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» QT /Bt=oA e A& TET| A 2lolx g Z=AH(BRSV
-3, IBR, BWDV S)
= 29| nasal swab ! HAMolAlel SEZ| 2l Multiplex
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FQ dHiolz{AaEe tEMYE (reference sequence) 2 £
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4

(Grissett &, 2015).

4) E3| 2011d ol o|ZoAM H22e=z2 2= [nfluenza D viruse &<, &8 natural
hostE 17| T2 20A SE=0] =HX[, &, FLE Eaet 7580 ot 2} Al
IR Mmoot Jtsel Zdez A Y2(Liv S, 2020, 22 1). SAMIX| o|=, =2t
A O|Ez[o}, ofdaHE, =1} LdEoM AlFEDD Us 22 =HXHM & 65712
HEF FH8AI & 2 %éol HIERlon] fFElAlol LiFo| THAHS US He=z FF
=

‘ Camel
A
Pig \” q
* = = = -
ﬁ Cattle — Poultry
Horse l / l \
Human Goat
Sheep
% 1. Influenza D virusel FHY 2 ME[(Liu 5, 020) A5 AAmFZ 5104
CIE S22 S50, XS7KX| A 2k S & =iX|ofl= &Rio] H=
A}, CEH o= SXHIF EEEAS.
5) MMAMe=z 2021dE & AISF£= 2F 109 ofzlo|od, A ZoAM AISEQl AISSES



= 305.58etot2| M MA AtSF2| 30.52%E AHXISE UAZ(AE 2). =, M MA
Ho=2 &7t ozoM 7hd ol AAFS flen, 1 f=2 22da =, 0l= =2
2 O|F0iM Q7| miZoll & FH =Atoll A0IM =& Zotste A2 SETEUSH

S2 j¢ SRt oo|E XL US.

Ranking Of Countries With The Most Cattle

World 1,000,967,000
Rank Country 2021 % Of World
1 India 305,500,000 30.52%
2 Brazil 252,700,000 25.25%
3 China 95,620,000 9.55%
4 United States 93,595,000 9.35%
5 European Union 85,545,000 8.55%
6 Argentina 53,831,000 5.38%
7 Australia 23,217,000 2.32%
8 Russia 17,953,000 1.79%
9 Mexico 17,000,000 1.70%
10 Uruguay 11,946,000 1.19%
11 Canada 11,150,000 1.11%
12 New Zealand 10,063,000 1.01%
13 Egypt 7,850,000 0.78%
14 Belarus 4,300,000 0.43%
15  Japan 3,922,000 0.39%
16 Korea, South 3,774,000 0.38%
17 Ukraine 3,001,000 0.30%

Source: FAS/USDA [head)

27 2. 2021HE LalE & AIRES. ® A B elEo) JIE B fo & AISESE
x5l 9len, 1 Fz =2aEn 2o Hujza 3

7) MRS ZHf AFSES HEHEH SobX| AlZ[ol HAWIMA| LiELE 2350 A
X

of tHaiM= T2 ZotX|e 4357 Zeo| ol el EMo st A= &

= ghH ) 2370 dls ZAto| efst S57| el M= HAFIE AHe| HiEw
UX| T, ESt 28 XNASFE sl SFst= A1F dHio[2{AQl Influenza D virus
of tiaiM= AR En= Hf §lg. QAF HA|, 2o AHEQ FH A (Foot and

Mouth Disease, FMD), 22| HI[AZIHH (Lumpy skin disease) S0l CHallAM= Eox 10
UX[TE MM oZ SFI|LE 25H7| 2-Ho cfst AFZ2 Eo= Bol| ojgg. %
Al MZ dHlo]HAQl Influenza D virusoll CHal M= SA7IX] E0E HE 1S

8) Ui 2 AFoME= AEll St AofA A Mol AMSH AMZA HGHE Yo7
= 357 Yol st =ALE FdstaXxt g Es| §35|, AF diolz Al Influenza
D virus& ZEetst BVDV, IBR, PI-3 & E=7| WA FotHs =glstn Xl
EMS M50 FUiet el &0t ot 2} MAMAZXl Ao ALt SX[off 7[0st X}
st

L 24 - 9 dA7pE

1) Ul 20llA S57] AEs 2dodicin e Us LF HAXN S EM A= &
ezl 0 AXoH SFI| AMS 1atE] 2lolx Z=Al= Hel EOE|T QX k=2



SEINE Yo7 Aoz LU U= BRIVE A, 1988 H Fof 2|5l &talel Z

A dFE 352 EnEAgn, OF 20004 ol o] ol 2lalf MEX[HoAM EEstA el A

SEEAPZE MM EAS. O =, 201940 FU 570 X[Hol|A =ALE MPst¥eLt, 2

DE[X| 2LAS.

1 2| PI-3Lf IBR ¥A| ZLfM= He E_I_EIXI 2. 19884 2 5, 20144 =

S0l ol [BRel dst=Al ZopJF E1EQID ) PI-3 €Al 2013dE & Sof 2|5 2

IE A U= AFEDNTE Aol FE &K °*°.

BVDVe| B, & &7|7} ofd ==& 2P7I9P Aoz E0ED S, CHE & 557

Fub diolz{2of H|a] BVDV-1, BVDV-2 &2 = st ZAIELII} X|HHoZ XS E
BVDVe| Hio|2{AL| =

1 UM S, 2013; & 5 2007; et %, 2018). o ot 2}
|I5d S Blol2{2 Aixof o 5t .j:rL_'.:_ A5 MH=D UAS(XE

i

OOII

olEol AR, IJUED =2 O st & s57] 2 el cfst A7t A
E3 AZ. BRSV, PI-3° EXMESM EM =AHKamdi S, 2020), BVDV E—J
HoBi-like pestivirus®| SAZ=A} (Hoppe S, 2019), Z2=2f 2tollAMe|l BDV SAM A}
(Mishra £ 2012; Mishra S 2014) £ Lolxof st 977} HDE D /S, ot of
Hel Mst AER| A EF o|YE, S57|2Yate] ARRtatA =AH(Joshi S, 2018),
S57|2AHE doF|= el cfst SMEZR A4 (Rajamanickam & 2019) & &
| Aol A AHE AP HIAED US.

2ol T 57| Ado| tishMe ™ MAXMSZE AF7F IAHRH XMoo=z gds
=0 AF. el EM ot o2t RMAER LQI(Ellis, 2001), SHY
(Edwards, 2010), 2o{e} MEAA(Ackermann &, 2010), Aatstd  ZFlichd
(Buczinski &, 2020) & =Uet= 2372t 57| 2Ho & O B2 A7 §
A=l USF.

Influneza D virus®| A%, 2011AZOf| 0|7 2E2ts0lofA HXZEE Hs 2115
AX| Tt —5.5—?— A alof| A =HX|ECt 2o O gredsion] &7F AASF 2N desS 5t
A =lctn 2 10E (Hause S, 2013; Hause S, 2014). 11 ¥ Chtst F (2, =X,
=3 of Abt =)ol A HOERen, 37 271 2|

| ineage[D/swine/Ok |ahoma/1334/2011 (D/OK) and  D/bovine/Oklahoma/660/2013
(D/660) |2 Lo MUUXITE = Zof| L=2o|M 2742 MZ2 genetic lineage7t &
1= (Collin S, 2015; Murakami S, 2020, 1& 3).



LC494108.1_D/bovine/Yamagata/1/2019 D /Yama2019
— LC270268.1_D/bovine/Miyazaki/B22/2016
LC128433.1_D/bovine/Ibaraki/7768/2016 ’
L{[csn;esam _D/bovine/Yamagata/10710/2016 D/Yama2016
1 KF425655.1_D/bovine/Minnesota/628/2013
KF425669.1_D/bovine/Minnesota/729/2013
KM392478.1_D/bovine/Kansas/1-35/2010
KMO015501.1_D/bovine/Shandong/Y127/2014
[~ KM015494.1_D/bovine/Shandong/Y125/2014
MH315965.1_D/swine/Guangdong/NN13/2017
}’ MH315969.1_D/bovine/Guangdong/25969/2017
I~ MH315970.1_D/bovine/Guangdong/YC/2017
[~ KM015508.1_D/bovine/Shandong/Y217/2014
1~ MH315967.1_D/bovine/Guangdong/SK/2018
[~ MH315968.1_D/bovine/Guangdong/SQ/2018
— MH315966.1_D/swine/Guangdong/LX-2/2018
1KU171129.1_D/bovine/Mexico/S62/2015
JQ922308.1_D/swine/Oklahoma/1334/2011
— KM392499.1_D/bovine/Kansas/14-22/2012
[ KT581412.1_D/bovine/Mississippi/C00046N/2014
KT581418.1_D/bovine/Mississippi/C00030P/2014 D/OK
‘ MG720235 1_D/bovine/France/5920/2014
I 68827.1 D/swnnelltaly/173287—4/2016
KT592526 1_D/bovine/Italy/46484/2015
MN165250.1 D/bownEIItaly/lZOOZ 1/2018
' MK131035.1 _D/bovine/Italy/31525/201;
— KT592533.1 D/swme/ltaly/199724 3/2015
‘ MN123870.1_D/bovine/Italy/30787/2017
— KX768841.2_D/swine/Italy/354017/2015
MK101121.1_D/bovine/Northern Ireland/24280/2017
— L MN165243.1_D/bovine/Italy/12545-8/2018
— MN165209.1_D/bovine/Italy/40574/2018
- MN165216.1_D/bovine/Italy/37760/2019
KT592522.1_D/bovine/Italy/1/2014
;— KX768834.1_D/swine/Italy/254578/2015
KX768820.1_D/swine/Italy/268344-2/2015
r MN123953.1_D/swine/Italy/218655/2017
! f MN165257.1_D/bovine/Italy/108524/2018
— MN165202.1_D/bovine/Italy/4128547/2018
| |MN123939.1_D/bovine/Italy/56649-11/2018
|~ MN165195.1_D/bovine/Italy/50543-3/2018
MN165188.1_D/bovine/Italy/59542/2018
KM392485.1_D/bovine/Texas/3-13/2011

KM392492.1_D/bovine/Kansas/13-21/2012
KU171128.1_D/bovine/Mexico/S56/2015
KU171127.1_D/bovine/Mexico/S8/2015
KU171126.1_D/bovine/Mexico/S7/2015

KM392471.1_D/bovine/Nebraska/9-5/2012
KF425662.1_D/bovine/Oklahoma/660/2013
KT581417.1_D/bovine/Mississippi/C00014N/2014
KT581416.1_D/bovine/Mississippi/C00013N/2014
KM392506.1_D/bovine/Kansas/11 8/2012
54184.1 D/swme/Kentucky/lT\'OSU1262/2017 D/660
MN1239461 _D/bovine/Italy/776951/20
———— MN123918.1 leovme/Italy/345075/2018
— MN173611.1_D/bovine/Italy/19RS176-11/2018
MN123959.1_D/bovine/Italy/28145/2019
10.001 MN123897.1_D/bovine/Italy/45097/2019
MN123925.1_D/bovine/Italy/3907772/2018
MN123883.1_D/bovine/Italy/35490/2019
MN123869.1_D/bovine/Italy/28300/2019
MN123911.1_D/bovine/Italy/78668/2019
MN123890.1_D/bovine/Italy/38955/2019

13 3. Influenza D virus@l Hemagglutinin-esterase (HEF) =& & 0|28t AS&M Ez|

ZI(Liu S, 2020). Maximum-1|ikelihood BHHS 0|235tFH 20, Genbankoll SS=!
657H2] Full HEF F2aQEIE MYES 2AM5IFS.

7) 28x=Al Zt2 £ mf, Influenza D virusZt QIS FIISAME BT U=
HE, QIE=L} SH=Oo|AM T Influenza D virusZ7t 2AE JtsM0o| ol =2, Ast A}
ol S —_|'L7|'

o
At EMS Ssl £% ofwEat 2 WANYES 9 JEcHEN 2 o
==

e o
FO

g

Ch. A7oigdnisel =72 3 UHE

1) A7 nN o] %5 =&
B 20| M Influenza D virus st=AL 2 FHEA 24
» OlE /S0 M| £ Influenza D virus 28 Z=A}
» 29| nasal swab % EHO|A{L| Influenza D viruse| 2AIXICHH =t
» Hio|E{ACS| RAAMEA EA I HSLYStH BEAM H|D

B 2 SE7| Y Hio|HA dstxAlb & FHEA 24
= QT /St=olMe & S 57| A ol gk Z=AHBRSV, PI-3, IBR, BVDV &)
» 22| nasal swab % ZEHo|AM2 TE7| ACIA Multiplex real-time PCR EX}EIE
o=
» T $&7| 2H HiolA B2l 2 3
. ?r’.‘jﬂlé—.”ﬁ. =AM 2 Alsddetd 2AM H|W

e
—U
mII
g
5
=
ol



o~ MEZ S e T /st=el T M2

» ST 101270 HEe| s7 M2

» QEo HEZR/HA o SHR/AAE 2iste] 5T ML

» S| AR, XHu 5FS LHS] s7F ME o™

» OlE MEZIO] A Indian Agricultural Research Institute (ICAR) &= 9]
AlEe & M2 X

» St QlE EZEsto{ EEF 500012 oJAte| AlES =HH 2 HI|Mel MEE

Nasal Swab 2 Bl ZHA}

A A LEfH/ETE/AHE/XGE/AISA2/E3#E2E § 7|5

» 20| H|ZAZ =2 HIZFEE AMF F TV 2H o|MBA 7IF(BCS, A2,
XEHel 7|8, RE, 2EHXNs, AELUL 8 5)

n HAH/H|I™AN A0 71 double-guarded culture swab=& O| 23501 Nasal swabsS %

O\I

1 |CAROl|A Nasal swab =& 2! H 3zt
ample stabilizero| Hzk 2 A&

w

% 4. 27 cm Double guarded nasal swab (CH=2<2 swab, Pacific VET)

Solx| 57| WHUH BHEA}

» Ol MEOS| AL |CAROIA| nasal swab sample25FE| siit &S XS0 Gt
SMHOIE(F) AYAZ S5
» St MZo| A2 Nasal swab sample BFEEAMH|O|E{(F) Algalo 2z =,

= Pubmed % GenbankE O|&35t0] FXAF ME ZHAH 2 primer-probe designs S8t

Ztzto| &IA (BVDV, BRSV, PI-3, IBR, Influenza D virus &)ol thigt PCR
real-time PCR A&H MY

» ChATE & SE7| HYAME stHo| =AM 5+ U= multiplex real-time PCRE
Eél

= St ZSMHO|E{oAM sAF 3 real-time PCRS 0|83t &~ S&7| A lolA|
8 ZAH(BVDV, BRSV, PI-3, IBR, Influenza D virus &)

= (2h=) Swab ME2| MZEHj & HiO|HA Hi A|ARS O] Hiol2{A 22
=X

Hio|2{A 22| S8 E £ whole-genome sequencing 218

FHEA M 2 XM E7|IMLE2AM (Next Generation Sequncing, NGS) G| O|E]
E5t Helx L =A}
» FTQ Hio|HAES O EAMA(reference sequence) =2 Z&Hst olo] LAl M

(sequence) MHEE public databaseZFE CIREE

Next generationg sequencing (NGS) &H|E 0|&735t0] raw read data & MZ
Hiol2{Ae MY EFAEE OOo|EH|o|AL MAST M2 MEES 08¢t
SN 2M(pairwise sequence comparison)Zt AlE &4 (phylogenetic analysis)

A8

od

Il

Mo 0z Mo



, origin & % o

Soll M2 dio[2{Aet 7[&E2| dHlo|2HASDe| identity =2+l
E = (genus) E= = (family)oll &st=X =ol
7|20 YA ME ME U ZXMH ™MEE HIEESZ open reading frame(ORF),
motif 2 &ol MZ2 HIo|HA MY annotation
dio[E{HolA LHAIM, MEH YOz dHiolHA MED It |AlS lE MY
(reference sequence) E4
MEHE HE MY S 7|22 2 raw read=S mapping 5t03 B10[(variant)=0| =%
sh=X| =kl
Annotation ZZE HIEZS 2, YWAE variant&2 9% 2 7|& dio|z{AES1te| Xt
o =fel
MEA T=¢et dolEHo|AE 7|d

dto 2, ME HO[BA Mo 454 24, A
s =M, Ho|ZA IS Soff ofdst HolS2 waEHA HE 5+ A= mhol=a2tel
75
L—FEFt'd/-f-_‘?’.f‘:'é'/‘?_%t'é/xlowdml EEPEF A M ‘:'M. T

S [=]

HS Lyt BAg
= (=)
=
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ol
—

T & 2 nasal swab MEE

ol & X| ofst (Acharya Narendra Deva University of Agriculture &

Technology, ANDUAT) ®X| &I7t& tfae=z2 FHib/5oldted MU|AE HIste o

M ¢l Delta livestock solution Atet sh=FAHHOlH Q=S Solf XA 432

T—IE-E :FL:'? MI:I-

TE5E HERIE 0|35t 2070 Qe & sFC=Z A2 Z F 1,0007H2| nasal

swab M E=2 =HESIFZ.

