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classical swine fever virus (CSFV) E2 protein. The complete E2 protein sequences of CSFV and
bovine viral diarrhea virus (BVDV) were aligned using BioEdit software to identify CSFV -specific
epitopes. A recombinant pCDNAS3. 1-2XrE2-His expression vector was constructed. The 2XrE2-His
protein was expressed in CHO cells, followed by thrombin cleavage to remove the His-tag. The
purified His-tag-free 2XrE2 protein was used as the coating antigen, while horseradish peroxidase
(HRP) -labeled 2XrE2-His protein served as the detection antigen. After systematic optimization of
reaction conditions, a double-antigen sandwich ELISA method was successfully established. The
specificity, sensitivity, and repeatability of the assay were evaluated, and its concordance rate with a
commercial ELISA kit was compared. The optimized assay conditions were as follows: antigen
coating concentration at 0. 5 pg-mL™", serum dilution at 1:4, and enzyme-labeled antigen dilution at
1: 40 000. The method exhibited no cross-reactivity with positive sera against other common swine
pathogens, including senecavirus A (SVA) , porcine pseudorabies virus (PRV) , porcine epidemic
diarrhea virus (PEDV) , foot-and-mouth disease virus (FMDV) , and porcine reproductive and
respiratory syndrome virus (PRRSV) , nor with BVDV sera, which frequently causes serological
cross-reactivity, demonstrating high specificity. The maximum detectable dilution ratio for antibody-
positive sera reached 1: 2 048. Both intra-assay and inter-assay coefficients of variation were below
10% , indicating excellent repeatability. The concordance rate with the IDEXX CSFV Antibody Test
Kit was 97.1%. To further evaluate the assay, both the established double-antigen sandwich ELISA
and the IDEXX kit were used to monitor antibody kinetics in two healthy pigs immunized with CSFV
C-strain vaccine combined with an E2 subunit vaccine. The developed ELISA detected antibody
responses 6 days earlier than the IDEXX kit. Both methods demonstrated that antibody levels peaked
at 37 days post-immunization and subsequently stabilized. In this study, a double-antigen sandwich
ELISA antibody detection method for CSFV was established with high specificity, sensitivity and
reproducibility, which is suitable for the clinical diagnosis and evaluation of immunization effect of
swine fever.
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ELISA 3 & (E 0 3 — G BR8 1 (An 1gG) #4743
T, AT 8 S 25 B A I AU 36 O 4 O ARG L il o
BRAR (U0 IgM 55 ), R 58 438 FF Bk i sh 2 1
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ELISA B H i vE | m R R 5 ) Fhad M 4%
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DA R W S5 S5 UK F W, Sy il R CSFV $i 44
{14 RS ) 1 A1 T T AR A Iy ik

1 #R57RZE
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CSFEV B i i A B4 M7 . BVDV (SVA (4
FE R 9% B (pseudorabies virus, PRV) & 747 118
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A U B S % B (foot-and-mouth disease virus,
FMDV) | % % 58 5 FF W 25 & 1iE 95 % (porcine
reproductive and respiratory syndrome virus, PRRSV)
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IL7% (1:500) 1 CSFV BE 1L (1:500) 2 — 4t , LA
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1.7 XHEFEO ELISA KN AR ET

1.7.1 E2 88 M A9k vk B B it 175 4 7 F
FH R 5% T 2 125 0 8 Bt D 1 o A A0 B Wk ORIl 9
FEM R . R 22 vl L 100 pl- AL "% 2 X rE2
A 4 3R B 100,50, 25 A1 12.5 ng- L7, A1k
ELISA #,2~8 “Cu#% 10 h, Jl PBST ¥k ¥ 4 1%, A
o A B 120 pl, 37 CULFE £ I BEFR A 2 h;
FE s AR, R o K BE P S BRI (P A B A X
MM (N)#47r1:2.1:4.1:8,1:16.1: 32, 1: 64,

b A, 50 pl- fL 1, 37 ‘CHE A 30 min, PBST
BEW AR T % B AR B0 R RE & 140 000,
50 pl-fL ', 37 CI#H 30 min, PBST ¥Ei% 4 40
T, A TMB, 50 pl- L', 37 “Ci## ¢ & A 12 min
J& N2 kW, AR AR A B OD s fH o BAP/N
1B fie K B D ) 5 e A B D0 Bk R R RN af i A
R

