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Infectious bursal disease virus (IBDV) is responsible for a highly contagious disease of poultry causing severe
immunosuppression in chickens. A double antibody sandwich ELISA (DAS-ELISA) was developed to detect IBDV
from clinical samples. Two kinds of anti-IBDV antibodies, monoclonal antibody R63 and chicken anti-IBDV sera, were
used for DAS-ELISA. Detection limit of IBDV by DAS-ELISA was approximately 10*” EIDsy/ml. The DAS-ELISA
detected IBDV from most (13/14) of vaccine products including mild, intermediate and intermediate-plus types. The
DAS-ELISA also detected IBDV from all (19/19) of field Korean isolates including very virulent and intermediate-plus

phenotypes.
samples as well as rapid quantitative detection of IBDV.

Our results indicate that the DAS-ELISA would provide useful diagnostic tool to detect IBDV from clinical
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IBDV+ 2584 2 2 Birnaviridae2] Avibirnavirusol] <5
31, genome oS5O Z ¥ 5 7]9] RNA segments
(segment A9} segment By 7}X]3L T} (6). Segment AT
5 7N9] open reading frames (ORFs)S $H-3lal o,
o] ORF1< VP2 (outer capsid), VP3 (inner capsid) 2
VP4 (protease)E, ORF2+= VPS5 Tl (nonstructural pro-
tein)S 2t} o]F VP2 ¥ VP3:E IBDV capsidE
TAShE T8 dldoltt 38). 53], VP2 T8 S
Woldd e ol FIFAE K238l epitopes
= T}t (4). Segment Bi= RNA-dependent RNA
polymerase 445 7Fx VP1 @A S kst (22).

IBDVE F 7141 €] serotype (serotype 1 2 serotype 2)©]
EAgC} (16). Serotype 1 ol Al HUAdS HERIA T,
ARz F2 B2 E = serotype 25 FHollA HUAS
LERA] e8=t (11). Serotype 12 HollAo] W<

gl A EAdol w2} mild, intermediate, intermediate plus,

7}A] AL

:
A %

classical virulent, antigenic variant, very virulent phenotype

o7 BFsta ) (23). ©lF mild, intermediate, inter-
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mediate plus®ll <3l IBDV strainsE-= YA o] oFs}
o sl el Hriehe ANE Aol ek sl

HIAL strain @2 Ho] 8% Ut} (23). Classical virulent
phenotype®] 7-9- 30%N A 60%7HA] HALS fred 4
12, very virulent phenotype2] -9~ 70%° A4 100%<]
]/\}* farsl 4= At} (5,24). Antigenic variant phenotype
7ﬂ'r Holl Aol HAl= A9 o, Fde] Algh 9

= 1S 7EAaL At} (2,17). EAYESH
o] whkslel| whe} IBDVS] VP2 i {7zt
A71AE BlaL EA 3 AlEEA 8 71 (phylogenetic

analysis) 2. % IBDV strain®] phenotypes 73l ATt

1)
z
ﬂL
Ir
Jlm
ow

(7,12,23).
=] 749 198019l classical IBDVS] 2HAo] &
BaElon (1), 1992 975 AteAlolA] WeAde] 5

7} very virulent IBDVS] 1HAJ0] 3—i‘f"]l’:]‘”‘jr (15). 2 9]
T WA Aol e BRekal oFelell 4] IBD

g0l A% oz Hdlel FAN AAE T
A= AAolt}, i E IBDVe] 93 AW vj&) H4
Sh= g AEuRr opeh AR el )
o % A 5 Fool AWRael LAl 1%
& 2710 Avtale A7l 2] Fasin

@) 1BDO] AR AEa, LA, MAEE
o9 5& FTHALE aefste] IBDE oAH= B9 1t
o gold] B9l FE D wolel wel 5ol 23] ol
Fol4ith 1BD WS 918 A4 gl P AEY
Ho 2= AL 2 H (agar gel immunoprecipitation,

AGP)Z} 9
polymerase chain reaction, RT-PCR) 5-°] )T}

H 155 HY =REFAA kol 2 (HI-H15)E
Aol A& HEE] AR W ezA F 7] S
A& ©]-8-3+ double antibody sandwich (DAS)-ELISA”}
BuE 8} Y} (26). IBDVS] 7% classical, antigenic
variant, very virulent IBDVE 7P #43}7] 913k H-4 0
2 protein A} -IBDV TEE A E ©]83 antigen
capture (AC)-ELISA7} 24531 9T} (7,9,18,21,23).

