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& fup R Orientia tsutsugamushi*TilAz o = 5 XM % 3lde &

‘;w

BREMHTREAIREREHR FRHEHAFHLATFH N EAF - &
Fote e #- &7 400-50000 & S 2 o & AR DTRA MK o 8
%8 (leptospirosis, murine typhus, malaria, dengue feverZ i

viralhemorrhagic fevers )& JILJI;Kg 515 5 0 ey B ok o B0

Ty o FIF L ARSI BRI BT 2 SRl

*f&&
e
bk

VETARNLR YRR 2L BRE A G R B F R
PSR R 2 RE PR 0 ¥ 7 &Biosafety Level TI1%
BREHEE R ,%,M/}%ﬁé.% PR A NFT2-3B A o E=ELISA k57w
* E.coli* £ ® # immunodominant protein TSA56, * % Z &= %9 %
7 ¥ fE¥diagnosticantigen. B E X 2R, b AL X BA o
Flet M3t HE A 2 so e k82 3 & FR TSADE, ompB ek ] 5 £ Blm )k
57 4 . TSAD6, ompBE de Fov o 65 4E OB iR BLfr AR o SR
FLAAIER LRI R APZ TFAFRBFRDBAE B - Lo
e g A G 2 Y e R B TR R
LU N E RGP GHZ LA B A Bl FEELE
2 o

Mot CAAR LAY KA Z BAAAANE AR KA




SN ECfER

Scrub typhus is caused by infection with Orientia tsutsugamushi. The
symptoms of Rickettsial infection include acute fever and lymphadenopathy,
pneumonia and liver function abnormalities. Every year, approximately
5000 suspected cases were analyzed in CDC, in which approximately 400 to
500 were the confirmed cases. The clinical symptom of scrub typhus is
non-specific, similar to leptospirosis, murine typhus, malaria, dengue fever
and viral hemorrhagic fevers infection. Accordingly, the misdiagnosis and
delayed treatment of Scrub typhus is not unusual. At present, the laboratory
diagnosis of rickettsial mainly relies on immunofluorescence staining to
detect patient's serum antibodies. The IFA assay is conducted by an
experienced technical staff, is time consuming and need at Biosafety IlI
level facility to propagate the pathogen. Therefore, development of a high
sensitive and specificity enzyme immunoassay test system is urgently
needed. To develop the diagnostic system, we clone the rickettsia major
antigens including TSA56, ompB for productions of recombinant proteins in
an E.coli protein expression system. Subsequently, the high-affinity antigen
will be determined by patient's serum and used to construct the diagnostic
system. The main objective of this project is to establish a rapid diagnostic
system, including enzyme immunoassay, immune layer chromatography test
and ELISA; enable rapid confirms the Rickettsial infection and is used in
the early diagnosis and epidemiological studies to control rickettsial
diseases.

Key words: Orientia tsutsugamush, , immunofluorecence, enzyme

iImmunoassay, immuno-chromatography
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Ehp > B4 8% 3 o5 & Orientia tsutsugamushi 2 & J % 57 v
“ralAz G @ LA o X AR OBERY 121 > ¥ 59123 > B

Hoi AT AR F G a7 5 B A (eschar) 0 A & TR
AT RBER R IR ER B EHT BREI RN AR

S ENTEEES ST E S SR T T

A

=)

\‘\

L

E“}

FEFORHEL cBRRIARKT KD L Fie kA g B

S E R 4 i

P ARG oRE R P EEMG R E RS ORGP

=

ERRIEY SR CEEE R ER RN L Sy TR
A RO ARBTE KSR &G 400-500 B /P b 0 B E RT3

AEEZAEMR S o AR TR B &

ViruE ESY 3100 i h 0 B A ERR 5 520~20K o R b
BN 2 & 5 2 X L% (Leptotrombidium deliensis) » & B ehds 4 5 A

