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Multiple Reassortment Events

HING Virus

Setting: Habitats shared by wild and domestic birds
and/or live bird/poultry markets

Domestic Ducks

_HIND virus
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- 22 U OMZRII ERE ASTAUK slo[BAS EAl0] DHAM ofF ol
Cloavage site
a
Hunan KN SNRLVLATGLRNS HQRERRRKKRGLFGATAGE EGGHQGN 50 STLNQRLVPKMTRS VNS GROGETHTLEPADATNEESN
avian HIN9 QTSLLLAT P-=~KTRGLFGATAGF IENGHEGL v 7N SRYO0SF TP DGARBVNGLSGRIDFHRLLLDDND TVTETEN
Shanghal-1 HIN9 QRSLLLAT IP---KGRGLFGMAGFIENGHEGL ShanghabL N9 SNYQQS VRS PGARTQVNGOSGRIDFHHLMLNPADTVIRSE
Shanghal-2 HN9 QRSLLLAT [P-~-RGRGLFGAIAGE TENGNEGL Shanghb N SNYQQSEVPSDGARRQVNGLSGRIDEHHLALNEND TVTRSEN
Anhui H7N9 QRSLLLAT IP-~~KGRGLFGAIAGF IENGWEGL bl HINY SNYQQSEVDS RGARDQVNGLSGRIDFHLMINDND TVIFSEN
Hangzhou HIN9 QRSLLLAT! IP---KGRGLFGAIAGF IENGWEGL Hanahou NS SKYOOSFVDS PGARPOVNGISGRIDFHWLMLNPND TVIFSEN

<HAE2|2| ofa| =&t EAM(High pathogenic influenza virus)>

- NAF?I2| ofo|thS HH0|(R04K) & =445101 ol AA|e| LHYE T 22I1F &4

- PB272(2| ofo|=tt BA0[(L89V, EB27K) E =AI5t0] XRS= =F0A 2] Hio|HA Feaa
al =

2T} EROIZROIA} Hlof2iA0l WRY U 2RSS FIMIIE HalF 24

- PB1F212| ofo|i=¢h B10[(HIQY, 1368V)E =4{510d LRS= =FolAMe| Hlo[2{Ao| HMut

=M 9= Holx= EA

oo M THT T

Gene Function | Sites Position Isolate
Cleavage site PEIPKGR*G
HA RBS positions altered receptor Q226L 226 L
specificity G228S 228 S
Stalk 69-73
NA _ . _ . deletion
Antiviral resistance Antiviral resistance
. . 294 K
(oseltamivir) (oseltamivir)
PR2 Enhanced polymerase activity 89V 89 V
and increased virulence in mice E627K 627 K
PB1 H5 virus transmissible HI9Y 99 Y
among ferrets 1368V 368 V
PB1-F2 Full length 90 aa
M1 Increased virulence N30D 30 D
in mice T215A 215 A
M2 Antiviral resigtance 331N 31 N
(amantadine)
NS1 Increased virulence in mice P42S 42 S
n Qe|EIESHlo| Al olMZAEA F =Moo st ofo| it 24
Gene Function Sites Isolate | Source
. . . N130A/ N175A/
NS1 glycosylation Virulence attenuation N207A
Reduced viral RNA replication L129A
NS2A Reduced viral RNA replication N130A
Virus assembly and release L139A
Increase enzyme fidelity A372V
RNA-dependent RNA Viral replication decreased in duck R543K
polymerase(RdRp)
Impair VII’US. attaghment, V711A
entry, and infectivity
Tissue tropism and transmissibility N154Q
Envelope (E) Virulence attenuation N154]
Virulence attenuation S156P
Increased neutralizing antibody R304

_6_



n 22|upRHlol2{ Ao Mxet SHSTH ol thEt oo it M

Virus
Gene(site) Isolate Source
GPV NGPV
50 lle Thr
131 Lys Arg
140 Ala Ser
350 Ala Val
468 Val lle
498 Glu Arg
Replication protein
553 Arg Lys
555 Asn Thr
573 Glu GIn
594 Asp Tyr
605 Lys Thr
617 Val Ala
89 Gin Leu
114 Asp His
116 GIn/Arg His
142 Asp Glu
Capsid protein
180 Ala Val
450 Ser Asn
498 Ser Asn
660 His Asn

22| ygHtolz{Ae F4 STt //gdol tiet olo[=it SOl 24

Gene (site) Function Mutation (length) Isolate Source
LORF3 Virulence Insertions (33bp)
LORF11 Virulence Insertions (2343bp)
uLi2 Virulence Insertions (441bp)




!Kt'.—jE GenBank / Microbial Bank +& % MMNIE A& A T2t

0 FMA do[e{H|o[|A 2! Microbial bank 7+&
O #8A Oo|EH oA 2 Hio|2{A S+

n SHE 2 7ol Hiol3{A RAMAN HEE NIBIL| Bio Projectoll 7|E

- @ e [ pee—— T
Center for Poultry S Sy s GnBank wubmission: SUBSSEITI “
Disease Control L oo S M b=

[ ——— -
o e
o — s =a

Poultry Research - —— = ——
Institute ecewy e B
Cooperation BioProject Sequence Co-

submission administration
<Establ ishment genetic database>

O Microbial Bank(H & Xtel 238) 5
m Hio|E{A Z4 2 HE / Hiolg{A 4Y Y Z2Y

mmm Serial :‘quﬂn = R

"‘-' culail £ £ o] [=) (=1 I L L ; M

B cumwe AT, B days -:ﬂu Incubator = = 5 > 5

FEE Ty = -

I MHorvent ';'-ﬁ | cuhwre ITC, § days

* asnancon e - @0 T orvent =
i -
e | Infection check Thlt

B stock L \;{ ‘

[ il | Intectiondose Egg infectious dose (EIDs)
<Virus proliferation and conservation> <Determine the virus infection dose>
n OjdE 23 25 3 "iolz{A MBS

Establishmoent of Microbial Bank
Resource
[ il ] Visit/Conferance | Shins

Conaorvh‘ A’vldlng

Record

Microbial Bank

JIEFAYSTNATIEH RUXIRE RN

<The process of building microbial banks>
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<PCR differentiate of genotype of DuCV-1 and DuCV-2>
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<Hemagglutination (HA) assay to detect duck Tembusu virus>
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<Hemagglutination inhibition (HI) do detect DTMUV antibody>

O gy 7™ o Mo} U FY
n (Tu) EZRTF A 4 F DIMUVel HAEAM ZEY
- =8 dlo|3{AZFol thet 50% egg infective dose (ElDg) ZH
- MEFE SO WeN 2 ERNY Mu g lziol thst HAN iy BY
] Challenge
Grou Mouse Mice Age | Period - Route Evaluate
p No Strain Dose
1 1 1. Qinical sign and mortality
(everyday)
2 9 2. Body weight
(every 3 day)
6
BAi“B/ 11 weﬁek 14 days | Positive Elﬂg Intranasal | 3. Gross lesion
3 control » (brain, lung on 3/5 DPD
4. Virus loading
4 Negative (brain, lung on 3/5 DPI)
(PBS) 5. Antibody (14 DPI)

m (=) DHAV, DuCV (DEV, DPV)<e| &84 7™M 5! Mul MAHUE Y
« S dHio|HAF Cf 8 50% egg lethal dose (ELDsy)ZH

« 2alofAel A W M oY BY

=

O oo &tE=t Hialof Al REd HIt
B A ASst wialo] Hio|BR A Saks ZE(HYsE 2e(2FE TEEH H)
- Hod AeE flet 2eAE Wl 15|E Hst §E T
- ofF 229 €3 Al AMF X Hpo|EA FEAEZS Sol S ME
m DTMUV, DEV, DPV, DHAV, DuCV ordd 2|0l st €& Szt 5F
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A3t WAl EHE

STOIM A== 2

Vaccine
No Diseases Korea China
Type Strain Type Strain
Duck Tembusu virus .
1 (DTHUY) Killed BZ_2010
Live PlNOb"('StD“CEt) Live VAC
5 Duck virus enteritis aque rec
(DEV) Live Taan
Live Vaxiduck (Jansen)
Live GQ
3 Duck parvovirus (DPV) - - Killed SDLC19
A Duck hepatitis Live DRL-62, DHAV-1 Live HZYC/16, DHAV-1
A virus (DHAV) Live AP-04203, DHAV-3 Live SDJN/17, DHAV-3
5 | Duck circovirus (DuCV) - - Killed LY21, DuCV-1
- &3 oA
™ DEVOl CHet HiolHA &H35t & E Z2H™HsH| €3 ME FH|
@ st Fulel 100 TCID502| =4 DEV #F2t =&sto] 9% 3
® St o} A SOFM Z(CEF) M ZollA Hi2k
@ Bst & AHol= M=EBHAM 23HCPE)7F ele Z 11 3AM2 |og22 Z2H
1, Dilution 4. Reaction
St lal dilution of seram Wirus mibaing in diluted seram
¢ 3| 24 Jfe a2l °
h o 0 -ﬂ
Cytopathic effect (CPE) Hegative control
4, Detection and Neutrallzing 3, Incubation
Dbservation Cylopathic effect and calculation Inoculate CEL cells with virus/serum
<Serum virus neutralization assay to DTMUV, DEV, DPV, DHAV, DuCV antibod>
B S AT Sl WAl M L UMM 2T
- L A[E 27} DHAV-18DHAV-3 i Ale| == DHAV E2|F &€ o g3} =tol
- WIIRIE  YMBA % HAL Sob €e o ulol2iA R, BE X%