B Aol A1= IBDV serotype 1 5°] @2 &4 R63
T W9d3S o83 DAS-ELISA
7WahEl DAS-ELISA S ©]8-3}¢]
Tt e} BolnE XARshal, IBDVE A
gole] =

A2 9H-SH (reverse transcriptase-

(19.20)°} @-IBDV &
AR 7H%‘6}312U%
IBDV?] A&
2k A3} ofe] o] AlAlgEel A IBD A&
&7Fs ARE 2ARERTh
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1. HiO|HA

2 ATFE 93] AMEE FA] IBDVE very virulent
(VV) type IBDV =Ul3-2]5= 127, intermediate plus(I+) type
S EEF 75 5 field strain 1957, intermediate (I) type
D78 WAl strain 15 ©|Jt) ©]5 FA] IBDVES 25

Fo|HEA A DA H/-52 IBDV strains 24, =
lﬁoﬂfﬂ 2% IBDV field strainol] thet #2142 AH =
Table 1914 B vk} 2} o]E vle]# 2= RT-PCRO
°Jgk IBDV 5o] §%14 %, IBDV VP2 T4 {14}
G7IME B4 B ATEASHE B4l 7ste] IBDV
2 SAHYY. FRRDF 157 volEas F4A2)
WS A 2] chrioallantoic membrane (CAM)< -4 (homo-
genization)a}o] A&kl on], UlEE]T 47 4 o
o] 27 (Fd e WEHR)S FAT A= A
ARG K= Hlole s Alss Addl AHSE wizt
A -70Col| W¥E Bskelh ©]F IBDV D78 strain
DAS-ELISA ¥4 9o 2 2 SPF (specific pathogen
free) AT CAM FA|NS A dQor 74z AL
Saitt. E=3, =Wl Al IBDV ASAIAIRE 15
(intermediate-plus type ®}21 5, intermediate type 2} 6
mild type WA 4F)S WA JJALEZRE FHle] B
ATl A AREEHSATE o5 WiAlES WAl ulolelaE
.Z_N/\]y] tn—_gTﬁ]a. CAM %xﬂouoi Xﬂzﬂ‘”ﬂr a1
wlole) 224 FYsel el N Wt e
Newcastle disease virus (NDV) La Sota strain, infectious
bronchitis virus (IBV) M41 strain, 22|31l avian influenza
virus (AIV) HON2 MS91 straing AF8-3FITh HE3h t3as
A AAF A& 5% (NSI-NS5)S IBDVOl 79 % #o] gl
£ 509 9 WA o 2 ARE 19 58
W oE WA BEse B CAM FrAIolih

IBDVE] 7% (embryo infectivity dose 50%, EIDsp)<
Hpol2] g Atk 81415ke] SPF WAl AEA 50%

FRES Wolt e G Sy

N
i

=
==

oot
i

ATl AR HEE 3| R632> W= American
Tissue Culture Collection (ATCC, Manassas, VA, USA) & -E]

FPATFE TSl ST UBE IAE 1)

=
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Table 1. Field IBDV strains used for evaluation of DAS-ELISA
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History
Virus Sample IBDV Strain Phenotype®
Region Year Breed” Passage’

VI SH92 \A% Chungnam 1992 L CES
VV2 07D29 \'A% Chungnam 2007 B CEl
V3 06Q44 \A% Chungbuk 2006 B CE2
Vv4 06D62 \'A% Gangwon 2006 B CEl
VV5 05Q66 \A% Chungnam 2005 B CE2
VV6 07D4 \'A% Chungbuk 2007 B CEl
A% 05D99 \'A% Gyeonggi 2005 KNB CE2
\A% 07D6 \'A% Jeonbuk 2007 B CEl
VVo9 05D62 \'A% Jeonnam 2005 B CE2
VV10 04Q10 \'A% Jeonnam 2004 B BF

