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H AT 7K/ M a3 e AR E (AR ISR B2 T - INBLE SR = EIMEAVR R T - RREAREFFHIRIGIE
ERNES - (EFES RSN - EEERENRIGZEIREE - IMENRIRKZERE e AERERE
TR R &5 2 o AWTFEZ H AV SIS HY 55 % s M ARk (induced pluripotent stem cells, iPSC) » 1245
RS LI R A Rl s AR 2 VB D - WHSTaEREUR - BISFHE S AEVERPAIIE (muscovy duck iPSC, MD-iPSC) 4§
K&/ IV R R PR - DUR S B SHR FE (polymerase chain reaction, PCR) J5i=UHEFTH#M] » 55 25 1E R
FE » SE AT HUR KSR HEE T o ST EOR FEHY {E R 1077 EIDs/mL » 3R DB B EIE (L1255 64
BEOLEFOKE/ INEBEFIE ST R - 48 2 ROEER AT MR TS 7T 32 — 512 f% - BUR MD-iPSC
AR R/ K&/ N e LA s B s AL R BT -

BRdEE S - SAESREMEERAIAE - s -

i

KSR T Y SRRV UIR S - BIEELLZEE - %45 ~ pH 3.0 f& 3 - pH 10.0 @z slfE 65°C 4EFf 30 77
HHVREET R EIA GI# (K (Takehara ef al., 1994) - 1L BFERACHEE S H 23 4] - 78 1978 FREFEHEE - H
ARE SRR S I 0 (Takehara er al., 1995) » K&/ NASZ BBV T Ry 1 — 3 HERAVEISSE - HEEE
WS LS TR AN R R 1 (1 er al., 2010) - RIS HIAE 1982 £ K 1989 R IF S —JOMTT /MG T
FRIE90% (FRTF - 1983 ) /MEEILH67% (Lu et al., 1993) » HH RERRFIL B RIER /KBRS SE L (Jansson
et al., 2007; Wozniakowski et al., 2012) » FERCEARIFIRK - HAKE/NEaRZ s AENH MD #ISIREE T4 E
FINERNCREENSE > EEFHAREEFFEN S HE 10 A > RIFEETHREREMRENEZME - #ARIE
FEEE A A F A AN e IR - DIt s AR EE TR IR - A B &N ZPAZUKEEIS S - SR SRLEiR
SR ENS E R E TP B - ISR EI IR - HDAREAR A A m e A VB R - 41— BB sk -
B FRERIAUSR AT RE IR R - DB BRI A AR - RIt# AR e s il - 2 HATiHR EAR
¥ e S TR Y B Wik 3 -

EAT S EAAIRE - R R R BRI T e A AR R R 2 — o AT AR E A RIS A A
A ( EB66 4HEtR ) fF Ry e BLE (E AL ¥ & (Olivier et. al., 2010) » AWFFEEE T ATEIGE E L REVER AR (MD-
iPSC) » {AFIHIFFEHT LIN28 ~ NANOG ~ SOX2 ~ OCT3/4 ~ KLF4 f1 c-MYC #i§5 [N 1875 £ MD ISR AG A RE4T
e A AR LIS - HE4T R A SRR AIARR 1 - EFEFRIR OCT4 ~ SOX2 ~ NANOG Fr{b ZRe RN K
TORCERRRS - AWT9EZ HAY R — 55 MD-iPSC fE s EEZ BT -

|
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AeAgEh P e e MEERE R Sl Tt o Al Sais S 1T - SR 2 (L - R EHEAEBNE » EFES
Sapr ALl 73 Fr B SR B ) G R (Y N AR ST 8 112-10 SRt -

