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Abstract: In order to detect the low concentration of avian influenza virus (AIV) in the tracheal
and cloacal swabs taken from the HPAI-infected poultry, an indirect immuno-polymerase chain
reaction (immuno-PCR) assay and an indirect sandwich immuno-PCR assay, based on Immunolo-
gy and polymerase chain reaction (IPCR) which combining enzyme immunoassay with DNA am-
plification, were developed. For the indirect immuno-PCR assay, TopYield microtiter plates were
coated with purified AIV/H5 protein that was recognized by anti-AIV/H5 monoclonal antibody.
For the indirect sandwich immuno-PCR assay. the monoclonal antibody was immobilized on To-
pYield plates for detecting H5 protein that was recognized by its polyclonal antibodies. Reporter
DNA was prepared by PCR amplification using biotinylated 5-primers, and it was coupled with
biotinylated antibodies through streptavidin. In order to increase sensitivity and reduce back-
ground noise, the amounts of reporter DNA and streptavidin were optimized. Using the optimized
concentration of reporter DNA and streptavidin, both indirect and indirect sandwich immuno-PCR
assays detected AIV/H5 protein as low as 1 fg. These results are a nearly 1 000-fold improve-

ment over conventional indirect ELISA and indirect sandwich ELISA methods. Our data demon-
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strate that this MAb-based immuno-PCR method provided a platform capable of mass screening of

clinical samples for AIV H5 subtype and could serve as a model for other immuno-PCR assays.

Key words: immuno-PCR; avian influenza virus; H5 hemagglutinin protein
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¥ R(20 pmol « L™') Mg"”" (2.5 mol « L™'),dNTP
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(R BEEJEE 2 000~2 ng » L1, & 37 CIRAE 1
ho VA5 WL TEA AL 250 50 pL fedit ATV/HS
1 IgG (M K= 8 4L, DI D 5 H By 1
pg e mL - TARMRED) IR E 37 CIEME 1 h, ¥k 5
WAER AL AR50 50 L RUAE ¥ 2 bR 00 F 40 %
() 1gG MBI (1 = 5 000, 7 D W B . & 37 CIK
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0.1.1 pg « mL™"3 AAS[E] ¥R BE A9 7 B, 43 ) BGiX
3 AN TRl FE 1 BE R AR IS W T ELISA 5 .
1.4 [E#E%E PCR FEKNERERS HS Mg
=EH

] 3% 40 % PCR K ATV/H5 & A4 B R A
[l [a] 4% ELISA J5¥k . 5 ELISA Jrik A Z b 7e T
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JE & CAIV/H7) . H9 A & 7 &R # (ATV/
HO) BT 29 8 (NDV) (X 4% Yo 1 35 Q3 9 7 (1B-
DV)#EAT T HugE PCR A,
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ELISA £ I A 50k . 76 6 I A [8] ok B2 9 HS & E
B RIS o S B — R R R I . T 2 4 R
FIZWBEE N 0.1 pg » mL "B, ELISA K5 K 30
EF I S A AR e s B T LA A 5 5 A U s
BRI A C M R AP, UL eT A L BRI ER N
57 v B2 P ELISA A5 A 25 JF 5 F 22520,
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The streptavidin concentrations for ELISA were 1, 0. 1
and 0.01 pg » mL™", and for each streptavidin titration
curve, a serial of two-fold dilution of AIV/HS5 protein
(Ranging from 2 000 to 2 ng « L.™') were used. *. P<C
0.05, n=3. The same as Fig. 2
B 1 REREHEFEFEHITEE ELISA £ &7 &R
SEH MBREER
Fig. 1 The optimization of the streptavidin concentration
for indirect ELISA
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Fig. 2 The optimization of the streptavidin concentration
for indirect Sandwich ELISA
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AR IR i A DNA BEAT 10 £ 7 90 0 B, ff 3L
WeBE 4> 518 1 000~0. 001 ng » mL~', %% PCR
TR 43 A R A [ B 4t DNA L U505 20 7 h
FRANTS N ATV HS 8 HFIEE R A Ah R R 2 i 3L
BRI F A g 4 H 1. 4,15, g R ER,
PCR =W ()9 B2 5 i 5 DNA it v B2 52 90 50) o5 1Y)
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ELISA 350 45 5 MR | 5 i BE 1) 5% 2 Fl K 30 5%
T L ELISA il 25 58 30 0 i AR R Sk s .l
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AN TR) e B 4 2 A R S PCR BRI RGCR 647 L
BMEEAEN . ABFFELL 2 00 ng « L' ATV H5
AN H AR (AL 10 pg) . 8 £ i A R A 4R
% DNA(10 ng » mL™ D #4748 PCR 5., 7E[H]
%9 PCR Flfi)#% Sandwich 43¢ PCR {55 Hr . B
W43k 1 000,100,10 Al 1 ng » mL "R/ &
HEAT S PCR 5. 5 B AR BRAE D BR A 1. 4,
L5 850 WoR 4 R 5 R BE 4112 1.000,100,10
A1 ng « mL I, & ATV HS 8 B B9800 L b &R A
PCR 79434 . 76 A &% ATV H5 & H 9 X0F BfLHr,
HERG RUWEES 520 1 000,100 ng « mL— " 46 I L
AR R R R PCR 9735 55 5 5 R EE /DT 10
ng » mL 'BFL JCAERE R E PCR §73% . B L, A K
B FE 10 ng » mL ' H s PCR AR B SRR R G
ESI (57135

