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SUMMARY

Bovine coronavirus (BoCV), a member of the Coronaviridaefamily,
causes severe diarrhea in newborn calves (CD) and is associated with
winter dysentery (WD) in adult cattle. WD is characterized by a sudden
onset of diarrhea that rapidly affects many adult cattle in the herd and
has been reported in many parts of the world. WD-affected cattle lose
body condition and results in a dramatic decrease in milk production.

BoCV has been incriminated by many researchers around the world as
a causative agent of WD. Evidence for BoCV as an etiologic agent of
WD is circumstantial, often based on the isolation of the virus from
WD-affected cattle or on the detection of BoCV in the fecal samples by
electron microscope (EM) or on the presence of high antibody titers
against the BoCV in the sera of affected cattle. Experimental reproduction
of WD in adult cattle has met with difficulties in the past. Recently,
however, experimental WD was successfully reproduced in the
BoCV-seronegative adult cattle after they had been exposed to a calf
experimentally infected with BoCV.

It has been suspected that WD caused by BoCV does occur and causes
enormous economic losses in dairy and beef industry of South Korea.
However, the exact epidemiology of WD and the causative agent of WD
have never been documented. Therefore, we performed to survey the
prevalence of WD by using electron microscopy (EM) as well as
antigen—capture ELISA, RT-PCR and nested PCR specific for bovine
coronavirus (BoCV) from 97 fecal samples of 32 herds with WD collected
from 9 provinces during 2002-2004 and to isolate BoCV from the fecal
samples positive for BoCV by ELISA, RT-PCR and nested PCR. The

BoCV were consistently detected in all herds with WD collected from 9



provinces. Of other pathogens including bovine viral diarrhea virus,
rotavirus, salmonella and coccidian oocyts, only coccidian oocyts were
inconsistently but concurrently detected with BoCV. Ten WD BoCV were
isolated from the fecal samples and exhibited cytopathic effects on
inoculated HRT-18G cells and typical morphology of BoCV on electron
microscopy. The isolated BoCV was identified as determined by an
agglutination of virus particles by IEM with antiserum to BoCV, positive
reaction by immunofluorescent test and ELISA wusing antisera or
monoclonal antibodies specific for BoCV, and amplification of BoCV
specific nucleocapsid gene by RT-PCR. From these results, it is
concluded that WD caused by BoCV occurred in high frequency and was
widespread in Korea. The results provide important epidemiological data
for the control and establishment the surveillance system of WD in Kore.
BoCV possesses a single-stranded, enveloped, non-segmented RNA
genome of positive polarity (De Vries et al., 1997). The virion contains
five major structural proteins; the nucleocapsid (N) protein, the transmem
~brane (M) protein, the hemagglutinin/esterase (HE) protein, the spike (S)
protein and the small membrane (E) protein. Although both S and HE
glycoproteins of BoCV use N-acetyl-9-O acetyl neuraminic acid as
receptor determinant to initiate infection, the S glycoprotein requires
fewer of these receptors on the surface of erythrocytes for agglutination
than the HE protein . Thus the S glycoprotein is the major
hemagglutinin of BoCV ,and it is also proposed to be responsible for the
primary attachment of BoCV to other cell surface receptors. The variation
in host range and tissue tropism of coronaviruses is largely attributable
to variations in the S glycoprotein. The S glycoprotein is a type 1
membrane glycoprotein that carries distinct functional domains near the

amino (S1) and carboxy (S2) termini. The S1 subunit is peripheral and is



associated with receptor binding functions, whereas the S2 subunit is a
transmembrane protein mediating fusion of viral and cellular membranes.
In general, the S glycoprotein facilitates viral attachment to susceptible
cells, causes cell fusion, and induces neutralizing antibodies. Of the two
functional subunits, S1 and S2 that contain several antigenic domains, S1
appears to most efficiently elicit monoclonal antibodies (Mabs) with
higher neutralizing activity.

The biologic and genetic differences are determined in many viruses by
the geographic localities and different time points. Like most RNA
viruses, coronaviruses are thought to mutate at a high frequency because
of the high error frequencies of RNA polymerases. In addition, a unique
feature of coronavirus genetics 1s a high frequency of RNA
recombination. For example, a progenitor of the group II coronaviruses
acquired the HE gene from an mRNA of influenza C virus andporcine
respiratory coronavirus (PRCV) contained point mutations or deletions
within the first 250 amino acids (aa) of transmissible gastroenteritis virus
S1 which were associated with reduced enteropathogenicity and loss of
hemagglutinating activity. The BoCV causing CD, WD and respiratory
infection had point mutations or deletions especially in S1 subunit of S
glycoprotein. Besides, molecular analysis of S gene of BoCV has been
conducted and compared mainly between American and Canadian isolates
and/or strains.

In the present study, we analyzed the S glycoprotein gene to
characterize ten winter dysentery (WD) coronavirus isolates circulated in
Korea during 2002-2003 and compared the nucleotide (nt) and deduced
amino acid (aa) sequences with the other known BoCV. A total of 77 and
52 polymorphic nucleotides were identified in the S1 and S2 subunits of

the S glycoprotein of Korean WD isolates compared with the prototype



Mebus strain. These polymorphisms led to 46 and 24 aa substitutions at
41 and 20 distinct sites, respectively. The phylogenetic analysis of the
entire S glycoprotein gene revealed that the aa sequences of all Korean
WD isolates were more homologous to each other and were very closely
related to respiratory bovine coronavirus (RBCV) strain OK and enteric
bovine coronavirus (EBCV) strain LY-138 but distinct from the other
known BoCVs. Based on the phylogenetic analysis of hypervariable region
of S1 subunit, all Korean WD isolates clustered with the respiratory
strain OK and BCQ3994 and enteric strain LY-138, while the Canadian
BCQ calf diarrhea and WD strains, and the American RBCV LSU, French
EBCV F15 and avirulent VACC, L9 and Mebus strains clustered on a
separate major branch, respectively. Among four aa sites known for
RBCV-specific aa substitutions, aa sequences at aa 510, aa 543 and aa
578 were identical in all Korean WD isolates with RBCV specific sites.
Seven virulent specific sites in S gene of BoCV were conserved in 9
Korean WD isolates except for a Korean WD isolate KWD9 having aa
substitutionat aa 965, leading to increased total charge. Furthermore, all
Korean WD isolates had unique aa substitutions at aa 149 and aa 617 of
S glycoprotein gene in comparison with all other BoCV. Comparisons of
the first hydrophobic region of S2 subunit among virulent and avirulent
BoCV represented that virulent BoCVs including all Korean WD isolates
had marked increase of hydrophilicity. These data suggest that the WD
isolates circulated in Korea had a genetic property of both RBCV and
EBCV. In addition, Korean WD isolates as well as virulent BoCVs may
have alteration of the fusion activity or pathogenecity due to marked
increase of hydrophilicity in the first hydrophobic region.