Nasal swab MZ-2 X ANDUAT 2 Delta livestock solutionAtdlAl RMXIE F
, St EAHOIE dAFA2 57| 2 Helx HAIS

—

=5 = -80zo 2ast =
25t 2EHEAS.
of &, Sh=FMHOlEOIAM 257 HY HYUM HALE THSIUS

¥ 2. 91% nasal swab A1=8] & =% A4

7 e 2] uE 5
1 Buffalo/Holstein Haryana 50
2 Holstein Haryana 50
3 Holstein Haryana 50
4 Holstein Punjab 50
5 Holstein Punjab 50
6 Holstein Haryana 50
7 Holstein Haryana 50
8 Holstein Haryana 50
9 Holstein Haryana 50
10 Holstein Punjab 50
11 Buffalo Punjab 50

Buffalo, Gir, )
12 ) Pubjab 50
Holstein
13 Buffalo Pubjab 50
14 Buffalo Pubjab 50
15 Buffalo, Holstein Pubjab 50
16 Buffalo Haryana 50
17 Buffalo Haryana 50
18 Buffalo Haryana 50
19 Buffalo Haryana 50
20 Sahiwawl Haryana 50

A 1,000




B 2 557 Ho|2{AE2S| Multiplex real-time PCR Zlch 7{ gt
= Bovine viral diarrhea virus (BVDV) type 1, 2, infectious bovine
rhinotracheitis (IBR), bovine parainfluenza type 3 (PI-3), bovine
respiratory syncytial virus (BRSV), Influenza D virus (IDV)oll CHSF F2z=of C{
sl =AMSIUS (F 3).
» O 3, odHlo|3{Ae| ZFctul mEE BRI RMAIE MAEStD Oof EE X M
HE ZASIR .
%3 vpolgla 2 e Ay
No. Species Target Gene Gene ID RNA type Sequence
Bovine viral  BYPVL-5-UT 1489735 s RNA virus ~ >NC_001461.1
1 diarrhea BVDV2, 5'-UT
virus (BVDV) 5 37627257 ss RNA virus >NC_039237.1:1
Bovine .
2 Par%irgjllu%r)lza M gene 1489786 ss RNA virus %
Bovine :
3 orthopneumo N gene 1489809 ss RNA virus W
virus (BRSV) SLIT 2900
Bovine C 06326
Herpes virus gB gene . >NC_063268.1:5
type 1 (UL27) 72301796 ds DNA virus 5064-58401
(BHV=IBR)
5 Igifrlgse“(fgv? PB1 gene ss RNA virus  >]0922306.1
» 42~ S F7| Hio|2{A(BVDV1, 2; IBR; PI-3; BRSV; IDV)2| Primer & Probe MZASH
RS(E 4). 7|20 E0E 2E=S Z=ASE §, IO &2E25HK] 2= E/=
AMHeZ2 MEZS HEsto] 2[& Alg =HS0 A MHSINS.
4 A& 257 HYA BES AT primer ¥ probe A4
Target . Primer Aplicon Modif Modif Referen
Gene Virus name Size Sequence (5" 3" ce
BVDV_F 168 CTCGAGATGCCATGTGGAC
BVDV BVDV_R (B\ll)D CTCCATGTGCACATGTACAGC
VoVS o BVDY ——————— ; 1
5'-UTR 165 CAGCCTGATAGGGTGCTGCA B
BVDV1_P (BVDV GAGGC FAM BHQ-1
2) CACAGCCTGATAGGGTGTAG B
BVDV2_P CAGAGACCTG HEX  BHQ-1
BRSV_real F CACTTTCAACAAGGATCAAC REA A =}
NBRgSeY{e BRSV BRSV—lreal—P 122 TAGTACAGGTGACAACATTG ROX  BHQ-2 2
BRSV real- GCATACCACACAACTTATTG RER| AR
PI3_F4 TGCTCCTCAATGTCTTCCAC
T
PI3_M _— -
gene PI3 PI3_P4 113 TGAACTGCATCCAAGCAATTGGA Cy5.5 BHO-1 AR A &E
PI3_R4 ACAATGCCATAGGACTTAGGG
BHV _real F2 TGTGGACCTA{\ACCTCACGG
BHV.gB pyy  BHV.realPz gy  ACGACCOCGAGTTCTTGCCG  ¢yp  pug- ;
gene _—
BHV_Eeal_R GTAGTCGAG%&GACCCGTGT
IDV-B_Haus GCT GTT TGC AAG TTG
e_F ATG GG
v pv IDV-BHaus 35 TTCAGGCAAGCACCCGTAGG  pay  ppo-1 4
e_P ATT
IDV-B_Haus TGAAAGCAGGGTAACTCCAAG
e_R




= 1 % multiplex real-time PCRES ZI&st7| fall =S MASIL, multiplex2t
simplex real-time PCRe| ZXE H|WSI0] multiplex real-time PCRe| 288 &t
elst¥=.

* Multiplex real-time PCRe| &2 <ol BHA 374 504 & 2712| setE MH
st 20f, Set 12 BVDV1, BVDV2, BRSVE ZAZE5HA st 20i(xE 5), Set 20M=
PI-3, IBR, PI-3& A& F U ZHsIUZ (

» Sete| HIWE sl 2k ERN REAL A|ZAQ plasmidE M Zfsto{ FH|st F, =
HEZ AESI] RegtS HIWSIFES. 1 ZZ, multiplex real time PCR| R2%t
0.978 - 0.9972 singleplex real-time PCR2 0.983 - 0.994Z2 =lClx|US.

» EP &7 HelHE HES=O multiplex real-time PCRO| XMgtet Zdo =z Hct

Ho =z Hobsts (& 5, 6).

¥ 6).

# 5. BVDV 1/2 ¥ BRSVof tfst Multiplex ¥ simplex real-time PCR 8] Z1}

Content Multiplex real-time PCR Set 1 Simplex real-time PCR
ontents
(BVDV1, 2, BRSV) (BVDV1, 2, BRSV)
Amplification Ampiification
3000 = T ;
- 2600 Lo T 3
2000 + 2000 1 3
Amplication 2 100 1 ; 1500 _ A N ./ 0 - E
figure 1000 + 1000 £ 1
500 + 500 3
" ; ; ; | g : - : e
0 10 20 kY 40 [ 10 20 30 40
Cycles Cycles
Standard Curve Standard Curve
35 T T T T T T 3 T T T T
- : i 35 1
i : : B
2 e : ~ , 4w g
T F s
= : B\\g\_ 1.5 \\\Q\
3 : L 3 ~

Standard X : bR 1 20 e .
15 \B\ 1 15 \O\\\

Curve w\@ ol
» | | :' 1 -8
] 5 -4 3 2 1 0 1 6 5 -4 3 2 1 0 4
Log Starting Quantity Log Starting Quantity
O Standard O Standard
< Unknown X Unknown
—— FAM  E=102.6% R"2=0.997 Slope=-3.261 y-int=13.063 —— FAM  E=94.1% R*2=0.994 Slope=-3.472 y-int=12.537
Correlation R2= 0.997 R2= 0.994
Explanation BVDV 1 multiplex BVDV 1 simplex
Amplification Amplification
1500 4 |
1000 + B
. . 1000
Amplication 2 2
figure s ] g1 1
01 0+ : - : i
a 0 1‘0 2b 3‘0 4‘0

Cycles




Standard Curve Standard Curve
] 85 Fomtn a
B
] 30+ g
4 g1 e
Standard el
! 0l ¢} o
Curve 1 sl e
; . . : 1 : ! el -
-7 6 -5 4 -3 2 -1 1] 1 -7 -6 -5 -4 -3 -2 1 0
Log Starting Quantity Log Starting Quantity
O Standard O  Standard
> Unknown X Unknown
— HEX E=94 3% R"2=0923 Slope=-3 467 y-int=13.960 —— HEX  E=89.2% R"2=0.991 Slope=-3.611 y-int=13.684
Correlation R2= 0.988 R2= 0.991
Explanation BVDV 2 multiplex BVDV 2 simplex
Amplification Amplification
1200 + T
1000 +
800 +
Amplication 2 ol
figur e 400 L.
200 +
0+ :
0 10
Cycles Cycles
Standard Curve Standard Curve
g : I sasacw . ‘ : ; ; ; :
30 \\Q\\ 30 o R i
% \O\'\\\\ o o i}
g Cp 3 e
Standard » B 0 Doy
~0_ ~a
Curve s e s Y !
t + + % } 10 Ly | i ; i ; ; ; 8 :
7 -6 5 4 3 2 1 0 1 -7 -6 -5 -4 -3 -2 -1 0 1
Log Starting Quantity Log Starting Quantity
O Standard O Standard
X Unknown 3 Unknown
—— ROX E=1105% R"2=09€8 Slooe=-3034 y-int=13.836 —— ROX  E=103.9% R"2=0.991 Slope=-3.232 y-int=13.755
Correlation R2=0.988 R2= 0.991
Explanation BRSV multiplex BRSV simplex
B 6. IDV, IBR ¥ PI-30f tfst Multiplex ¥ simplex real-time PCR H|n. ZA1}
Content Multiplex real-time PCR Set 2 Simplex real-time PCR
ontents
(IDV, BHV[IBR], PI-3) (IDV, BHV[IBR], PI-3)
Amplification Ampliicabion
b e e e e kS T e — 8000 T T T T
3000 L
3000
e
. . 20004 - - 2 3
Amplication 2 g 20
. 2 4500 & oo
figure ook w0 §
O AR
500 s000 £
o+ 0 &
0 o 16 20 W 40
Cycles Cycles
Standard Curve Standard Cutve
g\ ; 0 Sy N SR MR | S S ]
s ‘8\ 0} ke ]
g “"x_\_\_ (3] E £ = \ u
Standard . ~a__ b - ]
Curve ‘ " ]
i . o = : 10 i3 1
f } t f - ? 2 3 4 El & 7 8 g
& 2 § ¥ g Log Starting Guantity
Log Starting Quanfity O Standara
O Standard Unknorh: ‘ ] X Unknawn
— FAM E=30.8%R2=0.988 Slope=1 830 ynt=44.065 —— FAM  E= B4.4% R"2w0984 Slope=-3.76Z y-int=44 364
Correlation R2= 0.988 R2= 0.984
Explanation IDV multiplex IDV simplex




Amplification Amplification
1800 . oo wvi i s vt b
: 1500 | L - 3
. . 1000 1 # “ : ;
Amplication 2 ’ ¢ : 2 100 L :
3 Y. o x 4
figure ool
500 —Loznasnarnasns el arngSnnnaffeaalad e
o q 0 - e— a—ity e — —
g o 30 40
Cycles Cycles
Standard Curve Standard Curve
0 ‘ . : : : : : 3 ; - -
% ; % ] ; : :
30 -
L et
o2 B g
Standard s g ®
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QS X, Urknown X Unknown
Cy§ E ‘2=0) 73 Slope=-4 178y-nt=43 551 —— Cy5 E=80.3%R"2=0583 Slope=3.906 y-ni=44 78
Correlation R2=0.978 R2=0.983
Explanation BHV multiplex BHV simplex
Amplification Amplification
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figure
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Curve t
15 : . I 1% & 3
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Correlation R2=0.989 R2= 0.985
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Development of One Step Multiplex Real-time Polymerase Chain
Reaction Assays for 3 Pathogens Causing Cattle Respiratory
Diseases Complex in Nasal Swabs in Korea

Jeong Byoung Chae, Seung-Uk Shin, Hyunsoo Roh, Jonwoo Park, So Rin Jeong,
Hae In Oh, Hansong Chae, Seong Woo Cho, Chul Jun Goh, Jung Won Kang*
Bio Team, Ammal industry Data Korea, Seoul, 0012, Korea

Bovine respiratory disease complex (BRDC) is the major cause of serious respiratory tract
infections in calves. The disease is nultifactorial, with either stress or reduced inmmunity
allowing several pathogens to emerge. Since there have been various pathogens causing
BRDC incalves, fast and accurate methods for for the
provention of BRDC. In this study, we have developed a one-sicp multiples: real-time
Polymerase Chain Reaction capable 1 pathogens ea
virus type 1, BVDVL: bovine viral diarthea virus type 2. BVDV2; bovine - respiratory
syncytial virus, BRSV). sinmil Iy. To clarify the d Timits of d

in-vitro transcribed RNA containing each pathogens RNA were generated and used as a
template. And then. atota of 237 nasal swabs from calves up to 1 years old werecollested
from 7 farms in Korea during 4 months and all collected samples were igated for these
tluce pathogens. As a result, positive nasal swabs for BVDV1 and 8 positive nasal swabs
for BVDV2 were detected in total. There was no BRSV in our samples. Fusther research
‘would be needed to detect BRSV in calves and also other pathogens related to BRDC.
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HAAM AAL Y R EN 4Y
» SHE E 52 A MZE 165770 2 2E A nasal swab ME 1 OOO7H§ tato =z
2 AFolA 2t multiplex real-time PCR ZIEHH S o| 501 & 63 H Ao
st A&E2 FdsIFS. 2 23, st MEdAM= IDVE J(1|2I°|' 5 9| §§7|
HA AE=don], WA = BWDVI/27t kM E2 0.9% & 1. 1%E Eb 8
oie| =2 kM g0| EHEHJUS (F 7). Ol 2= BVDVO EH X &xol =i
{2 AN E S BVDVOl CHSHE ofthol| A7 E X|EZHoZ 48 5|010|E g eIt
S Aoz MZtE

ol
AA .

» ©OIE nasal swab MEO|A= IDVE H[Est HAISE R E 68 HaAX I} HAEO| =
2. WX = BVDV1/27F 4.5%, 1.6%=2 $t=1} OlRJIX|2 J1& =2 M gs L}
EfWioLt, st=1f= S|, BVDVIO| = A BHEHE| A ot

o
H

z
ik
210
X

N
i
il

X ot2 |pve A, olx MEdAME 1.0%2] UM %% RIS S (F 7).
» Y A U 557 HEH UM ol fjH] e oz selxg2. ol
:?LH A sIhe| AlkEE| 7} ol = ChH| 25517 29l Hez FHE, ol 22
Z sfollM AE Hely Felo XHZFMo=Z OiH[E Herl cts AS oolg
ok QI A MEE o] 85t 557 HWYA 65 DA 2t
27} = ZAE HAA (%)
BVDV1 BVDV?2 BRSV BHV PI-3 IDV
Nasal
10 16 5 1
swab 0.9%)  (1.5%)  (0.4%) ) (0.1%) i
. 0 . 0 . 0 . (0]
(N=1,114)
o =Al 2 1 1 1
Elety (N=151) (1.3%) (0.7%) (0.7%) (0.7%)
kS 3 ! 2 !
(N=392) (0.8%) (0.3%) (0.5%) (0.3%)
EXS 15 19 5 2 3
(N=1,657)  (0.9%) (1.1%) (0.3%) (0.1%) (0.2%)
Nasal
45 16 3 2 1 10
U= swab 4.5%)  (1.6%)  (0.3%)  (0.2%)  (0.1%)  (1.0%)
(N:LOOO) . 0 . 0 . 0 . (o] . (0] . 0
= 57| 6352| Nasal swab =Y o & Fd&E=2 BWDVI H BWV2e| &%, o
:‘#% 337 =E= BVDVIS 670 sS&H(18%), BVDV2= 1170 SRH(33%)0f|lAM kA0 L}
2 diiof, QlEE 207 SE =, BVDV1— 1370 =ZE (65%), BWDV2= 871 =ZE
(40%)0i|A1 MM E0| 75%E|91% oSk pvel A, Q1 47l =ZE (20%)0llA 2k
MMEo| HEEUS (X 8).

=, = 257 BEAl 65 5 ¥ (Nasal swab AZ)

N s
g2 (& 337 A= (F 2070)

BVDV1 8 (24%) 13 (65%)
BVDV2 11 (33%) 8 (40%)
BRSV 3 (9%) 2 (10%)
BHV - 1 (5%)
PI-3 1 (3%) -

IDV - 4 (20%)




wob Zoidels Bote of BHEel A2, 3ol =& . 212t mlel =EolA
BVDV2 Et=ZtH (15%) 2 BVDVi+BVDVZ2 S84 (15%)0] 71&F =2 SEj 2 &eolg
Ve, 2z A%, st=1 FAISH HEl2 BV th=s 2 BVDVI+BVDV2 =eht
E 530 718 %2 Ne® BUNYR (% o). cdwel AnE 29E G ol
BVDV1 ,BVDV2 2! |DVoll 2|st S 57| ol Aol zZoAM UHMSI=E ZdE 9
olstol, st olzziE 4 5E7| WaAMC Sl st Fos o et
s
9. g, = 357] WAl 65 57 I (Nasal swab AE)
OFA AT ~
_r:]— — o o o O T —
Al 3= (= 337]) _ 9E (& 207
BVDV1 3 (9%) 4 (20%)
BVDV2 5 (15%) 4 (20%)
BRSV 2 (6%) 1 (3%)
IDV - 1 (3%)
BVDV1+BVDV2 5 (15%) 4 (20%)
BVDV1+BRSV 1 (3%) -
BVDV1+IDV - 2 (10%)
BVDV1+BHV - 1 (3%)
BVDV2+PI-3 1 (3%)
BVDV1+BRSV+IDV - 1 (3%)

5 UTR (288bp) S ZEZ510{ SNA YIAMLES EMsIY S (D2
5). =, o= dHME 7770 B, 29749 M Eo| 2= z
olE: 2 ME), BDVD2= & 2070 (&= 20
23t & 10702 BVDV1 &, 17i= BVDV1dO|U =20, L—H:|'|7(| 97 = BVDV1b
2 =QIEYS. BDV2E E5 BWDV2azZ ol e,

$Q
lJ> nlo

o

<

(ww)

<

rlo

O

©

= e

@ NSS§BYDV2a
# NS?77BVDV2a
& NSS7 BVDV2a
& WB38S BYDV2s
OQPFEGE5. 1 Bovine viral diahea virus 2 isclate KNC Y6
@ NS BVDVZa
@ NS$E BYDV2
RH23114% 1.60.360 Bovine viral diarhea visus 2 isclate PIZ8
HMH231 1461 Bos'é're virgh diarthes virus 2 isolate WiscA
i d tFain LSMARC-B0778

ez VDvaa
e ——— . NSES Bvau
# NS108BVDV2a

@ NS207 BVDV2a

@ NS209 BVDV2a

# NS307 BVDV2a
@ NSHEBVDV2a

@& JCZBYDV2a
——@ NSB4 BVDVZa
@ NSS5BVDY2a
@ NS127 BYVDV2a
& NSt BYDY2a

& NS3B5BVDY2a
@ §5308 BVIVZa
® NS85 BVDV2a
# NS203BYDYZa
08— MT179823.4 Bovine viral diarthea vieuss 1 isofate AQ1 VDV
@ NS347BYDVIL

SR MBS0 S Bowine weal Ganthea wius 1 suits 19063
9 @ IND3I34 BYDViL
@ NSE36 BVEViD
Ed & NSPEEBVDViL

@ IND238 BYDVIb
KFO0E067 1 Bowme viral diamhes virus 1 issiate S163

@ NSTE3BVOVID BYDW1ib
GU305536.1 Bovine viral ciarthea virus | strain HS15.1

’_r. N$782 BVDViR

@ N3253BVDVEL

ORT753412 1:105-365 Bovine viral diathea virus 1 isolate BI2022
188074 1 Bovire viral diarthes virus 1 strain P1285
JC94 BYDVE

AF337405 1 Border disease virus sirsin 183-64

o0
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of E|US. I BT, 40 VM ME 2T 22 clusterS HMF U2 Ol
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oo, 7|&0 E0E FFE1= clusters EMSHX] LUS
LC549473
a1 LC549481
% LC549480
B 10549468 X
5 % LC549466
LC499991
L LC499985
40 KY680330 | Wil
o 100 KY753452
KU159366
0 1 MH133327
U24716 ”I
® 51 AY910760
FJ555202
7 KY753469
il MK599389 | IX
100 MK599397
@ Ns711
P 5 @ NST14
@ NS588
M @ NS953
3 Y08718
= FJ543090 I
o AF295544
70 US7823
LC552678
99 U24713 I
& AF188577
7 KF501153
Y08719
Y08717
2 55 AF248595 v
= AF248604
KY680328 vii
a7 I KY753464
AF188603 vV
% 3] AF188597
= AF188585
AF188586 Vi

10 AF1a8s87
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12 32 Phylogenetic tree of BRSV based
on G protein

= BHVY, PI-3, IDVe| &A%, real time RT-PCROIM= AZE0| = AX|TH FHEA F7|M
& 2EME S RT-PCROIM= 25 ZAE0| =X 2ol, FII& 240 27+s56h
[e=K=2)

AN 3 -

» 2 o0 SEZ oF, Z|Li2toll IDVol oSt sE=AIE st Ao, &
1,67570 MEZ& 0|50 7.:1%% S5t Aul, DV 2 MES sele = i
2. SHX|2H, xZ ZUdFo| <2lstH, 20220 £RE = 99979 A~ ME
(nasal swab: 9547{, H =Z!: 4571)E real time RT-PCR ZIctHE o|235t01 TGt
= ot 23, 47| 2 45 2% sTAM =& E 14702 nasal swab M4 E0i|A DV
7t @%EI%% (YME 1.4%) (D28 7). =2 2109 2 AFZAIE E3}5}09
= f, IDve =ufol EXMst pAert, G2 FMs2S e f, BVE2 T2
2 57 HeHMeE ot HeZ {AX|LE, oM Ot L XX 4y H
Aol A Z FIFH2l monitoringd|l ERe W=z 0{HA.