I 4fpsse
AR IR E 9 Hille 2 HYSIE 77 2 48 4 REAHRE A FH 12975 55 (Lentivirus) 8 LJ75( » £ LIN28 ~ NANOG -
SOX2 ~ OCT3/4 ~ KLF4 Hl c-MYC %ﬁiﬁ‘.?ﬁj«*’ﬂ%q*%ﬁﬁ’iﬁ%ﬁl%ﬁ@tﬁﬁ&ﬁfb DL, MD-iPSC 4Hlff
PR AT E W BIME R 2% (R IE FE 5K » BL& 2% FBS K 2% antibiotic-antimycotic ) DMEM 53K » DL K
38.5°C & 5% CO, Z Z= RANEF AR TS » AR KE/ RS I ESE A (215 > 2024) -
L. K&/ INFREAIE RS
W /KSR TR (BYERIEEEE 08212 5% - el - 28 ) I THERE - BIERE
Ak
(i) EI{E1ZHY MD-iPSC (2.0 x 10° cell/mL) & j» 10 cm £%3% [l (Thermo Fisher, Nunclon Delta for adherent cells,
Cat. No. 150464) DL DMEM + 2% FBS JiA 38.5°C Hi1& 5% CO, 2 ZE GAVIEEF THEE 24 /NI T4 - 48(C
B 12 /NI R R -
(i) HHETFATE R 107717 TCIDy, / mL > HY 500 pL $EECH A S g M T s > IER 38.5CHEM
EITRE -
(i) PEHEPEAERRTE 36 — T2 /NI - BREIZAIE G A B AR EEH (cytopathic effect, CPE) BSET YR
% o
L A
BN R AR EA: 80 — 90% CPE SSETHF » BIRFANAE SO BE] TUEEZR 15 mL #E0E > AT ER
TR EREUL -
() RERE RIS RS - (£ 2 — 3 mL SRR e my -
(i) DA4HREEFYE] MR /e sERak - MR TRV EREGTTE -
(i) AFEFEETE MAVAIRE /R E R A RIEEE PR HER 15 mL gEoEd o DL -80°C L8 / 37 C s R & ST
3 K% » DL 805 xg It 4°C T AETHEL 20 738 » UEE BB T HERAET -80°C KA
IV. K&/ Nw Rl
FI IR G ZE B £ E4H (Xpress Virus DNA/RNA Kit, Cat# K1361-4, BioVision, Inc. USA) 4% /KE/NE
TR R MY AR 1T DNA Z£HY » B DU & B 2 88 £ R 7 2T TRl - S ¥/KS/ IVm sl et 2 51
¥ 15 -CCAAGCTACAACAACCACAT-3 » (sense) #1 5 * -TGAGCGAACATGCTATGGAAGG-3 - (antisense) «
PCR T FE(FMA B 2 94°C » 1 4y 5 2 18317 35 | cycles HY denature : 94°C > 15 #) ; annealing : 50°C > 30 b ;
extension : 72°C » 30 #) » $3£ 72°C > 5 3 §#{&#E(T finalextension > 4EFFAE 4°C o 75 Fal5 e L8/ 7k o i R o] 0
| EYEfEE 539 bp DNA F E% (Zadori et al., 1995) -
V. EIDy, (50% embryo infective dose) J55% /(& 5747

R B DA SRR 5% - BT 96 FLATRRES B T 2 Bl{E{&HY MD-iPSC > Ji* 38.5°C }z 5% CO, M#Tiﬁ
'S - TR BIEREGA#EE CPE LM R (crystal violet) e » AGEE M 2R S REAHVETY - DIHE
H. 50% CPE HIFFFEREAE EIDy, HYR(H -
BEH 10 — 12 HiK@&/ MRsbiieiz i MD IERIRIRIGE © ARt ER DS EE N REME - WH
WRRG S T E R A T - PO TN ~ T8 FEIUBRE M » DL 26 Glinch 215 - SREEEE
PATIIIEEA 1/2 inch - EHREEROE ASREEREA (18 1) o WERAFFIFRREEMRRR 107 — 10° > FEREA MR
(R BN 0.1 mL 43 BIBEfR F (B K&/ VR EPTESIAME 10 — 12 Hig 2 MD IEHISHARAAIR Bt > AR 7 R
2R IA R B AREESET » Wik Reed and Muench (1938) A3 HER# /{8 -
VL I 8L
e EARETEUTERAIREEIR - LLRECRIE 0.02% 1REAMUETRIE(LAEEE 3 K (FR5F > 2005 ) - R ZIE LR EE
&I S BRI 4R > BIZ24IA R A %84 CPE BRE U AR DR R B e i S LR -
VIL S il
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20 £ 64 FEIEIVKE/INFEIE FHEE > Hp 15 €L 107 EIDy, / mL #/K&E/INEH XS LEHE%E A
PUE o EEECEK A A B A 28] (ImmunoFast™ Adjuvant, Energenesis Biomedical Co. Ltd., Taiwan) JE & ©
FEHREHE Y PURBERDE SR EREZATT > L 20 uL /Y Reagent 1 81 180 pL HiiFHE R 2 mL B0 E#ETH
JEE 0 FILA 300 pL fJ Reagent 2 J& & > A1 HL 1.5 mL JF S {EHERC 26 553 5 1 DA BT 2T 5 g -
FHR AR SE 2 AL FEET R RS o 5 S IRAAAI DR EL PBS R &1 ET FH - BRI LT 2 e
FEER  JERMIE BRI > JERE 0.5 mL / & o A% 1 RS - RIS 14 RFETHRER - Rl
1 RS ESAT - FHEF SRR TSR 14 RETRID - fE &I