WD is characterized by huge occurrence in the cattle herds with severe

watery to blood diarrhea. Since WD has incriminated by many etiological



agents including Campylobacter jejuni, BoCV has been consistently
detected or isolated agents by many researchers around the world as a
causative agent of WD. However, experimental reproduction of WD in
adult cattle has been unsuccessful in the past. Recently, experimental WD
was successfully reproduced in the BoCV-seronegative adult cattle after
they had been exposed to a calf experimentally infected with BoCV.

The studies on the pathogenicity of BoCV causing calf diarrhea was
reported during 1970 decade. However there are no reports about the
studies on the pathogenicity of WD BoCV. In addition, the relationships
and epidemiology between calf diarrhea and WD BoCV has been still
unknown. Therefore, we performed experimental studies in Wwhich
colostrum-deprived and BoCV-seronegative calves was inoculated with
Korean strain of WD BoCV and then sequentially sacrificed at 1, 3, 5,
and 8 post-inoculation day (PID), respectively. Each organs and tissues
were carefully examined grossly and histopathologically. Fecal virus
shedding in each experimental animal was evaluated by antigen-capture
ELISA, RT-PCR and nested PCR specific for BoCV. In addition, the
change of antibody titer for the BoCV in each experimental animal was
checked by indirect antigen-capture ELISA.

Diarrhea was occurred after 1 PID and became more severe as a
profuse form after 2 to 3 PID in all experimental animal inoculated with
Korean strain of WD BoCV. Grossly, mild atrophy of intestinal wall was
only characteristic lesion in the small intestine. Histopathologically,
desquamation of villi epithelial cells, atrophy of wvilli, fusion of willi,
increased villi vs crypt ratio, and crypt hyperplasia were detected in the
small intestine of BoCV-inoculated experimental animals. Large intestine
revealed desquamation of crypt epithelial cells, fusion of each lamina

propria, and infiltration of lymphoid cells into lamina propria. At PID 1,



the lesions was more severe in small intestines than those in large
intestine. Sequentially lesions of large intestine became severe. Finally
both small and large intestine had almost equal severe lesions at PID 5
and 8, respectively. Fecal shedding of BoCV was consistently detected in
the feces of BoCV inoculated experimental animals from PID 1 to 8 by
nested PCR but not in the feces of mock-inoculated animal. From these
results, it is concluded that the Korean strain of WD BoCV had a
pathogenicity to calves. These results can provide essential data to make
protocols of quarantine and epidemiology of WD and calf diarrhea caused
by BoCV in Korea.

Although calf diarrhea, WD in adult cattle, and respiratory infection in
beef cattle can be caused by infection of BoCV, the exact co-relationship
between these diseases are still obscure. At least, we have clarified that
the Korean strain of WD BoCV can cause severe diarrhea in the calf.
Therefore, these things can provide that calf diarrhea BoCV can induce
WD in the adult cattle on the contrary. How does antibody titer of BoCV
play the occurrence of WD in the adult cattle? This question should be
solved to make a vaccine program to prevent WD in the addult cattle.

In our previous studies, WD caused by BoCV occurred in high
frequency and was widespread in Korea. Moreover, the WD strains
circulated in Korea had a genetic property of both RBCV and EBCV and
were significantly distinct from the ancestral enteric strain. In the
veterinary literature as far as we known, there are no reports to survey
the antibody titer of BoCV in the adult cattle in Korea. Therefore we
performed to survey the antibody titer of BoCV by indirect
antigen—capture ELISA in the adult cattle in Korea using the blood
specimens sampled seasonally from the 312 cows submitted to the

slaughterhouse, respectively.



In the present study, almost all cows had over the 1,600 antibody titer
of BoCV. From the seasonal evaluation of antibody titer of BoCV, the
blood samples of winter season had higher antibody titer than that of
spring and summer. Age distribution of antibody titer of BoCV revealed
no differency between the different age population. By the comparison of
antibody titer of BoCV among the cattle submitted from Jeonnam,
Jeonbuk, and Gwangju, there were no significant differency of antibody
titer of BoCV among these districts. However, Sunchang county in
Jeonbuk had more 20.3% cattle with high antibody titer than that of
Goksung county in Jeonnam. The discrepancy of BoCV antibody titer
between beef (Hanwoo) and dairy (Holstein) cattle was not observed.
From these results, the adult cattle in Korea had high antibody titer of
BoCV, resulting from high occurrence of BoCV infection even of calf
diarrhea or WD and meaning widespread of BoCV (calf diarrhea or WD)
infection. These results will provide important epidemiological data for the
control and establishment of the surveillance system of WD in Kore.

In conclusion, we have developed advanced techniques (indirect

antigen—-capture ELISA, RT-PCR, and nested PCR) for the detection

of WD BoCV as well as calf diarrhea BoCV in the fecal samples

and indirect antigen—capture ELISA for the evaluation of BoCV

antibody titer in serum. Moreover, we have clarified the molecular

characterization of Korean WD strain of BoCV, the pathogenicity of

Korean WD BoCV strain to calves, and seroprevalence of BoCV in

the adult cattle.
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Development of Assays of RT-PCR, nested PCR
and ELISA for the Detection of Winter Dysentery
Bovine Coronavirus (BoCV), and Detection and
Isolation of BoCV Circulated in Korea
During 2002-2004

FUelA 2§47 At Wdann 23910 gled oHx o 4
g os W AAA Belol geiAE B | o gtk med 1 gee
B A 2AE7) 8 B4 & $27] A7t LA 2 B 97

coHpelE 2o HES A

1
>
>
Mo
)
2
x
jus]
=
o
i)
[>
lo
b
i
o
>
b
ol
32
b
X
o

¥ #] erokdl ELISA, RT-PCR,
nested PCR 7I|HES /-S89 ch T3k o]t 7[HE o&|A 73t
A7) A vlelgi~e] ®E H A

& AEaglth 3270 54 970 AAEWeA & $A7] A mmihuiele

o2
oX,
rE
oo
tlo
s
o
rr
10
~
ol
Eh
E
=
R
[



A 2 vl

[e))]
H

o

7K

o

it
=

A
oo

<

_—

ELISA, RT-PCR, nested PCR 7|8 & o] &

R
L.