Immunization Chal lenge
Group | Duck | No ) : . Perio
P Vaccine |[Dose | Age | Route | Period [ Virus | Age | Route Dose q
DHAV-1&
1 10 DHAVTS DHAV
vaccine >
5 15 DHAVf1
vaccine 1
DHAV-18& Intra
. _ 1 - 4
3 Pekin | 15 DHAVI3 Intra 3 DHAV ~ 10%L Dy 1w
duck vaccine day | muscular day day
-3 muscular
4 DHAV-3
vaccine
PBS- DHAV
5 15 DHAV-1 PBS -1
5 15 PBS- DHAV
DHAV-3 -3
* Challenge ™ : & ZAE(EH, fjF)
* Challenge &
1. AASA(ofY), HAHOHY)
2. 1wpi & &totl= ZHA QF2AL, Sof gdud pE diol A 22|
3. ESX|F(PI) = 100%(% WAl o|HE OF HALE - % Ha OF HALE) / % 8A 0|”dE 38 HAS
m St Hio|2{AFol Cfst 5= A3t Ao AMAN HS g1
IR E © dAHSAL 2 HA}, Sot i Y slolpA XEE, BEXS
Immunization Chal lenge
Group| Duck | No : : : :
Vaccine |[Dose | Age | Route | Period [ Virus | Age | Route Dose Period
1 10 1 Virulent
2 | Pekin | 10 | Comercial Subcuta strain Intra | 400 s
vaccine 1 2w 2w aw - 2w
3 duck | 10 PBS neous muscular
4 10 PBS PBS
* Challenge ™ : &l ZE(EH, fJF)
* Challenge &
1. AASA(ofY), HAHOHY)
2. 14 dpi = MotJU= JHA ot=tAb, Fof Hed BEN dHio|g{ A M E2
3. ESX|[F(P1) = 100+(% &4Al o|HE OF HAIE - % 8A OF HAE) / % WA oS OF HAls
» SofAlofe| DEV Ea|Fof izt ALgsl WA(RY ¥ 0|22 UMY 235 &3}
- HIIXE ¢ AaSA 2 HAL, Seb H# ¥ slolalx M2, B A
Immunization Chal lenge
Group| Duck | No : : : .
Vaccine |[Dose | Age | Route | Period [ Virus | Age | Route Dose Period
1 10 .
1 Virulent
2 Pekin 10 Commercial Subcuta DEV Intra 10°E I Dso
. 2w 2w trai 4w - 2w
3 duck | qq [vaccine 1 neous strain
muscular
PBS
4 10 PBS PBS
» Challenge X : &x A=(Ed, fF)
* Challenge &
1. AASAM(oIY), HAHOHY)
2. 14 dpi & AtotU= 7HA ot2tAl, Fob wed AE dHio|HA X ZEe
3. ESX[F(PI) = 100%(% WAl 0|HE OIF HAIE - % WA OF HAFE) / % 9 0|88 38 HAES
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International
reguilar

sominar

Establish
Paper co- International Exchange
publication coaperallon students
sysiam

Resaarchars

& profeasors
wilmit

<The process of establishing an international cooperation system>

4

0 2q7|se| MAER a==2 77 M & et
O AETIEH Al2Y 75
n AHMAl oA X0 Fch JksEt 7l &E
R T ek RIEXY Y TR S WRACANS A% HEsiol 221FY B Y|
712 78 ks
s HuubgAl BFoIA E7(0f Tk JhsE 7|se ge
n AE UM Aol gy JKsN 3 B x|ode| sty Sof #Mol ojd ZTfol wat 2t
=7HE Ze|H A =gt Al x7) Jekg fIe 2HEE V(s &8
O o] e WAl T2 MK o
B MEAQl g o A Z2 o] FAM S Soff dXo HEY & UAEE &3 A
l Rapid diagnose system l [ Prevention and contral I
[ Establishmant Control l
Vaccing selection &
Application application
Dat i Vaccine aiflicacy
LR ARATTEY data supplement
[ Disease prediction " Outbreak

<Prediction & providing prevention soloution>

_13_
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. Diagnosis method(Antigen)
No Diseaese
Sample Method
- Oropharyngea(OP)
1 _;F_ = ol_| = OJ N ’ _
el S FAXHAD Cloacal swab(CL), CT rt-PCR
2 |8 fa=Hlo|2{ A (DTMUV) Cloacal swab(CL), Liver RT-PCR
3 22| dHlo|3{ AZH (DEV) (oaca sweb(@), Bursal PCR
4 22| miEdlol2{A(DPV) Cloacal swab(CL), Liver PCR
5 22| Agztg o2 A(DHAV) Liver RT-PCR
6 22| AM3Hol3{A(DuCV) Bursal PCR
%ﬁ‘l
2 ! N =
- ¥
. 10990 bp
8 Polyprotein —3
o 379bp
CAP3 CAP4
Virus Primer Sequence (§-3) Target gene Size
CAP3 AGGAATTCATGTCTAACAAAAAACCAGG
DTMUV Polyproten 379 bp
(_‘\?- CCC T(ﬁ{(!_f:_i(:-ll_.(‘(“-\trt AAC T’ULL
PCREY Volume PCRYIS X2 2% | Mzt
10% PCR buller 25 ul 1
2mM each dNTP mix 15 Frecenaurancn [ 1 cycle 1] 18
Frimer F (10 pmai) 05 ul oo | = oz
Primer R (10 pmo) 05 ul W - -
e-Taq(s W) 025 ul Arreging 5 nE
Tempia: DNA 05 i = | = 379bp »
oW 1925 ul = | e
Tomal 25 ul Frnal exmnsion l 1 cyde T2 | 5%
[ZIetH 7% % ZZFSF - Duck Tembusu virus]
9765bp
5 —| VP3 —3
f= 985 bp o
DH1-VP1-C1 DHI1-VP1-C2
Virus Primer Sequence (6-) Targetgene Size
DH1-VP1-C1 CTATGAATTCATCAGCCCCAT
DHAV-1 VPa 685 bp
DH1-VP1-C2 ACOTOGTGACAGTTTTGATTC
PCRZEH Volume
T 254 PCRYIE £ 2&('C)| Al
2mM each dNTP mix 1.5 ul Pradenaturason 1 cycle o4 18
Primer F (10 pmol) 0:5 pl Denanrason o4 302
Primer R (10 pmol) 05 ul - - 985bp »
@Taq (5 W) 0.25 1| Annaaling 35 cycas 55 0=
Tempiase DNA 05l Eanekin 75 0x
oW 19.25 1l o : =
Total 25 Final extension 1 cycle 72 58
[ZlctH 75 Y #FF3F - Duck hepatitis virus (1)]

_15_




7794 bp

5 —] VP1 —3’
{399
DH3-13 DH3-14
Virus Primer Sequence (§'-3) Targetgene Size
DH3-13 TACGCCAGCCACTCTCATCT
DHAV-3 VPl 399 bp
DHI-14 TGOTCAGGCAC TAGCAAAT
PCR 4 Velume
PCRYIE = E A
10% PCR bufier 26l RUSZY 20| A2
2mM each dNTP mix 15l Predendturaton 1 cycle ] 14
Primer F (10 pmol) 05l — o WE
Primar R (10 pmol) 0.5 ul
&-Taq (5 Wue) 025 ul Annealng 35 cydes 55 0E 399bp »
'rmp::[m 1::5"' : Extension 72 0E
i 20 W \
Total 25l Final exenson 1cyce 2 EE M __ DHAV-3 ()
[ZIctY 5 2 EZF3} - Duck hepatitis virus (3)]
J o : 198
5 V1/ rep — Cl/cap I 3
a9 221 a7 1160 1993
228bp ﬁ Pi814f P24gr =
Virus Primer Sequence (5-3) Target gene Size
P84l ATATTA TTA CCOOCG CiOTTATA
DuCV Vi 2260p
P24 TCA GGA ATC CCT GIACIA GGT GA
PCR E4 Volume € 3 (3 t
10% PCR buller 254l PCRYIS X2 EE£ ()| A
2mM each aNTF mix 15 ul Predenasuraon 1 cyoe (2] 5
Primer F (10 peol) o5 ul o ™ 0=
Prmer R (10 pmol) 08w
& Taq (5 W 025 ul Anneang 35 cyoey 55 n=E
Temgtate DNA 08 ul = 72 0=
ow 1925 i 228bp p
Totad 5 ul Fnal exenson 1 cyoe T2 L7
[ZIctY 5 2 EZF3} - Duck Circovirus]
1995 bp
49 bp 927 bp 1159 bp 1932 bp
5 Rep Cap -3’
0 bpe]
DCVI-J2 DCVI-JL
Virus Primer Sequence (§-3) Targetgene Sl
DCVIJ1 AGACGAAWTTOCCGTGAGTC
DuCv-1 capsid 480 bp
DCVIS2 TTCATACCTAARCCCATCATA
PCRZEH Volume = 5 }
104 PCR bufier 254l PoRYIE 2 g 4] k4
2mM each dNTF mex 15ul Pregenauraton | cyoe “ -
Prmer F (10 pmol) LI ; e 30
Prmer R (10 pmol) 05l
oTaq (5 W) 025 Annesing 35 cycles 5 nx | 460bpp
flw:l;w 1:;;'| S = uE
e :
Toss 24l Fra sigeson 1 cyce 72 5= M DuCv-1()
[Tlekd & 2 EF35} - Duck Circovirus genotype (1)]
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1988 bp

48 bp 926 bp 1151 bp 1924 bp
o »
51 Rep R Cap }-3
| nd 562 bp !
DCV2-J4 DCV2-J3
Virus Primer Sequence (5-3) Target gene Size
peve-n GTTOOTOAACCADOCGAT
DuCv-2 Fep 562 bp
DCvE-M AAGGGGAGOGAACAAGMOG
PCR 24 Volume
PCR = L 14
1% PCR buster 25 4 usxy 2Er0)| N
2mM gach aNTP mix 15yl Predenaturaon 1 cyoe X 1%
Xl 7: %0 g0 sl Denamemon 84 =
Primet R (10 pmof) o5 ul
eTaq (5 Uiud) 025 ul Anresing 35 cycies 55 1= | 562bp »
bt i e Euenson 72 =
Dw 1925 ul
Tot 2% ul Fral ecenson 1 cyce 12 Lx

[Ret] = 2 EZ=3} - Duck Circovirus genotype (2)]

513 bp 2396 bp
. .
5 Rep i VP1 -3
2415 bp pu#393 bp o] 4613 bp
NGPYV-J3 NGPV-J4
Virus Primer Sequence (§-3) Targetgene Size
NGPY-J3 GOAAATTGGCATTGCBATTC
NGPY w1 392 bp
NGPY-J4 CCOAGCCCAGGACATACG
PCREH Volume
PCR E £ AlZ4
106 POR bt 28 e EA 25| Mz
2mM gach dNTP mix 15 Préecénauraon 1 oy o 14
F 110 ey o5l Denmurason o WE
Frimer 7 (10 pmof) 05 ul
5 o < = 393bp
& Taq (5 Uue) 025 ul Arneaang 38 cyces 58 0E
T
empime DA 05 ul Ex . 72 0=
Dw 1925 ul
Tota 23 ul Final exienson 1 cyce n sa

[ReHH & 3 EZFESE - (Novel) Duck Parvovirus]

bo-46 by
DEV-DF DEV-DR

Virus Primer Sequence (§-3) Targetgene Size
DEV-DF GAAGGCGGGTATGTAATGTA ULIS~UL%
Dev 446 bp
DEV-DR CAAGGCTCTATTCGGTAATG (Polymerase)
PCREH Volume .
=
10% PCR buter 25yl PCRYIS 23 200 N2
2mM each dNTP mex 15l Precenaturaion 1 cycie 54 e
Primar F {10 pmo) 05 ul B aton o .
Prmer R (10 pmol) 05l
&-Tag (5 Wy 035yl Anneaing 35 cycies 55 0= 446bp
Tempiae DNA 05yl c 2 o=
DW 1825 !
Totat 25 i Fna exenson 1cyce T2 L.

