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Establishment of a high sensitive indirect ELISA for
detecting specific antibodies against H9 subtype avian
influenza virus

Wei Zhangl’z, Lidan H0u3, Jie Songl’z, Shuang Zhangl, Yun Lil, Jing Lil, Lei Sunl’z,
Wenhui Fan', and Wenjun Liu'"?

1 CAS Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences,
Beijing 100101, China

2 University of Chinese Academy of Sciences, Beijing 100049, China
3 China Institute of Veterinary Drug Control, Beijing 100081, China

Abstract: H9 subtype avian influenza virus causes worldwide epidemic, resulting in enormous economic losses of
poultry production. In the present study, an indirect ELISA method was established for more accurate and specific detection.
The recombinant protein of the globular head domain of HA of H9 subtype avian influenza virus was used as antigen.
Specific blocking buffers and dilution buffers were determined to increase the sensitivity and specificity. The sensitivity of
ELISA was higher than that of hemagglutination inhibition (HI) test. The coating antigen is very specific and no
cross-reactivity with positive serum against H3N2, H5N2 and H7N9 subtype influenza viruses, Newcastle disease virus,
avian infectious bronchitis virus, avian infectious disease virus, and egg drop syndrome virus. Two hundred of clinical sera
samples were examined. The results indicate the coincidence rate between ELISA and HI test reached 97%. In addition,
there was a positive correlation between OD,so values and the logarithm of HI titer to the base 2 of an individual serum
sample (R*=0.981 1).

Keywords: H9 subtype, avian influenza virus, hemagglutinin, indirect ELISA, hemagglutination inhibition test
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(13] ELISA HI
HI

1 MBRE5F%E

1.1 EFEZEmRIERF
TOP10  BL21

pET-32a(+) Pfu Taq
BamH]1 Xhol T4DNA
«C )
BCA TMB
«C )
96

Ni-NTA His Bind Resin

marker ( )

B 010-64807509

(HRP)
IgG
H3N2 HS5N2 H7N9 HON2
HON2 SPF

NDV 1BV 1IBDV EDSV

1.2 S#HnMENREZFKEREN

1.2.1

HO9N2 HA

BamHI1  Xhol pET-32a(+)

TOP10

LB
PCR
P-F 5'-GGATCCTGCGCCACCAACCTGGGC-3'
P-R 5-CTCGAGTTAGGTGGTATTCAGACC-3'

PCR

1.2.2
BL21

10 mL 50 pg/mL LB
37 °C 200 r/min 8-10h

1:100 500 mL 50 pg/mL

LB 37 °C 200 r/min

ODgyy  0.8-1.0 1 mmol/L

(Isopropyl-beta-D-
thiogalactopyranoside, IPTG) 37 C
5h SDS-PAGE

K cjb@im.ac.cn



1256

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech August 25,2017 Vol.33 No.8

1.2.3

(400 W

3s 4s 20 min)

SDS-PAGE PBS (NaCl 8 g/ KCI
0.2 g/l Na,HPO4 12H,0 3.58 g/ KH,PO,
0.24 g/L pH 7.2) PBST-1 (NaCl 8 g/L KCl
0.2 g/L Na,HPO,4 12H,0 3.58 g/L KH,PO,
0.24 g/l Triton X-100 0.05% pH 7.2) 2 mol/L

1 mol/L NaCl

(8 mol/L

10 mmol/L Tris pH 8.0)

0.1 mol/L NaH,PO4,
12 000 r/min

10 min 0.22 pm
Ni
Superdex 2000
SDS-PAGE
BCA

Western blotting

1.3 [8#% ELISA 7735891
1.3.1 ELISA
(pH 9.6)
96 (100 uL/ )4 C
PBST-2 (NaCl 8 g/ KC10.2 g/ Na,HPO4-12H,0
3.58 g/L KH,P0,0.24 g/ Tween-20 0.05%

pH 7.2) 3 (200 pL/ )
37 °C 2h PBST-2 3
100 pL
37°C lh PBST-2 5 HRP
IgG

100 uL 37 C l h PBST-2
5 100 uL TMB 37°C
15 min 50 pl/ ( 2 mol/L
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) 450 nm
(ODys0)

1.3.2 ELISA

50 ng/ 100 ng/ 200 ng/ 300 ng/
400 ng/ 96 HON2

SPF
1:10 1:20 1:40 1:80 1:160 1:320
ELISA
ODysg 1 ODysg
0.1 P/N
96 1%
1% BSA 5% PBS (NaCl
8 g/l KCI10.2 g/l Na,HPO,4 12H,0 3.58 g/L
KH,P0,0.24 g/L 50 mL/L
5 mL/L 2 g/L 10 g/L pH7.2)
200 puL
4 ELISA
ODys P/N
0.5h

lh 15h 2h ODysg

P/N

96
1% BSA 2% PBS
(NaCI 8 g/ KC10.2 g/ Na,HPO4 12H,0
3.58 g/L KH,P0O,0.24 g/L 20 mL/L
1 g/L 5 g/l Tween-20 0.05% pH
7.2) ELISA
ODyso P/N



