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SUMMARY
I. Title
Epidemiological Survey on and Development of

Diagnostic Method for Border Disease of Goat

II. Purpose and Rationale of Research and

Development

1. Purpose of Research and Development

The final goals of this study are epidemiological survey on and
development of diagnostic method for border disease of goats. In order to
establish the strategies of prevention, treatment and quarantine,
serological surveys on putative main viral diseases occurred in goats are
performed. In addition, the advanced diagnostic method we will develop is
designed to diagnosis the border diseases as well as bovine viral diarrhea

virus type 1 and 2, and classical swine fever virus, latter 3 viruses
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causing border-like disease in the goats.

2. Rationale

Technical Aspect

Since the pattern of goat industry has been rapidly from small and poor
farm sizes to large and enterprise sizes in Korea, unexpected diseases
have been occurred, ie. acute goat diseases did not cause huge
economical problems in the past decade, but can lead ample economical
problems now in the large and enterprise farms. Therefore, the
establishment of diagnostic systems after disease survey should be
performed in order to promise the increase of goat industry. The
reproductive and neonatal diseases of goats are far important because
they can cause huge economical disaster. Goat pestivirus containing
border disease virus, bovine viral diarrhea virus type 1 and 2, and
classical swine fever virus induce very similar symptoms as named
border disease or border-like disease including abortion and still birth to
dam, diarrhea and nervous signs to their progeny. Pestivirus-inducing
disease in the goat and sheep have been reported to occur worldwide. In

Korea, border or border-like diseases have been suspected to be occur.
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However, the precise epidemiological survey and development of
diagnostic tools has not been carried out in Korea. Usually, an
exterminatory measure can be established after grasping the status of the
disease occurrences. Therefore, the epidemiological survey on and
development of diagnostic method for border disease of goats should be
done. Moreover, to establish the strategies of prevention, treatment and
quarantine, serological surveys on putative main viral diseases occurred
in goats must be performed. In addition, the advanced diagnostic method
has to be designed to diagnosis the border diseases as well as bovine
viral diarrhea virus type 1 and 2, and classical swine fever virus, latter 3

viruses causing border-like disease in the goats.

Industrial aspect

The domestic livestock industry should develop competitive power
because Korea has opened market in a full-scale. To develop competitive
power, the productivity of Ilivestock industry should be improved using
the advanced scientific tools. An obstacle of livestock industry in Korea
is "disease” because the diseases are attributable to decrease 20% losses
in the total livestock output. Therefore, advanced methods should be

applied to increase productivity of livestock industry.
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The goat industry in Korea is more competitive power than that of
other countries because large part of feed for goat is natural grasses in
the field and do not depend on imported concentrated feed. The goats
are well adapted to Korean environments and can be easily controlled
due to their habit to make a herd. Therefore, the goat industry has been
increased gradually from 90’s. In addition, the scale of farm size has
been gradually enlarged. When acute malignant diseases beat the large
scale goat industry, huge economical losses are anticipated compared to
the small scale industry. The border or border-like diseases caused by
goat pestivirus are one of the disaster diseases of goat. It is suspected
that border or border-like diseases have been occurred in Korea.
Therefore, the epidemiological survey on and development of diagnostic
method for border disease of goats should be done. Moreover, to
establish the strategies of prevention, treatment and quarantine,
serological surveys on putative main viral diseases occurred in goats
must be performed. In addition, the advanced diagnostic method has to be
designed to diagnosis the border diseases as well as bovine viral diarrhea
virus type 1 and 2, and classical swine fever virus, latter 3 viruses

causing border-like disease in the goats.
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Social and public health aspect

Traditionally, Korean has treated a goat as a medicine and used for
increasing the human health. The meat and milk of goat contain 10 times
and 20 times more calcium than those of beef and pork, respectively.
Moreover, goat meat has 4 times more phosphorus than that of beef and
pork. Although goats are known for nutritionally very good, goats are not
classified into general domestic animals in the law so that research on
diseases has not been carried out in detail.

Since Korean have been considering their health very deeply, the
safety- and efficacy-promising foods are essential in Korea. For example,
the occurrences of highly pathogenic avian influenza and foot and mouth
disease stunts Korean. After consequence, meat consumption is markedly
decreased and then livestock industry fall down dramatically. The border
disease of goat can spread into the other domestic animals including
cattle and pigs. For this reason, the epidemiological study on the border

disease is essential to promise the safety of goat meat and milk.

M. Results and Extents of Research and

Development

A. Development of diagnostic method

22



1) Development of RT-PCR assay: During this study, we developed
RT-PCR assay to diagnosis the border disease, bovine viral diarrhea
type 1 and type 2, and classical swine fever. These four viruses
which belong to the same genera, Pestivirus, caused very similar
clinical symptoms. Therefore, the diagnostic assays are needed to
differentiate these diseases. Using this assay developed, we can now
differentiate these viruses-induced diseases.

2) Development of real-time RT-PCR assay: In this study, we
developed the real-time RT-PCR assay to diagnosis the border
disease, bovine viral diarrhea type 1 and type 2, and classical swine
fever for the first time in the world. This assay provides its results
timely and quantitatively. We will submit the data obtained in this
study to the international journal in order to distribute the know-how

to Korea as well as world.

Detection of Pestivirus—induced diseases (border disease, bovine viral
diarrhea type 1 and type 2, and classical swine fever)

1) Seroprevalence study on the border disease virus by ELISA assay:
Using ELISA kit (Svanova), 1142 sera sampled from 223 goat farms

were screened for the detection of antibodies against border disease
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virus. Border disease virus positive reaction was detected in 47 sera
(4.12%) of 18 farms (8.07%).

2) Antibody titer detection against the pestivirus by virus neutralization
test: Since border disease virus, bovine viral diarrhea virus type 1
and type 2, and classical swine fever virus, which belong to
Pestivirus, have cross—antigenicity, it 1is not clear if the positive
reaction against the border disease virus by ELISA detected only
border disease virus antigens. Therefore, virus neutralization antibody
tests against the border disease virus, bovine viral diarrhea virus, and
classical swine fever virus were carried out. The antibody titer
against the bovine viral diarrhea virus were 2 times and 4 times
higher than that of border disease virus and classical swine fever
virus, respectively. From this result, it is speculated that border-like
disease occurred in Korea may be caused by bovine viral diarrhea
virus.

3) Detection of Pestivirus in the goats by RT-PCR assay: In order to
determine the precise epidemiology of pestivirus-induced diseases in
goats, retrospective study was conducted with the specimens sampled
from 1998 to 2004. Within the period of this study, 53 sera and

tissues sampled from 3 goats during 2004 and 1142 sera from 223
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farms and spleen and kidney sampled from 102 goats obtained from
34 farms during 2005 were used for the detection of pestivirus.
Moreover, we used the requested goat samples to NVRQS with
chronic wasting syndrome and specimens from neonatal goats with
pneumonia and diarrhea. Using the primer pair (PanF/R) which can
amplify the border disease virus, bovine viral diarrhea virus and
classical swine fever virus, RT-PCR assay was conducted with above
mentioned samples. The expected bands was detected in the 7
samples.

4) Detection of Pestivirus in the goats by real-time RT-PCR assay:
Using the samples as immediately above mentioned, real-time
RT-PCR assay was carried out with the primer pairs specific to all
pestiviruses, border disease virus, bovine viral diarrhea virus and
classical swine fever virus, respectively. We detected 7 positive

reactions as like RT-PCR assay as above mentioned.

C. Seroepidemiological studies of major goat viral diseases
1) For the first time in Korea, seroepidemiological studies were
conducted against the infectious laryngotrachitis virus, parainfluenza

virus 3, akabanevirus, ainovirus, Chuzanvirus, Japanese B encephalitis
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virus and bovine coronavirus with the blood samples obtained from
the goat farms. The rate of goats with positive antibodies was 9.33%
against the infectious laryngotrachitis virus, 10.19% against the
parainfluenza virus 3, 0.83% against the bovine coronavirus, 12.69%
against the akabanevirus, 13.02% against the ainovirus and 8.98%
against the Japanese B encephalitis virus.

2) From these results, these viruses are suspected to occur in high
rate in Korea. These viruses are known to cause enormous
economic losses in cattle industry in Korea. Therefore, goats may
play key role to interspecies transmitter and especially goats may be

reservoir of Japanese B encephalitis virus to humans.

D. Molecular characterization of pestivirus detected in the goats
1) By RT-PCR assay with PanF/R primer pair which can amplify all
pestiviruses, seven positive reactions were detected. We conducted
elusion from these amplified amplicons and sequenced. Phylogenetic
analysis showed that the sequences were clustered with bovine viral
diarrhea virus type 1 and 2, respectively. From this result, we
concluded that border-like diseases occurred in the goats in Korea

are caused by either bovine viral diarrhea virus type 1 or type 2.
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E. Nationwide sampling

1) Blood samples: In order to ensure the statistical data from this
epidemiological study, 1142 blood specimens were sampled from 223
goat farms. A large number of goat blood samples make a possibility
to seroprevalence of the other viral diseases.

2) Tissues or organ sampling: A total of 23 dead or moribund goats
were collected from goat farms.

3) Fecal samples: Almost 100 fecal samples were sampled from goat

farms.

F. Pathological study

1) Necropsy: A total of 23 goats were grossly observed in detail and
their gross findings were recorded. After then, variable tissues and
organs were sampled and used for molecular biological, pathological,
parasitologies and bacteriological studies.

2) Histopathological study: The tissue samples were fixed in 10%
neutral formalin, sectioned in 3 um and stained by H&E stain, Gram
stain, etc. and then histopathologically observed under microscope. By

histopathological observation, variable goat diseases including
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amyloidosis, parasite infection, bacterial infection, virus infection, etc,

were identified in this study.

G. Parasitologies observation

1) Identification of parasites by histopathology: Parasites including
coccidium, tape worm, etc were histopathologically identified in this
study. Because there were unidentified parasites found in this study,
the future studies on these parasites will be needed to perform.

2) Fecal samples were examined by floating and precipitation methods
to identify the parasite eggs. Variable kinds of parasites eggs
including Eimeria spp. Haemonchus, Ostertagia, Trichostrongylus,
Cooperia, Oesophagostomum, etc were identified and its correlation to

the histopathological changes were compared in this study.

H. Bacteriological examination
1) Isolation and identification of bacteria: Using the specimens sampled
at the epidemiological study, many kinds of bacteria were isolated and
identified. Among these bacteria isolated, Pasteurella multocida were
frequently 1isolated and had a good correlation with pathological

lesions of lungs. The data of antibiotic screening tests studied can be
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applied in the farms having diseases caused by the same pathogens.