VVI11 03099 \A% Gyeonggi 2003 B CE2
VVi12 07D11 \'A% Gyeonggi 2007 B CEl
IP1 03243 I+ Jeonnam 2003 B CE2
P2 07D24 I+ Chungbuk 2007 B BF

IP3 05D110 I+ Chungnam 2005 L CE2
P4 05D58 I+ Chungbuk 2005 B CEl
IP5 05D42 I+ Jeonbuk 2005 B BF

IP6 03244 I+ Jeonbuk 2003 B CE2
IP7 05D21 I+ Gyeonggi 2005 B CT

*VV, very virulent; I+, intermediate plus. The phenotype was determined by phylogenetic analysis based on the VP2 protein gene of IBDV.
®B, broiler; L, layer; KNB, Korean native boiler
°CE, chicken embryo (passage no.); BF, bursa of Fabricius; CT, cecal tonsil

Foz AAakslr] 9151e], pristane (Sigma, St. Louis, MO,

I} B4l (ascitic fluid) S 7 =
oA 1490 Abolol] B AR Hipale PgHow
el ek 59 Affi-Gel Protein A
Hercules, CA, USA)E o] &3lo] TE& IAE AASHA
ok AAlE G=22 IAE Aol ARgEr] el BcA™
protein assay reagent (Pierce, Rockford, IL, USA)E AF&-5}o]
“gFstaiet.

-IBDV 1Y & 3L BDVl thdt A7t F-4 3k
SPF 5= Hste] Algasih 602%™ SPF & 67
IBD A4l (Bur706)s 9 2 dosesE FQEOE 25

FAoR 23] W HED by oA HF 359 o

A3}, 7+ W AF=EE I 64< BD 4
7%§ ELISA %1 E (IDEXX, Portland, ME, USA)% &4
24 mEe] wed s Al

Aol A4 174

4. Double antibody sandwich ELISA

IBDVE 7AE317] 9138 DAS-ELISAE U239} o] 2
A8 94, 001 M PBS €02 843 dFE g
Al R63 (FF3AFE 4 pg/ml)S Maxisorp™ ELISA plate
(Nunc, Roskilde, Denmark)oll welld 50 pl 37}35}o]
37CoAA AR EF FAAZ T L & AHE 458
ol (0.002 M PBS, 0.2% tween 20)0. 2 33] Wha A&l 3
10% (wiv) 224192 blocking buffer (0.01 M PBS,
0.02% tween 20, 3% skimmed milk)= 1:5 3|43+ LA}
& AEE welld 50 W H7kste] 37°CeAlA A7 &<



peroxidase (HRP)7} 5-2+% anti-chicken immunoglobulins

antibody (100 ng/ml) (Kirkegaard & Perry Laboratories,

Gaithersburg, MD, USA)Z well'd 50 w® 7}ske] 37°C

oA 1AL “&<F WhSAIZATE AHE ghEgeo® 33

HHE A2 e & TMB €9 (Sigma)S well'd 50 WA 3
7

I
7beto] 1087F Aol A BN ke, WEFA G
[e)

(1 M HC)S welld 50 W& H7Fste] @Ag FA A 7T

&=+ ELISA reader (TECAN, Grodig, Austria) S ©]-8-3}
o] A450 nmol|lM =730t DAS-ELISA®] ¥4 A
7174 (curof) = &4 FY (B AEere] CAM Al
Me] Pt FFEe] 25ME wE o= dAslh

5. RT-PCR

Genomic viral RNAT 4719 CAM FA|Ho2 AZx
g A Hpolgj a0 m BE FEEG oM, FEUW S
RNeasy mini kit (Qiagen, Valencia, CA, USA)S ©]-8-3}o] A
ZAte] A S w5hth RT-PCR-S one-step RT-PCR kit
(Qiagen)= AH&-sto] A|zAbe] wxib el wet AAlst
St} RT-PCR W3 Jackwood®} Sommer-Wagner (13)7}F
AH&-EF RT-PCR ¥hg- =528} AIRE Z27dol] me} A3l
t}. RT-PCRS 93+ Jackwood9} Sommer-Wagner (12)7} A}
43k PCR primer sequences (forward primer 5-GCCCAG-
AGTCTACACCAT-3, reverse primer 5-CCCGGATTATGTC-
TTTGA-3)E AF&3te] VP2 -7 %}2] 743 bp (position: nt
738~1191)7} TEHHEE AAHJTE PCR AHE2 1%
(w/v) agarose ZollA H7]GES e A RN
7] (Geldoc XR, Biorad)S ©]-83}4] 743 bps 7] 4t
TE o= gaeidth. FEHE e FEH Are
S A F/dtAl 71 W7dEl Quantity One 1-D Analysis
SoftwareE ©]-&3st] AW A DNA 5% & tjH] =%
H ik A AR w2 S S35E sike
direct sequencings A3t 219 AAFE HF A

