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Production and characterization of monoclonal antibody
against bovine coronavirus
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Abstract : Eight monoclonal antibodies(MAbs) against bovine coronavirus(BCV) were produced
and characterized. Three MAbs(1G9, 4H12, 5C1) specific to the S glycoprotein and two HE
glycoprotein-specific MAbs(2AS, 5G4) were found to neutralize the BCV in fluorescence focus
neutralization(FFN) test. Two HE-specific MAbs from the neutralizing MAbs inhibited the
hemagglutinating activity of the BCV. None of the N protein-specific MAbs(1C1, 5A12, 6H1)
neutralized the virus infectivity. Bovine coronavirus and mouse hepatitis virus, which belong to
group II coronaviruses, were differentiated from other groups of coronaviruses(porcine transmissible
gastroenteritis virus, porcine epidemic diarthea virus, canine coronavirus) by all MAbs in
fluorescence antibody test(FA), but not in FFN test.

Key words : bovine coronavirus, monoclonal antibody.

Foz W2e fAg dodt™ Y AT 3%

N = 7] B AEAN F4 2 dto] FHAM B ok FF

FEINEY BYE doAE Ao gHA A &

& Z2Yupole 2 AF 3-304% 9 FolAA &2 zaynolgar: AL dojus 29 HAEY
o] Ag FIE doA HAAE dodln B9 44 Winter dysentery(WD) M E Bgglon o] wpojgia

Address reprint requests to Dr. Shien-young Kang, College of Veterinary Medicine, Chungbuk National University, Korea,
361-763.

- 581 -



= 4 z2ujulo|g A Mebus strain® Hejsty 2L g4
Hoz ¥ Ao sk

& Fzvubolgae 739 H%g 7H vojg Az
A #7)= 80~160nme] B °, positive polarityd 713 &
single-stranded RNA genome 7kA 2 gt} o] 52 X
A &0 B E P 20~25mm F5 A7) SEEYF
o] peplomer(spike glycoprotein}g 7FA 1 Qo™ X
hemagglutinin(HE) 2.2 4Zts & &2 FHEI|E /A
T QEC ol E F @A FagA o At FAs
" HERA receptors} ¥-SFTH. & FZ1}uto) e
28 FASE 728 F2EYAEA & spike glycopro-
tein(S; 150~200kDa), membrane glycoprotein(M; 20~30kDa),
nucleocapsid phosphoprotein(N; 43~50kDa), hemagglutinin
(HE; 60~65kDa) 5 471212 T4 5 o] ItH**. S glycopro-
teindl] = A~D7}HA] 47439 AR A7} Qv F3e &
¥ determinant= F2 A-B domaind] & o Ao
2 F2upwbo] ]2+ mouse hepatitis virus(MHYV), transmis-
sible gastroenteritis virus(TGEV), infectious bronchitis virus
(IBV)$} 20] S proteino] S17} S2 F 71 9] subunit2 35
oj 2 & d S1- type-specificdt 5334 ¢ A4t A 7}
o, §2&= %749 31 a-helixz o] Fo{ & =dl group-
specific 3 & AR FAZ don] FEA
membrane fusiond] BAFE Aoz dHA o
HE protein 2709] 65k unit7} 239 dimer2A" 53
o 7 Qo BAHE Gy oA tfF @2
28 $opAdgA Z2Yutolalx FEE Boldgl
© 1" influenza C virus2] HE protein¥} o} 5] x4} uj & o]
U A 2 5234 FolA usE Ae2 eyt
HE protein® receptorst A F A& Y& 7HAH
F 3 acetylesterase®] ZH-&o 98] receptord 33 3= F
dg 7t ol AL vlolg 2 HEY o &
o) g0 Fr}”. N protein viruse] RNASH 2 §}5}o]
helical nucleocapsid®] T2 A 7127} Hoj A ¥4 @Iof
gase Aoz AT M protein® membraned T
A= A2 M gene] sequence FAAH A ZZY
v}o] 2] A, mouse hepatitis virus, human coronavirus OC
$3L 25 548 Aoz vuyd

