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TE: AR —MEF . T HEOH BB T (CSFV) o iF 4tk m 7 ik, KA 1 # ELISA (EO -
ELISA) 7 % , VA £ XK Wy #F # ( Escherichia coli) ' & ik 69 & § KO A L4 R , AL B 48, &
R 2T, EALEH EO -ELISA £& 4R 1.0 pg/mL FZ R ET37 Cail h xR H4, mEHT
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M A Fe ) TE X T FAKSNA1.99% ~T7.69% F22.16% ~9.23% , £z 5 =LA B
UF 69 A8 5€ M EO — ELISA &) 4% %578 55 vF oR 42 & 42 5% 4 (PRRSV) # th 12 X 5% & (PRV) (# B 2R 5%
#(PCV) Hrfm kA (PPV) Fatk b Aot 25 R A MM ; % CSFV Mk b A #H#EE 1:640 of 4 R 47
RN, R AN ik BA RAF R M ;5 IDEXX CSFV 4k 4 ] 3% 7] & 48 3k, E0 — ELISA #
M A FH 92.00% ,BLRAMEH 97.86% 457 H 78.33% , Lk RIES—HBF BE HF
V4 Fo SR M 3769 CSEV o 7 34K 18] 4 ELISA A& 7 %
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Establishment and Optimization of Indirect ELISA for Detection of
Structural Protein EOQ Antibody of Classical Swine Fever Virus
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Abstract:In order to establish an economical and reliable method for the detection of serum antibody
against classical swine fever virus( CSFV) ,the recombinant protein EO expressed in Escherichia coli was
used as the coating agent, an indirect ELISA (EO-ELISA ) was developed for the detection of serum
antibody against CSFV. The results showed that the optimized EO-ELISA best effect was gained when the
EO protein was coated at 37 °C for 1 h and the protein mass concentration at 1.0 pg/mL. The best
blocking condition was 5% skimmed milk powder solution at 37 “Cfor 2 h. The best effect was obtained
when the serum to be tested was diluted at 1: 100 and incubated at 37 °C for 60 min,and when the second
antibody was diluted at 1:5 000 and incubated at 37 °C for 45 min. When OD,,, <0.370,it was negative
for CSFV antibody. The variation coefficients of intra-batch and inter-batch repeated tests were 1.99% —
7.69% and 2. 16% —9. 23% , respectively, which showed a good stability for the indirect ELISA. The
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positive serum of PRRSV PRV ,PCV and PPV tested by EO-ELISA showed the negative results. It was
still positive when the positive serum CSFV was diluted to 1: 640, showing that EO-ELISA had a good
sensitivity. Compared with IDEXX CSFV antibody detection kit, the EO-ELISA coincidence rate,
sensitivity and specificity were 92.00% ,97.86% and 78.33% ,respectively. All the results indicated that

an economical, stable, specific and sensitive indirect ELISA for detection of CSFV antibodies was

successfully established.
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#95 ( Classical swine fever, CSF) 2 i & IE 75 35
( Classical swine fever virus, CSFV) 5| 1) —F 5% &=
FERE U AL e, ™ R TR R L B A
Jg (I K eb K 30 3l W 2 9 By 3R B 4l (2012—2020
)R KA S R e BT IR R Sh W A 2
— 0 R S H TR AN ) CSF % AR RN
P EEFE

FAT, % R CSF 2 247 2 F, —Fb & i
R E L i, HoZe 4 A 80 (H R BE N S 2 sh )
X 4B 5 B 44 3 ¥ ( Differentiation of infected from
vaccinated animals, DIVA) ™) 5 —Fh J& E2 W By
£V, AR A5 P 01 B g SR g, S B IS AN RE PR
Ji Bh G S AN B i AL 4 AR . B
SRPRICHE I RE RS X 73 DIVA, i 4 52 2 A7 #E A7 2%
R E R IR 7 k. th T CSFV 45838 1 E2 2
il % CSF pric i ny E MR R H . B, BdF iy
S S IR YL RE BO HE R PEHIR R S