Aok

|
s

ol
-

e
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2 1
1. DAS—ELISA =71 &g

¥ o] DAS-ELISA®] IBDV &S #HE3a17] 98t
o] 2 34 R63°] coating A E, -IBDV &
dHo] AEFAZ AHEHATE DAS-ELISAS] XA =
AL AAa7] 95t 3o = A IBDV DI8F (‘L5
CAM A &5ME AHE-3k3lth SPF AlEjole] CAM
A A des o4 dxddes ARSIt Endpoint
titrationol] ©]&}o] DAS-ELISA®] HZ =1& A3 2
3} G2 &4 R639] FEE 4 pg/ml, S-IBDV & A
A4 (203239) 1:1000 3842 2SI} DAS-
ELISAS] 4 4 715X (cut-ofh = 24 g (A
& AlEiore] CAM AN Pt FF%=0 2501E
ok ghog AAgsigith 2 Aol A ARESE 54 e
Bt F4%=E 0210107] wiitell A A& IBDV A
5 A4S A3 cut-offA = FEE 053 (021X2.5)=
skeleh

(NI
ol &

2. DAS—ELISAO| 2|3t IBDV HZk

B Ato A fakslk DAS-ELISAC] 93 AL AJFu
ol = IBDVE HE AE AL ol
$15}] IBDV D78 strainE 10*° EIDsyml%-E] 7Tk 3|4 g
TS 1 ulo] 2 31X NS AE-Ele] DAS-ELISAS 2

Q Virus titer (logEIDsg/ml)
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Figure 1. Quantitative titration of IBDV D67 strain by DAS
ELISA (B) and comparison with RT-PCR assay (A).
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AJ8kaL, EE vlo]# 2 54l o 7 RIPCRH O.F AA]
|0l AL B9kt (Fig. 1). 2 23} ELISA
9~ °F 10** EIDg/ml o]/d9] mpole]z 97}ellA] u}
olg]2 97}e} ELISA S3 %7 H& AuAS vehy
ATk (R=0.946). 371l AAZ cut-off 7|52 &4
0538 7o ® BlS w, IBDV AF S 5}10°
EIDsyml =, 10** EIDsymlo| It} 5 Hlo]g] 2 Ao
tisted RT-PCRS 2 AIgH A7}, RT-PCRO A& v
10> EIDsyml©] %1 21, DAS-ELISA (10** EIDsyml)}X.t} ©F
169 (10'? EIDsyml) 13t vlolgf ~5 A&t

=

3. DAS—ELISAO| 2|8t IBDV vaccine strain2| &d&

DAS-ELISAE AR&-3te] U] A|#%F<2] intermediate-
plus type 21 5%, intermediate type Al 6%, mild type
2l 4% 5 & 15°] IBDV A5WLIAE 27 E BDV

o] A% oR=Z zA}sla 1 A3E RLPCR ZAs} H)

A
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3T (Fig. 2). 22 23 1452 A8 IBDV A5
AAEFSZEE IBDVE AEE 4 em (ELISA &
FE 053 ©]4), IBDV WA 15 (mild type A3 Q)=
ELISA 357} 0522 A9 cut-off 5°%]2] doubtful ¥4
T A%E Yepiddnh 12y, ©)E IBDV A5
252 RT-PCRAIA EF W& HERRITE RT-
PCRO| 98] 29 7} IBDV I} FEANEES FE
BLE At o® v grtstr] fste] DNAS
o AFsto] 2Ag A}, ZF SEAET ] s
(1.4%°114 9.1%)°] A4t TS B3I} DAS-ELISA
A doubtful 2] ¥H&A-S UFERH WIAAIE Q RT-
PCROA &= w9~ oFgk RhgA) (3 A 1.9%)E B4
th ok tix39 (D78 strain, 10*° EIDsyml)S DAS-
ELISASA] %4 ELISA 3% 339 Auk3-S YR
Ak =S4 vpole) == ARE-$ NDV (La Sota strain),
IBV (M4l strain) ~12]3L ATV HIN2 (MS91 strain)i= DAS-