2.4 [8# ELISA X Sandwich ELISA # | & i &
REH EXEANRF G

[ #2 ELISA 00 ATV H5 2 1 i3 A
[ e ATV/HS & 1 H #2438 TopYield #i, LAt
ATV/H5 H 5w B T A VR A I BT AR CRLIE 3 /) B
JE K Ryt RO L AT S PCR KGN, [A] 4% ELISA
T IR 1 1 1 18+ DA /D BRI /K S X AR OD B 1Y
SERIME S 2 b v 22 10 50 R TS R ) 9 DA T
AR IR BRI B . AR R TT A L L (] 4 ELISA 5%
XF ATV/HS B E R R 2y 780 fg (18 3) . [al4%
Sandwich ELISA i AIV H5 & A5+, LU
Bt AIV/HS & FBYUER R PUA KL dt ATV/HS
A ZHUVE R BT A Cfdt B S 10 T8 A X 8D L E AT
oz PCR OGS . A6 0 B A (8 B < DA TE 35 e I 3
OD {H B FIME S 2 A-F5 o 25 09 5 F T T N 1) 95 i
ol £ izl A I B . 45 2R BR (8 4) . Sand-
wich ELISA iR 35 %F AIV/HS & 1 5y & I FR 25
780 fg,

3.0 [F]4% ELISA

—=— JLAIV/HSE A ARk
—— IEH/NRUEK

nm)
NN
(=) N

ELISA OD{#(450
5 o

0.5

——
0 2 3978156313625 125 2505001 0002 000
AIV/H58 (1% /(ng-L™)

The ELISA was performed by a serial of two-fold dilu-
tion of AIV/H5 protein Ranging from 2 000 to 2
ng « L") with 100 ng « mL™' of streptavidin. *. P<C
0.05, n=3. The same as Fig. 4
E 3 (&% ELISA #& AIV/HS MR ZE AN R EHER
v
Fig. 3  Sensitivity of indirect ELISA for detecting AIV/
HS protein

2.5 [E#EH&E PCR X (8 # Sandwich &4 PCR 75
ZFRVSREFS S MEXZEANREE

DI B i Vi R EECE AR (10 ng » mL 1), Bl
WHERY AR DNACI0 ng « mL— ") BEAT AY 0] 42 £ %
PCR FlE#£“ =W " 4% PCR # 47 AIV/HS & H
R0 i g . 3 3 A5 R R (8 5.6), 2 S B
PCR JriE# I ATV/HS BRI R 298 1 g,
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35 [ij$% Sandwich ELISA
E 301 = AIATVHS kel
2 25 —— (R AR I T
N
@ 2.0
8 1s
<10
@mosp >
O N

0 2 39 7.8 15.631.362.5 125 250500 1 0002 000
AIV/H5E AW/ (ng-L™)