EO & CSFV j EE LM ERZ — , A A&
R IV 2 4 50 B RE , BE 95 AT R X A3 R 1w Th Y
CSFV 495 35 1% I8 75 9% 3% ( Bovine viral diarrhea vi-
rus, BVDV) H1 3 5 95 9% & ( Border disease virus,
BDV) fifk )& 5 CSF b ic 2% i e 25 4 i 8 2
R (1 o A H A% G 0 i P A LS, ELISA
K6 I 2 AR B Ry I E R AT, il R b CSEV I i Bk
WA T — e D) S AT A A TR ST
I 38 o R A R IR AR B0 A H, # o7 CSFV
LG PR ) 2 ELISA (EO — ELISA) A&l 75 v , —
J5 18 R it PR b CSFV i ¥ H 4K i i 2 £ fit — Fp 2
e T R R AR B, 5y — T A O TE CSFV L 5
T IUT AL 2 A RS A DIVA e 50 558 SRl
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1.1 RIEH

L.1.1 £Z&MH KBRAE(E. coli) DHSa T.F2
W \Rostta(DE3) T-F2 [ | i #i pGEX — CSFV 4= K Jix
KL A% R IR B AR pGEX - 4T — 2 % 95 f Ak BH M 5
G L CSFV BT 44 PH M 13 140 45 L CSFV 4144k B
PEIML I 60 £ Ko %5 5 WF W 25 & i 9 2 ( Porcine

reproductive and respiratory syndrome virus, PRRSV) |
B D AE K %% B ( Pseudorabies virus, PRV) % [& ¥ %K
3} ( Porcine circovirus, PCV)  J% 4H /N5 3% ( Porcine
parvovirus , PPV) $it {4 B I 78 45 T 13 24 i 47 £ B
AW ECR BT AR AT

1.1.2 £ %&X#M Ex Tag DNA REH RN
Bt BamH 1 .Xho | . T4 DNA % #:§1y & TaKaRa 2y
Al 77 s %l Tag DNA BG W, Sh AE 500 B 2w
fi s T GST AR B s RE S MO L st i A2 S W AR W) 24
Al s HRP ARG B FE 50 %R 90 R ot R i 1l
THRIKE A HRP ARIC ) F 508 —dt, Jb st 1+
TEAY 2 B IR DR I A 5% [ Amresco 24 H
T b A ) 56 [ Thermo 22 ] 5 4= L¥ 11 2 1 (BSA)
W A Sigma 2y & ; JIfi 4 L3 (FBS) 1 [ Gibeo 23 7] 5
CSFV 47 M A& I 38 57 & . PRV B M 4G 0 38 50 &
PRRSV HpfA& 6 M 12X 3] & 15 3 [F IDEXX 2 w] 7~
it s PCV 0 A 35570 0y 28 DUAT B 3 9 2 W o]
A PR w7 s PPV TR S D250 & Sy R I ¢ 1 1
HE W) EARAT BRZS 7157 i HAU 0] 35 D [ 7 23 i 4
1.2 |{®WH*

1.2.1 E4% G %£ik4) SDS - PAGE £ #7 f= West-
ern blot 5% ¥4 pGEX —4T -2 — EO [H4: va s 75
fEZ= BL21(DE3) K #F & I i A IPTG #4735 %,
% SDS - PAGE % & d 4 & AR B OLG , (1
Jie I 7 vk b B 8 VAT a4l o 9K 5 BT A R S
PR BRI A T S Bt GST i 48 54 5 B B Ak #E 17
Western blot 7341, % 7 5 41 8 H A9 AR W) 2 06 e o
1.2.2 SRR QAR B R A= 7 R E MR
a4 A & I T R R T I TR 1 A B R Uk
JEE ML e A A B E L fF EO S 2 Bl R 0.5
1.0,2.0,3.0.4.0.,5.0 wg/mL ) 57 & ¥k B A1 9% 96
FLAEEFR AR 4 “Cad B, PBST Bk 3 UG A 5% IR W5
W39 PBST 4541 200 wl.,37 C 4 2 h,PBST ¥4 3 Ik
PRI A CSFV 47044 B P 1L 3 0 B P il 3, 4 AL
SO WL, LSS 1AL 1525 4 v £F £ HL R B8 37 °C 4 1)
30 min,PBST ¥£%% 3 ¥R 5 AEFL A 50 L 1: 10 000
Mo BE UM PR B, 37 C AR 30 min; &L 0
A 80 pL ¥ B 4 10 min J5, & fL 0 A 100 uL
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2 mol/ LEi R #E A7 2% 1k 5 Jie J5 7E 450 nm i £ & £L
9 OD fH . FIWrbRE: >4 OD {H4%3E 1, H & &/ B
PEAE (P/N) > 2.1 B, BRIk 470 J5 d5 A 4 9l o ok vk
R i 385 I V5 A R

