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Abstract

Clinical usefulness of Conventional PCR based on the 16s
ribosomal RNA gene for the Diagnosis of Scrub typhus

By Cho Min Keun

Advisor : Prof. Kim, Dong-Min, M.D., Ph.D.
Depar tment of Medicine,

Graduate School of Chosun University

(Background)
A simple and more rapid laboratory diagnostic method for scrub typhus, a
polymerase chain reaction(PCR) assay on the blood sample has become prevalent for
the early diagnosis of scrub typhus. Also, Nested, real-time PCR methods have been
introduced and yielded more sensitive diagnostic results. However, these newer
methods need more experienced personnels for conducting molecular laboratory works,
more expensive laboratory facilities. Various target genes used in PCR for the
diagnosis of scrub typhus are introduced in several studies. Up to date, 47kDa,
56kDa and gro—EL STG gene have been used and investigated, frequently. Also, 16s
ribosomal RNA gene could be used in PCR methods as target gene for the diagnosis
of scrub typhus. 16s ribosomal RNA gene is highly conserved between different

(1)

species of bacteria and archaea. Moreover, 16S rRNA gene sequences contain

hypervariable regions which can provide species-specific signature sequences

@ 5 this aspects, 16S rRNA gene sequencing

useful for bacterial identification.
could be used in medical microbiology as a rapid, accurate alternative to
phenotypic methods of bacterial identification. But Studies for evaluating
clinical values of these target genes used in conventional PCR for the diagnosis

of scrub typhus has not been reported until recently.



(Method)

In this study, we conducted a comparative study on 167 patient with acute febrile
illness which is possible scrub typhus who were admitted to a single
hospital(Chosun University Hospital, Korea). To assess the clinical usefulness of
performing conventional PCR as a diagnostic modality, we designed the conventional
PCR primers targetted to 16s ribosomal RNA and conducted comparative study with
other conventional PCR results in which 47kD, 56kD, gro—€EL STG gene were used for
the diagnosis of scrub typhus. To estimate and compare the sensitivity and
specificity of conventional, nested and real time PCR, the receiver operating

characteristic(ROC) curve analysis was used.

(Resul t)

The sensitivity and specificity of 16s ribosomal RNA conventional PCR for the
diagnosis of scrub typhus were 86.8% and 100%, respectively. In case of 47 kDa ,
56kDa, groEL-STG gene PCR, sensitivities of each gene are 3%, 8% and 61%. In this
study, among conventional PCR, PCR using 16s ribosomal RNA gene is most sensitive
for the diagnosis of scrub typhus. In pairwise comparison of ROC curves, AUC value
of 16s ribosomal RNA conventional PCR(0.934(95% Cl, 0.885 to 0.967)) was superior
to that of 47kDa, 57kDa, groEL-STG conventional PCR.

(Conclusion)

16s ribosomal RNA gene could be used in conventional PCR for the diagnosis of
scrub typhus, as the most sensitive and superior diagnostic target gene, compared
to other conventional PCR results using 47kDa, 56kDa, groEL-STG gene. Even
comparing with nested, realtime PCR methods, 16s ribosomal RNA conventional PCR

showed superior diagnostic results in this study.

Key words: scrub typhus; conventional PCR; PCR; ROC curves; diagnosis
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Scrub typhus= =4 &<

SEN 22 MAGHCY, MAN HBAOZ 0I5t SRFOI QA AUAS LIEHCH Y =
=x= AXR0IH FEIE =I0/X OHMOICH =2 IISEH JHZESOZA =2, L=,
=2, B2, 02120 JIEt ZO0tAI0F 2t0lA Zaists NAst 22 20O sixet 22
MRACIBO| =12 MUNAME B 2H0| 20Es AFOICH® Scrub typhuss EESI|0f
22 & 12 F Jol LY, QF, £E, 2SS, A IR LAO0| LIEHLIN, SEXQ
DIl (eschar ) )b ZHAE S Al=sh RG] =201 SICH OO Hol FDOF 6K 2D, MR
2 AL HY, 24 UBH, 32y, oY, AR 5F

& Scrub typhus2 &0 Eol AIEE= ESH HASZ2 immunofluorescence test,
immunoperoxidase test, emzyme |inked immunosorbent assay(ELISA), passive hemagglutination
(PHA) test S0l QUCH. © £ A

LIRS0 ZAIE AldE 32 Q20 R0, 82 fdiMs FEIAI 2206t0= SE0l
ACH . 1222 Scrub typhusel LAFD = EII0N, AISEHH NEs QI BXo
IM  PCRES OI&0tM Orientia tsutsugamushill S0 KREXE HEote ZHO

0
ANEACH. U2 0= conventional PCR 2CH 10081 G 21228t nested PCR O] AT A

& g = SNELENA =20l 22N ZE2 [0

M50 Metst RO S=20| 2 £ Qs Mooz ol2gn A" F=H20s orientia
tsutsugamushiOl E0|&XQl SEXE target@Z &t real time PCRO| AJHE O dlE6tD, =2
oS
TToo =2

