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Abstract: To develop more specific and sensitive diagnostic methods for infectious bovine
rhinotracheitis, 7-C-2 monoclonal antibody specific to polypeptides of infectious bovine rhinotra-
cheitis virus (IBRV) was applied in indirect immunofluorescence antibody assay(IFA), indirect
immunoperoxidase assay(IPA) and radial immunodiffusion enzyme assay (RIDEA).

It was found that IBRV infected in MDBK cells could be detected as early as 8 hours post
infection by IFA, and that IFA was more rapid and specific to identify IBRV antigen than IPA.
The diagnostic eficacy of RIDEA and SN test was studied with 88 bovine sera. It was evident
that RIDEA could eliminate the false positive reaction encountered in serum neutralization(SN)
test, being more rapid and sensitive than the latter. Highly significant correlation coefficiency
(r=0.76, p<0.01) was evaluated between the titers of sera and the diameters of RIDEA.

Tracheal membranes and sera collected from 96 slaughtered cattle with lesions in respiratory
organs were examined to detect IBRV antigen and antibody by IFA, RIDEA and SN test. It
was presented that positive rates were 32.3% in IFA, 20.8% in RIDEA and 21.9% in SN test,
and that coincidence rate between RIDEA and SN test were 100% in positive sera and 98.7%
in negative sera.

In conclusion, it was assumed that application of monoclonal antibody could improve the
diagnostic efficacy of IBR by enhancing sensitivity and specificity of IPA, IFA and RIDEA.
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24 4 4 4] 7] #9 (infectious bovine rhinotracheitis;
IBR)& Herpegviridaeo] <3} Infectious bovine
rhinotracheitis virus(IBRV)2] el o3 233l
29 Agddezx FR/NEE, ALY, g4¥34,
4 R Y FE dedle 49 Fa¥ 354 4
¥ & ghelrt, 13

B ye 3574 mE 447 A% 4454 9
%8 2Ade® 234 AL 753ty Parainfluenza
virus @ Adenovirus g F3 & TEsHA god
Pasteurella spp, Hemophilus spp, Mycoplasma spp
So] 244z E¢4d ¢ A EAdel o
@t L2 IBRY A4 A%g A8 4 F2 A&3
Z e e ¥43%348 € ¥3¢AY 2z
3%7 A, A% =e FAau oA ulol g ¥
g 54 8E wio] F& ol gddh, v AT
W} lolela B B A A 9 2x9
7% 8FEs g H-< IBRVS polypeptide T
29 B¢4 wFo »]&9 polyclonal antibodyZ+&
Awte] Al FtA A A5z Qe S5 o]o] A A}
2o A 2§ 9% hybridomaE A st IBRV
%% 949 monoclonal antibody & AEH L o] F
Ao AN AETH A4 AAE TY 22 u
gleht

2 zdAE 44" $AF SelAdst m¥el A
& 7-C-2 monoclonal antibody & F2 o]-§3td 7+
73 3¢y, immunoperoxidase assay, radial imm-
unodiffusion enzyme assay ¥ &2 IBRVS 34l =
g AdAE ¢ FYstd doiA ARE B}y
A .

ME H ey
HROIM 2 2 MIEHY : IBRVEZE PQ 7% L¢3

o 839 FuUEFE A}z, AEE Madin-
Darby bovine kidney(MDBK) =% bovine kidney

(BK) AZF& YutA Z g oz Wi A

Al 2 oFo} & 32 Minimun essential medium(Gibco)
o 8~10% 514 el o} & & 7+3t2 penicillin(200iu/
ml), streptomycin (20pg/ml) % kanamycin (40pg/
mD g 7pete} AFgergeh T8

Monoclonal antibody: ¥4 § 7-C-2 monoclonal

antibodye] 4E84 AL Table 14 8.4 vt}
Eid
HUSSHAMY  XZ vlo]Z2zdole P& A%

Table 1. Summary of characteristics of monoclonal
antibody used for detection of infectious

bovine rhinotracheitis virus

Clone Characteristics

7-C~2 —Isotype: IgG 2a
—Epitope analysis: Specific
epitope of 72K envelope polypeptide
—Reacted with IBRV including Colorado,
PQ-7 and 7 domestic isolates
—Not crossreacted with Adenovirus 7,
and other her-

to neutralizing:

Parainfluenza N viruses

pesviruses

goh S & A A M EHEH 100 plok FF
10 =+ 100 TCIDs/0.1 mle] IBRVE £ 3ale] well
of Wi 37°Cel A 1417 ZFAA7 F well 3 2x104
cells/0.1 mle] MDBK Al £ & 3rleted 347 A2
4 JAEIAE FFLA. F397= IBRVY g
AxwAastsE A8 JdAste gAY Ha g4
o d4E FA A,

DEEIYHY : MDBK A & cover slipel] ) o3}
= IBRVE FF #4947 ¥+ AAHE cover slipd
9o FAAEE o ELZ mAEHT. A F mon-
oclenal antibody® 50 pl¥ A d}slsd A58 & A3 o
& % 37°C & A A A 4547k 4541 7) = phosphate
buffered saline (pH 7.2, PBS)= 33 AlHagct, o}
& FITC-conjugated goat anti-mouse immunoglobulin
< 1:4008 3 H3le 50mlE FHoto AEo Yz
37°C SEAAANA A AL F PBSE A 43t
glycerol 2 mounting3dte] FFAv|A 2 Aasied o,

Radial immunodiffusion enzyme assay(RIDEA):
monoclonal antibody%& 0.06 M carbonate $+3~<) ¢ 4
AFrg 3Astd F73 60mm #E]xslolal Ak
s5mid BFsta 4°Col A 154 wb&A 7 3 A&
PBS& 33 A Astgdrt. o 5mle] AA = IBRV ¢
Qe Aotz ALelA 247 WEAH FolgLE F
FAZA . dhgel Fd Al E oFA PBSE 33 A H
g o 3% bovine serum albumin (BSA)-FPBS 3ml
2 F4% ¥ ALoA 147 Fof blocking A e},
2.3 PBSE 13 = 1% purified agard 6mld *
Frxdtd S AR, 7o FHHA dER 7
L H AREAS EFEYY = 24EEE 154
A Fqlatz 37°Cel Al 1247 wbgAzch, =% ofrt
22 AAGZ 0.05% Tween 20-PBSZ 33 4 Hsl=n



}4] anti-bovine Igs peroxidase conjugate 1,000%] 3]
g A2ojA 1A% AgAZTH 23huk g0
Ak & 0.05% Tween- PBSE 33 A A3 F w45k A)
(amino salicylic acid +H,02) & 1% o} kel A 7leld
3mld £33 F A2 A g3 AL H
Aapgich, 1012

indirect immunoperoxidase assay(IPA): MDBK
A L E cover slipell # ¢F3t 1~10° TCID 50/0.2 ml
9} IBRVE AF3 ¥ 4AYE 48AAAR AAAL
2 cover slipZ # 33t YA A ELE AT
AzA7 % 3% BSA-PBSE F4¢ Asdlste 147
5 A& A blocking 3. 2% PBSZ 13 A3
&t monoclonal antibodyE 7}3le] 37°Cell Al 14 7+
WAzt 2 2% 0.05% Tween 20-PBS=E A} 3 &}
3. rabbit anti-mouse IgG peroxidase conjugate
(Cappel Co. USA)E 147t B¢ ulgLA7 & tris
buffer® A 3 33, aminoethyl carbazole#} hydrogen
peroxide Z¢o-& sbsle] 15~3087 FEA AT, 2
t}& Mayer's hematoxylineo 2 7+ | A 352 glycine
buffer 2 mountingdts 7 A s} o} 131