ZayupolE2E 54 FPa§oR YFoAey
4 @ZYvbolg A MHV, hemagglutinating encephalo-
myelitis virusHEV)$} 37 group I of 231> strain
7o) o7ty g ol AEHH EA 9 Zol7} A

% she) gAY FHARE & R YwolEa
ool 337 AYMEY & Ao F4E
gt dEA g A ZTAGAY Aae FEET
AGEAY A & F2 )P A F2BHE
Z Yy =& A4 g¥ AT dojH29 AZEE
Fojgted )¢ a8 9¥s #d° 18z 24 F
o &3t S9 HE glycoproteino] o3l IgGsl IgAE 4
o} 9 FEUGUE JFE Fol o]E BHA of
& A9 A& AFAND"

o] AgolME & AR Yrlo]efad i GAEYA
E AAHsla] Western blottingol] ol thul Eo] A& Al
331 o] &9 EAS fluorescence antibody test(FA)$} flu-
orescence focus neutralization test(FFN)ojl 9] 8} Z A5}

.

Mz ¥ Uy

siol{4 : FR AT AN FEES £ Z2Y
vlo)g) & ¥ ZEF(Kakegawa strain)B WIS A HAkol
ARE3HSth vlol# 4 2] wjk2 Madin-Darby bovine kid-
ney (MDBK) cell§ Al43}% 25, Eagle's minimum es-
sential medium(EMEM)o] 10% 4 Elo}E A3} AE}vlo
N@opgmye A74sed WFSATH vhol Y A% MDBK
cello] ZEAA 2-3YF Ax¥Ae] deyd du
xolE B4§ 33 WHEs HEY vlo]g2E F2A
Atk ol AL 4,500pmo) A 308 FAsA MEE AA
3l A& g serum free medium(SFM)2 2 polyethylene
glycol(PEG)3} NaClo] 22} 8%3} 0.5Mo] SIE2 H7}eh
of 4TolA BE Fe WFEALL o)AE UAl 8,
000rpmol) A 2X)2 A A Bhe] AE o wela whol s
peliet PBSE 2.0mi7} S & @Eglon oA & WF
2ol W PBSE 4ToA gss FART UE
aF9 mEulo]gf A2 mouse hepatitis virus(MHV)+&=
FEO%E FoRGggA 2FEgen, HA A9
Y Ad vlo] B A(TGEV)E ¥ YAjo] ¢}k Purdue strain
o2A FYrtEAGYATAAN Egtel ALEER
o ) ZEyutolg 2(CCV), HA F3A HALF ol
HA(PEDV)E 25ddn FIRggds EFese
o, & ZEptojg e ofeld A ZEetulolexd Ty
g $olA oA Ha] g A strain(G6)S MAL04 cell& Al§
gted WUB AT & vlo]ef a4 MALS npo] 2 2(BVDV)
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ch3 285 M : Kohlers} Milstein®) ¥ % 3} Saif et
al®e] v & S8 AXSEE HAHAT 653
¥ 93 BALBic #h¢29] oA TE ulo]22E
Freund's complete adjuvant®} FF 02 HojA nfA &
ZHZ 04m4 123 AF3% 0 2349} 34 HFL Freund's
incomplete adjuvant$} 4ol HEsJod, 33 HEF
op$-29 vjPdozRE HYde IRUujo|gi2d
g3 39718 FAYO2 AR 1:5,0008) o] 49
971 YEhlE A& gdeR §34d AT eg u
o) AE 02ml JYFALEAcH A HFALE 3 Ao o}
229 HAL FFFHoE A3 HFHTE Ko}
SFMo.2 33 AFs it o7 vl FH|g SP2/0
mycloma cells} 1:52 £@5el 13 QUAAE U8
50% PEG/DMSOZ 1ml &3] A X5 §FAALL 9]
AEEe Y9A3ko] pelletd hypoxanthine, aminopterin,
thymidine(HAT)7} H7+E Wiz Z EHAA 96-well mi-
croplates] welld 200p1% B 38k 5% CO, incubatorol] A
wjekstdct WY SYAEE GRE 2971422 wR
£ 100p1¥ mAERe, AESFH 10YF Ax 4%
o] 3% AL Uz Fvutol 2o g FH
A4 o] B8 FAY O R HAbst A& vedE RS
Aurslgt, o] 5 %A hybridomat limiting dilution 3 2 2
335 o]4 cloning& 4 Al8}o] single cloned A3 §lr.
Aurgl &A) A4l hybridomass pristane(2,6,10,14-tetramethyl-
pentadecane) & & ©| 2] 7HAHA]Z] BALB/c vh9-2of HF
3to] B8 AR o2 A5 20T E#EeH
G2 2 o A AHEE ST