The ELISA was performed by a serial of two-fold dilu-
tion of AIV/H5 protein ( Ranging from 2 000 to 2
ng + L") with 100 ng * mL™"! of streptavidin. *. P<C
0.05, n=3. The same as Fig. 4
B 4 [8# Sandwich ELISA # il AIV/H5 MB=ZE AN
REE
Fig. 4 Sensitivity of indirect sandwich ELISA for detec-
ting AIV/HS protein

2 000—>

1000—»
750 —>

500—>

250 —»
100 —»|

1 23 45 6 7 8 9 10 11 12

1~9. 10 RFIF B R HS & R EJEH .2 X 10° ~2
X107 ng « L7');10. H5 # [ Z5 I X A 11, PCR B4 X
M (M4 DNA)Y ;12 PCR RS B (5 pg it DNA);
M. DNA marker DL2000; | #[q]
1-9. AIV/HS5 antigen with 10-fold serial dilution (2 X
10° to 2X 10 °ng « L™") were used for immuno-PCR as-
say; 10. Blank control (No AIV/H5 antigen); 11. PCR
negative control (No reporter DNA); 12. PCR positive
control (5 pg reporter DNA). M. DNA molecular
weight markers (DL2000). The same as Fig. 6
B 5 [8# immuno-PCR Il AIV/HS MEEEARER
Fig. 5 Detection limit of AIV/H5 protein using indirect
immuno-PCR by analyzing the PCR products
through agarose gel electrophoresis

1 23 45 6 78 9101112 M

& 6 (8% Sandwich immuno-PCR #; il AIV/ HS & H

Fig. 6 Detection limit of AIV/HS5 protein using indirect
Sandwich immuno-PCR by analyzing the PCR
products through agarose gel electrophoresis

2.6 %7 PCR 5 ELISA 7K &% K" S HS
mMBEREEANERILR

N AL e ) ELISA 77 % (] 4 1% Fil [A] 42 Sand-
wich ¥ % ATIV/HS 8 H #F 17 8 0, 204G I R
780 fg, A PCR Jr ik (] #2 1% Fi (6] $2 Sand-
wich 95 % AH [ 0 995 D 2E 47 A6 00 32 5 125 1 A D B
H1fg. AL AT B A L 7E X AR A VR
ATV/ H5 S H R, S PCR J7 ik B 4
ELISA J5 36 R R 10° /5,
2.7 EPCRENMHS MBEXETHERBFESH
BRI

AR BIF Y 1 B fi 3 R B 1 4 o AN R A DNA
We B AR 2 ST B0 e E PCR J7 15, 0 9 %k K% HS
TR 3 R B (ATV/HS) L H7 W& 7% 8% 5
(AIV/H7)  H9 WAL & i J& o 1 (AIV/H9) |37 1
RERG B (NDV) | X Ju 1 2 [Q 305 75 (IBDV) #E47
R, 25 o (& 7 A BESE L e PCR
ST TR HS R & I RO T RO #
1) % PCR 45 K 2 4 B 1 S 9% PCR &3 IN HS5
TR B T I R S R

2000

1 000
750
500
250
100

1 234 5 67 8 91011121314 M

1~2. R 2 W % B8 5 3. PCR [H 14 %F #8 (5pg AIV-reporter
DNA) ;4. PCR [#EX} HR (JG AIV-reporter DNA) ;5~6.
R s e 4 0 [ 8 5 9 7 ~ 8. 7 70 85 97 R 5 9 ~
10. H W R & Wi lgoms 3 s 11~ 12, B ke i 55 13~ 14.
H5 % & 3% 80 2 s M. DNA marker DL2000

1-2. The allantoic fluid; 3. PCR positive control(5pg re-
porter DNA ); 4. PCR negative control (No reporter
DNA); 5-6. IBDV; 7-8. AIV/H7; 9-10. AIV/H9; 11-
12. NDV; 13-14. AIV/H5; M. DNA marker DL.2000
E7 ®#ZPCRENH MRZETHEREFTS