1% 5 E&AE(rodent) o FAE(E B~ W) 0 B AT(S -~ HR)E o o

-

P RN R B B g a o f;t:}fgé/gleiﬁ # Orientia tsutsugamushiz_

A& FLR v 5 TSASE > & 3- IR o BT & R (7 Fiacloning i &
Fil -0 BTSAS6 4 A v » 1% ptfim i * ELISAZ ICT i 5t > 3%

rs E'} %’?é‘f’?ﬂ E’i;rii E:'F’H?f:ri o



B M (R S AD=T 3 % 5 Rickettsia typhis | 42 e T H Az fe
ARA M) R FEER > BFCRF S E
R R eI L R G Cp iR Fhms § FE e RFH S S
é;?nzi;—’,bzgq ot EMRE RS FREI en o 23D ] 950

FHF LT F Y IFAZR - S B F Ao im ol B s~ 4

AR BAF LR - LR E o A AR R 3
BT RO MRS RGeS s RS KK

ERLIAHFER A BA N EG BAROR g B

oA AR TR A A B AT DL KT oA E AR LB

bo
™

B FFlmr T g B AR Ao ) BRE el w254
¥
% %546 X %8 o 33 (Ctenocephalides felis )» & — &+ it e /i » —
PRACRIW S APFET I - E)ARABERYILI-2 &
A 512 20373 €E4ad A BE LA e F R EA ERACRE
A EER LA CRfrR REEBRE O F VA ANA 2 A
FEAGTRT >~ g B H BRI T e R Lf%é’ﬁ;%ﬁ L& R
F-0 F sompB > *3-F[HKcloningi & Fk F-9 Homp B I A R

2

b B PR * SYELISAZ ICT s %> TP # R F 2 ¥ranl Fe
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DA RESLE S ZAL L

() wEHA#E 4 Bua FRFRARBURAI I %S

doX Z R0 BNARAERIAE RPN mERE S ERETY o
BA N2 AT 1 A w4 R 2 (serotype-specific) 2 B R FLEE i

BF RS o AR B A2 8 A kTR F BT w0 R

10202 6 WBFLAFRLI A wHRIAALE P P

(i) PCR & ; ¥ il i ~ BM E il mpEAPRAsF » 7
Mgt s R o e LS T o @ YichNested PCRig &% > 2 5 % 75 4 &
TRRERBER AL ¥ 3 T ho T E k0 ¥ kT EPCRS £ it

Rfenit % 035 5 @A om ey ek Lp B AT EEE Y Rj ook

(i) & 7§32 5 @5 2 4eWeil-Felix test » 2 RI2 3 2 5%
Wk 4 A2 2 7 2% wFProteus B hFfET 1 B EF
(corss-reaction) - 4-Typhus group (Rickettsia prowazekii, R. typhi) %2 R.
rickettsii= £ P. vulgaris OX19% J& - Spotted fever group 2 Ff&+« £ P.

vulgaris OX2» J& » O. tsutsugamushif] ¥ £ P. mirabilis OXK * & - iz gt



SRR LFRAEZE-B Y G ROGHEE GAEHES ¥ ERR
oo paA P A M FELE 2 MEALRT RLI
(MIF) » igf6 > 2 07 . R B > & &% 4 % e Spotted fever group F#&
P v FIEE

A kI

F s A A2 3 & FR TSAS6, ompBsig e dv 5 >
idn Bk LT & JRTSAS6, ompB - B 0 & iE d1 k& hg MAr 4R o
5(1) BALBAIE > TG B RAR S HBME L ERBET
it eiRBL E P HF I FHRILIAYARF NI E 2 LA EAL
iz 2> FlL TR 2 FERORE OFITHT R ERF
IRl T FRFPFRDFRAAE B - R it G 2
ik Y P& B R G et R B L ommR TR
RS EALFEOF R RAT > LA R B LA WL

2Z[Fiel TR EL o



S Mg
L M2 wER e e RALZEF B REHFL LD =

B4 s 5 s bl % o 2304 (7 Heparin® EDTAZ 2 i
5~10c.c.% w 7#3C.C.) ¥ d & T fFd “Ta F ez %T?;E AR fH
ARAZEFEPLFOT AL P RS P EFHI ZHEL P
P EF R 2 R RRERE FE N B ARE S TR %

oW REEIICI ML 2 TEACAKEM FE o o0

baih

EERF L HEAVTEE cwmARE AR E PR E R SR
R e R 7t (prototype) - Gilliam ~ Karp ~ Kato
£ AHAATCC 5 4 s i 2 & R R & 45 & 128 (R DR 1S
0-7%) ~ % PAp 8 (o 1 I158-13% ) ~ B R4k 3P (sl J IR 18