[=]
 J|sAtE 3 ofel EE|F(HiolHA SF)
- ofe[ EE|F(HIo|3{ A S7)

_‘|7_




Region Region

Pathogen Strain Marker Host Coun (Provinee) (Gity ox eolnty] Comments Stock Genotype
1 Duck hepatitis virus 1 (DHAV-1) D-20220155 11 Broiler duck China Shandong Linyi City - CE2 G3
2 Duck hepatitis virus 1 (DHAV-1) D-20220906 12 Broiler duck China Shandeng Changle County L"t’:;is”d CE2 G3
3 Duck hepatitis virus 1 (DHAV-1) D-20211031 13 Broiler duck China Shandong Zibo City Liver CE2 G3
4 Duck hepatitis virus 1 (DHAV-1) D-20211098 14 Broiler duck China Shandong Weifang City - CE2 G3
5 Duck hepatitis virus 3 (DHAV-3) D-20220615 31 Broiler duck China Shandong Jinan City Liver and brain CE2 G1
6 Duck hepatitis virus 3 (DHAV-3) D-202210113 32 Broiler duck China Hebei Cangzhou City = CE2 G1
7 Duck hepatitis virus 3 (DHAV-3) D-20220688 33 Broiler duck China Shandong Tai 'an City Liver CE2 G1
8 Duck hepatitis virus 3 (DHAV-3) D-20220766 4-4 Broiler duck China Henan Shanggiu City Liver CE2 G1
10 Goose parvovirus (GPV) D-20220576 G- Broiler duck China Shandong Waudi County Liver CE1 =
11 Goose parvovirus (GPV) D-202105145 G-2 Broiler duck China Jiangsu Xuzhou City - CE2 -
12 Goose parvovirus (GPV) D-202106101 G3 Broiler duck China - - - CE2 -
13 Duck enteritis virus (DEVY) 0-26200357 P1 Breeder duck China Shandong CE2
14 Duck enteritis virus (DEV) D0-20230818 P2 Breeder duck China Shandong CE2
15 Duck Tembusu virus (DTMUV) D-201912101 F1 Layer goose China Shandong Wenshang County = CE1 Cluster 2.1
16 Duck Tembusu virus (DTMUV) D-20211138 F2 Goose China - Weifang City - CE1 Cluster 2.1
= = s &S
<33 OfF 16T EE &>
No. Pathogen Types of vaccine Strains Dose Storage
1 Live vaccine FX2010-180P >10°*° TCIDso/bird -20°C
2 Duck Tembusu virus (DTMUV) Live vaccine WF100 =10*® TCIDso/bird -15°C
3 Inactivated vaccine DF 2 =107 TCIDso/bird 2-8°C
4 Duck enterifis virus {DEV) Live vaccine CVCCAV1222 210°ELDso/bird -20°C
5 Live vaccine MDPV P1 22*10%° TCIDso/bird -20°C
Muscory Duck Parvovirus (MDPV)
. . MDPV P1210%% TCID50/bird .
6 Live vaccine MDPVP1 + MGPVD MGPV210°° TCID50/bird -15°C
7 Duck hepatitis virus 1 (DHAV-1) Live vaccine CH60 >10*ELDso/bird Below 0°C

<BT ofe WAIF 78 EE HER>

0 §222 U OMERY HolBAN T DU Y RFHX 24
O

n NI, Fch ZHelwy 2 2UEY 2ME EXES MY
No Sor tation Main contents

<

—
1 Diagnosis of flowchart

(pooling samples)
5 Diagnosis of flowchart

(Diagnosis & genetic analysis)
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Prevalence of duck viral diseases in China (2022&2023)

Number of samples for viral disease detection

25.0
w2022

2023

19.4

m Total

200 Year ANV DIMUV DEV DPV DHAV DuCV Total
002 104 379 219 34 400 314 1740
o 2003 240 353 330 233 430 49 2005
Totl 344 73 549 557 830 733 3745
x
10.0
5.0
b - 11 11 11 15 13
00 % o o B
AlV DTMUV DEV DPV DHAV
- &= 22|0lAl AlV, DTMUV % DEVe| X2 RYHE =l
- =22[° DHAV ¥ DuCVin =2 FHE 2l
- 2022HFE 2023A7IX| DPV % DHAV REE S7t =l

gt= 7iaAd W4lHE

Prevalence of duck viral diseases in Korea (2015-2023)

50.0
50.0

36.
333
30.3
3.5 |
20.0
7.3 I 7.3
I L l

DuCV

500

40.0 40.0

® 300

AlV DTMUV DEV DPV DHAV

m2015 m2016 w2017 w2018 w2019 m2020 m2021 m2022 m2023 mTotal

~ DTMUV, DEV, DPV =uj ojetzd
- '15~'234 DuCVvel =2 RYHE =l

Monthly prevalence of avian influenza virus (AlIV) in wild birds (2022-2023)

200
H2022 m2023 mTotal

Y%
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w
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6.8
28 56
2.0
08 15 1
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Seroprevalence (ELISA) of duck viral diseases in domestic ducks )

No. of serum for DEV, DTMUV and DPV antibody detection

2014 2015 2016 2017 2018 2019 2021

Broiler 108 324 36 357 4 6 30 10 50 40 1005
Breeder 38 82 64 79 85 28 21 20 20 30 467
Duck species
Layer 7 97 62 98 40 20 324
Total 146 413 133 483 221 91 58 21 20 10 110 0 1796
DEV 0 0 0 0 0 0 0 0 0 0 0 0 0
01146 0413 0133 0483 0221 0/91 0/58 021 0120 010 0110 0190 01796
Antibody DTMUV 0 0 0 0 0 0 0 0 0 0 0 0 0
detection (%) 01146 0413 0133 0483 0221 0/91 0/58 0/21 0120 010 0110 0/90 01796
PV 0 0 0 0 0 0 0 0 0 0 0 0 0
0146 01413 0133 0/483 0221 0/91 0158 021 0120 010 0110 0/%0 01796

- 11A~"23d7K =4 |AH, A, &2 22[oA DEV, DTMUV, DPV & o|d&

Color ranges
DTMUV-Subcluster 2.1.1
DTMUV-Subcluster 2.1.2
DTMUV-Subcluster 2.2 V /
DTMUV-Cluster 1 &
DTMUV-Cluster 3 y S

y <
TMUV

Location

) China

@ Thailand
Malaysia

HGSt H""'%'-upamu.n..q.-m,,,.z,“,l_'
ZEOVSATAE MR Dy T 18 5T
Duck

A Goose
A Anas platyrhynchos
A chicken
A Pigeon
Culex

£ OG0 1202010101 | Dk TMAI20
G120

GAr.2g,
~an

/ORI S 3Dk Onmaraitg
2201y

Cluster2_1_1

28, ot 22| £F
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M
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DTMUV /IEE &

Potential dissemination of DTMUV to Korea

¥ o

— = s> e, ;
R i ~ s
2000 2010

[
1960 1970 1980 1990
— o) =2 = o= —
- DTMUVE 1955 Z2fo[Alotol| = EUA & STt 522 Mup
= (=] == o 5 o 5
- &3 gfet SF0dAM =2 &its 2ol
% = O = o s A S
— OFdHE Aol 2fslf Lz|o[AlooflM BS=7HK| =2 &t £= & (110.5km/ A, Zhou et al., 2023)
% = = o [ A
- OFHEME S =4 7Y 7ty &5
. ) . Isolated DTMUV strains
Domain Function Sites
F1 F2
i Virulence attenuation T70A T70 T70
i Virulence attenuation D120N D120 D120
1.Impair virus attachment, entry, and infectivity in vitro .
2.Attenuation of virus replication, pathogenicity and neurotoxicity in vivo RSy NSl N154 N154
E-DI Reduced virus replication in lungs and transmission in ducks S156P S156 S156
Increased the likelihood of long-distance propagation P136S; G181E S156; E181 S136; E181
Virulence attenuation Y176H Y176 Y176
Neutral amino acid — Increased neurovirulence R304M; R304T (Neutral amino acid) V304 V304
Basic amino acid — Low neurovirulence MB304R; R304K (Basic amino acid)
1.Dramatically attenuate virulence
2.Increases neutralizing antibody accessibility T367K
E-DII 3.Low level of viremia
T367 T367

1.Enhances the cell culture growth adaptation

2.Exhibited replicative deficiency in vivo T367R

13.Low level of viremia

Neutralizing antibodies decrease F408L F408 F408
= = = = = (=) o o o = AS
- =2 F183 F282e| DTMUV Z#F= HAM 2 MHS0| =2 Z2{AH 2.1.10] =&
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g3 DPV Als2dsty Z4

Goose parvovirus isolate SDLY1512/MF441221 .1 /Charry Valley duck/Shangdong China/2015(NGPV)
Goose parvovirus isolate SDLY1802/MF44 1222 1/Cherry Valley duckiShangdong China/Z016{NGFV)
—— Goose parvovirus isclate GD/MH444514.1/Mule duck/China/2016
Duck parvovirus isolate DST15/KX3847Z6.2/Cherry Valley duck/anhul China/2015({MNGPYV)
Goose parvevirus isclate AH1606/MF441225. 1/Cherry Valley duck/Anhul China/Z016(NGPY)
- - - Goose parvovirus isolate S1603/MF441226.1/Cherry Valley duck/dangsu China/20168(NGPV)