Izt S0 20 2&0AH Scrub typhusE XJI0 AMEHGt=M O
MIAIBEACH " BIXICH, nested, real time PCRES X EHHQl REEI} 4+40T 2761,
PCROII AR5 = HIE, &Hl, 2189 2HMZ scrub typhus2 diagnostic modality2AM HEEZ2
O ZII2UM EEHECZ AMEZI|0= MEBHEO0l JACH KB+ conventional PCRE JIES| scrub
typhus& &S5HI| 28 ELISA, PHA, IFA Blol 232 ZSo6HN 220, =& U2
SO0IEE KD UM HIE L S =SHUA NG S8 IJtXIOF UCEH. Ol HASES

o2 WAS SXNSS W22 Orientia tsutsugamushitll SO0IEQl Oe4ItXl
target geneS=S 0|28t PCR ZAIEHON Oist BIRAFRE AIHStI| <o, 16s ribosomal RNA S
08t conventional PCR1t  56kDa, 47kDa % gro-EL STGE OI&E8H conventional PCRS
ASHGHACEH, EBH, nested, real time PCRE FIt= Al St04 ZDt0l Chst HIWHPE S5t

16s ribosomal RNA conventional PCRS &AM SEMd=2 EIIoH] StAULCH.
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1. Primers and Probes
2 A0 AMEE 2E primer =1 probe = Table 1 0l MAIZEIHUCE. 16s ribosomal ANA

0.t-16sRF1 primer(GenBank Acession No. bankit1356164

rlo

conventional PCR 2| primer &
HM352765 :0. tsutsugamushi Boryoung Genotype 2| 16s gene sequence 403-428 2 )2F 0.t-
16sRR1 primer(0. tsutsugamushi Boryoung Genotype 2| 16s gene sequence 577-601 Z< )2 M
XXt S0l National Center for Biotechnology Information (NCBI)2l Basic Local Alignment

[

Search Tool (BLAST) database search program 2} primer 3 program = OI256t0! design
(14)

:Q
[w]

. Design & primer S S0t conventional PCR = AI&GtM 16s ribosomal RNA
S SZAIZCH (RIE A2: amplicon 199bp) .

XA S0l design 8t primer 2t HlwaotJl ?loi, Sonthayanon P. S0I EH=0IA
&t 16s ribosomal RNA conventional PCR 2 primer 2, & S0| 2LHOIAM AI&EH gro-EL STG

ot

=
>

o
TT

o
r

Al

02

S e |

9| convetional PCR =2 <&t primer = 222 ==0A design & A =St primer E
MEBHRCH 5 47kD real time PCR AIB5IBIAM, probe @ OtsuPR665 2 5 1t 3 9
terminal Ol FAM (6-carboxyFluo-rescein)t BHQ-1 (Black Hole Quencher-1)2 labeling =

AHGIRCH. 2 AN AIE2E 2= primer =1 probe = Table 10l HIAIZ UL,

2. PCR

1) Conventional PCR

ONA = ME Ao HE AS0A QIA amp ONA mini kit(Qiagen, Germany)E® HHMGIA2SH
J WEE kit 0l =& manual Ol 2IokRACEH. PCR 2 target gene Ol (et 2D el =HEH,
2yl DNA, 2t2b 1 pL & forward 2+ reverse primer, AccuPowerTM PCR PreMix (1 U Top
polymerase, 250 uM dNTP, 10 mM Tris-HCI(pH9.0), 30 mM KCI, 1.5mM MgCl,, stabilizer and

OH

-/

Bt

[

010
o

tracking dye; Bioneer, Daejeon, Korea), Z=o& 3 X EF+E 20 & 20uL <&
FSRUACH. 2 PCR 2| +HEHE2 H 4 0l QLTI UCEH. groEL-STG gene 2f A 2 S0| AAl
AHE HFIZ GIA2M, primer 0.5uM Bt template DNA 50 ng, 10 X LightCycler FastStart
ONA Master SYBR green | kit (Roche Diagnostics GmbH, Mannheim, Germany) 2ul, 4 mM
MgCl, & A0 &F=2 final volume 20 pL £ X*&E =, first deanturation 95C 10 &, 40

cycles 2 denaturation 95C 10 =, annealing 56TC 5 =, extension 72C 20 ==&

[m)

t

N
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XaH 5 CH o) Biosystems VeritiTM 96-wel| Thermal cycler (Applied Biosystems, Foster City,

|25tH S0, PCR product oIS <ol 0.5 ng/mL Etbr (Ethidium bromide; Bioneer,

o
=
Ui
(@)

Dacjeon, Korea)8 ¥ 1.2% agarose gel (Seakem(™ LE agarose; Cambrex Bio Science,
Rockland, ME)Ol Bioneer electrophoresis machine (Bioneer, Korea)22 100 V (1X TAE;

Bioneer, Korea)Oll 40 2 S¢+ MI|¥= &HSUL.

