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Background : For the early diagnosis of tsutsugamushi disease, polymerase chain
reaction(PCR) using skin specimen might be a precise and useful diagnostic tool.
The purpose of this study is to detect and identify the serotype of the Orientia
tsutsugamushi from the skin lesions of the patients with tsutsugamushi disease by
nested PCR.

Methods : Nested PCR was used to diagnose tsutsugamushi disease and identify
the serotype of the O. tsutsugamushi: Karp, Kato, Gilliam or Boryong/Kuroki. The
primer sets were derived from serotype-specific DNA sequences encoding the 56kDa
antigen of O.tsutsugamushi. The PCR products were analyzed by using direct cyclic
sequencing.

Results : The serotype-specific DNA bands with 1% agarose gel electropharesis
of amplified DNAs by nested PCR were observed in all 11 skin biopsy specimens
from 8 patients with tsutsugamushi disease. Among 8 patients, 7 were proved to be
infected with Boryong/Kuroki strains and one with Karp. One Karp strain showed
one base mutation with amino acid sequence variation, but all the Boryong/ Kuroki
strains showed no mutation.

Conclusion : We suggest that serotype-specific nested PCR is a simple, rapid
and precise diagnostic method, and useful for early diagnosis of tsutsugamushi
disease. Furthermore, we might detect the sequence varations of serotype- spec1f1c
DNA sequences encoding 56 kDa antlgen -among strains.
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Table 1. Primer Sequences Used for Nested PCR

R56f(5'primer for 1lst PCR)

: 5'~ATT-GCT-AGT-GCA-ATG-TCT-GC-3" ~

R56r(3'primer for lsr PCR) :

5'-CTT-CTT-GCG-CTG-TAG-CTT-GA-3’

R56c(5'primer for 2nd PCR) :

5'-CAG-CCT-ACT-ATG-AGT-CCT-AT-%

B/K(Boryong/Kuroki specific 3'primer for 2nd PCR): 5 -CAC-CGG-ATT-TAC-CAT-CAT-AT-3'

KP(Karp specific 3’ pirmer for 2nd PCR) :

5'-ACA-ATA-TCG-GAT-TTA-TAA-CC-3

KT(Kato specific 3' primer for 2nd PCR )

1 5'-GGA-ATA-TTT-AAT-AGC-ACT-GG-3'

GM(Gilliam specific 3’ pnimer for 2nd PCR) :

5'-CTT-TAT-ATC-ACT-ATA-TAT-CTT-3'
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Table 2. Results of Indirect Immunofluorescent
Antibody Assay Using Sera of 8 Patients
with Tsutsugamushi Disease

Immunofluo
Case Age/Sex rescence Serotype

1 F/64 10 800 karp/Gilliam
2 F/50 1: 400 karp/Gilliam
3 F/59 1:1600 Boryong/Gilliam
4 M/59 1: 400 karp/Gilliam
5a F/57 1:1600 Borvong/Gilliam
5b° F/57 1:1600 Boryong/Gilliam
6 M/30 (—) Karp
7a F/70 1:3200 Boryong
7h F/70 1:3200 Boryong
8a F/67 1: 80O Boryong/Gilliam
8b F/67 1: 800 Borvong/Gilliam

a, b paired sera from the same patient
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56 kDa protein

up1 vD2 un3 Uvo4

PCR & sequncing
{ |

Gilliam QPTIMPISIADRDVGVDTDI |L|AQAAAGQPQLTV-~--EQRAADRIAWLKNYAGIDYMVPDPQNPNAR-VINPVLL

Kato QPTIMPISTADRDLGVDIPN| V! POGGANHLGDNLGANDIRRADDR ITWLKNYAGIDYRVKNPNDPNGPMVINPILL
Boryong QPTMMPISIADRDFGIDIFN|I|PQAQROAAQPPL--NDQKRAAARIAWLKNCAGIDYMVKDPNNP-GHMMVNPVLL
Karp QPTIMPISTIAVRDFGIDIPN| Q| TSAASTSRSLRL-~NDEQRAAARTAWLKNCAGIDYRVKNPNDPNGPMVINPILL

patientd QPTIMPISIAVRDFGIDIPN|H| TSAASTSRSLRL--NDEQRAAARIAWLKNCAGIDYRVKNPNDPNGPMVINPILL

Fig. 1. Comparison of amino acid sequences among four strains and patient 4. The box indicates mutated
amino acid sequence of patient and four prototype strains. VD, Variable domain.
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Fig. 2. 1% agarose gel electrophoresis of amplified DNAs by nested PCR with serotype-specific primers, and
ternplate DNAs prepared from eschars or rashes. DNA size marker was shown in marker lane(100bp
ladder, Gibco-BRL, Bethesda, USA). Numeral represents the case of the patients. KP; Karp, KT Kato,
B/K; Boryong/Kuroki, GM; Gilliam, (- );negative control.

