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£ eig s PFF 0 2 F hBiosafety Level I E 59 % 28 % LARIES 5
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0 X723 5 o= 2ELISA k%v *Ecolix £ W%
immunodominant protein TSA56, * % % &= % F % 3 v &7
diagnostic antigen. % B 5 % AR R B AN R IRE o Ty A E A
2o kB2 A & LR TSAS6, ompBrfh Fl 3 B v Blm Ak AT £ IR
TSA56, ompBE & 3-v > & & N i chg M - SHMFZ LR
AATE R LB R AT TR R B BERDFAARE L - Lo

«‘Iﬁ? AEME > E“x’u‘)'};"‘“ Bk e B O Iﬁ?}%'%m’%“' AR Iﬁqm—"rﬁﬁ b T
R o eI AAMB LKL Ficl TAELER o

Fﬁ?éﬁ‘-;@j . ,{r)gif‘% ® gu“ N"I‘:jll‘g /2‘ M ﬁk'% é’u)’ lfv\’i"?/f > Vu 3 %4\’}%/2‘
2% 1




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 Il
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 and immune layer chromatography
test, 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

immunoassay, immuno-chromatography




&L & ﬁ @A 3 o & Orientia tsutsugamushi 2 & f % &.57 v
rElAe G B AL B R o & R ERD 912 > 59-12% >
Hed Bl T ARASHF EG R T S 1 & e (eschar) 0 A & Rk

B AR R TR R R B T R R R AR

BIRAHoMtd pAMIMBERBEL g TR MNNMEG X T EHE
FIRGFEF RAEL BRI ART %gsi EEA DY ;:5:15} e d

BRI ETE A A Er A0 R EE M R R R %G

4o S R1955E Mgt B S A WA RIFH S B @ Lo o o

A R A BRITE RF 9 F 400-500 B FE R ) 0 kBT 59T
H|3F 2 EEAEPR AR CER BT 2 a R B4

Py uE £ 1100 it 0 B A ESE § 5 20~20K o 5K T

BIEA LR S 2 L M(Leptotrombidium deliensis) o & & ed 4 7 A

-

& dg(rodent) - of FEE(E R R W) SH(E - H)E 4
LR SRPE: £ - NP k- R f;t:}fgé/gleiﬁ # Orientia tsutsugamushiz_
A& FUR Fov B 5 TSABG o A3 #-fe 5 #iT & ik (7 Ftkcloning L &
Fil -0 BTSAS6 4 A v » 1% ptfim i * ELISAZ ICT i 5t > 3%
B LT FEE 2 T RE o

B (R 3 2% § & 5 Rickettsia typhis | 4= e s 0 8 Az e
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AFIE A L A2 2 & FURTSASE, # = pash § % ompBeh
Ll Fo kT £ LTSAS6, ompBi-v H > &iE 1 & i 03
Mg iR > 25 (1) BRARAIE > FIL G B ORRE S HFREE
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B8 A m 2 58 00 bl J o 29046 (7 Heparing' EDTAZ 2 i
5~10c.c.% x i#3c.C.) ¥ d & ¥ ®iFE erE“F?J‘fw %5 LA R g
ARAZEHFPFLFOT AL P RS P EFHI ZHEL
oo EAF MR 2 R PRI FE N D B ARE D N XL R %

oW BEHRE IS S TEACHN R T

Ei
o

bl

EEEFL BT ET RS A B EH B EE k2 L
R e R 7t (prototype) - Gilliam ~ Karp ~ Kato
¥ AMAATCC - s 4 s i 2 b iR kA & 32 & 428 (i )
0-7%) ~ 5 p4p 8 (s 1315 8-13% ) ~ Bk fh ¥ (Gesik 1R ts
14-30% )2 e H « s A e B 12 BB FERR A Y L FF 2
PR FREDE UFGLE R A RS G B 1
AATR AR BIUR MR 0 dofui 2 an i o~ fEAE S R
FE A BRI 22 LR RES 2 AR REBE ML 5T

SREFEL GHBEF R s K g 80 CiA 1R

ZRAWAME CBRMIBLELY (-TRP) 2
heparin(10U/mL)z 2 & » 4 &4 % fi ;2 8 2w (PBMC) >

P o#-H 346 3 L9298 HEL m*e tk (shell-vialim?z 35 % #y) - & I§



4% LR AL, TRALFF e HREL X UTRLA
FokZWRETF 2 AMALE 2% FRE WAL, B
Btz ol f23% (5 L e pr3RAAL-20 0 7 F SREARRTP3R
HEAPFX DTSN FT, EPR L E B A oBEAYT
Fipter kiR 2 & R B4 R