2) Identification of bacteria-induced lesions by histopathology: In order
to identify if the bacteria isolated caused the histopathological
changes, the tissues sampled were observed by histopathology. It is
demonstrated that some of bacteria isolated seems to cause

histopathological changes.

I. Viral diseases examination
1) Viral diseases examination by histopathology: In this study, viral
interstitial pneumonia caused by lentivirus within Retroviriridae and
pulmonary carcinomatosis caused by retrovirus type B/D  were
strongly suspected. Therefore, the further studies on these viral

diseases should be performed in Korea.

IV. Suggestions for the Application of Research

Results

A. From our results, we demonstrated that border-like diseases occurred
in the goats in Korea are caused by either bovine viral diarrhea virus
type 1 or type 2. Therefore, it is needed to conduct the pathogenesis

study and vaccine development for understanding and preventing the
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bovine viral diarrhea virus type 1 and 2 in the goats.

In this study, viral interstitial pneumonia caused by lentivirus within
Retroviriridae and pulmonary carcinomatosis caused by retrovirus type
B/D were strongly suspected. Therefore, the further epidemiological,
pathological, virological studies of these viral diseases should be
performed in Korea.

We detected variable kinds of parasites in the goats. Some of these
parasites are unidentified. Because there were unidentified parasites
found in this study, the future studies on these parasites will be
needed to perform.

. The data obtained by seroepidemiological studies against the infectious
laryngotrachitis virus, parainfluenza virus 3, akabanevirus, ainovirus,
Chuzanvirus, Japanese B encephalitis virus and bovine coronavirus
with the blood samples obtained from the goat farms suggested that
the further studies should be carried out about the isolation of each
virus, pathogenesis and vaccine development.

We developed the advanced RT-PCR and real-time RT-PCR. These
assays are highly sensitive and specific to diagnosis the border and
border-like diseases. Therefore, we will transfer the protocols to

NVRQS and local diagnostic labs.
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F. As above mentioned, we developed real-time RT-PCR for the first
time in the world. This techniques for the detection of border and
border-like diseases are applicable to the other viral diseases. Therefore,
we will publish these techniques in the international journal to transfer

these techniques to Korean as well as the other countries.
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W ok ohel 300% o4 A 7k 4 94 godmel: 8E B3P
Aol 96 d ko= 1145 7-A] w438 F7Fith7E IMFE gtol 99Wd+= 80&
2 a3 20003 = o] FelE e SUFska e FAlelt (Table
1).
W ASTRANAE 2R A5k 4 ZolE wW AQHoR R A
Sehe w77k B7hsted 1000F o4 AFRSHE 719Y AR 0% Solzt
i 9t
Table 1. Number of goats and farms in each year
) 10749| 50799 | 100~ 299
Year Size >10 <300 goats| Total
goats goats goats
90 No. of farm 45,720| 3,058 363 132 8 49,281
No. of goats [100,709| 56,684| 18,645 19,218 3,584 211,292
99 No. of farm 66,172| 9,296 1,009 332 33 76,842
No. of goats |202,174(176,178| 63,052 46,016 13,783| 501,203
95 No. of farm 70,317 9,690 1,703 937 72 82,719
No. of goats [212,316(189,013| 109,109 141,535 28,788 680,761
98 No. of farm 50,008| 7,548 1,331 789 99 59,75
No. of goats [146,500(150,714| 84,783 115,361 41,181 538,539
99 No. of farm 45,677 6,628 1,156 630 80 54,171
No. of goats [136,195|132,164| 73,048 91,466 35,000 467,873

eS8 A

FYUE. 2003)

Table 2. Number of goats reared in each province (Unit; 1000)

Year Gyeongnam | Jeonnam Chungnam Jeonbuk Kyeongbuk
‘92 102.3 92.9 69.5 65.6 61.7
95 124.2 105.4 108.9 85.7 85.4
‘97 94.6 93.7 90.9 80.2 94.6
99 82.9 96.2 71.0 57.8 61.2
00 75.4 92.0 56.1 48.6 55.5
01 78.0 97.8 50.2 48.5 55.6
(495 4)
W I d29 =¥ A}S B X (Table 2)5 W thAo)FA oA 70%°] 4 <]
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disease virusi= AAZ HUHeol AA HdAAzZA FE AidA TR
HRo A AdHorw WSl HaEo] 9dom (De Mia et al, 2005),
2) classical swine fever virust® FUldA % =x] Zud= & Lzl H
ze] ofA Adw YddAo]lH, 3) bovine viral disease virus type 1 % 2
= T8 DA BAstH, das HAdAE FF AHS Fddva B
o] 2t} (De Mia et al., 2005).

W s mrgel AARA ZudA BEY & U AL, 4EF 4714 wole

m wepd AAFCRE F4e RUYS HASH] M= st a7 AW

1=3tx vt (Hurtado et al., 2004).
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g tjste] 3
A HALE
S Bz HALE AAE] Faste], WRde] #Ad S &
2. A1 5 A
Pestivirus Woll &3 <+ border disease virus,
HoY & woy Y 2
T ZEHY dUAES

primer pairZE A

7h. Rl
bovine viral diarrhea virus type 1 2 2, classical swine fever virus
g 5 e

® RT-PCR 7|¥H7/Hd:
T Foly diol 49y EEHolg
HE A2 Aok webd Sulel A EAskar
HAE=st7] 918+~ @A border disease virusol o gk
et Hdl A 55 @ 5 U dAd w2 A7 dE
pestivirus W2] 47}4] #lo]lH2E BEF AET 4 A+ primer pairg Al
Zhgheh, gk Z}zbe] wpole] o] thste] Ho] A<l primer pairs Al Zs)
L= gty 22t primer pairg o] &3 RT-PCRe WIfHEe}l Holk &
AAFEE7) 984 Arsst Zbzbe] ulol# A9 rabies virus® A 3454
RT-PCRS Fastt o€ 7/1dsE RT-PCR 7IH-2 ofe] A& O
O =% pestivirus We] 47FA] vpolel = HES A AR gL
® Real-time RT-PCR 7|7l Real-Time RT-PCR H]al4 A3 H|&
A #E3 SYBR Green methodZ ©]&3te] pestivirus A % border
48
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virus®o] W3+ screening testol]l &-83}3l, Probe hybridization methodE ©]

gkel 9

rot

t}. =3 A<43 RT-PCR-E primer pair =, pestivirus W9

bovine viral diarrhea virus type 13} 2, classical swine fever virusel &

o
a2
o

primer pairg ©]&3dle] I §5 S HAFo, oo AlEE Yo w

2

o
o
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A4

=
1}, ok9] Zd oA Pestivirus A3
® ELISA 7]¥& o] 83 Pestivirus A7} #HE: dA=xd 2= AF 3

ol oA wud welelsd W@ FAAE AAEI] SAdA

SvanovaAite] ®HUH FA7F ~=" ELISA kitE o] &3slo] #HALE 43

swine disease virus®t Y wAWFS-S S} wiLdl, Z}Zte] wiolyA~E

2 ofs] @A MRS BFW F, 47 weldaE AL 5 9

rr

monolayered cellel HEs & FstEdA7IE HAste], 2 ELISA kit

oM HAE¥ Aol oW mpolAlA] HARRH

]

® RT-PCR 7|¥<& o] &3 Pestivirus A3 2 AFzo] o&to] 7utw
RT-PCR 71¥& A=A d9=2 AF¢ o 79, =4 9 V&
Aoz RT-PCRS F335}o], pestivirus W2 border disease virus,

bovine viral diarrhea virus type 1 2 2, classical swine fever virus
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o Jud AXE FToA E&o] £ AEFE HHste] okefo A HHT AR
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® oju] Vector NTI suite 8 program (Invitrogen)< ©]-&3te] 93}= Ml
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Az A7 ES GenBankol| A &1 gk},

® GenBankolAd &R ¥ {FHA A7 <€ Bioedit software (Hall, 1999)
£ o] 83}9] trimming¥} alignmentZ A 71t}

® Aligned sequencest™ Clustal X package (Higgins and Sharp, 1988)
9] neighbor—joining method (Asitou and Nei, 1987)Z o]|&3}o] F4
gkt

® DBootstrap probabilities® 10003]7} =% AAFs}al, Phylogenetic tree
2 sequence pair distancest™ DNASTAR program (Lager gene)g ©|

g3kol A4t

A2A dyNesdy 23

1 g2 83004 RE3E RS T 9 7% vhelgze) Y# ¥
397 AA

7h FRAAN AASEFA G2 By Hlol# X~ FA 7 HA

W = Aol BEwel] Wi gAdEE vhetetr]flste] Garner o] Hil

Sol=E 7HAgsta, #dE F7F Ul ol¥ES 35%9f 95%e AFE FFo
2 Aa 2AS B9 1%7F A S 7HEske] w1 45 E A
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m 7 A3 F HA 7F 7= 338% 7, 1,355 dAaE EdAst

ol wEro® H: 2237 w7 1,142% 9 FAANEE FHFAC.

N
FH4

i

dS Svanovarle]l RO SA7F 23 Y ELISA kite} o ® vlo]

2129 BGFL A& o83 94 FT3rda dAlskai

il

Hoy FAF7 FolA Ngd REE AHEds u Ay 31.9% (15/47),
AE 276% (13/47), A 234% (11/47) =9 851% (4/47)& vEeEhd
A A7), S5, AES 4%0lste FHAES YEWAL, A AFEdAE
FAJUES-S 2kel 3 4= ¢l (Table 1 and Fig. 1 and 2).

FAHdoE 239 @ 2859 dHS UL ZE Pestivirus ¥ WS 89l

3t7] 918t BVDV, BDV, CSFV ta] 24z EHFA TS 2A S 2,

BVDVl dig dA717F BDVES HE ¢ 28] B A YewowH,

CSFVHT} 48] ol A9 £5& YE YA (Table 2 and Fig. 3).
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Fig. 1. Comparison of the antibody titer of border disease virus in the

goats sampled from each province.
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Table 1. Distrib

ution of antibody rate against the border disease virus

in each province

No. of positive farm/No. of tested No. of positive goats/No. of

Province
farm (%) tested goats (%)
Gangwon 0/3(0) 0/56(0)
Gyeonggi 1/19(5.26) 2/84(2.38)
Chungnam 1/7(14.29) 4/28(2.38)
Chungbuk 1/39(2.56) 1/138(0.72)
Jeonbuk 4/60(6.67) 13/315(4.13)
Jeonnam 5/42(11.9) 15/246(6.10)
Gyeongbuk 1/33(3.03) 1/143(0.70)
Gyeongnam 5/28(17.86) 11/123(8.94)
Jeju 0/2(0) 0/9(0)
Total 18/233(7.73) 47/1,142(4.12)
35.0
3 30.0 O Farm O Individual |
:q;; 250
© 200
2150 |
% 100 F
£ 50 ’_‘
o | mom [me m
S 00‘9\ & & & & o & &
& o & = ¢ & @*&QQ @@0°§
Provinces

Fig. 2. Regional distribution of positive sera against the border disease

virus.
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Fig. 3. Serum neutralization test results of border disease virus positive sera

to bovine viral diarrhea virus and classical swine fever virus.

