Ö"� ��Ú " r ãÎæOö B�~º 


v &Ú� O. tsutsugamushi¢ 
B~º vº &¦ª�

�*v� ©b� {�>îb�, � ê�O»öº PCR

»� IFA»ö j~� Ö>� ©b� {�>î
.
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