1.7.2  Rbrb i e FE 76 B BE (0 B 22 Pi“1.7.17
G S Y e A A 1F Ol SRR B AR IC I A9 HRP-2 X
rE2-His F 4t 14 5 8 W B i 1210 000, 1: 20 000,
1:40 000.,1:80 000 U446 B, LA P/N {8 f K A Jt 0
) 2 o A% AR B S A R B

1.7.3  fe kB R i ] i o bR f AR R
KT, B AR Je 0 ELISA (4 R B[],
A1 5 R KR B 0 I 8] (15.,30,45 .60 min) bR T
JEU0E 7 ] (15,30, 45,60 min) F1JE 4 5 {5 i Ja]
(5.12.15.20 min) , #i2 H K 90 25 R 1) ODyso e 18, 3
BP/NAH, LA P/N E i KX R A s 18] Sy 5 4 5 7
A ]

1.7.4  IIfi S8 B 1 22 FA A A 4 B WU SRS o
ELISA J7 4 I 103 £43 1L 3 FE A, Fo b 60 4y CSFV
B 17 , 43 0y CSFV BRI o 3F 5 A5 0 B i
S/NAHE , %1l ROC #h £k , I L Youden 35 %[ Youden
8 8 = WURAE — (1— ¢ 5 P8 ) ] R 9 S/N
1B R e B (cut-off i) o

1.7.5 F5s#ilEn FH B # 57 A U R S
ELISA J5 36 X5 PR I3 4% 2 47k : CSEV BT
FE 4 X6} B8 M7 5 5 CSFV A7 78 38 U [ BVDV [
PEILTE ; 5 CSFEV Il R SE AR AR BLAY VA% s BHAE 1l
# (FMDV ,PRRSV PRV \PEDV \SVA) ., % {3 £
o RCE 3 EE VAR TR R b

1.7.6 SRS ¥ CSEV BH | BH P ifn ¥ 4%
IDEXX % i H0 A A6 I 38750 6 (12 2) FAS B 5% 4 57 1)

XL e 0 ELISA (1:4) ¥ 47 40 4 B B, Bl )5 X 40
UG BT B REAR DN 10 2 3 SL B A5 435 LU B B 9 —
13 0 T Ji5 A RE ot A R 15 AR i, R D TR o 7 92 e
RRE S BT AR S B 3ASE A IR E R O
5% A [ v RN 59 CSFEV B 1k 1L 3 3 47 46 10, 25
G M RPN 5 ik U 25 R
1.7.7 HEMEKE eI 2 IDEXX S8 ik
0 390 85 DA Y E TRD 0l 3 R AR B AT AR & A
PRI 5, 6 HCaE BH M I W (BEL BT 2R >80 %6 ,n=1) .1
FH 1 1t 375 BHL BB7 2% 60 % ~80 % , n=3) . 55 BH & 1fiL 3§
( BH W7 % 40%~60% , n=3) L K B P 1fn 35 ( BH 7
<302 ,n=3) . MW EL ] [F—Ht Kl &
W F 3R 10 6y s FEAS, B FE AR S 3AEE AL,
HRAE W 5E 1 OD s o 1B, THEAHE PN A8 S R AR, L [H]
5 3t R G R I B AR 10 O il T AR A, B
Uy BEAR U B 34 F 2 AL, AR 4l 5 19 OD s 1H L 3T
BRS¢ R SRE T A DT A
1.7.8 &% PLAS B 5T A 57 1 ELTIS A K
75 ;5 IDEXX & 9 Bt 44 46 I 38 5510 &5 43 591 X5 208 13
e PRAE AR SR A7 A, Pk 33 W o 7 9 A 6 %2
1.8 HAEHKMENE

TEHC 4 g U0 A, B 3L 43 o 2 (350 20
XFRRZE ) i 2 e R T R L A 16 d IR
4 E2 305 RE B0 5 G 1R, X BR AL [ 25 4
G PBSZZ K. TEER#ENG 0.7.9.11.13.15,
17.19.21,23,25,27.,32.,37 .42 F1 47 d 2R 5 ¥ £ 1y
THREAS SR FH 7R 97 v R IDEX X S8 98 0 1A A6 3 70 2
Rl ETIN Y N N N 8 VT N1 ok e B G R 11 v R T E
USTER S SRE

