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Prevalence of Bovine Viral Diarrhea

Virus for Korean Native Cattle in Jeju

Seong-Cheol Cho

(Supervised by professor Won-Geun Son)

Department of Veterinary Medicine

Graduate school, Jeju National University, Jeju, Korea

Abstract

Bovine Viral Diarrhea Virus (BVDV) is a RNA virus of Pestivirus in family
Flaviviridae. The two genotypes (types 1 and 2) are classified as separate
species in the genus Pestivirus. A third putative genotype, BVDV type 3, has
also recently been reported. BVDV continues to be of economic significance to
the livestock industry in terms of acute disease and fetal loss. Infections of the
breeding female may result in conception failure or embryonic and fetal infection
which results in abortions, stillbirths, teratogenic abnormalities or the birth of
persistently infected animals (PI). PI animals usually have a very high and
persistent viremia and are the main reservoir of the virus in a population and
excrete large amounts of virus in urine, faeces, discharges, milk and semen. The
virus spreads mainly by close contact between PI animals and other cattle. Thus,
finding and removal of PI animals are the most important key to control the
disease.

The purpose of this study investigates BVDV infection rates of Korean

native cattle farms in Jeju for the further planing of BVDV control program in



Jeju province. BVDV antibody and antigen were examined for 15842 sera
collected in 302 Korean native cattle herds from January 2014 to June 2017 using
enzyme linked immunosorbent assay (ELISA). Reverse transcription polymerase
chain reaction (RT-PCR) was provided for detection of viruses with 60 sera
positive in antigen ELISA test. BVDV antibody was found in 90.7% (274/302)
herds and in 61.196 (9,678/15842) of cattle. BVDV antigen was found in 13.2%
(40/302) herds and in 04% (61/15842) of cattle. The oldest animals (> 8
year-old) marked the highest sero—positive rates (91%), while the youngest
animals (< 1 year-old) showed the highest antigen positive rates (0.52%). Out of
60 antigen positive sera, BVDV type 1 and type 2 were found in 36 and 12 sera,
respectively. Additionally, 6 animals considered as PI animals that BVDV was

detected continually by its annual tests.

Keyword: BVDV, ELISA, Genetic type, Jeju, Korean native cattle (Han woo)
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1. ZAIQ =

AAREE 20149 1958 20179 69 Ateledl AFEEAA = s=A AT 40
A BRAZE 9 & adly HALE flete] Had @S ARSIt A9 EE
AFA 193% 74 9,6699t2], A FAEA 10957 6,1737F2], & 302% 3 1
ez stdon Axda 201493 6957 36457k, 20154 76% 7 3,786v}E],
201611 83% 7 4,042vke], 20173 7457 4,369v12] & o2 & tH(Table. 1).

Table 1. The number of cattle farms and of serum samples collected from

2014 to 2017 in Jeju-do

No. of farm No. of serum

Year

Jeju-si Seo_gsvir 1po Total Jeju-si Seogsvir IPO™  Total
2014 32 37 69 1,877 1,768 3,645
2015 52 24 76 2,339 1,447 3,786
2016 57 26 33 2,501 1,541 4,042
2017 52 22 74 2,952 1,417 4,369
Total 193 109 302 9,669 6,173 15,842

Jeju—do (province) is composed two cities, Jeju—si and Seogwipo—si.



2. BVDV & A -2t ELISA ZA}

BVDVe] &AAAE gste]l T4 835 VDPro® 4 upolg] Al AAbd njole] s
g4 ELISA kit (MEDIAN Diagnostics, Korea)S AF-&3}o] A Z2AF2] AP o
uel HARsEit BVDV E2 §# ZdlolEo] Azl A4S EF8kaL, 33
AZ %, HRPO Anti-BVDV E2 ConjugateE 7z} Qo] HF38 t}3 A2 A