2) Nested PCR

0. tsutsugamushi 2| 56kDa gene &<, internal primers & P10 It P11 (5 pmole/ pl) 2,
external primer & P34 12|10 P55 (5 pmole/ul) primer S AH25tRACH " 47kDa gene Of
MEZ primer S2 2= 2 10 &0 JACH. R B PCR 2 BIES XMIZ= conventional
PCRCOl AW 2o, O +HTAH2 H 40 LA UCH. second round PCR 2| template DNA
= the first PCR 2 product (2ulL/ 50 pL total volume) <2, primer P10 b P11(10
pmoles/ uL)S OIE3t0H S&SI/UCH. =E PCR &2 2% agarose gel OIA 100 V 2

&g Sot L.

3) Real time PCR

47 kD gene 2 real time PCR 2 = 20uL 2 reaction mixtures (5 uL 2 genomic DNA, 22t
Tyl 29 5 pmole/ puL forward 2F reverse primer (OtsuFP630 and OtsuRP747), 1ulL 2 2
pmole/ uL probe (OtsuPR665), 4ulL 2 master mix (reaction buffer, FastStart Tag DNA
polymerase, MgCl, and dNTP (with dUTP instead of dTTP)), and water)2 Z=815I%C}.
SHIAHAE2 95° C I 10 &, el & SAHS 95° ¢ 10 =, 60° C 30 = 45 FJ|& dotH,
40COIIM 30 = XISHBHCE. Real time PCR 2 Light Cycler software 4.0 program 22 ZE
Ct.

Gl
Jr
s2

3. Patient selection
2007 HEH 2008 GNKl 4 = UH 24 SHEESZ Chosun University Hospital & LH& St

18 Al Old del sltss a2 MA SO0 Ol&0l AllotRE 27 AN 22EAS

5



1:10 Ol& E£= 1g G GItJF 4 8 Ol&t AsE ER20 &2z H2IGHICH. Non scrub typhus
St Xt= Orientia tsutsugamushi O CHet 2HE S & M DA £, S
HE2|o] HHO| 2ol serology, culture, peripheral blood smear S O] & HAIZEOZ

HI

YHotA scrub typhus 01212 SHEEOR &0IE B2 HOGIAL. 2HIZ H&FE scrub
typhus 2 =QI=l 115 @t MEHO| 2HotL) non scrub typhus 2 =0lE 52 H

laboratory personel OIH £LHO 47-kD protein , 56kDa protein, gro—EL-STG, 16s ribosomal
RNA gene £ target 2% PCR ZALE AIHGIALCE.

4. Data =4

ZALAL EHOIE 2H2F PCR B19] sensitivities 2 specificities 2F diagnostic accuracy =42

ANBBIACH. BE EH 240M P values < 0.05 2 EHEOZ 20|AU= HOZ2 2H=3FIALY.
scrub typhus &Sl gold standard @ 2t& HA &2 SAHI(IFA)S 1 32 gl &= 1g G

QL 4 B Ol ds=E R0 222 otW, 212 PCR method 2 222 S0I=E

(== R -

receiver operator characteristic (ROC) curve concept 22 IAIGIA SO, the MEDCALC

(=)

software program (MedCalc Software, Mariakerke, Belgium, version 11.2.1) £ 0|23l

Ct2kst PCR =2 Z 12t diagnostic accuracy € Bl &4 SHACH .



n. 2%

1. Clinical data
E 167 ¥o sS4 g4H&& NS0l A2 ZEIYA2M, Scrub typhus 2HAF & &S
HEZS2 S40 Hot Table 2, 3 Ol H2lZHHJULCH., <HH 115 HO &#X=0l  Scrub

typhus SHAZ0 EEEJA2O, 52 HO BA=2 non-scrub typhus SASZ A g

ook

HE=Zez2 ZFEAJULCH. Scrub typhus A= ZHE HEZQ HHles SHELZ RoJE
X0l=  Z2O0IX  LU20(P=0.693), HHF9 A2 (X609, X3;54) scrub
typhus ZOIA =U2H, B2 HB(SA;66 A, H=Z;53 Al) £8F Scrub typhus A0l A
SEHNCE RSHH =UCHP=0.0002). LZ X2 X PN e P2 Table 4

of Zel=HULCH.

o

HA

2. PCR results in Scrub typhus group and Non-scrub typhus group

PCR 2 Z21t= Table 5 Ol H2lZHUCE. Scrub typhus & =02l & 115 1 non-scrub
typhus 2 =QIE) XNEHO| 2HSH 29 HO EHHAME OIE0tH PCR ZAIE AIGHAL.
47kDa C-PCR ZAUHIAM 115 H SOIAM 3 Hol SXH(3%) A LH2 SA2MH, 47kDa N-PC