_.186_



HrRuhyo 2 o] viAhe RolAY, W& Fw3
B A9 und ve SAQILE BRA(1:400-
800), #A7l7t SA4 ez Yehd #RAE 7}_\74%.
TEF A9l Ak 371K @AY L=

(Karp, Kato, Gilliam)2] #¢£ 7|Exe2 A}%—a}
of AL AxFout Aol F& Al
o3 HAH-E HAelsirlelE ofeldo] UM

2. PCR E54EQ| 8ol

8y %hxie) sl @ wkE FlelM ARG 11
Mol HAE ddos ¥HY Fol PCRE HAE 4
11749 ZA el FEAES BEE F UM
o} =8 3 AAE ALdd 10708 AAANA YAHH

BEF Sold FEARES #EHE F AN Fig.
2). & Aajl=(Patient No. 4) 833 Karpol Feold
*—5-3‘ ] PaEAel Case 489} A gell= w3

" #agen i Gyt o2 ulFof
7]@1}-“: AlREE @A £ HEH o
L A& ®olx= $z2HCase No. 6)HE F33 £
AHES BEE 4 Udh wepA o] Ad= PCRE
Yo 27|AdE AdMM e o5 W
+ ZEHA 71 B 2 7 UEE AN
g FFo & dgdeMe BAY BHFE
ek vl7) gl Ay A A8S
tip® 434 AFHE ARRsta of d¥vig S Al
B8 AMRE Hog uRo] Y949 reAdS WA
4 ozt Alm s

S
b rL i

o Mo R o2 o S
B

aerosol resistant

3. PCRAIES] HU|IME Y

4 117§8] PCRAEES 714 g714E 244 S
ol g3l PCR AHES A4 #4{stel. o] PCRAYE
2 56kDa &AL <te] 4789] variable domain
(VD)% VDIl 2 VDI Y%7} L35 F4 o],
E3] VDII?] 79+ Boryong/Kuroki®] E71A ¥
2 gAY Alelo] FEAe] M} B FHE $-€
Yol 71 we zlog dejx 83y wAFdg
Aol 7 AEgsiElet AlREHE B9t F7IME
9] ¥4 ZAx o4EE By ¥AY Kol PCRAE
2 Karp¥#3¥ 5eo] PCRAES 72} 210 bp, 220
bpth F7[Age oM 11709] 7 &M 2
ojd KB Eo] PCRAES ¥4y HEF29 56kDa
FAzre AEEHE fodxtet s dXshe E€71A

vt aeht 843 Karp 5°] PCRAES]
o= VDII £9ollA ofn|eit AEe ¥ol§ F
HWol(point mutation)7t FAEHCE o] F
Karp¥ 9 56kDa #32 Al F-91& FE 474
d712A glutamine©] histidine2.2 A g5|=
o]t CAG — CAT)(Fig. 1). o] A= Fule]

rif

W R o R R ooy pf
S &2 o J ru[o

A9 PCRAMEY €718 48 F8 UdAH=
A7t Karp £ FelA 24 @ ofnjxal @
o]7Hglutamine—histidine) olabghd Fz=of bjz]=
%J82 Chou® Fasman algorhythm#® oz #4
3 A twrnyz7t ga%eRMA ofhe] A4
(rigidity)e] Z71€ A4E Hio A Kytes

Dolittle®] Wioz FA 3

iz & ¥ Yok

£ hydrophobic profile

U -

0. tsutsugamushiy= Rickettsiaceaeo] <3}y
'ﬂrﬂ‘ﬂl}* genus Rickettsigeol LR}, F24
54, AEEA B4 9 ribosomal gened o]&