Duck parvovirus isolate SC1S/KYET2174.1/Cherry Valley duck/Sichuan China/2016(NGPV)

’: Goose parvovirus isociate SOHZ1604/MF44 1223 1/Cherry Valley duck/Shangdong China/Z0 18({NGPV)
Goose parvovirus isolate SDDY1605/MF44 1224 1/Cherry Valley duck/Shangdong China/Z016(MNGFY)

@ Goose parvovirus isolate OHI15/KT7510290.1/Peking duck/China/2015{NGPV)
8EL  Goose parvovirus isclate AH/MH444513 1/cherry valley duck/China/Z018(NGPV)
{?
W SAAS-

Coler ranges
MGV
GV
MOy

Duck parvovjrus sdle01/KT343253.1/Cherry Valley duck/Fujian China/2016(NGPV)

k4 ”)‘m * SAAS-3
— ¥ SAAS-S

Goose parvovirus strain HuM18/MKT36656.1/Linwu sheldraka/Fujian China/2018
85 Goose parvovirus strain 82-0321V/EUSE3389,1/Goose/China Talwan/2008
Goose parvovirus strain MDE/MF438102.1/Mule duck/Fujlan ChinarZ018§
Goose parvovirus strain VG32/EUS583382.1/Goose/Germany /2004
82 B5 ‘uDGnose parvovirus strain 06-0328/EUS583392.1/Goose/Talwan/ China/2006
10— Goose parvovirus strain GPYV GER/KUSR44T72 1/Ornamaental duck/Poland/2016

Soose parvovirus virulent B strain/U25749 1/Anser anser/Hungary/1555

i@ o SAAS-4
‘DDGDUSHI parvevirus strain RC16/KY475562.1/Goose/Changqing China/2016
Goose parvovirus strain Y/KCI7857 1.1/ Muscovy duck/China AnhulfZ011
Goose parveovirus strain LH/KM272560.1/Goose/China/2012
Goose parvevirus strain EfKC184133 1/Gooese/Anhul Chinai/2012
Goose parvevirus strain G7/KRO29617.1/Muscovy duck/Fufian China/2013
N Goose parvovirus strain SH/AF333590.1/Anser anser/China Shanghal/2009
E Goose parvovirus strain SYGE1v/KC9968729.1/Goose/Chinal1961

i Goose parvovirus strain GDaGPY/HO8918258 . 1/Goose/China Guangdong/1978
Goose parvevirus strain M15/KUB44283.1/mule duck/Chine/20185(NGPY)
Muscovy duck parvovirus isolate MOPYV-GX5/KMOS3740.1/Muscovy duck/Guangxi China/2011
. ,ﬁlMuszu\ry duck parvovirus strain HOS/MHBOTE27 . 1/Muscovy duck/Zhejlang China/2008
|—]Muscovy duck parvovirus strain ZW/KY744743.1/Muscovy duck/China/2006
a0 — Muscovy duck parvovirus strain .H10/Muscovy duck/Zhejlang China/2010

E Muscovy duck parvovirus isolate SAAS-SHNH/KC1719368.1/Muscovy duck/Shanghai China/2012

Muscovy duck parvavirus strain GOMNX/MH204 100 . 1/Muscovy duck/Guangdong China/2016
Duck parvovirus strain M8/KRO29&614 _1/Muscovy duck/Fujian China/2013
Muscovy duck parvovirus strain YLOB/Muscovy duck/China/2008
10p Muscovy duck parvavirus isclate FZ91-30/KT865805. 1/muscovy duck/China/1991

10 Muscovy duck parvovirus strain P/KUB44281 _1/muscovy duckling/China/1988
\_Lﬁ.i Muscovy duck parvovirus strain FM2/KROTE688.1/Muscovy duck/Chinar/Z013
Muscovy duck parvovirus strain FAM1/KRO29616.1/Muscovy duck/China/2011

57
95

- 22[°t H¢| DPV =&
- &= OoFHEM(2e|/)oll 2[et DPV Hlo|2{A2] ILf 7 <

el
0z
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Amino acid identity of VP2 (%)

Strain Source

SAAS-2 SAAS-3

(duck) (duck) (goose) (goose)
SD0101 Duck QIP76507 99.6 100 -97.4 -100
15191021 RP Duck QVM79732 58.5 99.8 97.2 99.8
HN1P Duck QGW62429 99.6 100 97.4 100
SDIN19 Duck QlLF80192 895 99.8 L7 ) 99.8
SDLC19 Duck QLF80194 99.5 99.8 97.2 99.8
VG32/1 Duck ACE95855 98.7 98.7 98.0 98.7
SDHT16 Duck QLF80189 98.6 98.6 97.8 98.6
PL165/2019 Duck Q0G62938 98.9 98.9 98.2 98.9
Corum/19 Goose QuXs80124 98.6 28.6 98.2 98.6
MDE Goose AWA45288 98.6 98.6 97.8 98.6
RC16 Goose AQV09495 97.7 97.7 99.6 97.7
82-0308 Goose AAR24357 97.8 97.8 99.4 97.8
WF170804 Goose AXG65518 975 97.5 98.7 97.5
SH Goose AEL87778 96.8 96.8 98.0 96.8
SYG61v Goose AGT62581 96.8 96.8 98.2 96.8

<Amino acid analysis>
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Sk.= ﬁlEHFg S HA
Oof- =
duck-whD10-4/KORI2013 (KM216021) Huck-wi/010-3/KORR013
Cul;:brEnQE? duckwi/DHV-HS/KOR/ 1584 (DO812084) Sl e uck-wl/KS3-1313/KORIZ013
9foupiiit HSB.P100/KORVaccine ot duck-wi/M28-2/KORI2013
B sagroig 12 il dn Sk WIIKSY.1263/KORZ012
Subgroup 13 18-CFRO0 s duck-wi/Y29-3/KOR/2013
G2 s @i Snith
omnd @ DIS-MR038 S duck-wi¥11-1IKORI2013
B Goupd duck-wl/G2T-1/KOR/2013 (KM216041) Group 1.1 S duck-wl/D11-JW-01BIKORI2011
=2 duckwi/G27-4/KOR/2013 (KM216044) N ::;::g;;jg:ggg
.“ﬁ;:fh“m“ duckwl/ORLE2/USAATCC (DA219396) duckwi/N12-1/KORI2013
e duck-vsVXXTIVielnam/2008 (JF914045) duck-wi/$13-2IKORI2013
”~ duck-wi/GLO8 Vietnam/2008 (JF925122) duck-wl/KS3-1235/KORZ012
@ Vietnam duck-wi/KS3-1319/KORIZ013
Suss duck-wi/KS3-1322/KOR2013
@ cavpt duck-wt/G24-2/KOR013
Group 1.2 duck-wiKS3-1317KORIZ013 Group2
- duck-wi/HO4-2/KOR2013
— @ D14-ETC020
duck-wiAS2013/CHN angs/2013 (KPT21458) Jiek w00 ZIXORANS
duck-wZZICHNHenan72004 (EU305439) ok 0T IKORED 1S
duck wiALTTICHNANE2010 (KISTT601) APOA203-F100/KORVaccine
‘duck-wiCL-CHN/Shandong/2003 (EF427899) G2 duck-wi/AP-04203/KOR/2004
2 @ 013-85004
it K T e duck-witAP-04 1 14/KOR/2004
duckwt/HCZYICHN Henan/2021 (KF826161) Group 1.3 AR S i
7 duck-ve/SHICHNvaccine (EFS02171) B 5% duck-wi/AP-D4D09/KOR2004
1 duck-wiON2Metam 2009
( ) il duck-wiiNC/Viztnam 2009
“H2012/CHN 100 duck-wi/DN1Vietnam/2009
duck-wl/HYD2/C duck-wi[LA1\ietnam 2011
1(JQ031262) 1 5 duck-wi/KHOMietnam 2012
3 (KPi48293] 2. guck-wi/KHOZVietnam/2012 Group3
duck
duck-wi/FH/CHN/Henan/201 1
duck-wilINA/CHN/Shandong 2013
Group é duck wi/B-N/CHN Guangdang/2011
duck-wiiNT2/Vistnam /2013
ﬂﬂﬁck-wlfﬂ'f\l’-hlﬂ:mﬂull
duck-wl/GDICHN/Guang dong/ 1999
- It ) — duck-wi/C-GYICHNIGUangdong/2007
nuck'vgeauJé‘fiMaécns (KME1985) : r‘F‘E““”“"""mcmh'b"”mmm
g !
duck-vsIFOB4/CHM/vaccine (HQ232302) L duckwticvzeiCHNBating 2007
duckvsiZJ-A2ICHNVaccine (EF502172} duck-wt/HYVietnami2010
duck-vsIZJA/CHNIVaccine (EF442072)
duck-vs/CHBO/CHNivaccing (KJ461981) Grou? 2 fuc_ﬁ«w@'mmﬁnnanHQBQ
duck-vsICB0/CHN vaccine (DO864514) L duck-wiC-¥CZICHN/Baifing/2008 Group 1
duck-vs/ABS/CHN'vaccine {DO888445) : 10
* SAAS13 121 duck-wi/JS2/CHNangsu/20 12
SAAS- * SAAS-22061
* 14 * SAAS-BL22443
* SAAS220155 W SAAS-2210113
* SAAS 12 * SARSSP21042
# SAAS.220906 & * SAAS-SP22164
roup3
# SAAS-1-1 i 1
Qonse. 14
3 duck-wi/Hube!1 302/CHNHubey2013
duck-WUMPZ1208/CHN/Zheliang/2011 (KF924552) DHAV-3 duck-wiVF-10/CHN/Shandangr2012
mallard-wi/GDICHN/Guangdong/2012 (KMO17068) = duck-wiIWCHN/Shandongi2012
i wi! i o duck-wi/IN-6/CHN/Shandong/2012.
5 = HF
- = ¥ ==0A DHAV-1Z} DHAV-3 27
i) = &S =12
SL.= al |_ | .IAOl =W PN | |.o|:A-| s}o
— OF- = = = K=
o AV-1 % DHAV-3 Hlo|3{ A2l RMA CiM =0l
— —19| SHA [eFMd 2 SR OE of =35t 3= =2 ZLlof|A gE = 20| &=t
DHAV-12| 7 CIFM2 5[5 1.10| &£35130, DHAV-3= = =ifollA L74=l OF 20 &3