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 2w B e R 2 FDNAYI Lo A B P B2 2
%200 pl » #2200 plz Binding Bufferss 3 ;8 & 15 > £ 40 ~ 40
Proteinase K> 1 2 BiR £353 > 53070 C-Rip H e #2104 45 -
£ 4r »isopopanal 100 ul¥=2 3 ;2 & {¢ » 4c 3|High Pure Filter Tube
128,000 x g#g .~ 14 48 - ¥ #£High Pure Filter Tube I #7h
Collection Tubefs > 4r » 500 ulz_ Inhibitor Removal Buffer- 128,000
X g3 14 48 o £ % #High Pure Filter Tube = #7¢nCollection Tube
fs > 4 » 500 pulz- Wash Buffer » 128,000 x g& w14 45 > £ 45 44 #
£ wash— =t - ¥ 3 High Pure Filter Tube 1 #7=Collection Tube
s » 1213,000 x g&g-= 14 45 » #-High Pure Filter Tube } 7 % e/

7 ™ §7E o B {4 #-High Pure Filter Tube=z I 7 +eppendorf » ¢ »



50 pl¥g #.70°C erElution Buffer » # % 104 4 > 128,000 x g« 1

& 45 > eppendrof @ e 48 T % 4t 3B~ 2 DNA -

33 (Primer)s kit £ X0 513 RV kA BT R A T
Hor i Bt 2k ¥ P EOEDNAR 70 313 (Primer) sk 34 22 &
¥k PR E T 0 i2{7PCR,

. % & pv4add £ (Polymerase Chain Reaction, PCR) 1 * 5. = 48
£ 75 template - K37 Foerprimers4e » FOREFA N 0 2 (FPCR
F J& o P~1ul cDNA+c » 7 3 2X buffer Mix(50mM KCI ~ 10mM
Tris-HCI~1.5mM MgCl,~0.1% Triton-X 100~dNTP mixture 1ImM) -
5 units Taq polymerase  50ul > >+94°C % 4 (denature)104 4% {s -
r194°C 1 3045 ~ 60°C : 304y ~ 72°C : 1A 4 7305 F O (L
WE kA Eprimersiia 3 A R AR R E F Rk T)0 s 72
Ce® 104 48 o SPCRH#{ 152+ 2 3= T A% ¥ £ > /f ZDNA
T AFEIRA Y < -] o 2 DNA sequencingss i ik 1 £/8 > a0 82— #
A BHICE B F F o

L EERY FLEUAERL AR AR R AR A AR LA

\‘SL

wmre b hj-d B 4e0. tsutsugamushi s TSAS6 % 3+ = Hsa i

FompB: i A F 4 (PET-47B plasmid) £ 2 A 7€
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Fo P od MASRETRETT PE Tt B4 A R0 Feh
SRR AP EREY A ERARE BEG oo g A
PCR{¥ 3] TSA56 omp BeDNA * £ o #-* DNA Y EBiE 78 1 pET
% 3.+ %i(Novagen) » & # Nz % His-tage > £ & * L& e Fv H o
TR R S BB 36 4Rk #BL-21 (DE3) - 11
MM IPTG# 45 chd-rn T A 2 « W B3 EiR b 18 L w1
Bl B0 FipirR &1 MY RE4T2 PEGREE 2 2 >

P2 E B H-d B o £ 1% mADb against His-tag ~ & B4 i A

ELISAR S 382 7 is 1 o © 8% B4 cha fBE B dn T &
BGE § HuR S (cocktail) » A T B HACE B E- Mok E LA
R o

. &9 F % A(SDS-PAGE)z & = % B2 (Western blot) : & it 2 4

118901 R e L S AR AN — ROP O R AE 0 AT R165

REF2Z.T f R AL 3455 45 > 2 {5 12 Coomassie bluez ¢ = 3% &
¥ 30 B R AR e i 2 RSB Be B R At 0 J1¥ Semi
—phor& sz A1 > #-3y Fisd BHMES Tt o b

