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WA ENEILSNS N

A& RBOR, REARL R R BFML ARTL R O e R,
REFLVART AT 2,5 R EFELARL FEELAT R, kR
(L PESBERRICAT |70 4 A B R T S0, 179 195 5300015
2. P PGB H AR K P BT 530007)

N

WE. Aok FEHGETEZRBEPDCOV )ik ELISA ¥l 7 ik AR A ETHEG N 454
QIR E S T PDCoV 18 4 ELISA #ikteml ik, 4RI 7, 2504k, 2 T ELISA RER B E
M. ARG HFILEK 0. 2ug; FHeiF 1:80 #8,HF 60 min; B4x =40 1:4 000 #8, R & 30 min; &4
2 & 10min, A i S/PAE>0. 2008 52 A fak S/PAE<<0. 1738 3] 2 4 K S/P A&/ F 0. 173F=
0.200 ) M) 3| A 7T 58, 4RI £ &AM, Z4&n & ARS HCV FMDV  PRRSV PRV TGEV #= PEDV
A AR ARSI FARKEERET MR EFREHN 0.7P6 ~4. 75% , 1A T R 2 E 1.92%6 ~
6.60% 200, KA EA MR MAMRLLERE T, ZHETHAMNE hFRKFBREA 1:320, F6FXB
URET AT EESPRABENERASES MEFESE BRFESFEREFSESF A 86.36% .
96. 43% A= 92. 00% , #)JA AR5 32 569 ELISA 7 ik *F 456 fr & B )7 /8 Ho K R B BB B 69 o of AF 5 347 40
m,ERE T, BRI SR B A 40. 409, RE BB R BEEA R KRR, B &FHGMREET FHiE
100% , 5% & % M & R ARAL A 3.90%
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Establishment and preliminary application of indirect ELISA based on
recombinant protein N for the detection of antibodies against porcine
deltacoronavirus

LIU Lei'*,QIN Yi-bin',CHEN Zhong-wei',ZHAO Wu',DUAN Qun-peng', QUAN Chen-yu',ZHAO Shuo',
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LU Jing-zhuan',HE Ying'* LU Bing-xia'®
(1. Guangxi Key Laboratory of Veterinary Biotechnology , Guangxi Veterinary Research Institute , Nanning 530001, China;
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Abstract: Aim to establish a rapid and accurate ELISA method for the detection of PDCoV antibody,
an indirect ELISA method for the detection of PDCoV antibody was optimized by using the purified recom—
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binant protein N as the coating antigen. The results showed that the optimal conditions of ELISA as follows,
the recombinant protein was coated with 0. 2 wg per well,the serum was diluted at 1 :80 and incubated for
60 min,enzyme labeled secondary antibody was diluted at 1:4 000 and reacted for 30 min, finally add sub—
strate for color development for 10 minutes under room temperature. The serum sample was determined to
be positive while S/Pvalue>>0. 200, to be negative when S/P value<<0. 173, to be suspected when S/P value
between 0. 173 and 0. 200. Specificity experiment showed that the method did not cross—react with positive
serums of HCV,FMDV,PRRSV,PRV,TGEV,and PEDV. Repeatability experiment showed good repeatability with
inter—assay coefficients of variation ranging from 0.79% —4.75% and intra—assay coefficients of
variation ranging from 1.92% —6.60%. Sensitivity experiment showed that the maximum dilution ratio
of serum detected was 1 :320. Coincidence rate test showed that the method has high consistency with the
results of neutralization test. The positive coincidence rate,negative coincidence rate and total coin—
cidence rate are 86.36% ,96. 43% and 92. 00% respectively. The indirect ELISA established in this study
was used to detect 456 serum samples of pigs at different stages in Guangxi. The overall positive rate of
samples was 40. 40% ,and the positive rates of pigs at different stages were quite different. The posi-—
tive rate of gilts can be as high as 100% ,and the lowest positive rate of nursery pigs was only 3. 90%.
Key words: porcine deltacoronavirus;nucleocapsid protein;indirect ELISA
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1.1 FEHRE