ATAT ol A

e

3 dolgzA 2§ @

=]
=



.4 A

F@Zpulo]g] el &b & IRUblolH At FolA] HALE Yo,

A7) Ao dAARA AA B yeke] o
TAE oA AHHIL T oled FAR 4 T A BAd A
AR & EdY] A mRubbolY ATt AR A oA HEH
AaL, AEe A FeERon, A 2o Aol npole s FA7F FA4
| Aotk & A7 A2l Aol Ad AL et Az 2wl
ARt #HT & A7) A thatol g 2ol thgk AT Yl A -FelA

A
BeHoers AAA77 = s

2
N
N
Ho
o
H

[

FU oA 1EQ A FZubulola o olF x FAY
ofel freoMm: dAste] wtojet AAA FErt GAE L glrkal
I AATE SARE & w7 Aol A ofs 9o Ao oid B
o w2 A4S dxdn A, ELISA, RT-PCR,
nested PCR 7]"8& o]&3lo] 3w & B4d7] Hgleo TAIAFES zAHsH,

ol AARErol A wHholgao] FEElE A Eshgih

= o
T

e Aol

s
N

32



2. 48 R UH

7t AR

= 87/ = 327 FelA LA &~ HE7] Al oldkE A feolA 97
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2. Htolg]~ RNA F&

RT-PCR 7|¥< 7M2alr] e FAnch wHA
AAAQ IR upole 9] RNAS a&¥ o= F
EHYel = PCRS Alste] AA ad AdA7t
i RT-PCRell 14402 Yot A47E AF Jeornz olF dZs)
stk ol# 3 AL slAsty] YA mlolzlA RNAY F&S tg3 7o

TPt E¥S PBSE 51 34& o 4C 3000 rpmel A 301 A4

B, BE AEd 200 well 500 ule] Solution D(4 M guanidinium

wuel w47 A

A

thiocyanate, 25 mM Sodium citrate, pH7, 0.5% sarcosyl, 01 M

2-mercaptoethano) 2} 50 ¢ 2M sodium acetate(pH4.0)S Y11 ZsHA

vortex3F Atk o719 500 e water saturated phenol(pH4.5)2F 100 w09

chloroform¥} isoamylalcohol(49:1)-& Y3 7+3k7Al vortexE& 3k $of &%
T 15000 rpmeol A 20+7F LA

ATt A5 700 pbs A HAEZ FHA & F 7] Rnaid kit(BIO

101AH) W 9] binding solution 700 ¢} matrix solution 15 S € i1 73s}A
A

vortexth. Aol A 10%3r AASHA Tha flotdlz EEoivbiA &

o] 1587 AX 38T} o5 TFdL 4

™
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do] & Hol:F sl o5 & 4T 10000 rpmeolA 23t A4l
F, A5 ik FREY] JAEL kit AHdew 335 A4 3 4
TN AAE FEA AT AHe] BuH FHES HAE 50 we]

g HeETRTE 9 EFe F 50TolA 10%3F WA s
matrixol] Z3g vlolelx RNAZF 285 =5 ottt 287 #ud, e
ol A 3EZF 15000 rpmol A YA E2l8te] matrixE I AA 7|2, FEAw =

M8 ARG sz FERE SAAM ARSUWZEA] 70Tl ®asslv



Fig 1. Indirect antigen-capture ELISA for the detection of bovine

coronavirus in the fecal samples. Column No. 1 and well no. a-d are
used for the positive control. Column No. 2 and well no. a-d are used for

the negative control. Each sample needs 4 wells.



vl & A7 HY IEuynte|grd HES AF RT-PCR H nested
PCR$£ primer A%

& FRynio]y 29 FHA Fol A nucleocapside ¥ Ao thdk -z}

3 dEA vk weEbA 2 Ao AREE primerdES

GeneBankell B1® A IZuUwblolHAFFol A Mebus 5 7 A3sle] AlE
sk th(Table 1).

A FARuvbpely 2ol {FHA FolA S Sdtoladuld
A W Ayske]l Aol Hshgd WY dgS wrha g wEpa] 2 A
o] g o frxte] WolE HE38H7] 9131 PR-PCR % nested PCR
& primergE A 23S tHTable 2). 21 9o kg3 {2 WHol|E ol
7] ¢siA HE gene®} M genedll ts]A %= primer pairsE Al #3591t (Table
2).

7 nEAol

AA7F el 7t

v}, RT-PCR 7129 $3)

2 A E 47 Ao A mEumtely 2 HAES fIEiA

71&o ®HaEl RT-PCR 7]'Heol $&¥% ofYgt 1tws] A&3 + U&=
RT-PCR 7IW& 35ttt WA 7]Eo| ®a ® RT-PCR 7I¥H& S}
71 $18iA gEs niglE FEF nko]gl22 RNAS Y 10 wol RT-PCRE
downstream primer (50 pmol) 2 W= A7}t 100ColA 283 AR5t
deHolA] 53 A sFe] 339 F22 Hlo]# 2~ RNAE 129 22 |
g A Zit o] &3tde] 4 uee]l 5X RT buffer [250 mM tris—HCI (pHS8.3),
375 mM KCI, 15 mM MgCla], 1 @£ 0.1 M dithiothereitol, 2 ©£<] 10 mM
dNTPs, 05 02 RNAsin(Promega’h)<¢t 0.5 w2 AMV RT(Promega’l)<

A Fo 37CAA 6023 AEAAT o] ¢4 10 wE PCR &

o
1y

Tl 40met EFAITY. PCR =892 5 pl 10X buffer [100 mM
Tris-HCl (pH&.3), 500 mM KCl, 15 mM MgCl,, 0.01% gelatin], 1 xf 10
mM dNTPs, 0.5 gl Upstream primer (50 pmol), 0.5 ¢ downstream primer

(50 pmol), 325 W SF< 283 05 ul Taq polymerase (Promegarh)® T+



AEo] Aok olE =3 N2 94T A 583t preheatingdt $ol] 94ToA 1
. B58TCoA 18, 72CelA 1%9 cyclee 353 PCR thermecyclerol] A 3k
T HFTAHoR T2CAAM TEIF WEEAAAM wEES RS EQlv. RT-PCR
2HE 2 ethidium bromide®] A% 1.5% agarose gelolA] 2218}t