Z0 1158 = 93 Ho| SX0A LEs &g = AN 81%2 22
PCR | 42 38 cp OIS SH2Z MEHE M 115 Ho & = 87 Ho SHX0AM
ANS B0 76% AMSS HOIGHACH ™™ 56kDa protein gene S target 228+ C-PCR
ZAIA 115 EOl scrub typhus EFAHZOIA 9 Fo SAUM LEAA0 2EEALD, N-PCR
A 115 F S0M 92 BUMN 282 20 80%2 sensitivity & 2L groEL-STG

target 22 A&t C-PCR Ol 115 F2l scrub typhus EAZ0IA 76 HOl LHS EA2H,
66%2| sensitivity £ ZCt. 16s ribosomal RNA gene = target 22 8t PCR OIA,
Sonthayanon P. 0| EH=0IM 2108 primer £ 0I&8t 16s 16s ribosomal RNA C-PCR 2| &<
115 @Ol scrub typhus SHXZ0A  AAl 2 22 76 FHOl 2LH220] =N
66%2l sensitivity £ 220, MA SO0l design & primer & Al&8&t 16s ribosomal RNA C-
PCR2 F< 100 HOIAN 242 204 86%2 sensitivity & 2Lt

Non-scrub typhus OlAl 47kDa Q-PCR 2 A& St0 4 B0t 26 81 2XH(2 H)2 EH A0 A
OIAM 2dAA0] SQIZUE AS MUY B, non-scrub typhus Z0A Alist 2= PCR

AN SEAAS 20 s AU
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3. comparison of diagnostic accuracy of various PCR methods for the diagnosis of scrub
typhus
1) Conventional PCR OfIAl 2t2t2] target gene Ol (HE diagnostic accuracy Hlw
Conventional PCR 2 AUC gt& CtSDt ZICt. 16s C-PCR 2 &2 0.94(95% CI, 0.89-0.97)
0IAS20, Sonthayanon P. S0| EH=20AM 2108 primer & 0|28t 16s ribosomal RNA C-PCR 2
0.83(95% CI, 0.77-0.88), 56kDa C-PCR & 0.54(95% Cl, 0.46-0.62), groEL-STG C-PCR 2
0.8(95% Cl, 0.77-0.88) el 47kDa C-PCR & 0.51(95% CI, 0.44-0.59)0IRUCt. 16s C-PCR
O] AUC gt& Thailand C-PCR & CtE C-PCR It HINE B SHE2=Z R2E X0IE BAL.
(16s C-PCR vs Thailand 16s C-PCR, p<0.001; 16s C-PCR vs 47kDa C-PCR, p<0.001; 16s C—PCR
vs 56kDa C-PCR, p<0.001). 56kDa C-PCR 1t 47kDa C-PCR 2| AUC 22 NE SHEC=ZE R
X0IE E2O0IX LU2LE(p=0.081), Thailand 16s PCR 1t HIWAl 22 SAHHES=Z K&t
XH0IE ERACHThailand 16s C-PCR vs 47kDa C-PCR, P<0.001; Thailand 16s C-PCR vs 56kDa C-
PCR, P<0.001).(figure 1)

2) 2t2t9| Target protein gene Ol PCR 20l (HE diagnostic accuracy 2 Hlw
47kDa gene £ target 22 PCR 2 AMEE Z<S C-PCR 2 sensitivity of 3%(95% Cl, 0.5~
7.4)2 specificity of 100%(95% Cl, 93.2-100)0IA12, N-PCR 2 sensitivity of 81%(95% Cl,
72.5-87.6) 2t specificity of 100%(95% Cl, 93.2 - 100)OIRUCt. 47kDa Q-PCR 2| diagnostic
accuracy = 38 cp @f2 negative result Ol CH&F cut off value 2 Hd&EE A sensitivity
of 76%(95% Cl, 66.8-83.2) 2t specificity of 96%(95% Cl, 86.8-99.5)0IRUCt. The area under
the curve = 47kDa N-PCR & 0.9(95% CI, 0.85-0.94), Q-PCR 2 0.86(95% Cl, 0.8-0.91)
Jdelld C-PCR 2 0.51(95% CI, 0.44-0.59) OIUS0 229 HIWHAM SHE2=Z K9
X0IE ERACH (N-PCR vs C-PCR, p<0.001; N-PCR vs Q-PCR, p=0.012, C-PCR vs Q-PCR,
p<0.001)
56kDa gene = target 22 PCR 2 A&E Z< C-PCR 2 sensitivity of 8%(95% Cl, 3.6-
14.3) 2t specificity of 100%(95% Cl, 93.2-100)0IA2, N-PCR & sensitivity of 80%(95%
Cl, 71.5-86.9)2 specificity of 100%(95% Cl, 93.2 - 100)OIRACt. The area under the
curve(AUC) = N-PCR 2 0.9(95% CI, 0.46-0.61), C-PCR = 0.54(95% Cl, 0.46-0.62)=
SHHES=Z KR8t X0IE ERACHN-PCR vs C-PCR, p<0.001).