» 2 7S S5 st=2 2 olEo A 57| WA 659 wWMEo st dHE gl
TR Helx e MM EFYES S FHolg £ Aoy, e HAH L 7 ZAlM
et 2€MS 2SS

m SolX| $&7| & HAA (BWV) =2 ¥ FMA EM A4Y
= BVDV= Flaviviridae Pestivirus&2 2 A0|A §§7|, st MAIT| A Ao
EI: 7:AI-O |__|_E_|_LH _/'\_ OI'— IIH:{OE OI-E;'X:' AA
- BVDVE BXZIX| BVDV-1, BVDV-2, BVDV-3 (Hobi-like) 2 & 37}x| typeQ2 ®1

210 Aend, Zt typeollA subtypell HENZ EIE T A2, A BDV-12 1aF

|0



B 1g7tXl EA=AD, BVDV-2= 2aFE 2d7HA| EREAUS. BVDV-32] HF
BVDV-1Z} BVDV-22t= E2| OFAZHX| subtype® B0l A=K EUZ.

= IUel ZF, BWVE F= SO0t HASZE =0 Bo| Eixlen, F=2
BVDV-1b typeXt BVDV-2a typeO| E_T'_EI_T’_ A0, T 2| BVDV-1a, BVDV-1c,
BVDV-1d, BVDV-1f, BVDV-10 S0| & A2 (HL=2F 8).

= BVDVE| &2, _n_2F7| w3k ot 2t 2§7|01|H Fo @elez XY = AKX,
OHEIZJMEl o= A7t £S5t 57| el et SMof gt 24
o Bfo| gla. mf2tM 2 ATFoME= BWVE S &7I0AM ZAGIRLD, O Y J
olM Hiol2{AE 22|50 2&7| Hio|B{ A2 SdE EM5IUS.

BVDV 2+M nasal H =X

kidney M= (MDBK)ofl

swab, serum,

&350 cytopathogenic effect (CPE)7F &H&EfE]

MEZS 0|23510 Madin-Darby bovine

o= M=E==2
- O==

3|4=35l0{ PCRE st & 45| AA|st0] BVDVE =2IsH¥US. 0 =, CPE
PUYEE -B0%0| mSt0] FUK SHAH 0 BsIE.
» BWDV ™A™ EAM2 5 UTR, E2, Npro X AE SE5}01, MR I/ EM S
AlAl5t0] EAM SIS
» O Z3 & 31709 BV &M MES 0|Zsto] BE2[E AlLs Z1F, & 57He| M
Z0f|A CPEE &EIsI 11, PCR 2 GIIMYE EM S S5t BWDVRIES =elsto|, &
5702| BVDV £2|FE EE5INS.
» 22|E 5 BV A4FE I%ow# 5UTR, E2, Npro @7IME EAMZznf, 3H=
BVDVIbE, 27l @ 3= BVDV2az2 =2lZ|US.
BVDV AF287§\8F62§7)290 (W) |
Npro T ol oy 1
2‘?2?;%;'@ | BVOV 1g
lau£A 89! D(Kr5861ncp)‘ Bvov 1§
BVDV-1a AF287;)73:?§321(5?96 = .
JX865435 \T{ ggzz’g:; z;g BVDV 1i
AF049221 (Bega) BYDV 1c
KF023432 (461)
KF023400 (333)
iesad v’ KF023390 (28) BvDVia
M31182 (NADL)
. M96751 (SD1)
BYDV-1j AF287282 (3186V6)
= oo KosaTa )| Bvevae
Kw‘gu:fwa AFZB?Z‘; (p‘)(F023374 (12)
1 It KP743088
. iy MN188074
e — S
99 .
)bjmﬁ@fm" N ot BUDV 1b
g ez BYDV-1b AFara0 DH1E)
Wi Keazsarr (182
o W
@ M96687 AF144462 (871)
e e [ S— s svov 14
L et “ﬂiiﬁi@?iiﬁi
53 JX865436
7 JX865430 u— U15059 (890)
’ﬁ:%}z = %%;%iggs BYDV 2
&l th1231 :z‘l: BYDV2a ) M o
S L g
0.050 0.050
% 33 Phylogenetic tree of 5 BVDV isolates based on E2 and Npro gene
» IESHO170e] FEe|A#F (BVDV2a)E O| 25| MAFXMA (whole genome sequencin
242 Sustol Foidel Sag -E%f&i%
» 1O 23, 22[E BWV2a dF= MERMAM EAMZ1folAME BVDV2a #FZ2 =ols
ooy, BWDV2a &1 #F HI|IAME (MH231141)2} dH|w st Z} 96.85% & X|sh=
Aoz 2ol=A= (F 10).



LR699800 bovine viral diarrhea virus polyprotein gene for polyprotein Npro C E1 E2 p7 NS2 NS3 NS4A NS4B NS5A NS5B region
69| LR699799 bovine viral diarrhea virus polyprotein gene for polyprotein Npro C E1 E2 p7 NS2 NS3 NS4A NS4B NS5A NS5B region
LR699801 bovine viral diarrhea virus polyprotein gene for polyprotein Npro C E1 E2 p7 NS2 NS3 NS4A NS4B NS5A NS5B region
LR699803 bovine viral diarrhea virus polyprotein gene for polyprotein Npro C E1 E2 p7 NS2 NS3 NS4A NS4B NS5A NS5B region
66 LR699802 bovine viral diarrhea virus polyprotein gene for polyprotein Npro C E1 E2 p7 NS2 NS3 NS4A NS4B NS5A NS5B region

KP941584 Bovine viral diarrhea virus 1 strain USMARC-53875 polyprotein gene complete cds
L) tAF091605 Bovine viral diarrhea virus strain Oregon C24V complete genome

100 L AF041040 Pestivirus type 1 polyprotein gene complete cds

100

ON901783 Bovine viral diarrhea virus 1 strain BVDV-1/Bovine/CHN/HN-03/2017 complete genome
PTU86600 Pestivirus type 1 noncytopathic genomic RNA complete genome
MH899941 Bovine viral diarrhea virus 1 isolate SLO/3301/2014 complete genome

KP941590 Bovine viral diarrhea virus 1 strain USMARC-55924 polyprotein gene complete cds
KP941592 Bovine viral diarthea virus 1 strain USMARC-55926 polyprotein gene complete cds
KP941583 Bovine viral diarrhea virus 1 strain USMARC-53874 polyprotein gene complete cds

MH231153 Bovine viral diarrhea virus 1 isolate Nebraska polyprotein gene complete cds
JX419398 Bovine viral diarrhea virus 1 polyprotein gene complete cds

100 | JX419397 Bovine viral diarrhea virus 1 polyprotein gene complete cds

KY849592 Bovine viral diarrhea virus 1 isolate SLO/2416/2002 complete genome
100 KT943518 Bovine viral diarrhea virus 1 isolate BJ1201 complete genome

100 MF166858 Bovine viral diarrhea virus 1 isolate fecal complete genome

100 | MW006485 Bovine viral diarrhea virus 2 isolate HENO1 complete genome
100 [KJ000672 Bovine viral diarrhea virus 2 strain SD1301 complete genome
MH231126 Bovine viral diarrhea virus 2 isolate 3237 polyprotein gene complete cds

MH231141 Bovine viral diarrhea virus 2 isolate PI28 polyprotein gene complete cds
KT832820 Bovine viral diarrhea virus 2 strain USMARC-60767 complete genome
KT832822 Bovine viral diarrhea virus 2 strain USMARC-60779 complete genome
MH231137 Bovine viral diarrhea virus 2 isolate MadSpl polyprotein gene complete cds
NS305

100  KC963968 Bovine viral diarrhea virus 2 isolate 11F011 complete genome

100 100

JQ418635 Bovine viral diarrhea virus 2 isolate 08Q723 polyprotein gene complete cds
MH231138 Bovine viral diarrhea virus 2 isolate MnFetus polyprotein gene complete cds
AY149215 Bovine viral diarrhea virus genotype 2 strain p11Q polyprotein gene complete cds
AB894424 Bovine viral diarrhea virus 2 genomic RNA complete genome strain: GBK E-
KF835701 Bovine viral diarrhea virus 2 isolate 108 polyprotein gene complete cds
100 | KF835702 Bovine viral diarrhea virus 2 isolate 108a polyprotein gene complete cds

64l KF835700 Bovine viral diarrhea virus 2 isolate PA131 polyprotein gene complete cds

1a

1b

1d

2b

2a

2] 34 Phylogenetic tree of 1 BVDV isolate based on complete genome

sequences

# 10. BVDV2a (MH231141) AA| 9&A} vl 2}

Genome Nucleotide Identity (%)

bp) ~ © Somelete npo ¢ Emns E1 E2 &N NS3 NS4B NS5A NS5B

genome

12,237 96.85 97.42 98.37 96.92 97.44 96.06 97.51 97.60 97.98 9

6.71

97.22

Ll

B SotX| $E7| Z& WX (BRV) =2l & FE[F 78y EM 72
» BRSV= Paramyxovirusz, Orthopneumovirus®d 22 20M &
= HYHZ 2™ US.

= BRSV 2FAM nasal swabMZEE 0|

0

Ijob
d

III

=2 o
CPE LM =2 -80=ofl =2tst .

SHH SHTY ol 831AS
u

=

rlok

2 fust

5to1 MDBK M=ol X Z35to{ CPEV| ZH&E == ME

=2
= 3|35l0{ PCRE IR, & 43 HA[St0] BRSVE =2I5tUS.
04

of %

= BRSV F™&E 2 Glycoprotein (G), Fusion (F), Nucleocapsid (N) #MAIE=2 &=
ot =, Q7MY BME HAGIRE (RELEF 6)

= & 5719 BRSV &AM MEZ 0|35t E2|lE AlTst 2o, & 1742 MEZo|AM CPE
E =olstill, PCR ¥ EI7(MY EAME Sotod & 1712| BRSV RE|FE &HE 51
=.

» AHE 2A Z3t, =25 17He] E2|F = G, F geneg 0| 3ct A& A Aloll= 7|
Zo LT subgroupoll ESHX| 2= AES 2elstAend, N genell ZAol= &
=, 0|=, 5¢ B2 #F=2 &2 clusterg Mst= AS 2SS,
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13 35 Phylogenetic

Coronavirus (BCV),

- BOlX AMAje} mE

bovine viral

parvum (C. parvum), Giardia spp.,
= HelxM el ExE ZAlstZ| <6l

F gene N gene
o AF188575 MT364712
6 | AF188573 | ® NS953
L MG947594 MT364710
o AF188572 MT364708
AF295544 MT364706
T e fimere
" LC552679(RS52) I MT364708
® | C552680(NMK7) WF3RE7
" MK599309 X o MT364713
g MK599404 S40504
o M58350 m NC038272
% FJ543092 AF092942
AF188569 MN316653
» AF188562 " AF18855;35076
2L 95
Y1970 n | AF295544
AF188570 | AF188551
| ® NS953 b % AF188545
| a~ AF188556 AF188544
AF188558 e AF188532
« - AF188568 V + Vi o AF188540
s AF188567 % AF188542
65 AF188561 MG947594
LC549448 “ 22223
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“ CLCS49445 AF054665
s LCSd0M7 KU159366
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Prevalence and molecular characteristics of Bovine Respiratory
Syncytial Firuses (BRSV) in Korea

Jung Wan Kang'*, Serim Kim', Jeong Byoung Chae'*, Seume-Uk Shin', Young Mi Jo',
Hymsoo Rob', Hmseng Hanzong', Won Gyeong Kim'

"Bio Team, Animal Indusmry Daza Kove, Seoul, 06157, Repubiic af Korea, “Laboratary of
Veceriniry Brtarnal Modicine, BI21 FOUR Future Vearinary Mokcine Loading Edhucation
and Reseqrch Contrs, Rezearch Institute for Feterinary Science and College of Veserimary
Madicine, Seoul National Seoul 08925, Repubitc of Kove

Bovine respirasory syncytial virus (BRSV) 15 an important pathogen of the bovine
raspirstory diseae complax (BRDC). Howarer, it prevalencs and moleculer charsetmistios
in Kosaa ts haveremsmed largely meplored. T this srudy, 1120 nasal swsbe fom 34 farms
m 7 provinces were collacted and 04% (57.127) of samples were determined ==
BRSV- po=m\'e by RT-qPCR. Furthermore. l:ml!ﬂ!].il characterization for one BRSV
izglata d focusing on the of glycoprotem (G, fision (F)
and pucleocapeid () zane. As results, G and F zens of theizolate was not clusterad to any.
subgroup. On the other hand. N zene of the 1solate was found to cluster with BRSVs from
Chm US-K md Germmy. In :az\d\mm these findings comtribate to our inderstanding
ofth of BRSV in Kores. and indicate that finther
shudiss to cempm'hm svely

charactenze BREV m Korea are necessary.
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st 1570 s&oIA 8107He] EHMES &HSH0{ fecal scoringg TdsIFS. 1
Znt 526742 MAF o (fecal score 0: 26770, fecal score 1: 2597H) %! 284
7He|l MAPH (Fecal score: 2, 17870, fecal score 3: 1067H)2 EESIUS. =&
H ME YHE= 3o ES

No. of animals

ng;n Locations Fecal scores
0 1 2 3 Total
1 7371 13 16 7 1 37
2 371 23 13 5 1 42
3 7371 18 26 28 26 98
4 371 63 38 20 13 134
5 el 5 13 10 5 33
6 549 39 44 29 8 120
7 =t 23 23 6 61
8 =t 12 13 3 34
9 =t 0 4 18
10 =g 19 6 43
11 e 22 17 23 19 81
12 k= 14 19 12 5 50
13 AE 6 4 1 1 12
14 =t 2 7 1 1 11
15 7 8 11 10 7 36
Total 267 259 178 106 810
» O] =, SOofX] MAL ZHAE F2 YHANSZ HAAlcto] HAAM S E2EE =Al oI
=. AAts Held 22 J|=ol 2= conventional PCR (PCR), real time PCR
S 0| 85t0] HAESIH S (R EH 13-17). AFSS primer ¥ probe ME=
Ct=t 25 (£ 12)
= O =, ZF HAAN L} fecal score?te| AZPAE msSEY| 2|5 the Pearson’ s

=
=
x2 and linear by linear association 242 $+H3IFS

B 12, £ofx] HAF HYA| 75 FAMo| AFE-E primer ¥ probe FHE

_]
Zﬁl‘j HAR Primers, probes 5'- 3 A 23
B CTA GTA ACC AGG CTG ATG TCA
orward ATA CC
BCV 13
Reverse GGC GGA AAC CTA GTC GGA ATA
PCR . TCA ACA TGG ATG TCC TGT ATT
orward COT
BRV 14
Reverse TCC CCC AGT TTG GAA TTC ATT
Forward CTC GAG ATG CCA TGT GGA C
Real- Reverse CTC CAT GTG CCA TGT ACA GCA
time  BVDV  puo Pe L- CAG CCT GAT AGG GTG CTG CAG 15
PCR (FAM/BHQI) AGG C

BVD type 2 - CAC AGC CTG ATA GGG TGT AGC




Probe

(HEX/BHO1) AGA GAC CTG
F CAA ATT GAT ACC GTT TGT CCT
orward TCT GT
C. Reverse GGC ATG TCG ATT CTA ATT CAG CT 16
parvum “prqpe TGC CAT ACA TTG TTG TCC TGA
Real- (HEX/BHQ1) CAA ATT GAA
. Forward CAT CCG CGA GGA GGT CAA
time Giardia _Reverse GCA GCC ATG GTG TCG ATC T 16
PCR Spp. Probe AAG TCC GCC GAC AAC ATG TAC
(FAM/BHQ1) CTA ACG A
F AAA GGA TGC AAA AGT CGT AAC
orward AC
Limeria "Reverse TGC AAT TCA CAA TGC GTA TCG 17
SPp- Probe TGT TTC TAC CCA CTA CAT CCA
(FAM/BHQ2) AC
= 1 Z3}, BRV (14.0%.113/810)7F ZI& ©o| HE=AU2DH, C. parvum (9.8%,

H 13. Fecal scoreo] @2 £ox] AAlF YA 75

79/810), BVDV2 (4.9%, 40/810), BCV (3.2%, 26/810), BVDV1 (2.1%, 17/810),
Eimeria spp. (1.9%, 15/810), Z12|X Giardia spp. (0.9%, 7/810) =22 AZEE

As. AAtst 771X el ZollM BRV (p < 0.01), C. parvum (p < 0.001), &
Eimeria spp. (p < 0.05)2| &M E0| fecal scoreZ7t =25 TSIt 519 3).