719 RT-PCR 7IWel HlsjA W7 =e 2oy g 38 5 3=
1 step RT-PCR 75 &Ha3th =, 53 vlolgl= RNA 5 ol 1
o] DMSOE ¥olA 70TCeolA 10 ¥H&AIZL 5, 533 d59olA vh&&
AANAG. ol7lel 44 we RT-PCR E£F4& Hx & FFAh
RT-PCR &3& 5 409 10X buffer [100 mM Tris—HCl (pH8.3), 500 mM
KCI, 15 mM MgCly, 0.01% gelatinl, 1 # 10 mM dNTPs, 1 0 Upstream
primer (50 pmol), 1 ¢ downstream primer (50 pmol), 0.5 xl2 AMV
RT(Promega*l), 05 w2 RNAsin (Promega’l), 245 wle STH/HT 231
05 w0 Taq polymerase (Promegarh)® T4 o] 91t} PCR thermecyclerti
oA 42T 60E7F RTHFSS 3 3o 94T A 5% 7 preheating 3Hth. PCR
cycleE 94TAA 18, 58TCANA 18, 72ColA 189 cycled 3H3EA FH=
Aoz 72TolA 7TE&3 WFAAA g =S =tk RT-PCR 2H&2

ethidium bromide®] 92 ¥ 1.5% agarose gelol| A &2ls}$ic).

A}. Nested PCR 7% 9] 43}

A7) A e wiget Solds #o]7] falA Nested PCR 7]
S Y3t &, RT-PCR 2HE 5 ol 45 ple] PCR &9 &
th. PCR &9 5 ul9 10X buffer [100 mM Tris-HCI (pH8.3), 500 mM

].TE

ol
ot

3}

pud

KCl, 15 mM MgCls, 0.01% gelatin], 1 #0 10 mM dNTPs, 1 w0 upstream
primer (50 pmol), 1 ¢ downstream primer (50 pmol), 365 ule SF4 1
@2 05 wul Taqg polymerase (Promega’h® TFA% ol <tk PCR
thermecyclert ol 5] 94Cell A 587} preheating 3%, PCR cycle& 94T ol A
13, 58T oA 18, 72CAA 189 cycles 30333l HFH o2 72T A 7

E7F HESAIAA HESo] s 2tk Nested PCR 2HE 2 ethidium
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Table 1. The oligonucleotide primers designed from the HE, S, M, and N genes
of the BoCV Mebus strain (GenBank accession No. M31053) used for
RT-PCR and nested PCR, respectively

Name Sequence Region Product

size

HEAF?® |CCA TGT TTT TGC TTC TTA GAT TTG|22354-23064 712 bp

HEAR® [TTC AAT AAA GAC ACT GGT GTT ATT|(HE gene)

TA

HEBF |TGA CGA GTA TAT CGT ACC ACT T 22958-23843 |685 bp

HEBR |CTA AGC ATC ATG CAG CCT AGT ACC |(HE gene)

SAF  |ATG TTT TTG ATA CTT TTA ATT TCC 23641-27732 1920 bp

SAR |ACA CCA GTA GAT GGT GCT AT (S gene)

SBF |GGG TTA CAC CTC TCA CTT CT-3 24422-25190 |769 bp

SBR |5'-GCA GGA CAA GTG CCT ATA CC-3' (S gene)

SCF  |5'-CTG TCC GTG TAA ATT GGA TG-3' 25099-25926 (328 bp

SCR  |5-TGT AGA GTA ATC CAC ACA GT-3' (S gene)

SDF  |5'-TTC ACG ACA GCT GCA ACC TA-3' 25691-26562 |372 bp

SDR [5'-CCA TGG TAA CAC CAA TCC CA-3' (S gene)

SEF  |5'-CCC TGT ATT AGG TTG TTT AG-3' 26331-27249 (919 bp

SER  |5'-ACC ACT ACC AGT GAA CAT CC-3' (S gene)

SFF  |5'-GTG CAG AAT GCT CCA TAT GGT-3' 27079-27732 (654 bp

SFR  |5'-TTA GTC GTC ATG TGA TGT TT-3' (S gene)

MF CCA CCA GTT CTT GAT GTG GA 28695-29387 1693 bp

MR CCA GAA CGA TTT CCA AAG GA (M gene)

NF GCA ATC CAG TAG TAG AGC GT 21-750 730 bp

NR CTT AGT GGC ATC CTT GCC AA (N gene)

n-NF° |GCC GAT CAG TCC GAC CAA TG 79-485 407 bp

n-NR® |AGA ATG TCA GCC GGG GTA G (N gene)

F? : upstream primer

R® : downstream primer

n-NF°¢ :
n-NR¢ :

nested PCR upstream primer

nested PCR downstream primer




22352 23641 27732 28691 20454 30077

il emEcw

Cleavage site (it 25931-25045)

MF MR NF NR
s N ; I I
HEBF  HEBR SBF SBR
s I I i
o o [
I
SOF SR
[
SEF SER
I
SFF SFR
I

Fig 2. Location of each primer for RT-PCR and nested PCR for detecting
HE, S, M, N gene of BoCV.
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7b AAE A S o] 83 Hlo|H X HE

AT 7IHE ol g8kl 2170 s 6370 AAEW ARE HAS G

(Table 1). = A3 F74e] spike & outer long surface spike (spike
protein)¥ inner short spike (hemaggutin-—esterase protein)g 7} A+
80-150 nm Z7]¢] A Al & I=ynrtolA7F 6370 ¥ 5 971(14.3%)
ol A #AEATHFig 3). ZTF A9 outer long surface spikeE 7FA 1L A
e IR ynlolg 2~k vlo]lY~ER 637] W FollA 23719 W (36.5%)
oA #FHAT. AP A & ARutol v R Upto] 2 2%k nhol g &
7b gk ) olAe] AAREwWelA #ER w2 210 s FolA 127
(57.1%) % tH(Table 1). ol d AAlEW Fol|A= & wlole =g AAMY wf

oyt ZEprlolY s R A FUT



Fig 3. Electron micrograph of characteristic bovine coronavirus particle detected
from an adult cow with winter dysentery. Note outer long projection (thick
arrow) and inner short hemagglutinin-esterase spike (thin arrow). Phosphotungstic

acid negative staining. Bar = 100 nm.



. Antigen-capture ELISA 7|3 & o| &3 nlolglx HE

2 szumbpole] 2o Sol Al FAE AREF ELISA 7IWHE ol

ofo
ofs

bol &
Mo & 5] qel mEleld s @EF Ash, 97 MA BW Fol
A 3477k ¥ el Atk Table 1). ol2d FAugo] Holw o 7 ol el A
AHEMO A BEE FFS 324 53 FlA 1749k Table 1.