~ BOG A 4s 78 i AR o BP0 4815 120.1%
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Tween20/PBS % 14 4v » Sl if % A8 cnfud >t s et > %37
Ciwigfa® ie% 1] g > 1210.196 Tween20/PBS i = = R if'f A
& & 2 o 4o~ iy AP 2 HRP —conjugated goat anti —
mouse/human IgG#4 » w37 C g a7 F% L[ pF > L iz =
x Pi"f A E 2Rl o BTMBE et > 27510445 »
FHEI I RPI RERFZRE > TR A -

8. Indirect IgM and 1gG ELISA : £ 2 0.25pug/ml, 100 pl/well TSA56
£-ompB recombinant protein +4°C T [ & = *f(coating) 963" i
BT fE o g % 100ul2 1% 2 o e F-v 3 7k (1% Bovine
serum albumin in PBS )*+37°C T & {7 1-] F¥blocking it * - r2PBS
ik ts o MARMAFR S 4~ > 3TCT F L] PR UPBSiF R
4o LA0OAFFF 46 chid bl i & SRS i F L PF o se n i 4 AF
{2 L E A IgM R IgGH it -k Ak s & & ok > 37CF &l
JopE e de rFEE X R Y F R (T 304 450 £ 2k £ 405 nmip
2k B o

N S

1. 23 wFtd R a4 R D TSASG & & d-9 & > £ 2 His resin & it 3-
v B(Fig.1A e mEznt i it TSAS6 ¥ it 4% anti-his tag Ab 2 & — |+ TSA56
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Ab #r3%3 (Fig.1B,1C); ¥ 11 14 ,ii;ﬁ.r/ﬁsﬁra A 1 i western blotting
R FER TR A TSALG 39 Fom & ¥ P& 2 FF(Fig.lD) o
Rrom A R A ehE e 9 B TSABG £ 5 #F R i e Ak B - Pty
B A s ETRERGLE S o

4 +7 golden standard IFA 22 #7:=2 & ELISA % st > 4 IFA IgM titer &
80 p¥ » ELISAIgM 7 98.1%:1f5 |4+ 5 (Proportional positivity) > % IFA
IgM titer 42:%F 80 F¥ > ELISA IgM 3 100%:Hf5 44+ Z (Proportional
positivity)( Fig.2A)- ¥ ¢t IFA1gG titer % 320 p¥> ELISA 19G 7 69.2%
enfg f4 b 3 (Proportional positivity) > 5 IFA IgG titer 42 :& 640 p¥ > ELISA
7 98%¢mtE (vt ¢ (Proportional positivity) - % IFA IgG titer 4¢ % 1280 B+ >
ELISA1gG 7 100%:5H5 4 +¢ < (Proportional positivity) (Fig.2B) - &g 7
ELISA i su% 4p % 45 <5 11 i) & o

i# 7 Retrospective study 4 47 116 BH &4 > B 5% & ﬁ:}?ﬁé‘ﬁ Jo]\Y/ =2
ELISA sensitive = 96.7 %, specificity 5 97.6% ; 1gG ELISA
sensitive % 94 %, specificity 7 96%;( Table 1)- ¥ 2 Concurrent study 4
17 2016 & & Aopst 00t Rl 5 624 B e AR X & IFA = 2 T (TRt 4
2% IgM Pearson correlation coefficient % #c s 0.862; 1gG 7 Pearson

correlation coefficient » £ 1 0.802 (Fig.3) &g+ #12& & ELISA i stes
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golden standard method IFA 3 (%43 cra4p B | o
¥ 12 TW1 strain #7 4 3.7 TSAB6 protein -] BliE (7 L& > 7 LAt
4 {v TSABG L it 4% anti-histag Ab 2 % — 4+ TSAL6 Ab #r3%3s (Fig.4A) >
L RigfTe X LA K W & B iwre ; B8 spleen w0 2L v ELISA 4~
o R il o LA AT B Ryt A4 8 ARG hil
(Fig.4B) - i& {7 fusion 73 12 ELISA % %ué#:E TSAS6 ¥ th4td » 5iF 3
= limit dilution subclone # {5 ¥ 3| 22 th ¥ kit & 5 B M{c 4 oo titer
(Fig. 5A) > 2 western blotting 4 17 3% 22 B ¥ fkFkl cnengd £ 4> £ 3
6 #8% F < recognize pattern (Fig.5B ) £ 12 IFA = j2 & - 3 F o 47 o
F%F A BREBRAMT Y IFA dRIIIL AR AR (Fig5B)