14-30% )2 t&# - 5 A e MRIT R 0 > BB TR R A S LR 2
ISR FoHREDLE URILE R R o 2 B F o B
AATR AR BIUR MR 0 dofut 2 an i o~ fEAE S R
FE A BRI 22 LR RES 2 AR REBE ML 5T
HEFED 5 B F 2 R A B 80 C4 R
E2 g o

2. R AMAME W IBRERY (I-TRHP) 2

heparin(l0U/mL)z 2 & » A3t % s 2 ¥ £ 5m% (PBMC)



£ #-H B4 T L9298 HEL mPz &k (shell-vialim®s 32 % 57) - & 1§
34X {HRAA FTREFLFF o REFL > FURFERLA
FRZVBPETF 2 M2 L 2808 F 8 22 E, R
Memre f fR3K 18 17wt PRIRAEL-2% o T F Sk AL BT P3F
HEAPFX DTSN FT, EPR L E B A oBEAYT
Rz e AR & RE ERE B

Rtk e % W H 2 5= W DNA : 12ROCHE High Pure
PCR Template Preparation Kit ( Cat. No. 11 796 828 001 ) E;’E»ng
AR D B e 38 % 2 m FDNAYE e B A P b A2 2
%200 pl » #2200 plz Binding Bufferss 3 ;8 & 15 > £ 40 ~ 40
Proteinase K» 2 2 i BiR £3595 » ¥ »70°C-Kis 4 #1104 48

£ 4r »isopopanal 100 ul¥=2 3 ;& & {¢ » 4c 3/High Pure Filter Tube
128,000 X gt 14 45 o ¥ F£High Pure Filter Tube X 37
Collection Tubefs > 4r » 500 ulz_ Inhibitor Removal Buffer- 128,000
X g3 14 48 o £ ¥ £ High Pure Filter Tube = #7¢nCollection Tube
fs » v » 500 pulz- Wash Buffer » 128,000 x gt~ 14 48 » & 4F s+
£ wash— =t - ¥ 3 High Pure Filter Tube 1 #7=Collection Tube

¢ » 1213,000 x gdg~ 14 45 » #-High Pure Filter Tube t 7% § s
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™ §7% o B {4 #-High Pure Filter Tube*xc % #7=eppendorf » 4c »
50 pl3g #.70°C =Elution Buffer » # % 104 48 - 128,000 x g1
A48 > eppendrof ¥ &% #8 T L 4 5 B~2. DNA -

4. 313 (Primern)enX 382 & 2! 513 kP vV %73 Feng & 2o
Horowo # 3 o & HHHDNAFR 71> 31 (Primer) sk 322 &
-k F e dUR R 20 i FPCR.

5. X & g4y F B (Polymerase Chain Reaction, PCR) 1 = 5. =% 48
A ¥4 template 3% F eprimerste » FORIEF PN 0 i2 7PCR
F J& o B~1ul cDNA4c » 2 5 2X buffer Mix(50mM KC1 ~ 10mM
Tris-HCI~1. 5mM MgC1:~0. 1% Triton-X 100~dNTP mixture ImM) ~
5 units 7ag polymerase % 50ul > **94°C % {+(denature)104
4815 > 194°C 3045 ~ 60°C : 304 ~ T2°C : 1~ 48 > & 730 F
& (P F k7 Fprimerfttam 3 3 BB R 2 F RE T) o
Bote BT2°C 8% 104 48 o (FPCRY tg2c ~ 2. TSAB6 & 4= 7 £ > Jf 14
DNA® A Fzin A 4 ~ ] o 2 DNA sequencing#z:d sk FIit /&= it i&
- HERESHCE RGN T o