56



Table 2. Serum neutralization

test results

of border

disease

virus

positive sera to bovine viral diarrhea virus and classical swine fever virus

No. of samples

Serum neutralization titer

BDV BVDV CSFV
1 2 2 2
2 2 4 2
3 8 32 4
4 16 32 4
5 16 32 8
6 16 8 4
7 16 32 4
8 16 16 4
9 16 32 4
10 32 128 64
11 32 1024 64
12 32 16 16
13 32 256 32
14 32 32 4
15 32 64 4
16 64 1024 64
17 128 64 16
18 128 1024 64
19 128 512 64
20 128 256 16
21 128 256 64
22 128 128 64
23 128 256 64
24 128 256 128
25 256 32 4
26 256 1024 64
27 256 256 128
28 256 256 256
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Y. SHeM AH5F A FaoM AEdH 7| B Hnol 2l & IBRV) e 38

CIEL!

m = 57HA S 11057 46175 tde= 4 A 7] ddntele] 2~ (IBRV)

m dYP A= MDBK cells o] &3dto] T3S A8kl om, 2uf o4
< IBRVel tiall Fdoz dAssi

m 1 23} 9.33% (43/461)9] FA FdES HEFHAT

m A9 A FPES FH 1613% (1593), A 1471% (15/102), d&

7.62% (8/105), A+ 3.92% (2/51), A 2.73% 3/110)c] At} (Fig. 4).

Seroprevalence of IBRV
20.0
=2 150
g 10.0 %
£ 50 % i /
Provinces

Fig. 4. Comparison of the antibody titer of infectious bovine
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laryngotrachitis virus in the goats sampled from each province.

W 5, S5 /M =2 FA FHES ddol M e FA FH4ES JEU

m 2 dAAu7IddRtel g el ek AV FE2 20l 32w kA 3l e,

A S A E 437N F A 28] 9] A 7} 74.4% (32/43)E VERY 9T

Sl AASFA oA HEJdEF AA3YPHEol B X (PI3V)l B g &

A8 A ZA

m = 7 AY 152%7F 795FE dde® A& ElEFdzr wloly s
(PI3V)ell digk AHHALE A skt

m FHHA= MDBK cells o843t dAFAES Ao, 2u] o4
< PI3 tial] ddo= AAs A

W 7 A¥ 10.19% (81/795)9] A FAES YE AL

m A Fe A 268% (8/31), H&E 14.16% (31/219), Hd 10.67%

S

(19/178), &% 1068% (11/103), 4 10% (11/110)¢] @A FAHES o

i

el wbd A7) (0/55), A& (09D, AlF (/)= A FEdES e

WA gkt (Table 3).

® 2 epAZFas wolHsd o FAF FEe 2olA 641 o 4R
darsiglon, derdErdae g8 s A9 tnre Jada @
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AFdE & &

4>
50
22
2

Table 3. Serum neutralization titer of the parainfluenza virus type 3 in

sera sampled in each province

Distribution of SN titer against PI3 virus

Total
Provinces <2 2 4 8 16 32 =64
Gangwon 23 4 4 0 0 0 0 31
Gyeonggi 55 0 0 0 0 0 0 55
Chungbuk 92 3 2 4 1 1 0 103
Jeonbuk 188 4 4 9 10 4 0 219
Jeonnam 159 2 3 5 7 1 1 178
Gyeongbuk 91 0 0 0 0 0 0 91
Gyeongnam 99 0 0 2 5 0 4 110
Jeju 8 0 0 0 0 0 0 8
Sum 715 13 13 20 23 6 5 795

3. 2 A8 2o AadA & ZEuuleEs (BCoV)d da BAE 2

m = 570 A 113%7F 480FE oz & IEuUnlolz] 2~ (BCoV)dl i

W PP v @S olgsto]l YA (HDAES AAlelen,

200) o]d& BCoVell tidh ddeo= aAAsdrt

A
Fl
e
o
at
)

m 1 A3 083% (4/480)°] A FHES WEUAT A9H
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W 2 ZRuwpol e ik FA|7F FE2 40uel A 80ui A A oH, €]

(A}
I~

AhoMH 232

i
o
ol
ol\
flo
:Eﬁ
o
A

o o 3 o) 2=
R g R

oh SN AP F ] BN opztutd], ofelk, F3F HiojE Ao t¥ Y

EIEN

m =W 77 A9 39%7F 3155 tidoR A& olrbubd], F3E ofo]wmlo]#
of tigk EHHAE A

m HFFHAE Vero cells ol&sto] zZ4zho] wpolg| o] g AHFIHAAS
AAsto] 20 o] FES Z; wpolg| 2o W] YA o= AU

m 1 A3} oprkupv] uwpeolE 2o tig FA FHES 12.7% (40/315), otolw=n}

olgf 2 13.02% (41/315), %+ wlolgl = 0% (0/315)5 YEFNSITE (Table

4, 5 and 6).
m o}l7puly] wlolelxo] AV} FFEL 1FoA 648] o] AS Bl WhH diREE
o] F3 dAVF= 29— 49)7F 85% (34/40)2 v+ FAVFE YERSITH

(Table 4).
m ofo]inlo] ~9] A7} FFE 2-4uf9] v A7 S YERH L U
t} (Table 5).

] of7kuiu] miolxe] FAEA e i AW ZE= AFdol 55% (22/40),

61



H&moel 375% (15/40), FHol 75% (3/40)5 e Cm, ofo]mnto]z
2% AW 463% (19/41), A 17.1% (7/41), 29 146% (6/41), F4,

12.2% (5/41), 45 4.9% 2/41), AF 24% (1/4D)E 27 et sl

i

m Z7]ujzfel] o] F FARES YEl= 3F wpole o] o

%

a4

10

l—xj| }_/\}_.

il

Boke] GaolA obztvhul whol e 2ok ofo]wupol e 27k Tl @ Ftol

=3
=

A

rlr
rlo

A sl des FAT 5 AN

Table 4. Distribution of SN titer against Akabane virus

Distribution of SN titer against Akabane virus

Total
<2 2 4 8 16 32 =64
275 31 3 5 0 0 1 315
Table 5. Distribution of SN titer against Aino virus
Distribution of SN titer against Aino virus
Total
<2 2 4 8 16 32 =64
274 23 16 2 0 0 0 315

Table 6. Distribution of SN titer against the Akabane, Aino and Chuzan

viruses

No. of tested

Virus No. of positive (%)
goats
Akabane 40 (12.7)
315 Aino 41 (13.02)
Chuzan 0 (0.0)
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H}.

FHAA AASFA BLAA 2 FutolHA(JEV)l g B 3HA A
FaoA dEHAutoly 2ol g FA FHES E7Iflste] 1205 7F 668
Foll gk AlsE A4S AANE (HDS F3te HHALES A8
A A4 ol AgE HIE 39S Nakayama straing AH&3HS )

HI 97b= 20v) o] S FAdo= sAshalh

U 94 668F T 60F (898%)oAM YAHES FAT = At

HI 9718 A94 Bxe 2y 20.0% (22/110), A5 18.8% (19/101), A%
10.6% (16/151), A7 4.4% (2/46), A% 12% (1/85), 2449 0% (0/103),
S5 0% (0/73)5 27t YERATh (Fig. 5A).

Ul g 124 2F 34 545 JYEha, S Sdae 11.03%
(60/544)2] FAES YERAAT

ARy Aufol g 2ol thEk FAFEL 1:20004 1:1600190.H, 20u1e] &HA
7}7F 35%E AFA 8Tt (Table 7).

60F FANES B A FTelA AR Ex= 249 ARANAANAN

sl s ddes dEHAuolH 2o HE A= Agor &
GE ], F2 FdRA o] JEVO] Wi = dAHES HolA dEH Hntol
28 w7l= 2719 A 93 gde] e Adew F4dn

TG 7HSe] dErde] e BUHY skt dael dEduids A
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F54 7] Wil ARV ARG FABI PABER Aavt

Seroincidence of JEV in goats 0

60.0 40

oo | [EPdsa mFam] a0

— C:EO

2400 Lq0
2 3

S =50
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Provinces <lvea 1y 2yex 3yexr  4dyex
Apdgas
A B

Fig. 5. (A) Comparison of the antibody titer of Japanese B encephalitis
virus in the goats sampled from each province. (B) Total age distribution

of the antibody titer for the Japanese B encephalitis virus in the blood
specimens sampled in goats.

Table 7. Distribution of HI titer against the Japanese B encephalitis virus

Distribution of HI titer against JEV

Total
<20 20 40 80 160 320 =640
608 21 17 10 2 0 0 668
AL AR
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FUell A ASFQ FAE ddoew A 2234 H7h 1,142% 9 B wh
ol zo Oist A FYMHES A Ay T4 807% (18/223), /NAE
4.12% (47/1,142)5 e A

wheb ol A

k
ot

I
ok
o

©
o
N
rr

N
ok
1o

Ae1A el Pestivirus?F A 34

I PSS B AFE T3 & & ddew, O HANELE R07T%EA A

Aa Hodupolgize] did qA FAHAE 28F9 FHES 3F (BVDV,
BDV, CSFV)e] nlol~E o]&sle] dH waputes AAs A3 BVDV
o3k 3717 BDVRETE 28] ¢ &A1 718 Ve la, CSFV &4 7R 4u)

ool FE&s UEddTh

w2 Z#7 gujd=E A2 M 2T = EEH2 BUEYE AW S

2l © 7| &= bovine viral diarrhea virus®] 3= AL 71H AAHgH

Y AE Jeom odxroa] 7F ulolz]x AstY fE HHTH HAS
A A gk Az IBRV 9.33%, PI3 10.19%, BCV 0.83%, Akabanevirus
12.69%, Ainovirus 13.02%, Chuzanvirus 0%, JEV 898%¢ %*A&ES Z+7

LERA AT

W 2 AAESRE Fotol mWelME AF7HA AielM dE A A FRE 7

F9 wholelay Wwol WASL glom, Fautele st & mzibrbole
28 A QA wslwdrele s, st EFAA 3, opzbubd] ol

22, ofolscubolel s, ARG wpole 2t FBE Ee SR WAFT AL

[¢]
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m $je} 422 HOT COmplexet 25 2 FAHET ostd 7lel24 Fda

o

W ulge 9550 gRon, Age HFe Fusty FA G &7

m A BT AN A S 23S Bloy I 9] ATdAM= 5

Fig. 1. Goat, lung. (A) Congestion and consolidation of apex and middle
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lobes of lung are observed. The other lobes show also diffuse mild
congestion and consolidation. (B) Magnification of Fig. 1A. (C) Note
diffuse severe purulent pneumonia. (D) Magnification of Fig. 1C. Diffuse
severe neutrophils are infiltrated into the alveoli. Fig. 1C and 1D, H&E

stain.