—

307 k- AJ AT ELISA readerE &-83 450 nmoll A 3 E=(A)E =AY o
A= ofgiel 2ol AT S/No| 0.7¢]skH AUA, 0.7 =33 H¢ 24
o2 AAFA

rl

7VAA = A OD
S/N =
sz P OD

BVDVel &A% A= Bovine Viral Diarrhoea Virus (BVDV) Antigen Test
Kit/Serum Plus (IDEXX, Switzerland)E A}&3Fo] Al FAFe] Ao w2}
Arrettt. 3A €3 & FrlE FYolEe 53 ths 37TColA 2A7F vk
H, 53] AHE Conjugates 7} Ao T3 th ol& F=(18~26T)A

Al 7L
0% WS AZ § TMBE ¥al B A2eollA 308 &5 A3 v BA&HS

Yol weS AA AT ELISA readerE 83 450 nmolA TFE=(A)E
438t on, Aol ALE2 olgel k. S/No| 0.3¢]3tH &4, 0.3 =3 A



3. RT-PCR(Reverse transcription—polymerase chain reaction)

@ ELISA AAfelA Fgdo=z gl /RAe d3 603" DNase RNase
free distilled water (Invitrogen, USA)<} 1:10 H] &2 Z33to FFH S
o] &3 9th. RNA #%< RNeasy® Mini kit (QIAGEN, GmbH, Germany)Z
ol-&3ste] AzAE AT Ayl Feto] AAsAth 1.5 ml eppendorf tubel

SN 150 ptet RLT buffer 300 @& 231 70% ethanol 300 w< H7F
&3t Mini columndl 750 pl2] WHS-MS Y31 4T, 12,000 rpmol A 1%#3F
QAR st} Collecting tubet] &8-S A A3k columnol] RW1 buffer 680 ulS
TFed T dolMe Fd3 o R2 oA 183 dAddEE Ao Columns
A Z¢ collecting tubedl]l ¥ i1 RPE buffer 500 pl 5 3 thA] 287 4AE¢
3t tE. Collecting tubetl o] &S v gl thA| RPE buffer 500 @ #+F %
ThA] 233 g stk Columnel]l &9o] w7 s 133 d4iEe] &

columne M 2% 15 ml eppendorf tubeo] % il Dnase RNase free waterE 50
Tote] 127 dAEd st HAE FEFE 2 wE FHFAHIET BVDV
common primer (Table 2.)¢} A %3}9 premix¢l AccuPower® RT-PCR PreMix
(Bioneer, Korea) ¥ DNase RNase free distilled water (Invitrogen, USA) 18 wl=
BEF3F k. o] C1000 Thermal Cycler (Bio-Rad, USA)S &&3lo] HALS
AP o, Wk F7S reverse transcription WAE 42TolA 30+,
Pre-denaturation< 94C ol A 15%, cycle reactions @A &= 94Tl A 20%,
50Tl Al 30%, 72Tl A 30x7t 253] WtEstal #HEF 72T A 5i7F w83ttt
o] RT-PCR ZZAME 2 ¢} BVDV Type® primer®t AccuPower® HotStart
PCR PreMix (Bioneer, Korea)s #F3}al nested PCRS A A3+ oW initial
denaturation ©HAl= 94Tl A 3%, cycle reactions THAI= 94ToA 20%, 50Tl A
30z, 72TCoA 30x7F 403] HHEskal & 72TCAA 1587 W335ttt vhs €5 %
Nested PCR $Z4Fe 8 WS 1.5% agarose gel Aol 4 Mupid-exU (Advance,
Japan)& &3lo] dA719d%5S A3 S RedSafe™ Nucleic Acid Staining
Solution (Intron biotechnology, Korea) £ <4(0.5 x0/ml in DW)2. 2 23}

Gel Doc XR+ (Bio-Rad, USA)E &-&3 BVDV type ¥ Z79] FH4k=(Type

1> 360 bp, Type 2= 604 bp) <Akl gk 5ol Q] Wiz 575 2jls}



Table 2. Oligonucleotide primer sets for the detection of BVDV

Primer Nucleotide sequence (5’ -3’) Size (bp)

AAG ATC CAC CCT TAT GAA/Q)G C
BVDV

1,163

common

AAG AAG CCA TCA TC(A/C)C CAC A

TGG AGA TCT TTC ACA CAA TAG C
BVDV 360
type 1 (nested)