2 &% B
2.1 CSFVE2EHHETE

i i BCA 8 1 &2 a0 & A5 19 2 X rE2-His
B N 1 mg-mL™'. X 2XrE2-His & [ i# 17
SDS-PAGE Fll Western blot % % , SDS-PAGE 25 %
FU B 8 S O RN — 3 2l A (B 2A) .
Western blot 2% %4 % B 2 X rE2-His % (15 CSFV B
PR ULV RE A A R S Mk S (] 2B) .
2.2 CSFV E2ZEH HisirE WV

il it ELISA X His A5 %5 B U1 RCR B 0iE , 25 1 %
W, His b 2 DI VI B3O H 2 X rE2 8 (3 B A B i
J2 R PE L 3) , PRI 2 % il U J5 T His B3 25 1 2 X rE2
EAENEENEMENR.
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M. & H B TR bRfE ;1. 2XXrE2-His  H 5 2. 2XrE2-His & [ 45 CSFV FUOR B i # 50 J5UPE %25 3. 2 X rE2-His H H

5 CSFEV Hi4A B M i 385 52 o7 Ji i 8 58

M. Protein marker; 1. 2XrE2-His protein; 2. Identification of the reactivity of 2 XrE2-His protein and CSFV antibody-positive

serum; 3. Identification of the reactivity of 2X rE2-His protein and CSFV antibody-negative serum
El2 CSFV 2XrE2-His & H SDS-PAGE 53 (A) & 2XrE2-His & H # Western blot £ (B)
Fig.2 SDS-PAGE analysis of CSFV 2XrE2-His protein (A) and Western blot identification of 2XrE2-His protein (B)

mm 2xrE2-His
— = 2xrE2
g 2_
&
81 -

1_

Nl INEN =B S

B i 35 [ i 5 His 41

Positive sera Negative sera  His mAb

3 BUIEEERNMERE

Fig.3 Characterization of protein reactivity after digestion

2.3 WHEFXELELISA FiEBESLREWL
30 o A A5 U, B AU R e 0 ELTSA £

X1 ELISARERNEGNHE

FEE A A B vk B 0.5 pgemL !, I % B OBE B
14, Bl BR 0 JE A B A 1240 000, B i K Bl b B0 J5
B AL IR 24 37 “CIE R 30 min, JiK ¥ & B 1
A5 B ] Ry 37 “Caliot i 8 12 min(5R 1) o
2.4 IEFENHE

FH AR AL B 60 ST I Sl 0 ELISA J7 W 46 I 43 44y
FH P 1L 385 #1160 453 B 1 138 L TF 3 S /N (B I 222 il Ak
ROC M4k (B 4A) , 25 R F B, 24 S/NAH K 2. 097
i, Youden $§ % & /=5 o~ 97. 67 %0, Bb I R K
97.67% ,FE5 1N 100% , B L K 12 7 25 19 e AL 1E
FER 2.1 B E (B AB) 20 A Bom T I S SRR A
) 43 A 15 DL o

Table 1 Determination of optimal reaction conditions for ELISA

S A A (2RISR R RE it i JA 17}
Reaction condition Encapsulated antigen Sample Enzyme-labeled antigen Substrate
o A B L A1) 0.5 pgemL ™! 1:4 1:40 000 50 pl
Optimal dilution ratio

S LETANE S 4°C10h 37 °C 30 min 37 °C 30 min 37°C 12 min

Optimal reaction conditions

2.5 HRMELRE

Fie BEAS W 5 v 2 ST 1) T R & 0 ELISA J5 %
4% 51 # ) PRRSV ., PEDV, PRV, SVA, FMDV .
BVDV CSFV BHPE Il K CSEV B I 7 , 45 R &
W], CSFV BHPE I3 S/N A ==2. 1, CSFV B 1l 7%

Ko HoAth g UL PH A I3 S/NE<<2. 1(&5) , & fr
ST ELISA J5 i HA BT R 51
2.6 BRI

i 3 A 5 S A ELISA K )7 25 A1 IDEXX
9 7 ARG 0 3 ) 8 X A L A R Y I Y AT A
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A 100 —pgeeses= + B 16 =
80
12 -
£Z2 60
B2
50 5
AUC=0.9977
204 4 -
5 2.1+
0 T T T T
0 20 40 60 80 100 0 T T
100%-45 5-44% it Ge:
100%-specificity Postive Negtive
B4 EREMHEE
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Fig. 5 ELISA specificity test )
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Table 2 Comparison of sensitivity in CSFV antibody detection methods