ofel st @Ol CHEH MEAH : =& gdA AFFA
39 1755l s BHE AH}Z °o)F F =4 F
ZEFNAC B & Bl 4 9659 JAAL J9F
% A3y fHolrgesd E2ede. G
WA okA Eol 1087 A A7 ¥ 7-C-2 monoclonal
antibody % o] &3] ZAYFYAY o2 IBRV ¥4
F9AE ¢ Boch =3 AT 93¢ AE Ry
E4% (RIDEA)S @3 FsAge 2 IBRV A& =
Arehgl o,

g =

Algay Ze IBRV &2 2{#@ : 7-C-2 monoclonal
antibody & ©)-£3}e] A Ay vkl MDBK Al 2]
79 A3z IBRV PQ75¢ A2AYE 24 §2¢Ay
#} indirect immunoperoxidase assay(IPA) Wy ez
Fystgdct. = A3 Table 2014 8.5 ubs} o)
Hzx FANSe 1040 TCIDs/0.2 mle] IBRVE A F
T F A I FFZAPAA AEHU= (Fig
1), IPAel A& 1050 TCIDg/0.2 ml IBRVE HF &
¥ 1247 A&5 4 }(Fig 2). =F 10 TCID/0.2
ml o] 3} w]zke] IBRVE ’.‘i%‘}ﬂ% FE JE5 F 244
el ZHAY A FAPANAN FH ko] AAHP=Z 484
el T by F3] FHoE vElgoh o] APeA
TPA 2t ¥ ZFAFe) IBRV #4& v 5 A%
3 A £z vFe 4 33T + 9=

Table 2. Detection of infectious bovine rhinot-
racheitis virus from exprimentally infec-
ted MDBK cells by using indirect im-
munofluorescence (IFA) and indirect
immunoperoxidase assays (IPA) with
monoclonal antibody

=V:i.rus
ey
50
0.2mh 4 8 12 24 48

Hours post infection

1 N/N* N/N N/N P/N P/P
10 N/N N/N S/N P/S P/P
10° N/N N/N P/N P/P P/P
103 N/N S/N P/N P/P P/P
10t N/N P/N P/S P/P P/P
10° N/N P/S P/P P/P P/P

* Results of IFA/Results of IPA.
N=negative. S=suspected. P=positive.

Table 3. Comparison of serum neutralization(SN)
test and radial immunodiffusion enzyme
assay (RIDEA) for the detection of anti-
body against infectious bovine rhino-
tracheitis virus

Results of RIDEA

SN No. of
titers :igljg}:i:d Positive (%) Negative(%)
<2 41 2( 4.9 39(95. 1
2 7 6( 85.7) 1(14.3)
4 6 5( 83.3) 1(16.7)
8 4 4(100) ]
16 6 6(100) 0
22 13 13(100) 0
64 2 2(100) 0
128 9 9(100) 0
Total 88 47 41

Table 4. Coincidence rate between the results of
radial immunodiffusion enzyme assay
(RIDEA) and serum neutralization (SN)
test against infectious bovine rhinotra-
cheitis virus

SN test

RIDEA Total
Postive Negative

Positive 45(95.8) 204.3) 47

Negative 204.3)  39(95.1) 41

Total 47 41 88
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Fig 5. Relationship between diameters of radial
immunodiffusion enzyme assay(RIDEA) and serum
neutralization(SN) antibody titers to infectious
bovine rhinotracheitis virus.

Table 5. Variations of the diameter readings of
radial immunodiffusion enzyme assay
(RIDEA) to infectious bovine rhinotra-

cheitis virus

sy No. of RIDEA diameter

titers ssir}géfz d readings(mm) =SD(%)
<2 39 all less than 6.0
9.3%1.9(20. 4
9.7+2.0(23.0)
12.84+1.1( 8.6)
16 6 14.0+1.0C 7.1
32 13 14.7+1.1( 7.5)
64 2 17.0%0(0)
128 9 18.3+0.8( 4.4)

%= ___population SD

= . X
arithmatical mean 100

HASHAELY RIDEAS H|m:dHZFF A7
<2 YA 12841 ¥3 88l =izl RIDEAE A A3
A#FE g %3tz (Table 3) v 23} }(Table 4). FA
3 88 dAPF HAFIFAAI 2 o)) £44EH
& 4189 2 RIDEAGI A& o] F 3974(95.1%)7} &
Aoldx 2 FA ez ey, ¥z FIHEA
7k 2~v4u 9l 137 €3 sHgd 11717} RIDEAG A o
Aol 247k A o2 vebdch, F3tgA 7} 8uj o]
Ael 347 AL F uwge] 100% <A sgch
(Table 3).