Color ranges

B Reot
DuCv-1s
DuCv-1b
DuCv-1e
DuCW-1d
DuCWv-2a
DuCv-2b
DuCv-2c

Locatian

. China

@ South Korea
Thailand

- 3=, 32, E{30|A DuCV U
- 32, 330M |RASH= DuCV-1b Hio|{A2l RMM FAM el
- O|F sh=oll UAUE DuCVe} DuCV-1b HIO|B{AL| FRIXH FAFM Ztol
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El GenBank / Microbial Bank +t& X MAMA A= A|H S}

O GenBank(SZXAH0|E{ DB)
O GenBank : ®MALal O|O[E{H| 0| A(NCBI, BioProject) *+%

Gene EEUgHMI
1 nfluenza A virus AMWES birdSouth Koreals 21-WE-F 1832021 HA 0q18ET 17 Duck I DuCviD14-JW: onea2014 Compess ganoma PPOSE140
2 Influenza A virus AN birdSouth KonealA 21-WE-FATI2021 HA OQ186733 18 Duckcircovirus  DuCVED14-JW-034/50uth Konsar2014 Compets genoma PPOSETST
3 nfenza Avirus ADuckiSouth KoreatJinan-D14-F- 182014 : 1 ORT76306 19 Duckcicovirus  DuCVID14-JW-036/S0um Kona/2014 Compesa ganome PPOBE1SZ
4 influenza A vires AfDuckSoum KorealJinan-D14-F-192014 FA ORTTS¥S 20 Duckcireovirus  DuCVD4-JW-030South Koneai2014 Compete genome PPOSEI43
§  Ifuenza A virus ADuckiSouth Koreallinan-D14-F-1872014 NS ORTT53M4 21 Duckcrcovius  DuCVID14-IW-038/S0uth Korea/2014 Compete gename PPOSEIM
B Influenza A vinus AfDuckiSouth Korea/Jinan-D14-F- 182014 N ORTTOE20 2 Duwckorcoviug  DuCWDIL-AN-040/S0uth Korea2014 Compee genome PPOSEILS
T Infuensa Avires ADuckiSouth Komealinan-014-F-1912014 W ORTE084 23 Duchorcovius  DuCWD15-W-138050uth Korea?2015 Compets genome PPOGET4E
8 Duckarcovius DuCVID14-RDA-001/South Korea2014 Compale genome PPOSSII 24 Duckowcovirus  DuCWiD15-MR-122150um Korea/20156 Compets genoma PPOSE14T
8 Duckcircovies  DuCVID14-RDA-003/S0uth Korsa/2014 Compess genome  PPOSS132 2% Duckercovius  DuCVDIE-KW-25/S0uth Koresr2016 Compets genome PPOG614S
10 Duckarcoviis  DuCVID14-W-004/S0uth Korea2014 Compete ganome PPOS5133 2% Duckcrcovius  DuCWD1E-J0-001/South Korea/2016 Compets genome PPOSE14S
11 Duckorcovirus - DuCWD14-JW-005/50uth Korea/2014 Compete genome PPOS6T3 & Duckorcovius DeCWVIDTS-ETC-001/Sout Kore2010 Compete genome: PPOSE150
12 Duckcircovires  DuCWID14-JW-006/South Korea/20 14 Compete genome PPO55135 28 Duckorcovirus  DuCWDIS-MR-010/50utn Korear2019 Compets genome PPOSE1S
13 Duckarcovius  DUCVIDM-JW-007/South Korea2014 Compete genome  PPOSS135 2 Duck DuCVID0-MR-0 Korsa2020 Compéts genome PPOSE1S2
14 Duckorcovirus  DuCViD14-RDA-008/South KoreaZ014 Compsie ganome PPOSE13T 3 Duckomcovirus DuCWD22JW-002/South Koreal2022 Compete ganoma PPOSSIS
16 Duckcircovius  DUCWID14-AW-030/South Korear2014 Competegenome  PPOSE138 31 Duckcicovig  DuCWD22-MR-002/South Korea2022 Compets genoma PPOSE154
16 Duckcircovirus  DuCVID14-JW-031South Koreai2014 Compate genoma PPOSS133
- ZRQUSFAX diol2 A FHAL 7t 22| MAHRO|2 A 2470 Z8, & 317 Hio|2 A
*HA NCBI M &

<NCBI Bio Project 7|EP>

O Microbial Bank(EH &AM A 28) 5

Microbial Bank (No. of strains)

Korea China Others Total

Wild type  Vaccine Wildtype Vaccine Wild type  Vaccine Wildtype  Vaccine

1 Avian influenza virus (AIV) 241 1 M 1
2 Duck Tembusu virus (DTMUV) 2 2 2 2
3 Duck virus enteritis (DEV) 2 1 1 2 3 3
4 Duck parvovirus (DPV) 3 2 1 4 2
b Duck hepatitis A virus (DHAV) 12 2 8 1 20 3
6 Duck circovirus (DuCV) 54 54

- OMME & 324F WA 11F HY

- DTMUV, DEV, DPV (StHollM = Hio|HATE HWAZX| 2FZF) @ B4l 75, ofMy 9F

<Microbial Bank(H &M Xl 2&) 25>
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O FAFEel MRTE &4 U A% e Mo Ny



m Hpo|2AZY SAHES

o

|3t multiplex PCR 7HE&H(&=)

Multiplex PCR Pathogens Primers Sequences (5"-3') Size (bp) Sensitivity
-229U TTCTAACCGAGGTCGAAAG
Avian influenza virus (AIV) m 0L AAGCGTOTACGCTGOAGTOD 229 10*°EIDso
. —
BN Duck hepatitis A virus 1 (DHAV-1) [D):m:g; iggﬁggﬁg:é;gﬁgiﬁl 986 102°ELDso
Duck hepatitis A virus 3 (DHAV-3) B:m:g; Ig%?gigggi’g%gﬁT 399 102%ELDso
Duck virus enteritis (DEV) gg; (Tzéiggiﬁfggzﬁ(z;ﬁm 638 10"%ELDso
— Duck parvovirus (DPV) :Bg; g?f:éﬁ%ﬁ%ﬁiﬁ%? 194 10"%ELDso
DNA DuCV1-F1 AGACGAAWTTGCCGTGAGTC
o B S DECV1-F2 TTCATACGTAARCCCATCATA i 10"%ng
Duck circovirus 2 (DuCV-2) gzgx;:; Igg(A;ATgGGé:R:AG;ggg::;A 803 10'%g

<Multiplex—PCR>

Table 1. Multiplex PCR primer.

Pathogen Primers Sequences (5°-3") Size (bp) PCR Condition Temperature Time
e DEV-F1 CAACAAAACTCCAGUTTTGGC p 3 .
sy Predenaturation 1 cyele g5C 3 min
Drycke enteritls virus DEV-F2 TCAGGCCAGCATCCGTTAT 658 ) & e 7
. NDPV-F1 ATAGCCTCOAACACGACCA Denanutation 94 20sec
Novel duck parvovirus . 144 . <o n
NDPVF2 CGCACTGACTTICCTCGGT Annealing 30eyeles  S3°C 20 see
_ DuCVIFI  AGACGAAWTTGCCGTGAGTC ; 7300
virus- Exfension 72°C 30 sec
Duek elrcovirus-1 DuCVIF2?  TICATACCTAARCCCATCATA 00 ) e -
ek cireovine DuCV2-Ft  TOAGTTTGATITGTCCOCCTTA o Postextension Teyele 2eC 3 min
DuCV2-F2  TGCAAGGGARTAAGCCACAG Store 1 eyele 4°C ©
Table 2. Optimal primer concentration. Figure 1. Distinguish virus results
Pathogen Primers Concentration (pmol)
o DEV-F1 10
Duck enteritis virus DEV-F2 10
Novel duck parvovi NDPV-FT 3 M:DL2000
Novelduck parvovints  ppops g 1 DEV
Druek eircovirus-1 DuCVIFLl 3 2INDPV
* DuCVIF2 35 3:DuCV-1
Duck circovirus-2 DuCVI-Fl 10 4 DuCv-2
* - DUCV2-F2 10 5: Negative

Table 1, Multiplex PCR primer.

Pathogen P Sequences (5-3") Size (bp) Figure 1. Sensttivity test for DEV. Figure 2. Sensitivity test for NDPV.
Dk enterits s DEVEL CAACAMMACICCAGCTTIGOC o M1 2 3 4 5 6
# DEV-F2 TCAGGCCAGCATCCGTTAT NEBL2000 MEDL200O
e NDPVFL  ATAGCCTCCAACACGACCA 1:1000FLDg 1-1000EL Dy
Novel duck parvovinns  yppp> CGCACTGACTICCTCGOT 194 - 2 100EIDy |8 2:100FLDs,
_ DUCVI-Fl  AGACGAAWTTGCCGTGAGTC 210EL Dy 3:10ELDg
Duck circovinus-1 DuCVIF)  TTICATACCTAARCCCATCATA 00 4£1ELDy, 4:1ELDy,
_ DuCV2-Fl  TGAGTTTGATTIGTCCGCCTTA 5:0.1ELDy, 5:0.1ELDy,
Dugck circovirug-2 803 >0

DulV2.F2 TGCAAGGGARTAAGCCACAG

6:0.01ELDsg 6:0.01ELDy,

Table 2. Specific experimental.

Virus Result

DHAV-1 Negagve Figure 3. Sensttivity test for DuCV1. Figure 4. Sensitivity test for DuCVZ.

DHAV-3 Negative

MDPV Negative M 1 2 3 4 5 6 M 1 2 3 4 5 6

MURY Negative M:DL2600 MDL2006
NDRV Negative

DIMUV Negative

DPMV Negative

EDSV Negative 5
DAdvV2 Negative 135pe
DAGV3 Negarive 6:0.0226p2 6:0.01352

<Multiplex-PCR (DNA)>



Table 1. Multipiex PCR primer.