£ EUE genus Orientia

tusgamushl Al E“ﬂ——] = ghglojt
_‘_5:‘._‘0: '&IiJ _E;o] ‘Bc}%_ﬁ.’., 7],;(]_11_ olq}; Z-‘o“A~] "L%‘t.o_- C}j
F71 AFEHFed 1 Fdx g dA3YE
56kDa fraate] grjxge] wARGHH oleju

0

ANE vel o2 Furuya S92 ¥AY Eo| PCRY
S g Rag b glon B Ay o WHE
oA ¥Este dA 44 JHEE 0*1*14 AL T8 s
zAIE T o4 FHEERE AR ARgsiith
mATPEAg O lojA ke A 7} Z 27l et
v} 59 71 Ee FAA Fol

gaoln} B4, W
14-&9 Ad T
& olgfgt Jo] v Hu AAMZE O

tsutusgamushi7t RE7]2 £E A& $AL AR
A waA Fo| $Eo] e Bsjo|ch maby ma

ZARL ¢t gl vl

[P AL

1o
= rnr &
g

ok
e U

B

- 187 -



THRAIE S 7] Agd P BRAQ b Ee] 2
7 AL ZAoloh HAR B 4F AFHeAM nE HR
¥ 71 EoA 56-kDa H3AE F9E 4 AAn

O. tsutusgamushio) A3 A7F A= A9 ;:E
7] A E EEH o2 Huo] yheatdd. B o
FellA A& PCR2 olF PCR(nested PCR)¥H2
2A 12 PCRE Sd) #4xg $3Zsn 22 PCR
A 1 PSS Hdsts Yol of WYL Fu-
ruya $%0 98 oln] 1 840l Rx¥ ul o
v, & At Al il s Bel RIS Ao
ezl BEFEYe] 8H FE
(R56c) H7IMEE tta W¥st
0] primere] A¥L Furuya V0] AAlg M4 &
a3 ARt oleldt PCRE %3l foxl ¥4
¥ Eo] AEe HEe i P(,R*F o] @7iMY
g ¥ "}EWF—} ¥ PCRo| B34 Zo 2
Hogy §F +n-°il tﬂzs}ml PCR Alﬁg-@ ¥ o

]o

8] A5 primer
= A A= B S R

ﬂ;o o

DNA probe %2. Southern blot analysxs'— A A]
3h= who] olAlout B dAioal= PCRANMES] o
N1LE 1A BAS 2 Fol4® P¥stud skl

coleldh el A2 H Wol o WolvE

o] 2jejlx

K -".' ]

t}
qg 4 glon 0131?'-& ?éﬂ‘t‘ Ay e
ol
L=-2

Hil FYg QrIMES A QR
: 2% Karpe} 4% g7148& B
7tAEY] A s SRR 8 $42A A3
B2 ybyo|ict o}&A7A| O. tsutusgamushie] &

&)

;)
U .
.

<

et

i() Oﬂ [LI'% \'_1 %)“)___] EO]A“O-" ‘EHUHA-]‘— LT o "‘f:.'fl-' _lj’_
27b g Auioldh ® HEo] An: F3P A&E
Wejzldle e #71 UF A7]s s ?gigzsg

upefA, = ‘%iﬁ“’il*i *}%f& ‘3’—'3’8“3 o] PCR ‘%!
2 @riFYge BAL O tsutusgamushi® vjoFo)
5e AdMdA AHEsn Myzom IHFEHLE A
g 4= oli= Wiy o g ALR ypFdleldt Al Ho

2 o

i

H: Qu4oR 2aIMFAMe] i x4

o "AoX HAFHJFAPALE A} FAlf 7
H owld zAA EHY o] o]F PCRE Al s}
A&stn AuH A ¥ g3y FA4S 9% A4
7V ERAMY A& JheAdES Rzt &
HE 81994 99y E 11971A] meuiste B
= }

Helo] Wlg #gxF A E AAEAHEA A
AZRJMFAY T AdE B gudA dx JtE 4
FOA 3 e v B9 1E 23487 8y
Ado) ARREHITH Karp, Kato, Gilliam, Boryong/
Kuroki§ EdH ez FF A7]7] A8 dHE 5o
°l% PCR& A#slel €348 & /82, PCR A&
2 FA d7iMYg BARE st driMde) W
ol haratgdct
A