8



47kDa N-PCR & Q-PCR, 56kDa N-PCR It M X+ S0l design

o
©

rimer £ 0I&& 16s ribosomal
RNA C-PCR 2| diagnostic accuracy £ AUC gtOll et HIwg B, MA S0l design &
primer £ OI&& 16s ribosomal RNA C-PCR 2 CIE PCR 2 AUC 2D SHE2Z K2|otA
X0IE ZRACH16s C-PCR vs 47kDa N-PCR, p=0.017; 16s C-PCR vs 56 kDa N-PCR, p=0.03; 16s
C-PCR vs 47kDa Q- PCR, p<0.001).(figure 2) =, XXt SOl design &t 16s ribosomal RNA C-
PCR 2 AUC gt Ol 720l Z&t&E CHE PCR 2 AUC atS1 HIWE 22 2E BR0AM SEE

[ty

2#S LEUO, SHARSZ |28 X0IE UEFLHACH



1

Scrub typhus = MM XZ0l & BSotH, UE= F2 ZHIt /ASotA @Eeu, ¢
R0 UAMAHM= MM FOHIH XME 22 XZHQ SEHSH AHZ0l =cHE = U
= 20|CH'® . Routine culture method 2 SX0| HX 22 fastidious organism @2 A, scrub
typhus 2 &I58H XD XIS E ?IoH PCRS 018 &SHHO| S 20l MEE D UCH. Target
gene 22 Al 46kDa gene 1t 56kDa gene Ol =0 ArE&E D UCH. Z=Z2 groEL-STG gene =
target 22 St real time PCR Ol =2UHUHIAM & SH 2o AIHE X scrub typhus 2t CtE &9
CIZIRIOr HEs & R2E 4 Ys FES D U= AR M UL, sE, 16
ribosomal RNA gene =2 HSE=F&H ZIIMES X0lEOl H2 JA9ez2AN 0 REXNE
HaSZ Gt= pirmer € MY 2 22 9
=FO0l UCH. P olefst SAS DG, A S2 Orientia tsutsugamushi ©| 16s ribosomal

RNA gene S target @2 & PCRS Al&olD] A8t primer & MIZotSHLCEH.

rr

righ

wn

njo

target 22 Bt conventional PCR 2| diagnostic accuracy £
HototJ|l 218+, 47kDa, 56kDa ¥ groEL-STG gene 2 convetional PCR | HIWH - L& OFA
2= gt SlCH Olol, &M UM =4 SHESCZ S &2 €M HHE Sot:
16s conventional PCR 1t JIZ0l 2AJHEl 46kDa, 56kDa, groEL-STG gene = 0I&8t conventional
PCR 2| diagnostic accuracy £ 212 &% S01&2 SHUHAM dHlw 240tHALCEH

M da BA ZHOAN AIME ZHAF ZWE AI@SH Operating Characteristic (ROC)
curves 2 HlWW M=, MA S0l design € 16s conventional PCR Ol 46kDa, 56kDa, groEL-STG
2l Sonthayanon P. S0| Ei=20AM E108 primer € 0|&8t 16s 16s ribosomal RNA C-PCR

B0 SHECZ ROoHAH =0 =oALJALCH. Ol= CteFst Orientia tsutsugamushi

StH | 16s ribosomal RNA gene

oo
=
ol

strain =2 gene sequence 2 HIWAl XAt SO0l design & primer Jb Sonthayanon P. SO0|
EH=201A 2208 primer £Ct variation 0l &A= M) X222 AIZEICH (Table 2)
b, MXt S0l design 8 16s C-PCR 2] B 225l2d 46kDa N-PCR ¥ Q-PCR 2|1 57kDa N-PCR
Lt SHESZ R2GHH S==8F diagnostic accuracy £ 2RULt.

nested PCR 2 Conventional PCR £C+ 100 Hi O QI8
BV, 2 AIZF HE OILHO| ZBE &0l
25 AAr20ICH™ . GRS, real time PO

H, availability Ol HSt0l QULCH. E£& nested PCR 2 &S conventional S&= real

o

H 1A

St
=

o
ki

.
oY

MELZA =

2= Q= real time PCR 2 EDJ|XIEHH &=
R

0
Ol
oo+

I}
o

OH

= cost-effectiveness Ol CHSt 2/&0 M=

1 10 @

$0
|0
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time PCR Ol HIoH 2IAFAIZ2EOl O 20| AL %M, ONA contamination & JIs&0l O =2 &0
A

