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Abstract

Bovine viral diarrhea virus (BVDV) is an RNA virus belonging to Pestivirus in the
tamily Flaviviridae. BVDV has economic significance for the livestock industry be-
cause of its association with acute disease, fetal loss, and birth of persistently infect-
ed (PI) animals. This study aimed to investigate the BVDV infection rates in Korean
native cattle farms in Jeju for further planning of a BVDV control program in the
Jeju Province. BVDV antibodies and antigens were tested in 15,842 sera collected
from 302 Korean native cattle herds between January 2014 and June 2017 using en-
zyme-linked immunosorbent assay (ELISA). Viral antigen was detected by reverse
transcription-polymerase chain reaction from 60 sera that were antigen ELISA-pos-
itive. BVDV antibodies were found in 90.7% (274/302) herds and 61.1%
(9,678/15,842) cows. BVDV antigens were found in 13.2% (40/302) herds and 0.4%
(61/15,842) cows. The oldest animal group (> 8 years) exhibited the highest se-
ro-positive rates (91%), while the youngest animal group (< 1 years) had the highest
antigen positivity rates (0.52%). Of the 60 antigen-positive sera, BVDV types 1 and
2 were found in 36 and 12 sera, respectively. Additionally, six animals were consid-
ered to be PI as BVDV was continually detected in annual examination.

Keywords: bovine viral diarrhea virus; enzyme-linked immunosorbent assay; ge-
netic type; Jeju; Korean native cattle

ME

2 vpo]HAA A vho|# A(bovine viral diarrhea virus, BVDV)= Flaviviridae
T}, Pestivirus%2] RNA BHO[E AR 194630] 22 RISt BVDVE A AAA
oz Bxsty 9lon, A3 wEl BVDV type 13} BVDV type 22 W1, 32
o= 4 Hlo]HAA AAPE(bovine viral diarrhea, BVD) type 37} EILETHI]. ©]
vpog| A Aol 7P H4/do] wo, |, At A 59 B HAE A
o] 7kssttHl. BVDVY A 2= o] "io|g| Ao 2 @H A& 5ol 93 A+
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Zra 3} gjukztdo]

& 7Fs s3], o] H]'O]E'V\-J
By Aaret i AT, ASFAT AV UERE 4 Uk 1
2|3 e Al dAISS FE Al710l e Rt S48 HER
ot f4lSo] 94l 2527 o]def BVDVel A=A =4, == =
op7t SASHAY 7] fAtsHA Eek. 123 441 30-90% ofui o]
upo]2| Ao A=Y, Holke |H-E F 2= QIste] BVDV A
&4 Cﬂ—‘?—(perswtently infected calves, PDE ®jojd 4= 9lt}. o]
7% BVDV @92 wi&stAnt YAl B854 o= 7t Aot
ojgA =i 76’-r°ﬂ% S84 2 AN dAE BHezE S A
ol FHiE yErd o Jlow, Ao Al g A A
& AAE A ”‘“’\]’5]'74] o} BVD ¥z 23S F8skal 9l

A o= 92O PIZF AAISHE ¥l&2 1-2% FE=oltt. SHATE o
MAES B2 9 vio|HAS k, E9, AW 97, FHO= Hl
=3k w7l = 285t Ao kA 8 Wl BVDS] 222 9
A= PIE Ao HEsiA Zestoiof ot A4l 1509
of BVDVel &9€ 3%, SotA°l H4F, o F4574d, ¢+ %
=4 2&H fARtol dold 4= Aok Al 180€F o] %] o] vt
ojg|Ao] ZAE B-Folle AuHF oz FFZ] SoAE SASHA
Tk A 9 vedTH4, 5], BVDY] ofE2 Q2 HiolF
271 YA == SAF U 9 9ol WS EA3| st 2
Ao #5725 9 AL YIS AAISHE AoltHel.