1.2.3 |4 ELISA xR B & # ettt 78 Lid
e R SERT b, SOIE 3 B D S A A B B ) (4 °C
.37 C2h 37 C 3 hFI37C4h) HHRAFPE
K H2 (5% WG W5 83 % W 0. 5% BSA (1% BSA I
2% FBS) W AE BT (4 C 27K ,37 C 1.2.3,
4 h) (v el AE S ) (37 C R &R 30,60 .90
120 min) | 4 e FEM B 5] (125 000,1:10 000 .
1:15 000 ,1:20 000 ) F1 fz ik — 40 0% & B8] (37 CAE
A1 15 min 30 min.1 h.2 h) #4545 4k,450 nm il
HAHKSLE OD fH ., FI bR : 24 P/ N KIS, i
Xof I 2 A B Ay B AR 45 A

1.2.4 Jal4& ELISA & F 185 & FI B £ ek
YIEARBESE 0 ARAE Y 60 iy CSFV HT 44 B M 1L %
T 22 A1 4% ELISA (91l 08 40 8 dn il o Ge it 2% 40 0
M ZE ) OD s, , TR BE (X) FbRHE2E (SD) |, #F i
0D, <X +3SD g FAE | 5z =22 0004 b o W42
1.2.5 #FHed HERCHAT KN PCV
PPV \PRRSV PRV % FH 14 IfiL & T 14 B &, DL CSFV
A I 775 0 BA 1 0t 3 A ke B RGN 2 T I R S
1.2.6  #p M5 H O CSEV TR B M 37 2547
1:40 .1:80 ,1: 160 .1:320 .1: 640 .1: 1 280 Fi F%, H 4
ELISA IIffi S8 ) W7 s o 40 07322 7 126 1) Uk
1.2.7 E5KHXE 55 HRE—HH & N B
2 B0 K 1AL #1796 FL A bR AR RIAS [ it vk i A5
(L)) B2 EO 25 1 AL 8k 1Y 96 fL bR i , 43 i 4%
7y CSEV HUAARBH M il 7 A1 3 0 B2 1 7 42 2 8 1k
T ¥k Ay BRI 6 YR, EAT 4t P9 AL ) AP
9, Bff s g T Ry 3 ) EE A PR AR E 1

1.2.8 f&Fan  HEALERA IDEXX CSF Hiik
00 3K 71 65 A Y 200 53 I FE G, T EE ST Y
K 77 A A, 450 nm R OD fA, HR 48 I A E
W bR HEBEAT S5 R FE U AT G %

2 HER52H

2.1 EHEH E0 XiLZH SDS - PAGE 4t #0
Western blot £ 7F

SDS — PAGE 43 Hr 45 R &, pGEX -4T -2 - E0
BHMETEE T2 0.1 ~1.0 mmol/L {1 IPTG iER )5,
TEHUA A E 46.0 ku Kb L T B 4 5%, H IPTG ¥
FE7E 1.0 mmol/L W F£iAEH H (K 1), Western

blot 455 s , L HH B0 AU 55T CST R4 e
W L MR S I, T L i 5 R S Al P 5 B L 3 B
1£46.0 ku Ze A5 ot BL T 45 S0k H I 26 (&1 2) .
DL SRR Bl G S A BOE M RS R A R
Ay i AR S B EO SR H n] LIAE ) ELISA
A6 I 77k 1) AL L

46.0 ku

21.0

M. &[5 F B A s 1—6:1PTG W43 55 1.0.0.8.,0.6.0.4
0.2.0.1 mmol/L; 7. KRFEF X ; 8. pGEX —4T -2 (DE3) = £
M. Protein molecular weight; 1—6. The dose of
1.0,0.8,0.6,0.4,0.2,0.1 mmoL/L of IPTG; 7. Uninduced
control; 8. pGEX-4T-2(DE3) control
E1 ZHAEHFRILAH SDS-PAGE 4R
Fig.1 SDS-PAGE analysis results of recombinant

protein expression

ku
94.0
62.0

46.0 ku

16.0

M. & [ BT F R AR 1 RESAT I 2. HAHE A E0 5
R S A FH P o B iV RN 5 3. AR EO ST GST
PR&E B TTREIA RN 5 4. pGEX —4T - 2(DE3) 25 8k
M. Protein molecular weight; 1. Uninduced control;