a3 28H9 |sotyping : AAtE GAELAY iso-
type-& monoclonal antibody isotyping kit(Sigma)g A}-&-3}
of Azx8Ae] ¢4d met ¢t F, WA 7249
isotypeo] coating @ stripg AP I W31 JAE G3E
A2 2008) 34 et 3083 HEAH T Th&of PBS-
tween 2.2 3+ A& 3} 3 mouse immunoglobuline] of 3§
biotinylated antibody$} SEZF wH&Al7l th& THA] PBS-
tween®. 2 A M A3} Extravidin peroxidase’} con-
jugate ¥ anti-mouse IgG(Fab specific)Z ¥H& A Fth ThA]
PBS-tween©. 2 3 )3 8} 1 substrate chromogen(3-amino-
9-ethyl-carbazole in N,N-dimethy! formamide)s} 2% hy-
drogen peroxideZ Yo} EAAA AT

BlO|2{A CHHSO|M XA : AAE GARFAY =

Zuolg]a dlEol g AL 98t Westen
blottingg AAFth &, FAE ZE2u o] 2E sam-
ple buffers} 0.2 Ao] 100T A 9027+ Aeg
12% SDS-polyacrylamide slab geloll A 80mAZ 4A|ZHH &
A7 9 Fe g gel& Ao transfer bufferZ FH A7)
% semi-dry transfer cell(Biorad)® ©]-3}¢] nitrocellulose
paperd]] 15Vl A 1A)17b5 ¢ AojA|H T}, o] nitrocellu-
lose paperZ 3% bovine serum albumin(BSA)2. 2 4l &9j
A] 2A17F blockingdt 2 1:1,0002.2 A8 tta &34
Bg Ao 4582 ©§AZ) o5 Tris-tween-buff-
ered saline 2 33 AH3GD. AFFE 1:1,0002.2 3§
A% peroxidase”} conjugate ¥ anti-mouse immunoglobulin
[gGE Aol A 4587 ¥ A7 & ¢4 A (BCIP/NBT;
5-bromo-4-choloro-3-indolyl-phosphate, nitroblue  tetrazolium)
2 &3t gAY

AR EA 2 HItxAL : AAtE B2 EFA Y 4t
+ FA(fluorescence antibody)%] 3} FFN(fluorescence focus
neutralization) 0. 2 HAE ¢t} FAH2 MDBK cell¢]
G2u) g 96-well microplated] ZEZunlolH 2§ HF
dbo] 1X)7F v %3}l 80% acetone 22 A A FH T B3
282 AuS5EE 100p8 welld] W1 37T A
1Az whg A1l o, PBSE 33] AlHEAT ool
FITC-conjugated anti-mouse IgG& 100p1% Y31 37Tl A
1A 7F &A1 7] g, PBSE M3 8o glycerol buffers
Y1 ygEnF oz PASAh FINYE 93 34
g G2 EHAY Z 2ol g 2(100TCIDs/m)E 4o
A 37CAA 1A AT F T3 E MDBK cell
o 100p1¥ HF3th 37T A 18X sl FA 7 TS,
80% acetone 2.2 WA A7) 1 PBSE 33 A3 g, =
2ujulol A A E YA E 100pY 2 welld] ¥ 37T
oA 1A 7+ wrgAIZ . thEo FITC-conjugated anti-
mouse [gGE 100p4 ¥ 2 37T A 147 ¥Hg&AlZl o
S, PBSE A A 3tq] glycerol buffers ¥ 1 dFdujA4e
2 AAIY e £A4 o Z 2 SP2/0 myeloma cell & BALB/
cobezdl HEEE DE BEE ASARLH, $4Y
2ol v3ho] 80% ol 4e] o] 228 wellg PR
2 #AsSh