NFB F/—FEIHFRFRELSN H TR S REAERE ELISA iR 1257

1:1000
1:5000 1:10000 1 :20000
ELISA P/N
05h 1h 15h 2h
ODys0 P/N
14 IEFRERHEE
30
1:80
ELISA ODs0
Y +3s ¥ HI
ODys0 s HI
ODys =x+3s
ODy50<x+2s
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1.6 REEERE
20 HI 2425
16 32 64 128 256
512 HI
ELISA
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1.7.1
96 5
7
ELISA
(s) (x)
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1.7.2
96
3 ELISA
5
( 4 ) ODys ()
(x) (cv)
1.8 [83% ELISA 5§ HI 898 <4138
200 HI
ELISA HI
24 ELISA ODys
ELISA
ODagsp
2 RSN
2.1 B#HMEMERZRIERSEL
2.1.1
PCR PCR
1% 731 bp
( 1A)
BamH | Xho 1 1%
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5900 bp 731 bp
( 1B)
2.1.2
IPTG
SDS-PAGE
Ni
( 2A) HIN2
HRP
IgG Western blotting
HIN2
( 2B)
2.2 [83% ELISA /A8
2.2.1
ODgs
P/N 200 ng/

1:80 ( 3A)

731 bp

El1 BE%PCRREAREHAENBLEESER
Fig. 1 The results of colony PCR and restriction

enzyme digestion. (A) Colony PCR. M: DNA marker; 1:

negative control; 2: PCR products. (B) Recombinant
plasmid digested by restriction endonucleases. M: DNA
marker; 1: negative control; 2: digested products.

http://journals.im.ac.cn/cjben

A B
kbDa M1 2 3 4 5 6 kDa M 1

2 EZHEHAY SDS-PAGE 1 Western blotting 45 R
Fig. 2 SDS-PAGE and Western blotting analysis of the
recombinant protein. (A) SDS-PAGE analysis. M: protein
marker; 1: expressed products before IPTG induction; 2:
expressed products after IPTG induction; 3: supernatant
after lysis; 4: precipitation after lysis; 5: purified
recombinant protein by nickel column; 6: purified
recombinant protein by molecular sieve. (B) Western
blotting analysis. M: protein marker; 1: purified protein.

( 30 2 h
( 3E) (
3D) 1:10000 (
3B) lh( 3F)
2.2.2 ELISA
ELISA 30 HI
AlV 0.144
0.048 ( 1) ODys50=Xx +3s
ODyso  x+2s
OD450=0.289
ODyso  0.240

2.3 (&% ELISA By45F 14
H3N2 H5N2 H7N9 AIV
NDV IBV IBDV EDSV
ELISA
H3 H5 H7
ODys0 0.289 ( 2)
ELISA
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A B
60 -0-50 ng
=100 ng 20 125.0
-+ 200 ng 1.61 1200
2401 -+300 ng 9
g —-400 ng z1.2¢ 115.0 3
Z S o8l |
SP 0.8 100§
0.4 15.0
0 L . . . P — e S S
1/10 1/20 1/40 1/80 1/160 1/320 1/1000 1/5 000 1/10 000 1/20 000
AD dilution Conjugate dilution
C D
125.0 207 125.0
120.0 161 120.0
Q o
11505 g 127 1150 =
> o >
1100& < 0.8f 1100 Z
=W =W
15.0 0.4 15.0
0.0 0.0 — : ' 0.0
o 4 < &‘6
Q\QQ) ,& Q QO
N ¥ CP&
olo
v
Different sealing liquid Different sealing liquid
E F
2.0 25.0 1.6 125.0
16f 20.0 12k 120.0
3 150 £
s 12+ 1505 % 1150 3
S = g 08f =
S 08} 10.0 Z 1100 £
[a B}
0.4r 5.0 0.4 15.0
.\.\—l\._ ————
0.0 —1 0.0
0005 1.0 1.5 2.0 00 0.5 1.0 1.5 2.0
Blocking time (h) Action time of HRP-conjugated antibody (h)

B—F: =0-The value of positive serum -# The value of negative serum - P/N value

B3 ELISA T{E&M4ai

Fig. 3 Optimized working conditions of ELISA. (A) Concentration of antigen and dilution ratio of serum. (B)
Dilution ratio of HRP-conjugated antibody. (C) Blocking reagent. (D) Antibody dilution. (E) Blocking time. (F)
Action time of HRP-conjugated antibody.
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&z 1 [83% ELISA ¥ EfrERTRE
Table 1 Determination of the cut off value of the indirect ELISA