(o]
Fd&

Fecal scores (No. of animal, %) P values
HAA| 0 1 2 3 Total
Pe Li
(n= 267) (n=259) (n=178) (n=106) (n=810)
33 30
BRV (12.4%) (11.6%) 21 (11.8%) 29 (27.4%) 113 (14.0%)  <0.001 0.004
BCV 7 (2.6%) 8 (3.1%) 4 (2.2%) 7 (6.6%) 26 (3.2%) 0.189 0.170
BVDV1 3 (1.1%) 8 (3.1%) 3 (1.7%) 3 (2.8%) 17 (2.1%) 0.408 0.414
BVDV2 12 (4.5%) 12 (4.6%) 7 (3.9%) 9 (8.5%) 40 (4.9%) 0.336 0.277
C. parvum 12 (4.5%) 21 (8.1%) 28 (15.7%) 18 (17.0%) 79 (9.8%) <0001 <000
. . 1% 5% .8% .8% 9% 0.174 0.027
pmena 2(0.7%)  4(1.5%) 5 (28%) 4 (3.8%) 15 (1.9%)
Cardid 3(11%)  3(1.2%)  1(06%) 0 (0.0%) 7 (0.9%) 0662  0.257
Pe, Pearson’ s chi-square test; Li, linear by linear association

7|12 2|ui2t AFZ Dol o5t BRV 2 C.parvum, 2 Eimeria spp.”7F S2lLI2}
Solx| MAle] £ fleloz HIEAS (FI2F 18)
AFOIME 7|E AFLZATRl OlFIIX|Z BRVIF 7HE ol HAE=Aen], O H
C. parvum, BVDV2, BCV, BVDV1, Eimeria spp., Giardia spp. =22 =&l
YT HEYHM RYHES Xol= XA, FCHH | A|ZEA Xo|Z2 elst
Zte|Ll, 2 Ao Zits ol =AET LMol UM Re
FX|2F, Eimeria spp.= fecal score?t EAHZHo= Folst
| 27| j2oll FI7tHel Aot 2est o=z HehE
felLietollAo Edsts £ SobX| MAfata
BRVS| 4T,

SHX| £5t *J>L, C. parvume|

lo

)
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=
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P-057
Prevalence of Various Pathegens Causing Calf Dianthea in Korea

Jeong Byoung Chae, Seung-Uk Shin, Hyunsoo Roh, Junwoo Park, So Rin Jeong,
Hae In Oh, Hansong Chae. Seong Woo Cho, Chul Jun Goh, Jung Won Kang*

Bio Team, Animai Industry Data Karea, Seoul, 06152, Korea

Calf diarrhea is one of the most prevalent diseases in cattle industries. It has affected the
morbidity and mortality of neonatal calves and their growth performances and has caused
worldwide economic loss. There have been reported the impacts of pathogens causing
diarrhea in calves. In this study, 7 pathogens (Bovine rotavirus group A (BRV), Bovine
coronavirus (BCV), Bovine viral diarrhea virus type 1 (BVDV 1), Bovine viral diarthea
virus type 2 (BVDV 2), Cryptosporidium spp., Giardia spp., Eimeria spp.) causing calf
diarthea were investigated in the feces of calves in 7 farms using reverse transcriptase
polymerase chain reaction (PCR) or real-time PCR. As a result, feces from 286 calves up
to 60 days of age were collected during April to August 2022. Among 7 pathogens.
Cryptosporidium spp. (28/286, 9.8%) were the most prevalent pathogens, followed by BRV'
(21/286,7.3%). BVDV 2 (15/286, 5.2%), Eimeria spp. (7/286, 2.4%), Giardia spp. (4/286,
1.4%), BCV (4/286, 1.4%), and BVDV 1 (3/286, 1.0%). The information of these prevalence
of pathog id ibute to developing sirategies for pn ion and treatment of calf
diarrhea in Korea.

a8 37 202219 FASEe] Hw =

=
=

B 50X MAlfet HRlX (Bovine Rotavirus) £2l & |8 §M A4Y

BRV &AM ME 2HZ 0| 23510 Madin-Darby bovine kidney M= (MDBK)oll &
0 cytopathogenic effect (CPE)7} Zt& == MES s|45l0{ PCRE TH

o, & 43| AA|5l0 BRVE =22IstUS. 0l &, CPE YFMHMEE2 -80% 0| = 2t5}H0d
OI—|I-I EA—I.HLD:IQ“ o|33|.0:|2‘

BRVe| &AM EME2 FL genome segmentO|t TS FHst= VP4 (P &) 2
VP7 (G &) F/IE (VP4: 863 bp, VP7: 1062 bp) & T

ZHOEH 14).

MEZ 0|33t BRV B2l 4

ol M CPEE =tolst¥ i, PCR & YI7IMYE EAMZ Sstod & 27749 BRV #E2[F
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VP7% 0| 835to{ =2l BRVe| REUAN EM2 et 2, 2774 22| & 247H7F
G6 &, 3707t 68 OlUZ. VP4e| &<, 2771 EF PSS
247H°| —‘?'—EI—’F— (89%) 7t GeP[5]@ =2 LtEHGS. O
GeP[5]& &= olol|sin{, ol 7|&ES AL &2 A

=9 19).
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13 38 Phylogenetic analysis of BRV based on VP4 and VP7

XML HI[MEEAMEH (NGS) S O[E8H Sotx| S 57| #H M Ho|[HA HE
SotX| 557 HEYMSS ol WHoZ= MES AN sHSHALE, H
ot MEoAM HAM S EME elsts AYHAN WHE0| F2 ALEEHDT
=. o|z{st HHE=2 Qlzstx|gh, kst SHAEES0| AR, 40| UAAY ST
Zlcho] =X e WelxEe gt Zo| EXstR s
Z 2 AMHE 7| 2AM (Next generation sequencing, NGS)2 7|Z& HAXE9
TICHHO| st SHAIE 2 F=5cte M2 FlctHe =z A™E1 Jgon], HAAA LY
oMol FHMAE ME SHAZ|= dHE Sl 7| &0 HEX| 2y J|ES H
A= HE Eok ot EIEX 2 MER Wl HEAT ®Ho| o|=H
Us (23 20)
matA 2 AFME 57| atE40| JoLt, HAM FICo| =HX| k= M

N

=
£0| &l=lof, 7|=o| LHXIX| 22 unknown & SE7| HEHI JS A2
Iot=[A S . Olofl NGSE 0| &35to Al Hio|g{A HRANE =
TUoAM ®MF S Z|E 670 SolX| SE7| HHAM SAMo[Lt, SET| AMSMES B
2l 43702] nsal swab MES 97HE LHR pooling & =, pooled MES 0|&5}t04
NGSE THlsIFS. AA T2 21 &5

Library= total RNAOIA rRNAE HAH st F, HolU= mRNAE =2Z+=l CHS random
primer2} reverse transcriptaseE O|&35t0] & MM stranded cDNAE A &5
S. 21 ¥, DNA Polymerase |, RNase H, and dUTPE 0|235t0{ & HHM| stranded
cDNAE M 25t S . ofx|ete =z st 72| A base F7I2t adapter 2 S S35l %3
repair THAE HZE T, PCRE &Soll =& cDNA libraryE HMESIUS. HMEHE
cDNA library= Illumina NovaSeq2 &3dll sequencingO| Tl = A,

Sequencing data= Trim Galore (v.0.6.1)& 0|&35t0{ Quality checkingzt
trimmingol ZH=ZAS04, Deconseq (v0.4.3)= 0|50 70% query2l 90%
coverage2| Z|Z=of 2} virus reads=0| F&EEUS. I ¥, SPAdes assembler =
0| 235t01 contigES assembledt %, BLAST+ES S35H NCBI viral databased
matchingsts. 1 &, ZAE virus sequence2| 90% 0|4+ of A= HIO|MASS

I
fujo
oy
[|H)|.
_ol
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Raw data (NGS Short Read)
| l
Quality checking and trimming (Q30) using Trim galore (v.0.6.1)
i l
Virus reads extraction from total reads (Qcov 70%, Identity 90%) using Deconseq (v.0.4.3)
3 l

Assembly of virus reads using SPAdes assembler (v.3.14.1)

I 1

Assembled contigs annotation (NCBI viral database, rank 1, e-value = 1*e19)

samp + virus = contig |- < | accessic -

cont4~ vire— alipme~{ Comti— viri~_ Deseription

contf~—| conti——| virue-—| viru-
ri ~ | cover: star ~ | End ~ " | ena
3 7| 37| s o a3n =

% 39 Schematic diagram of the procedure for detecting viral sequences
in calf diarrhea

= = Ol pooled MEAM 585F virusel Hel FMA |FAX GI7|/MHo| HE Qo

of, MEZ 8 &elE virus 7= Ch2T €3

& 13. NGSE 0] &3t vlolg]~ 7% Zit (Nasal swab A1E)

Detected Virus Sample description No. of samples
Bovine coronavirus 1,2,3,4,5,6,9 7/9
Bovine rhinitis 3,5,6,7 4/9
A virus *7 (suspicious co-infected with BRVAI
and 2)
Bovine rhinitis 4,5,6,7,8,9 6/9
B virus
Bovine torovirus 8 1/9

= Bovine rhinitis virus A (BRAV)S| ®™A FA7|= LUtAo=Z 2F 7.0-8.0 kbpZE
e US. 97 ME Z, 57llollAM BRBV RNA (7500-7585bp) 7t &el=len], =2
5 BRAV 1822 =ol=ds. T, 170 MEoAM= BRAV 1/28 25F AEEUS.
A FHEME 70 LHE FAFt d|wst Zop, BRAVIYE 1 4F S7(ME
(NC038303) 2t= 81.3-83.3%, BRAV2Y &1 AF HI7IME  (INI36206) b=
80.4-84.8% =st A2 =RIEAF.

= Picornaviridae Ztol|l &35t= Aphthovirus@! BRAV= 1960 CH

Jn

oA LzAE 0l



g, o=, g2, 42, 5350 M =M7F 2o, & 57| &9 (BRDC,
Bovine respiratory disease complex) 2} &0l U= HEA = 22X JUS (&2

25 21-23) . sx|ot, fa|uEliME O EX7F B0} = HEE= Q1S
E35| 2| & %2 A= "jo|z|Al BRAV =X 2 A SH™A YI|IMA
2g. ol= efe= =) BRAVY FHM SH 3 ool BRAVWSE Blm AT
BRAV ZtAl & & 57| welx Zetof lof B2 J7|ois & zez #

HE b

N mjo rhT
or -

Ofm |HT
roh ok mju

100  KP236129 Bovine rhinitis A virus strain 140032-1 polyprotein gane completecds
2
53

@

KU159383 Bovine rhinitis A virus strain MexB15 polyprotein gene partial cds
JN836208 Bovine hinitis A virus 2 isolate H-1 polyprotein gene complete cds
el 7"_7232 cov 16515.765279 {reversed) B R A\/ 2
{ KU159362 Bovine rhinitis A virus strain BS16-2 polyprotein gene partial cds
i

P KU158364 Bovine rhinitis A virus strain US1HQ2 polyprotein gene complete cds

ol KP284974 Bovine rhinilis A virus isclate BSR4 polyprotein gene compiete cds

KT948520 Bovinerhinifis A virus strain RS3X pelyprotein gene complete cds
&30 r MZ0D4695 Bovine rhinitis A virus strain CHN1 LZ10 compiets genome

1o | MZO04696 Bovine rhinitis A virus strain CHN1 LZ11 complete genome

10l MZ004684 Bovine rhinitis A vitus strain CHN1 LZ01 compiete genome

[— NC 038303 Bovine rhinitis A virus sirain Sd-1 polyprotein gene complete cds B RAV 1
61 5_7229 cov 10287.524513 {reversed)

6_7223 cov 1571.401636 {reversed)

95)3_7228 cov 13778843307

9817_cov 847.651526 (reversed]
OP020162 MAGC: Bovina rhinitis A virus isolate BRAY3NSWLE 1 complete genome

i

OP020171 MAG: Bovine rhinitis A virus isolate BRAV3NSWL13. 1complete genome
OPG028173 MAG: Bovine hinitis A virus isclate BRAV3 NSWL& complele genome
Bl CFO20170 MAG: Bovine rhinitis A virus isolate BRAV3NSWLG partial genome

OP020169 MAG: Bavine rhiniis A virus isclate BRAV3 NSWL10compiete genome
OP020164 MAG: Bovine rhinitis A virus isclate BRAV3 NSWWL15 complete gename BRAV 3
OR020183 MAG: Bovine shinitis A virus isolate BRAV3 NSWL12 complete genome
) OF020188 MAG: Bovine shinitis A virus isolate BRAV3 NSWL3 complete genome

| OP020167 MAG: Bovine rhinitis A virus isclate BRAV3 NSWL13 complete genome

B

92t OP020165 MAG: Bavine rhinitis A virus isclate BRAV3INSWLA complate genome
OF020168 MAG: Bovine shinitis A virus isolate BRAVI NSWLS complete genome

NC 038210 Foot-and-mouth disease virus O isolate oBpirhright iso88 complete genome

0.50

3 40 Phylogenetic tree of BRAV based on nearly complete genome sequence

# 14. BRAV type 1 +#& (NC038303)2} AA| 97X} vl At

Sa  Nucleotide Identity (%)

m

ple Gen 1ab VP4 VP2 VP3 VPl 2A 2B 2C 3A  VPg f;fo glgl
3 833 803 806 824 830 783 817 845 853 841 847 852 856
5 832 795 810 820 824 772 817 848 852 847 847 847 859
6 832 795 810 820 824 772 817 848 852 847 847 845 859
7 833 803 810 830 830 783 817 845 853 841 833 853 855
7 813 827 789 746 720 723 -  8l.1 842 847 819 855 867

-, Not calculated (less than 25%)

# 15. BRAV type 2 #Z (JN936206)2} XA SAA}F 8]l

X
i)

ISn @ Nucleotide Identity (%)

1

P¢ Geno 1ap vp4 vz VP3 VPL 2 2B 2 3A vpg SCPr 3Dp
3 805 805 792 72.8 732 740 81.7 83.6 83.6 820 - 84.7 853




5 807 793 79.2 729 744 743 817 843 8277 82.0 819 844 864
6 807 793 79.2 729 744 743 817 843 8277 82.0 819 842 864
7 804 805 796 728 732 740 817 835 836 820 - 84.9 852
7 848 795 799 820 796 786 - 87.1 88,5 872 875 879 89.2

-, Not calculated (less than 25%)

Bovine rhinitis virus B (BRBV)S| FMA F7|= LutMo=Z 2F 7.0-8.0 kbp=
U™ UAS. 99 ME F, 6700l BRBV RNA (7,500-7,585bp) 7t &telz[iong,
5% 37| MEZ2 BRBV 18, 270l= BRBV 3%, 17l= BRBV 28 2o =2 =QlzRUS. &4
2 671 MEZ2 BRBV 18 &1 #F HI|MY (NCO10354) 2F 77.3-88.7%, BRBV2H
I A3 Y@I7IMY (KY432299)2f 77.6-93.9%, BRBV 38 &1 #F HI7|AML
(KP264975) 2 77.2-92.6% s ¢et A2z =Ql=AS. gt 204 FH™ XK= 25% O 5t
2 LIEtE MESO0| EM5IAUS.
Picornaviridae 2ol %3Sk= Aphthovirus@!l BRBV= 19710 A=oM 22|= U2
0{, ZAlol= bovine rhinovirus2 27F=& BRAVS| ot BFZ FHEHAIS. olF
o = BRAVOll CHSF =3t Al&ollM WA BH30| gict= O|FZ BRAVRI FEEUS.
Z|, BRBVZ} BRDCZ Fchuk2 Aof Ci St metagenomic 7 S22 SlM =, &
L 0= S o FItoAM EREAS (FOES 21-23) . otX| 2k, 22| LEIA =

=
=

=
=

o T

ZX7t 200t FH H= 1.

75 £of 2 FHx= AZ slo|3A9l BRIV EA ¥ HMA RHX H|MH
SE519e. ol goz =l BRBVOl SMA S 3 shel BRBVSF Hlm 917
S5t BRBV ZAl 2 & S E7| weld Fohol 9lof 22 J|0is @ Hez m

0un o i (4 i
(o]

24 $7 753 cov 15165, 51938
35| 247567 cov 17020637537 | BREVY
357385 cov 25505.920150

MFLEIIET Bovie thinitis € viruis shrain SO LE2 somplste genioma

R DHEODAS Bovine Gunitis B viras 1 complele guenome

Ir?gw g e LG OE0E Boving vhiniie B vines sbain D2 corrplets getiome BERYS
! [ RH1S8380 Bovine thinfls B virus § sitain MexBOS palyprobein gens complete ods

@ i Fisd BF2SAETE Bavine thingls Burus § isolals BERID nolvarstei gene complate sds

“‘J; Gl (B V524 cov 2645.001040 BROVI
i 1 55 7582 cov 44812995540
I KA RERGY Eovine ihipiis 8 virs 4 soiate TOME polyproiein gens complsie ods BREVE

#r L ) B5782 Bovine riinils B vins abain MexBRS pobmooiein gene pariial 2ds

BEH S934T Boving rrinfis B virus sirein MexB 10 peiyoreiel gene padial o5
e EYaSITEeiovne dinits 8 vinus J atinle BREV S polypreieingsne tompiete cds

w17 B8 TEDG cov SI6. 528048
B4 L RIPGED TR Bovine dhinitie B virus strain SO LTOE campieds gancine

o {{&%T%Oé‘aéﬁo‘eﬁneﬁﬁmm B irys istiote BREVCHNT compiete gancma BREVE

HEC P92 10 Font-andanoith disease s O solnte ofipldopit teold somplate genome

13 41 Phylogenetic tree of BRBV based on nearly complete genome sequence

H 16. BRBV type 1 % (NC010354)9} HAA| 974X} vl At

Sa Nucleotide Identity (%)

m

ple IGneem LP VP4 VP2 VP3 VPl 2A 2B 2C 3A 3B 3¢ 3D
4 887 882 884 864 897 886 81.2 898 90.2 88.7 840 87.8 89.7




5 887 886 884 86.6 89.7 886 82.1 898 900 89.0 84.0 878 89.6
6 773 825 804 614 693 572 - 79.2 79.1 774 88.0 87.5 899
7 887 884 88.0 86.4 89.7 886 8l.z2 89.8 90.2 887 84.0 87.8 89.7
8§ 804 879 804 705 728 653 - 79.3 84.2 812 853 88.1 884
9 803 879 797 706 725 651 - 79.3 84.1 81.2 840 88.3 884

-, Not calculated (less than 25%):; LP, leader peptide

# 17. BRBV type 2 #%& (KY432299)°t AA| 9-&AA} vl A}

%a Nucleotide Identity (%)

Pl Geno LP VP4 VP2 VP3 VPI 2A 2B 2C 3A 3B 3¢ 3D
me

4 793 810 815 624 680 604 - 795 79.8 812 86.7 91.0 93.3
5 793 812 8l5 624 680 604 - 795 79.8 812 86.7 91.0 93.2
6 939 932 938 933 937 941 966 942 942 940 920 923 939
7 793 808 815 624 680 604 - 795 79.8 812 86.7 91.0 933
8 776 812 830 621 66.7 604 - 816 788 769 80.0 869 884
9 776 804 830 620 671 602 - 816 794 769 787 870 885

-, Not calculated (less than 25%); LP, leader peptide

# 18. BRBV type 3 #%& (KP264975)2t JA| SF AL vlw 2t

Sa Nycleotide Identity (%)

m
ple geéno LP VP4 VP2 VP3 VPl 2A 2B 2C  3A 3B 3¢ 3D
4 803 874 815 693 723 659 - 785 833 83.0 773 88.1 88.8
5 803 876 8l5 692 723 659 - 785 837 77.7 713 88.1 88.9
6 772 807 823 609 679 599 - 80.8 789 827 853 88.1 88.9
7 803 873 819 693 723 659 - 785 833 827 773 88.1 88.8
8 924 924 931 928 944 938 940 929 91.9 922 920 926 90.2
9 926 931 93.8 924 845 940 940 929 92.1 922 933 93.1 908
-, Not calculated (less than 25%): LP, leader peptide

Bovine torovirus (BToV)2| R%&A F7|= 27.9-28.5 kb2 LM
Z % 17HollM BToV RNA (28,296 bp) 7| =lzAS. ASEAMZEL

L
>

d

ME2 33 dE20oM E0E F2|FFet &2 cluster?! ZHE & .=
2| = dEofA EuE FHO FF G7|ME (LC088095) 2t 97.5% =St HeZE L
EP——I-E_

BToVe| A<, =2 Sofx| MAL 2 HEM=z ol Eizi Uz (&
24) . _E[f2t HA EHolx| MABAAMEE Hazlort (FAE6

M X222 & SE7|0M BTovE ZHESHS ot oflz}, oo
YA =2A2| BToV & FII 771 HR5icl= S 2ele £+ AUA=S.