MOIE 2 ACH?Y. J24Lt, conventional PCR 2 A2t OILHOI ZDE =58 4 oo

Lo LA SAtol CHoHl Scrub typhus £ &H=S ET=0ot=0 nested PCR 2Lt
AI==06HCH  £8F,  conventional PCR 2 ZAFEHDIE &®IS] PCR JIH0 dlol 2tH6HH,
AUECZ 1NItol FUILE 21829l RPAE I RO U, conventional PCR 01212 PCR =2
AUEC=Z DHIE0 AREM, DIt HHI2F =gE =0l ZEs DdHdg O 1,2 X
oI E BEEHESZ A™GHI A2 &0l UACH. OHAE=Z, conventional PCR Ol

nested, realtime PCR 2CI BIE Al ES& BAIZUES HIIE == QICt. Ed 2 HAR0A=
16s ribosomal RNA conventional PCR 2 &2 CIE gene = target 22 &t nested &=

realtime PCR 2Lt G %8 ZIUE EO conventional PCR 2 &AA JIXIN CHEE HI2DF

Z QoI
Z2ENCOZ g4 g4diste=z WasH X0 AM scrub typhus JF LI&E ZBS, 16s ribosomal
BNA gene 2 coding of= gene = target 22 8t conventional PCR & 47kDa L= 57kDa

=

protein & coding ot= gene = target 22 & conventional PCR Off HloH &St diagnostic
accuracy £ =20l= dHECE HAZ2E = Q0. L8, 0l HAUAM, 47kDa L£i= 57kDa
protein £ coding ot= gene £ target 2& &t Nested == real time PCR Ol BIoH <&
diagnostic accuracy £ LIEtH FOl CHoHAM= conventional PCR 2f LUAA SZH0l CHoH

AAGH= B 300 & = AU

11
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Table 1. Oligonucleotide primers and a probe used in this study and PCR condition.

PCR assay

Primers and a probe name(Sequence)

product
size(bp)

Ref

16s ribosomal RNA C-PCR

0.t-16sRF1
(AGGGATGATAATGACAGTACCTACAG)

0.t-16sRR1
(CCTCTACCATACTCTAGCCTAACAG)

199

16s ribosomal RNA C-PCR
(Sonthayanon P.)

16-0T1-F
(CGAATTAATGCTGAGTTTGCTTAG)

16-0T1-R
(CTCTCAGACCAGCTACAGATCACA)

groEL-STG C-PCR

STG-F1(TF1)
(ATATATCACAGTACTTTGCAAC)
STG-R1(TR2)
(GTTCCTAACTTAGATGTATCAT)

366

47kDa N-PCR
(External Primer)

OtsufFP555

(5" -TCCTTTCGGTTTAAGAGG AACA- 3

)

0tsuRP771
(5 —GCATTCAACTGCTTCAAGTACA-

3

)

238

47kDa N-PCR
(Internal Primer)

0tsuFP630

(5" -AACTGATTTTATTCAACTAATGCTGCT -

OtsuRP747

( 5" —TATGCCTGAGTAAGATACRTGAATRGAATT -

118

47kD C-PCR/Q-PCR

0tsuFP630

(5" —AACTGATTTTATTCAACTAATGCTGCT -

OtsuRP747

( 5" —TATGCCTGAGTAAGATACRTGAATRGAATT -

118

11

56kD N-PCR
(External Primer)

P34

( 5" -TCAAGCTTATTGCTAGATCTGC- 3" )

P55

( 5" —AGGGATCCCTGCTGCTGTGCTTGCTGCG- 3" )

1003

56kD N-PCR
(Internal Primer)

P10

(5" -GATCAAGCTTCCTCAGCCTACTATAATGCC- 3

)

P11

(5" —-CTAGGGATCCCGACAGATGCACTATTAGGC- 3

)

483

56kD C-PCR

P10

(5" -GATCAAGCTTCCTCAGCCTACTATAATGCC- 3

)

P11

(5" -CTAGGGATCCCGACAGATGCACTATTAGGC- 3’

)

483




Table 2. Comparison of sequences of designed primers with 16s ribosomal RNA genes of

various Orientia tsutsugamushi strains.