GCT GTT TCA CCC AGT T(A/GTA CAT

GGG AAC CTA AGA ACT AAA TC

BVDV 604
type 2 (nested)

GCT GTT TCA CCC AGT T(A/G)TA CAT




1. 2Hjo|2AY ALY dHio[2{& N FHE

5,842vte] o] tjgd BVDV & SFAHES ZAMS
%6ell Al 96.9%= tii-ie] o] BVDV Z-d7/MA7t
= AAXEA A FFe] 972%=2 YERY,
AFA A 54 869%HTE =S Ao gyt e AAE FHEE
A AFAE 637%, AAEAE 57.0%= deEhfol AAEA L AL 359
g Auldoz A el tH(Table 3).
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Table 3. The herd and the individual animal seroprevalence for BVDV
antibody in Jeju by ELISA test

No. of positive farms (%) No. of positive serum (%)

Year

Seogwipo Total Jeju-si Seogwipo Total

Jeju-si Zsi Zsi

2014 31(969)  35(946)  66(95.7) 1,176(62.7)  878(49.7)  2,054(56.4)

2015 45(86.5)  22(91.7)  67(95.7) 1,382(59.1)  783(54.1)  2,165(57.2)

2016 51(89.5)  23(885)  74(89.2) 1,469(58.7)  903(58.6)  2,372(58.7)

2017 46(885)  21(965)  67(90.5) 2,130(72.2)  957(67.5)  3,087(70.7)

Total 173(86.9) 101(97.2)  247(90.7) 6,159(63.7) 3,521(57.0) 9,678(61.1)




a9 Ayl WE BVDV @A FYF REES AR Ao 24 vwe] xE
45.6% (2,029/4,451)7F FAd oz S Ha, >2<4 M= 554% (3,143/5,672),
>4<6 M= 726% (2,259/3,110), =6<8 A= 81.3% (1,039/1,278), 84 °]d<
91.3% (992/1086)7h @A FHA ACE vehor Aol HANA B A
88.2% (216/245)7F 41 Ao =2 Rl A h.(Fig. 1).
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Fig. 1. Distribution of BVDV antibody within the different age groups in
Korean native cattle herds in Jeju of South Korea. The number of cattle
positive for BVDV antibody and of samples in age groups, <2, =>2<4, >
4<6, >6<8, and 8< were 2,029/4,451, 3,143/5,672, 2,259/3,110, 1,039/1,278,
and 992/1,086, respectively. Age unknown group, 245 heads was not

included.



2. 2Hio[2{2Yd HAME Hiol2 & A FHE

TA Y 5w 302% % 15842vtE o s BVDV 3 ELISA HAMA 7}
Y HEEL dxd wet 31%00A4 292% = vdstdem A e
MAEA A 5] 184%t AFA = e 104%7F FdsFo=
ety AFAZEAIZE i om i AAE Fd AEES dAxe #Aglel
1% olatR oy MFAEA A T T FA A FFIF 06%= FlH o

AFA1] 03% Bt =A WERstH(Table 4).

Table 4. The positive rates for BVDV antigen of the herd and the individual

animal in Jeju by serum ELISA test

No. of positive farms No. of positive sera in animals
(%) (%)

Year

Jeju-si Seo_gg PO Total Jeju-si Seo_gg 1po Total
2014 1(3.1) 6(16.2) 7(10.1) 1(0.1) 8(0.5) 9(0.3)
2015  7(135) 7(29.2) 14(18.4) 7(0.3) 14(1.0) 21(0.6)
2016 5(8.7) 4(15.4) 9(10.8) 7(0.3) 9(0.6) 16(0.4)
2017  7(135) 3(13.6) 10(13.5) 12(0.4) 3(0.2) 15(0.3)
Total 20(10.4) 20(18.4)  40(13.3) 27(0.3) 34(0.6) 61(0.4)




g AR A 24 e ke

A

Ao Ao wE BVDV T 44
0.52% (23/4,451)7F ¥ o5 ¥R, >2<4 A= 042% (24/5,672), >4<6 A=
0.26% (8/3,110), =>6<8 A= 0.16% (2/1,278), 84 o]A2 0.37% (4/1,086)7}