1pe[ MNO73058_Bovine_torovirus_strain_BToV_SC-1_Sichuan/2018_complete_genome

MNO73058_Bovine_torovirus_strain BToV _SC-2_Sichuani2018_complete_genome

100 F88_28296 cov_ 125.642971

100 LCO8/8004_Bovine torovirus_genomic_RMA_comgplete_genome_strain,_BToV Ishikawa/2010
& LCORBOSS_Bovine torovirus_genomic_RNA_complets_genome_sirain_BToV Kagoshima/2014
LT800503_Porcine_forovirus_isclate PToV_GER_LU0928-K20_14-01_2014_genome_assembiy_compisle_genome:_monopartite
NC_022787_Porcine_torovirus_sirain_SH1_complete_genoms

LC483442 Porcina_torovirus_ibarak¥2018 genomic_RMNA_complate genome

Ki403380_Porcine_torovirus_strain PToVINPL2014_complete_ganome

NC_(07447_Breda_virus_complete_genome

KRE27150_Goat_torovirus_strain_SZ_complete_genome

NC_043213_Eguine_torovirus_strain_Beme_5_UTR_and_replicase_polyprotein_t1a_{ORF1a)_gene_complete_cds

—
0.10

3 42 Phylogenetic tree of BToV based on nearly complete genome sequence

B 19. BToV #Z (LC088095)9F A A S&x} v|w A}

Nucleotide Identity (%)

Complete genome ORFlab S M HE N

97.5 97.2 95.5 96.9 96.7 98.0

Bovine coronavirus (BCV)2l Z#<, 970 MZ
& 570 MEZ0|AM= Nucleocapsid genes A2
f

S 70 ME0M ZAEASH, O
gt LHHX| RUANS0| HEE A2

|

MHA FH™A Z7|= 29,375 - 31,062 bp=E == AS.
Hes=4M Z3l, 25 betacoronavirusoll &FsiU= ol 2l=RRfeny, O F 7=
2 FEZLpHiole{A 2 JFFolA wAE Hio|2{ A= Merbecovirusdl Hafile A2
2 Felxds. Z|&d EInE I ZFF G7IME (U00735)2F HIWA],
98.3-98.4% Y X|ot= A2 Z LIEIGS.

BCVe| A%, S 57| WMzl datHct 2517 Ao =3 o 2t X =

o

a4 e, Ul AL Zak GA aspo] Zoll ZHOI AL Ao, #A, NGS
= et ool ¥S SoM 7ol ¥S0| HelEes Aez = o, mddM =
E7| WM =AM BCVO| thst Fotmol Aot et ez MZtE. Esh o

>

$E7| 2Yes do7l& Bovel & 25|
xtolof| CHeh M E =780l o2 RIsist T Q



100 LC464184 Bovine coronavirus TCG-1 RNA complete genome
1001 LC494128 Bovine coronavirus WAT-1RNA complete genome
EF424624 Calt-giraffe coronavirus US/OH3/2006 complete genome
199 EF424523 Giraffe coronavirus US/OH3/2003 complete genome
FJ38065 Bovine respiratory coronavirus AH187 complete genome
DQI15184 Bovine coronavirus isolate Alpaca complete genome
400/ FJ425187 White-taiied deer coronavirus US/OH-WD4T0/1994 complete genome
FJg38066 Bovine respiratory coronavirus hovineAUS/OH-440-TC/1998 compiete genome
FJ425188 Sambar deer coronavirus US/OH-WD388-TC/1994 complete gerome
FJ425190 Sambar deer coronavirus US/OH-WD388-TC/1994 calf-passaged compiete genome
FJ425184 Waterbuck coronavirus US/OH-WD358-TC/1994 complete gencme
95| FJ425185 Waterbuck coronavirus US/OH-WD358-6C/1994 complete genome
FJ425188 Waterbuck coronavirus US/OH-WD358/1894 complete genome Merbecovirus
10§ 3_29385 cov 1387.649816
4_20386 cov 45847.905682
1_31062 cov 91024.528230
5_29387 cov 5305.816100
6_29385 cov 52415.874421
231001 cov 771.826990

100 || 929387 cov 64619.247120

AB354579 Bovine coronavirus geromic RNA complete genome strain: Kakegawa
100 10d] AF220295 Bovine coronavirus sirain Quebec compiote genome

[BCUOD735 Bovine coronavirus strain Mebus complete genome

NC 006213 Humen coronavirus OC43 strain ATCC VR-759 compiete genome

EF446615 Equine coronavirus strain NC99 compiete genome
NC 026011 HKU24 strain HKU24-RO50051 complete genome

100  NC 039207 Betacoronavirus ErinaceusNMMC/DEU/2012 isolate ErinaceusCoV/2012-174/GER/2012 complete genome

100 KC545386 Betacoronavirus. ErinaceusiVMC/DEU2012 isolate ErinacsusCovi2012-216/GER/2012 compiate genoms .
0G175223 Bat Coronavirus TpGX16 isolaie BTp-BetaCoViGX2016-G251 complete genome Em beC OVIFrusS

100 L NC 034440 Bat isolate PREDICT/PDF-2180 compiete genome

100 NC 030886 Roussitus bat coronavirus isoiate GCCDC1 356 compiete genome

NC 008021 Rousettus bat coronavirus HKUS complete genome N o] becoVil’US

NC 025217 Bat Hp-betacoronavirus/Zhejiang2013 complete genome

100 | A¥274119 SARS coronavirus Tor2 complete genome
oo AY278741 SARS coronavirus Urbani complete genome S b .
100 1IN85325 Severe acute respiratory syndrome corcnavirus 2 isoiate SARS-CoV-2/human/USAWA-CDC-02082586-001/2020 complete genome aroecovirus
100 | MND88713 Severe acute respiratory syndrome coronavirus 2 isoiate SARS-CoV-2/human/USA/IL-CDC-02083522-001/2020 complete genome

—
0.20

100

13 43 Phylogenetic tree of BCV based on nearly complete genome sequence

E 20. BCV &2 (U00735)Qt AA| S AR} vjm Axp
Sampl Nucleotide Identity (%)
e

Complete
genome HE CDS S gene E gene M gene N gene

98.4 97.7 97.5 99.2 98.4 98.17
98.4 97.7 97.4 98.8 98.4 98.3
98.4 97.7 97.6 99.2 98.3 ND
98.4 97.7 97.6 99.2 98.4 ND
98.3 97.6 97.5 98.8 98.3 ND
98.4 97.5 97.5 98.8 98.1 ND

9 98.4 97.7 97.4 98.8 98.3 ND
ND: not detected

| G| B W] N —

olffA=2 J|Eo <Lt Z2Eo=X] IdH Mg dio[2{A0|FHLt (BRAV,

BRBV), $&7| BMS HS0= stolsl ujo|{A (Blov) ¥ e ¢TIl Fs]

X| 22 neglected H&A (BCV) 2.

» Ol 422 & TE7| HYA TchllM NGSe| 74 H J|E HYUA olLox
=

Ir

= o
= AFoM 2ol HEMESSs ng BRIt Ucks AS 2olg.



oz E[LiEtolM &~ 57| 2hE HelHo| gt ZHE S 7

m AH HI|MEEA
- Zolx| 257 HAMS
Mot MIBoM HAXE
ol2{3t WHES

23253 Acto] g x|

H SxstL, o
| F=2 Algs1 9

S0l UAASo =

jil[o]

t generation sequencing, NGS)2 7|& HeX =2
ZlctHo| st SHAM S S5otes MEZ2 ez QA™E D oo, HARA Ui
= YHE Sl 7|&0 HEEX 2Ly 7|E=2 &

d& #oh off2t EugEX| 2 MER "M HE0x %ol ol8=1

= U2 2 AFolME MAHO|X[ P Rl FCho| HX| gt MESOo| Eol=of,
7| &0 L XX 22 unknown SOIX| MAL R HAMIL US A2 HEHESA
=. Olofl NGSE o|835t0o{ Al Hio|HA HANES HAESH A}

= ZUjOlAM AHF[SF 7|&E 770 SofX| MHAL HAXM SAH0|0d fecal scoreZt 3 O|Afel
21702 &~ MAF MES 0[35t01 NGSZ Al HIO|[HAE HAESIFS. MM Aot

H2 357 MEn sdst rdsAs.

= = 21709 ME Aen], 2174 EHME = 1871ollAM St O|&te| HiO|
A7 HEEHUS. 0l S bovine astrovirus (BAstV), bovine enterovirus
(BEV), bovine kobuvirus (BKoV), bovine nebovirus (BNeV), bovine norovirus
(BNoV), bovine boosepivirus B (BooV), bovine parechovirus (BParV), bovine
torovirus (BToV), C. parvum virus 1 (CSpV1), hunniviruse & TR G7|A]
S ESIUS (E 21).

[ -

H 21. NGSE o] &35t vtol A AE At (HAF &%)

Salr]r)lgle FIaDrén Locations The list of detected virus by NGS
217 1 7371 BKoV, BooV
276 1 7] BKoV, BooV
53954 2 737] BKoV, BooV, BAstV, BEV
18897 4 771 ﬁﬁg\r{ivg?lc;\/, BParV, BEV,
73961 4 a7 BNoV
85282 4 7] BKoV, CSpV1, hunnivirus
NA_4_516 4 a7 CSpV1
23358 5 =t BKoV, BooV, hunnivirus
18707 6 =ut BooV, BAstV, CSpV1
NA_4_475 6 =4 BKoV, BooV, BAstV
557 10 o -
562 10 a4 CSpV1
566 10 o -
12151 10 = BAstV, BToV
37284 10 =g BToV
245 11 e CSpV1
48049 11 e -




71346 11 SR BKoV, BooV, BAstV, CSpV1
83561 15 BooV, BNeV, BNoV

86599 13 s BAstV

88359 13 h4E BooV

BAstV, bovine astrovirus: BEV, bovine enterovirus: BKoV, bovine kobuvirus: BNeV, bovine

nebovirus;
BToV, bovine torovirus: CSpV1, Cryptosporidium parvum virus 1;

BNoV, bovine norovirus; BooV, bovine boosepivirus; BParV, bovine parechovirus;
, not detected.

—

5 02| linear dsRNA segments =
segment 1 (1.7 kb)= RNA-dependent RNA polymerase (RdRp)=

segment 2 (1.4 kb)= Capsid proteinS codingstl US. 21
el ¥ ME F, & 6702 MEolAl CSpviel RNAZL Eel=lend segment 12
1,721-1.853 kb, segment 2= 1,486-1539 bpZ LIEIGS. HAS &M Z1}, CIE
Li2toll A E 0 FE CSpVietes CHE = E clusterE 8Mst= A=
sk, CSpV1 dsRNAT(RdRp)oll CHst &1 #3F F7|ALE(NC_038843) 1}
CSpV1 dsRNA2oi| CHeh &1 #3F ME (NC_038844) 1t 97.8-98.1% =<

Cryptosporidium parvum virus 1 (CSpV1)
TAHEO U209,
codingstl UL20q,

2ol=S g,
95.6-96.1%,
=2 St =
CSpV12 Partitiviridae = Cryspovirus &0 &5l= HiO|2{AZAM, 19974 O|=
ol Al C. parvume| ZXA}7} Lotz SF Mol MEHAA HIS2E EXIt =l 0o
BiEond, O &, 2016d &2, 2021 EHZ|olM O &=X7F EOEJoL} (F
28 27-29), REILEOIAME E...?} =l HlE 918,

CSpV1Zt &ZAE C.parvume AlZS E
SO 2ZM 2OME BhE HHEE AL BRY

) C parvum°| S HF0|E1

01|A1 MAIE wis FE el
A= MALE st
)°._ CSpv1io| C. parvum°|
‘RHIEF, C.parvumO| CSpVi=
anti-parasitic

|3=|
S

pV1 2| —'—XH 2 MM FEA H7|

! 52| CSpvint Hlw
=l

o

oo [~ @ OR148669 Korea

' @ OR148672 Korea
_'— @ OR148671 Korea
% @ OR148674 Korea

@ OR148670 Korea

@ OR148673 Korea

U95995.1 USA
477‘—|j ELIM83403 China
" NC 038843.1 USA
lC!l|_— LCO15003.1 Japan
LC015008.1 Japan

LCO15000.1 Japan
LC014998.1 Japan

[ LC015010.1 Japan
LCO15011.1 Japan

001

12 44 Phylogenetic analysis of CSpV1 based on

47 LC085161.1 Japan
’_33{_‘:0@35159_1 Japan
LC085159.1 Japan

LC085173.1 Japan
U95996.1 USA

E EU183404.1 USA
1 NC 038844.1 USA

@ OR148679 Korea

® OR148677 Korea
® OR148680 Korea

@ OR14B676 Korea

@ OR148675 Korea

99| @ OR148678 Korea

MH311850.1 Turkey
%l— MT842634.1 Turkey

0.0020

dsRNA1 (A) and dsRNA2 (B) segment



B 22. CSpV1 & (NC_038843)2t dsRNA1 segment 8] Z1}

Nucleotide identity (%)

Sample
dsRNA1 (RdRp)

00245 95.8
00562 95.6
18707 96.1
71346 95.8
85282 95.8
NA_4_516 96.1

H 23. CSpV1 +#& (NC_038843)2t dsRNAZ segment H|w Zx}

Nucleotide identity (%)

Sample
dsRNA2 (capsid protein)

00245 97.8
00562 98.1
18707 97.8
71346 97.8
85282 98.0
NA_4_516 98.0

» Boosepivirus (BooV)2l #¥A FAZ7|= LEMOZ 7.4-7.7 kb2 LK

ol 2w MZ = 107Holl A BooV RNA (7,613-7,750 bp) 7 Eelgien, =
BooV BIEOl £slge. =3, 1004 MES =9 OF AT FF FIIML

(LC036579) 2} 83.0-87.3% =st ZHdo=z LIEIGS.
= Picornaviridae 2ol =Z3Sl= Boosepivirus (o

ne, ovine sapeloentero—1ike

picornavirus, BooV)= 22| MAIST AEHO| Y= AE HEAHZ L™ U220,
BooV A, BooV B, BooV C, 37H2e| &2 =2 LIE Xo{, 0O|= A, BEF oAl A=A
2. ESH 2009 YoM MS Eurl = o|F, L2 o=, SFoMI E0T}

oo, f2LgldME 207 E Hi= gl (B =3 31—33)
» 2 93 E 55 I FHE=Z AS Hio|H A2l BooV =AY

= #5519 s. ol 222 =W Boove| RHA
Boovel ZAlol U0 B2 7|6{E & AWz TLHE.




61 @ OR148650_Korea
89! @ OR148654_Korea
@ OR148649_Korea

88
781 L @ OR148651_Korea
88 @ OR148653_Korea
43 @ OR148655_Korea
LC036579_Japan
37 W‘E LC036581_Japan
64 LC036582_Japan

52

OP263981_China
OP302806_China
MZ052226_USA

51 @ OR148652_Korea
@ OR148658_Korea
53 @ OR148657_Korea

LC036580_Japan
@ OR148656_Korea
o[ OK247513_USA

49 ON148338_China
971 ON148337_China

LR216011_Germany

100| |LR216006_Germany
871LR216012_Germany

i LC006971_Japan

0.05

10l op263975_China

Boosepivirus B

Boosepivirus C

Boosepivirus A

3 45 Phylogenetic analysis of BooV based on nearly

complete genome sequences

# 23. BooV B w& (LC036579)2F AA| 97dX} vl At

Nucleotide identity (%)

Sample Complet
e

L VP4 VP2 VP3 VPl 2A 2B 2C 3A 3C 3D
genome
00217 87.3 89.6 86.1 850 876 851 879 86.7 875 90.0 88.6 88.6
00276 87.1 89.1 86.1 851 876 854 873 86.7 874 90.0 88.4 886
18707 86.8 90.7 86.6 85.1 88.4 83.6 87.6 858 86.6 86.5 89.1 87.8
18897 83.0 88.0 75.1 776 805 72.7 85.2 83.6 837 86.8 886 877
23358 86.8 88.5 876 838 879 845 873 852 874 876 888 877
53954 87.2 89.6 86.1 850 873 856 876 86.7 874 90.0 88.6 88.6
71346 86.8 88.5 83.1 855 86.3 84.6 86.7 87.3 850 90.2 88.8 88.9
83561 83.9 86.9 77.1 772 783 74.1 86.5 84.6 857 90.2 89.9 883
88359 83.3 89.1 79.1 786 827 73.1 84.3 852 858 87.3 89.0 87.0
Na;g‘él 86.0 89.6 84.6 84.1 86.7 84.8 86.5 836 838 86.2 886 87.8
-, Nucleotide similarity less than 25%.
* Hupniviruse| |RMA 37|= LEtHoz 7.28.2-8.4 kb2 Ui US. 217 £
#H ME ZF, 3700l Al Hunnivirus RNA Hs &AM

S,

(7,565-7,597 bp)7} &ol=A=.

o (L |



At 3390 MZ 25 Hunnivirus A1oll &35t Ao 2 Eelxde. &
EZ2 Hunnivirua A1 &30 73 G7|ME (JQ941880) ¢F 81 }
Hunnivirus= Picornaviridae 2, Hunnivirus &0 Zs5t= HiO|2{AZA &9

M

=

AEL #Eo| A= HeE oM UZ. (FUES 34) 19652 SotdzH =0l A
2k Mz sjetol A A= olaf, HIE|, ol=, HER, 30l cieket SollM
HH=

=xMsts Aoz HEEoLt (#ue2d 35-37), fE|HEME Eaot &
S, OFEIZIX|] hunnivirusoll CHeh Y7 | M S b2 o 17F B E|X| of

=S|
FIIMel AFIL Hes Hoz mohE .