N ox J

+ + + + + + + + + + + + 4+ + + - - - 4+ -

46 15 50 85 83 68 86 57 97 68 86 74 87 85 19

4.0 1~

3.5 A

3.0 -

OD value, 650nm
N
o

m

0.0 -
< O o Wwuw @ T — » S z 0 o

Intermediate plus

Intermediate

Cut-off
o > > > %) o))
S &8 g & 2

Mild

Commercial IBD vaccine

Other virus Control

Figure 2. Detection of IBDV in commercial IBDV vaccines by DAS-ELISA (B) and comparison with results of RT-PCR (A). Data in
the RT-PCR (A) represents relative quantity percent of each amplified DNA to total DNA amplified in the gel.
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Figure 3. Detection of field isolates of IBDV by DAS-ELISA. Line (OD 0.53 at 450 nm) represents cut-off.
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4. DAS—ELISAO| o[t IBDV =LHRE|Fo| HE

Ao A ekl DAS-ELISAY} IBDV S &85
E HES F A=A AFE FAbsta, 1 23E RT-

PCR™ ¥} H]3L 53t} DAS-ELISA ZAF A=, very virulent
type 2|5 12, intermediate-plus type 2T 7T & &
1959 IBDV =25 EF S (3= 0.53
o) S Helom, 13914 349 ELISA $4E=E WSl
ol 3, dxz2 AHeH 5709 IBDV A HE B

DAS-ELISA% A 2449Hs-S YERNATE
il e~

IBD A 913 nlolz] 2~ @Ay @A) 1BDV &
AFA EEA T GHUAEE HFsto] ulolga F4
52 7AAEle] HE Bt Q) (23) ey, Hlol
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ojt} 4= & o]4ke] AR e RIZtETE o
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=2
x>
o
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AC (antlgen capture) ELISA7]- 7H‘?a_L 2
ELISA plate’doll protein A coating3t T},
7 IBDV ©HEE FAE #2225 174 IBDV
strains@H] HHS-AS 5743%}e] IBDVY phenotypes 7HE
sk el = A85o] sttt (7,9,1821,23). o<}
2, & AFo)A = EE IBDV strains]] S|4 0%
S8 @& A& ELISA platesoll 215 coating3t T}

oo

rir
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+ AAF A=W IBDV &4 55 HEste] 7w

IBDV #4 o7& #Ash= d 52402 shasiqitt

I PE B 73-9] DAS-ELISAE 7|9 7lihd ELISA

SHAE g 9 Folal, A AlE Y IBDV

A A5 BT R drsAF o2 A giFF ASHA

A3t s FQlth & <AdTtoll Al 7IEgk DAS-ELISA

v Ao AiEv)ee] I8 §lo] = AlRE ojdle] dwt
A

1A% P ANE BHY 5 RS a9

oA Aegt
A 8 ﬁgi %E}%D}
AT @ CAME fAlete] 543

sk
T2 BGristlont, A4 |
1 g9 Fd 24 5 A8
WE }‘éff@gi IBDVE A= F i) 18jezg,
H ¢19¢] DAS-ELISAE IBDV o] 422 A= 7
AF A& IBDVE 28517] 91gh A2 AHEEEal7] o
ol Azl 74 ghe) B 24 Soll EA8= 1BDV F
Zsh= dl QoA vI5elA Wk E= wkbEAS] 84 5
I

o3 Jare u]u]zﬂ Aoz 3 15} o| L HEE
2] ©

b ls
EAR) DV-°4 AZ A7} 107 EIDsymIth Agx oz

AAAE W 7 e Fd 2 H4E 10™ EIDsy
el IBDV7} 323kl ol (3,25 #heksirtd
Aol DAS-ELISAE IBDV 7194 2ol pdoz