Sk HEFEO &% §8 LFTl HaEe] A (Fig. 2).

% i:'!

Fig. 2. Goat, gastrointestinal track. (A) Gross appearance of

gastrointestinal tract. (B) Villi epithelial cells are heavily infected with
Eimeria spp. Note diffuse severe infiltration of lymphoid cells in the

lamina propria and submucosa. (C) Note two larvas of tape worm in the
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jejunal lumen. (D) Unidentified protozoa cyst is observed in the lamina
propria of jejunal villi. Fig. 2B-D, H&E stain.

W A2 z2FRgHog kAol F5 % patch-form tubular degeneration %
Ao R Fd ol UATh
5 A0S How, Al1YH

9 wAbeh Aubeke] YET A6

R

T T3

B>
)

)

Ay skl

Fig. 3. Gout, spleen and cerebrum. (A) Multiple severe lymphoid cell

depletions are marked in the white pulp. Note multiple moderate
congestion in the red pulp. (B) The number of glial cells is increased.

Capillary vessels are congested and look like capillary sprouting. H&E

stain.
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H

w ¥ ZHAAM MTFEHE A =3 A3 Haemophilus o] &5 A}

w2 Aol st I8A A AAE AR 23 Neomycin,

Gentamicin, Tetracycline, Sulfamethoxazole, Enrofloxasime®] =4 0]

91+ WhHo Tiamulin, Ceftiofur, Lincomycin, Lynco-spectin &ol+ #3

Table 1. Antibiotic spectrum against the Haemophilus spp. isolated from

lung of goat with severe purulent pneumonia

Anibiotics Sensitivity
Neomycin +++
Tylosin +
Tiamulin -
Ceftiofur -
Lincomycin -

Lynco-spectin -

Amoxicillin /Clavulanic acid ++
Sulfamethoxazole—trimethoprime ++ +
Gentamicin + 4+

Kanamicin + +
Tetracycline + 4+
Enrofloxacin + 4+
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2 (Fig. 4A and B).

(abscesses) = &

7} BT}

-
X

gel %

Bolo] AAg A

e

HAZI 2 T2 = o

-
X

Al
h= i

_‘:z
LN

CEIES

m ohd

F¥ol AAJH (Fig. 40).

2 Az 2

A A e BFT

o=

TAZE AEHATIZ T4

Eal

CEEEREE EE

W 5

e Atk (Fig. 4D).
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Fig. 4. Goat, lung. (A) Multiple severe congestion and consolidation

throughout the lungs are observed. (B) Magnification of Fig. 4A.
Multiple abscesses are formed (arrows). (C) Abscess consists of central
necrotic debris and peripheral inflammatory cell infiltration. Note severe
alveolar edema (arrows). (D) Magnification of central necrotic lesion of
Fig. 4C. Multiple hypae of Aspergillus spp. are seen in the necrotic

debris. Fig. 4C and 4D, H&E stain.
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m 9ol Sl 13 Zeld A 3 AEe] vwvkd A3 953 (Fig. 5A
and B)¢t 2 oAM AG7HA dH A AA F= dFol §2 afFIoAM

Z7 Aot} (Fig. 5C and D).

Fig. 5. Goat, liver and intestine. (A) Diffuse liver congestion. (B)

Magnification of Fig. 5A. Diffuse liver cell atrophy is marked. (C)
Moderate catarrhal enteritis is observed in the jejunum. Note an
unknown protozoa cyst in the lamina propria. (D) Magnification of an

unknown protozoa of Fig. 5C. Fig. 5A-D, H&E stain.
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Bt (Fig. 6B).

® (Fig. 6A),
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27 ol A

37 9%

o

m 1 9

interstitial

Diffuse severe

(A)

lung and Ilymph node.

Fig. 6. Goat,

1S seen.

adenitis

Severe purulent lymph

(B)

1S observed.

pneumonia

H&E stain.

e

g

m ol AFe ®eld Ay Pasturella multocidaito] 2500w,

A3} Ceftiofur, Lynco-spectin,

2:5_]__

wed AAE AN

A

Aol E9kom, Neomycin, Tylosin,

el

Enrofloxacin®]
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Tiamulin, Amoxicillin/Calvulanic acid, Sulfamethoxazole-trimethoprime,
Gentamicin, Kanamicin®] $%5 =2 740l =9kt

m A5k Tetracyclinell talX = WS HAt (Table 2).

Table 2. Antibiotic spectrum against the Pasteurella multocida isolated

from lung of goat

Anibiotics Sensitivity
Neomycin +++
Tylosin +
Tiamulin -
Ceftiofur -
Lincomycin -

Lynco—-spectin -

Amoxicillin /Clavulanic acid ++
Sulfamethoxazole—trimethoprime ++ +
Gentamicin 4+

Kanamicin ++
Tetracycline +++
Enrofloxacin +++
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W el lentivirus®l 2] 3t chronic progressive pneumonia©]th.

of AWe AYHAM & 5 %ol ofd AWRY WA 1Ay Aol

=

™

gxlo] AAFAe 24 ol FrE WAy s}

AnHoz 1Ay APol WA, Ao W50l WoiA 244 A

¥ Pasteurella multocida= @FArANME 354 7]
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=3
A
>
re
ofN
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>
ShiA

wA dAHe FEets AomA olH g 2akAlRte] Al s 224 ¢

>

T4 HHo] olggt st s g JheAol =& Jow d4ddn

w wEtA B ZH o] lentivirusol ¢ 3t chronic progressive pneumonia$l X
TE 5 AEY eVt Y& ASE AEHL

H
o

I oyt AFE Fastoor T o|fF7F o2 dAolAXE chronic
progressive pneumonia’} #ZE Q7] wlFolw, o]d A= ol 7|&E

sheae.

.= 4
B et S 39 92 BohelA FAle 9@ AxbAlol
B A Fa 39 vl fAR 9w 0 e HAAY, Aol AL

oM Al shsd dHol #EE Aotk (Fig. 7A).



® swde dAde muwden REsdi, 53 B PR AAA
g

oat-shaped cell & W dE NIAFZ A3 A EE0] AsA A&

At (Fig. 7B and C).

Fig. 7. Goat, respiratory tract. (A) Severe congestion and consolidation
are observed in the apex, middle and a part of diaphragmatic lobes. (B)
Diffuse severe purulent pneumonia is seen. (C) Magnification of Fig. 7B.
Severe pneumonia lesions are occupied with the mass infiltration of
oat-shaped neutrophils. (D) Trachea epithelial cells shows diffuse

decilliation on their surface. Fig. 7B-D, H&E stain.

m =3 7] A AE ®Hel JE microvilliv RIRFE R ASHA ©Ehy o]
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W g v thigel el AfelA, TuAe PET A L Akl )

i)
i)

& o Aoz wubge] A E Ffol| o3 FAdEe] &
W3] F2E Y (Fig. 8A and B).

w 9o g 2Ae o] FaAelA v&d An e Adel o i

Fig. 8. Goat, spleen. (A) Multiple moderate congestion in the red pulp and

lymphoid cell depletion in the white pulp. (B) Severe starry sky

appearance due to active phagocytosis by macrophages. Fig. 8A and B,

H&E stain.

m Hol A= Fd 33 o] Pasteurella multocida o] % 2t
mE FHdE Fd 373 LI 94 M A 5L A HA dFHH FEHZA,

@ 39N 7]=d v} o] 7hA g HHo] M G- Qo= ol

Zo] 2 4 AwAd HHol 92 & e RS AT F £ UG
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e
=5 AFe /BA Weld AAsE Aol opm, BF HE oA FA8

Aol SAomA, ol S o & AT Mullerius spp.

Sl A Al M= HFe] TARIIE JUAARE, de] HE2 2 FEE A
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Fig. 10. Goat, lung. (A) Large ruptured abscess is seen. Note diffuse

moderate congestion throughout the whole lung lobes. (B) Diffuse mild
and moderate interstitial pneumonia is observed. (C-F) Variable sized

lung worms are noted. Fig. 10B-F, H&E stain.
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Fig. 11. Goat, trachea. (A) Note diffuse severe desquamation and

lymphoid cell infiltration. (B) Magnification of Fig. 11A. Submucosal

ducutural hyperplasia is observed. Fig. 11A and B, H&E stain.

B2 Ay tA -] amorphous eosinophilcdr o} Zol= EZo] mut
Aoz AetA AAA A, TN EE A AFE 21S 1A (Fig
12A and B)
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Fig. 12. Goat, liver, spleen, kidney. (A) Note severe mottled liver. (B)
Disses’s space i1s packed with amyloid, leading severe hepatocyte
atrophy. (C) Multiple small white foci. (D) Heavy deposition around
atrophied white pulp. (E) Pale cortex and borderline congestion between
cortex and medullary. Amyloid is deposited segmentally in the

glomerulus. Fig. 12B, D and F, H&E stain.

m 2 = ALl 39l AAAM Aol ot ARA milow, ol
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of ofsfr ofe] AxErbel et

Fig. 13. Goat, stomach and mammary gland. (A) Stomach with nonspecific
into submucosa,

lesions. (B) Marked epithelial cell hyperplasia invade
(C) Mammary gland. (D)

leading ridge and keratin pearl formations.
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Purulent mastitis with multiple calcium crystals are formed. Fig. 13B

and D, H&E stain.
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o2 AbR

6. =4 6 (Case # 05-155)
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m 2 FHs Tl A
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ol

of e s ol AT (Fig. 14A).
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Fig. 14. Goat, lung. (A) Dairy goat carcass. (B) Diffuse congestion and

septal edema. (C) Diffuse moderate interstitial pneumonia with lung
edema. Note multiple lymphoid cell aggregations. Fig. 14B and C, H&E

stain.
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W EAHon o Wwe BAF A, vwdel a4 APH A FFe] 5

Fig. 15. Goat, lung. Papillary adenocarcinoma. Tumor lesion shows
multiple papillary projections which cover with low columnar epithelial
cells. Note severe infiltration of neutrophils in the Iumens and

peripheral Iymphoid cell infiltration. H&E stain.
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Fig. 16. Goat, joints. (A) Periarticular inflammation around carpal joint. (B)

Periarticular inflammation around elbow joint. (C) Magnification of Fig.