HIESEAHAIY : 96-well microplates] PBSE 50p14
He tg, GAEFAE 02% bovine serum albumin
(BSA)o] 3¢ PBSE 27 ¥4 3}o] 8HA unitd] Z24
Hho] 28 34 H 2} wello] 50p14 W1 A&o]A 308
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ZF ke A AT oh-2o 1% mouse erythrocyteS 7+ wello]
S0p18 g3 4T A 241 AT O T EH A
A FE ZABIA .

4

A FA2Yvjelgi2e] HHE BALB/c vh¢29 H)F
A X 9} SP2/0 myeloma cell®] §3tA3 25 62709 hy-
bridomaz} WtEo]H =4 FAZ screeningd A3} 25719
%A cloneg AUt o)A -2 limiting dilutiony 2 clon-
ingste AN AXe] Aeot FFEo] FIT A

873(1C1, 1G9, 2A5, 4H12, 5A12, 5C1, 5G4, 6H))E X
3. ©] 59 isotype IgG1(1C1, 2AS, 5A12, 5C1, 5G
4, 6H1)3} 1gG2a(1G9, 4H12)e] F71A] QQomn, Western
blotting A3} o] E¢] G Eo]A L S protein(1G9, 4H12,
5C1), HE protein(2AS, 5G4), N protein(1C1, 5A12, 6H1)o
So]82l 202 Ve FEN testo] A $4& LERy
o 88 & 7HxE AL BF 57)(1GY, 245, 4H12, 5C1,
564)gem, Ul A 370(1CL, 5A12, 6H)E $38& 7}
AA Fdt. F38& 74 = A% HE glycoproteind]
3 S E3HA 274245, 5G4)= 10,2400 7+ &
A& g Astg tH(Table 1).

Table 1. Characterization of monoclonal antibodies(MAbs) against bovine coronavirus(Kakegawa strain) by isotype, protein spec-

ificity and activity

MAbs Isotype Protein specificity® Andbody tiees by*”

FEN FA HI
1C1 IgGl N (10 5,120 (10
1G9 1gG2a N 20,480 20,480 (10
2A5 1gGl HE 20,480 20,480 10,240
4H12 IgG2a 10,240 10,240 (10
5A12 1gGl N (10 5,120 (10
5C1 IgGl S 20,480 20,480 <10
5G4 IgGl HE 20,480 20,480 10,240
6H1 1gGl N (10 10,240 (10

* N : nucleocapsid, S : spike, HE : hemagglutinin

**FFN : fluorescence focus neutralization, FA : fluorescence antibody test, HI : hemagglutination inhibition test.

Table 2. Reactivity patterns of monoclonal antibodies(MAbs) with other enteric viruses by fluorescence antbody(FA) test

Coronaviruses*

MAbs
BCV

=
3

TGEV

BR *k BVD kX

ccv PEDV

1C1
1G%
2A5
4H12
5A12
5C1
5G4
6H1 +

+ 4+ 4+ 4+ o+ 4+

+ + + + + 4+ + +
1

*BCV : bovine coronavirus, MHV : mouse hepatitis virus, TGEV : transmissible gastroenteritis virus, CCV : canine coronavirus, PEDV : pordne epidemic diarthea virus.

**BRV : bovinc rotavirus, *** BVDV : bovine viral diarrhea virus.
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Table 3. Reactivity patterns of monoclonal antibodies(MAbs) with other enteric viruses by fluorescence focus neutralization(FFN)

test

Coronavirus*
MAbs BRV** BVDV***
BCV MHV TGEV ccv PEDV
1G9 + - - - - - -
2A5 + - - - - - -
4H12 + - - - - - -
5C1 + - - - - - -
5G4 + - - - - - -

*BCV : bovine coronavinus, MHV : mouse hepatitis virus, TGEV : transmissble gastroenteritis virus, CCV : canine coronavirus, PEDV :