B
$E IBDVE 74%0}71 f T"‘xl' WA= 7L 9l
L
Q@

TAE] A+ A} (13,14)°] 25
s thFE FEfe
WelEar gl7] wiel,
ol HolHAES BT HEY F JLEF IBDV sero-
type 1 strains®] TEX O ‘1%8 = us

(19,205 AHE-3FATE o]
R63E ©]8-3F DAS-ELISALE Oﬂ?oﬂxi AHE
ER i
IBDV VP2 T

i
rl
o
4
£
2

intermediate plus, classical, very virulent
serotype 1 IBDV7} oF2] -57gof A

2 WA strains

Ao ZEAs= GHEE A R639 v
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olglx wd Whg F97F SiiE]FE Alolelx
o]ds] FEHOT ZEAetal Qrl= AL ovehy, =
Y §-35l= IBDVE Austs o] Agkst 3kadS s

T+ Blo|th
Fig. 2014 Ho]F= ule} o] 1559 A% IBDV
AEWAS HAREIS wl, DAS-ELISAE W21 njo] g
2259 phenotypedll THAIGO] AAMSE 1452 AlFol A
IBDVE AE3IT) o5 AFES DAS-ELISAR A&
7Fs3h 107 EDy/ml o7& wtolej =g shar 9l
= Ag Wk vl YA 159] A% Fig. 20041
HojFE upeb gro] WAl Qi ELISACA ¥4 ¥7g7]
Ao A% 94 AyE BT, RI-PCRS AAlE
AR M e FAA FEFETF dUH 0w A 0w
7

Qi wholeizs gl Ao

)
rz of

< 7Fs/do] EThal Hojxinh H]
% o]& IBDV A5UAAEE tfE> DAS-ELISA®]
oJsf IBDV #AEo] 7FsstdARt, AAgh A=Al E1r
o ELISA &33% (1.12 WA 32)°14 x}ol7} =4 el
Wtk olelgh Afol= AA F 7Ex]e] 8%lel o3l 7]l
SRS Aoz FAHHEC A WA, DAS-ELISACIA] AR
3 GEFE A9 IBDV strain HFSAI Q] Zfolof| o3t
7FsAdel dnk =, AFelA AMES dEE A
R637} IBDVO| 3& 2402 1835l gAo]7] 44| gk,
IBDV strains 2] 3 -3HA Rk FLolA] zfo] (100
H QAR 7)el3t Ao w y_ﬂn}. o] & S, Fig. 20|14 1B
N3 DAS-ELISA ]| A
1.137} 1.129] H]&«s} %%EE YER$IA T, RT-PCR
Ay WA A (AT A 4.6%)= WA N (1.9%)ET) 2.4
Hie] FA7F S35 EE YeriATh 7 A, AAreE 9
21 AFW vpole] s ghaFe] xpolof] &gk 7lsAdol Qh
Fig. 194 1042{— vle} 7o) njolz] A dhekwl ELISA
FHETE 94.6% FHAS Holvhe As ke = )
AAFSE WAE1E %%‘Egl Zo)i= IBDV & o)1= o]

HU

T3 Fig. 1014 Ho]F= nke}l Fo], DAS-ELISAE 107
EIDsy/ml ©]/¢¢] wtolef 2 7+ o7pol| 4] wpolef 2 g
7} ELISA 351t A4S 7ietshd vfole~ 4=
TS 7S8R IBDV Asulle] Al = 480
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7Fed Ao = ofAXIt) =, IBDV A5 H 4 vlolg]
2 geFo] 10* ElDsydose ]S Q7-38faL, A% IBDV
A A F2] - viald A S5 (1000 doses/vial) ©]
o] wlol A S-S FAREIH R AlEE 7] uliol
WMAE mlid 10075 Al 81418k vt titration DAS-
ELISA® AR Fo] 7hsd 2108 Helth 1
Hu2 E o159 DAS-ELISAYE SPF #5g 7AbH o
vl AL Alke] 4= AIZE oWl 2 ©EE a1, HAF WU
EF Ank AP ARgEtr]o] Fhdatr] kel
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