Fdl Ao gl AH(Fig 2).

o
(o,

0.52

0.5 -

042

04 - 0.37

0.3

0.2 0.16

Positive rates (%) for BVDV antigen

<2 >2<4 >4<6 >6<8 8<
Age (year)

Fig. 2. Distribution of BVDV antigen within the different age groups in
Korean native cattle herds in Jeju of South Korea. The number of cattle
positive for BVDV antigen and of samples in age groups, <2, >2<4, >4<6,
>6<8, and 8< were 23/4451, 24/5672, 8/3,110, 2/1,278, and 4/1,086,
respectively. There were no antigen in 245 heads of age unknown group

(data not shown)
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3. BvDVe| 2 E

@ ELISA AAtelA = HEtd & d3 603S o= RT-PCRS AA
sto] BVDV add& 468kt Nested PCR ¥ S34HES #2e A3 type 12

360 bp, type 2% 604 bpollA] So] Wi=Z &olst 4= Al H(Fig. 3, Fig. 4).

Fig. 3. Agarose gel electrophoresis of RT-PCR product for BVDV
type 1. Specific band showed at 360 bp. PC : Positive control,
M : 100 bp DNA Ladder (Bioneer, Korea), 1 : Sample 1, 2 : Sample 2,

NC : Negative control.
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Fig. 4. Agarose gel electrophoresis of RT-PCR product for BVDV
type 2. Specific band showed at 604 bp. PC : Positive control, M : 100 bp
DNA Ladder (Bioneer, Korea), NC : Negative control, 1 : Sample 1,
2 . Sample 2.
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ELISA Aol A &9l

Aol 6070 A& = 36707F BVDV type 1, 12747}
BVDV type 22 Zelx ot} 12700 A= ulole] 2~ 3Fgo)

Lok Add= HAbd A o] HEE AV gEsldE FgoE Eld A=
eAAGem o5 AR AP A&PIFrE AAY Aoz pFFHAd
(Table 5).

Table. 5. BVDV antigen typing of 60 cattle positive in ELISA antigen test.

Year
2014 2015 2016 2017 Total

Genotype

Unidentified 0 5 5 2 12(20%)
BVDV type 1 4 (12% (3* (15 36(60%)
BVDV type 2 5 . 2 1 12(20%)

Total 9 21 15 15 60

* The numbers in parentheses indicate the number of cows in which BVDV

antigens were detected in the previous year’'s test.
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BVDE AL fr3dd, WAFls Agwg Sl o vE 949 )@ U
ANE AoA, FF AN JFL AL AMoR, Helsh FUIANNE

BVDe| & 9ste] A= F22a vk v=E 53 USDA)C w=w w74
BVD MAo® Qg £28 gha )
749 1998l AgA ez BVD7ZE S w 9
10000082 F2kalch, mgk 20026l 50nkele] F 4
o153 EAdS mhEld 48%% FAHFYE [19] . ol A
gefols nteld 13~31$E F2HBennett and Ijpelaar, 2005)3t3L %33 11074 2]
Fakid A - 7)ge]  FraE BVD A4 AlE(BVDFree England,
https://bvdfree.org.uk)e] A3 Fol Atk Kim [10] & 200939 3¥€FE 20094

1 RALSE RS BVDY $4% 30 459 A9 AR

lm
Dl
M
_O‘E
e
off
o
1o
oy
=
J
fu

A ABAA I WS Bl offANE o] Al FFE Ha FI g
2 +g-Al8 Al BVD, & leukemia ¥ 2Ul¥ 5 & Wl A AWl o
e AAA A& 2AE A ol FojAol & Aow Azt