Critical value determination

0.208 0.209 0.23 0.159 0.163
0.084 0.125 0.186 0.079 0.096
0.098 0.153 0.079 0.201 0.134
HI detection of AIV as negative samples OD,s
0.155 0.099 0.128 0.175 0.184
0.175 0.058 0.123 0.202 0.157
0.208 0.075 0.147 0.089 0.139
Average value 0.144
Standard deviation 0.048
Result determination =0.289 Judge as positive, <0.240 Judge as negative

%2 8% ELISA B4 51
Table 2 Specificity of the indirect ELISA

Samples H3N2 HS5N2 H7N9 NDV IBV IBDV EDSV  Negative control  Positive control

ODys 0.040 0.081 0.062 0.152  0.068 0.053 0.061 0.042 1.247

2.4 (83 ELISA MR & /E Ho
20 1516 1:32 164 1.720%—-3.964% ( 4 10%
1:128 1:256 1:512 HI
ELISA HI
60% 35% 0% 0% 0% 0% 2.5.2 ELISA

ELISA 100% 100% 3

100% 100% 40% 0% ( 3) 96 5
ELISA 3.031%—7.077% ( 3)

HI ELISA HI 10%
2.5 [E¥EELISA WESH
2.5.1 ELISA 2.6 [8)#EF ELISA 5 HI A8 %14

96 HI
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%3 8% ELISA RHE
Table 3 Sensitivity of the indirect ELISA

1:16 1:32 1:64 1:128 1:256 1:512
Positive rate of HI (%) 60 35 0 0 0 0
Positive rate of ELISA (%) 100 100 100 100 40 0

%4 [EFEELISA HtNES 4
Table 4 Intro-assay reproducibility of the indirect ELISA

e e
1 0.410 0.446 0.453 0.462 0.449 0444 0437 0.443 0.016 3.723
2 0.219 0.215 0.197 0.199 0.204 0.207 0.202 0.206 0.008 3.964
3 0.844 0.862 0.868 0.888 0.918 0.876 0.857 0.873 0.024 2.766
4 0.457 0476 0.482 0.486 0478 0476 0.468 0.475 0.010 2.022
5 0.989 1.015 0.938 0.927 0911 0.956 0.938 0.953 0.037 3.840
Negative control 0.041 0.040 0.040 0.040 0.041 0.040 0.039 0.040 0.001 1.720

%5 [E#FELISA Wyt ES 1%
Table 5 Inter-assay reproducibility of the indirect ELISA

e ODys¢ Average StaI.ldE.lrd o (%)
The first week The second week The third week value deviation
1 0.658 0.676 0.683 0.672 0.023 3.416
2 0.260 0.280 0.298 0.279 0.020 7.077
3 1.188 1.197 1.200 1.195 0.041 3.395
4 0.454 0.449 0.471 0.458 0.023 5.035
5 0.650 0.649 0.658 0.652 0.025 3.836
Negative control 0.041 0.042 0.040 0.041 0.001 3.031
ELISA 200 %6 [E#EELISA 5 HINFAE
97% ( 6) Table 6 Agreement between the indirect ELISA
and HI test
200 HI HI
ELISA ELISA Positive Negative Total
ELISA HI Positive 179 6 185
y=2.931 6x+2.590 7 R*=0.981 1 x  ODaso Negative 0 15 15
yHI ) ( 4 Total 179 21 200

B 010-64807509 K cjb@im.ac.cn
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14
1=2.931 6x+2.590 7 H9
12 R=0.981 1
—~ 10
8
= 8
5' 6 97%
g
2 4
2@
0
05 10 1.5 20 25 30 35
OD450
4 [8]#% ELISA 5 HI 894X
Fig. 4 Correlation between the indirect ELISA and HI.
The prediction equation is y=2.931 6x+2.590 7, R*=0.9811,
wherex is the OD,so value. and y is the logarithm of HI
titer to the base 2 of an individual serum sample.
3 3t HIN2
H9
[22-23] A
H9
H9
(24251 A
HA
(CTL) [26]
ELISA
H9
ELISA
911 Ho
[16-17] HO
HON2
HO9N2
[18-21]
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“@ )
ODs0 0.1
ELISA HRP
IgG
200
ELISA  HI
HI ELISA
ODys ( )
HI 2
ELISA ODys0
y=2.931 6x+2.590 7 R*=0.981 1 x
ODysy y HI 2
ELISA ODys0
HI
ELISA
ELISA (
)
HI
ELISA
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