. RT-PCR % nested PCR 7| & ©] &3 & TH7] g F=Zunto]
Hx He

RT-PCR 7|¥H& A A =2Ywlolz]2 nucleocapsid protein gene % oA
730 bpe FTHEFEE AJFHAT. o] 7HE o] &kl HAREW FolA &
FARuutol 25 A& Ad, 977 HAAREW Fell A 3270(33.0%) ol A

4 sAEubpolgf e Kol FRAk=S geld 4 UATHFig 4). o2

GGl Mol & s ool AN #E FHL 2 v F

ol A 1571 (46.9%) 3t} (Table 1).

Neted PCR 71" RT-PCRel 9% &% F9 &, 1 Wi 9] 407 bp
& FEEE acterh o] 7IHES o] &3] HAEW FoA A ZEu
o]~ HES A, F 97/ AARW FollA T7(794%)01 4 A =R
o] 2o Eo]HQl FEAES A3 & AArhHFig 4). ol ¥ FAgut
So] Hojm 3 sf ol el MAMERAA #EHE AL 327 B FolA

3278(100%) A TH(Table 1).



R1-PCR Nested PCR
4 3 6 7 8 9 nNnP M

T30 by
407 by

Fig 4. Detection of bovine coronavirus (BoCV) by RT-PCR and nested PCR
in the fecal samples from adult cattle with winter dysentery (WD). M; 100 bp
marker. P; BoCV inoculated culture medium. N; mock infected fecal sample.
Lanes 1-6; diarrheic fecal samples from adult cattle with WD. Lanes 7-9;
diarrheic fecal samples negative for BoCV by RT-PCR. nN; mock infected
fecal sample. nP; 5,000 times diluted RT-PCR positive product.
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AR W AEe) dolRE Stlsy) flskel weE AEs o

A7t Salmonella spp., Campylobacter spp., Clostridium spp., Yersinai spp

S oust AT E FElE A &drt T3 FH U 7S HAAE A4
3l A3} Eimeria bovisol] 33 =& UEFEo] Ao B FoAw 2T

ovl, B ) 1 FE obF Hgin,

. RT-PCR 7|H< o|&& HAIEW W & wpolzAA HAHY #HiolY
2 4 ZEvtolyd X HE
2 dpole 24 AALY uwlolg] A~ W ZElulole] 2o Eo]A el primer pairs
£ o]&ste] AALEWH Ul o]eld wloly 29 AES ALESHATE SFA|IRE o]

213 nfo]l Y 252 9 W FolA A #FEA LSk
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v, HRT-18G MEF§ o] &% ulojg|2~ &
ELISA®} RT-PCRel 7¢t $Adnk&S Hole= F 20719 AAREH oA
47] Ay mEuvtely s REE AlES A, 10719 vielei s FEs
kWS HRT-18G AlEFo] HEe 2w A Aviuidel ] CPEZF &2
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Fig 5. (A). Uninoculated monolayer of HRT-18G cells 4 days after seeding. (B).

CPE at 2 days postinoculation induced by the KWDI isolate of winter
dysentery bovine coronavirus on passage 3 in HRT-18G cells. The CPE were
characterized by enlarged, rounded, and densely granular cells that occurred

singly or in clusters. Bar = 50 um.

ol#gA CPE &7& Hole FFHS HRT-18G A7 FAHE 96 well
plate]l HFste] & ARunlole o] SolAQl FAE o] & AHHUAHY
FEANES s A, A FAF FAnkSo] AxHdM BFHAT
(Fig 6). ol8d FFFAANE nlojel = AdE 5255 2 59 o8

o Hwrt Frhesch



Fig 6. Immunofluorescence of HRT-18G cells 2 days after inoculation with the

KWDI1 isolate of winter dysentery bovine coronavirus. Cells were stained with
fluorescein-conjugated bovine anti-bovine coronavirus (Mebus strain) serum.

Immunofluorescece was restricted to the cytoplasm. Bar = 50 um.

vhol g 27} 7Hel ¥ HRT-18G A9 AT S dAdndew #23 2
I}, outer long projection®} inner short spike® 7FA 1 9= 80-150 nm =
719 A ARl AR Untolel 2 FQT = JYATE EF & FRUnpole X~
o SolAQl FHAHS ol &3 WAMAANAA HFAA ThFe] AFErhul

olglx HAHFAS #&F & =+ AU (Fig 7).
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Fig 7. Immune electron micrograph of the KWDI1 isolate (passage 8 on HRT-18

cells) of winter dysentery bovine coronavirus treated with a hyperimmune
bovine anti-bovine coronavirus (Mebus strain) serum. Aggregate typically

contained 23 virions. Phosphotungstic acid negative staining. Bar = 300 nm.

Lol 10709 ®ElFs A ZZublolg] o] Eo]H9l A= o] &3t

O

ELISAol A 73t FAdirsS Bk =3k & I=2uulo]l 2 nucleocapid
£

gened] Eo|& <l primer pairE ©| &3 RT-PCRAAME= 73k AAwte-S 3

A 4 AT wEtA A FE7] A vF dASE Ao AAERHAA e
1071¢] vpelel 2~ HalFE KWDIlolA KWDI0 strains® ™93} t}.



Table 2. Detection of winter dysentery (WD) bovine coronavirus

(BoCV) in the

fecal samples from herds with WD by EM, ELISA, RT-PCR and nested PCR
thod EM EM Nested
Provincese ocs (T ypi(':al (CoroTlaVirus ELISA RT-PCR ;z;
coronavirus) -like)

Gyeonggi 4/18" 2/ 7b 1/18 1/7 16/23 | 5/9 | 823 | 4/9 |21/23| 9/9
Jeonnam 0/16 0/3 11/16 | 2/3 |16/32| 5/6 [13/32| 4/6 |24/32| 6/6
Chungnam 3/17 1/6 5/17 2/6 | 9/24| 509 |7/24| 5/9 |21/24| 9/9
Gyeongbuk 0/4 0/1 4/4 /1 [ 0/10 | 0/4 | 1/10 | 1/4 | 4/10 | 4/4
Gyeongnam 0/3 0/1 2/3 /1 | 23 1/1|0/3 | 0/1 1| 2/31| 1/1
Chungbuk 0/3 0/1 0/3 0/1 | 0/30/1 | 23| 1/1] 33| 1/1
Gangwon 1/1 1/1 0/1 01 | 1/1 | /1 | 0/1 | 0/1 | 1/1 | 11
Jeonbuk 1/1 1/11 01 | 0/1 | 0/1 |01 | /1| 11| 1|11

Total 9/63 5/21 | 23/63 | 7/21 |34/97|17/32|32/97|15/32|77/97|32/32

*No. of positive fecal samples for BoCV/No. of tested fecal samples.