AlASEXZ7]7HWorld Organisation for Animal Health) %
58 vl g2, BVDV Adioz FAHAR: volgA
2], &9 enzyme-linked immunosorbent assay (ELISA)H, re-

=67 % 4R 99 24

AEA Aolls 2, 284 %

verse transcription-polymerase chain reaction (RT-PCR)Y ¥ ¥
AzxAstshdo] glor, o] FolA ELISAHI} RT-PCRYC] H7%
SIS 9% AAF 9 FHE ZAE S8l 7P ARl Zles o4
A k. A Ao 2= ELISAY T 3ol Sl=t, °l
S ELISAY°] 7P @o] &85 it

20179 AFEBAA = 7155 AP oJshd A=A ol
£ 39,9587 F-97F ARG E AL 9loH, 11 F 997t 34,7341
2 oF 87%% Aot Ak 20179 AFAG] FAE 2PUL
9,9259 9o 1 F &7t AX|oH= HF-2 7339 A(7.3%)°]
o, Y57 Z2AT F9 Agsd AA

27U 8999 €
9.05%)°tt. 0|9} o] AFES] &9 Ar2 B A3} o2 A
o, B FgA 99

olul A2 Qs WHiste] et B3] H
AFE 719 GRAA A5 U & Ay A4 3]
23} 37 thE uby ArA Aglo] 2gurole SE3to 24 A
FE 29 A1 AAA 4L Zolulol & ol

o €7 T % S5 42 U4 502 39 A
ol AAH £ = Ed £24 PV BVD GRS
GoHAoR Ale] P U 299 PF, 1207 BVDV
o 483 W Hojals o] 23 plo| H18L Helsigr. X
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A AFAG W 59 A85739 BVDS] b\ et s sfold
& AREAFAG W FARE +EH 5 FAAEES AT 7124
22 AFstaAt A,

WERITTS

=IO

SAARE 20149 1937E 20179 62 Alolof] AFEEAA =
TEAIAE A & BRAE 9 & 9 HARE {5t H4
B €A A8 AG9EzE AFA] 19357 9,66901E], A7
EA] 10957 6,173uH, ¥ 30257 15,8420t iAoz 819
o, AEHZ 20149 6957 3,645112], 20159 76557 3,786t
g, 20164 83%F 4,04201], 20179 74%7F 4,3691H]E tiAlo
2 53k

BVDV &2 ELISA ZAL

BVDV &A| ELISAAARE VDPro BVDV 34| ELISA kit (Me-
dian Diagnostics, Korea)& A&t} Al2ARS] HARY | whet
Aksto] BAetg ek P9 ELISA FAH= BVDV Antigen Test Kit/
Serum Plus (IDEXX, Switzerland)E Ar&-5to] A=A HARTH
of w2t AARRE & A5t

Reverse transcription—polymerase chain reaction

9 ELISA AAlM F oz eeld iAo 4 614 5 A=
9] o] B3t 13S A 93t 608 DNase RNase free distilled
water (Invitrogen, USA)2} 1:10 H|&E 242} E36}0] A5 o]
&5131th. RNA 552 RNeasy Mini kit (QIAGEN; GmbH, Ger-
many)E °]&sto] AZXAZE AAIRE AT EFdto] HAISHH
o} SESAAGER BVDV common primer (Table 1)9F A1 &3t
= premixQl AccuPower RT-PCR PreMix (Bioneer, Korea) %
DNase RNase free distilled water (Invitrogen)& A5+t
C1000 Thermal Cycler (Bio-Rad, USA)E &85t PCRE 4
42T oA 304,
pre-denaturation 94Col|A] 15%, cycle reactions &A= 94Tl
A 20%, 50COIA 30&, 72TA 3023t 253 WHEStL 2E
72ColA 587 AAsth. o RT-PCR $54HE 2 pLet

s, BFER 72 reverse transcription HAIE

Table 1. Oligonucleotide primer sets for the detection of BVDV

Primer Nucleotide sequence (5'-3") Size (bp)

BVDV common  AAG ATC CAC CCT TAT GAR GC 1,163
AAG AAG CCATCATCM CCA CA

BVDV type 1 TGG AGATCT TTC ACA CAATAG C 360 (nested)
GCT GTT TCA CCC AGT TRTACAT

BVDV type 2 GGG AAC CTA AGA ACT AAATC 604 (nested)