Shell membrane ==

Allantoic cavity —

Yolk sac —\\"

L ISRERHERREE S R ER -

Fig. 1. Schematic diagram of injection of virus solution into the allantoic cavity of duck embryo eggs.

EID,, FYRUEETHE 5= (Calculation of the index):

Index = (% infected at dilution immediately above 50%) — 50% / (% infected at dilution immediately above 50%) — (%
infected at dilution immediately below 50%).

Index = (77% — 50%) + (77% — 42%).

Index =27 +35=10.77.

The index is then applied to the dilution that produces the percentage of infection immediate above 50%. Results suggested
the optimal value is 10™ dilution. The index of 0.77 is applied to this dilution.

In this working analysis the dilution that provided the 50% infection of eggs or 1 EIDs, is 10™*".

The reciprocal of this dilution is the amount virus contained in the 0.1 mL of the original suspension
=10*" EIDy,/ 0.1 mL

=10>" EID,,/ mL

VIL (0% A
1 8 U B 1% BR R IR DA 358 xg e 0 5 o3 88 AE 1T UK o7 i o 5 I E DL 56 °C &K 30 o §5 A 1T 5 S
(decomplement) FEFH{% (Gough and Spackma, 1982) » 100 pL [ 2L MEM #48 2 {Z#5kE » S/K&E/ IR TR B R
Ky 100 TCIDy, FEENIAMREZIME - B 37C K IE 60 776% » FFiIA 0.2 mL #HE iPSC A - #8fE ~ 4HpEE 37C
EEEE 6 Hik » DIHEEEIERIA 0.5% 45 Rkt » ZFLAMRS IR AR B RUE - RIZ RS RER
BHFIEEN 2R « St EEULEA R RIge ) 2 Mk B hiae 2 M -

e

L K& /NREEHY b FE R = B Aol

CPE $50Y/2 3 Y5 [EAVTE T AIREAERAIZAEE L » & A CPE BLFRANREAVERR S 4E -~ (8
SAFE ~ BR7E - TERKBRDE ~ BE - SRS WEEE - NEEEIHEE A ENE TR g EE N EEEDN
CPE - ‘At g R B (B g 4 AE - A S G 280778 T AIREAYIZRE - Wi9E A EnT LA 48 CPE HhiHE
TESR  WhAPRSRPUREEEY S ETROHIRIEREE - Kt CPE Bl > g F I 2 s s 0 BB T DU
ST -

MD-iPSC L DMEM + 2% FCS 5% 12 /N R K&/ NE S » IR EREE 48 — 72 /N AT 5 <2 KL
TR A RS (BINE U 4 R % 2 CPE BUFETTHUIRER (& 2) -

K&/ INE 3 Ry e — TR A4 AU DNA 85 > FREE K/ NG Ky 5,100 (ks (Zadori et al., 1994) < A
{E B i8S & (open reading frame, ORF) » /£#2H ORF fJE45HEZE (4 (non-structural proteins, NS) » #5321y ORF
B 4ERETR [ (viral protein, VP) BYEEHEIE © A A 3 M X ELEREE T 5515 VPL ~ VP2 ~ Bl VP3 (Zadori ef al.,
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1995) 1 2 fEIE4EREE H NS1 FINS2 (Smith er al., 1999) © /K& N 3L R 1% 17 E A AR AL g i 7 =URHE LY
BRI (Daeffler er al., 2003) » ZA1% PR VAT AT AVAAE » S4B AR EMEIE FFISHASE T » NS1 fE/KE
/N B R BB AE iy EE A (5 (Berns, 1990) » AR #E 4 1F H 124 NS1 5548 (Herrero et al., 2004) » NS1 &
—TEZThREE N - AE/KE/ MR T REARE th AEEA 4R T (Moffatt er al., 1998; Mengyu et al., 2015) -