16A. (D) Purulent inflammation and hyperplasia of synovial

16D, H&E stain.

cells. Fig.

® owE HYE W W 5 Fd: e YTTY Ax APk

(Iymphoid cell aggregation)E°] #2-¥ A},
m =3 o] B oS dFd Wue] dEEQom, W

= W 4ol dERd Wz saHo AT (Fig. 16A-C).
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type B/D retrovirus® <A gt}

o] mlolg] ol s LAsIE H o AUFEL low grade carcinoma®s

e

3}7] W&ol A= pulmonary carcinomatosis@}il FEt},

Pulmonary carcinomatosist %<& 7|2+ EE T7boA] @Asta Qlohal
HuEQon 53] A AL&Fehe A GodA F7] e oA A sttt
Retroviruso] 2]&] @A3dt+= pulmonary carcinomatosistE oA = o=
HAR 7 glow, meka] Ul A% ofd g ApA|gE JstxzALE G383t

ojof 3 Ao Z A= ET}

m 2 Sl E HEA Fge] dFEAT. mekA o7 Ait= dellA T

3 = 3HF 5HIT o] Retroviridae W9 lentivirusol] oajA &= 7}
Aol =t AE AlALetaL Q. whebA] S ofof] tidk ARAISH o A}

b A HZEo] FutEojof & Ao Atrd
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Fig. 17. Goat, rumen and mesentery. (A) Single transluscent cyst
measuring 5 cm in diameter is attached to serosal surface of rumen.
(B) Two cysts (4 and 5 cm in diameter, respectively) are attached to
the mesentery. (C) Cyst lied with cuboidal epithelial cells bulding up
villi like structure. Inner connective tissues containe duct like structure.

Fig. 17C, H&E stain.
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Fig. 18. Goat, liver, kidney, heart, rumen. (A) Severe deposition of

amyloid in the Disses’s space, leading hepatocyte atrophy. (B) Severe
leakage of eosinophilic protaneous materials in the Bouman’s space and
the lumen of tubules. Note minimal change of glomerulus. (C)
Endocardium is markedly thickened by fibrose tissue. (D) Diffuse mild
hyperplasia with a pustule is observed in the rumen. Fig. 18A-D, H&E

stain.
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W B dlolz]2e RS 93 Aoz Aveyron straing BGFL(black
goat fetal lung) cellZt MDBK celldl HFslo] 1 A4S AyE Ay zt
7} 10°° TCIDs/ml o] 5218 A< latsitt (Fig. 1B).
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Fig. 1. (A) Mock inoculated MDBK cell. No positive signals are observed.

(B) Aveyron strain-inoculated MDBK cells show strong positive reaction

in the cytoplasm.
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W %ol 51507 el AxolA FotEAl, £F7 U AAE

50%°] #HAALES YErHE 5o

g9 % Y
FoogeAuE, B ApeA

Parainfluenza 3

.

Faw

e

Qos|n of

4= ol&ste] BHW mpolg Lol ik

AAANS AR 23 BEd nlo]g e o)

71k 7E9

T FARES gl
Hpol¥ & oA

Hpol g ol ek FAVIF B AS Bl AEH

Table 1. Summary of region, samples, virus isolation and diagnosis

) Sample kinds
Region
and number

Virus isolation

MDBK BGFL

cell cell

Remarks

Gyeonggi Incheon Blood, 4 - - Serum positive for BDV
Chungbuk Chungju Spleen, 102 - -
) Tissue 2,

Chungbuk Jinchun - -

Feces 1
Chungbuk Yongnam Blood, 16 - - Arthritis
Chungnam Buyeo Blood, 4 - - Serum positive for BDV
Chungnam Yesan Blood, 4 - - Serum positive for BDV
Jeonbuk Sunchang  Blood, 3 - - Serum positive for BDV
Jeonbuk Sunchang Blood, 6 - - Serum positive for BDV

Blood 11,
Jeonbuk Sunchang  Feces 4, Nasal - - E. coli isolated

swab, 8
Jeonbuk Namwon Blood, 4 - - Serum positive for BDV
Jeonbuk Namwon Blood, 21 - -
Jeonbuk Changsu Blood, 8 - -
Jeonbuk Changsu Blood, 7 - -
Jeonbuk Changsu Blood, 5 - -
Jeonbuk Changsu Blood, 7 - -
Jeonbuk Changsu Blood, 7 - -
Jeonnam Damyang Blood, 4 - - Serum positive for BDV
Jeonnam Hwasun Blood, 4 - - Serum positive for BDV
Jeonnam Blood, 4 - - Serum positive for BDV
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Yongkwang

Jeonnam Kohueng  Blood, 18

Serum positive for BDV

Jeonnam Sunchun Blood, 5

Serum positive for BDV

Jeonnam Hampyung Blood, 12

Abortion

Gyeongbuk Blood, 20

unkyung

Serum positive for BDV

Gyeongbuk Sangju Tissue, 2

Gyeongnam Haman Blood, 17

Serum positive for BDV

Gyeongnam Kimhae Blood, 3

Serum positive for BDV

eongnam

G
Cgangwon Blood, 5

Serum positive for BDV

Gyeongnam Kimhae Blood, 6

Serum positive for BDV

Total

Blood: 195, Tissue: 106, Feces:5, Nasal swab: 8
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9+ Pestivirus W2 bovine viral diarrhea virus type 1 2 2, border

disease virus, classical swine fever virus 4% 9
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S5 Yot Holth

H|Z olE 4% wloleizo] ik A7 ARl A bovine viral diarrhea
virusel  thgk A 7}7F border disease virustt classical swine fever
virusell  BlE|A  =A ye9l, HAF ARES A Wol|A  bovine viral
diarthea virus7} Z9EAS 7S =A9k 843 horder disease
virusth classical swine fever virusel 23t &A|7}7F obd S wjAst7] ¢8|

4 ey Aol Ha st

A

rie

WA RT-PCR 71"< 7#st7] 918te] primer pairs® A4S gt

(Table 1 and Fig. 1).

e
i}
rr

Primer pairs¥ Pestivirus genome WolA % AWnritt 1w EA o)
5'-NCR F-9lollA 173ttt

T3 border disease virus (BDV)E  &elA WA= bovine  viral
diarrhea/Mucosal disease virus (BVDV)$} o} fAFSte] a9 & Aol

oA o] F Awo] wxztstr] wjzol BVDel #HEE 4 Sl primer

pairsE 7l&ek Tk
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Fig. 1. Genenomic structures of pestivirus. Primer pairs are designed
from 5" NCR region. Using these primer pairs, border disease virus and

bovine viral diarrhea/mucosal disease virus can be differentiated.

Table 1. Primer sequence for the amplification of border disease and

bovine viral diarrhea and mucosal disease viruses

Primers Sequence Region
V324 | ATGCCCWTAGTAGGACTAGCA
108-395
V326 | TCAACTCCATGTGCCATGTAC
All AGTACAGGGTAGTCGTCAGTGGTTCG
169-381
Al4 CAACTCCATGTGCCATGTACAGCAG
pBD1 | TCGTGGTGAGATCCCTGAG
136-361
pBD2 | GCAGAGATTTTTTATACTAGCCTATRC
RB21 | CGACACTCCATTAGTTGAGG
75-191
RB22 | GTCCATAACGCCACGAATAG
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o] AFe] primer pairsE ©] &3l Reverse Transcriptions 55Col|A 10 &3
3319 3L, primary heating=S 95Cel A 30%7F 3315 T}

1 & PCR cycles 95T 18, 58Tl A 30x, 72TColA 10%7F & 30 cycles
= T35kt
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W3} o] V3249 V32622 RT-PCRE 48 ¥ SFo] 57 &9ks 4
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Z HAAIE 4 & Real-Time RT-PCR 71¥H-2 H[A Alg H]&o]
A #H3s SYBR Green methodE ©]-83}9] pestivirus A4 2 Border virus©l
3+ screening testo] #-83}1l, Probe hybridization methodZ ©]-&3}e] &
Hat3d .

Z SYBR Green Methodsol A}8€ primer pairsZ+ 23 #Zt} (Fig. 2).

V324 & V326 2 Pestivirus—common®|™ pBDl & pBD2< Border Disease
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virus specificd+ primer pair®] t}.

m R E probei= V3242}V326 primer?] FZF QoA 7F4 F7hAE A o] wHojuy

Mol w7l A& 7% Fopq Adatgrt.

el

R
H

-

Fig. 2. Development of real-time RT-PCR for the detection of border
disease virus. Primer pair and probe are designed from 5 -NCR located

at the 5’ terminal of border disease virus.

m = Border Disease virus (Averyon, Lyon)-CNEVA alford, Bovine Viral
Diarrhea virus (NADL), Classical Swine Fever virus (ROM)S ZEFF=2 Al
£3g o, thx+ 2 2= Rabies Virus (ERA)S AH&3H9d T

m Fig. 3.3 #o] V324 & V326 primers ©|-&3F Primer 271 A4 23 oA
Pestiviurs<:ol] &3l EE Hlo]lgl~ &, BD-Averyon¥ BD-Lyon, BVDV,

CSFV & 3%F¢°] vlo]le] 2~ Ct ValueZt BD+= 15, BVDV+& 22, CSF=25%
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Fig. 3. Primer pair, V324 and V326 amplify all virus belonging to
Pestivirus including BD-Averyon, BD-Lyon, BVDV and CSFV. The Ct
Value i1s as follows; BD=1;, BVDV=22; CSF=25; NTC and ERA =

non-specific signaling is detected after 30 cycles.
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m Melting analysisE &3l Zt7te] S 3%H4FE 9] melting temperature
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¥ BDV, BVDV, CSFV =5 ¢F 859 Tm valueZ H.o] A9 593% A&o] A

m =3 ERAS NTCE= 2k 759 Tm valueE R+, o= ddbAd 02 amplicon

2] Tmeo|] 80 o] Ho|7] &< primer dimmer® FA33At+ (Fig. 4).