PDCoV  HZHZE I N (43 F & K/ A 58 ku, ¥
JE 0.6 mg/mL ) A 5230 % 5% R ik I 4lifl . 456
3% LT FE T 2017—2018 4R [ ) 74 A [a] #b i7
B R8T SRR TR (HCV ) LB 2 (FMDV )
4 SHH S W 55 AR B (PRRSV ) % DA FE R S 7
B (PRV ) J&EAL e W R i 8 (TGEV ) & IR AT 1
J2 75 95 5 (PEDV ) 3X 6 A i 22 55 g g It B 2% 1l 775
B AR S & R AT
1.2 &K FI A H

BB | LT B T B 0 A TR VR L R AR VR L 1A
W LW S 75 2 B0m A I T s e
1.3 [&4E ELISA B4k
1.3.1 SRR EKELS —RIERENKL S
FZRBORFE R vk A EAE R N AE et
JEU, e PR R B 16 we/mL |, 5 FH AT LR BRIE TR
B2 0. 25pg/nml XIS L 7 DREREEE TR
JE 53 A Bk ] — A %647, AL 100 pL, DL HRP —1l
FhusE TgG BUiRVERN = 0L, e PR Bk —ht
FRRERE 121000, FEF A% FL AR BRIERR B2 10 32 000,
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T KA A B AL A S5 A 358 P B [
1.3.4 ik HHEEZBEREGRL SHRER
S A T i, DA TR A AR A Y e A AR R bk 4t
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IABEAR AR T BRSNS I 3 N ERE . A
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ZH ELISA J b 2 AR AL o B2 0L 435 o ) JF L4 4% 41
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], KR4S R e 454 P/N (B, Bt RAE A AR 2
hy fe Ak U N I [
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1.6 ESHIKE
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K, S0 e 45 A BE E 1Y S/ P AHL, PEAR HEBUR M
1.8 HEERRK
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2.1.1 BERRKREL ZRIAERAGRA T
TR AL T 5 T T AR R B A 5 SR B SR A
PURW R 2 pg/mL |, e PR BERE N 124 000,
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Table 1 Optimization results of coating antigen concentration and secondary antibody concentration

YRR R

AT R/ (g mL ™) Dilution of the secondary antibody

Coating antigen 1:1000 1:2000 1:4000 1:8000 1:16 000 1:32000

concentration

Diso P/N Diso P/N Diso P/N Diso P/N Diso P/N Diso P/N
P 1.903 1.721 1. 303 0. 888 0. 536 0.32

16 3.7 4.9 5.5 6.4 5.7 4.6
N 0.52 0. 351 0. 236 0.138 0. 094 0.07
P 1. 964 1. 695 1. 296 0.841 0.516 0. 303

8 3.8 5.0 6.3 6.8 5.5 4.0
N 0.511 0. 337 0. 206 0.123 0. 094 0.075
P 1. 946 1.676 1. 223 0.807 0. 484 0.278

4 5.0 8.1 7.9 8.4 6.5 4.2
N 0. 393 0.21 0. 154 0.10 0.075 0. 066
P 1. 837 1. 527 1. 111 0. 681 0. 397 0. 247

2 7.1 8.8 9.0 7.6 5.7 3.7
N 0. 259 0.174 0.123 0. 09 0.07 0. 067
P 1. 663 1. 226 0.76 0.434 0.273 0. 168

1 8.8 8.5 7.0 6.3 4.6 3.1
N 0. 189 0. 145 0. 108 0. 069 0. 059 0. 055
P 1. 352 0. 853 0. 535 0. 366 0. 162 0.139

0.5 7.3 6.1 5.5 5.5 3.0 2.4
N 0. 186 0.14 0. 098 0. 067 0. 054 0. 059
P 1. 06 0.674 0. 38 0.214 0. 151 0. 084

0.25 6.0 7.7 3.9 3.9 2.7 1.6
— 0.176 0. 088 0. 098 0. 055 0. 056 0. 054

12 8.85 9
8.19 8 . N P N . N
1 . ; 2.1.4 S FAHBE AN A B IR

y 08 6 T 1 80 i RE, WEE 60 min B B AE, Bl A

= 5 .