**BRV : bovine rotavirus,  *** BVDV : bovine viral diarrhea virus.

G2 o EAZALE 939 & 2 nio|d
26 Zag HdA o] Sl vho]g 2o W& FA H
FFNY o 2 A3t L8 @3 &8HA(1C1, 1G9, 245,
4H12, 5A12, 5C1, 5G4, 6H1)e FAY oA A T2 ule]
H29 weddon, & TEulolgAg e IF
o] 43} mouse hepatitis vinsMHV)9} & So] A 0 2 ut
39 28U & I2ytelgA 1§ &=
HA AGd AFY vhol g A(TGEV), /f I E o]
2(CCV), A A A4 dAHF vhol el 2(PEDV)9t & uhg-
A kgtom, A& ZERuto]E A(BRV), & rio]E 2K
AL wpel g 2(BVDV)SLE ¥HE-8HA] ek krh(Table 2).
& ZZ2 Yol 2o HEte F3518 & HAE G2 EF
A (1G9, 2A5, 4H12, 5C1, 5G4)2 FFN testo] 93] EA L
ZAMG A3 ol dAEFYAHE & Z2utolgrg
g o & Zalolg A8 hdA HALFE
9 © )%= BVDVS} BRVS} = HH-8-517] ¢ gtTh(Table 3).

U0

o

&

& FZYulolg 2o dd GAEYA = o A4
Eo] Z4Ze] B FE ALt Ao ofE o]
23t ZRulolg 20 FxT U g B L 24}
& FEEo e GIABYAME o] &8 invivo oA
o wol g3 5& ZAFY) Clark er al *& A& Z2Y
vlo]E X~ 82 BEF 2 8719 G EFAE s 1
Y3, FHAE, EFEIYANHR B =
At e o F 5/He e A7bA] HH R FHA 2

i

porcine epidemic diarrhea virus.

% BF FA4E deh 21} Westen blote] A gl A 3}
Aol Aot Yol 30 23 93EA B2
ok kA& YEl Sl Western blotof] 4] 52K nucleocapsid
protein® A3}t 221 o] HAEFAE HHY
FEAYAAN ZEAZNY EX AN T2 G S
B SR s o] @AE A E o] £3 1) 22
vholei~ FelFo] RFHPFAYL X FHAY
A strainZke] ko= v - A A Vbt

Deregt et al ®& 4 3 E1}ntoje] A Quebec BFE
o] &3t 6719 FYABFAE THEA FEFH e
E2(S)$} E3(HE) glycoprotein®] thgt @I B3I AE in
vivo | A vtol 22 23 & SH e o) F 47 & vil-
li¢] atrophyE WA 8te] @2 fufole] Ao dighe] Hrof
g gle Ao yesten o
A9 specificdl gt} 28]} antigenic domain BS} Coff &
o] M BAEFAE olg} W2 WojYPo] AT
Hussain ef al '*& & FE1}ulo]a] A Mebus strain(BCV-
L9)E o] §3le] DB A el gp100/sel
3 I 23 A= Western bloto]] 4 mild conditiondl) A} =
uH-8-3}9] O 1} denaturing conditiondl| A= uH3-31=) ¢o}
epitope7} EAE SN A2 YEGon, o]gL 4 I2
tupolg) 28] ZHAH & F3AIF T T pS3Ne of
3 3223 &= Western bloto] A mild condition®} dena-
turing condition®] F7}A ZANAM EF w33t ep-
itope7} AE£ A A2 dEhdh a2y o
Zujutolel2d] IS FHAIA R El-
Ghorr et al& $obx] AApioA FEd & FZ U}

2 A

T O

L=e)
21

antigenic domain

=2 =
EE}E

o XN T

g D T
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o]2{£& polyclonal seum3} BIAZYAE WY B
AN, ETEHAAANY, THAEE & 23 human coro-
navinsE staingte] FHo| F45HG oY & mE o]
g2 Z2A7 v2EA YEy staind] FES &+ @
o sk