8879 ¥l W ALAAE FAde dAEE
g w5 W zhe] FAAA L 95.8%0]m 24
YA L 95.1% 2 vehgken UL 4.3%%9 T
(Table 4. =g FHFIALAA 242 Fal7b}
RIDEAS wtgAFste] 43#A % =AFetn £4
T oAk ARAFE 0.7622 22§94 (p<0.0D) ¢
a4 = 9+ (Fig 5.

Z2tEHH| 712t RIDEA2| HHEX| : dFZHgA7s
RIDEA®] wtgd A€ Hlad v, F3¢A7471 2 o]
3tel 3974 BHAANE wEHAe TF 6.0mm o3}
Heod, FHAFAS 29 78 HHAANE 9.3=1L9
mmE Yetgeod, FHIAAN FAEFE 3 A
& AAA 1289 FAANME 18,3£0.8 mme] u-§
A& ¥Ac(Fig 3 YU Table 5).

CFRAIH ROl HEM TISFAIE 9 17552 FE )
A €4 4 VRt Ag=Ad =g IBRV g4
2 gA AEAEE AARIR 8k FAF 964 F
FgAg ez 314(32.3%)0A FAnso) JE
3 (Fig 4), RIDEAI A+ 207 (20.8%), £3¢A4A
AN e 214 (21.9%) ] 27 A FH oz B
St} (Table 6).

APy AL vlad B, gAgaAY 2
RIDEA A3 7ol FHAA &2 64.5%°12 €49
£-& 100% 2 viebkon, R FA YA S22 3
A4 31A% 117 (35.5%)°) RIDEA Aol A+ 24
o2 ewch(Table 7). =§ RIDEA 4y 83 %3
A7 X ¢ vad 2 FHAA &L 100%9 2

Table 6. Diagnosis of IBR virus antigen and anti-
body in the slaughtered cattle with
various degree of lesions in respiratory

systems
. No of Potive rate (%)
i‘:‘f;:n* cattle 2
tested IFA RIDEA SN
0 14 0/14C 0> 0/14C 0) 1/14( 7.1
I 39 11/39(28.2) 5/39(12.8) 5/39(12.8)
I 22 10/22(45.5) 5/22(22.7) 5/22(22.7)
I 21 10/21(47.6) 10/21(47.6) 10/21(47.6)

Total 96 31/96(32.3) 20/96(20.8) 21/96(21.9)

* Lesion scores were recorded according to patho-
logical changes of trachea and lung: 0O=none,
I =slight, I =moderate, Il =severe. IFA=:in-
direct immunofluorescent antibody assay, RIDEA
=radial immunodiffusion enzyme assay, SN=
serum neutralization test.



Table 7. Coincidence rate between the results
obtained from 96 field specimen by indi-
rect immunofluorescence antibody test
and radial immunodiffusion enzyme assay

(RIDEA)
IFA test
RIDEA Total
Positive Negative
Positive 20(64.5) 0(0) 20
Negative 11(35.5) 65(100) 76
Total 31 65 96

Table 8. Coincidence rate between the results
obtained from 96 field specimen by radial
immunodiffusion enzyme assay (RIDEA)

and serum neutralization(SN) test

RIDEA
SN test Total
Positive  Negative
Pogitive 20(100) 1(1.3) 21
Negative 0(0) 75(98.7) 75
Total 20 76 96

249 3% 98.7%9]
8).