A6 0 J7 v s Neutralization titer

Detection method 1:512 1:128 1:32 1:16 1:10
WAL Je 0> ELISA + + + + +
Double-antigen sandwich ELISA

IDEXX S LT A I ) & + + + 4 _

The IDEXX CSFV antibody test kit

2.7 EEMHRHR 2.8 FHAEE
Ao AR S ARG 1073 5 B A I3 3 5 v PR i ok A B 5E T B ELISA K U J5 75 5 IDEXX

.3 Y LR 309 RIS SHEFPHE AR ST K U 5 50 0T 208 616 PR B A 17 K
o 45 G HE PSSR HCR 1.89% ~4. 03% HERL W0, B IS A 5 30 95. 5% , W1 L T 4 K
TS RMON 2.32%~6. 959 M ML RRBIG  97.9% RAFA RN 97, 1% (2 4) LW BTF )7
ANT10%(3.3), WO U RAF I SLHE AT R



1578 oMM OE ¥ 57 %
®3 ELISAESMHRNER
Table 3 ELISA repeatability test results
. e E S M ik ] 55 42 M
1L 55 Intra batch repeatability Inter batch repeatability
S
Serum
PR T BREK/ N CV T TRRE/ % CV
P4 1M (n=7) 2.87 2.88 2.86 2.39
Positive samples 1.88 403 191 3,48
1.08 2.72 1.07 3.15
0.43 3.63 0.45 2.42
0.41 2.93 0.39 5.58
0.34 1.39 0.31 4.97
0.23 3.58 0.22 4.73
B M 1L 37 (n=3) 0.071 1.72 0.07 2.32
Negative samples 0.103 3.43 0.11 6. 95
0.12 3.58 0.12 4.93
%4 ELISA SIDEXXXFIELL T HER
Table 4 Comparative results of ELISA and IDEXX Kkits
i ML I ELISA -
Jrik Double-antigen sandwich ELISA Bt
Method Total
FH % Positive B3 Negative
IDEXX f# i 4 (A ) 3 7] 6 FH 4 Positive 64 3 67
The IDEXX CSFV antibody test kit B4t Negative 3 138 141
it 67 141 208
Total
2.9 mMMEEKARNE SR PR A) A S f5 11 ds ZE TR 20 A FEAE 5 T, P A

it b T R 20 ELISA 5 IDEXX 34 Bt
A 0 X 70 6 o G 45 R 3R WY (IR 7)< A T 3R A
J&E O T, XUPE R e 0 ELISA 7k 5 IDEXX il 7 &
HH AT R A2 6 d ARG S B A 2, B0 4 1 B A4

60 =

Tk 8 R AR 90 2 P AR K S AE 37 d A B W s 7E BT
PR3 A PE DT T, AT ELISA K i 5 75 328 56 21 i it
PR AR 1R K T 47 d, 5 IDEXX 32k 51 &5 % 46 ) i 3
—ikc
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Fig.7 Detection of antibody patterns
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A& pCDNA3. 1-2 X rE2-His, il 1 51 A5 5 IR FI1L
fb CHO 21 it & 3k 4518, SC 8L T 2 XrE2-His & [ 1)
BT R IA . SDS-PAGE 5 Western blot 4%
W, 2XrE2-His & [ AH X 4> F i 2 294 55 ku, 5
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Al BB 7E ELISA £ il v & B AR R 25 G, S 801
S T v A B P 4 SR R A HF 5 ) S i e B 5
A His %8, A5 RV E RAFIY 2 X rE2 8 M .

AW T 2XE2 B A (AR 5
HRP-2 X rE2-His (ki il 41 i) 5 2l 8 57 1 Wt Jit g
L ELISA J5 ¥k 1% 5 1 AT R0 B AR (14 B S 45 A A7 4
(Fab Bt) , AN Z HUAR S i BRI, vl A6 00 1gM . 1gG #l
[gA 5 Z P e BREE (1,35 FH T I B e i i o |
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