& AYelA wtEojd vaEFA 8/)F S9 HE
glycoproteinel] o] H¢l 5749 dIAEYAHE F3HE
el o] Deregt er al o] E29} E3o] tist Wz E3A]
o) Hussain et al 9] gp100/Se] ojat @283 9} v &
3 Aoz AZAH, 4o N proteine] tj & 3749 &
ZE AL Hussain er al °9 pSINe| )& B2 234
o} g Ao g WAFC] Vautherot er al *E S14] o
3 dAEFAE A FoE S dERARE 829 of
¢ GAEGAE FH5Yo A FAEd oW
75 0|3 S glycoproteindl] ] ¥ TAZ A 37)(1G9, 4H
12, 5Chye B5F F358 < detuof Stof gg d=ag
Az FHAT o Ao 3o AR F87
epitope7} mouse hepatitis virus)MHV), transmissible gas-
troenteritis virus(TGEV), infectious bronchitis virus(IBV) %
9 F2ujelol# & S moleculed] 19 Exjache R
3 AR

Storz et al & & FZ1}uto| e 29 S¢ HE glycopro-
teind] Y GARFAZ E7E3 JANEE dE
Hl S glycoproteind] th§ HZE A= receptor-destroying
enzyme(RDE)E A &8}A] X3t HI G717} 1116914 1:
1288 UEl¥ oy HE glycoproteinel] tf§ B2 284+
1:65,000 o] %o] wirol A 7SS A AG B
13Ut o] AHAME HEY g 2708 daEA
(2A5, 5G4) 1:10,240 wio)A HF$R L JAHH2
§ proteinel] tf & ¢ 3 EFA) = HI |77t GebgA o}
Storz et al 9] A )9} v] 523} A YR

Vautherot e al *& 4 ZZhupole] 2~ G110 B8 Fo)
Wate] S13} §2 12 1 HE proteind]] o] 3 B2 2845
R Arske] S13} HE proteindl] 53}o] #HH determinant7}
EAEG L g om, o)F Slo) 7MY & T34 & 7t
Ae I EFA Y A #Agda et BF o]
52 & Zzynte]g A9 HE proteind] Wi g G2 &3
A £ acetylesterased] 2 &-& A3 A& EH}HE
o) thE ulo]2) 2 9] receptor 3 FA(RDE)Q! influenza
A virus$] neuraminidase$} New castle diseae virus(NDV)<]
hemagglutinin-neuraminidaseo] thgh G E&A T w37}

A2 RDE9 #4& YAsA o|Rd diy 7A&
cetylesterase”} EAEFHY TAHA 2837 P&
Aoz AZbddhy g oW A YA 245, 565 F
el dIZFAN EL LS AT AL o5y
9 £o]4Jo] HE proteine] that Ro2X & :Z1}ulo)
22 9] HE proteine] th3t A 2EE Yy &g
RolZka MZAt) Vautherot er al '*2 acetylesterase S
At F2EHA 34 2F S8} 73R Y
AN & Ao 2 VERGTIT 8Y R T Parker
et al *2 471 9] acetylesteraseol] U] %t GIAZE A7} BF
TUE FHo2 Vehdty Pk o] YA s
o7 2749 G EYAHE BT SN, BT EYA
A, 945848 SolM TU8A Y Parker e
al®e] As}e} vls8gn

2 Azvutolgi A9 RS ¢8te A A7 E]
SGAEHAE o] &3 WHE BudgEd Crouch e
al®@ & ARYo|B A PQ BYFE 048 w22
3412, Smith et al** polyclonal ¥} monoclonal antibody
E o] &3} capture ELISAE )2l 1, Sato er al >
& Fzyvtoleix GAELAF F39 787
T4l 9t Ao E ELISAZ 7)2alen, Thoms er
al e GAEFAE ol gl & IEYnlojgrg 2
Bhufolel 2 el WU WA T K99 F9L A9 A
2% F A+ ELISAE /L8 olei g Ao uF
o] & A7 gz GAZHAE o] &3] B
9 Zauutele g ¢A 4 F Y& FLHY
TS (ELISAYE /fd3he Ao) 7H58 ASR Algd

a-

o e

4 B

& FZzvrtolgi 2 qid S EFAE AAtstd o]
o g SH2AE & 43 oS3 e AnE I

1. & ZZYulo]# 2~ Kakegawa straindl] th 3 @28
A 87)(1C1, 1G9, 2AS, 4H12, 5A12, 5C1, 5G4, 6H1)E
At =], 0)F 570(1G9, 245, 4H12, 5C1, 5G4
gsEo] AL, UoA 37(I1CL, 5A12, 6H)E 35
o] At 282 F35Y0) AUxe GARYAF 27
(2A5, 5G4)= A4¢3 & AT