6. TSAS6E e dv 2 WA H@t 12 R XA EARNTLARBE

o= R dnPe B F epdee B 4o, tsutsugamushistsaS6kD 2 s

11



i % ~ mEh# 2 omp A~ omp B gene i & HE 5 4 (PET-47B
plasmid) 2 R H A F|E 2 dv Fod WA B ERFHATHET T ~ £
BER AR ARY TR AR AP FREY S HEFRLR
£ dv F o 7 Lf1* PCR¥ $/tsa56kD genez omp A ~ omp B
genes IDNA® Fo #-pt DNA F £:E 78 3 pET 4 3% »(Novagen) »
A 2N ZHistageh2 £ & PR L o fod FoR TR = & 18
g7 3 d-v B ARk 5BL-21 (DE3) > 121 mM IPTG3 #4&0
0 FAZ o WBFERRY Tl J1* AKTARAR G & &2 17 &
(LPLC) #-7 &+ £ A F 4c 04 3> L 3-8 2 2 3o
Figiem & 18> M REHT2PEGRFE 2 2 - Bt 2 £
F-v o £ 91* mAb against His-tag( ¥ & =) ~ B o=
MERFME > AL e dy FEATF 2 iR ATz}
(Western blot, Immuno- precipitation) - £ ~ & 23 ~ ¥ it 2 » ¥
I ELISAeh= 23505 H 3 BELISAR SR ZFH 2 7w fh o T %5
B i AT B R0 T g § R & (cocktail) 0 W { B
AR - M E LR ETE R o
. &9 F R A(SDS-PAGE)z & * % B2 (Western blot) : % it 2 4

F 189G H B e b 2 SR AL — B F AR R 0 AT R165
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RAF2 T R AL 454 48 0 2 18 2 Coomassie blue% ¢ = 4
170 R AR Bt 2 RSB R TR AL 1% Semi
—phor & §g N A - #-Fv B & d BHES I AR EE
Se 2 BOgs gk A et g e b > B304 4818020, 1%
Tween20/PBS7ie 2. 18 4e » i 5 i G & FRE T g e b o
w3TCHE e 7% 2.0 pF > 120, 1% Tween20/PBSii% = =t & i3
",f ALE2Z PR o Se xR % 2 HRP—con jugated goat anti
—mouse IgY#ukd » A3TCiwEfa® iv* 1] pF > 120.1%
Tween20/PBS7-i = = & "/T‘ A E 2 Ukl BTMBE »r g g b o
BI04 BFHEE I 3 @I R Rawt » IR
%4 A e

. Indirect IgM and 1gG ELISA :-L vz 5pg/ml, 100 pl/well of H ki
i+ 24°C T I e fif(coating) 2963t & sxp AF oo £ 200pl2 1
% % v v % i (1% Bovine serum albumin in PBS )*+37
‘CT g7l peblocking ¥ % o 12 PBSjFiets » B2 5o = BFLR
fis4cr o BTCTF RL|PE o UPBSHF£ S » 40 » L1008 4
hiF iRl 2 $ R F Ll PE o 4e x 1100048 2 WL F ik

IgM 28 IgG it -k P aipe s 2 & (4 0 337 CF RL) Prode » it
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X R R IEH 304 48 0 £ A K405 nmiplsk B o

=~ 25
1L poe ENTATECH L AMBIA BRI FLIL Ak A 8%

TWI1, TW10, TW19 2 TW22 fF#k- 2 2 worldwide phototype strains Karp,
Gilliam £ Kato Ftk (Fig.1) -
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EfpE L& PR £ TSAS6 F-v F > 2K 5 56Kda > # & N =/ 5
% signal peptide’ C = = transmembrane domain» ]t 2k 2+ specific primer
i it ik F TSABG tridz % 3¢ (20-458 aa )& 7 B & pesasy £ (Fig.2) -
£ ¢ {448 PET47b 2 "yl f% % (BamHI 2 Xhol) i * - i& {7 ligation # %
E.coli s o $+ 1 single colony 14 P~ DNA #xz% insert 3 ligation % ¢
o g smclone 2 DNA B 7)) & #x o
#-= g 78 ch TSAS6 £ %] > 12 1mM IPTG induction % 37°C+ 12 & 31 >
ml 3 pEE 5 priatimecourse A7 0 BE B IR 37C,3 )
e« LML e TSAS6 3-v # 0 £ 2 His resin % i 3o ¥
(Fig.3) o #1% i- TSAB6 ¥ it #& anti-his tag Ab % % — £ TSAS6 Ab
w3 (Fig4A, 4B): ¥ 1 L Bk £ i iF 7% it 8 7] TSAB6 3-v 7
¥ ow g RlEEyES o A RN ahE w kv T TSAS6 £ 5 # 2
SRR LS - B 2 R 4 TR S (FigAC) o
T 2 s § FEE & cnFh ompB cloning > 1 ompB 3¢ F 2> &
% 1645 I aa > F]pt & OmpB & = 3 i cloning - % — £ ompBl & 7|
% 31-280aa ; # = £~ ompB2 A 7] 7 261-760aa ; % = £ ompB3 & 7| &
740-1354aa (Fig 5A) ; 1 specific primer ¥ ompB1, ompB2, ompB3 & {7