2. Results of EO recombinant protein with rabbit
serum that anti CSFV; 3. Results of EO recombinant protein
with anti GST mAb; 4. pGEX-4T-2(DE3) control
B2 ZFEHZER EO0H Western blot £EZ& R
Fig.2 Western blot identification results of

EO recombinant protein



154 T i R A

% 48 %

2.2 MERGEEHREREMNFRNERER
B

Y 2% 1 Al T, AR 7 e e R 3k A DB A A, 24 OD
42 1, H P/N > 2.1 f, B g4 I o5 ol ok o+

W J3E 0 IV B Ol R R . 45 R R, e A s Ak
Btk BE O 1.0 we/mlL, 135 K I T fc Gl A ORE B
S 1:100,

®1 NEREENAERENNERERRENELSR

Tab.1 The results of optimal antigen coating mass concentration and serum optimal dilution
B I i A 1L 35 5 B Serum dilution
WL/ (ng/mL) LgE|
Anligen mass Ttem
concentration 1:25 1:50 1:100 1:200 1:400 1: 800
0.5 + 1.905 1.812 0.694 0.592 0.297 0.259
- 0.728 0.427 0.267 0.194 0.134 0.094
P/N 2.617 4.244 2.600 3.052 2.216 2.756
1.0 + 2.047 1.937 1.077 0.659 0.476 0.316
- 0.402 0.295 0.274 0.187 0.114 0.112
P/N 5.092 6.567 3.931 3.524 4.175 2.821
2.0 + 2.456 2.355 1.215 0.769 0.653 0.380
- 0.765 0.424 0.305 0.286 0.204 0.187
P/N 3.210 5.554 3.984 2.689 3.201 2.032
3.0 + 2.030 1.892 1.090 0.829 0.614 0.557
- 0.853 0.514 0.328 0.315 0.273 0.202
P/N 2.380 3.681 3.323 2.632 2.250 2.757
4.0 + 2.352 2.178 1.397 0.867 0.59%4 0.467
- 0.914 0.546 0.383 0.319 0.258 0.186
P/N 2.573 3.990 3.648 2.718 2.302 2.511
5.0 + 2.225 2.092 1.472 1.106 0.703 0.591
- 0.995 0.725 0.426 0.384 0.327 0.220
P/N 2.236 2.886 3.455 2.880 2.150 2.686

2.3 EO0-ELISA = RMEHHAEL

38 2o X 4 R A5 AR AL, EO — ELISA Feff )
NS5 A 53 0 R s PR AE 37 C 2 Ak 1 h i, 3
P/N (B f K, N 4. 2305 f8 ] 5% Bt A W% % %5 W AE
37 CL4AFFHMA 2 h i, P/N {Hf Kk, N 3.765; &
HE N EO /£ 37 CH&AMFTEMA 3 h Bf,P/N &K,
3,833 BH PR M 7E 37 °C %44 T AEH 60 min B,
P/N fEfe K, K 4.278; ZHifE 1:5 000 & BERT &
i (6] 45 min, P/N {81k 35 K.
2.4 EO0-ELISA [Al%iERE

i 2 2 A7 40, ] EO — ELISA :4 0 60 {y CSFV
B L7 , B LV OD s V- X3 {H 2 0. 313, 5 i
2570 0.019 MR 45 A 3 BT I A6 = 0D, + 38D,
B o HE B P IV i A 0. 370, 2 FEA 0D, <
0. 3708}, I W Sy BF A, S = D0 0 Bl Ay B 4 o
2.5 EO0 - ELISA §y45 545

2 3 Al A1, ] EO — ELISA 43 5| £ il PRV |
PRRSV PCV PPV ()& FHYE LT 20 4y, H &y &
33K, [l B 152 57 CSEV BH o4 Fi 9 o X i, 45 1 o
OD 5o 4/ T 1l B8 FI Wrbr 7 0. 370, 4= 35 410 iy 2y 1]