2014356 201774 AFA G @A gl dd BVD @A AALE
AAgE A 3025 T 274(90.7%)F ol FAGH R FRlHo] =W ¢
4 WEEo] BVDVel =&d Aow Holw HANES 15842vtE  F
9,678(61.1%)vFe] 7} g oz AT Lee T [12] & AEAY =F4 304
nhe] & o] 88t FAFALA T 149(49%) vk 7F FA S Hol AFA G HAA T
woh GHA YEbs oy Cho 5 [5] o] AlIFE AlQe 87/ 297 Fo] ¢
4,260vFe] & AARsEe] 3076(72.2%)vke] 7F Fdelgt gk A3 nlast gl

u)
AFAG] AAE A FYFl AT B W] ke Aoz FHelHgth
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Deng & (7] o] ®iagt = 57/ AAJ(FHF, A5, F5, 55, T 1071 A%
ol A 1,379mke] o] Aol gk A AARA R 801(58%)mte] 7F A HQl AR}
Reichel & [17] o] 1991 wH A=<l A FdE] 60%ArhE Hiel &
ZFol7F gl

AR A FPES dHo] STETE TS FHE BHalon, 84 o9
25 A A T 913%7F FAHoE AL TITte] Ao AFE nlolEne mEE
S oAde 7137 FE 9] WEoe s AzZHEd. Uddin % [18] o] X sk
WAl ZAMA T AE 1A o]ake] Aol A 31.8%, 1~3A4] AellA 47.6%,
3~5A12] Aol A 61.3%, 5A o] aelAE 60%2 FAHES B FHEAAY
polim HAARE Aol AMEYITEe] EodaE Al FAECl TUMEHE FHS
2 ZAMA 9L fAFSEA

BVDV &9 ELISA #AAMEY 302% % 5 40(13.2%) 5 gl Al npole] 2~ kAol
el Fdon, AA-RE AMAXEA FFo] 895 F 20(18.3%) 5 FolA FAS
Hol 104%AE AFTA sZ&HT =2 HES BRI MAE I A=
AA AAEZAZE 61730+ T 34(0.6%)wkE]7F YA o= FlE o 9669ntE] F
27(0.3%)7Fe] 7} FAH oz FAE AFARY =2 FAHE B
AA MAE FY FHES 04%= Deng 5 [7] o] o= 5/ AA(EH, A,
i, S5, F9h) 1070 Aol A 1,010mkE] o] Aol ek e
= 14vH2](1.4%)7F 44 S 129l Aol Wilson [20] 5o] 200858 20131 7HA]
mw FEFFEAA AMSFQD & 1,195vE]e] A S o] &3 3¢l ELISAHANE
197h2](1.6%)2] &7F Fdoz Ild A Huds wf AFA ] g9 3

r*o
>~
-
iih)
i)
l—‘
(@)
[y
()
d
=
i)

W gAA A3 A PEE 016~052%] FAHES HIe
mRke] A&7b 44510kE] F 23(052%)vke 7 Fd o R MY =S FHES HATh
o] Kim % [9] o] AAlg {2x]e] BVDV Zdde] zAAI 14 v 59
297} 215vke] F 4(1.9%)7e] 7} A o' Hol: AR 2 AL nHow
E Ao &7F Aol oy 53] 60~2408 % FolA7F Aol Eohes

Curtis 5 [6] ¢ H1¢ fAs 292 H )

i
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BVDV &% ELISA AAlelA &Ede 45 60utg]ol] sk RT-PCR 23}
48ntel ol Al Bo] dviMde] TEE o, olF 36uE= type 102, 12918 &=
type 22 AH ATt Abe T [1] ©] 2006 4€FE 20149 79714 A&
S Ilolm= AHF AL AoA] ¥ 766701 BVDV Hfol#] 2~ 3t genotyping
A3} 544 WZo] type 107 222707} type2 = Felwo] B A Awpel 7ho]