BD*kyoh

ERA fia |

Fig. 4. Melting temperature of BDV, BVDV and CSFV by melting analysis are
85 Tm value, indicating same products are amplified. However, ERA and

NTC are 75, indicating amplified products seem to be primer dimmer.

m o83 ZZH AES gel electorphoresis® E3] amplicon®] Ato]=E 13t

Az}, 3%9) vpolgj s B oF 288 bpe] FEld WHEE Ho] B FZo| o]F
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e & 4 U3 NTC% ERAv= SF4HEo] ¢l (Fig. 5).

m A dzTtel e v ekdt =Fprimer dimerZF A4kl Fof 30 cycles ©]
Sof A w ket signal®] #HEFH AR Tm #hol oF 752 852 ampliconZF+= 10
olge] &ds] vE Tmes HAozA FFo fH5 dddt=d EA7 flas

ghel sk

i

Fig. 5. Real-time RT-PCR results using the reference strains. Primer pair
designed amplifies BDV, BVDV and CSFV (lanes 2-4) and expected band,

288 bp, is detected. NTC and ERA are not amplified with this primer pair.
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m =3 BDV-specific primer set¢! pBD1 & pBD2Z ©]&3}o] real-time
RT_PCRS 383 23 AveryonT¢} LyonT EF Zt7} Cp value7t 15 2 20
o2 yEelykon 28 pestivirus o)X WF o} wlolg 220 BVDV, CSFV %
o]%¢] Hlo]#] ~<l rabies virus®t NTCol M= ZZo] ¢F 35 cycles ©] %] 1}

ettt (Fig. 6).

1 BD-Averyon

BD-Lyon

Fig. 6. Border disease virus (BDV) specific primer pair, pBD1 and pBD2,
amplify BDV strains Averyon and Lyon at Cp value 15 and 20, but

BVDV and CSFV, and rabies virus and NTC at 35 Cp.

@ Melting analysisS 33 23 BDV? averyon¥ lyon B5F °F 859 Tmit<
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Boy & ulolgix @ NTCx= ¢ 70 &3¢ Tm #<= Xl primer

dimmer= F#4 39t} (Fig. 7).

U ]
BD-Averyon

o BD-Lyon

BWDV

ERA

Fig. 7. Melting temperature of border disease virus (BDV) strains Averyon
and Lyon are 8 Tm value, meaning same products are amplified.
However, ERA and NTC are 75, indicating amplified products seem to be

primer dimmer.

W o]#3 FZ &S Gel electrophoresis® gHeldl A3 BDVE 9F 225 bpY
ampliconS 18 4 Qlla, Y Ao A= AEo] A o} primer dimer®

A2AA (Fig. 8).
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Fig. 8. Real-time RT-PCR results using the border disease virus reference
strains. Primer pair designed amplifies BDV strains Averyon and Lyon
(lanes 2 and 3) but not the other viruses even in same genus, BVDV and

CSFV (lanes 4-5).

®m T3 real-time RT-PCRY R E=Z AASH?] ¥4 Aveyron strainol A =

213 BDVE 105 A3 A5t real-time RT-PCRol A AZESAE g2l
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AE ¥ 10°TCIDsy/mI7HAl HZ& 3 4 At (Fig. 9A). 3 BUld o AA &
o] |

£ WA S = real-time RT-PCRS 483t &nl FGAI T RE Sl %<l 1t

S5 #Ad & 5 AAH (Fig. 9B).

A.
Marm. Fluara.
102
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10425|
% e s s o s W cyck
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B.

Morm. Fluora,

10°2|

Threshold

10%25)

4 Cycle

Fig. 9. Sensitivity of real-time RT-PCR against the BDV (A) and
application of field samples (B).

m o)Ae A¥ES F33H, V324 & V326 primer set (PanR @ PanF primer

pair) & Pestivirus A A ¢ A AEE A3t =d 9o 439, pBD1 &

pBD2primerset £ BorderDiseaseVirusd] £0] 4 42 & &+ 9 A}

111



A& A% AAY ADEL o83 F A2 FAAA By

g Ao 4%

RT-PCR, nested PCR % Real-Time RT-PCR 7]¥<& ©]&3F Pestivirus
A=

Tl A AFSFQ AAa F7Fel A Pestivirus W2 border disease virus,
bovine viral diarrhea virus type 13} 2, classical swine fever virus® %
Aoli-5 A7) flste] vad 22 b e ARESiH

5 2 AMEETE AFET] d]] 1999 =5Y 20040 =7k o] sk o
Aol ojgd 94 9 2 BAEARA ogHE A AHAT =ATMHES
pestivirus A& {8l AFE&3A T

2 ARG o] A1zt 20049 %= (A1)l = 3571 oke] dais Aol A A FH s

o2
[
=)
o
B
>
o
BN
>
o
=
oz
o
fr
=
G
ige)
a
=
N
i)
oj
o
o
oo
=)
0
(o)
(@)
&
=
=
c
102}

=

1o,
o
i
rr
off
o
o
=
o
)
i
>
>,
il
il
)
o
o
t
j=9)
0
g
@
=
N,
i
oj
o
9
o
ol
2

ol
S
X
o,
il,‘
>
o
o
T
o
=
rr
off
o
o,
il
o
o
=
oz
o
u
=
-
ige)
@
=
N
g
oj
o
o
ofo

112



e pestivirus A& Al
m 7 A3} pestivirusoll &3sh= 4744 dlolg ~E FAld A

% PanR primer pairg ©]&3% RT-PCRelA & 759 <

T AR (Fig D.

?_].tg.' T A A

ftlo
1o

Aol wg

13 + -

| ]
da

T 8 9 10 11

M

ZEE b e
Fig. 1. RT-PCR results with primer pair which can amplify pan-pestiviruses.

M; 100 bp marker. Lanes 1-13; field goat samples. Lane +;, border disease

virus. Lane —; mock sample.

E0]2¢] primer pair$ classical

ol#]3t 7}HE<S border disease virusel

(m]
swine fever virusel E°]& <l primer pairE ©]&3% ZtZte] RT-PCRS
gk Ay 25 SAdolAth
disease virusel E-°]& 9l primer pairg ©°]&73%

@ 3}A 9 bovine viral

A= bovine viral diarrhea
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115



ole 2 weld AEatgict,

W o A% Peld vhelese A% Al AXUYERE Bl A%

W S WEFM FASD Ut A9 2 07w, obbuhiy, ofol el

’

2 49F, oluteb s 2o 5F7] W WA/ AR U A4S 3

(m]
t
o
=
i)
%
S
E
N
)
b
id
2
=
ol
ol
s
=)
D
i)
Q
=
<
D
w0
—t
=B
=3
j=)
@
o
roh
o
2
)
o
=
o
[o

I olfrE 27 AREE
B Eoldow AZE primer pair’} bovine viral diarrhea virus
type 2= % = 917] Wil

m  webx 1998 Bl 200474l el g e d=E THHES o
£3}9] retrospective studyS thA] Al 3T

W oF o] @RI AEE YASE RNAEZ 33 & real-time RT-PCR

7} conventional RT-PCR& pan-pestivirus primer pair V324/V326& 9]

116



£33t 38ttt V324/V326 primer pairs  pestivirus genome® 5’
non-coding region (5'-NCR)& ZSZAZ 4 3t} (Vilcek et al, 1994,
Kim et al., 2005).

W 2 A3} expected band’} 99D234 ZFd<l F &= wiYAE AE=d

(Applied Biosystems)E o]-&3to] 32 A7|HE BA4S 3o, &4

A A7IAES 99Gt23dE ek, orlelA ol FHAFE=
GenBank data libraryol] DQ395287% S5 &% o <t}

@ Phylogenetic analysis®= 7]&0] Hi1¥ pestivirus® 5 -NCR¥} NP M <&
= e w AAsS

m o]w Vector NTI suite 8 program (Invitrogen)S ©o]&3le] ¥sl= v
FAx A7 ES GenBankoll A xS}

W GenBankolA FRHE FAA A7]A DL Bioedit software (Hall, 1999)E
0] 8-3}o] trimming ¥ alignmentE& A% T}

@™  Aligned sequencesi+= Clustal X package (Higgins and Sharp, 198%)¢]
neighbor-joining method (Asitou and Nei, 1987)& o]&3&}o] #2159t}

W Bootstrap probabilities:= 10003] 7} = =2 AAFsFS ).
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Phylogenetic tree % sequenc pair distances DNASTAR program

(Lager gene)< o] &3t 2443kt

s
2

1 Ay} 99Gt234+ phylogenetic treeoll /] BVDV-29] sj=-€rc}
ettt (Fig. 1).

AAZ BVDV-2& A AAA R dadAae s Hart glilew, sk
o] ZolM e wi¢ =EA I T BaE

99Gt234 FHA Q7IAEL wFredlA BHaE BVDV5521-95 (AF039174)

38

o},

J
(<0

1 &r 9l

i

AL 99Gt234 FAA A7 AEgGH o At o
2 I dEAA BAF BVDV-2R 5wy 3ol FAs BVDV-2
o 7MtheE e & 5 AT (Fig. D).

olgdt A¥t= fEluEr AolA #EE BVDVs (Bo3337 Bo388)el Al 1o
X Adket v fAEATE (Park et al., 2004).

T3 Y 4olA EEl®d BVDV-1 (Bo333) #ElF& BVDV-1bol 3t

A% FEsa
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890/U18069/USA
Waters|.32895/Canada
11-M-O7/PTY293603/Italia
993 234/DQ395287/Korea

—H— Bo388/Korea
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— 1S1 NCPO1/AB)42669/Japan
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BDVSCP/U17149/Gemany
99Gt234/DQ395287/Korea M

Giraffe/NC00367 8
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Fig. 1. Phylogenetic tree of 5 non-coding region (5-NCR) (A) and NP°
region (B) sequences from Korean native goat isolate and other
pestivirus isolates representing the major four genotypes and subgroups.
Giraffe isolate was designated as outgroup. The aligned sequences
correspond to nucleotides 142 to 371 of 5-NCR and 486 to 793 of NP
in the BVDV-1 NADL sequence. Individual sequences are listed by
Name/GenBank accession number/isolated country. Averyon and Lyon2

sequences were from NVRQS stock strains that were Kkindly donated
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(m]

(m]

from CNEVA, France. Bo333 and Bo388 sequences were kindly

provided by Dr. Bong-Kyun Park of Seoul National University, Korea.