FEPR4AL & o £ & V18 PETA70 v #2401 A% % (BamHI 2 Xhol) i®# -
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i {7 ligation # % E.coli n g <P+ 1) single colony 4 P~ DNA #2372 insert
7 ligation I 48 - fo PFAE3 ompBl, ompB2 7 7 s clone # DNA &
I+ Fx e 2 ImM IPTG & 37 Cinduction 3 -] p¥ & 12 N-NTA resin s i 3~
v F(Fig.6A)> #7 % it ompB1, ompB2, ompB3 # 14 * & |+ 444 anti-his
antibody 8 ;plEa (Fig.6B) e
v %oe TSAS6 coating o ELISA strip i 7 ELISA Bl % » 12
IFA ¥ % golden standard = {7 %> * 106 B {te 52 90 @&
M F 7 % ipl3E %% ¢ 1gG ELISA srsensitive % 94 %, specificity
% 96%, PPV % 97.3% NPC 5 92. 9% Tablel). IgM =nELISA sensitive %

96. 7%, specificity % 97.6% PPV % 97.8% NPC % 96. 4% (Table2) -

B*iiﬁ@ﬁ?%i@%uiﬁ“%45¢?V%¢%,%
TREFERDPNAR > F R HROF RMEREFRAL P
LR ENG 4500 kR R AR R LAY XA 2P
WP ORHET TSGR R EE ED PR | R w2 0
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j=q

s TR ER ST EET AR AA ZERESRRFRF AR
P ABEE KRS 2 F b Biosafety Level Il £ 59 %28 % LARKE
FERA T 23BEE T ER L oA P oentiz >~ ELISA 4
s E.coli = £ % #% immunodominant protein TSA56 » % &= %9
% % v § A f£17 diagnostic antigen. f: fh# 5 % >~ fE R bt AL
FRET G p R RdRR TG HEF D CEREESE R
GEELE: R SRRl S

e EEMEAAANTET p B R Rph 0 R k- e
2 ELISA % A»c 5 A 492 B R (T L 9B o F P
- HFEEFLES kA2 0 8 25 TR (point of care) 0 7
RERORE CFTHL > TR AEFINRAEE TR LR
AEAEFRRA  EED A SR M E L HL e
Tt L& o
S B iER

poavsvipe 2 &R E fop Orientia tsutsugamushi # e Ftk &

¥ worldwide phototypes Karp ~ Kato 2 Gilliam % % local strains

TWI1, TW10, TW19, TW22 % - fé s 77 3] &) 2 Tsa 56 kDa g ‘e F-v

oo F ompBogene ihE e dn FARBL 5 3 F0 FHLR D
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B- M2 FREF T anti-his Ab, & - £ TSAS6 2 5 * o i i A3l
HFom o Botszz % ELISA & 55> #-% it 4 ke TSAB6 coating
ELISA strip i&{= ELISA Bl3&% % » 2 [FA i¥ 32 golden standard
Tz ¥t 5% - JoG ELISA svsensitive = 94 %, specificity
% 96%, PPV 5 97.3% NPC 5 92.9% (Tablel) . IgM 7 ELISA
sensitive % 96.7 %, specificity % 97.6% PPV % 97.8%, NPC
5 96.4% F %S E BT e S F9 F TSAS6 & 7 i® 5 diagnostic
antigens /i - “,f TEEEZLESPTET pBEERRI KRR
B- HFEEFLES K A 472 > @ £ 5 TpEi(point of care) » * 3
FARNRE > FEFT > Pl EFreplEE > 2 5 EFD A