Saleh and Khodier (2020) PLJE E 6 355 1 58 &L 44 45 /[N 77 3 (goose parvovirus, GPV) #9 i & 77 i ! GPV 45
B R ECLEIS AR RG 4 RR AR - YRR IR 72 /NS T 22 B 27 SR AL Y A R Y AR 538 B 4 /N 2 CPE B4R 5
F] 96 — 120 /N » B2 {[E B (monolayer) 4HAE R/ INm 5 HY EL S 25 A dHRE R (B - baltry RS2 %8 £ CPE
Y B ] B 4 AR Y RE Y B A A E B N B L BIAEULB P © Zhang er al. (2019) FIJ I ] 42 %6 % 8 S 73 47 (indirect
immunofluorescence assay, IFA) ;£#:{T GPV £ DFEs #& 2Ll 2245 » GPV fEJEiHL1E 24 — 48 /NI ] 22 2 &l
B » A8 /NI EE R AR B AE 96 I FE RSl - 12 120 /)N BHE RS R CBINRE -

E RO 225 CPE BEETAVER S » ERFRITRFHAE S &R — ORI Y -80°C » S EER > 4R LA -80°C
R 3TC AR B HENT 3 REUFELHRLB AR R TR 1% > DL 805 xg 1Y 4°C NHEfTHEL 20 7388 HEL - B
EHEWHERNZ FER - BLLEEREENN FER - B TR R R O - SR — 2R
K&/ NiEE = & ATl MD-iPSC TR SRR YIS a2 -

1 1 7H Sy £

2. JKE/INAFRAHE - A M0 AEEKS/MES - A RIS - B © 4K/ Ve ksE
48 — T2 /NEf o AT ARSI E P Rk 2 R R B4 (ANETERATR ) SFANRR R (E A (CPE) AR -
Scale bar = 100 pm -

Fig. 2. Detection of waterfowl parvovirus infection. A: Cells without infection with waterfowl parvovirus. B: After infected
with waterfowl parvovirus 48—72 hours, the cells showed cytopathic effects (CPE), including cell detachment leading
to vacuole formation, as well as cell rounding and shrinkage (as indicated by arrows). Scale bar =100 pm.

[EU /K& /IR B B R AT TR BE ZEEY - FF DL PCR =0 E TR 45 SR BE R IR & [ Ua Ay 4MpE s 227
PP IE > mT At —EL 9T By 539 bp #Y DNA ] B¢ - 455556 E MD-1PSC /K& /N s R % 5 1] 4R
AT S > HPETE SR B A S M o] PR AL ATRE - HERE MD-iPSC dHREE T 1E R/K &/ N 318 140
A o BEAh - AW [ER A AR A #E T /K& Ve B R/ ERY 8 4H MD-iPSC 4fiff PCR el £ 2 ME R EZ
g BURARE R MD-iPSC 4Rk B parvovirus free ([& 3 ) °

M 1 2 3 4 P N

<+ 539bp

3. DUREHSHEH S ERR M EOK S/ Vi 3 RAIANAE © M 100 bp DNA ladder marker © 1 @ DUKE/INEHE R Z
AR - 2 R 3 ¢ DIUKE/IMA SRR B RS LA R A SRR © 4 < SRR Z 4HHE - P ¢ B ERRAH o N
PRSI -

Fig. 3. Polymerase chain reaction (PCR) analysis of waterfowl parvovirus-infected cells. M: 100 bp DNA ladder marker.
1: Cells infected with waterfowl parvovirus. 2 and 3: Cells infected with waterfowl parvovirus recovered from cell

supernatants of infected cells. 4: Cells without infection with waterfowl parvovirus. P: Positive control. N: Negative
control.
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II. EID;, (50% Embryo infective dose) fg M

B 1 RHE AR BN E S A E RS ENE ] B ER SR DRI 107 — 10° > F4HIE
0.1 mL BEEFI/KE/ NRET S FBIBIRE (10 — 12 Hid ) FREER S » P EER 7 KT E S AR
SEEILT - SRR 107 — 107 fURERA R 50% AUES (£ 1) » HEZT 2RI IRIRIE Tl L
HaEHMmER (& 4 ) > Saleh and Khodier (2020) #F2/REFHLIAVAE R © f Reed and Muench A5 & H EID;, £
107 EID,, / mL o

4. HER& EIDs, BEARIERHIZE - (A) 19 Hiie MD FHWSIRARIE R EHIR4H - (B) BRRGTE/K &4/ INEFRERMEE 7 K
IR S BB AIEY N HIML » Scale bar =1 cm ©

Fig. 4. Determination of embryo infection dose (EIDy,). (A) A control 19-day-old MD muscovy duck embryo. (B) A
waterfowl parvovirus infected embryos showed stunting and subcutaneous hemorrhage at 7 dpi. Scale bar = 1 cm.