GCT GTT TCA CCC AGTTRTACAT
BVDV, bovine viral diarrhea virus.
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BVDV Type® primer (Table 1)@} AccuPower HotStart PCR Pre-
Mix (Bioneer)& -5} nested PCRE AAI5t% .21 initial de-
naturation &A= 94T A 38, cycle reactions TA= 94T ol A
20, 50COlA] 30%, 72COlA] 3023t 403] RHESkLL 2F 72T
A 1587t ¥hg819Act. ¥he £& F Nested PCR SE4AME 8 ul A
= 1.5% agarose gel “doll4 Mupid-exU (Advance, Japan)E &-&
sto] A71953 tha RedSafe Nucleic Acid Staining Solution
(Intron Biotechnology, Korea) §24(0.5 uL/mL in distilled water)
o2 FMstATt Gel Doc XR+ (Bio-Rad)E E-83 BVDV type
9 74Zho] SEAHE(type 12 360 bp, type 2+ 604 bp) -4l

ot ol el e 78 2helsiolc
Z4 EI.

2 HO|2{AY HAME HIO|2{A X YHE

AFAY 2 57 30257 15,8420 9] digk BVDV &4 &
FES AR 23 5 FHES ATEE 88.5%0A 96.9%2

F129] 5404 BVDV 8 A7 ERI= It AGERE= A
AZA] 24 570l 92.7%E Y, AFA 24 5782 86.9%H.
o =9 28U AE FHEY A AFAIE 63.7%, AHEA
£ 57.0%F UEFH o] A IEA|S] ARS: 3he-9] A EO] AR
erH(Table 2).

49] Ao ©E BVDV A F5 BEE 2R 43, 249
k] A= 45.6% (2,029/4,451)7F A 0.2 QI At 211 F o]
A} 437 vgke 55.4% (3,143/5,672), 49% o4 6dF mvk
72.6% (2,259/3,110), 693 oA} 8% w]vk2 81.3% (1,039/1,278),
8™ o2 91.3% (992/1,086)7F FA| F/ollom Aol gl
F]7] o2 A= 88.2% (216/245)7F G0l ATk Fig. 1).

2 HiO|2{AY AN HIO|2A S YHE

AFE 3= 30257 15,8420t 0] tigt BVDV &g ELL-
SA HAHET, 538 Y FHEL Axol wEt 3.1%004 29.2%
2 oA vebgth AgEas AAEA 24 539 18.3%9}
AFA 0l A 5789 10.4%7F F5F o2 et A FH4ET
TYoHA AAEAIZE FF o2 ot MAE FL FHIES 4

Lol #AQLo] 1% ol ot AAZA| AR 39 5 T I &
71 0.6%= ERIE0] AFA19] 0.3%X ot FUTHTable 3).

49| do] 2 BVDV &Y ¥4 EXE AR A3} 21 F 1]
ghe] A% 0.52% (23/4,451)7F ¥A019 L, 297 o4} 4% wigt
2 0.42% (24/5,672), 497 o1} 6917 H|TH 0.26% (8/3,110), 6
A% o4 8 uuk2 0.16% (2/1,278), 89 o] 0.37%
(4/1,086)7F B4 ¥/ ol A rh(Fig. 2).

BVDV2| 2
&9 ELISA AAtIN F482 det
PCRE AAJste] BVDV 39132 £4I5}

=
B
el
o
o

Ao 2 RT-
At Z 6071 A& F 36
28 gRlEont, 1274
A& = RT-PCRZ Hiolg| A o] HEEA| ot T3 A
A= AAA o] AEE /iAISl thaslol=s 5243t A9
AN@7F AAEC] oz ERIE HAeE e/iAFer, ol 84
9] A§ PIE 7H51itH(Table 4). UM A] A 29| H9+= 5L A
AE AEER AEH 02 AA|sHA] Eoto] PI o5& FRIsHA=
Zokoirt
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Fig. 1. Distribution of bovine viral diarrhea virus (BVDV) antibody
within the different age groups in Korean native cattle herds in
Jeju island of South Korea. The number of cattle positive for BVDV
antibody and of samples in age groups, <2, >2<4, >4<6, 26<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. Antigen was not detected from 245
samples of age-unknown group.