43 e<¢ e ok (Table

 #

AR dAu 7 A9 L& IBRVA 7jQlsld @A E 2
Weoz o JAFAE YA Sl Ae
ZEANG AF A} 2t LB FES YL A
9] A% Parainfluenza virus-1, Adenoviruss} E#7+
o 519 A Pasteurella spp, Hemophilus spp 3
Mycoplasma spp T5ol 23 7ZAd=e] d4H o2 A
o] of ¢ #wl oz}, JE9 FFFANAYE L ¥
FE5 A0 A AFANDHAAE AR Fol 4,
A&y 2 AP EA7 HFH 2 Yok, =T
o]& IBRV & 559 herpesvirusesd sAbul$-%
5o den EFPAE F94 Wit EAdH
E 33wy 9lem 2B JBRV 7] d Eo]§A
westE Aze Mgy Akl a7 AU

2 o9 24L& IBRV @ ds) Foj4ez ut
%3+ monoclonal antibody & o] &3le] 7+4 3 33 A
W, indirect immunoperoxidase assay ¥ radial im-
munodiffusion enzyme assay(RIDEA) ## & 4183}

o] wjkMxel s IBRVY AHEAEE FHG=
EE5ZAA AL £9 AAAE AT FE 2 A
AEAYE 39 Boh agdolx AEY AdEE 2
ety 9 JxA8E 424 FYa.

IBRVY @9 F== A3 Hgsted Misra et al,b
Collins et al*»* 2 Bolton et al®g ©] ulolz] 2+ 33
3= o] 49 structural polypeptideZ T4 = g3 2
F 11FL AR He] gon BxgRc. <%
Al kg Bl d F YR EL IBRVY Feo] 7 g
Aol wt 28 YHE wold A8 AA=HAA Y T
t} & herpesvirus$} =8l @ Fo] ] & polyclonal
#A & o] &% P A 2=k® o} monoclonal antibody
i o] &3 Agto] Bol4o] B &
444 & g+

2 A AL AR Fo] #AAsld = A4 olv
B 734 952 monoclonal antibody % 5] A= IB
RV &9 AgHo] 714 &L 7-C-2 cloned 473
3le] (Table 1) Aol %5l MDBK A 2] 7
¢l IBRV ¥4 AqAdE sg3Ad = F2¢A
o2 1040 TCIDs/0.2 mle] vlo] el 2% 7| FT Al
MolAd HFE 8AZ el FABY F F ALz,
PA Y oges AE F 1247 °c3"6‘ HA o] o
g ggAgol IPA e} o] ZFAe] Evhe A
o F Ak, =% 4 #9 FE7) polyclonal antibody
5 AERE W A Aol A=sted kA Agol
£-ol Bt H 2 of AAHEE Mo AHFd] A EWA
Bt 288 E 1847 2 1047 A §3A
IBRV AZe] sM5¥e ¢ 4 A

B 33 2 A7AGAAN ArgF 88F 9 Aol
A N P f8 IBRV gAA2AH ¢ €49F
g 9 £ AYolA =ty RIDEA yoz $4%
of WlEatgd uh, F Py %4 4 &L 95.8%,
4 42§ 95.1%% o (Table 4), =59 a3
A7k A= gk (Fig 5). o] A= RIDEA wyo] &
3-gAY A} false positiver} Az FFEr Bohe
ZE& ¢+ AR ol 2L AdRE HHAAY =&
Zoll A AAF 9679 & Ao G ARJAE F
BE g oA A YR gAY RIDEA 4
QA gL 64.5%0 3 4 YA &L 100% 24 Y343
Al A L& Fd gl vt (Table 7). o]AL
RIDEAoj A &= IBRV A F A &3 o= &4A
Woll A& 7l A A 2o} £A)3tE [BRVEH &
% &89 ol A7 Hol2A ZEF) kel wino)
e Aol 32.3%01 A4 IBRV §o] A= o] F4A
HH&uh Hohe AlAe) e & oF(Table 6). 7| A

Aol o) &l

._.31__



4529 ¥2 IBRV §499 A9 FaE49 4z
FAE F H 2487 d8AE JAd ez iy
Hafy 4 Adg g4 A2 Qg A5

+ IBR virus-associated antigens] #H§ ATF3I 3o
°f ¥ Zlog Azgd.