No. of positive herds for BoCV/No. of tested herds.
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A 24, 47 H¥ & muvlelds Azela
davd fA4e EAYRHY 54

Molecular Analysis of S Gene of Spike Glycoprotein of
Winter Dysentery Bovine Coronavirus Circulated in
Korea During 2002-2004
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Nidovirales® Coronaviridae¥}°l 43l A& FZ2Uupolgl s Folx] 9]
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7b. Bhol 3~

dMel & w47 A8 =l #8520 KWD1I-KWDI102 HRT-18G Al
FE o)g3te] T & A7 Aol olFdw Ao HALEWA 3}
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o}, RT-PCR & primer A%
Ul 547 Ay IZ2ynloly~ S {FHAe] AUIAMLES #4187 98l

e 547 Ae Z2yvlo]# 2o tgt 59| primere] AZto] #z o]t
w3 ZALE Foke] ZAzbe] mEunbolz s Ui AVIAES A5t &
2 AyE 7Eow F4d7] A Z2ywtoldxd Ui 5] primerg Al
2+al g tH(Table 1 2 Fig 1).

2. G71ME £4S 9% RT-PCRS 374 FZ4HE9 A
A7) AgelA ZEd vlolelx FHA 97 ALY BAS flEA &
gl ¥ AAH vlo]y 25 1 step RT-PCRY} 547] Az ZZuulol# X~
o] S FHA) EolAl 649 primerg o] &3t FA7] A wpoly s
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accession No. U00735), BCQ2070 (GenBank accession NO. U06090),

BCQ571 (GenBank accession NO. U06093), BCQ20 (GenBank accession
NO. U06092), BCQ9 (GenBank accession NO. U06091), BCQ1523



(GenBank accession NO. AAG40601), & 527] #H7 ZZUnlolgjxaF9l
BCQ7373(GenBank  accession NO.AAG40595)¢F BCQ2590  (GenBank
accession NO. AKO01071), &3&71% 4 FZ2Zuvdlo]lgi2=Q0 BCQ3994
(GenBank accession NO. ASAKI14398), LSU (GenBank accession NO.
AAF25509), OK (GenBank accession NO. AAF25519), 43718 4 s=24y
Hho] 8 2~ Q1 LY-138 (GenBank accession NO. AAF25499)2} Fl15
(GenBank accession NO. D00731)& sttt ol gt it A7[AdE
©]-§3% deduced amino acid €714 ¥E #41> Amino Acid Basic module

(DNAsis MAX, Alameda, CA)Z F 339t}



Table 1. The oligonucleotide primers designed from the S gene of the spike
glycoprotein of the BoCV Mebus strain (GenBank accession No. M31053) used

for DNA sequencing

No. Primer pairs Products|Regions
F: 5'"-ATGTTTTTGATACTTTTAATTTCC-3'

A R: 5’—ACACCAGTAGAT(SGTGCTAT—S’ o 920 bp | 17920
B F: 5'-GGGTTACACCTCTCACTTCT-3’ 769 bp 782-15
R: 5'-GCAGGACAAGTGCCTATACC-3’ 50
C F: 5-CTGTCCGTGTAAATTGGATG-3’ 828 bp 1459-2
R: 5" -TGTAGAGTAATCCACACAGT-3’ 286
D F: 5’-TTCACGACAGCTGCAACCTA-3’ 872 bp 2151-3
R: 5'-CCATGGTAACACCAATCCCA-3’ 022
E F: 5 -CCCTGTATTAGGTTGTTTAG-3’ 919 bp 2691-3
R: 5'-ACCACTACCAGTGAACATCC-3' 609
F F: i5’fGTGCAGAATGCTCCATATGGTfS’ 654 bp 3439-4
R5-TTAGTCGTCATGTGATGTTT-3’ 092

F: Forward primer. R: Reverse primer.

= AR bp -

=i Sl 52 =i =3
LF A *

1 R | b e . 11901904
; L L 2 !
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=l KA
U I
i LY M ;

Fig. 1. S glycoprotein gene of BoCV and sequencing strategy. The figure
depicts the location and direction of the oligonucleotide primers used to

sequence a 4092 bp region.
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°] L9 strain, Vaccine strain, Mebus strain¥ F3}&2% o
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= Ao WAtk oel@ ot AR NEOR IF muF %
=

OK strain®} A3}7]3@ <1 LY-1380] U5l wj$- 7}7k Abolell Ut
(Fig 2).

S1 subunit®] N terminal region (aa 1-330)= w52 7+ wlolgj =9 &
SA 23 =vdor dHAUT o] FeddA =l 85+ Mebus strain
I s W F 15708 opw=4l X gko] ARl SIA
immunoreactive domain< aa 351-403 Atolell l=dl, o] FolA = &

2]+ Mebus strain, 458 &7 2 £37|8 FE7 vlustodA] 1719

oful =4k X%k (aa 365, S->F)o] #FAHATH(Fig 3). ©] FH ofnx=4t A
3o F Asle Aol glo] AgAre AEE E2 WIlE doziy. SIB
immunoreactive domain< aa 517-621 A}o]ol] o o] FQojr= F 47

9] o} =2t X 3ho] Mebus strain® B2 Al #F#2F A HFig 3).

A FEUblo]#H 2~ E aa 456-592 Alolo] hypervariable region©] £ A3}
d, o] % 9= SIB immunoreactive domain¥ =¥ o] <t} o] RS
Mebus strain® B]ustlS w & 11709 ofw| =4t X gko] AFEHA=H, &
| aa 531, aa 543, aa 578 S1B immunoreactive domain@} F% ¥ 9%
THFig 3). o F-9lellA opn=it @71 D] Hol zo]E Hol: npole]x
5 KWD7% Mebus strain AF0](7.8%)°]ATh SA X o2 o] RIE A%
Mgt A3 5l £8FE 8719 OK strain ¥ BCQ3994 strain 1] L
231718 LY-1383 & cluster ol &l AR ow, Ayt a5l Sof
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/\E}'(Fig 4).
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o} 617914 #AE AT} aa 149 (N->S)& At 2547 2] & o7
A F kAN aa 617 (T->1) A8 254718 F7HAIA T
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A BHEFO AT FUEFAE &4 HEEe] nmiE ¢ FE9l aa 7697}
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U 2&F9 Mebus straintks®] 3 WA hydrophobic (aa 955-992) %

heptad repeat (aa 993-1032) regionS W3+ A3} ZF 470(aa 959, aa 965,
aa 984, aa 988)¢} & 270(aa 1026, aa 1030)¢] o}m| =4t X]3to] 25 Ac].