99Gt234 A=A F7|AE o= variable region II (VR-I)9} variable
region III (VR-IID7} d&=dl, ©] F91& pestivirus HollAE A7IME b

o] Aol A pestivirus 7ol A5 AFS¥E Y (Ridpath and Bolin, 1995).

o] 95 W3 Gr|HES 7|Ed Hu¥l BVDV-2 ZEFF<2 BVDV-2
prototype 890 Fo} A7IHES Hlw X3 Ay odx 2 o] ML

r (
2
o
oo
o
12
+

g e & olggofol A 2% bovine-origin

BVDV-22l 11-Mi-97¥ w]=relA #2]® BVDV5521-959F wj-$- f-AFgH b

o],
VR-1 1

211 225
890 CCTTTAGICGAGGAG
Waters A
11-Mi-97 ACC..........
BVDV5521-95 ACC. A .......
99Gt234 ACC...T......
502643-02 AC..A .......
Bo388 A CA.C..
IS1T NCP91 A C..TGC. .
Soldan . TGGC. ACAAGA. . .

VR-111
287

Shto A HaE bo3skyE tETE AL 4 4 Ut (Fig. 2).

324

CGT GGGTGAAAGCGCCATTC- GTGGCGTCATGGACACAG

AL T - T
LA CI T
Ao A ... T-....T..T
Ao A ... T CT
Ao T-A .. T..T
Ao ST T
A A .C. A -.C.T
LA AT...CTT.

Fig. 2. Alignment of 5 non-coding region sequences from Korean black
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goat isolate and other BVDV-2 isolates. Aligned sequences correspond

to VR-II (211 to 225) and VR-III (287 to 324) of BVDV-2 prototype

strain 890. Dots and dash indicate the identity with 890 sequence and

putative nucleotide deletion, respectively.
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pmimerE ©]&3t4] RT-PCRS 33 2

&
oy
ol
=
1o,
o2
ox
ofN
1
24
e
lle}
dot

A 4 AR}
m ©] PCR productZ A A 3ste], pGEM-T vectordl cloning3l$itt.
m F42e AYS Fesr)$lste] Sac I 9 Agasr=z A ste] NTRY

s9 S Helstc (Fig. 3).

Table 1. Information about farmer, city, breed and name of clones
containing amplicons amplified by RT-PCR with PanF and

PanR primer pair

Name of
Farmer Address Breed
clones
Seong-Uk Yong-Wheol, Wheol-Ya,
s £ Saanen gulo]
Jeong Ham-Phoung, Jeonnam
Kum-Jeong, Sim—-Cheon,
Sang-Don Koh Saanen Ao}l
Yeong-Dong, Chungbuk
) Han-Lym, Kim-Hae,
Yeol-Kyu Jin Korean goat Xt
Kyungnam
Hyoung-Yon Dong-Kang, Koh-Heung, )
Y & & & & & Korean goat a8
Park Jeonnam
Ja-Kyun An-euh, Ham-Yang, _
4 £ Korean goat A5
Jeong Kyungnam
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Fig. 3. Confirmation of pestivirus-expected band inserted into pGEM-T

(m]

(m]

vector using Sacl and II restriction endonucleases. M: 100 bp marker.
Lanes 1-6: pestiviruses detected by RT-PCR with PanF and PanR
pestivirus specific primer pair.

abslel #Hl® clonedl diske] Fxzke]l GrIALS BA Sdd v €]
AAZHE cloning® 3719 FAA (AL, 438
type I3} 96%°] “J&id< “ERHO genotype T o= & 4 Ut
(Fig. 4-6).

%3 British Saanen FellA gt Fd2 “FT&H 5 Aobdll”e bovine
viral diarrhea type II ¢ BVDV5521-954%} 98%¢°] A54& YEhAA

t}(Fig. 7).

Bl Ay

B

o] “gruto]”= BVDV type 19l 89079} 98%°] 2542,

124



(Fig. 8).

1ATGCCCA’I‘AGTAGG.ACTAGCAAACAAGG.AG. GGTAGCAACAGTGGTGAGTTCGTT(}GAT(?E)}
CTGAAGCCCTGAGTACAGGGTAGTCGTCAG TGGTTCGACGCTTAGTATGACAAACCTCGA
GATGCCACGTGGACGAGGGCATGCCCACAG CACATCTTAACCTGAGCGGGGGTCGCTCAG

GCAAAAACGGTTTAACCAACCGCTACGAAT ACAGCCTGATAGGGTGCTGCAGAGGCCCAC
TGTATTGCTACTAAAAATCTCTGCTGTACA TGGCACATGGAGTTGA

>gil32745545|gblAY323830.1] Bovine viral diarrhea virus 1 isolate
T-482/99 polyprotein gene, partial CDs Length=937 Score=490 bits
(247), Expect = le-135 Identities = 278/287 (96%), Gaps = 1/287 (0%)
Strand=Plus/Plus

Query 1 ATGCCCATAGTAGGACTAGCAA-ACAAGGAGGGTAGCAACAGTGGTGAGTTCGTTGGATG 59
(T THNTTE AT

Shjct 3 ATGCCCTTAGTAGGACTAGCAAGACAAGGAGGGTAGCAACAGTGGTGAGTTCGTTGGATG 62

Query 60 GCTGAAGCCCTGAGTACAGGGTAGTCGTCAGTGGTTCGACGCTTAGTATGACAAACCTCG 119
e

Shjct 63 GCTGAAGCCCTGAGTACAGGGTAGTCGTCAGTGGTTCGACGCTTTGTTTGACAAGCCTCG 122

Query 120 AGATGCCACGTGGACGAGGGCATGCCCACAGCACATCTTAACCTGAGCGGGGGTCGCTCA 179
(ITHTATTIE TR

Query 180 GGCAAAAACGGTTTAACCAACCGCTACGAATACAGCCTGATAGGGTGCTGCAGAGGCCCA 239
[ T

Sbjct 183 GGTGAAAACGGTTTAACCAACCGCTACGAATACAGCCTGATAGGGTGCTGCAGAGGCCCA 242

Query 240 CTGTATTGCTACTAAAAATCTCTGCTGTACATGGCACATGGAGTTGA 286

(T
Sbjct 243 CTGTATTGCTACTAAAAATCTCTGCTGTACATGGCACATGGAGTTGA 289

Fig. 4. Nucleotide sequence and alignment of 5'NTR amplified in the
serum sample obtained from the Yeol-Kyu Jin's goat farm. Aligned

sequences is bovine diarrhea virus type 1 strain, T-482/88.
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1 60
ATGCCCTTAGTAGGACTAGCAAAATAAGGG GGGTAGCAACAGTGGTGAGTTCGTTGGATG
GCTGAAGCCCTGAGTACAGGGTAGTCGTCA GTGGTTCGACGCTTAGTATGACAAGCCTCG
AGATGCCACGTGGACGAGGGCATGCCCACA GCACATCTTAATCTGGACGGGGGTCGTTCA
GGTGAAAACGGTTTAACCAACCGCTACGAA TACAGCCTGATAGGGTGCTGCAGAGGCCCA
CTGTATTGCTACTAAAAATCTCTGCTGTAC ATGGCACATGGAGTTGA

>gil32745506/gblAY323878.1| Bovine viral diarrhea virus 1 isolate C-1332/00-41 nonstructural protein
Npro gene, partial CDs Length=671 Scor = 521 bits (263), Expect = 4e-145 Identities = 281/287 (97%),
Gaps = 0/287 (0%) Strand=Plus/Plus
Query 1 ATGCCCTTAGTAGGACTAGCAAAATAAGGGGGGTAGCAACAGTGGTGAGTTCGTTGGATG 60
I T
Sbjct 3 ATGCCCTTAGTAGGACTAGCAAAATAAGGGGGGTAGCAACAGTGGTGAGTTAGTTGGATG 62
Query 61 GCTGAAGCCCTGAGTACAGGGTAGTCGTCAGTGGTTCGACGCTTAGTATGACAAGCCTCG
120
A A AT
Shjct 63  GCTGAAGCCCTGAGTACAGGGTAGTCGTCAGTGGTTCGACGCTTGGGAGGACAAGCCTCG 122
Query 121 AGATGCCACGTGGACGAGGGCATGCCCACAGCACATCTTAATCTGGACGGGGGTCGTTCA
180
HHTITTITHITTTTTTE T
Shjct 123 AGATGCCACGTGGACGAGGGCATGCCCACAGCACATCTTAACCTGGACGGGGGTCGTTCA 182
Query 181 GGTGAAAACGGTTTAACCAACCGCTACGAATACAGCCTGATAGGGTGCTGCAGAGGCCCA
240
T T
Sbjct 183 GGTGAAAACGGTTTAACCAATCGCTACGAATACAGCCTGATAGGGTGCTGCAGAGGCCCA 242
Query 241 CTGTATTGCTACTAAAAATCTCTGCTGTACATGGCACATGGAGTTGA 287
T
Shjct 243 CTGTATTGCTACTAAAAATCTCTGCTGTACATGGCACATGGAGTTGA 289

Fig. 5. Nucleotide sequence and alignment of 5'NTR amplified in the
serum sample obtained from the Hyoung-Yong Park’'s goat farm.
Aligned sequences 1s bovine diarrhea virus type 1 strain,

C-1332/00-41 strain.
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1 60
ATGCCCTTAGTAGGACTAGCAAAATAAGGG GGGTAGCAACAGTGGTGAGTTCATTGGATG
GCTGAAGCCCTGAGTACAGGGTAGTCGTCA GTGGTTCGACGCCTTGGAGGACAGGCCTCG
AGATGCCACGTGGACGAGGGCATGCCCACA GCACATCTTAACCTGGACGGGGGTCGTTCA
GGTAAAAACGGTTTAACCAACCGCTATGAA TACAGCCTGATAGGGTGCTGCAGAGGCCCA
CTGTATTGCTACTGAAAATCTCTGCTGTAC ATGGCACATGGAGTTGA