Pathogen Primers Sequences (5°-3") Size (bp)
Avian influenza vires M-229U0 TICTAACCGAGGTCGAAAC 29
M-229L AAGCGTCTACGCTGCAGTCC
Duck Tembust virs DTMUV-DI  AGOCGACTGAACCATCTGA 40
DIMUV-D2  AAAGGAGTGGTGTCCGTCAT
Duck hepatitis virus-1 DHAVI-DI CTIGTGAATTCATCAGCOCCCAT 036
DHAVI-D2 ACGTGOTGACAGTTTTGATTC
Dusck hepaitis virus-3 DHAV3-Di TACGOCAGCCACTCTCATCT 399
DHAV3-D2 TGOTCAGGCACTGGCAAAT
Table 2. Specific sxperimental.
Virus Result
NDRV Negative
DPMV Negative
AMPV Negative
DEV Negative
NDPV Negative
DuCVi Negative
DuCvV2 Negative
EDSV Negative
DAAVZ Negative
DAdV3 Negative

Table 2. Optimal primer concentration.

Pathogen Primers ‘Concentration (pmol
Avian influenza virus M-2290 3
- M-229L 3
. DIMUV-DI 5
Duck Tembusu virus DTMUVD? 5
P DHAVI-DI 2.3
Duck hepatitis virus-1 DHAVI-D? 25
e DHAV3-DI 3
Druck hepatitis virus-3 DHAVA-D?2 5
ol d = = (3=E] Cled HH(=
B DEVS| WHAIZF/of|F ZHERICH JHEH(S

Figure 1. Sensitivity test for ATV-H9.

Figure 2. Sensitivity test for DTMUV.
M 1

2 3 4 5

Figure 3. Sensitivity test for DHAV-1.
M 1

Figure 4. Sensitivity test for DHAV-3.

2 3 4 5 M 1 2 3 4 5

M:DL2600
1:104ELDs,

MDL2000
1:1049ELDs,
2:10° %ELDs,
3:100ELDsq
4:10ELDs,
5:1ELDs,

—ew

Figure 1. Simulate mixed infection results.

1234M5678910MIUINRBUIM
M:DL2GO0

1:AIV-HY

2:DTMUV v

3 DHAV- 1LHO+DIMUV+DHAV-1

4:DHAV-3 12H9+DTMUV+DHAV-3

SHOEDTMUY 13:H9+DHAV-1+DHAV-3

6:HI+DHAV-1 4. DTMUV+DHAV-1+DHAV-3

7 HO+DHAV-3 153:H+DTMUVIDHAV-1+DHAV-3

w W w_ow
- - -

W

- -

<Multiplex-PCR (RNA)>

=)

PCR differentiafion of wikd fype and vaccinestrains of DEV

Ty_pe o Strain GenBank No. Source i
virus (bp)
2085 JF999965 Europe M- DNA Marker
Wi CHv JQ647509 China 1002 1: Vaccine sirain
i eag .
oV JQB73560 China 2 Wild type strain
sSD MN518864 China
VAC EU082088 China
C-KCE KF263690 China
Vaccine K KF487736 China 4771474
Clone-03 EF449516 China
IVRI-2016 MZ824102 India
<DEVe| Wi AlZ=/ofe|F ZHE T EHH>
m DHAV-12| BHAIF/oke s ZHHE RG] Jfgt

MAMA-PCR differentiation of wild tvpe and vaccigestraias of DHAV-1

Strains

DHAV-1-HSB-P100

Type
Vaccine

DHAV-1-R85952-DQ226541
DHAV-1-DRL-62-DQ219396

DHAV-1-HS-DQ812084
DHAV-1-HSS-DQ812092
DHAV-1-Hun1-MT856991
DHAV-1-Hun5-MT856995
DHAV-1-F729-KP148293
DHAV-1-FS -EU395438
DHAV-1-YZ-EF427899
DHAV-1-CL-EF427900
DHAV-1-ZZ-EU395439

Wild type

<DEVZ2|

Position
2111 2276
G G
T A
T A
T A i DNA Marker
T A 1: Vaceine sirain: 985and 700hLp
T A 2. Wild type sirain: 985bp
T A
T A
T A
T A
T A
T A
Wi A /02| 5 ZhH T ek >

1

N

o~
1



® DTMUV, DEV, DPV, DHAV, DuCVE #Zst7| #Igt gPCR 7|&

2l

Virus Targetgene Type Primers Sequences (5-3) Size (bp)

DEV pol-F AGACGAAWTTGCCGTGAGTC

Duck enteritis virus (DEV) Polymerases Probe RT-PCR DEV pol-R TTCATACCTAARCCCATCATA 124
DEV pel-probe TGAGTTTGATTTGTCCGCCTTA
DHAV-1F JVM CCATCTGTGTCATTGTGTTAGGCA

Duck hepatitis virus 1 (DHAV-1) VPO gene Probe RT-PCR DHAV-1R JVM CAAATCAGTTTCAAGGAGTTCTCCA 98
DHAV-1-VPO-probe ACCGACATGGCAATGGAACCTCCA
DHAV-3F JVM GTGCTTAGACGCTGGCAGAT

Duck hepatitis virus 3 (DHAV-3) VP3 gene Probe RT-PCR DHAV-3R JVM TTCGATTGAAAACCACCTGAAACCTACT 97
DHAV-3-VP3-probe TCAGTGGGCTAACACAGTGACCCCTG

Duck circovirus (DuCV) Rep gene SYBR GreenRT-PCR | oMWl RIGECCAAGACCRROAAC I 230
Reverse TCAGTAGTT TATTGGGAACGG
EF-Forward TGTCTTATGCAGGTACCGATG

Duck Tembusu virus (DTMUV) E gene Probe RT-PCR EF-Reverse CGTATGGGTTGACTGTTATCA 115
EP-probe AGTTCCCATATCCATGTC
MDPV-gF TACGAATGAACAAACCAA

Duck parvovirus (DPV) NS gene Probe RT-PCR MDPV-gR CGCTCTTAATATCTCCTCTA 118
MDPV-gP-probe TGAACGAGCGAATGAGCCTTCC

<Real-time PCR (RT-PCR) 7H &>
" S DTMUV & HES 913 HAY 2t
DIMUYV Hemagglutination Assay (HA)
Compon Interaction Results
1 Red blood cells (RBCs) DTMUV Not reaction Not hemagglutination
2 Red blood cells (RBCs) Mouse adapted DTMUV Reaction Hemagglutination

Duck Tembusu virus haemagglutination(FLA) test

collected
s Homogmin:
#ha b

=G abcratory does ok e 1

Append
(1) Gouse rd Boodeell suxpeasion
Cestn

blood cell were washied tece i PBS, each

well 45 M 51 28°C Sioee o 5 moto than 10 ey
(2) 0:33% goose red blood cellsaspension:
The goose sed blood <ell suspenivn
84 PES apain, shake weil centfige a 5005
blood cll paspension with 1 voluue fraction of
than 38 i
(3) Al sluticn

o tore 1 2-5°C. Store o

0% g, Cie s
it e i 6 1 Autoe

(4) VAD solion

e Nacl#7 7, o
sods NaHPOL L2150 17 b

ove Alfreds solution snd white blood cell. Red
1800y i, cesiifged for 1 Onsis, a0 the
supemmatant was discarded. Add PBS with & vobume more than 10 fimes the besnatocril, shake

scard the supertast before use
S, e NAD 0 prgare & goose red
o more

dissnlved. totl 1000l

ater to. 1030, 4 pepare VAD soluion. The pH of this voluion was
J wth am equal amount of 3 5. BABS.
(9) n4BABS

15 MNaCL 87 1 Natc e disled water 0 a inal sebimie of 1000 sl

160 sodhum &ydeogen phosphate solaon: NaH:PO4 ;0 156, add dintlled v

Take 100rml of 1 $M sodki chloride volion, 62l of 0 5N disodian hycrogen phoiphate
Xt PO) slson, 160ml of 10N sodien ibyrogen phosphute (NaH:PO) solution, add

62 aler

05 M boac acid: 3057 ¢ HLUBO, and Kot islled witer 10 fial vohusie oF 100 ] (disiclve
bore s and coal down).

1M NAOH: 40.0 g NOH aad disille sater 1o 3 il volime of 1000 ml.

Berate saline (55, pH 9.0 301§ § M N1, 10011 05 M B0, 24l 10 M NSOH, and
tilled water to & sl volusme of 1000l

4% bovine albumuus: 4 bovios albuenan racion V. 90 b BS, b 0, sdpust pH 10 9.0 with |
M Na0H, a4 BS, g 9.0, 10 ke s nal votume of 1000 L.

9494 hovine slbumia borste sl (BABS), 10 md 49 bovine albumin, i .0, 04 90 1ol B,
PHIO

<DTMUV Hemagglutination

W =U DTMUV REE ZALE

Assay 7l 4>

DTMUY hemagglutination inhibition test (HI)

Components

Negative
Antibody against DTMUV

Mouse adapted DTMUV
Mouse adapted DTMUV

Red blood cells (RBCs)
Red blood cells (RBCs)

Interaction Results
Reaction Hemagglutination
Not reaction Not hemagglutination

Duck Tembnsy virus baemagglutivation inhibition (HT) test
LPrinciple of experiment

o ——

L33 Expericental methads for hemagshutiation tahibiion (1)
i o 4y o A mign

BABS 10 ke s 2o s of the et senam

<DTMUV hemagglutination
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B DPV, DHAV, DUCV RYHE ZAIE @8t ELISAE Jfjgt

Virus name Productof ELISA kits Method Company (Country) Comments
Duck parvovirus (DPV) Duck NDPV ELISA antibody ELISA kits Indirect ELISA ID-VET, France Successful
DHAV Antibody Test Kit Indirect ELISA Jieshikang, China Failure
Duck hepatitis A virus (DHAV)
DHAV-3 Antibody TestKit IndirectELISA Shandong Agricultural University, China Failure
Duck circovirus (DuCV) DuCV Antibody TestKit IndirectELISA Jieshikang, China Failure
Duck Tembusu virus (DTMUV) Duck TMUV ELISA antibody ELISA kits Competitive ELISA Ringpu, China Successful
Duck Plague Virus ELISA Antibody Test Kit Competitive ELISA Ringpu, China Successful
DEV Antibody TestKit Indirect ELISA Jieshikang, China Failure
Duck virus enteritis (DEV) DEV Antibody TestKit IndirectELISA Shenglong, China Failure
Duck Virus Enteritis (DVE) ELISA Kit IndirectELISA Abbexa, UK Failure
Duck virus enteritis(DEV) Elisa Kit IndirectELISA AFG Scientific, USA Failure