2 06 4 T PN 982441 HRR (3R 2),

a . . N N o
04 z 2.1.5 AT meT R ekt LEIRERIH
02 | JZ % 30 min WAL, P/N {3 N 9. 03, 7 4 41+

0 . S ] 0 B (F 3),
BHMEXF B8 Positive control [ Xof B Negative control P/N 2 1 6 }R#é] 574 @J Hj— Jé] él] /HL /ﬂ: %%% Eya N 25 OC ﬁﬁ[ﬁ

E1 mEE®HEFHEHRK

Figure 1 The optimization of coating condition
1:4°Ca#d&;2:37T Cak 2h;3:4 Coikid@m 37T Cask2h,
1:4 °C coating overnigh?:37 ‘C coating for 2;8:4 C coating for
overnight plus 3Ccoating for 2 h.

) B 2 h B AR et P/N (K 8. 22,4 4H i

K(E2),
1.4 9
12 822 8
7
L] 6.58 6
<08 501 >-80 5=
% 0.6 45
= 3
0.4
2
0.2 1
0 0
1 2 3 4
FF 1 %3 H# Positive control FF 1 %3 ## Negative control P/N

B2 SEHAREHIL

Figure 2 The optimization of blocking time
1~4.37°C4#3M 0.5h 1 h . 1.5h# 2h,

1—4.37 °C block for 0.5,H h,1. 5 hand 2 h respectively.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

5 10 min A &AE,P/N H K 8. 61, 7F 4 P&k
(K 4),
22 BAFEMIERENHE

FHASWF 5T #E 7 09 ELISA J5 32 K0 30 14 FH 14 1fiL
5,5 S/P AR (X) =0. 119, bpifEJ5 22 (SD ) =
0.027, &8 ,X +3SD=0.200,X +2SD =0. 173,
A A o A PR I A, BDRR RS AR ) S/P (H <<0. 173
iF ) Sk BH P, S/P B >>0. 200 B3] K BH A 0. 173<
S/P A <0. 200 i ] 4y o] BE | 575 FH A I
23 HRMERARE

élj:x: TN ,PDCoV FH ‘@ Xd‘ B Ifi (Eléj5 0] D s {E
(PC )24 0.978,PDCoV  [H44XF HE IfiL 35 9 D 450 {1 (NC )
4 0. 108,NC <<0.3,PC —NC >0. 7; th iy HCV A il
7% FMDV  PHM: 17 PRRSV P L PRV FH P ifi
W TGEV  BH M il 75 A1 PEDV B 1 ifil 35 4 S/P {1 24
N 0. 173 B) A T ik B R R =k
24 EEMHIRAR

AP Z R (R 3) R, W — ik p iy
UMY 4 AN 45 548 S R K 0. 796 ~4. 786,31

LT IR
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Table 2 Optimization results of serum dilution ratio and incubation time
17 B B A E] / min Reacting time for the serum
I 785 7 R 30 60 120
Dilution of serum T Dy (i P/N T Dy (i P/N - Do fi PIN
Average Dy value value Average Dy value value Average Dy value value
+ 1. 275 1.215 1. 134
1:10 3.82 3.67 3.05
— 0. 334 0. 331 0.372
+ 1. 151 1. 105 1. 092
1:20 4. 62 5.78 3.90
— 0. 249 0. 191 0. 280
+ 1. 068 0. 998 1. 041
1:40 9. 37 8. 11 7.08
— 0.114 0.123 0. 147
+ 0.921 0. 860 0. 854
1:80 9. 64 9.82 7.59
— 0. 096 0. 086 0.113
+ 0.674 0.612 0.678
1:160 9.10 8.81 8.63
— 0.074 0.070 0.079
+ 0. 452 0. 468 0. 498
1:320 6. 84 7.54 8.01
— 0. 066 0. 062 0.071
1.2 10 1.2
9.03 9
1 8 1.0
7
g 08 6.51 6.34 6 . . 038
E 06 5 & 2
e u24m S 06
=04 =
3 04
2
02 | 02 0173
0 0
1 2 3 4 0.0
1 2 3 4 5 6 7

B 44 X5 I Positive control P/N

B3 mEZHREMEERAKL

Figure 3 The optimization of secondary antibody reacting

BIPEXS I Negative control

time
1~4; =3 R et 2 % 4 15min.30 min .45 min #= 60 min,
1—4.The reaction time of secondary antibody was 15,80nmin,45

min and 60 min respectively.