&R RS o4 = (Table2)

BN

oo > Mo i R & iR ompB cloning © % - £ ompB1 & 7
% 31-280aa; % = £ ompB2 & 7] 5 261-760aa ; % = £ ompB3 & 7| &
740-1354aa (Fig 7A) ; 12 specific primer ¥ ompB1, ompB2, ompB3 & {7
R E pratgl F ko £ 22 4 8 PETATb 24 f% % (BamHI 2 Xhol) (£ %
i {7 ligation #& % E.coli o g o+ I single colony 4 B~ DNA £z 3% insert
2

7 ligation X §*#8 - I+ Pz 3 ompBl, ompB2 7% 78 i clone 2 DNA 5

I Fx o 11 ImM IPTG % 37°Cinduction 3 -] FF £ 12 N-NTAresin % i 3~
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v ot it ompBl, ompB2, ompB3 ¥ * 4% 4 £ anti-his antibody
oRlyEs (Fig7B) e ¥ v 14 @@ 2 Hargh § %o 4 o i western
blotting 7 it %8 3] ompB & &3 F @ & ¥ & 7R &2 #(Fig.7C) -
BRI adiompB £ 23 TR 5 F R R kS - B
% ),?;, A ’F PTEE LR TR o

£l * i d ke ompB fragments coating # ELISA strip :& 7 ELISA
B3RS % > 12 IFA 17 5 golden standard £ (74 $F - % 46 B 154w i
245 BIafa F R RBIES S PR BLIB2:B3 W HiR £k B iE o
IgM 1 ELISA sensitive = 91.3 %, specificity & 93.3%, PPV % 93.3%,
NPC % 91.3% - IgG ELISA sensitive = 93.5 %, specificity 7 88.9%,
PPV % 89.6%, NPC % 93.0%( Table 3A).# Commerical Fuller ELISA kit

B2 (Table3B,3C)-

PR LAMOTRELE AR F LRI 2 LB}



}=q

TREFESHROPEMAR AR B EERBRREXRA P
oo AR E N 4500 R et ek B R AL F KL I E P
IR L Sy b B E e A | 2 g2 b
s IR E RS T LT R E A E I REORRFT RS

DAY kRS 2 F b Biosafety Level Il % 59 % %15 4 L A pE

o

PERACNF2IBEY FFAE P AZHRETISRRER
{0 A3td poephaE > ELISA kit Ecoli + 8 8 #

immunodominant protein TSA56, ompB » % £ A= & F % 3 TV

\f‘"lﬂ

A

o

&7 diagnostic antigen. % g 5 € > ~fE T F B BT P
o< R RR] o T E IR PORACR C FRME S LR T R
R R

MR EREEAAAITET A REERPIY O ARE- B
BELEd kL4720 &5 wpFi(pointof care) 7 7 H7AR %
Feloff if » T Q@ FIHaRIEE > T 2 5B g 4 L FEOF G R

B REPAHE O TR AAMBLBEL P TLES LE

P e e = L IRE AR FFIREE worldwide phototypes

Karp, Kato 2 Gilliam % > /8 local strains TW1, TW10, TW19, TW22
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= faw AW TSAS6 € e d-v Fo3 2 syt § % ompB £ e &
8RR TR enE - B2 FREF * anti-hisAb, & - (548
B Ao AR B PR o B id 2 B ELISA jh ko R 0 ke
TSA56, ompB coating 7 ELISA strip :& {7 ELISA 3% > 2 IFA 1 5
golden standard i {7t ¥+ % & ﬁf/,% e IgM enELISA sensitive %
96.7 %, specificity = 97.6%, PPV & 97.8%, NPC % 96.4%-°1gG ELISA
e sensitive = 94 %, specificity 5 96%, PPV 5 97.3%, NPC = 92.9%
(Tablel) .3+ = Mm% i % 17 1gM 7 ELISA sensitive 5 91.3 %,
specificity % 93.3%, PPV % 93.3%, NPC % 91.3% - IgG ELISA
sensitive % 93.5 %, specificity % 88.9%, PPV % 89.6%, NPC % 93.0%

(Table 3) - § 2 & % &7 4= TSA56.ompB £ 3 1% % diagnostic

)

antigens it Kf EEREELAEAPET BRI R kB
- HRFEEF LA K A2 0 B TpFii(point of care) - 7 F