#2 E0-ELISA HEIEREMNNELER
Tab.2 The results of threshold for the EO-ELISA

I H Ttem 25 Result
Fﬂf’#’ﬂ"ﬂi OD450‘T’Zﬁ]{E 0.313
OD,5, average of negative sample U
BRETE 0.019
Standard variance
s
Ifi F1E 0.370
Cut off value
FHAPEXT ] OD,5
.. 0.997
Positive OD 5,
[ 4 X B 0D 50
. 0.148
Negative OD 5,
235 10 iR OD
450 0.052

Blank OD,s,

PGS S, UL IZAR T Oy ik B AR
2.6 EO-ELISA B85

By & 3 AT, ] EO — ELISA X 2 545 s B IS
(9 CSFV BH P P44 1l v 28 47 46 0, 24 1 75 5 % =
1: 6408, 0D 5, A5 A F BT 15 52 014 1fe 51 40 0T e o, 285
R U A B 2 I 9% ik AR R AT
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Tab.3 Specificity analysis results for the E0-ELISA
\ . K KE i Detected sample
P 55 [{ER PRI 93 % BR
Sample No. PRRSV PRV PCV PPV Lo o
Positive control Negative control

1 0.243 0.295 0.207 0.222 0.763 0.160
2 0.258 0.229 0.186 0.235 0.758 0.159
3 0.014 0.317 0.259 0.197 0.760 0.177
4 0.322 0.302 0.304 0.186 0.751 0.165
5 0.206 0.198 0.288 0.203 0.770 0.172

23 K o B . 28315, 55 IDEXX CSFV {5 $T #4¢ i

20| £ M LE, BO — ELISA K W 97 6 10 19 7 4 %

s 92.00% , 8 97.86% 45 F kR 78.33% .

D@
S ol %5 E0-ELISA FEEKRMNER
Tab.5 The results of coincidence rate for the E0-ELISA
03 IDEXX i 7] £ f  5 5t
B e The results detected by the IDEXX ELISA kit

0 L L L L L L

1:220 1:40 1:80 1:160 1:320 1:640 1:1280
MRS EL
Serum dilution

B3 EO-ELISA wgi@MilusER

Sample classification

LA £ % reme Stk

Positive counts Negative counts Total counts

EO — ELISA ¥l 2
SF - ) B

. 137 13 150
Fig.3 The sensitivity test results for the E0-ELISA Positive samples detec-
ted by EO-ELISA
2.7 EO-ELISA aE 45 EO — ELISA 7%
e 4 AT IR —HE (HEP) il R Ry DIEIORG 3 a7 50

EO 4 1 96 L il A5 A 1A [ L v (HHE ] il 25 (9
HLAHE I EO Ay 96 fLEGHR AR , 43 X 7 £ B
CSFV LY A it 1 3 47 B I A ot R A5 A 00, 45 %)
WA RN 1.99% ~7.69% L] 22 57 22 K h
2.16% ~9.23% , I H /N T 10% , Ui B 2% 46 00 7
2 H A B i R R A A
*4 EO0-ELISA WEEMWRKEER
Tab.4 Repeatability assay results for the E0-ELISA

N 2K g 0] T A A 0

Negative samples
detected by EO-ELISA

&1y L Total counts 140 60 200

3 5tk

CSF BRic T N F ol CSF Hrfb 42 fit 7 &\ %
FELG AR A R EESREMENECE HiEk, HT
E2 g5FyFE 2% 1 CSF ARid MM ik &, N
I i R B EO 45 S 0 A A G 0 K Sy A 2 9 )
CSFV BF R UL i) B A I #0471 o A WESE LA K

1L 3 2 = Intra batch experiment Inter batch experiment
Serum No. T8 25 57 F R A5 R FFE ik 1y CSFV 258 8 1 EO gl )5, & sr 1

X +5SD B/ % CV Xsp  B/%CV Kz CSFV I B 44 (4 (8] 32 ELISA Kl 77 vk , 28 4%
1 1.208 0.024  1.99 1.222+0.032 _ 2.62 s . e b
5 1.342 £0.032 2.38 1.298 £0.028  2.16 Eﬁﬁ&/g‘“jﬁﬁ B RO, G897, 86%
12 0.998 +0.018 1.80 1,084 £0.045  4.15 PANNHORST 2" SE3t 3- ¥EM T 2 Fl i 40 16 %=
16 1.106 £0.022  1.99 1.078 £0.031  2.88 . S .