% 1. MD iPSC WIJEZ K&/ MR EHERT EIDy, 534
Table. 1. EIDs, analysis of waterfowl parvovirus replicated by MD-iPSC

Check of eggs infected Accumulated numbers )

Dilution of inoculum ooted footed Total Percentage infected (% )
infected  notin-fected oot motinected o (A4p) A/(A+B)x100%

(A) (B)

10" 5 0 16 0 16 100 (16/16)

107 4 1 11 1 12 91 (11/12)

107 4 1 7 2 9 77 (7/9)

10 3 2 3 4 7 42 (3/7)

107 0 5 0 9 9 0 (0/9)

10° 0 5 0 14 14 0 (0/14)

L R ERA LTS bR

i Al EIC S 1077 EIDy, / mL AR SRR ARAERE 0.02% tR BT 5L 3 X » HECREIULIK S
PR EM: > IR BT R o R B bn R s AT AR T T R I, - 4558 MD-iPSC B 275 k1%
R R A ZZEA CPE 1VIRR » 2 BifE R 25 (bR 3R 2 4l A BHE CPE iV 2884 (1B 5 ) » B
DU EERE 0.02% REMET 2B 3 K » o DAEEREHURE M A B -

IV. BT AEAIE s

20 & 64 A AIVKE/ INEEIVEFIE 7 RIS 1 R EHAT ~ fHEER AT ERE 14 RAETER
5B - R 3 UM - A EMREEEUE S E > 1077 EID;, / mL K&/ MNEEIRES F A AR L
B 5 — 7R L E e RIS A (F Ry ¥R s 22 2 4liHe A CPE 3% - Bn e RinyHE &Mk th ik
PURSFAE (1B 6 ) » ABHZE 2L MD-iPSC #45E 2 /K &/ N 25 S b Pt T R » INE—RRIER 14 RELE
R R 14 ROUEFHITIRE JIE T A Ry 4 — 128 584 32 — 512 f% > {EREFINIUER Mg vifs
SSIME T 5T e e N PBS AU R4 MED RS HiAn (£ 2) -
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BREEA (2014) BF9E4E L - DABIER/KE MRS S B HBEIEIT 2 HilReR 9 HERifIEs > ek 14 HZ
PR JEBUREF T SE E i I EN R 2 - HERISH e s A DURR S RS TETT - DRI H ATE A AR Y
KSR TG T i i R R PR (R RN  FEMET 2 - REE A TR R BENS - BENS DATHIZK
B/INEEE R -

5. KB/ NEBEE LI, - A GIFRRERR S (R K Mg » o] RANRSEC MRS R 2R
SEE S (AFTERATR ) F4EAR SR (CPE) RYER A - B & dlBERAE G (LR 2 K&/ Vi - diE&
JARIEIEHS © Scale bar =100 pm °

Fig. 5. Post-inactivation infection assay of waterfowl parvovirus. (A) Cells infected with active virus displayed cytopathic

effects (CPE), including cell detachment leading to vacuole formation, as well as cell rounding and shrinkage (as
indicated by arrows). (B) Cells infected with inactivated virus maintained a normal morphology. Scale bar =100 pum.