Orientia tsutsugansushi strain 165 rBMY geme

access ion Mo,

Forward Primer Position

Reverss Primer Position

AGGEATEAT AATGACAGTALCTACAG

CTGTTAGGCTAGAETATGGT AGAGE

Orientia tsutsuganoshi strain 07-280 HME2TER 116 | s Bl
primertin): T s e [ e e
Oriertia tsutsugamushi strain 07-280 HMBEIRG: | wovmmaremmenanaines | o i i
Rickettsia tsutsugamushi strain Gilliam 1
Rickettsia tsutsugamushi strain Kato ) I e I B
Orientia tsutsuganoshi strain Karp [B|E23 | <EeeaiEisEainie | siEaimruiREa
Oriertia tsutsugamushi strain Boryong BMAGEATSE | nennemenaniiney | e e
Orientia tsutsuganoshi strain Kuroki DFBEEE | i |
Oriertia tsutsugamushi strain Kawasaki D3B6EG: | iR | Rl
Oriertia tsutsugamushi strain Litchfield o e o [ s, Beeier i B
Oriertia tsutsugamshi BEATBIET " | wvnvemovammepimvimmns | e e v s
Oriertia tsutsugamishi strain TATE3 BEATA299 | i |
Oriertia tsutsugamoshi strain THIBIY e 1 (S e ek B e I 26 R e e
Oriertia tsutsugamishi strain TAGTS BEAVRE0] | st | SeieLme T
Orientia tsutsuganushi strain TAGAGE BERPONEE | e rania | v — [ A——
Oriertia tsutsugamishi strain TC586 R N I B
Orientia tsutsuganoshi strain lkeda WPO0RSR] " | osebeRiaminRiRiiES | RROERRLEE [P
Oriertia tsutsugamushi strain Shimokoshi DPBEST: | sttt bntan | v Ay Fusiemis
CRA-ATTAATRCTGAGCT TRC-TTAG TRTRATCTRTAGCTGATCTRAGAG
A ; . moaon | uweeanee |0 —————— A ————— + -—= ' t
Oriertia tsutsugamoshi strain 07-280 HME2765 10 B o5 o7
————————— A ———t ——-— t t
primer{Sonthayvanon P T T L Tovwmemn | soeesmspmmaiesmmg
Oriertia tsutsugamoshi strain 07-280 HME2765 B e savan | s R
Rickettsia tsutsusamushi strain Gillism 03622 T —— Toovithine | v o s
Rickettsia tsutsusamushi strain Kato 17253 T o A N —
Oriertia tsutsugamushi strain karp 038623 sl R Sem | el
Orientia tsutsuganushi strain Boryong AM494475 R gt |
Oriertia tsutsugamoshi strain Kuroki 030626 N i Pl | e e
Orientia tsutsuganoshi strain Kawasaki 38625 T T L
Oriertia tsutsugamushi strain Litchfisld AF0R2074 e Tatinials e N o s S e
Orientia tsutsuganoshi WF4TRIZT T AC GOAGAA, ... Teell AL e LTt
Oriertia tsutsugamushi strain TATE3 AF 479299 e T | e e e
Orientia tsutsuganoshi strain THIBIT AF473300 . o L
Oriertia tsutsugamishi strain TAGTE AF 479301 sl R e N cc i S B e
Oriertia tsutsugamishi strain TAGERE aFdM32 | KN BAGE v D
Oriertia tsutsugamishi strain TCSE6 aF&?M303 | —————— Cict N T
Oriertia tsutsugamishi strain lkeda APO03931 e A R S
Orientia tsutsuganoshi strain shimokoshi 03627 e B e e St | miEsRaR R

il




Table 3. Demographic and clinical data of the patients with suspected scrub typhus.

Characteristics Scrub typhus | Non-Scrub typhus Overal |
Age, median years(range)] 69(17-91) 54(16-93) 67(16-93)
Sex

Male 39(33.9%) 20(38.5%) 59(35.3%)
Female 76(66.1%) 32(61.5%) 108(64.7%)
Number s 115 52 167
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Table 4. Diagnosis of Non-Scrub typhus group as a febrile control group.

Diagnosis Values
Viral infection

Soft tissue infection

Viral hepatitis

Hemorrhagic fever with renal syndrome
Urinary tract infection

Leptospirosis

Systemic lupus erythematosus

Malaria

Infectious colitis

Viral meningitis

Intraabdominal abscess

Cryptococcosis

Acute cholangitis

AIDS with Pneumocystis jiroveci
Pulmonary tuberculosis

Total numbers

— = = NN NWDSPMNOLOLO N

(&)
N

v



Table 5. PCR Results according to target genes and PCR methods.