Table 2. The herd and the individual animal seroprevalence for BVDV antibody in Jeju island by ELISA test

No. of positive farms/farms tested

No. of positive sera/sera tested

Year Jeju Seogwipo Total Jeju Seogwipo Total

2014 31/32(96.9) 35/37 (94.6) 66/69 (95.7) 1,176/1,877 (62.7) 878/1,768 (49.7)  2,054/3,645 (56.4)
2015 45/52 (86.5) 22[24 (91.7) 67/76 (88.2) 1,382/2/339 (59.1) 783/1/447 (54.1)  2,165/3,786 (57.2)
2016 51/57 (89.5) 23/26 (88.5) 74/83 (89.2) 1,469/2,501 (58.7) 903/1,541 (58.6)  2,372/4,042 (58.7)
2017 46/52 (88.5) 21/22 (96.5) 67/74 (90.5) 2,130/2,952 (72.2) 957/1,417 (67.5)  3,087/4,369 (70.7)
Total 173/193 (86.9) 101/109 (92.7) 274{302 (90.7) 6,159/9,669 (63.7)  3,521/6,173 (57.0) 9,678/15,842 (61.1)

Values are presented as number/total number (%). Jeju island (province) is composed of two cities, Jeju and Seogwipo.
BVDV, bovine viral diarrhea virus; ELISA, enzyme-linked immunosorbent assay.
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Table 3. The positive rates for BVDV antigen of the herd and the individual animal in Jeju island by serum ELISA test

No. of positive farms/farms tested

No. of positive sera/sera tested

Year : : - -

Jeju Seogwipo Total Jeju Seogwipo Total
2014 1/32 (3.1) 6/37 (16.2) 7/69 (10.1) 1/1,877 (0.1) 8/1,768 (0.5) 9/3,645 (0.2)
2015 7/52 (13.5) 7/24(29.2) 14/76 (18.4) 7/2,339 (0.3) 14/1,447 (1.0) 21/3,786 (0.6)
2016 5/57 (8.8) 4/26 (15.4) 9/83 (10.8) 7/2,501 (0.3) 9/1,541 (0.6) 16/4,042 (0.4)
2017 7/52 (13.5) 3/22 (13.6) 10/74 (13.5) 12/2,952 (0.4) 3/1,417 (0.2) 15/4,369 (0.3)
Total 20/193 (10.4) 20/109 (18.3) 40/302 (13.2) 27/9,669 (0.3) 34/6,173 (0.6) 61/15,842 (0.4)

Values are presented as number/total number (%). Jeju island (province) is composed of two cities, Jeju and Seogwipo.

BVDV, bovine viral diarrhea virus; ELISA, enzyme-linked immunosorbent assay.
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Fig. 2. Distribution of bovine viral diarrhea virus (BVDV) antigen
within the different age groups in Korean native cattle herds in
Jeju island of South Korea. The number of cattle positive for BVDV
antigen and of samples in age groups, <2, 22<4, 24<6, 26<8,
and >8 were 23/4,451, 24/5,672, 8/3,110, 2/1,278, and 4/1,086,
respectively. Antigen was not detected from 245 samples of
age-unknown group.

k)

BVDE AAL 484, RAZ et WHTg 5o ot o2 4
39] 0|3 9 HANE doA, 5 Aol T v AP
2, oo} =27 AE BVDY] 28-S {5t sZA T I
31 9tk 55 5/d(United States Department of Agriculture)]
w2H F4 BVD 2L Qg £ANS k4 wlEd 50-1008
2 SAbslyl on, sfuehe] B9 199840 AF42E BVD7H
e 7 £AAL 40,000-100,0008 HZ FATt, E
20029 50uH] 9] ZAE ZHoh= 549 BVDE QIR SRS
uhE]g 48E 2 FARITHY]. F=olA % BVDE QIgh 54 13f
Ae v 13-3198E FAb6ka[8], 5783 110719 FARMA
.71 o] Frsk= BVD ¥43t A—BVD Free England,
https://bvdfree.org.uk)] A3 Slct. Kim [912 20099 3L H-E]
20099 11€97H4] A71AY] A2ARS549] BVDV AT S4%
2ol AR 2H BAEY 34589 B9 B 1,786,6519= ¢
3589 7% 2,063,461 9= A&t oH, oF PIVF AEE 5%

4/7

Table 4. BVDV antigen typing of 60 cattle positive in ELISA antigen
test

Genotype 2014 2015 2016 2017 Total (n, %)
Unidentified 0 5 5 2 12 (20)
BVDV type 1 4 1202 s(y 1201 36 (60)
BVDV type 2 5 42 2 1 12 (20)
Total 9 21 15 15 60

BVDV, bovine viral diarrhea virus; ELISA, enzyme-linked immunosorbent
assay.