K 4] A1 TE . .

23 0.546 £0.042  7.69  0.589£0.036  6.11 5 EO Eﬁﬁlﬂﬂ’]ﬂ% ELISA( ﬁﬁﬁ?ﬁﬁ’%‘
34 0.652£0.032  4.91  0.663+0.040  6.03 PR T HAIN ) ,2 B ELISA #RAE YL 5 10 d Py K )
67 0.735 +£0.028 3.81 0.764 £0.025 3.27 tHKIﬁ%H%%D%iﬂE‘J CSFV ’«’f%ﬁﬁjﬁﬁi,,ﬁ\ﬁ%ﬂz
3 0.326£0.009  2.76  0.339£0.028  8.26 N o .
18 0.280%0.012  4.75  0.3200.019  5.93 A B IX 43 CSFV JE Lg% Fil CPT_E2alf % 1 G e f , He
28 0.169+0.011  6.51  0.195+0.018  9.23 TORE FEE S M R 95% . MEYER 2" @t~y T4

2.8 EO0-ELISA & &S

M1 2¢ 5 AL, Z2XF 200 3% LT AF & 2EAT A
IDEXX 3271 & A Y 140 4y CSFV i 375 FH e AF 5 A
60 {3 FIPERE . EO — ELISA JEAG I i 150 {4y CSFV
I8 PHAEAE & R 50 43 B A, e e 150 49y BH
FEM A 13 Oy k5 IDEXX 343 & 8 I K 5 o, 76
50 fiy CSFV iy B M FE 5 A 3 4y IDEXX {51 &

M EO 5 5 P A 19 WU S5 0 ELISA s 7] A5 250 iR
FIAN R FE R R CSFV EO R 5 do i, AU PE A
90.2% Fi SN 93.8% . ML Z R, 76 HURME 7
T %7 ¥ W1 A0 T B0 T 288 57 4 28 B A 00 3 o
HATET L EO & (A oM R A E L T AR CSFV
ML HT R B 8] 2 ELISA K&l 5 vk, 45 R £ B, 4
CSFV [H P 1fi 3% 5 BE &5 10 640 i, JH 445 51 1 i oy 9
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PR %7 ¥ 24 75 F B 28 11 280 I 45 55 ) T oy
B 100 B ARSIy 3k A SRR P T s . SRR
B IRAKE I 7 2% 9 0 S Tk AT, 3 T i S AR A g il
JH 15 PRAE AR A5 70 AR O, A8 590 2 BF 4 1t 38 B AR 5 20>
A7 60 1535

CSF ARiCRETH B 50 CSF b FB, H
HE— 2R 5% AT S AR ST 200 443 4 i v
BE G BRI 45 SR B, 5 IDEXX 387 & 1045 4 %3k
7 92.00% , REWS ™ LUK EIEK B0 5
RiEE ST T AR CSFV i 3 HT M4 /9 8] $% ELISA 460 )7
%, 5 IDEXX 5 & A0 L, AR5 2000 83% . 2508
AU LR IR 19 BO B [ SERIEE S TR CS-
FV L7 P4 i 8] 5 ELISA Ky i, OB AR A & %
10N 89% . il #E L4 LU R IA Y B2 2B (ST
TR CSEV L BT i 6] 52 ELISA A& 5 v , Hoi
M R SR AR 4 R 89.07% \77.59% Fil
84.65% . 5 LA _EWFITHI L, A BF 5T 3 ST (0 4G Iy vk
F14) Y 2 0 T S 35 B S R T

25 Lk AR T R S —Fh A R SRR
P e PN AEORPE B B CSFV I 5 Po 1A 1] 42 ELISA £ 3]
Jr i WK Lok CSFV S A ity Wa 48 i T — Fh 2 35
AR R IN FBe . ASBIFSE B ST A K I CSFV 25 44 2R
1 EO Hi {4 i) ELISA A i J5 325 v] DA by o ok % 5] Jk
YRGB % T 58, I AR TR SE L CSF i) fh
HEHEAR T H

B E Nk
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