Results by protein genes and applicated PCR assays
Pati-

ents impression 47kDa 56kDa groEL 16s ribosomal RNA
cC N Q C N C gl N™ ¢
1 Viral infection 0 0 0 0 0 0 0 0 0
2 Viral infection 0 0 0 0 0 0 0 0 0
3 Viral infection 0 0 0 0 0 0 0 0 0
4 Viral infection 0 0 1 0 0 0 0 0 0
5 Viral infection 0 0 0 0 0 0 0 0 0
6 Viral infection 0 0 0 0 0 0 0 0 0
7 Viral infection 0 0 0 0 0 0 0 0 0
8 Viral infection 0 0 0 0 0 0 0 0 0
9 Soft tissue infection 0 0 0 0 0 0 0 0 0
10 Soft tissue infection 0 0 0 0 0 0 0 0 0
11 Soft tissue infection 0 0 0 0 0 0 0 0 0
12 Soft tissue infection 0 0 0 0 0 0 0 0 0
13 Soft tissue infection 0 0 0 0 0 0 0 0 0
14 Soft tissue infection 0 0 0 0 0 0 0 0 0
15 Soft tissue infection 0 0 0 0 0 0 0 0 0
16 Viral hepatitis 0 0 0 0 0 0 0 0 0
17 Viral hepatitis 0 0 0 0 0 0 0 0 0
18 Viral hepatitis 0 0 0 0 0 0 0 0 0
19 Viral hepatitis 0 0 0 0 0 0 0 0 0
20 Viral hepatitis 0 0 0 0 0 0 0 0 0
21 HFRS 0 0 0 0 0 0 0 0 0
22 HFRS 0 0 0 0 0 0 0 0 0
23 HFRS 0 0 0 0 0 0 0 0 0
24 HFRS 0 0 0 0 0 0 0 0 0
25 HFRS 0 0 0 0 0 0 0 0 0
26 Urinary tract infection 0 0 1 0 0 0 0 0 0
27 Urinary tract infection 0 0 0 0 0 0 0 0 0
28 Urinary tract infection 0 0 0 0 0 0 0 0 0
29 Urinary tract infection 0 0 0 0 0 0 0 0 0
30 Urinary tract infection 0 0 0 0 0 0 0 0 0
31 Leptospirosis 0 0 0 0 0 0 0 0 0
32 Leptospirosis 0 0 0 0 0 0 0 0 0
33 Leptospirosis 0 0 0 0 0 0 0 0 0
34 Leptospirosis 0 0 0 0 0 0 0 0 0
35 Systemic lupus erythematosus 0O 0 0 0 0 0 0 0 0
36 Systemic lupus erythematosus O 0 0 0 0 0 0 0 0
37 Systemic lupus erythematosus 0 0 0 0 0 0 0 0 0
38 Systemic lupus erythematosus 0O 0 0 0 0 0 0 0 0

<



39
40
41
42
43
44
45
46
47
48
49
50

51

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81

Malaria
Malaria
Malaria
Infectious colitis
Infectious colitis
Viral meningitis
Viral meningitis
Intraabdominal abscess
Intraabdominal abscess
Cryptococcosis
Cryptococcosis
Acute cholangitis
AIDS with Pneumocystis
jirovecii
Pulmonary tuberculosis
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus
Scrub typhus

[eNeoNeoNeoNoNoNoNeNoNeNeolNolNol

[ecNeoNeoNeoNeoNoNeolNoNeoNe Yo NoNoNoNe N e EeRololNoNolNelololNollollo o]

[eNeoNeoNeoNoNeoNoNeoNoNeNolNolNo)

_ et L O O e O e L —_— - L OO

[eNeoNeoNeoNoNoNeoNeoNoNeNolNolNo)

_ et L O O e O 4 e L —_— L OO

[eNeoNeoNeoNoNoNeoNeNoNeNeolNolNo)

[ecNeoNeoNeoNoNoNeolNoNoNoNoNoNoNoNoNoNoNeoNoNoNoNoNoNoNoNoNoNoNe Ne]

[eNeoNeoNeoNoNoNoNeNoNe ool

o e 1l O e e e O e e —_— - L OO

[eNeoNeoNeoNeoNoNeoNoNoNeNeNoelNol

UG o T o S G GGG GG o Y G GG G GO o S

[ecNeoNeoNeoNoNoNoNeoNoNeNolNolNo)

_ e L O O e O e et — —_— e L OO
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[ecNeoNeoNeoNoNoNeoNeNoNeNeolNolNo)
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82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
9
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125

Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub
Scrub

typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus
typhus

[cNeoNeoNeoNeoNeoNolNoNeoloNoNoNoNoBoloNoNoBRoNeoNoNoNoNeoNoNoNoNoNoNoNeoNoNoNoBoNoNoNoNoNe e e e R
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® 1;postive result, O;negative result, C; conventional PCR, N; nested PCR, Q; realtime PCR

126 Scrub typhus
127 Scrub typhus
128 Scrub typhus
129 Scrub typhus
130 Scrub typhus
131 Scrub typhus
132 Scrub typhus
133 Scrub typhus
134 Scrub typhus
135 Scrub typhus
136 Scrub typhus
137 Scrub typhus
138 Scrub typhus
139 Scrub typhus
140 Scrub typhus
141 Scrub typhus
142 Scrub typhus
143 Scrub typhus
144 Scrub typhus
145 Scrub typhus
146 Scrub typhus
147 Scrub typhus
148 Scrub typhus
149 Scrub typhus
150 Scrub typhus
151 Scrub typhus
152 Scrub typhus
153 Scrub typhus
154 Scrub typhus
155 Scrub typhus
156 Scrub typhus
157 Scrub typhus
158 Scrub typhus
159 Scrub typhus
160 Scrub typhus
161 Scrub typhus
162 Scrub typhus
163 Scrub typhus
164 Scrub typhus
165 Scrub typhus
166 Scrub typhus
167 Scrub typhus
° CThai ) NThai .

; conventional, Nested PCR using primers designed by Sonthayanon P. et. al.

viil



Figure 1. Comparison of ROC curves of 16s ribosomal RNA conventional PCR with other

conventional PCR.
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Figure 2. Comparison of ROC curves of 16s ribosomal RNA conventional PCR with other

nested, real time PCR.
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