2. ANE G EGA e §FFANYANA & 22
ylo} 2] 2 9} mouse hepatitis virus (MHV)9} E0]2 ¢ 2 ut
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Sagon, gFFAANPAME T80 A& 749
G EFATE & Z2vutole2d gt B YERI

.

o2 s

. Benfield DA, Saif LJ. Cell culture propagation of a

coronavirus isolated from cows with winter dysentery.
J Clin Microbiol , 28:1454-1457, 1990.

. Saif 1J. Development of nasal, fecal and serum iso-

type-specific antibodies in calves challenged with bo-
vine coronavirus or rotavirus. Vet Immunol Immuno-
pathol , 17:425-439, 1987.

. Heckert RA, Saif LJ, Mengel JP, et al. Isotype-spec-

ific antibody responses to bovine coronavirus struc-
tural proteins in serum, feces, and mucosal secretions
from experimentally challenge-exposed colostrum-deprived
calves. Am J Vet Res , 52:692-699, 1991.

. Saif LJ, Redman DR, Moorhead PD, et al. Ex-

perimentally induced coronavirus infections in calves:
viral replication in the respiratory and intestinal tracts.
Am J Vet Res , 47:1426-1432, 1986.

. Heckert RA, Saif LJ, Hoblet KH, et al. A longitudinal

study of bovine coronavirus enteric and respiratory in-
fections in dairy calves in two herds in Ohio. Vet Mi-
crobiol , 22:187-201, 1990.

. Heckert RA, Saif LJ, Myers GW, et al . Epidemiologic

factors and isotype specific antibody responses in
serum and mucosal secretions of dairy calves with bo-
vine coronavirus respiratory tract and enteric tract in-
fections. Am J Vet Res , 52:845-851, 1991.

. Heckert RA, Saif LJ, Myers GW. Mucosal and sys-

temic isotype-specific antibody responses to bovine
coronavirus structural proteins in naturally infected
dairy calves. Am J Vet Res , 52:852-857, 1991.

. Saif L], Brock KV, Redman DR, et al. Winter dysen-

tery in dairy herds: electron microscopic and sero-
logical evidence for an association with coronavirus in-
fection. Vet Rec , 128:447-449, 1991.

. Tsunemitsu H, Yonemichi H, Hirai T, et al. Isolation

of bovine coronavirus from feces and nasal swabs of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

- 587 -

calves with diarrhea, J Vet Med Sci, 53:433437,
1991.

Dea S, Michaud L, Milane G. Comparison of bovine
coronavirus isolates associated with neonatal calf di-
arrhoea and winter dysentery in adult dairy cattle in
Quebec. J Gen Virol , 76:1263-1270, 1995.

Saif LJ. A review of evidence implicating bovine coro-
navirus in the etiology of winter dysentery in cows:
an enigma resolved? Cornell Vet , 80:303-311, 1990.
Tsunemitsu H, Saif LJ. Antigenic and biological com-
parisons of bovine coronaviruses derived from neo-
natal calf diarrhea and winter dysentery of adult cattle.
Arch Virol , 140:1303-1311, 1995.

Saif 1J. Coronavirus immunogens. Vet Microbiol , 37:
285-297, 1993.

Deregt D, Babiuk LA. Monoclonal antibodies to bo-
vine coronavirus:characteristics and topographical map-
ping of neutralizing epitopes on the E2 and E3
glycoproteins. Virol, 161:410-420, 1987.