*The numbers in parentheses indicate the number of cows in which BVDV
antigens were detected in the previous year's test.

2,194,2619& AEsto] P/d57do] /957 ty] 276,810
, PL AE5749 A 249573 !y 407,610¥2 o &5t
stk 9 A E AFA G BVDV 3578l o
FAZF N AAA 3] Y &l ofFA|ut 57g0] Aatadof g
3 FF A A3 A| BVDE ZFTH AR Ao
AAA fa AP QT ZoF Bt
AtollAl 2014 97E 201797HA] AFAG AR5
VD FAAAS A 23 30258 F 274%573(90.7%)°]
HA 902 gRIE 0] Ty g7 diFo] BVDVY k&
o2 Holu, AAFES 15,8420t F 9,6789HE(61.1%)7F T4
o2 3IF It Richter 5101 BVDV A|AA Q1 JstxAL A3}
£ 20084 o] A3} o] &2 o] B f ofAlol, 1, @A
ojijo}, ofxel7} thF9] 9 20084 o]F 7} o] Rt oF 10% &
T Z4sto] 242 A FAFEO] 73%, 46%, 78%, 74%H Lt o] 2
o] 5% ZAES 771} A G w2t Z4o]7} 9l o, Son (1110
AT 871 NG 2470 532 ARl 97 57337.5%)°1 ¥4
ojgtal B gk Aof HlshH AFAH] BVDV #EEC] =2 Ao
2 Yehgth Lee 511212 AA Y =54 3041125 o83 TA
AAL A3 1491 (49%)7F S-S Hol AFA o] HAFEA Rk
A Yept oy, Cho Sli3lo] AFE A%t 87/M=9] 297] 574
9] 3k 4,260t AAYSIS] 3,076uH](72.2%)7F FAdolet B
g A3t v wotgS b AFA GO AAE FA| FPEC] A= B
of| v]5te] EOkA|T Son Sl111°0] BEAG FAIS 1450.5%)7 &
/go]qrh= Aof HlohH ¥50] =Tt Deng Sl14]0] Hi1g &

o R oglo rlo

]_

od L Lo ox
o o et o
=)
O

o
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= 570 AGEE, AR, FF, 55, 5D 1070 AelA 1,379v1]
9] xof tigt FAAAET 8019tE](58%)7F TS Sl AFel
Reichel 5115101 199149 FEAHES] FA| FFEC] 60%ATH= B
19} 2 Aol 7} Gt

AFUE FA FHELS AFol ST FEHE IS B
FoH, 897 ol A= AA A F 91.3%7F FAHLE AT
7to] ZojASE violg2o =&E 4 Q& 7137t F7HEA] o
Fo =2 Az} Uddin Sli6lo] Bagh 3etd A o] 2AHE 3o
A% 19 o]519] 404 31.8%, 1-3913 9] 40| 47.6%, 3-593F
9] 404 61.3%, 59% o]A2] 20 ME 60%2] FAHES Ho] F
JEIA 9 Zol= BRI, 49 ARg7|Zto] Eold4E A &
AEo| Z71EE P2 B 2AFA T} FAMSHA

BVDV &<¥ ELISA AAFET 302%7% 5 40573(13.2%)°1A v}
ojz|A /o] ERI=|lon, AgERE AAXA] 0] 8957
% 20578(22.5%)°14 FFE B 10.4%9 A AFA sZET =
2 FHES 2k AAE I FHET AAEATL 6,17301H]
% 3471(0.6%)7F FH L2 FR1E ] 9,6697H] F 27(0.3%)71E]
7 o IRIE AFA Y 22 FHES HIoH, AFAY
A AAE FL FHES 0.4%2 Deng Sl14]0] 5= 571 B
(B5, AR, 97, 55 5D 107] AolA 1,010012]2] &of of
S FAHAFAT 1,010912] F 140+ (1.4%)7F SIS 291 Axtel,
Wilson S{171°] 2008346 201397HA] )= FEFROA AMSS
Al A 1,195t 9] @H& o83 g ELISA HAAHET 194}
(1.6%)9] 27t oz gRld Azt vlwgS uf AFAF9 T
9] g FAEo] ¥ Aoz FRIFHLt.