= 2839 3 WA hydrophobic region®] ©]#]3dF ofn Al X3S =2

Aed712 AEs dozt gd&o] gl 2801 457U 25719
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Vaccine strain® W 23RS o, o] FYolA & IFA7|S B
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(V->L) Q& =l 355 28 95 HiFdAE HEHo U3
Anchor sequence (KWPWYVWL, aa 1305-1312)% =4 HgF= B2
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Cysteine-rich hydrophilic C-terminus¢! 35719 ol Al MY x of=FE
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Fof o] o] AmFoA HEEAT
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769 778 817 834 906 909 927 936 965 984 988 1026 1030 1085 1095 1100 1223 1241 1269 1286 1316 1341 1363
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G995 * N * * * R S Y o W A G * * * A * K * * K *
LSU S N * * * * * * E W A G * * * A * K * * * K *
OK S N * * * * * * D) W A G * * * A * C * * * C *
L9 * N % * * * % * * W A * * * % A A * % * * * %
BCQ7373
BCQ2590
M A T T Y K A N \Y L \% D A L \Y T \Y D
KWD1 S N * * * * * * E W A G * * * A * * *
KWD2 S N * * * * * * E W A G * * * A * * *
KWD3 S N * * * * % * E W A G * * % S % * %
KWD4 S N * * * * * * E W A G * * * A * * *
KWD5 S N * * * * * * E W A G * * * A * * *
KWD6 S N * * * * * * E W A G * * * A * * *
KWD7 S N * * * * * * o WA G D * * A * * *
KWDS8 S N * * * * * * E W A G * * * A * * *
KWD9 S N * * * * % * Q W A G * * % A % * %
KWD10 S * * * * * * * W A G D * * A * * *

Fig. 3. Comparison of the predicted amino acid sequences of the BoCV S glycoprotein specified by different strains.
Amino acids that are different in at least one strain are shown. Light-gray boxes contain aa sites known for
being RBCV-specific (Chouljenko et al., 1998), dark boxes identify virulent-specific strains (Chouljenko st al.,
1998), and clear boxes contain Korean isolates of aa changes. Amino acid 351-403 is the S1A immunoreactive
domain; aa 517-621 is the S1B immunoreactive domain; aa 452-593 is the hypervariable region; aa 955-992 is
the hydrophobic region; aa 993-1032 is the heptad repeat sequence; and aa 1312-1325 is the carboxy-terminal
anchor sequence.
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Fig. 4. Phylogenetic tree of the hypervaiable region of respiratory (RBCV),
enteric (EBCV), calf diarrhea (CD), winter dysentery (WD), and avirulent
strains using Clustal method. KWDI1-KWD10: Korean WD isolates; the CD
strains including Mebus, BCQ 2070, BCQS571, BCQ20, BCQ9, and

BCQ1523; the WD strains including BCQ 7373 and BCQ2590; the RBCV

strains including BCQ3994, LSU and OK; EBCV strains including LY-138

and F15. The deduced aa sequences are assembled and analyzed on the

Amino Acid Basic module (DNAsis MAX, Alameda, CA).
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Fig. 5. Hydrophilicity profile of the first hydrophobic region in the S2 subunit
of 10 Korean winter dysentery isolates (KWD1 to KWDI10), respiratory
strains (LSU and OK), enteric strains (LY-138 and F15) and avirulent
strains (VACC, L9 and Mebus).
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Fig 1. Intestine; 11 day-old calf; Inoculated with KWD5 strain of winter
dysentery bovine coronavirus at 3 day-old and sanctificated at 8 day
post-inoculation. Small intestine shows mild atrophy (white arrow). Large

intestine is moderately dilated (black arrow).
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Table 1. Occurrence of diarrhea, fecal virus shedding and IgG winter dysentery bovine coronavirus (WD BCV)

antibody titers in serum of calves inoculated with WD BCV

Fecal samples IgG BCV antibody titers in
Diarrhea serum
b . .
Calf No® Inoculurr(li Inoculation Euthanacsm onset PID ELISA RT-PCR__ Nested PCR A i At terminati
inoculation ermination
(Days old) route (PID 1 uration)® | Onset PID Onset PID Onset PID i
of exp.
(Duration)  (Duration)  (Duration) b
1 (Cols-D) KWD3 O 1 1 ! 0 ! ! <25 3,200
ols— ronasa < ,
(2) (1) (0) (1) (1)
2 (Cols-D) KWD5 O 1 3 ! 2 ! ! <25 12,800
ols— ronasa < ;
(3) (3) (2) (3) (3)
3 (Cols-D) KwDs O 1 5 ! 2 ! ! <25 12,800
ols— ronasa < ;
(2) (5) (4) (5) (5)
KWD5 Dead at 1 3 2 1
4 (Cols-D) Oronasal <25 25,600
(2) PID 5 (5) (3) (4) (5)
KWD5 Dead at 1 3 2 1
5 (Cols-D) Oronasal <25 25,600
(3) PID 8 (8) (6) (7) (8)
KWD5 Dead at 1 2 1 1
6 (Cols-D) Oronasal <25 51,200
(3) PID 8 (8) (7) (8) (8)
Mock-infected 0 0 0 0
7 (Cols-D) |HRT-18G cells| Oronasal 2 <25 <25
(0) (0) (0) (0)
(4)
Chloroform-
inactivated 0 0 0 0
8 (Cols-D) Oronasal 4 <25 <25
KWD5 (0) (0) 0) 0)
(2)

“Cols-D: colostrum deprived calf.

"KWD5: winter dysentery strain of BCV isolated in Korea.

°PID: post-inoculation day., Duration in days.
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Table 2. Summary of histopathological findings and severity of lesions in small & large intestine of neonatal calves
after oral inoculation with BoCV.