type 1°o] B o] &It ok Ad= HAMA FEo= e JHA7

w

= 8 AN E FPoz Fdw MAE F evtgded Hx AAF Al
Agd e 14 mvke] 1ubg], 1d ~24] 4mte], 24] o] Aol ImtE] & Fhelm] o]
15,842vk2] F % 6(0.04%)7tgl 9] PI7F Eel= et PI &S 9ste] 3¢
F/d%5E Braun 5 [3] o 93t 3F~4F HA 02 23] ol AAAE AAEA
sheh SHA R B AFe A= ol AASHA @ol Tl @9 AlSEge] At
PI H4&S F<lat7] ofgAw 5 ZAMAIAE EWRE d4talE uf 0.05%°]7%
04%vRte g2 F4ddtt = 5 (5] o] = oA BVDV &9 F5S 3~
A Aol A 4260mHe] T 27(0.6%)vhE] ¢ PIZ 2913}
Fom Park 5 [16] o] Ay A9 i 543vkE] F 1222%)vhE] Fd FA,
6(1

(11%)7H2] & Pl Rastdh. o] Awe} vagde ) AFx e BVDY

oA e) Aol AE Agelth thas AFAGY A9 Fo 4G9 P}
el % Eb Aol Aol viulshe] @A @e Agom wuHm, x&d W
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AFAYG G3o] Aubole 2 HAPS
wpol ¥ 2 79 o)

2 mpoly~A AAPE wlol#] ~(bovine viral diarrhea virus @ BVDV)i=
Flaviviridae®, Pestivirus%¢] RNA Hlolg]2oln FHd8 & 133 2807 17
wm FH 380] SAFEith BVDVE &olA AAL FEHE A, 53] 49
ol 5]%= BVDV 7 Al7]o wet f4k, A&7 $(persistently infected cattle, PI)
T 5E FHAA & ARSEEe] wdigk AAA fsE i vk PIe WY
#goz ko] FAVF FAHHA FOoWHA Ho|YPAE AHH SR H|ET|o
s W AdY9oer #Zgaty] Wi olo i MEF 2 TErt vj$ F 23
upek A Tt A= 4 wpolel A AHAAIM S A AGE dode=

A9 Ao AAsta o5 sy s AEAR =HS J]Fola Utk
d= 99 7z ARS SHstax dAlstalon, 20149 14 el A
2017 647bA AFE Wl ALS 0 AFAY - ASEE 3025

15842vkfoll A A DA AIRE ol&3ste] BVDVel thah &4 2 & AAE
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29 H(Enzyme linked immunosorbent assay: ELISA)S 2 A A5t} 3+
FAAMA A HsfA+= BVDV 18 2 28-S 3517] §3}9] reverse transcription
polymerase chain reaction (RT-PCR)®& o]&3to] HALE ATt A4
k9 A5 302% 7 15,842vFE] 2] BVDVl tfst & ELISA #HAVA I} 27457
(90.7%)7F s ol e, 967872]1(61.1%)7F FA FHo=2 YElRtTE dEE
g dAES Ad"EdE BVDV A Exe &9 24 wwke] AE 456%
(2,029/4,451)7F FAd o= =N, >2<4 M= 55.4% (3,143/5,672), =4<6 M=
72.6% (2,259/3,110), =6<8 Ali= 81.3% (1,039/1,278), 84 ©]’d2 91.3% (992/1,086)7}
A FAEQN Aew yvewton dAfo] A g2 Ax 88.2% (216/245)7}

gel Aoz HEo] Aol FAUFE FA FHBol WA FelAE FYL

o R

[e]

O

Atk BVDVell tigh &9 ELISA #HAA¥} F 302574 15842vhe] 5 40574
(13.2%)7F sl o, 6198(04%)7F FAMAZ FA At T FA
MA 61vte] & Ao ¥ WE BVDV UG FXE AR A3} 24 v|ghe]
v 052% (23/4,451)7F Ao 2 YA, >2<4 Al 042% (24/5,672),
>4<6 A= 026% (8/3,110), =6<8 Al 0.16% (2/1,278), 84 o] &2 0.37%
(4/1,086)7F & ¥4 Aom S0tk BVDV & F470A 60vtelol gt
RT-PCR A2 18] 3672 (60%), 28 127F2](20%) &= 221 HA oM, o]
Pl 6ntg] 2 &1 ¥ i

r-(o

Ao ¢ Ampol A A HtelY &, F A, AlF, 2, R

’
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