Goug and Spackman (1982) 5t} - DURZ K&/ MA S L e BTG BEISHETT - 28001k 14 Higlln &
P BT - FE A (2005) HEFEBURA IR E A A /K& MR R R B LI s - BERIE RIS E T S e T
B3 ATEE 800 {5 LA | o AWTFE IABAET T /K& MR TR TE R TE L B AR (F R DU FHERC R R - 41T MD §§
EREER - £ 1 ROpEik 14 RINTEZEEIGUGHY LI - REL 8w 32 LA L - HAESEM5RIER % 14 R
HphaJE 2 32 — 512 6% > {B4RIE 1 — 8 M1 1 — 13 HHiess | R U/NiE ETT 4 £ 5 565 2 ROBERE
FETRE] 32 1% HEHIATREBL(E RS HY S S B A -

Dilution of serum antibody

No. Control

1-5

6. [MEKE/ NMEEEDTAG PGSR - BHIRAH © R B RIULEE Z 75 - Scale bar =100 pm -

Fig. 6. Neutralization test of serum against waterfowl parvovirus antibody. Control group: serum collected before
immunization. Scale bar = 100 um.
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® 2. METKS/INRBEDERIE T

Table. 2. Analysis of serum waterfowl parvovirus antibody titers

Antibody titer
No. Before im — munization 14 days after the 1¥ immunization 14 days after the 2™ immunization
1 —1 — 64 256
1—2 — 64 128
1—3 — 128 512
1—4 — 32 128
1—5 — 128 256
1—6 — 64 512
1—7 — 32 128
1 —38 — 4 32
1—-9 — 64 128
1 —10 — 32 128
1 —11 — 64 512
1—12 — 64 128
1 —13 — 4 32
1 — 14 — 16 64
1—15 — 32 128
2 —1 — — —
2 -2 — — —
2—-3 — — —
2 —4 — — —
2-—5 — — —

No. 1-1 ~ 1-15: The waterfowl parvoviruses were propagated in cells, inactivated with formalin, and mixed with an adjuvant
for immunization. No. 2-1 ~ 2-5 : Control geese were injected with virus-free adjuvant.

H A e b sy A )7 N R 2R Ry Wi T - IRRG S SRS B AR - AL AR & R AR RIS T A 7
T AAFAEE R g - P E & B @S A - S8 FRAVEIR rTRE IR R - T 2 B e R A e Bl
HLE - AR 2 N - AAEET BRI Fy B AT BRI G B 38 SR AT A SR B 8 FR il s - 37 2 B P v i e L R R
FHOREAMIGENAEYES - FHLETTERE B sEE G o DUREIEE KB diErERiir e s
FR RIRRGEE R AV RE T - WAL E4HREM Madin-Darby canine kidney(MDCK) 4fiifIE2 African green monkey
kidney epithelial(Vero) 4fiffd » ELEE 2 EF R EE(EREUE HIVAEE (Liv et al., 2009 ; Ehrlich ef al., 2012) -

BEPRTA H0 o B FT i A S S 2 A MR 4R (induced pluripotent stem cells, iPSCs) A& i “E 2 (Shittu
et al., 2016 : Liou et al., 2019) » 7E LASJRFEER4HAE (40 EB66 4HRENE ) BEDE Ryl i Bl B A0 2 H B SE B Y
£ (Olivier et al., 2010) » {H HFi7 o] A RE L 22 < &8 iPSC ARtk - HAHRBRE R (g i e e s
e 75— AT EARA S - DURTT A E R A B A AR E I -

FEFTHPKE N B e A E )T T2 MD FHISMREFE RREREREE - AMBENEREE
HAERFEREE - INIFEERE S S EMEMRERNE 2 M8 - BB mEEmiiE - AHFRIET HIRHE
% HE MR AHRE R (MD-iPSC) » g8 8 H AT Ry/KE&/ N5 2 18 L4000 - SRR R - sz Mk vl 2R pm &
MR R - HATE A 2 R REi s B R MD-iPSC HYEE ] o #E—0 dsZ Ak B I AR R o 45
FUE LR EDA I RIE e R% - TS MD S5 ET a8 - SR BUR TS RIFIVPDRESIE - & Lifish
R » MD-iPSC TJ{E ByrK&/ NE# e L4000 - W E/E e s EEEa 28] -

ZEXR

MIEH ~ SBSCE - EUIRE ~ 207217~ ZFRE - 2005 © ZKE /N33 BUEYE B R B MR SOR & NS (B s Z Bin b
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(D) - 94 FETBETEEZ B GEEYIE e B R SRS -

SRIGT ~ ZE(STE ~ AR - 1983 - BEEEAE ZIGHREME R - 2EAENEEE g R 42 3746 -

BRAESE ~ JROLE ~ ZOREE - F2m20E - BRI KSR T R aBR - 2014  REHAFTIE 49 ¢ 51-64 -

PIrEs ~ RoEE - HhBF ~ BOLA - 2024 - FHISEEE L RE MRk B ITBUK S MR BRI - BT 57
98-106 °

Berns, K. 1. 1990. Parvovirus replication. Microbiol. Rev. 54: 316-329.