Duodenum Jejunum Ileum Cecum Colon Rectum
Calf No. upper middle lower upper middle lower upper middle lower middle upper middle lower upper middle lower
| (1 DPI) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Il (3 DPI) 2 2 2 2 2 1.5 1.5 15 1.5 1 1 1 1 1 1 1

Il (5 DPI ®) 2.5 2.5 2 2 2 2.8 2.8 2.8 2 1 1 1 1 1 1 1
IV (5 DPI @ 238 2.5 2.8 2.5 3 3 2 2 2 1.5 1.5 1 1 1 1 1
V (8 DPI @) 4 4 4 3.5 3.5 3 3 3 3 2 2.5 2.5 3 3 3 3

VI (8 DPI @) 4 4 4 3 3.5 3 3 3 3 2.5 3 3 2.5 3 3 3

All calves were 1 day of age at oral inoculation.
Score is designated based on Villi/crypt(V/C) ratio as follows: 0 = (61 < V/C), 1 = (511 < V/C), 2 = (41 <
V/C), 3 =31 < V/C), 4 = (221 £ V/C) and desquamation grade as follows: 0 = non desquamation, 1 = tip of

villi, 2 = upper middle of villi, 3 = lower middle of villi, 4= lower villi and crypt hyperplasia grade as follows : 0 =

non hyperplasia, 1 = mild, 2 = moderate, 3 = marked, 4= severe.
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Fig 2. Intestine; 6 day-old calf; Inoculated with mock-infected HRT-18G cells at 4 day-old and sanctificated at 2

day post-inoculation. There are no significant lesions throughout the duodenum to rectum. A; duodenum. B;

jejunum.C; ileum. D; cecum. E; colon. F; rectum. H&E stain. Bar = 480 ym.
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Fig 3. Intestine; 3 day-old calf; Inoculated with KWD5 strain of winter dysentery bovine coronavirus at 2 day-old
and sanctificated at 1 day post-inoculation. Marked desquamation of villi epithelial cells are observed in duodenum
(A) and jejunum (B). Cecum to rectum reveal mild degeneration and necrosis of crypt epithelial cells. A; duodenum.
B; jejunum. C; ileum. D; cecum. E; colon. F; rectum. H&E stain. Bar = 480 um.
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Fig 3. Intestine; 6 day-old calf, Inoculated with KWD5 strain of winter dysentery bovine coronavirus at 3 day-old
and sanctificated at 3 day post-inoculation. Marked desquamation of villi epithelial cells and crypt hyperplasia are
observed in duodenum (A), jejunum (B) and ileum (C). Cecum (D) and rectum (F) reveal moderate degeneration
and necrosis of crypt epithelial cells and hyperplasia of basal reserve cells. A; duodenum. B; jejunum. C; ileum. D;
cecum. E; colon. F; rectum. H&E stain. Bar = 480 um.
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Fig 4. Intestine; 7 day-old calf, Inoculated with KWD5 strain of winter dysentery bovine coronavirus at 2 day-old

and sanctificated at 5 day post-inoculation. Severe hyperplasia of crypt epithelial cells with marked desquamation of
villi epithelial cells aare observed in duodenum (A), jejunum (B) and ileum (C). Cecum (D) to rectum (F) reveal
severe degeneration and necrosis of crypt epithelial cells and hyperplasia of basal reserve cells. Cecum and colon
exhibit lymphoid cell infiltration and crypt fusion. A; duodenum. B; jejunum. C; ileum. D; cecum. E; colon. F;
rectum. H&E stain. Bar = 480 gm.
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Fig 5. Intestine; 11 day-old calf; Inoculated with KWD5 strain of winter dysentery bovine coronavirus at 3 day-old
and sanctificated at 8 day post-inoculation. Severe hyperplasia of crypt epithelial cells with marked desquamation of
villi epithelial cells are observed in duodenum (A), jejunum (B) and ileum (C). Cecum (D) to rectum (F) reveal
severe degeneration and necrosis of crypt epithelial cells and hyperplasia of basal reserve cells. Cecum and colon

exhibit lymphoid cell infiltration and crypt fusion. A; duodenum. B; jejunum. C; ileum. D; cecum. E; colon. F;
rectum. H&E stain. Bar = 480 gm.
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Fig 6. Diagram of severity of lesions in small & large intestine of neonatal calves after oral inoculation with bovine

coronavirus.
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2o e dAe F5= HAE 7] A =

A A= 96-well flat-bottom microtiter plates©l]

s
a

Ay
>
N

Zi}nlo] g 29
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Fig 1. Indirect antigen—capture ELISA for the detection of antibody titer
of bovine coronavirus. Column No. 1 and well no. a-d are used for the
positive control. Column No. 2 and well no. a-d are used for the negative

control. Each sample needs 4 wells.
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Table 1. For the evaluation of antibody titer of bovine coronavirus in Korea, blood specimens are sampled from the

farms of different counties, and different aged and breed cows.

Number Number Age Sex Breed
. . 3
Districts  County of of 4 5 Fem Ma  Holstei Hanwo Mongre Herefor
ear-
samples Farms ¥ i year—old year-old ale le n 0 al d
0

Damyang 36 20 22 45 19 83 3 32 54 0 0

Naju 43 5 13 18 12 42 1 30 13 0 0

Gokseong 28 5 7 13 8 27 1 10 18 0 0

Jangseong 18 9 6 10 2 16 2 3 15 0 0

Jeonnam Boseong 5 1 1 4 0 5 0 1 4 0 0

A Hampyeong 5 2 2 1 2 5 0 3 2 0 0

Haenam 2 1 2 0 0 0 2 0 0 0 2

Gwangyang 2 1 0 2 0 2 0 0 2 0 0

Yeonggwang 1 1 0 1 0 1 0 0 1 0 0

Goheung 1 1 0 1 0 1 0 0 1 0 0

Jeongeup 37 5 5 9 23 36 1 31 6 0 0

Jeonbuk Sunchang 24 8 4 16 4 23 1 9 15 0 0

Namwon 17 4 4 8 5 17 0 7 9 1 0

Gochang 4 1 1 0 3 4 0 3 1 0 0

Gwangju 15 3 3 7 4 14 1 6 8 0 0
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Fig 2. Seasonal distribution of antibody titer for the bovine coronavirus.
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Fig 3. Age distribution of antibody titer for the bovine coronavirus in the

blood specimens sampled in winter season.
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Fig 4. Age distribution of antibody titer for the bovine coronavirus in the

blood specimens sampled in spring season.
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Fig 5. Age distribution of antibody titer for the bovine coronavirus in the

blood specimens sampled in summer season.
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Fig 6. Total age distribution of antibody titer for the bovine coronavirus

in the blood specimens sampled in winter, spring, and summer seasons.
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