2 A7 E Sl 3 HZEZ AF HO[2AQl Hunnivirus® X % M FX™A
HIIMEE EHSIHS. ol 2422 I Hunniviruse| ®REX E4 2 &2
HunnivirusE2} H|W A7 ES £ Hunnivirus ZAlol QU0| B2 7|02 & ZHe
2 et

— @ OR148681_Bovine_Korea
L @ OR148683_Bovine_Korea
Hunnivirus A1
10 @ OR148682_Bovine_Korea

10 —JQ941880_Bovine_Hungary

OK642419_Water Buffalo_China Hunnivirus A2

HM153767_Ovis aries_Hungary

KX156157_Rodent_China =
4104: - - Hunnivirus A6

MF352413_Niviventer confucianus_China

MF953886_Cat_China | Hunnivirus A4

10 KT944212_Rattus argentiventer_Viet Nam | Hunnivirus A8

10 MF352430_Rattus tanezumi_China

10 Hunnivirus A7
KT944214_Rattus tanezumi_Viet Nam

0.050

332 46 Phylogenetic analysis of hunnivirus based on nerarly
complete genome sequences

H 24. Hunnivirus Al % (JQ91880) AA| 97dX} vl ZAut

Nucleotide identity (%)

Sample “Complete
senome L VP4 VP2 VP3 VPI 2B 2C 3A 3B 3C 3D
18897 81.3 87.3 848 654 69.1 571 856 875 826 84.0 86.5 90.1
23358 83.9 84.1 815 750 777 71.2 849 87.0 850 864 853 90.6
85282 81.2 87.3 83.1 657 704 596 82.1 88.1 844 852 865 90.3

Bovine astrovirus (BAstV)e| XM A7[= LEMOZ 6.40|M 7.3 kb2 2K



US. 21712l 2 ME Z 77HollA BAstV RNA AR AT} =fel=eieny, 37|

6,052-6,288 bp= LIEH:E

Xl 270 ME2 ZF group 2 2 group 40l &5 AL =2 EHEAUS.

LC047789 Japan
LC047794 Japan
LC047795 Japan

@ OR148665 Korea
LC047788 Japan

@ OR148662 Korea
LC047791 Japan

@ OR148666 Korea
100 E @ OR148661 Korea
9

90
G5

100 4

100 9 @ OR148663 Korea
100 NC 037655 China
100 KJ620980 China

100 G4

HQ916313 Hong Kong
200l —— @ OR148664 Korea
HQ916314 Hong Kong | G3
MK987102 Swutzerland

100 KP264970 USA
G2
79E @ OR148660 Korea
98

LC047800 Japan
98 KF233994 USA
’-|: MK386569 Uruguay
100 KX266902 Switzerland et

100~ KX266906 Switzerland

0.1

a2 47. Phylogenetic analysis of BAstV based on
nearly complete genome sequences

= HVIME 2M Zaf group 20| &5hs 170e] MEZ2 BAstV A
LC047800) 2t 73.8% x|t E|=| group 40 &#sk= 170 MEZS B

N
JLL

Ast

F2IMLE (NC_ 037655)J—} 73.2% LX|5FF 20, group 555H= 570 ME
a5 .:.7|A‘|°:' (LCO47788) 2t 77.6-82.9% L XISt W22 LIEMGS.

» BAstVe= group B2 FEst= 2E0| ClE2 A2 ENEITI/USZ. gro
| =4

MASAD 2tE0| =0 UL, group2e= M, 25|, 357
= 2317 2k 20| 91: Aoz 2y Us (F1EH 3

(0¢]
=

= Sk=0|M= nonsuppurative meningoencephalitis7b Z&EH=l SHROf
O

AHE 2M Z31l 770 = 57 MZ2 group 50, LHH

group 1

BAstVZ7} mEE[QICt=E 21171 JS (HIES 39). & dAFdMes 3l HEZ

group 2-5 BAstV o MA REA HI|MEES EESULD, = o7 Eos AR
SOPx| MAL Rl ZAS| BASIVEZ 91T Sof 7|oig Aoz M2E.
H 22. BAstV group 2 +4 (LC047800)e} AA| 9-AAF vlu Ak
Nucleotide identity (%)
Sample Complete genome ORFlab ORF2
12151 73.8 87.34 51.45
18707 47.9 - -
53954 - - -
71346 49.3 - -
73961 - - -

86599 48.5 -




NA_4_475 49.2 - -

-, Nucleotide similarity less than 25%.

B 23. BAstV group 4 #% (NC_0376550)2t MA| &AL "]w 23

Nucleotide identities (%)

Sample IDs

Complete genome ORFlab ORF2
12151 47.4 - -
18707 60.0 71.0 46.4
53954 60.2 71.0 46.9
71346 59.3 70.2 -
73961 73.2 88.8 49.2
86599 61.4 71.7 49.0
NA_4_475 59.6 70.6 -

-, Nucleotide similarity less than 25%.

H 24. BAstV group 5 % (LC047788)2} AA| S-A AL "vju Ayt
Nucleotide identities (%)

Sample IDs

Complete genome ORFlab ORF2
12151 47.8 - -
18707 78.7 84.8 68.9
53954 79.3 86.6 67.1
71346 78.1 85.1 66.6
73961 60.4 71.3 -
86599 82.9 90.9 70.5
NA_4_475 77.6 84.3 66.7

-, Nucleotide similarity less than 25%.

= Bovine enterovirus (BEV)2l S A F7|& Lt oz 7. 30|M 7.5 kb2 22X
AqS. 21712 2H MZ = 271ollM BEV R A RNA AR ATL EelE[qion], 37|
= 7,365-7,398 bpZ LIEGS. HS EMZ1 270 ME 25 BEV-F 730 &35t
2. BEV F &1 oF H7|Md (NC_021220)2f H|mE H=2 wf, 2H2 76.4% &
79.8% LYX|Ste Ho=Z FHolz 2.

= BEVE YHIHoz ZZA
HARZIT US (FLEH 40). 2 AFZATOIM = Sofx| MAL EHollM BEVIH
HAEEUT| 20| L2 Z BEVS| SOIX| MAloAMel atXo|o|E 2holst= FI}

=




MK639928_China

MN598010_China

NC_021220_USA
@ OR148644 Korea
ON986117_China
MW959112_New Zealand Bovine enterovirus F

MW959107_New Zealand

MN598011_China

@ OR148645 Korea
100|

ON986119_China

DQ092771_Germany

100 MN598026_China

5| _ OP020149_Australia | Bovine enterovirus E

100 ON997623_China
10BN986118_China

0.050

3 48 Phylogenetic analysis of BEV based on nearly

complete genome sequences

& 25 BEV F @ (NC_021220)9} RA| M} vlw Ax}

Nucleotide identity (%)

Sample Complete genome VP4 VP2 VP3 VP1 2A 2B 2C 3A 3C RdRp
18897 79.8 80.7 73.7 74.1 67.9 70.0 77.1 833 79.0 84.3 88.1
53954 76.4 75.4 75.0 75.0 57.7 74.0 79.1 81.0 79.0 854 86.5

Bovine Kobuvirus (BKoV)9| FMH FA7|= LHMoZ 8.2-8.4 kb2 2UHK AU
=. 217 Y ME ZF, 771dM BKOV RNAZF &helz[eien], 37|= 8,293-8,441
bpZ LIEIGS. HE -E-ﬁ A1 770 & 570 M E0]| Aichivirus Boll, LIHX| 27§

MEZ Aichivirus D22l =S,

Aichivirus Boll &st= 571 MEZ2 Aichivirus B &2 #3F &€7|ME (KT003671)
1} 89.9-90.2% =5t 20, Aichivirus Dol &sk= 270 MEZ2 Aichivirus D &
I A3 7MY (LC055960) 2t 79.4-83.6% =LstUS.

BkoVe= 2003 LEoM EE olx, B2 I7IAM E07t =fen], Sofx| M
Ateb ZtHol U= Aoz ey UF (FREE 41). 7[& =0 Fx35t= BKoV
HH A= MA FI(MLo| ofd LF HIIMLER ETF FAX|gH (FHOES
42), 2 AFE Soff ZU === BKoV Ml FHA HI|ME S EHHESIUS. Ol
Ao 2 BKovel FMA EM I ciekMof st d7tofl 2 7|01 & A,




88— OMO069755 Murine China
9 E MN648600 Rodent China
MN116647 Rodent Hungary

80 MN449341 Canine China Aichivirus A
MK201776 Canine Thailand
99 MH747478 Canine Brazil
95— OP093968 Canine Brazil
52 94 LC210613 Porcine Japan
77 EU787450 Porcine Hungary
MK962325 Porcine Spain
KP144318 Porcine China

71 KF006987 Ferret Netherlands
o5 100 E KF006985 Ferret Netherlands
KF006986 Ferret Netherlands

ON168739 Bovine China

100

Aichivirus C

92 ONO075053 Bovine China
MKO080265 Bovine China
KT003671 Bovine United Kingdom Aichivirus B
KY407744 Bovine Egypt

@ OR148638 Bovine Korea

@ OR148636 Bovine Korea

@ OR148637 Bovine Korea

91 | @ OR148640 Bovine Korea

89 @ OR148639 Bovine Korea
OP776109 Bovine China

74 LC055960 Bovine Japan
8 @ OR148643 Bovine Korea Aichivirus D
84 ON730709 Bovine China
97 @ OR148642 Bovine Korea

—— NC 026314 Rodent Germany
100l MF352425 Rodent China

Aichivirus E

—_—
02

T2 49 Phylogenetic analysis of BKoV based on nearly

complete genome sequences.

# 25. BKoV & (Aichivirus B, KT003671)t AA| XA} w]lu 21}

Nucleotide identity (%)

Sample
Ple Complete | ypy yps vp1 2a 2B 2C 3A 3B  3C 3D

genome
00276 9.0  86.6 90.0 87.0 874 91.3 883 91.8 908 967 90.3 93.3
18897 89.9 865 89.1 88.6 87.3 925 877 932 90.1 856 925 92.3
23358 - - 552 630 504 539 - 587 - - - 649
71346 9.1  86.3 88.6 883 865 92.0 875 92.7 922 96.7 91.7 92.3
85282 90.2 859 89.1 88.6 87.6 82.0 877 932 90.1 956 525 92.1
NAZAT 902 861 892 888 87.6 92.3 877 932 90.1 956 924 921
53954 - - 575 595 544 558 - 595 - - - 620

-, Nucleotide similarity less than 25%.

H 26. BKoV & (Aichivirus D, LC055960)°F HAA| S-AAt v|w 2yt

Nucleotide identity (%)
Sample “Complete
senome VPO VP3 VP1 2A 2B 2C 3A 3B 3C 3D

00276 - - 576 60.7 54.1 56.9 - 57.0 - - 55.3 655

18897 - - 572 619 54.2 579 - 58.3 - - 56.0 654

23358 79.4 82.7 64.0 70.3 62.2 944 818 812 93.0 854 856 914

71346 - - 56.3  62.0 54.1 56.0 - 57.9 - - 56.1 65.2




85282 - - 575 61.9 542 579 - 58.3 - - 56.0 654

NA7—54—4 - - 5737 619 542 582 - 583 - - 558 654

53954 83.6 85.8 82.1 746 753 92.2 79.2 819 91.2 833 84.2 90.96

-, Nucleotide similarity less than 25%.

* Bovine nebovirus (BNeV)2| ®&A 7= LEHOZ 7.4-7.5 kb2 LM US.
21702l 28 MEZ = 17HollA BNeV RNA (7,399 bp)7t Eol=AS. HAlE 24 Z1f
Newbury straindl Zst= W2 LiEtGten], &0 #F EI7|ME (NC007916) 2}
81.5% =Ust Aoz =ol=|UZ. BNeV (Newbury strain)= St=ollAM o|o| E117}
o] oL} (RI2S 43). 7|& 0= partial G7|IMES 0|25 242 3
2 o, & AFoA HEE °°'7I/H°1J'l CtE clusterE &Mst= WS &°Q

35

%S, Blevol B HTAT} BAl 27| 2o, Yo SObK AASH BeVo
et Sobsel ATt Wes oz MU,

61|: NC_004064_USA
50

AB117797_Japan
42

JX018212_Hungary

74 NC_007916_United Kingdom

Newbury strain
@ OR148646_Korea

MH718886_China
100 ON133010_China

100
ON787768_China

FJ687386_France
Dijon strain

99
MG599036_China

KT119483_Turkey

Kirklareli strain
1
oo MN241817_India

0.10

I3 50 Phylogenetic analysis of BNeV based on nearly

complete genome sequences.

B 27. BKoV % (NC007916)°} AA| XA v]u At

Nucleotide identity (%)

Sample
Complete genome polyprotein ORF2
83561 81.5 81.6 87.5
= Bovine norovirus (BNoV)e| ®&A F7|= LBHHE=Z 7.2-7.3 kbE L2 US.
21702 28 ME &, 27HolAM BNoV RNA (7,273-7,307 bp)7F =el=[@fond,
Norovirus Glll typeoll &5t S, ESH 270 ME2 = O5F 210 4F 97|M

2 (NC_029645) 1t 85.8% =et A2 =2 LPEF"‘O.

= Noroviruse 7702| genogroup2 = L} X|0{, BNoV= O|F GIIlof =g (#I1EH
44) 2 AFZI= J|E AT} UX[st= HAe=Z =elxn{, A2 = BNovel
k=gl ®sS!

cross-specices transmission 7t Sofl CHsto dA3tstl %BMoZE= 3

ol oS sEsks o 7loie A

= .



NC_039477_United Kingdom
NC_039476_China
NC_044046_Japan
NC_039475_South Korea
NC_029646_Japan
NC_044932_Peru
NC_040876_United Kingdom
NC_044045_Japan

NC_045762_USA
100
ENC_029647_Australia GIV
100 NC_044855_USA

Gl

84

63

NC_044047_Hong Kong | avi
NC_008311_USA | GV
95 @ OR148647_Korea
100 @ OR148648_Korea
100 ' Glit
ONO076888_China
NC_029645_Japan

100 100 |: NC_044853_Japan
NC_044854_Japan

100 NC_044856_Japan G/
100 NC_039897_Japan

NC_040674_Marmot norovirus_China

0.10

2 51 Phylogenetic analysis of BNoV based on nearly
complete genome sequences

B 28. BNoV 4% (NC_029645)9t M| SAIA} v]w 2}

Nucleotide identity (%)

Sample
Complete genome p48 NTPase p22 Vpg Pro RdRp VP1 VP2
73961 85.8 84.1 85.3 85.3 87.4 873 88.1 89.9 87.0
83561 85.8 83.5 85.8 85.1 86.1 87.5 88 85.9 85.3
= Bovine parechovirus (BParV)e|l XA FA7|= LEIHSZR 7.7-7.8 kb2 LHKN

NS, 217el B2¥ ME F 170 HE0|A BParV RNA (7,809
Parechovirus A-Foll &3IX| kX|ah A ZoA 22lEl #F=2 clusters
SIS, Eoh, &1 3 F7IME(BR001751) 2t 86 3% SLotAS.

» BParVe 20210 X2z EIJF =EAS. BParVZt £0lX| MAtol| cfst

b )7 gI»O|E|O-|O|:|:i,

5 A
S o

of él-o.”

tisto B2 E0F =0 UX| e, HAF EH 3 s [2o|M LA E0o,
OtX| MAt HEM=ZAMO| Jts40o| s A2 AKX US. —rEIL—PEPoﬂA‘I_-_

BParV7} Z=Xjst=s HS E0EQYS (RHITE2S 45-46)
» 2 o A= Ao Z BParVoll CHst HAst =ALSS| FIIHFE S0 %

O] & Z{o=Z ofAtE .

ro

(=)
E=



BR001751 Bovine Japan

LC740523 Bovine Japan Bovine parechovirus
@ OR148659 Bovine Korea

KY645497 Falcon Hungary | Parechovirus E
KY432929 Rodent China | Parechovirus B

NC 021482 Murine Central African Republic | Parechovirus C

NC 038319 Human Finland | Parechovirus A

MG600084 Teratoscincus roborowskii China | Parechovirus F

NC 034453 Ferret Netherlands | Parechovirus D

0.1

13 52 Phylogenetic analysis of BParV based on

nearly complete genome sequences

B 29. BParV 4= (BR0001751)9} XA S-AA} v]lw ZAxt

Nucleotide identity (%)

Sample -
Complete genome Polyprotein

18897 86.3 88.4

Bovine torovirus (BToV)2| SX A A7|= 27.9-28.5 kb2 L2 X Y20{, 217H
28 ME = 27HollA BToV RNA (27,657 bp, 28,423 bp)7F =H2I=AUS. HESEM
Zop solE 27| ME2 Z=olM 222 3 (NM073059) 2t 71 Jike He
2, Jiuict 22l 23 (AY427798) b= M AW 2 =el=ds. =
Fjeict 22| &0 #3F HI7|IME (AY427798)2F 80.3%, 82.1% =Lst Ho =2 LIE}

L=
A3

BTove| A<, F=Z Bofx| MAL A wHeldz Bo| 21T UAS (D
24) . & ATFollAl =elE BTove &= 22 el BTov #F2t 7+ 2x s 2
o lenf Fiict Fel BTov FFete FEHO| =S, ol e/Lizlel o/ 21
of Ux|g (FEd 25)



99| @ OR148668 Korea
99 @ OR148667 Korea
MN882587 China
9 MNO073059 China
99 MN073058 China

9 —ELC088094 Japan
99 LC088095 Japan

LT900503 Garmany

) LC483442 Japan
99 NC 022787 China
100 MT684462 China
100 MH603532 China

99| MZ438674 China
| Mz438675 China

99 AY427798 Canada
% KR527150 China
991 NC 034976 China

MG996765 Switzerland Berne virus

0.05

131 53 Phylogenetic analysis of BToV based on

nearly complete genome sequences

T 30. BToV #% (AY427798)} AR SAA}F v]w Azt

Nucleotide identity (%)

Sample

Complete genome pollab S M HE N
12151 80.3 78.9 95.5 94.3 87.1 69.8
37284 82.1 78.9 95.5 94.3 87.1 69.8

» QAN MEOM HRXE Zlcksl= ME&Aol e 2 FAA 4y olof chsh ARM
x| Alo| Esick= $HAI7F US. olz{st AR X|Al glol= ZIEHo| E71s35H, At
MOHE 7| ML 2 A (Next-Generation Sequencing, NGS)= O|2{&t HMsts =255

| 8% E+=2 zhakgt

i

= 9t QS . NGSe| =2 H|E % ’é; 2 2N

M QFe 22 043 ofz{So T 275t NGSSE 0|t Al/HE HAlHME wA/
=Mt ATFES ASHM =D s, & AFoM= A NGS Z|&S ALS
5t &ofx| MAter BHE 1071X] M2 ol Hio|HAE AHESIHS. &
1071X]  Hio|{AEE 7|=o <z|uzloN HEHIEX ikE AMJ  Hjo[E{A
(CSpV1, BooV, Hunnivirus) HE=, Z|FE0 HEOEASL] U 47} Z
2 neglected WA Q. Ol= A2 HofX| MA} 2t WX Z
FE8M U J|E Helx ooz 2 AFoAM EelE HeMEsS IHE ZeUt
AUcts H2 2oojg.

= 2 P Aoz 22(L2loAM SobX| MA}

ool the M2k s R85k olEE = U

H
rl'LI
0E
[0
i
2
)
o
H
A
m
g
fol

jil[o]



m 2 o210 A 5$F7| dHjo|3{A (BRAV, BRBV) ZUi/olT &% o

T A}
= NGSE O|E%t &elaEl Iufol EnxX] g &~ 57| dHD 2hHE vlo|2 A
2l BRAV & BRBVOll tigt 2x X RN SHS =elstilAt 510 ciE2f ol o

T+E JNYsF .