£ AgA 7-C-2 monoclonal antibody & ©) &3}
o +9% 24 YFgAYs [PA 2 RIDEA 33
EF Bolio) & Aoz AdASAY. B3 Az
¢t¥t RIDEA #9]-& pseudorabies virus §x] 7329
ol = Wi 4% Ao2 Adke < 154 30]
28T ZHET AL Yol Y AdAF
9 AYLE £V A8 AHE A%y FA4H A
7199 BE AA ok k. =¥ AAd P4
o s£x9 Aol ¥4tz IBRV ¥4 - A9 A%
719 #4714 A4 ofd F wEA YA geonz
5%0,21,% 2 RIDEA Age Fol4ds AFAEL 7A474
22 F337E o9 7-C-2 cloneg o} &322
# 7]& polyclonal antibodyE o] 4% A%} 5o
A& A 5 Y&l g8 AEE Fd 4530

Monoclonal antibody g ©]-&3% IPA @ RIDEA A
d g O AFgstz Zkasstd A QNI F
e ¥PAgy =2 @ HaasA ATl FHA
&t ok et AbE e

g B

A 9 Au 7] A uto] 2] o] 9§ monoclonal anti-

indirect immuno-

body& o] &3te] AP FFAH,
peroxidase assay(JPA) B radial immunodiffusion
enzyme assay(RIDEA) W o2 IBRV ¥ 2 A
2484 FY5td &3 F& A4S A9

1. 7-C~2 monoclonal antibody & ¢]&39 MDBK
AT 7td5 IBRVE ¥3¢Aq 2 IPAYoz2 A
2 ok AFF 847 HE FEA 2o SEIR 2
Y gAY IPA 21t Foldo] o &gt

2. 88719 ¥Ho 3 EHFFIANY A2 2GT
RIDEAE AA% u RIDEAo| M ¥ {false positived
AAYE ¢ A2 FHIFA 84 o] AT F W
o] 100% YA stgct. =¥ £31¢4 9 7kek RIDEA u
A el AFASF 0.7628 229 RdAe] A4
H4or, RIDEAS HI$-A2H FHFAH7E B4
T 4 g

3. 254 357 Beg Jepd 9659 &olA
A A1 FA Gz 4P L AYF AP, RID-
EA % Y S AHE AAT o A FAHo2E
32.3%, RIDEAo| A= 20.8% 2=l Y S AP N
AE 21.9%7F FH o2 FAH A

4. &7 oA AHF 9649 A A RI-
DEAY & A FHAY el & FdddAE 100%, <
A9 AL 98.7%9 dA & el

5. IBRVe] o) § monoclonal antibodyE o] &3}
ZAY#YAY, IPA Y RIDEA ez 94 4 ¢
A AEALE T v Foldo] ¥ Aoz ye A



Fig 1.

Fig 2.

Fig 3.

Fig 4.

Legends for figures

Specific immunofluorescence patterns of MDBK cells infected with IBR virus at 10*° TCIDs/0.2 ml.
The cells were stained at 12 hrs post inoculation by indirect immunofluorescent method using 7-
C-2 monocional antibody. x200

Positive reaction for IBR virus in indirect immunoperoxidase assay using 7-C-2 monoclonal anti-
body. Specific dark brown color(arrows) was developed around MDBK cells infected with IBR
virus at titer of 10%9TCIDso/0.2ml. The cells were tested at 24hrs p.i. X200

Typical patterns of radial immunodiffusion enzyme assay for detection of antibody against infec-
tious bovine rhinotracheitis virus in bovine sera. Central; positive serum. Peripheral; negative sera.
The cells of tracheal membrane of cattle showing specific immunofluorescence in the cytoplasm.
Smears of tracheal membrane were testd by indirect immunofluorescent antibody test using 7-C-2
monoclonal antibody. X200
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