BARORE R TR AE IR 2 TR

o
(SN
o

2 FERET ARG DGR

1L 2 ATFREATHEP

Az ¥ indirect IgG 2 IgM ELISA ki %2 - %

*
)
%
il
=
&
e
3
2
7
=

SEBM S RBRGIFA S 2% 2% AR A BB iE DR ke



i Ail{ﬁ,"‘?*ﬁ%%m ° “ﬁ; i B ELISA s seeb » R R#E- W B4 point of
care f. £ ¢ K A 72 0 i@ &5 TpEi(point of care) 0 # F BFFRSIRE > I
FTET o abkEml0s&p L FEFIRPLEE 2 2 2GFHE ;}L%w

2R R E T e A%

R BB FFARIPRAE ST ISR BL
%*%ﬁﬂﬁ‘ﬁﬁ#i&%’ﬁﬂi@ﬁﬁﬁﬁw’ﬁi@&ﬁﬁﬁ%
BB E

BFHEF EFL T 2 Kk
dONRFER R AREE  F ERABETE LA B R LB A B L
B~ F P EEL G RSFRTL PR FEEE B A e R
AR CHIF MR S B U EE B 2 S P P AR E L PR
PE LRI SRS ER A A AR LA AL ER -
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Fig. 1. Protein analysis of E. coli expressing TSA56 proteins. (A) TSA56 protein was
resolved using 12% SDS-PAGE and stained with Coomassie blue. Lane 1-7, TSA56 of TW1,
TW10, TW19, TW22, Kato, Gilliam, Karp. Lane M, protein molecular weight marker. (B)
Western blot analysis of recombinant TSA56 proteins from different strains using a
commercially available anti-TSA56 antibody and (C) Anti-His tag antibody to detect loading
amount of each antigen onto membrane; (D) the scrub typhus patients' serum samples (N=14).
NC, serum from a healthy donor.
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Fig. 2 Proportional positivity for the scrub typhus ELISA method compared with the titers of
IFA. (A) IgM ELISA positivity and (B) 1gG ELISA positivity
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Table 1. Comparison of mixed-TSA56 ELISA with the InBios ELISA diagnostic Kit.

Specificity(95%Cl)

PPV/(95%CI)

NPV/(95%Cl)

97.6%(91.5-99.7)
96.3%(89.7-99.2)

97.8%(92.1-99.7)
97.3%(92.4-99.4)

96.4%(89.8-99.2)
92.9%(85.3-97.4)

Method Antibody Sensitivity(95%CI)
IgM 96.7%(90.3-99.3)
Mixed-TSA56
1gG 94.8%(89.1-98.1)
IgM 93.3%(86.1-97.5)
InBios ELISA
1gG 96.6(91.4-99.1)

10096(95.6-100)
100%(95.6-100)

100%6(95.7-100)
100%(96.8-100)

93.206(85.7-97.5)
95.396(88.5-98.7)

PPV, positive predictive value; NPV, negative predictive value
A single dilution of 1:100 was used to perform the mixed —TSA56 and InBios ELISA.
Mixed —TSA56 ELISA cut-off : mean+3S.D ; InBios ELISA cut-off :0.5.

Tests were considered positive if ELISA value were above or equal to the cut-off titer.
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Fig.3 The relationship between IgM and 1gG ELISA ODs and IgM IFA titers.
(A) The relationship between IgM ELISA ODs compared to IgM IFA titers witha Pearson

correlation r2 of 0.862;

IFA titers with a  Pearson correlation r2 of 0.802 (Total N= 624 )
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(B) The relationship between IgG ELISA ODs compared to IgM
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Fig 4. TSA56 induction of TW1 strain and verification by western blotting. A. SDS-PAGE
and WesternAnalysis dialysis purified TSA56; B. Serum titration of immunized mice by
ELISA . Serial titration of five immunized mice showed the mice were efficiently immunized
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Fig. 5 ELISA and western blotting analysis of TSA56 monoclonal antibodies from hybridoma
cells. (A). The purified TSA56 was used as coating antigen. Supernatants of hybridoma cells
were detected by ELISA. (B). Western blotting of TSA56 specific Mab. Serum from
immunized mice and unimmunized mice were used as postive control (PC) and negative
control (NC), respectively.
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Fig. 6 IFA result of monoclonal antibodies