TTC TC

» J|Z=E EHHEE A& nasal swab ME F, 718 JtsE MES &£E510] real time
RT-PCRE (ZIEH 47)S 0|35t0] HALE TSIV .
* Real time RT-PCR &4 ME=2 EAMNERHEAY EMES Yst7| #1540 NCBI o 0]
E{Ho| A0 SS= BRAV 2! BRBVS| 3D pol FMAIe @7 HlJJ—E Sofl, &7
MY B M2 B2E E4A5t0] Al Z2l0|HE M &tsto =& st S
H 31. BRAV 2 BRVB &4Z& 2 AIZA Zzlo|H
. Amplic . .
Target : Primer - Modif  Modif Referen
Gene Virus name Siozrelz Sequence (5" (3") ce
CACCTGAACTATGGACTT
F GG
R 171 CACGGCCTCAATCATCTG 47
BRAV p GACGTGG"IATCTTGGCGCACCAG HEX BHO-1
Seq-F GRG TGA CTA YTC ACT
Seq-R GAC ATT TTG TGT ACC At
4 CAY CTC
3D Pol E AACGCGATTGTGTCCTAG
GG
R 112 GCCACTGAGGTTAGCTTC 47
TC
BRBV CTGTCCTTTGCACGGCGT _
P GG Cy5.5 BHQ-1
RTG TGC TGC AAC CAG
Seq-F 285 _CAT RERA
Seq-R GCC ACA GAA ACC AAC At

=Lf 1370 =2+ 50670 nasal swab MES

0| 2735}01 Real time RT-PCRE st &

o}, BRAVE 837 M Z0| kM (16.4%) 2=, BRVB= 16170 4 Z0| 2+M (31.8%) =

_ (=)
HH=EAS.



# 32. =4 nasal swab Al&E3 ©o]-&st BRAV % BRVB A& ZAut

H

33.

- . AA BRAV 9F4 M= BRVB 94 M=
s S o o
1 371 9 0 0
2 7] 13 0 0
3 7] 70 0 23
4 e 6 0 3
5 zut 100 41 27
6 > 33 1 17
7 zu 12 4 5
8 =4 14 2 14
9 =4 119 2 43
10 SR, 50 0 3
11 SE=, 71 28 18
12 A 5 5 4
13 e 4 0 4
A 506 83 (16.4%) 161 (31.8%)

ot BRAVE 1371 58 & 770 s&ollM (53.8%), BRBV= 1070 S &AM (76.9%)
HE=AUS. d7IXY9 =T 3R0IAME BRAV X! BRBVIL BT HEEX| LUAZ. =

oh, 8= &AM BRAV A BRBVZF SBIAH0| =0 U= Aoz &el=AU3.
=UiolM BRAV ! BRBVZE Ofl&fE2Ct BiO| HA RUct= AES 2fofsr. £, 7[E0
Yotet 652 57| HiAd Sz SEHFES sz,

Oz, & 1174 BRAV & BRBV 2FM =% =, BRAVHBRBV SEHAE s&0| 4 =
Z (36.402E J1E =2 UM S S LIEIAS20, BRAV = BRBY 'FJ%?:.‘%:' S
2 HEe AR ==z, £, ofE HAMSY SedAHE sHE2 & 67
SZ (54.5%) 22 ZHEEUS

2 557 HYA 8% A 7+ s (BRAV L BRBV A =4 7]4h

+A
gaA

r
o2l
=

o
&

._.
=

BRAV
BRBV
BRAV+BRBV
BRBV+BVDV1+BVDV?2
BRAV+BRBV+BRSV
BRAV+BRBV+BVDV1+BVDV?2

N [—= W[ [—]| 1 [|= 0

2loilAM2| BRAV & BRBVS| &S &elsty| floh, 10702 =& 50071 =2 o
A2 2 Real time RT-PCRES & et 21, BRAVE 1970 M EZ0| &M (3.8%)2=,
BRVB= 470 M Z0[ kM (0.8%) 2 HHE[QAZ. ETH BRAVE 107 S = 671 =
ZollM (60.0%), BRBVE 270 =Z&ol|lA (20%) HE=RUS. et=1t= CtEA =
Mol BRAV ¥ BRBVE H2 ddE8 2olod, 53| BRBL A4S0 =2 st=1t=
Ct=27 BRAVS| 2+ E0| =7 LIEHS.

OOII




B 34. Q1% nasal swab A1=S o]&st BRAV ¥ BRVB 2% At

54 Ao} o PRAVER AR BRE Y AE
as T T .
1 Haryana 50 1 0
2 Haryana 50 4 0
3 Haryana 50 0 0
4 Punjab 50 1 0
5 Punjab 50 6 2
6 Haryana 50 0 0
7 Haryana 50 6 2
8 Haryana 50 1 0
9 Haryana 50 0 0
10 Punjab 50 0 0
A 500 19 (3.8%) 4 (0.8%)

Hl

35. Q= 57| HEA 8F & 4 ¥ (BRAV 3l BRBV ¢4 574 71¥H)

];‘ﬂO - o o o
3uA (& 67))
BRAV 1 (16.7%)
BRAV+BVDV1 1 (16.7%)
BRAV+BVDV?2 1 (16.7%)
BRAV+BRBV+BVDV1 1 (16.7%)
BRAV+BVDV1+IDV 1 (16.7%)
BRAV+BRBV+BVDV1+BVDV2 1 (16.7%)
- Real time RT-PCROIA] M O=2 Elolel MZSS 0|83104 3D pol SEAF H7|A
o HMEs| BRBV ¥ BRBVS] EALRMSHY EMS EMSIAS.
. BRAVE| S, & 47700 MEZ (Ul M= 397, olE sA)ollM SEA HIIML
2M0| ZAUS. 2. 2A4= BRAV MEE2 5712 =L MEE M 2stH 25 BRAV

180|0{, LIHA| 5710 2 MZ2 BRAV 28 FFEE SIS,
= CESH olT BRAVS| Z 9, BRAVION Z%5hX|gh, =ZuLf BRAVRF Et2| BHEo| clusterS
HMste AWS EHelE £ AMS



@ NS112BRAV
# NS1SEBRAY
@ NS{16BRAY
@ N5136 BRAY

@ HN5103 BRAV
@ NS153BRAY

@ NS158BRAY
& M3123BRAV
I‘,_r:. MN511EBRAYV
& NS145BRAY
# NS151 BRAV
& NS143 BRAV
@ NS273 BRAV
& NS38i BRAY
& NS33ZBRAY
RZCC4E85 1 Bovine ¢
i # NS320 BRAY
= @ NS384 BRAY
@ INDZZ7 BRAY BRAV 1
@ IND217 BRAY
L @ iND220 BRAY
4 IND337 SBRAV
# IND70 BRAV
@ IND343BRAV
8 INDS2 BRAV
27— @ IND202 BRAV
Y @ NS802 BRAV
N 5606 BRAY
@ NS5807 BRAV
59 3470046641 Bovine rhi

e A virue siram CHNT LZG

41

85
47

is A virus strain CHNT L2017
s A virys steain CHNT 1711

@ NSIEIBRAY
& NSIEEEBRAY
8 NS377BRAY

58 & NS36IBRAV
D93’3 — # NS47¢{ BRAY

NC_0324245.1 Bovine
9 15.i£08370.1 Bovine )
POz
OPO20E4E7.
OP20iEE
KP236122. 1 Bovine »
L—— 111153364 1 Boy
HKFZE4574.1 Bovine rhinitis
JWA36266 1 Bovine rhi A vius 2 isolate H-1
@ NS5Z7 BRAY RRAV 2

7 - @ NS5iBBRAV
o8 E. NSE37 BRAV

i isolate GRAVA MSWL3
s A virus isolate BRAV3 NSWL 13 BRAV 3
= A virus izolale BRAY3I NSWLE

46— @ M5528 BRAV
57 @ MS529 BRAV
WC (382101 Foot-and-rmouth disease visus O isoiate eBprbrighs (5058

.05

13 54 Phylogenetic tree of BRAV based on 3D pol gene

= BRBV2| &%, & 597h2| = HSolM RTUA FI7IME 240] =HAS. =M=
BRBV MEZE5+ BRBV 1 (17H), BRBV 2 (467H), BRBV 48 (127H)2 2 ERI=US.

Ciak, BRBV2E A 2702| clusterE SASIE ZHo =2 &0l AUS.




'* W NS47H BREV

@ 5433 BREY

# ¥5273 EREY

& N53588 BRER

& NSE07 SREY

& N§323 BREY

& S5E SREV

= B KS5iE BREY

W K555 BREV

i MTTORETR T Boving rawte e el BREY CHET

® 5453 BREY
& N34S BREY BRBVZ

lLr ® 364 SREY

=1 @ 6577 BRAV

@ N5TE BREY
[— @ NST2BREYV
4 NSEI BRIV
hnd & N535& BREV

BREV1

MZUEIIET 1 BOwise 00N B eRe AHe B0 RZAT
@ 22 8RBV

L @ H3341 EREY
“l-{ E. 15231 SREV
® K325 8REY
@ %5222 BREV
8 N3 BREV
® HS468 EREV
# 15407 BREY

& HE560 EREY
-
& N5I28 BREV
|| * L o w5432 mREV
@ HS1GE BRAY ng\gg

W NSA37 BREY

5 W N3HIE BREV
B N3 BRBY
4 N3156 BRBY

& NEZ68 SREY
= o NS EEE EREY
| @ HE4IZ EREV
*:

FrAT Bovies TeinEs £ vise 2 s BSE BREBVI
B WIMEEE] Bovins Agrits B uieas Bists TEHS
ML Bovine rhint Sina § shoiz Meados

LG, | Boven Teine £ dror aais B4R BREVS
CLHELT Bouirs e B s st OF
CAILT Bovion sl Bk £ ekt FOES
B ¥SAD7 OREV

B NS345 BREV
# $ HS4T4 BREY

L@ N37H4 BREV BREVA
& BS4dE BREY

& NEF713 BREY
4 N3IBY BREY
wl & NS77% BREY

4180883 Bowine dunihe B v stain 4G
BRBV2

= OMGNTHA MAG Bowme TEne B sivve sty SREWD HIWLI
l—u:mﬂ 3 Wl PO THER £ wrsE o BREVE NSWLIET

N AHHET Faol Ak dinaass s G iaoiate BT (D

e
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3D pol FMALE 0|8 &AM Al, fldAM Z[=et NGSE O|&TH complete genome
sequences 7} &ol=l MZE ZApiel Z+to| BRAV 1& 2! BRAV 280t HAEEAS. Ol
3D pol FXMAIE 0|3TH BRAV =AtRXst EMEAMTE ST complete genome

=A Zilet Zcote AE oolgh. dhHofl BRBVS| &, NGS
ol M= BRBV 1&, 2&, 3&0| =2l=AX|2H, 3D pol REAIZ ZMMES mioll=
BRBV 3@ = AZS[X|24%*11, BRBV 48 0| &lx[ASZ. Ol= 3D pol wAAte 4

3! BRBV= XS 7HK| ZUoM neglected &= & M2 MZh=of, 2
9l EMo| ME HAFEX £fS. KB, 2 AFZE E5| Qs 2
oA HoE[X] SAU=E BRAV 2 BRBVE NGSE Sl O =XE Eolsi

e
A
AL}

targeted assayE Sadll, et= ! =2l nasal swab ME

BRBVS| §2t2 motsixion], EAt RS SME FHSINS.

BRDCS| H2tst AClM= 04X 5| S=HalstX g, Chkst AERA 49 ABH0o| Hf
olgia 3 MZ7F Z4ES REsio{ BROCZ wME = Jctasixd UAS. BRAV 2
BRBVZ} 1 & St ZH2Z 0474 X|X|2F, BRDC 2ol oftH dsts st=X| & &5
Eto{ X|X| oot grHT[Mof| ek FItAel A7 2 =L monitoringoll ZHeh FTt
AT e dez MZHE



B =4 oj20 SofX| MAREE dio|2{A (CSpv1) =Ul Ex F EXRAE SM FAL
H

NGSE ol &el=l o EINEX| LA}EH SobX| MALEE Hio| 2

of sty E2x % |RMHM EMES ZolstiX} 510 Ch32f Zo| A7E TS
M= 50 ojote| SR &olX|e MAH 14074 (C.parvum kA 7070, C.parvume
M 7070) 2 o5t FHAE FESH F, CsPVie| RdRP REAIE ZES}H0],
CsPVie HE&stds (L ES 48).

St
O Z3, O Z3F 14070 ME T 2871 M EO|A CSpV1 LMoz EA (20% UM
) I‘iiE 0, C.parvum Z¥of = CSpV1 SFME2 C.parvum &M MEAM
31.4% (7070= 227H), C.parvum Séé MEo|M 8.6% (707 = 67H)=2 LIE}

CSpViet C.parvum?Zt HA&AMo| Y= Ao =2 §.°._ =AS.
Ao ALEE 2 AEZ3 CSpVl PCR AAF 2t

CSpVl FAE & (%)

s X9 BES C %ati;/um C. %a}l\"qvum 37

1 14 3 (42.9) 1 (14.3) 4 (28.6)
2 7] 6 0 (0.0) 0 (0.0) 0 (0.0)
3 ° 42 0 (0.0) 0 (0.0) 0 (0.0)
4 2 0 (0.0) 0 (0.0) 0 (0.0)
5 28 7 (50.0) 1(7.1) 8 (28.6)
6 0 (0.0) 0 (0.0) 0 (0.0)
7 e 6 2 (66.7) 0 (0.0) 2 (33.3)
8 2 1 (100.0) 0 (0.0) 1 (50.0)
9 8 3 (75.0) 0 (0.0) 3 (37.5)
10 18 5 (55.6) 4 (44.4) 9 (50.0)
11 SR 2 1 (100.0) 0 (0.0) 1 (50.0)
12 0 (0.0) 0 (0.0) 0 (0.0)
13 Ad 4 0 (0.0) 0 (0.0) 0 (0.0)

=3 140 22 (31.4) 6 (8.6) 28 (20.0)

ek, 2 S 28702 CSpviel DNA E7|ME2 o|= NCBIO| S535t% S (Accession

no: OR402848 - 0R402875). 287H CSpV1 RdRP= Atel -u?rAHS'% 98.3-100%= 7|Z&
sfeldTE Sof ExnEl & HI7IME FAM (0l=: 95.6-96.5%, &=
95.5-96.4%, LE: 94.-96.8%) =ZErCt =& &0t ot2}, =St ZEoA HEE

CSpvi2 2 RMAL #ES o|FE AR LEHE. o] o7 Zis o™ A&
et X[stHA T E0|st ¢ats LIEIDT AS. LEA 2= CSpViel RdRp
FEXIE X2ld ExE |tz EXMst S gyMoick= o|™e| o Zafet
X[ EIES 49). o|lHe 2E S HE S CSpV10| C.parvums ELUE{ & St= O
TE5HA| EEE = Uct= 7tsM8S AlAFE. C.Parvums ZlchstALE 2L E{ &St
HMSHl E':FEHOE._ ozi20| U=, ol= Oocyst Hel 7= w2l (&
3hafl, CSpV1= ol{et {2ig 8 =5t C.parvume| st A4
of 7|lg = U= wESH =72 HFE = US. olzfst ZI= CSpviol

C.parvum| |M 2 At odFo| M5 jotoz ZIFE £ AS2S AlASHD




OR402853 (8)
OR402873 (6)
OR402871 (5)
OR402870 (5)
OR402866 (11) Farm 10
OR402850 (5)
OR402848 (5)
OR402849 (5)
OR402872 (5)
OR402859 (8)
kg || OR402858 (8)
69— OR402874 (7)
OR402852 (7)
o5 | OR402854 @)
OR402856 (8)
jr OR402855 (8)
85 OR402857 (8)
100 OR402860 (9) | Farm 11
62 OR402864 (1) |
100/ OR402865 (11)
OR402869 (11) | Farm 8
76, OR402863 (10)
29 J OR402875 (9)
| ora0z851 (6)
“odl OR402867 (11)
OR402868 (11)
100 | OR402861 (10)
OR402862 (10)
KY884720
I'NC 038843
EU183403 | China
MT942633 | Turkey
LC014994
LC014992

LC015012
LC015004
LC015007

LC015002

100! LCO15001
LC015005

100! LC014993
— LC015008
100 —— LC015003

LC015000
LC015006

Farm 5

Farm 9

Farm 1

‘ USA

58

Japan

LC015015
LC014995
LC014999

\— LC015013

LC014996
48 LC014997

LC015009
79

% LC014998
LC015014
96
84 LC015011
58 ' LC015010

% 56 Phylogenetic tree of CSpVl
based on RARP gene: () M=3st &

0.01

et 2t M= C.parvumoll 2|8 SotX|HAZE B2 X
o oLt S dlolz{A2l CSpviol Cf s 2hy g gl Mo AFEX] 24
UZ. kX2, 2 AFE S5l as¢k fE[LElAM D X CSpViZ NGS
= 2tolstI L1, targeted assayE &dlf, 2#H MES 085101,
CSpVi2t C.parvum®| HAEAM, $Ets mfotsidond, EA FMEAM SME Yot

| oAzt #9 2 =i monitoringoll CHeh FI7F AFT}

TLSle A2 U
|

!
Ofm
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The First Identification of Cryptosporidium paroum Virus-1
(CSpV1) in Hanwoo (Bos faurus coreanae) Calves in Korea
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capsid ™AL MAHE &F5 2
2 sizeQ| product® &
A AMEH S TSt S
St E I CSpvi AL 7ML NCBI HIo|E{H|o[A0 S5 = CSpvi=e &
7| H|E S&ll, @7 IME HEot M2 22E 24511, NBCIHAM HMSsh=
ORFfinder (https://www.ncbi.nlm.nih.gov/orffinder)& 0|23t ORFZ} AX|=
£ & HM<elet, CSpviel FHALE AEsH] Gt = A= £2
st

2 Sol&eQl primer
£ MZSIHS. Primer= CSpV1 dSRNAT (RdRp) & AE
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_ol
rir
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=
_U= Z20|H, CSpvi
dSRNA 2 (capsid SHHZE)E HES = U= 27 setZ2 FHSIUS.

AAMMES 0|50 2= CSpviel RARP FM AL 2 capsid RAMXIE EZEsSt=
Z2io|H (EHET 48)E 0|85H0{ CSpVIE HAESIUS We 107 ME F, 47K
HEOAM CSpv1e| RIRP FM A} HEEULD, capsid FH8A=E HE5X| &
iMool Al HMZAFsE CSpv1 Z 20| set 1, 25 AMRSIE S o= 107 M2
7 MENAM CSpvio|l HEEUS. ETH, RUA S7IMYE EMS S50 SELME
O] CSpv1 FHXAIQl UHS =I5t S.