Cotmore, S. F., and P. Tattersall. 1987. The autonomously replicating parvoviruses of vertebrates. Adv. Virus. Res. 33: 91-
174.

Daeffler, L., R. R. Horlein, and J. Niiesch. 2023. Modulation of minute virus of mice cytotoxic activities through site-directed
mutagenesis within the NS coding region. J. Virol. 77: 2466-2478.

Ehrlich, H. J., J. Singer, G. Berezuk, S. Fritsch, G. Aichinge, M. K. Hart, E. A. Wael, D. Portsmouth, O. Kistner, and P. N.
Barrett. 2012. A cell culture-derived influenza vaccine provides consistent protection against infection and reduces the
duration and severity of disease in infected individuals. Clin. Infect. Dis. 54: 946-954.

Gough, R. E., and D. Spackman. 1982. Studies with a duck embryo adapted goose parvovirus vaccine. Avian Pathol. 11: 503-
510.

Herrero, Y. C. M., J. J. Cornelis, C. Herold-Mende, J. Rommelaere, J. R. Schlehofer, and K. Geletneky. 2004. Parvovirus H-1
infection of human glioma cells leads to complete viral replication and efficient cell killing. Int. J. Cancer 109: 76-84.

Jansson, D. S., R. Feinstein, V. Kardi, T. Matd, and V. Palya. 2007. Epidemiologic investigation of an outbreak of goose
parvovirus infection in Sweden. Avian Dis. 51: 609-613.

Ji, J., Q. M. Xie, C. Y. Chen, S. W. Bai, L. S. Zou, K. J. Zuo, Y. C. Cao, C. Y. Xue, J. Y. Ma, and Y. Z. Bi. 2010. Molecular
detection of Muscovy duck parvovirus by loop-mediated isothermal amplification assay. Poult. Sci. 89: 477-483.

Liou, J. F., W. R. Wu, L. R. Chen, and Y. L. Shiue. 2019. Establishment of an induced pluripotent cell line from Taiwan black
silkie chick embryonic fibroblasts for pseudovirus production. Sci. Rep. 9: 15745. https://doi.org/10.1038/s41598-019-
52282-72.

Liu, J., X. Shi, R. Schwartz, and G. Kemble. 2009. Use of MDCK cells for production of live attenuated influenza vaccine.
Vaccine 27: 6460-64603.

Lu, Y. S, D. F. Lin, Y. L. Lee, Y. K. Liao, and H. J. Tsai. 1993. Infectious bill atrophy syndrome caused by parvovirus in a
co-outbreak with duck viral hepatitis in duckling in Taiwan. Avian Dis. 37: 591-596.

Mengyu, T., L. Fei, C. Shun, W. Mingshu, and C. Anchun. 2015. Advances in parvovirus non-structural protein NS1 induced
apoptosis. Chinese J. Virol. 31: 679-684.

Moffatt, S., N. Yaegashi, K., Tada, N. Tanaka, and K. Sugamura. 1998. Human parvovirus B19 nonstructural (NS1) protein
induces apoptosis in erythroid lineage cells. J. Virol. 72: 3018-3028.

Olivier, S., M. Jacoby, C. Brillon, S. Bouletreau, T. Mollet, O. Nerriere, A, Angel. S, Danet, B. Souttou, F. Guehenneux, L.
Gauthier, M. Berthomé, H. Vié, N. Beltraminelli, and M. Mehtali. 2010. EB66 cell line, a duck embryonic stem cell-
derived substrate for the industrial production of therapeutic monoclonal antibodies with enhanced ADCC activity.
mAbs 2: 405-415.

Reed, L. J., and H. Muench. 1938. A simple method of estimating fifty percent endpoints. Am. J. Epidemiol. 27: 493-497.

Saleh, A. A., and M. H. Khodier. 2020. Preliminary Studies on the virus causing outbreak of duckling short beak and
dwarfism syndrome (SBDS) in Egypt. J. Appl. Vet. Sci. 5: 55-60.