e
95&'0

A ERFL SRR LMER

1. 2 E2 38 B 378 P

FAiezz ¥ oindirect IgG 2 IgM ELISA & 3> B %M E 5 B R g

BER M RBSRS IFA S 2% 2T AT AR p B iE s e

7 *iﬁ’ﬁtﬁ%ﬁﬁé}ﬂi‘ﬁ? o ",f 1B ELISA i sueb > K k#sg- 4 B8 point of

care L. & ¢ R A 172 0 € &5 TpEE(point of care) 0 # F HFARDRF 0 IF
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R i abm 10 Adp L WIRRLES - 2 S FR RS

23 EHARE KT e H2L H %

R FEREECRPFFORED AT R S G MG A
ESIRE e ﬁ}i%&,ﬁiﬁ VR BB ARYE ﬁﬁb}%,ﬁaiﬁ;ﬁi&%&
BUERRTER -

BFHEF FFL T 2 Kk

dREREF VT AREE  F R RBEFE LA BT B d
BB G R B REL DR FE R MR E - R
UL BRAUEEY F- AP TLE AR R N R S PN =4 .

SE A BT SR B R R A AR B F R -
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Fig. 2. PCR amplified products of the 56-kDa type-specific antigen (TSA56)
from genomic DNA of O. tsutsugamushi strains including TW1, TW10, TW19,
TW?22, Kato, Gilliam, Karp (lane 1-7). Lane M: 1 Kb DNA ladder marker.
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Fig. 3. Protein analysis of E. coli expressing TSA56 proteins. TSA56 protein
was resolved using 12% SDS-PAGE and stained with Coomassie blue. The
purification of TSA56 protein is described in the Materials and Methods. Lane
1-7, TSA56 of TW1, TW10, TW19, TW22, Kato, Gilliam, Karp. Lane M,
protein molecular weight marker.
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©OTW1 TW10 TW19 TW22 Kato Gilliam Karp

S me W= R
-.----- 1025487

TW1 TW19 TW22 TW10 Kato Gilliam Karp

B- TW1 TW19 TW22 TWI10 Kato Gilliam Karp “ -m.‘ 1022074
NC
Sera No. IFAIgG  ELISAIgG IFA IgM ELISA IgM
1024577 640 ???27? >160 3.346
1025243 >640 2.817 80 2.986
1025487 >640 2?2?77 >160 3.789
1022074 >640 2112 160 3.379
1024765 320 0.179 - 1.166

Fig. 4. Western blot analysis of recombinant TSA56 proteins from different
strains using (A) a commercially available anti-TSA56 antibody; (B) Anti-His
tag antibody to detect loading amount of each antigen onto membrane; (C) the
scrub typhus patients' serum samples (TW1 ~ TW25). NC, serum from a healthy
donor.
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Fig. 5. Cloning and expression of the ompB. Purification of the ompB1,0mpB2

and ompB3 fragments (B) ; Western blotting by the anti-his antibody (C).
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Table 1.Comparison of recombinant TSA56 ELISA with IFA-positive scrub
typhus patients' 1gG samples (n=116) and healthy volunteer serum samples
(n=82

No. with ELISA result

IFA result

Positive Negative Total
Positive 110 6 116
Negative 3 79 82
Total 113 85 198

*Sensitive : 110/(110+6) x 100% = 94.8%
*Specificity : 79/(79+3) x 100%=96.3%
*Positive Predict Value = 110/(110+3) x100%= 97.3%
*Negative Predict Value =79/(79+6) x 100% = 92.9%

Table 2.Comparison of recombinant TSA56 ELISA with IFA-positive scrub
typhus patients' IgM samples (n=90) and healthy volunteer serum samples
(n=82).

No. with ELISA result

IFA result

Positive Negative Total
Positive 87 3 90
Negative 2 80 82
Total 89 83 172

*Sensitive : 87/(87+3) x 100% = 96.7%
*Specificity : 80/(80+2) x 100%= 97.6%
*Positive Predict Value = 87/(87+2) x100%= 97.8%
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*Negative Predict Value =80/(80+3) x 100% = 96.4%
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