Ol= 7|& HI=E =Zzlo|H 252 CSpviel RdRp % Capsid SXXte| CHEE(2F
1,000 bp) 2 BFAZI= W22 HAEJUY| {20l PCRe| &£80| MUHo=E A
Lt, CSpviel FXAL 20| M2 ARoll= HE0| ofz{2 ctEo| US. ghHof| Al
MA ZZlo|H= 227bp (RARP), 228 bp (Capsid)el AttiMoz 22 sizeo| 7%
A HHE SEAZ|7] W20 HAEE80| =0otA 7[&E Z2lo|H Hot HEEE0|

=
=2 Jioz moiE .
st 2 Xt s ol 8stH J|E AEEHOiH| CSpViES O e88Mez HEE
= s Aoz motElod, ol 22 =iio| =X 5= CSpviel monitoring 2
FHEH EM AdHo ol = US AW Z HCHE .
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M: DNA ladder (1000 bp)

1: 843 6: 886
2: 852 7: 909
3: 855 8: 1006
4: 871 9: 1011
5: 880 10: 1015

I3 58 7]& CSpV1 RARP {AA H
nefo|HE 0|85k Fotx] HAMEEO|
Msts CSpVl A& Ay}

Y]

M: DNA ladder (100 bp)

=
S
=
o

a2 59 7|& CSpV1 Capsid

>
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M: DNA ladder (1000 bp)

1: 843
2: 852
3: 855
4: 871
5: 880

6: 886
7: 209
8: 1006
9: 1011
10: 1015

o

SRR 2%

ZefolH S o]&et FotAl AAPHE] EA

st= CPpVl Hd&27

v
CLRrem=
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M: DNA ladder (100 bp)

1: 843 6: 886 1: 843 6: 886
2: 852 7: 909 2: 852 7: 909
3: 855 8: 1006 3: 855 8: 1006
4: 871 2: 1011 4: 871 9: 1011
5: 880 10: 1015 5: 880 10: 1015
Jx 60 Al CSpVl =m2tol set 1 2 61 Al CSpVl =Zgtol set 2
(RARP)E o] &3t & HAPHZ o] £Alst=  (Capsid)Z o] &35t & MAMEZO| EX}5t=
CSpVl A& ZAxt CSpVl A& 2y
= 2 TN ‘A ol H2ATAE Hlo[A 1 FEHE Z2lo[H ME, =ME
Zict F|E q Xk gbH” o=z 202314 9f 53] £8l0| =HUS.
sy
EdHT EXAM
& ¥ o A 20230924
£ 7] A @ HAETE) SHUEE) HEYS023r0083)
s uws 10—2053:0127537 (=% 1-1-2023-1057739-56)
= (DASEI 2R EFSD4)
Y BH TRFUOOE FASBIAL 5 ABIALE I(1-2018-066211-2)
of 2 o ¥ A7IR(-2003-000483-2)
YA Y4Y ZEE =90 ds2
YO B 4 QY H2OIEALS HIOBA 1 FEHE Tel0|H NIE, THES, REH3|E U WEHEY
= 8 3 B
B ZU 0|20 &SofX| MALEE HRO[2{A (BooV) =Wl FEX Y FHEH SH XAt

= NGSE olZ¢ch &elal ol 2En=X| tH Sobx| A ApztE Hio2{ 22l BooVoll
st 2x & RUM S 2QI5tAL 5to ozt 20| ATE TASIUS.
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A 7070 E FERIZ
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BRV, BCV, BVDV, C.parvum,

=. Boov A& = 20|

o=

22 BooV (25/70, 35.7%)7t 7t& =

A tEptoD{, BRV (13/70, 18.6%), BVDV 2 (4/70, 5.7%), BCV (3/70, 4.3%),
BVDV1 (1/70, 1.4%) 2 =l=[AS. C. parvum, Giardia spp., Eimeria spp.= &
SEA| e, =5, 1005 F, 10712 sFIA Boovst HE= 0] 76.9%%2 It
A e e =8, Boove 1370 S & 1070 SEIA (76.9%)0A ZEO| S
of 7hat 2 UME2 LIEAS.

H 40 BooVE H|E35F 201K AAl I HAR AE Ay

Number of positive

Number of positive farms

Pathogens calves (positive rates, %) (positive rates, %)
Bovine rotavirus 13 (18.6) 8 (61.5)
Bovine coronavirus 3 (4.3) 2 (15.4)
Bovine boosepivirus 5 (35.7) 10 (76.9)
Bovine viral diarrhea virus 1 (1.4) 1 (7.7)
type 1
Bovine viral diarrhea virus 4 (5.7) 3 (23.1)
type 2
Cryptosporidium parvum 0 (0.0) 0 (0.0)
Giardia spp. 0 (0.0) 0 (0.0)
Eimeria spp. 0 (0.0) 0 (0.0)
= Boovet CHE HHUA 7| BAE =elstry| sl Boov F CHE WAl SA| &4
E2 =eolsi& Zx, 25742 BooV M CHE ME & 2070 (80.0%)2 BooV th=
ZHo[R2n], 470 (16.0%)= BRVRt 17H= BVDV2 (4.0%) 2t SA| ZEEIAUS.
H 41 BooV ZFIEIE] (707 ¥ A= = 257[19] BooV YAHARE =)
Pathogens Number of positive calves Prevalence (%)
BooV 20 80.0
BooV+BRV 4 16.0
BooV+BVDV2 1 4.0
Total 25 100.0
= BooVe| EXAIAM EME &2lst7| 250 25702] BooV PCR productE E7|IMYE EME
TAHSIHS. A ZE YIIMES NCBI GenBank CO|E{H[O| A0 SEEUS

(Accession no: 0R467506-0R467530) .
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=alst ZA1f, 1X} PCR (BooV F1-BooV R1) ZZ2} 1070E 870 M Eo|M HAZE0| =AU
ooy (I8 64), @&0| =X 22 27 MES 2%t sem|—nested PCR (BooV
F2-BooV R1)2 Falist 21}, 270 ME ZF AZ =HAS(38 65). & AFE &
s, 7HeE Al BooV ZICHH2 &ofx| MAL HAXMQl BooVE EnfMo =z Zlchet
= AT ot 2}, FItATo| o|EE £ US W= HEehE.

« 500bp

—— AR SN . € 300bp W w— —

M: DNA ladder (100 bp) 5: 23358
N: Negative control 6: 71346
1: 00217 7: 18897
2: 00276 8: Na_4_475
3: 53954 9: 88359
4: 18707 10: 83561

72 64 BooV Atk 1%} PCR A1}

M: DNA ladder (100 bp)
N: Negative control

1: 00217

7: 18897

& 500bp
« 340 bp
J— -

251bp

I 65 BooV 2&F PCR (Semi-nested PCR)
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"‘\ DEPARTMENT OF ANIMAL NUTRITION

/ % 'COLLEGE OF VETERINARY SCIENCE AND ANIMAL HUSBANDRY

t & ‘ PT DEEN DAYAL UPADHAYAYA PASHU CHIKITSA VIGYAN

E\&REAE ), EVAM GAU N

MATHURA- 281001(U.P)
No.  /awja024 Dated: 02.02.2024

Animal Industry Data Korea Corp. (ADIKR)
308, Teheran-ro, Gangnam-gu, Seoul,
Republic of Koren 06152
Letter of Intent: Collaboration for monitoring pathogens related with Calf diarrhea in India
sir,
1 am writing to express my interest in participating in the project tiled "Monitoring pathogens
related with calf diarrhiea in India" planned to be conducled by

I am

science o

tant professor in DUVASU University, a

imal husbandry located in the state ia. Since its establishment in
2001, DUVASU has been dedicated 1o providing specialized edueation and condusting research in the
fields of veterinary science, animal husbandry, and related disciplines

Calf diarrhea remains a significant challenge in the Indian livestock industry, causing considerable
K bus Hor wal h

s pathogens associated with calf diarrhe:
by the commendable work carried out by AIDKR in
neglected calf pathogens such as CSpV1. and the wtilization of eutting-cdge

in their research

1 firmly believe that a col effort between AIDKR and DUVASU University holds immense
potential e me: ts into calf diarthen pathogens. The outcomes of our joint
research 1o contribute significantly to the development of effective
strategies

| look forward to the pos: ly ef contributing to this project, Please feel free to reach out if you need
‘more information or if there are further steps (o take.

Sineerely,

kTS P

m 2 THES oE A YEYAE 4BHo2 TES0 1Sk AFIF ¥o| X

e olE 9 BHRoIMel & SE7| WM e HEmALE AAlstel, 2oz
PN A

| =
(CSpV1, BooV)E 2AsSI¥ S
(=]

HIO|HAS S 27d5t0] NGSE ol 28t HEA Zitte 784S HMAISHAS
B SA SR RLCOIE = MA FCHel & AlsZIIRl ol AF TESIY UAS. x
AEAE Soll £ AR 38 H oid AtlE ddstn Aend, dX HIA/AE
gt g, 2 UME Sofl MY, s olTE & WA ZcHEZ2 28350,
A HERZ =T & 59 thet 2270 AEE sthe oldg.
X HAT RS2 Mtdst
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BETWEEN
ANIMAL INDUSTRY DATA KOREA CORPORATION
AND

Animal Industry Data Indis Private Limited

THIS TECHNOLOGY LICENSE AGREEMENT (the “Agreement”™) is entered into 1"
of Decenmber , 2023 (the “Effective Date™). by and between Animal Industry Data Korea
Corporation, a corporation ‘duly organized and validly existing under the laws of the
Republic of Korea with its office at 305, Teheran-o, Gangnam-gu, Seoul. Republic of
Korea 06152 (“Licensor™), and Animal Industry Data India Private Limited, a company
duly organized and validly extsting under the laws of the Republic of India with its
principal office at B-36, Safal Vivan, Sec-2, Nr Gots Overbndge, Gota, Daskroi,
Ahmedabad, Ahmedshad, Gujarat, India. 382481 (“Licensee™). (Licensor and Licensee,
collectively, the “Parties”, and mdividually, a “Party™)

The Parties hereby agree as follows:

ARTICLE 1 - DEFINITION

When used herein, each of the following terms shall have the respective meanings set
forth below:

L1 "LICENSED TECHNOLOGY™ means the technology licensed by Licensor 1o
Licensee as specifically identified in the Exdubit A anached hereto.

/
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The First Identification of Cryptosporidium paroum Virus-1
(CSpV1) in Hanwoo (Bos taurus coreanae) Calves in Korea
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Simple Summary: Crigeosporidinm s a parasite that cavses dipestive diseses in cows, and 4 vings
calbad Crptosporidinm parrum vine-1 (C5pYV1) & associated with it We investigated the prisence
andd featines of CspW 1 in diarthea samples of Hanwoo calves (Rorean mdigenows cattle), Okt ol
14 sarmples, 70 were positive for Cryplosporidis, and 70 were negative. CSpV' 1 was found in 2%
of the samplis, mone commondy in those already positive for the paraate, This i the Brst study on
CHpVL in Kiea, offering insights ki the relationship between the parasite and virs in oos.

Abstract: Crypéosporidiem is an obligate coccidian parasite that causes enteric diseases iy bovine
species. A double-strandied RNA virus ssocisted with C. parcim oocvets, Cruphosporstinns parrumss
virss] {CSp V1), has been characteneed. However, the relatiorship between the abovementionsd
cocchdian parisite and the virus has not boeen studsed i the conbext of the known clinical outoomes,
Thas study aimed 1o characterize the provalence and molecalar wraits of CS5pV1 in diarrbeal foos of
Hanwoo {Korean indigenous cattbe) calves. O the 140 focal samples proviously tested for O perowm,
widch were obtained from Hanweos calvies aged S0 days, 70 tested positive and 70 besbed negative,
These samples wene included in this study: By wsing the polymerase chain reaction (PCR) analysis
Eargoting Ehe Radfp gene of CSpYl, we ditected CSpV L in 28 samples (200P%), with infiction rates of
ALA% (22700 in . perpismepositive and 6% (6,70) in C. parrumesnegative samples. CSpVE samples
detected m the samer farm were clustered together. To the best of our knowledge, this 13 the firt
study to report the prevalence and molecular characteristics of CSpVl in Hanwoo calves in the
Republic of Korea, providing important insighis inio the relationship between O portwm and ChpVl
im bowvine hasis,

Keywords: Criplesporatinn perenim; - Cryplosporadinm parsion viris=1; Hanwos: prevalenos;
phylogemetic anslysis

1. Introduction

Cryptosporidinm spp. are intracellular coccldian parasites with a well-established
enteric nature, primarily infecting a plethora of host speces, most nolably bovine species [L].
There were numerous species of Cryplosporidiem spp. identified within cattle populations:
C. parvam, C. andersoni, C. bovis, C_ ryamae, C. felis, C, fominis, O imeleagridis, amd C. sufs [2].
Among them, C. parowm, C. bovis, C. rvanar, and C. andersond have been revealed 1o be the
primary causitive agents for most bovine infections [ 3]
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Prevalence of Various Pathogens Causing Calf Diarrhea in Korea
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Bio Team, Animal Industry Data Korea, Seoul, 06152, Korea

Calf diarrhea is one of the most prevalent diseases in cattle industries. It has affected the
morbidity and mortality of neonatal calves and their growth performances and has caused
worldwide economic loss. There have been reported the impacts of pathogens causing
diarrhea in calves. In this study, 7 pathogens (Bovine rotavirus group A (BRV), Bovine
coronavirus (BCV), Bovine viral diarrhea virus type 1 (BVDV 1), Bovine viral diarrhea
virus type 2 (BVDV 2), Cryptosporidium spp., Giardia spp., Eimeria spp.) causing calf
diarrhea were investigated in the feces of calves in 7 farms using reverse transcriptase
polymerase chain reaction (PCR) or real-time PCR. As a result, feces from 286 calves up
to 60 days of age were collected during April to August 2022. Among 7 pathogens,
Cryptosporidium spp. (28/286, 9.8%) were the most prevalent pathogens, followed by BRV
(21/286, 7.3%), BVDV 2 (15/286, 5.2%), Eimeria spp. (7/286, 2.4%), Giardia spp. (4/286,
1.4%), BCV (4/286, 1.4%), and BVDV 1 (3/286, 1.0%). The information of these prevalence
of pathogens would contribute to developing strategies for prevention and treatment of calf
diarrhea in Korea.
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Development of One Step Multiplex Real-time Polymerase Chain
Reaction Assays for 3 Pathogens Causing Cattle Respiratory
Diseases Complex in Nasal Swabs in Korea
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Bio Team, Animal Industry Data Korea, Seoul, 06152, Korea

Bovine respiratory disease complex (BRDC) is the major cause of serious respiratory tract
infections in calves. The disease is multifactorial, with either stress or reduced immunity
allowing several pathogens to emerge. Since there have been various pathogens causing
BRDC in calves, fast and accurate methods for detecting pathogens were necessary for the
prevention of BRDC. In this study, we have developed a one-step multiplex real-time
Polymerase Chain Reaction capable of detecting three viral pathogens (bovine viral diarrhea
virus type 1, BVDVI; bovine viral diarrhea virus type 2, BVDV2; bovine respiratory
syncytial virus, BRSV), simultaneously. To clarify the detection limits of developed assay,
in-vitro transcribed RNA containing each pathogens RNA were generated and used as a
template. And then, a total of 237 nasal swabs from calves up to 1 years old were collected
from 7 farms in Korea during 4 months and all collected samples were investigated for these
three pathogens. As a result, positive nasal swabs for BVDV1 and 8 positive nasal swabs
for BVDV2 were detected in total. There was no BRSV in our samples. Further research
would be needed to detect BRSV in calves and also other pathogens related to BRDC.




The first identification of a new bovine picornavirus (Boosepivirus)
in Hanwoo (Bos taurus coreanae) calves in the Republic of Korea
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'Bio Team, Animail Industry Data Kovea, Seoul, 06152, Repubiic of Korea, *Laboratory of
Verarinary bearnal Medicing, BIZ 1 FOUR Funre Verarinary Medicine Loadmg Education
and Research Centre. Rezearch Institute for Veterinary Science and College of Vetermary
Madicing, Seowi National Unnverziny, Seoul 05525, Republic of Eorea, *Daparoment gf ztem
cellz and regenerarne technoiogy, KIT, Konkuk Unversity, Seoul 05029, Republic of Korea

Despite advancements m herd management feedmg and pharmaceutical mterventons.
neonatal calf diamhea (NCD) remams a major global health concern. Infectious pathogens,
particulady bactena, vuuses. and parasites. are major contnbutors to NCD. Although
several pathogens have besn 1dentified 1n the Republic of Korea (ROK), many NCD cases
do not have a recogmzed etiological agent Thus study explored the prevalence of some
pathogens causing NCD 1n the ROK with a special interest in bovine booseprvirus (BooV),
a pacornaviras recently reported to be associated wath calf diarmrhea In this retrospective
study, 70 fecal samples from Hanwoo (Ba: saurwc coreanae, Korean mdigenous cattle)
calves were analyzed using RT-PCR and RT-qPCR for pathogen detection followed by
sequencing of the BooV 1solates. The results revealed BooV was the most frequenty
detected pathogen with a prevalence of 35.7%. Co-infection analyses mdicated that most
BooV-poaitive samples (80%s) were solely mfected with BooV, indicating 1ts sigmaficance
1 NCD 1n the ROK. Phylogenetic analysis classified all 1solates mn thus stdy as BeoV B.
To the best of our knowledge, thes 15 the first stdy to determme the prevalence and molecular
charactenistics of BooV in calf diarhea in the ROK. highlightmg the potential importance
of BooV as a causative agent of calf dianhea 1n the ROK and undersconng the need for
further research on 1ts epidemuology and pathogenucity.



' P-006 Y

Prevalence and molecular characteristics of Bovine Respiratory
Syncytial Viruses (BRSV) in Korea
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'Bio Team, Animal Industry Data Korea, Seoul, 06152, Republic of Korea, ‘Laboratory of
Veterinary Internal Medicine, BEZ1 FOUR Funuire Veterinary Medicine Leading Education
and Research Centre, Research Institute for I'eterinary Science and College of Veterinary
Medicine, Seoul National University, Seoul 08826, Republic of Kore

Bovine respiratory symcyrial virus (BRSV) 15 an important pathogen of the bovine
respiratory disease complex (BRDC). However. its prevalence and molecular characteristics
in Korea 15 have remamned largely unexplored. In this study. 1,122 nasal swabs from 34 farms
in 7 provinces were collected. and 0.4% (5/1.122) of samples were determined as
BRSV-positive by RT-qPCR. Furthermore, molecular charactenzation for one BRSV
1solate was conducted. focusing on the nucleotide sequences of glycoprotein (G). fusion (F)
and nucleocapsid (N) gene. As results, G and F gene of the 150late was not clustered to any
subgroup. On the other hand. N gene of the 1solate was found to cluster with BRSVs from
China, USA and Germany. In conclusion, these findings contribute to our understanding
ofthe prevalence and molecular charactenstics of BRSV 1n Korea. and mdicate that further
studies to comprehensively characterize BRSV in Korea are necessary
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