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Abstract: [Objective] To evaluate the level of neutralizing antibodies (NA) against foot-and-mouth
disease virus (FMDYV), a solid-phase blocking enzyme-linked immunosorbent assay (ELISA) based on
bovine monoclonal antibodies was developed. [Methods] In this study, the bovine monoclonal antibody
(mAb) E32 was used as the capture antibody and a biotinylated bovine mAb C4 as the detection
antibody. Both mAbs had been produced in our laboratory. The mAb E32 is a cross-reactive antibody
against FMDV and the mAb C4 is an intraserotype broadly neutralizing antibody against FMDV
serotype O. With the two mAbs, a solid-phase blocking ELISA for detecting neutralizing antibody
(NA-SPBE) against FMDV serotype O was developed. The sensitivity, specificity, repeatability,
cross-reactivity, and correlation with virus neutralization test (VNT) of this assay were assessed.
[Results] The optimum working concentrations of antibody E32, FMDV-inactivated antigen, and
biotinylated C4 were 0.5 pg/mL, 0.25 pg/mL and 0.06 pg/mL, respectively, and the optimum dilution of
streptavidin-HRP was 1:40 000. When 1.35 log;, was used as the cut-off value, the sensitivity and
specificity of the assay were determined as 97.14% and 98.84%, respectively. There was no cross
reactivity with the antibodies specific to bovine viral diarrhea virus (BVDV), porcine reproductive and
respiratory syndrome virus (PRRSV), classical swine fever virus (CSFV), peste des petits ruminant
virus (PPRV), or FMDYV serotypes A and Asial. The intra-batch and inter-batch repeatability of the
assay showed the coefficient of variation less than 10%. The detection of 160 serum samples
demonstrated a correlation (+=0.807 5, P<0.000 1) between the titers obtained by NA-SPBE and VNT.
[Conclusion] NA-SPBE can detect the neutralizing antibodies against FMDYV serotype O and provides

powerful technical support for evaluating the efficacy of FMDV serotype O-inactivated vaccine.

Keywords: foot-and-mouth disease virus; bovine monoclonal antibody; neutralizing antibodies;
solid-phase blocking ELISA
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®1 FEREEBERMRIE E32 KMLEREHRREE(0Ds)
Table 1 The optimal dilution of captured antibody E32 and sera determined by checkerboard titration (ODs)

o . E32 2.00/(pg/mL) E32 1.00/(ng/mL) E32 0.50/(pg/mL) E32 0.25/(pg/mL)
Dilution ratio
P N/P N P N/P N P N/P N P N/P
1:8 1.604 0311 5.16 1.456 0.190 7.66 1.257  0.092 13.66 0.785 0.082 9.57
1:16 1.922  0.305 6.30 1.625 0.178 9.13 1.52 0.107 14.21 0.910 0.097 9.38
1:32 1.933 0.589 3.28 1.822 0.279 6.53 1.789  0.117 15.29 1.012 0.087 11.63
1:64 2.111  0.711  2.97 1.973 0.420 4.70 1.800 0.270 6.67 1.322  0.171 7.73
1:256 2.345 0998 2.35 1.991 0.743  2.68 1.935 0456 4.24 1.337 0.252 5.31
1:512 2.238 1277 1.75 2.002 1.077 1.86 1.833 0.721 2.54 1.434 0455 3.15
1:1 024 2.389  1.532 1.56 1.992 1.332 1.50 1.951 0923 2.11 1.310 0.630 2.08

#*2 C4-Bio RiE TIFREREBITFEMEREHRLLGIRHE

Table 2 Determination of the optimal working concentration of C4-Bio and the optimal dilution ratio of
streptavidin-HRP

C4-Bio P(N) Streptavidin-HRP 1:20 000 Streptavidin-HRP 1:40 000 Streptavidin-HRP 1:80 000

concentration/(pg/mL) ODys N/P ODys N/P ODys N/P

2.000 P 0.833 - 0.660 5.25 0.615 4.52
N + 3.466 2.777

1.000 P 0.759 - 0.555 5.82 0.556 4.63
N + 3.230 2.577

0.500 P 0.522 6.19 0.479 6.10 0.411 5.39
N 3.230 2.920 2.215

0.250 P 0.412 7.31 0.378 6.64 0.378 5.58
N 3.011 2.511 2.110

0.125 P 0.336 8.36 0.227 10.35 0.229 8.66
N 2.810 2.350 1.982

0.060 P 0.271 10.25 0.132 15.98 0.201 8.77
N 2.777 2.110 1.762

0.030 P 0.220 11.90 0.121 13.39 0.115 13.51
N 2.619 1.620 1.554

+: the read value is out of the range; —: the result cannot be computed.