- DPV, DHAV % DuCV & A& floi S=2t ZZ A9 471 ELISA 7|E "7t
- 17H2| DPV ELISA Z|E7} DPV & dAZE0 Md3

- 6702l ELISA 7|EZ} DTMUV % DEV &H HEE ¢lsi Eo7He

- strtel DTMUV 2 DEV ELISA ZIEZF DTMUV % DEV & ZHZEo 8=

<8 ZE8 ELISA 7HY & Hip>

0 AUEVIH Y MI|H 7Y
O

A+=SEY(AL DTMUV)S 277 HE7|1H A9

DTMUY pathogenicity in mouse

Gross lesion (3DPI) Gross lesion (5DPI)

Clinical
signs

Mortality

Brain Heart ~ Spleen  Lung Liver Brain Heart  Spleen  Lung Liver

F1 100% (1141) 27.3% (3111) 1‘(’31';’;/" 0% (0/3) 0% (0/3) “(’gl'g;ﬁ' 0% (0/3) “(’gl'g;" 0% (03) 0% (0/3) 1‘(’;’1'2;/" 0% (0/3)
0 0/ 0 0/ 0,
F2 100% (11/11) 36.4% (4111) 1(():?/'3)/0 0% (0/3) 0% (0/3) 1?;’/;')“ 3(31'133)/“ “()g,'g)ﬁ’ 0% (03) 0% (0/3) 1‘(’;‘;’)’“ 0% (0/3)

Brain Heart Spleen Lung Liver

Negative ‘

F1
F2
- 22{AH 21,1 F18D F2gel DTMUVE OF2A0 Hed, elzofiaz «Igd

<ERF UYIIH 7>
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O AIEZZEYH(DTMUV, DEV, DPV) 22| 47|18 ¢ ©

[y e |

DTMUYV pathogenicity in duck

Clinical
signs

Gross lesion (5dpi) Vi
Virus Mortality

Brain Liver Spleen  Kidney  Bursal Brain Liver

rus detection

Spleen Kidney Feces

F1 80% (4/5) 0% (0/5)  60% (3/5) 0% (0/5) 60% (3/5)

0% (0/5) 100% (5/5) 100% (5/5) 0% (0/5)
F2 100% (555) 0% (0/5)

100% (5/5) 100% (5/5) 100% (1/1)

80% (4/5) 0% (0/5) 60% (3/5) 0% (0/5) 100% (5/5) 100% (5/5) 0% (0/5) 100% (5/5) 100% (5/5) 100% (1/1)
Clinical sign: Neurological sign, greenish diarrhea, depression
Brain Liver Bursal Spleen
\ 4
Control & " o %
o b‘ $ : - 0
4 Y

Hemorrhage Hemorrhage

- 2228 211 F1&3 F28 2| DTMUVE 22[07 =2 Had S LIEH

Viral load

- AR FE 2~3dpi,

MU
- DTMUV

Viral load

Ve E@HT Lol #EA SH, Xe| Hiolz{A k2
= i

<2Z| #F7|™ A HMut

N
o
=l
02
Y

Dynamics of DTMUYV in duck

Incubation period Severe symptoms

0 1

3 5 7

=&=—=DTMUV viremia —=DTMUV load in brain =#=—DTMUV load in cloacal swab

ABH 2 AA S = 3~14dpi, 14dpifE 3=
3dpiRE| CHEOA HER T 21dpinkx| 2E
<2z| #4718 F Mu|™ AY>

Dynamics of DEV in duck

Incubation period Severe symptoms

0 1 6 9 12

=e=DEV load in spleen ==g==DEV load in bursal =o==DEV load in duodenum

QIAE B 2~3dpi, AEH 2l4t

MBSt AAESE 5~10dpi, 14dpiFEl 35

o| Hio|2HA ARSIt 1dpiollAl 18dpi
11 18dpi Ol AlHsHAM Hio[2{AE &E

<2z #g7|d * Mupy|™ #Y (DEV)>
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Mottling

Mild symptoms

3dpiollAl 21dpi2 =2

Mild
symptoms

DPI

olsez &
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Dynamics of DPV in duck

Incubation period

Severe symptoms Mild symptoms
0 05 1 3 7 14 21 28 pp
—a—DPV viremia e—DPV load in liver DPV load in intestine
- o4 HFE 42 ofujoll wEJ LAY, 14dpiolA 3=
- WD} ZhollM tEA SH=o{ 7dpi ol Foll= HA
- 1dpi o2t oA HEE 5 A0 28dpi O|ato|A= HIO[HAE AL WE TS
<2z #4g7[d # MuU|d™ #H (DPV)>

O #H&E &Y (DHAV, DuCv) He|7|d +Y

Dynamics of DHAV in duck

Incubation period

Severe symptoms Mild symptoms
7
o
2
B
s
/')
0 12h 1d 3d 5d 7d 14d
=e=DHAV viremia  =#==DHAV load in liver

DHAV load in cloacal swab

- T 2ol A 2| Exﬂilm i Ol FOlE 2
- 1dpiE ChEolA waE 4

T A20{ 14dpi O|MOlM HIO|Z{AE AL EE Tts
<2z AY7|HM ¥ H@AIIM FY (DHAV)>

Dynamics of DuCV in duck

= . Severe symptoms
lacubation peried (body weight decrease)
< /
0 05 1 2 3 M 6 3 0wl
=&=DuCV viremia =®==DuCV load in Bursa DucCV load in cloacal swab
- dYE 2ZdM dLEF flZ, S22 4wpiollM
— Twpioll A 10wpio| &7k HH Foll M W= SH =

- TwpiF & CHEO|AM 2E, 10wpi O|&OAM HIO|HAE AL WE

= = o=

<2z #F71™ & HMup7|™ Y (DuCv)>
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A2 Sl el) iAo E5HII
Al 2 viol2ia &E3ks Z A (In—vitro)

DTMUY Virus neutralization

Virus neuftralization (VN) titer

Virus Genotype Strain Cluster2

FX2010-180P F1 F2
(Vaccine) (recent) (recent)

DTMUV Cluster2 FX2010-180P 128 118 13
(Vaccine)
A #Fot F1 ® F2 DTMUVE| =2 22]F(2022)9 EHsH o34 el
A galez x2 Z2[E DTMUV ES Jts
<Virus neutralization (DTMUV)>
DEV Virus neutralization
Virus neutralization (VN) titer
Strain
CVCCAV1222 P1 P2
(Vaccine) (recent) (recent)
DTMUV CVCCAy1222 161 138 132
(Vaccine)
- @Al FFo P1 W P2 DEVEl 2T 22| (2022)0 BN ASY =l
- oA wWAl2 =20 22| DEV ES Jts

<Virus neutralization (DEV)>

DHAV-1 Virus neutralization

Virus neutralization (VN) titer

Serotype Genotype
CZ141017
G1 BZB 206 200 51
DHAV-1 G2 CHG.U 182 229 57
(Vaccine)
G3 CZ141017 40 51 145
- DHAV-12| G112 G22o| E&etx &34 =l
- G39 G18G29| CiebMel BHSIN ASA ol
- ®X DHAV-1 G2 #iAl2 S=0lAM =2 42| HZE G3 Blo|HAE s ES5HK| Zet

<Virus neutralization (DHAV-1)>
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DHAV-3 Virus neutralization

Virus neutralization (VN) titer

Genotype
QL150713
MY02 182 182 200
DHAV-3 G1 CH1 162 200 200
QL150713 160 182 229

- DHAV-32| G1Z} G2o| E&HstA Al
=]

=
- DHAV-3 G1 Wal2 S=olM =2 g2l HZ G1 Hio|2HAE 2ME5HH B

0 &E=HEHe]) Wale| 5Tt
O SHSEoMe Zolg2 HIHIn-vivo)

Cross-protection of Chinese G3 by Korea G1.1 vaccine in duck

Immunization Challenge Mor;tallty

(%)

1 |Negative g
ga - - 010

o 100
2 |Positive - 10/10
3 MDA® : DHAV-1 G3 60
(Vaccine: Korea G1.1) (China)® 6/10

4 [MDA Boost® 0
(Vaccine: Korea G1.1) (Vaccine: Korea G1.1) 0/10

a, MDAYN, 2°% b Boost at 2 days; ¢, challenge at 5 days
- &% 2|0l A=l G1.1 Aol 2/$F G3 DHAV-12| £
- G1.1 ¥#AleZ G3 DHAV-1 2t 25 Jts
<Virus neutralization (DHAV-3)>

=42l Wit 2o

Cross-protection of Chinese G1 by Korea G2 vaccine in duck

Group Immunization Challenge Mo(l“;a)llty
0
1 Negative 2
9 - - 0/10
- 100
2 Positive - 10/10
3 MDA?® _ DHAV-3 G1 0
(Vaccine: Korea G2) (China)® 0/10
4 [MDA Boost® 0
(Vaccine: Korea G2) (Vaccine: Korea G2) 0/10

a, MDA VN, 295 b, Boost at 2 days; ¢, chalienge at 5 days
- 34 2|0l HAYSIE G2 sHAof| 2§t G1 DHAV-32| 2™ st WXt 2
- G2 dHAle] G1 DHAV-32| 2t H35 Jts

<Virus neutralization (DHAV-3)>

fol
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Article
Construction of an infectious clone of novel duck picornavirus
using the infectious subgenomic amplicon method

SCI a' ix‘“ _l-Exl —"IZ—E— I:él-_‘ﬁ_,_ Firong Li 4 Torg £l ', Tundesg Ly ' Yorkhiin G ' Feng Bo UKeamnng, Yi . Minoon Sesg | Hanlin Weng ¥ i