D % 899 #x9 ¥4
o,

BRAAAE WY e J{}.‘E—E— A, 11e]
Gl W 29 AW A SHLDS BA
o, wedawH AA4E BRY WHPL Sl

2) 849 zato] 11709 Al A sds PCR
& g7t AR Kold bandE PEHY = A
o, gy} FAl] Y EF7E rlestch 8W T
7l A wE/Kurokidl 7€ Aoz WAL, 14
o] Karp¥+ °il Zdso] &S &% 5 YU

'% Brolah= W O, tsutsugamushi
o] 56kDattils AA}E}= RE9 o
7]/3‘2"% w‘fnié 71 gl3kel, PCRAMEZ 2719 274
5
o

4 EAYS AT A, 749 By dF s 2% A
4 E711EE By, 109 Karpd i & 8719
HAEAWMol2 glutamineol A histidine2 2 ofo]At
AEe Wolg Byth

d B z2ziRAYY 27|8AedA dfEdg
ol 8¢ #Hyy Kol o|F PCRYUL ¥HE 3 ¥
Agetn A Eg }—717\‘_‘%*@33 frastelet AR
o},

REFERENCES

1) Tamura A, Ohashi N, Urakami H, Miyamura S:
Classification of Richkttsia tsutsugamushi in a
new genus Orientic gen. nov. as  QOrientia
tsutsugamushi comb. nov. Int J Bacteriol 45:
589-591, 1995

_188_



2) Chang TW : Rickettsial diseases. In: Moschella
SL, Hurley HJ, eds. Dermatology. 3rd ed p
857, Philadelphia WB Saunders Co, 1992

3) Chang WH, Kang JS, Lee WK, Choi MS, Lee
JH : Serological classification by monoclonal
antibodies of Rickettsia tsutsugamushi isolated
in Korea ] Clin Microbiol 28:685-688, 1990

4) Bozeman FM, Elisberg BL : Serological diagnosis
of scrub rvphus by indirect immunofluorescence.
Proc Soc Exp Biol Med 112:568-575, 1963

5) Sambrook ], Fritisch EF, Maniatis T : Molecular
cloning . a laboratory manual 2nd ed pl4.13-
1420 1959 New York: Cold Spring harbour Lab

6) Furuya Y. Yoshida Y, Katayama T, Yamamoto
S, Kawamura A, Serotype-specific amplification
of Rickertsia tsutsugamushi DNA by nested
polymerase chain reaction. J Clin Microbiol 31:
1637-1640. 1993

7) Ohashi N, Hashimoto H, lkeda H, Tamura A:
Diversitvy  of Immunodominant 5-kDa type-
specific antigeniTSA) of Rickettsia tsutsuga-
mushi. | Biol Chem 267:12728-12735, 1992

8) Chou PY, Fasman GD: Production of the
secondary structure of proteins from their amino
acid sequence. Adv Ezymol 47:145-148, 1978

9) Furuya Y. Yoshida Y, Katayama T, Kawamori
F, Yamamoto 5, Ohashi N, Tamura A, Kawa-
mura Ajr:Specific amplification of Rickettsia

tsutsugamushi DNA from clinical specimens by
polymerase chain reaction. J Clin Microbiol 30:
2628-2630, 1991

10) Murai K, Tachibana N, Qkayama A, Shishimi E,
Tsuda K, Oshikawa T : Sensitivity of polymerase
chain reaction assays for Rickettsia tsutsu-
gamushi in patients’ blood samples Microbiol
Immunol 36:1145-1153, 1992

11) Kee SH, Choi IH, Choi MS, Kim IS, Chang WH:
Detection of Rickettsia tsutsugamushi in ex-
perimentally infecied mice by PCR J Clin
Microbiol 32:1435-1439, 1994

12) Stover CK, Marana DP, Carter JM, Roe BA,

Mardis E, Qaks EV:The 56-kilodalton major

protein antigen of Rickettsia tsutsugamushi:

Molecular cloning and sequence analysis of the

stabb gene and precise identification of a strain-

specific epitope. Infect Immunol 58:2076-2084,

19%0

Ohashi N, Nashimoto H, Ikeda H, Tamura A:

Cloming and sequencing of the gene(tsgh6) en-

docing a type-specific antigen from Rickettsia

tsutsugamushi, Gene 31:119-122, 1990

14) Oaks EV, Stover CK, Rice RM: Molecular
cloning and expression of Rickettsia tsutsu-
gamushi genes for two major proteins in
Escherichia coli, Infect Immunol 55:1156-1157,
1987

13

~—

- 189 -