*3 REAEZFHENESRERRKENHE

Table 3 Determination of optimal blocking conditions and optimal capture concentration of antigen

Antigen capture concentration

Blocking conditions P(N)
1.00 pg/mL  N/P 0.50 pg/mL N/P 0.25 pg/mL N/P
Room temperature lh P 0.435 3.86 0.360 4.57 0.331 4.30
oscillation N 1.677 1.644 1.422
2h P 0.336 5.21 0.222 7.61 0.248 6.14
N 1.750 1.689 1.522
Overnight P 0.287 6.18 0.201 8.51 0.126 12.71
N 1.774 1.710 1.602
Stand at room temperature overnight P 0.323 4.99 0.277 6.26 0.220 7.22
N 1.611 1.733 1.589
Stand at 4 °C overnight P 0.307 5.65 0.217 7.78 0.245 6.57
N 1.734 1.688 1.610
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YU U E A 0.25 pg/mL B, N/P {HHE K.
P, AT LU A dc 3 BH W7 2% 7y = T 4 3 1ok
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24 REBEMEFRRR
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Table 4 Optimal serum diluent
Diluent Serum diluent PBST

P N P N
ODys 0.125 1.775 0.210 1.651
N/P 14.20 7.82
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-0.3 — T
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i, AUC HAfKER 0.998, B HUSME R
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B, BABHME IS AEPUARZLHT 1.2 logio 5 1.5 logio
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TR E A BEIX A . Y ML PUARRN < 1.2 logyo
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F, 5 A B, T 24 0 PR R b
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26 EFEEMARE

il TRl —HE R fil 25 B9 1468 [N, FEAS
[ S} ) BRG] ) 12 3 L REAS 3 0k, &5 01
BRHNE S REBIIIET 10%, AR
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12 R MEREA 3 ¥k, 455 WoRAtn 2 5 R 50y
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Figure 1

Determination of the Cut-off value, sensitivity and specificity of the NA-SPBE. A: neutralizing

antibody titers of negative sera and positive sera; B: the Cut-off value, sensitivity and specificity of the

NA-SPBE.
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®5 EEMSIWER(og AN

Table 5 Repeatability test results of NA-SPBE (log;, antibody titer)

Intra-batch

Inter-batch

Serum number

Average value SD CV/% Average value SD CV/%
1 1.8 0.000 0.00 1.9 0.142 7.44
2 1.6 0.142 8.84 1.6 0.142 8.84
3 1.7 0.142 8.32 1.6 0.142 8.84
4 2.1 0.000 0.00 2.0 0.142 7.07
5 24 0.000 0.00 2.4 0.000 0.00
6 1.7 0.142 8.32 1.8 0.000 0.00
7 2.8 0.142 5.05 2.8 0.142 5.05
8 2.7 0.000 0.00 2.6 0.142 5.44
9 0.9 0.000 0.00 0.9 0.000 0.00
10 1.2 0.000 0.00 1.2 0.000 0.00
11 2.9 0.142 4.88 2.9 0.142 4.88
12 2.2 0.142 6.43 2.2 0.142 6.43

2.7 XXMM

{8 F NA-SPBE J5 L4l FMDV Asial % fH
PEMLWE A1 FMDV A B B I35 4% 20 15,
BVDV ., PRRSV. CSFV. PPRV [H M ifil 1 4%
10 fy. K4 R 2 Fias, FMDV Asial
. FMDV A %l BVDV. PRRSV. CSFV.
PPRV PHME: LI IPTIARLMN 2 < 1.2 logio, AT
i R 25 R o B, R RS SR
2.8 NA-SPBE 5 VNT %1%

i [l NA-SPBE 5 VNT J7iEkaill 160 4
FMDV O R G i i HeiRz4 4, NA-SPBE failll

1.80

n=20 n=20 »n=10 n=10 n»n=10 n=10
1.50 +

1'35 ..............................................
120 a °
090+ =& ° . =

0.60 -

log,, antibody titers

030+

0.00  seww CGEED oowes o> EEE VW

70 . 3 0 1 L 1 L L 1
e 3
PSEQ Pﬁ.@\ﬂQ (&.QOQ Q@fﬂ C%‘QQ QQ‘QS

2 NA-SPBE M2 X R Rt
Figure 2 The cross-reactivity of NA-SPBE.
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Figure 3 Correlation analysis of results determined by NA-SPBE and VNT. A: neutralizing antibody titers
of sera detected by NA-SPBE and VNT; B: correlation analysis of results determined by NA-SPBE and VNT.
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Table 6 Results of NA-SPBE, VNT and LPBE clinical samples

Detection method
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Coincidence rate/% 91.00 92.31 89.16
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Figure 4 Neutralizing antibodies fluctuation after
animal immunization.
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