Table 2 . Characterization of hybridoma clones

i e e - s -
chain chain

B 1p10.2.2.1 2.889  IgGl Kappa  TWI1,TW10,TW22, Kt, Gi, Kp
B3 1010421 2914  1gG1 Kappa  TW1,TW10,TW22, Kt, Gi, Kp - -
PEN 1p10.2.2.2 2830 1gG1 Kappa  TW1,TW10,TW22, Kt, Gi, Kp - -
¥ 1010521 2.93 IgG1 Kappa  TWI1,TW10,TW22, Kt, Gi, Kp = =
P 1p1053.1 3.189  IgGl Kappa  TWI1,TW10,TW22, Kt, Gi, Kp . z
B0 1p10.53.2 3.154  IgG1 Kappa  TWI1,TW10,TW22, Kt, Gi, Kp - -
1D10.6.1.1 3.125  IgG1 Kappa  TWI1,TW10,TW22, Kt, Gi, Kp - -
BF¥ 1p10.6.2.1 3.134  IgG1 Kappa  TWI1,TW10,TW22, Kt, Gi, Kp - -
BEN 1p10.7.2.2 2649  1gG1 Kappa  TW1,TW10,TW22, Kt, Gi, Kp - -
[FT7 3p10.3.21 2996 IgG1 Kappa  TW1,TW10,TW19, TW22, Kt, Gi, Kp - -
[FT7 3p10.3.2.2 3.056 IgGl Kappa  TW1,TW10,TW19, TW22, Kt, Gi, Kp - .
77 3p10.7.1.1 3.295  IgG1 Kappa  TW1,TW10,TW19, TW22, Kt, Gi, Kp - .
[UE] 3p10.7.1.2 3.281  1gG1 Kappa  TW1,TW10,TW19, TW22, Kt, Gi,Kp - -
[i71 3p10.7.2.1 3138  1gG1 Kappa  TW1,TW10,TW19, TW22, Kt, Gi, Kp - -
5 3p10.7.22 3271  1gG1 Kappa  TW1,TW10,TW19, TW22, Kt, Gi, Kp - -
[FT30 6c9.3.2.2 3682  IgGl Kappa  TW1,Kp + +
T 6C9.5.2.1  3.634  IgGl Kappa  TW1,TW10, TW22, Gi, Kp - -
[T 6c952.2 3597  IgG1 Kappa  TW1,TW10, TW22, Gi, Kp - -
[FT¥ 6c9.7.1.1  3.436  IgG1 Kappa  TW1,Kp + +
[FTW 6c9.7.1.2  3.692  IgG1 Kappa  TWI1,Kp B +
i 6E11.8.2.1 2.88a4  IgGl Kappa  TW1, TW10, Gi, Kp + +
;73 6H12.3.2.2 3.243  IgGl Kappa  TW1, TW10, TW22, Gi, Kp - -
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A. Cloning of ompB fragments
. $-domain L

1- 1360aa-
25 631aa

ompB1 (31- ompB3 (741aa-1354aa)
280aa) ]

ompB2 (261-760aa)

B. Expression of ompB fragments C. Western blotting of ompB fragments
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Fig. 7. Protein analysis of E. coli expressing TSA56 proteins. (A) Cloning of OmpB
fragments. (B) Expression of ompB protein. (C) Western blotting Of ompB fragments by

patient’s sera

A B
Home-made ompB ELISA Fuller ELISA
IgM(+) IgM (-) No IgM(+) IgM (-) No
IgM IFA (+) 42 4 46 IgM IFA (+) 38 8 46
IgM IFA (-) 3 42 45 IgM IFA (-) 1 44 45
Home-made ompB ELISA Fuller ELISA
1gG(+) 1gG (-) No 1gG(+) 1gG (-) No
IgG IFA (+) 43 3 46 IgG IFA (+) 27 19 46
I1gG IFA (-) 5 40 45 1gG IFA (-) 0 45 45
method sensitivity specificity PPV NPV
& IsM Home-made ompB ELISA 91.3 93.3 93.3 91.3
Fuller ELISA 82.6 97.8 97.4 84.6
e Home-made TSAS6 ELISA 93.5 88.9 89.6 93.0
Fuller ELISA 58.7 100 100 70.3

Table 3. Comparison of recombinant ompB ELISA with Fuller ELISA diagnosis kit
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