Heckert RA, Saif LI, Mengel JP, et al. Mucosal and
systemic antibody responses to bovine coronavirus
structural proteins in experimentally challenge-exposed
calves fed low or high amounts of colostral antibodies.
Am J Vet Res , 52:700-708, 1991.

Hussain KA, Storz J, Kousoulas KG. Comparison of
bovine coronavirus(BCV) antigens: monoclonal an-
tibodies to the spike glycoprotein distinguish between
vaccine and wild-type strains. Virol, 183:442-445,
1991.

Vautherot JF, Laporte J, Boireau P. Bovine coro-
navirus spike glycoprotein: localization of an immuno-
dominant region at the amino-terminal end of S2. J
Gen Virol , 73:3289-3294, 1992,

Vautherot JF, Madelaine MF, Boireau P, et al. Bovine
coronavirus peplomer glycoproteins: detailed antigenic
analyses of Si, S2 and HE. J Gen Virol, 73:1725-
1737, 1992.

Deregt D, Gifford GA, ljaz MK, et al. Monoclonal an-
tibodies to bovine coronavirus glycoproteins E2 and E
3: demonstration of in vivo virus-neutralizing activity.
J Gen Virol , 70:993-998, 1989.



20.

21.

22,

23.

24,

25.

26.

Storz J, Herrler G, Snodgrass DR, et al. Monoclonal
antibodies differentiate between the haemagglutinating
and the receptor-destroying activities of bovine coro-
navirus. J Gen Virol, 72:2817-2820, 1991.

Dea S, Verbeek Al, Tijssen P. Antigenic and genomic
relationships among turkey and bovine enteric coro-
naviruses. J Virol , 64:3112-3118, 1990.

Tsunemitsu H, El-kanawati ZR, Smith DR, ez al. Iso-
lation of coronaviruses antigenically indistinguishable
from bovine coronavirus from wild ruminants with di-
arthea. J Clin Microbiol , 33:3264-3269, 1995.

Kohler G, Milstein C, Continuous cultures of fused
cells secreting antibody of predefined specificity. Na-
ture , 256:495-497, 1975.

Saif LJ, Rosen BI, Kang SY, e al. Cell culture pro-
pagation of rotaviruses. J Tissue Cult Meth, 11:147-
156, 1988.

Clark MA, Campbell I, El-Ghorr AA, ef al. A com-
parison of bovine coronavirus strains using mono-
clonal antibodies. Adv Exp Med Biol, 276:461-466,
199%0.

Milane G, Kourtesis AB, Dea S. Characterization of
monaclonal antibodies to the hemagglutinin-esterase
glycoprotein of a bovine coronavirus associated with

winter dysentery and cross-reactivity to field isolates.

27.

28.

29.

30.

31

32.

J Clin Microbiol , 35:33-40, 1997.

El-Ghorr AA, Snodgrass DR, Scott FM, ef al. A sero-
logical comparison of bovine coronavirus strains.
Arch Virol | 104:241-248, 1989.

Parker MD, Cox GJ, Deregt D, et al. Cloning and in
vitro expression of the gene for the E3 haemaggluti-
nin glycoprotein of bovine coronavirus. J Gen Virol,
70:155-164, 1989.

Crouch CF, Raybould TJG, Acres SD. Monoclonal an-
tibody capture enzyme-linked immunosorbent assay
for detection of bovine enteric coronavirus. J Clin
Mirobiol , 19:388-393, 1984,

Smith DR, Tsunemitsu H, Heckert RA, et al. Evalu-
ation of two antigen-capture ELISAs using polyclonal
or monoclonal antibodies for the detection of bovine
coronavirus. J Vet Diagn Invest , 8:99-105, 1996.

Sato M, Akashi H. Detection of bovine coronavirus by
enzyme-linked immunosorbent assay using monoclonal
antibodies. J Vet Med Sci, 55:771-774, 1993.

Thorns CJ, Bell MM, Chasey D, et al. Development
of monoclonal antibody ELISA for simultaneous de-
tection of bovine coronavirus, rotavirus serogroup A,
and Escherichia coli K99 antigen in feces of calves.
Am J Vet Res , 53:36-43, 1992.

- 588 -