1.6 9
1.4 8
756 8.61
12 7
6.06 6
o I
= 5=
= 0.8 4
= 3.9
S06 3
0.4 2
0.2 1
0 0
1 2 3 4
P44 X5 B8 Positive control B X B Negative control P/N

4 RERYEERNERHMEL

Figure 4 The optimization of TMB reacting time
1~4. &4 2 &1 45 % 5min, 10 min, 15 min = 20 min,
1—4:The optimization of TMB reacting time was 5 pi@imin, 15 min

and 20 min respectively.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Bl 5 ELISA R4 ER

Figure 5 The specificity test of indirect ELISA

1~7. #ceH a4 8 %4 HCV FMDV  PRRSV PRV \TGEV PEDV #=
PDCoV &4 Fa bk fn 3

1—7:The detected samples was positive sera of HEMDV
PRV ,TGEV ,PEDV and PDCoV respectively.

, PRRSV

bR E] 075 S R BOE 1.92% ~ 6. 60% Z ], LA
ELTSA BRI 7 s HAT R4 4tk i Bkl & 42 1
25 HEMIRE

ORI 45 3 (I 6) W, 3 4y BH A i i 34
TE 1= 640 F B B2 B 4G 285 21 S B % 125 ml Al
2 1l 375 e KRR R Ry 12 320, UL A 7 ¥k B Bl

AR
26 HERAE

SR FH ORI 6 5 AR AF 5 ST 1 % 50 4y I
AR, 25 5 (% 4) Bon RN e A BH
22 0y (B 28 iy, AR D7 A B 20 13 B4 30
13 5 BHPERT 5% H 86. 36% , BHPEST A& 3% 96. 43% ,
BIFA R 92.00% ,
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Table 3 Repeatability test results

it Py g5 ) e
MLY% 4 2 Intra—batch assay Inter—-batch assay
Serun nunber THK BRRM/% T TR RE/%
Average Coefficient of variation Average Coefficient of variation
1 1.082 +0. 041 3.80 0.926 £0. 043 4. 64
2 0.825+0.034 4.12 0.832+0.031 3.73
3 1. 007 £0. 008 0.79 0.989+0.019 1.92
4 0.324+0.015 4.63 0.314+0.018 5.73
5 0.118+0.004 3.39 0.116+0.003 2.59
6 0.111+0.005 4.75 0. 106 +0. 007 6. 60
1.2 2.7 PDCoV N ZE H & # ELISA #& il 7 & M #1 4
! .
e X 456 153 L TR St 10 K 5 SR T R T
04 PRIy 40. 400 , ARG B PR AR 22 Bk, B
02 b e (18 5 A& BE IR E) 100% (32/32) R &
0 2 3 4 5 6 BAPER IR AR, 3. 90% (4/102) , 23K FIEE S Y FH A

FHAHE 1L 7 2 Positive Serum2
IIfi 414 Critical value

FAPE LY 1 Positive Seruml
FHE L3 3 Positive Serum3

Bo6 BEMKKEER

Figure 6 Sensitivity test results

1~6. i o AL 4 A A 1:40,1:80,1:160,1:320,1:640 F=
1:1280,

1—6:The dilution ratios of detected serumwer®]1:80,1: 160,
1:320,1:640 and 1:1 280 respectively.

x4 HEEARER

Table 4 Coincidence rate test resultst

R EL 40 82. 40% (28/34) 1 60. 50%
(104/172) ALK H EHE A9 B PE #6249, 30% (8/86)
TG I 4 JE B R T M X8 B YL PDCoV 1
0 B, AN [A) B B g A R g R L R
5,

] 4% ELISA Indiret ELISA O )%

A Positive B 14 Negative Coincidence rate

BHM: Positive 22

R , .
Neutralization test BItE Negative 28
41t Total 50

19 3 86. 36
1 27 96. 43
20 30 92.00

3 e

B 2010 4FJi LA, LASE A 74 1 s s 5 45 el Ik
WD R IR TE 5 R KR e SE T, 2V E G
TR EFEE AR R R, Wi R 8 PDCoV
X4 EAT B o A O I R A A7 A X A
LUK 9 A I RAE IR 55 TGE \PED #% A AL,
H I [ PDCoV %5 TGEV PEDV 4% H:Ath i 1 95
R AR A B, 3 U IR 15 SRR AN & e