Wal |, Mim Kang® and VairegLi1®
244 22l SCIZ Viruses AN
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H = i :I_:|LI | S A I Construction of an infectious clone of novel duck picornavirus using the infectious 23.12 (Submit)
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[=X=) vy Genetic characterization of avian paramyxovirus isolated from wild waterfowls in Korea : 23.12 (Submit)
_'_7|. 7-|le O1|X‘|( _\lL_) 2 between 2015 and 2021 (MDE/jAnimals 24.03 (Accept)
Hl3iz i
El-_u_ ar 3 Seroprevalence of duck Tembusu virus and duck parvovirus infection of duck in Korea (MDPI)Animals ij'gf‘fi‘:'c’;“p‘:;
E‘LH Xl =2 I* )
evelopment and evaluation of a simple PCR assay for rapid detection of attenuated vaccine .03 (Submit]
L = 4 Dewl d evaluation of a simple PCR assay for rapid detection of dvaccing (1o vimals 24.03 (Submi
strains of duck hepatitis virus-1 24.05 (Accept)
3 LA 3I_|':|_:|L7 |-EI’-§||‘_| XI 1 7|_-| Hal'ﬂ 5 Development of a One-Step PCR assay for rapid detection of attenuated vaccinestrainof ooy 24.04 (Submit)
’ duck hepatitis virus-3 in Korea 24.06 (Accept)
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A = = 5
0 2d7|s9| A St & & et
AL
O AZZIE AjAg
ASTITH A A 15 )
Disease existence Diagnose Rapid typing
Korea China Antigen Antibody methods
RT-PCR HI
1 Avian influenza virus (AIV) 0 0 Multiplex-PCR? ELISA -
T — Real time PCR
RT-PCR HI
2 Duck Tembusu virus (DTMUV) X (] Multiplex-PCR ELISA
Real time PCR
PCR WN
3 Duck virus enteritis (DEV) X (6] Multiplex-PCR ELISA Wild & vaccine
Realtime PCR
New threaten
PCR AGP
4 Duck parvovirus (DPV) X 0 Multiplex-PCR ELISA
Real time PCR
RT-PCR
5 Duck hepatitis A virus (DHAV) 0 (6] Multiplex-PCR VN Wild & vaccine
Variant Real time PCR
PCR
6 Duck circovirus (DuCV) (] (0] Multiplex-PCR - DuCV-1&2
Realtime PCR
a, developed in this project
R ASE Ay FC W R MY Y 2 7S
- =i o/ DTMUV, DEV, DPV Hto|2{Aof st High—-Throughput ELISA &X ZEH 74
- 652 22| Hiol3{A HAUAAN SA| HZE multiplex PCR A&H 71
- 1= Real-time % PCR &3 A&EH
- DEV % DHAVZ {2l @Fot oy el Al 7
- DUCV REAIY 1810 28e THsls MZ2 PCR AlE 2y
B A Al Ryl Rlch A|AHE Z2udbolol| st BHAH SAo| MA X oF Al =3 L)
O il =28 HaHx o

28 8 9 17 22 45

Source
days weeks weeks weeks weeks weeks

Vaccine

Vaccine type

1 Duck hepatitis A virus Live attenuated
(DHAV)® (DHAV183) Korea SC Dose 1 Dose 2 Dose 3
2 Duc:(Dp:\;\)l: vitds Live attenuated China SC Dose 1
3 Dud(([}';&\ﬂ:s)r vitus Live attenuated China SC Dose 1 Dose 2
4Duck ;:Sglr)ltis viEgs Live attenuated China SC Dose 1 Dose 2 Dose3  Dose4
a, current vaccine in Korea, b, when viral disease outbreak {vaccines store in Microbial Bank }
B 52| AE Hio|2{Aad Aol st HA HEE Z23H T
- L& DHAV Bidlg 285 DHAV ¥HE ey E =203 7w
= S (= = 1T SLo
- S A-HE vlol2{ 2o et dEstE S5 A 2 T Z2O 28
— = = = = -
A7 BHAl oM E Z 22 shRdbotol CHEl0] A Ex{ofl M= M oF of M (3Y uf)

_36_



O =7|d5 Al~H

Disease data sharing and early warning system )

Early warning

Disease data sharing

?25 Other emerging disease in ducks
20
m2022 =2023
153
15 2YNSTTHET
£ = 90% 1%
g 10 o
g 54 5.0
=5 3 28 g m
=i Hm
0 . 0 . i =i
Novelduck Fowl adenovirus Duck astrovirus Duck Egg drop Duck
reovirus (FAdV) (DAstV) i y irus.
(NDRV) (DADV) (EDS) (DCoV)

B Real-time OB 8% Zad{3 & ZE AlA”H 2
- 3= 22| dde| wd S8 % Asts FHs1Y| 2/E
- &t=oll oist 2UEY ololH, *1F "It 2

AU =T AR AAH Zdlotol| ofsto] A EX{of HMa A ot

2 2 A Novel Duck Reovirus (NDRV); Reoviridae, Orthoreovirus
Ax=oo Natural host: waterfowl (duck & goose)
- Experimental host: chicken
HhM AL 7] All ages (mainly from 1 to 10 day)
o= Contact transmission (digestive & respiratory tract)

Vertical transmission

a4 High mortality (ducklings, 30~40%)

Novel DuckReovirus (NDRV)in China

o 109 625
= 600
= 153 3 333
2 g 400 s 286 i
2 200 . [
30 s |
;o= N HEm
222 203 New disease Z7E He Hg =g Tl
appearance
ME NDRVE ZddsS AlEsty| f/et 2/ Ololg & =7] 42 A|AHe 511X &8
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Genetic characterization of
antigenic variant infectious bursal| t=7t= et | et=7t=| _
2 disease virus (IBDV) from in st3| x| Park JY | 4 e st3| ISCIE |2023.12.31[1225-6625| 0.33
chickens in Korea
Development of a highly efficient
CRISPR/Cas9-mediated Zhang
3 herpesvirus of turkeys—based |Vaccines|JF, Park| 3 |22 MDPI SCIE 2024.02.23/2076-393X| 0.5
vaccine against novel variant JY
infectious bursal disease virus
Genetic characterization of avian Yea—Jin
4 | Paramyxovirus isolated from | oo Lee |y oia | yppy SCIE | 24.03.01.|2076-2615| 0.5
wild waterfowls in Korea between Jong-Ye
2015 and 2021 ol Park
Protection of chickens against
HION2 avian influenza isolates Zhang
g | With a live vector vaccine using | ;oo | 9P| ys fceia | yppy SCIE  [24.03.12.| 2076-2615 | 0.5
expressing the influenza Kim
hemagglutinin gene derived from Sangwon
Y280 avian influenza virus
Simultaneous Construction
strategy using two types of Frontiers
fluorescent markers for HVT in Zhan FRONTIER
6 |vector vaccine against infectious . 9 12 | A9~ SCIE 24.05.13.|2297-1769| 0.5
) ) Veterinary JF S MEDIA
bursal disease and HIN2 avian .
) ) Science
influenza virus by
NHEJ-CRISPR/Cas9

O =4 2 I =32 dx

HS s|o oA 2 X} LE YA B =4
(AbcH gk 2l 53] 20224 . _
- . _ HE=ZHAHMME CH stel
1 ( Hﬁﬁﬁﬂﬁéﬂﬁl 4 Kim SW et al 2022.11.17 q| == 1 f =
At sk=2lsts| 2022 =
_ _ M F= =2 A 71 8l M M E CH stol
2 _,'{_7_113_51' %%EHil 4 Park JY et al 2022.11.17 d| == H| 4 1 i =
ANCH S0l Sts L:
3 (ANHIEtToISe] 20228 1 o v et al 20024117 | HMEZHZHMME thatel 2
5053 B = el A a0 ST S EI IS
er=7t= == AM40X MEstn S Mty HA =
4 so|x3 ol siaus Kang M 2023.11.16 ol Acialo| = ey o srel =
2023 er=7igeia] M40XF st Sgstan s &
5 Mo|E5| 9 StLuE sl Park JY et al 2023.11.17 o AEiBl0| = B E cfshal =
(ADCHst=2l 5te] 20234 : =
= 5 K| == & 24 Bl CH shel
6 : H_,ﬁﬂj_mllgiélmil :‘ Kim GJ et al 2023.11.30 d| == H| 1 i =
At sk=2lsts| 2023 =
= HFEZHAHMEME CH stel
7 ( H¥H7_1|F:'_WLH|| QI%IEHQ :‘ Yu CD et al 2023.11.30 d| == A 1 i =
At sk=2lsts| 2023 =
_ _ XN = =2 K| 74 H A Al CHstol
8 = 2R sta ) 3| Yu CD et al 2023.11.30 d| == M| 24 el M M fstol=
O MHX(MEXY, MYYE)/3erE
HS MEXL (M EAR, YHEE)/5H6E o SE/7|8 #HE S=/7|5 7| & 2 o
1 Influenza A virus(A21-WB-F19-3) 0Q186732 NCBI 2022
2 Influenza A virus(A21-WB-F47) 0Q186733 NCBI 2022
3 Influenza A virus(Jinan-D14-F-19) OR775306 NCBI 2023
4 Influenza A virus(Jinan-D14-F-19) OR775305 NCBI 2023
5 Influenza A virus(Jinan—-D14-F-19) OR775304 NCBI 2023
6 Influenza A virus(Jinan—-D14-F-19) OR770520 NCBI 2023
7 Influenza A virus(Jinan—-D14-F-19) OR759084 NCBI 2023
8 Duck circovirus(D14-RDA-001) PP056131 NCBI 2023
9 Duck circovirus(D14-RDA-003) PP056132 NCBI 2023
10 Duck circovirus(D14-JW-004) PP056133 NCBI 2023
11 Duck circovirus(D14-JW-005) PP056134 NCBI 2023
12 Duck circovirus(D14-JW-006) PP056135 NCBI 2023
13 Duck circovirus(D14-JW-007) PP056136 NCBI 2023
14 Duck circovirus(D14-JW-008) PP056137 NCBI 2023
15 Duck circovirus(D14-JW-030) PP056138 NCBI 2023
16 Duck circovirus(D14-JW-031) PP056139 NCBI 2023
17 Duck circovirus(D14-JW-032) PP056140 NCBI 2023
18 Duck circovirus(D14-JW-034) PP056141 NCBI 2023
19 Duck circovirus(D14-JW-036) PP0O56142 NCBI 2023
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20 Duck circovirus(D14-JW-038) PP056143 NCBI 2023
21 Duck circovirus(D14-JW-039) PP056144 NCBI 2023
22 Duck circovirus(D14-JW-040) PP056145 NCBI 2023
23 Duck circovirus(D15-KW-138) PP056146 NCBI 2023
24 Duck circovirus(D15-MR-122) PP056147 NCBI 2023
25 Duck circovirus(D16-KW-035) PP056148 NCBI 2023
26 Duck circovirus(D18-JD-001) PP056149 NCBI 2023
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