Fig. 7 Immuno-PCR for H5 Hemagglutinin subtype AIV

3 it i
3.1 R4 DNA Hy%##

Gz PCR w5 4l 3 HO5 U8 M 19 it 45 DNA b
A TG RIS R . 4 PCR il
DNA 437 AT B8 N & I 52 K #F & v vl BB A7 7E 1)
DNA, A5 M pUC 19 DNA 4 #3% PCR 1)
& oy FRE T RIS T & amp PLk R,
lacZ FEPH | PR E B0 A7 o 26 R 26 TR by ok S8 38 [
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5RZ AWy Fi i 3 I 17 31 56 A [ G AT ok
R st G w2 DNA SZ S35 B 1 [ 230, DTG 2 755 4
J& PCR ORI HEA B4 E B 1

T340 TS DNA 5 ATV R (RNA) # A
(] 8, At PCR RS 0 5 A5 AR 35 T A9 G000 717 5% 5 e
A B TR LR 7 A . 5 LS ROk E RT-
PCR I AR FE A 1038 A 7 28 S B S i o 7
U BRI PROE A 26 RNA A% R 26 1Y 1) 5 H.
AR L,
3.2 SMREERERXS%E PCR KT

1 T e PCR AR IR 25 060 470 S A B 4 5 )
FAH A A [ AR 2 rp L AN 58 53 1 5 P OO ARG ) R
YRR A AR R W . 55 0 () i 35 P 3R] A9 38
PR AR S PRS00 R A AR R 2 BN 4 R A A
I3 12 1 (BSA) 2% W 5824 & — BOA A S b (19 2
PR o A a6 G {0 9 BSA 25 45 fi: £ K
DNA fleF P ) >fe A8 FnAS: 0 Al v #9 l % B 037 265 T oK
R/ T ARFr S PR AE A R nl etk . 53 b A il g 3
TN 8 UK 76 0 DR A A 0 45 55 F) 3 AT 0T 482 g A )
S50 e M B A A RCR . ELISA 5 45 R
7R R B B R R R BT L ELISA K I 25
F BT A AR R S RO AR e PCR AR K
B rp O T R R AR L b R AR AR 53 4k R A i
WO ZFERT AN [ e BE B 2K 43 3R e PCR A AR I 2008
PEAT EB M ZR 5 PR 0 7 i AR JEE A B 2 M AR L
#1458 PCR KR 56 .
3.3 % PCR AEAEME SRR SN P R
RET=

LRI X8 85 30 R R 14 R I R 22 AR X 1
W AR X B e X 8 A i R AT 3 T AR L o R )
BRI & WA T IR LA IR R ML T ik . AR
TR 50 1 SR S RN 2% 75 AR AR T Al 5 B i
J7 B R HLR X 8 R A A . BEE B T
B A H % BB X R R AT $ IS I RO
BERIR (RNA) il i AR 5h RT-PCR G I A AT ek

S GEAR BT B9 7 N AR X R i B A

AN R Al iz K I TRL G R dh B R AL BT N 2
HRA R AE T BOAS K 5 A T AR i RT-PCR Al
GOREIBATEI 4. AR SR Sk ad B B PCR i 72
FRAEAS G W W 2 B RA A & TN R
AFE A RT-PCR G 25 R &2 BB PH PR 45 2R . 2R
BN R AL B 1K R P RIS L B AR RT-PCR W10

L5 R B AE A B
4.

G e PCR G I 4 A HAT v 5B (9 6 D0 e 1
1115 L AT LA I 7 K 3 R B AT A .
SOR/RES R/ R LA T E €N NSOk R AL R
AR R Fi o 85 UL S i G N0 1Y SR A0 RS 00 45 R 14
HERAYE . B X 8 IO BE A (R M 2R 7 2 R S 1R
RIS IR TR DN A SR A AR k.
PCR A I 457 A IV ] 4G 0 57 75 o ST A 0 4 56 9 2 2R
H o AT L Y ) 4 G 58 PCR A1 e 0 B 5
PCR A af ik 2 1 fg 19 HS HH . 5% M
ELISA J7 % s, R PSR & 13 1 000 A% . 1 H AL
P T EE % H5 I 7 @& i IO 75 46 T 1) 4 e 1k R
b L. iz PCR A B Al H s KAt &
R ity B4 85 U SRR A T o T A R D SR 1 ) M A DA
o & VB 12 W 1 w6 1605 3k . TR S %07 R
SEAL R PR R IR B D A ) AR I B T RS S
it

o3 B MR E 2 B B ) B

SE K
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