H 2014 4F 3¢ [ it 18 1 75 % #F & 4= PDCoV &k
YeJa N 2 AL = A YR TT R T XF PDCoV R R
AT BURTE L EBUR ML T . BN E
PP EE R TR FEFRE AR A BT
V955 T 244 16 3 h 3 AEHE PDCoV Jk e | 7k

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

WL 55 7% BAE RS A7 2500 25 W) s BE
FE{E R PDCOV Ay th 2R AT 3k 31. 33% , HFH A
BT R, [FR Ok R T % B PD-
CoV HABRIMBURE , RS 51 IR Y AT 4% Hh L™
FAIEYS , BAT 5 A AE T3 0100 P i o 12
BT 2 A0 325 99 B 42 ) i 4 L 457 PDCoV AT H 4
JUE H R B B0 M, A B PDCoV 1Y
SLRBATFSE 2 W7 B Bl s 7= ik 2, LA Bl 1 o 24 i
WATE fEEE KIS

6 A 9 7 T A B ik AR
45 BERE R BURR i P AR P TR B K (R A AE
SR m B ANIE A A I I A R ) A de
M, —AGE A TR B F B2 A 58 A O
AGE A HE 2 TR IE AT KAHERE S B P AG I
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ELISA HA 5 905t FERF AT | AT RFIE 5 4 it ifE A7 P st
R SE A o PR ST — ke S o | BB R Y
PDCoV  HLfA& ELISA A5 J5 3% , Wi H F PDCoV 1y
TATIE 2E VA 5 WE 00, A B 5548 M A% 00 1Y Bl
., AU LARTIH R A IR aifb iy PDCoVN N
AR, P AL ST TR PDCoV B a] % ELISA
T3k IFfE T B BRI SFE A B 5T ST Y ) 4
ELTSA Ui )y vk B &by iy #5245 W) g ok
PRI HE M TGEV  PEDV 4 BH P 1L 375 T8 28 X7, H
5 HCV PRRSV FMDV I PRV () FH 4 il ¥ 6 28 X
FNE o RV, AR 7 3 OB i, T A DN 3] 1 2 320 F R
WY BH LG o o T 38 UEAS J7 325 0 v B 1 Bl AL 16
150 13 PR LT e T A R e R AR B 5 ST ) []
Fz ELISA 77 12 [R) B A6 00 1 375 A & v PDCoV Hi 47K
S gl SRR 2 A 4% BELISA 704G I BA | FH 44 1 775 s
PR 8 A AR, 5 A e 0 BE R A % B
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JriE AN T 456 15K F )T PG ER 4 Hh XA [ B B R
RO I Y8 RE & 25 SRR BB R O 40, 40% , YL
SEUSTRF PDCoV S ik PRIt Ji 2 7 DX A Sy A 9 e D
AT A AR Y 1) 322 ELISA J5 %k, %F 2012—2017
AE DY IR 53 % ) 490 43 i R 1L ¥ #8477 PDCoV HifA
Kl | 45 5B M2 49. 18% , Mk AE AR 54
WFFE 45 FAHAL . 78 BURY B 1 PN G0 43 4 3 v oA fili
PDCoV & i (1% &L R, 4 I35 T i PDCoV HT 44 FH
PEUE I AT e A7 7E B 3 s . TR B Bed #F PDCoV
P BH P A 25 5K, AR A DN 285 L B o | 23 4 R
FE 09 PDCoV LA FHPE 243 51l 82. 40% F160. 50%
Vb B RO IR Y ok PDCOV (IR 42 4335 W L
¥ BRME Ry 27, 0% , Ho o ] G Sk U5+ B1 IR BT iA
aCEPRE Y R T B R A A, O 3.90% , R L
A AR L BHAPE R R R AT RE SR Bl H IR i3 K I
BERPUAIKF- B WAL, B AR TR E
B TH ] Gk 3] 32. 6006 , 32 /8 76 M B Bt Al fiE
FEAE PDCoV  BFRE/ERYY . J5 & FHMEZE D 100% , 42
JNBEE R B4R PDCoV A B 25 R ety B 3%
AR ASHIFFE AR I I AR IV AR AR BOA B D OR
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