>gi]2149468|gblU86600.1[PTUSE600 Pestivirus type 1 noncytopathic genomic RNA, complete genome
Length=12267 Score= 529 bits (267)Expect = le-147 Identities = 282/287 (98%), Gaps = 0/287 (0%)
Strand=Plus/Plus
Query 1  ATGCCCTTAGTAGGACTAGCAAAATAAGGGGGGTAGCAACAGTGGTGAGTTCATTGGATG 60
It
Sbjct 108 ATGCCCTTAGTAGGACTAGCAAAATAAGGGGGGTAGCAACAGTGGTGAGTTCGTTGGATG 167
Query 61 GCTGAAGCCCTGAGTACAGGGTAGTCGTCAGTGGTTCGACGCCTTGGAGGACAGGCCTCG 120
R |
Sbjct 168 GCTGAAGCCCTGAGTACAGGGTAGTCGTCAGTGGTTCGACGCTTCGGAGGACAAGCCTCG 227
Query 121 AGATGCCACGTGGACGAGGGCATGCCCACAGCACATCTTAACCTGGACGGGGGTCGTTCA 180
Ty
Sbhjct 228 AGATGCCACGTGGACGAGGGCATGCCCACAGCACATCTTAACCTGGACGGGGGTCGTTCA 287
Query 181 GGTAAAAACGGTTTAACCAACCGCTATGAATACAGCCTGATAGGGTGCTGCAGAGGCCCA
240
(HTETETE HOTHTTHTTHTTH T
Shjct 288 GGTAAAAACGGTTTAACCAACCGCTACGAATACAGCCTGATAGGGTGCTGCAGAGGCCCA 347
Query 241 CTGTATTGCTACTGAAAATCTCTGCTGTACATGGCACATGGAGTTGA 287
(T
Shjct 348 CTGTATTGCTACTGAAAATCTCTGCTGTACATGGCACATGGAGTTGA 3%

Fig. 6. Nucleotide sequence and alignment of 5'NTR amplified in the
serum sample obtained from the Ja-Kyun Jeong's goat farm.
Aligned sequences 1s bovine diarrhea virus type 1 strain,

C-1332/00-41 strain.
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1 60
ATGCCCTTAGTAGGACTAGCAAAAGGAGGG GACTAGCGGTAGCAGTGAGTTCATTGGATG
GCCGAATCCCTGAGTACAGGGAAGTCGTCA ATGGTTCGACACTCCATCAATCGAGGAGTC

TCGAGATGCCATGTGGACGAGGGCATGCCC ACGGCACATCTTAACCTATGCGGGGGTTGC

ATGGGTGAAAGCACCATTAGCGGTGTTATG GACACAGCCTGATAGGGTGTAGCAGAGACC
TGCTATTCCGCTAGTAAAAACTCTGCTGTA CATGGCACATGGAGTTGA

>gil|37863791gbl AF039174.1| AF039174 Pestivirus type 2 strain BVDV5521-95 5’ untranslated region
Length=386 Score = 527 bits (266), Expect = 6e-147 Identities=275/278 (98%),Gaps = 0/278 (0%)
Strand=Plus/Plus
Query 1 ATGCCCTTAGTAGGACTAGCAAAAGGAGGGGACTAGCGGTAGCAGTGAGTTCATTGGATG 60
R
Sbjct 109 ATGCCCTTAGTAGGACTAGCAAAAGGAGGGGACTAGCGGTAGCAGTGAGTTCATTGGATG 168
Query 61 GCCGAATCCCTGAGTACAGGGAAGTCGTCAATGGTTCGACACTCCATCAATCGAGGAGTC 120
I T
Shjct 169 GCCGAATCCCTGAGTACAGGGAAGTCGTCAATGGTTCGACACTCCACCAATCGAGGAGTC 228
Query 121 TCGAGATGCCATGTGGACGAGGGCATGCCCACGGCACATCTTAACCTATGCGGGGGTTGC
180
Ay
Shjct 229 TCGAGATGCCATGTGGACGAGGGCATGCCCACGGCACATCTTAACCTATGCGGGGGTTGC 288
Query 181 ATGGGTGAAAGCACCATTAGCGGTGTTATGGACACAGCCTGATAGGGTGTAGCAGAGACC
240
IR T T
Shjct 289 ATGGGTGAAAGCACCATTTGTGGTGTTATGGACACAGCCTGATAGGGTGTAGCAGAGACC 348
Query 241 TGCTATTCCGCTAGTAAAAACTCTGCTGTACATGGCAC 278
[T
Shjct 349 TGCTATTCCGCTAGTAAAAACTCTGCTGTACATGGCAC 386

Fig. 7. Nucleotide sequence and alignment of 5'NTR amplified in the
serum sample obtained from the Sang-Don Koh's goat farm.
Aligned sequences is bovine viral diarrhea virus type II strain,

BVDV5521-95.
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1 60
ATGCCCATAGTAGGACTAGCAAAAGGAGGG GACTAGCGGTAGCAGTGAGTTCATTGGATG
GCCGAACCCCTGAGTACAGGGGAATCGTCA ATGGTTCGACACTCCTTTAGTCGAGGAGTC
TCGAGATGCCATGTGGACGAGGGCATGCCC ACGGCACATCTTAACCCACGCGGGGGTTGC
ATGGGTGAAAGCGCCATTCGTGGCGTCATG GACACAGCCTGATAGGGTGTAGCAGAGACC
TGCTACTCCGCTAGTAAAAACTCTGCTGTA CATGGCACATGGAGTTGA

>gi|902376|gblU18059.11BVU18059 Bovine viral diarrhea virus 2 polyprotein gene, complete CDs
Length=12513 Score=529 bits (267), Expect = le-147 Identities = 282/287 (98%), Gaps = 0/287 (0%)
Strand=Plus/Plus
Query 1 ATGCCCATAGTAGGACTAGCAAAAGGAGGGGACTAGCGGTAGCAGTGAGTTCATTGGATG 60
e O T O T
Sbjct 108 ATGCCCTTAGTAGGACTAGCCAAAGGAGGGGACTAGCGGTAGCAGTGAGTCCATTGGATG 167
Query 61 GCCGAACCCCTGAGTACAGGGGAATCGTCAATGGTTCGACACTCCTTTAGTCGAGGAGTC 120
IO T
Shjct 168 GCCGAACCCCTGAGTACAGGGGAGTCGTCAATGGTTCGACACTCCTTTAGTCGAGGAGTC 227
Query 121 TCGAGATGCCATGTGGACGAGGGCATGCCCACGGCACATCTTAACCCACGCGGGGGTTGC 180
T
Shjct 228 TCGAGATGCCATGTGGACGAGGGCATGCCCACGGCACATCTTAACCCACGCGGGGGTTGC 287
Query 181 ATGGGTGAAAGCGCCATTCGTGGCGTCATGGACACAGCCTGATAGGGTGTAGCAGAGACC
240
I
Shjct 288 GTGGGTGAAAGCGCCATTCGTGGCGTCATGGACACAGCCTGATAGGGTGTAGCAGAGACC 347
Query 241 TGCTACTCCGCTAGTAAAAACTCTGCTGTACATGGCACATGGAGTTG 287
I T

Shjct 348 TGCTACTCCGCTAGTAAAAACTCTGCTGTACATGGCACATGGAGTTG 394

Fig. 8 Nucleotide sequence and alignment of 5'NTR amplified in the

serum sample obtained from the Seong-Uk Jeong's goat farm.

Aligned sequences is bovine viral diarrhea virus type II strain, 896.

129



m ATZHE #alA

A F7kA]

TR

9]¢ hovine viral diarrhea virus

type 13 type 2 F32 AR E Genbankol A thwrol ] AaelA HE

gk A¥} vaskedtt (Table 2).
Table 2. Pestivirus type 1 and

phylogenetic analysis

type 2 strains compared for the

Pestivirus type 1 strains

Pestivirus type 2 strains

UB6600(ILLNC)-USA
AF220247(CP7-5A)-GER
U86599(ILLC)-USA
AY451338(1/A/00)-1TALY
AY159549(3336/00)-Spain
AY323880(T-482/99)-Slovenia
AY323878(C-1332/00-41)-Slovenia
AY363075(HOL_ca_02)-Denmark
AJ585412(VEDEVEC)-HUNGARY-?
M96687(0Osloss)
NC_001461(NADL)-USA
AF041040(Oregon)
KOR/JYK-Yeol-Kyu Jin
KOR/PHY-Hyoung-Yong Park
KOR/JJK-Ja-Kyun Jeong

U18059(890)-USA-BVDV?2
AF002227(C413)-USA-Border disease
AF039180(BVDV890)-USA-Classical
swine fever
AY149215(p11Q)-CANADA-BVDV2
AF502399(NY'93/C)-GER-BVDV2
AB003619(KZ-91-CP)-JAPAN-TYPE1
AB003620(KZ-91-NCP)-JAPAN-TYPE1
AB003621(0Y89)-JAPAN-BVDV
AF039174(BVDV5521-95)-USA
—-Classical swine fever
KOR/GSD-Sang-Don Koh
KOR/JSU-Seong-Uk Jeong

m o Ay A FF

(KOR/JYK-Yeol-Kyu

Jin, #d8& %

= [}

(KOR/PHY-Hyoung-Yong Park), A9 T4 (KOR/JJK-Ja-Kyun Jeong)

R

=2
o
o
i
)
2
o2
~N
>,
g

st

(KOR/GSD-Sang-Don Koh)<}

AELS bovine viral diarrhea type 19 <

A8 w7t

(KOR/JSU-Seong-Uk Jeong)2l Z - bovine viral diarrhea type 29| <3}
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Ues & F AR (Fig. 9).
w3l A F7t4 bovine viral diarrhea type 122 <A A
KZ-91-CP, KZ-91-NCP, OY&9 bovine viral diarrhea virust

7} type 2 vlolglag oz i EAT (Fig. 9).
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Fig. 9. The phylogenetic tree of the 5’'NTR of pestivirus type 1 and type
2 strains. Type 1 strains: ILLNC, CP7-5A, ILLC, 1/A/00, 3336/00,
T-482/99, C-1332/00-41, HOL_ca_02, VEDEVEC, Osloss, NADL,
Oregon, KOR/JYK, KOR/PHYKOR/JJK, KZ-91-CP, KZ-91-NCP, OY®&9.
Type 2 strains: 890 (bovine viral diarrhea virus type 2; BVDV2), C413
(border disease virus), BVDV890 (classical swine fever virus), pllQ
(BVDV2), NY'93/C (BVDV2), BVDV5521-95 (BVDV2), KOR/GSD
(BVDV2), KOR/JSU (BVDV2). The phylogenetic tree was made using
PhyloDraw at the Graphics Application Laboratory, Pusan National

University.
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® RT-PCR 7|'H<& ©]&3 Pestivirus A&
® Real-time RT-PCR 7]HE& o] &3
Pestivirus 3%
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