A5 FAAA A3 AFHER 0.16-0.52%2] FAHES 2F
£, 1 F 29 vRte] &7 4,4517H F 23vH(0.52%)7F 443
o= /M &L FHES B} o]& Kim Sl18]0] AAJgH 2417
o BVDV #EAH 2AFET 19F vlvte] %97} 21591 Z 40}
2(1.9%)7F ¥ 2 Hol= A3t 22 AFPFS Hon, LE A
9] 27} Aol oLt E3] 60-240¥F SoA7F Aol &k
£ Curtis 511919] 2119} fARE 23S B9t}

BVDV &€ ELISA A4 ER1E F45 60mt] ol gk RT-
PCR 23} 48ut]of| 4] §o| A7|AFo] FEEon, o|F 361t
£ type 128, 12712]3= type 22 FRIE It} Abe 512011 2006
| 4¥5H 20149 7€7HA] L& ZIto|% A ARS: AojlA] B
H 766719] BVDV Hlo]2] Ao it genotyping 2}, 544 AE0]
type 122 222707} type 22 ER1=|0] E AP} 0] type 1
o] ¢ wo] ERIFr}. ofg AYE FHAA FHo= Fld
AA7E o o AARIAE 9oz I /A= F 6ulEge
ol 2z A4 A AYgERE 199 ujgio] 1utE], 1-293 4uta],
23 ojAfo] 1ute] & E]IE|0, 15,8421 F & 61H](0.04%)<]
PI7F ERI=9iTt. PI RIS 9l5to] U F45S Braun Sl2110]
A|AEE 3-45 7HA 02 23] o|4} AAAE AAIsto]of o, Tiqke
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ku

= 98y ARE EUE 13 AAE & & 9lon, 9} 44
ZAE o R AR 3eH FAZojof gith22]. SHAIRE £
ArolAE thazre] S Bt ARG AEE FRIst7]
£l 2to]7F YA = BEU T 3 AR50 PI HR-&2
0.05% °1F 0.4% "|gFe 2 FHEr}. Cho Sl13]0] = ghe-ollA]
BVDV &Y FHEE 3-4F 7HF 02 AT PI RAFETHo|| A
4,260uH] % 27112](0.6%)2] PIS EQ1519.2H, Park S[23]0] 73
g ERAY A 5430k F 12012]2.2%)7F FL F4, ol 6ut
2(1.1%)E PIZ E 15} t}. Scharnbéck §[2212 19619FH
2016¥17FA] 7371 2719 3257 ATE BASES W 73, B,
33 59 39 0.8% °lote] %2 PI B85 U §hY, sot
Alo} A2 0.8% ©14, AotAlo A2 1.6% o9 HA-E&E X
A=), F7} 7H A9 7k9] Atol& B AsGich B oA RARH
PI B5-8&2 5% 7HAoIA 14 o4 o] A&d A9 1A
5197] Wil T2 B1et 2to|7t s A0E Bl uhEhA] A5
A oA Bk Hagk pl BA-&2 ERlsh7] 913iAE Braun
Sl211o] AXE - B8 F7HEQ A7 28 E Aoloh

ol ZANE Bofl AFA Y tiFE9] ¢ A-573°] BVDV
o &% ZOo= Hou JAE FAHE E3 =2 Holgirh
Uztoll A= BVD7ZL 7 A Qg ol ol o3t B 7E5ddEes
A7 =)o} QA got 7} 7MET AN 52 T FHE 2 29
E|Z] FANE AR AAA| 7HE 7)ol A B A o
b3 BVDV A 9 & RANE AAJskal 1 A7t HuE T 9)
t}. 53], Ao tigt 539 IAEE ul-> F2 RO E Park &
23101 oJ5td Ad FF-AQ9 24 A5 234 A BVDel
g AEE AR 23, i 447 5 570 578 (11.36%)5 &
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