Shittu, 1., Z. Zhu, Y. Lu, J. M. Hutcheson, S. L. Stice, F. D. West, M. Donadeu, B. Dungu, A. M. Fadly, G. Zavala, N.
Ferguson-Noel, and C. L. Afonso. 2016. Development, characterization and optimization of a new suspension chicken-
induced pluripotent cell line for the production of Newcastle disease vaccine. Biologicals 44: 24-32.

Smith, D., P. Ward, and R. Linden. 1999. Comparative characterization of rep proteins from the helper-dependent adeno-
associated virus type 2 and the autonomous goose parvovirus. J. Virol. 73: 2930-2937.

Takahashi, K., and S. Yamanaka. 2006. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast
cultures by defined factors. Cell 126: 663-676.

Takehara, K., K. Hyakutake, T. Imamura, K. Mutoh, and M. Yoshimura. 1994. Isolation, identification and plaque titration of
parvovirus from Muscovy ducks in Japan. Avian Dis. 38: 810-815.

Takehara, K., T. Nishio, Y. Hayashi, J. Kanda, M. Sasaki, N. Abe, M. Hiraizumi, S. Saito, T. Yamada, and M. Haritani. 1995.



195 FIGT L R AR R E K8 VR B e 2R 7 2 IR ST

An outbreak of goose parvovirus infection in Japan. J. Vet. Med. Sci. 4: 777-779.

Wozniakowski, G., E. Samorek-Salamonowicz, and W. Kozdrun. 2012. Quantitative analysis of waterfowl parvoviruses in
geese and Muscovy ducks by real-time polymerase chain reaction: correlation between age, clinical symptoms and DNA
copy number of waterfowl parvoviruses. BMC. Vet. Res. http://www.biomedcentral.com/1746-6148/8/29.

Zadori, Z., J. Erdei, J. Nagy, and J. Kisary. 1994. Characteristics of the genome of goose parvovirus. Avian Pathol. 23: 359-
364.

Zadori, Z., R. Stefancsik, T. Rauch, and J. Kisary. 1995. Analysis of the complete nucleotide sequences of goose and
muscovy duck pervoviruses indicates common ancestral origin with adeno-associated virus 2. Virology 212: 562-573.

Zhang, J., P. Liu, Y. Wu, M. Wang, R. Jia, D. Zhu, M Liu, Q. Yang, Y. Wu, X. Zhao, S. Zhang, Y. Liu, L. Zhang, Y. Yu, Y. You, S.
Chen, and A. Cheng. 2019. Growth characteristics of the novel goose parvovirus SD15 strain in vitro. BMC. Vet. Res.
15: 63-71.



Taiwan Livestock Res. 59(2) : 187-196, 2026 196
DOI @ 10.6991/JTLR.202606_59(2).0008

Study of induced pluripotent stem cell lines from muscovy

ducks for applications in waterfowl parvovirus vaccine

production "

Jenn- Fa Liou ® Yu-Hsin Chen® Chao-Hung Chiang ¥ and Fung-Hsiang Chu ®®

Received: Jun. 30, 2025; Accepted: Sep. 8, 2025

Abstract

Currently, the waterfowl parvovirus vaccines of Taiwan are produced by using muscovy duck embryonated eggs. When
a nationwide endemic situation occurs, a large amount of clean fertilized duck eggs will be in critical demand. However,
in the outbreak of avian influenza, the muscovy duck will also be under attack while the source of embryonated eggs will
be affected. Therefore, an alternative matrix for vaccine production becomes a top priority. The purposes of this study was
to establish muscovy duck induced pluripotent stem cell (MD-iPSC) line, followed by evaluating the potential of this cell
line for vaccine productions. The results showed that muscovy duck iPSC (MD-iPSC) presented positive reaction via the
polymerase chain reaction, after waterfowl parvovirus contracted infection and retrieved cells. It was confirmed that MD-
iPSC could become the host cell of waterfowl parvovirus. The titers of retrieved cells for analysis was105.77 EID, / mL,
whereas the virus suspension was inactivated with formalin and administered via intramuscular injection into 64-week-old
geese without waterfowl parvovirus for immunogenicity testing. Following two immunizations, the serum antibody titers
ranged from 32 to 512 times, indicating the potential for MD-iPSC cell line to act as host cell for waterfowl parvovirus and

production of vaccines against waterfowl parvovirus.

Key words: Muscovy duck, Induced pluripotent stem cells, Vaccine.
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