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Interpretation of Guidelines on the Production of Source Animals
and Management of Infectious Agents for Xenotransplantation

Haesun Lee, Keon Bong Oh, Mi-Ryung Pack, Jae Gyu Yoo

Division of Animal Biotechnology, National Institute of Animal Science, RDA

2 o EugE Zao|A A AACNA F71(organ)e] =29 37 EFS A2 EAold. 0]9] tite = o]Fo]
4](xenotransplantation)°] A= AL, A4 A TAZA =R Q] A7E FAFO| o]dot= A7t AW LolA Al
P Ut 20219 "o E AFREE HAACR 3 o]Fol4] A4 ATt AEEHAT. SRR F719] WY Zol2
Qo LYol ARG T Ho] 7R & olFelA AAY E&4dT kel tigt EAl= oids] HFol 28
St m]=+9] A& 9JeF=H(U. S. Food and Drug Administration), 89 22F&7]7(European Medicines Agency),
Sht9] A FO|FERIH A = o] TRTH 7to|EEil S Wegste] o]F o4l AR FEEAY 84, ARSAIA, o]Fol4]
AA S Ede, Bl 94 A+ 1A 52 FASHE ok AR A7 (World Health Organization)=
A7 Alo] Y7 FEOIY olFolAT IHE TE ¥ 5 F8 FFo ol =otk= AEE v ofynt &
=X 98 Y 847 ARSAIA, a9 #e] Y Soll gisto] o]Fo]4] Ftol=akloly I A1HQl TS
ol AAE A AFRRE vl AlestAl gtk T3 o]Fold] U8 FE AMFAIAY 29 At I HEVHEY
AL AATOEH o]Fold] Y8 FES PAetAY TS o &3] 1Edof T AEol Hs F-RotAl gt

Abstract The imbalance between supply and demand for human organs is an international issue.
Xenotransplantation is deemed a potential solution for overcoming organ shortages. Transplantation of
pig organs into non-human primates is being conducted at a preclinical stage. The first clinical trial of
pig-to-human xenotransplantation was performed in the United States in 2021. However, the efficiency
and safety issues of xenotransplants need to be verified, such as xenograft rejection caused by
immunological differences between species and the possibility of transmission of infectious agents from
the source animals. The U. S. Food and Drug Administration, European Medicines Agency, and the
Korean Ministry of Food & Drug Safety have issued guidelines and suggested regulations on the source
animal and herd qualification, source animal facility, quality control of xenotransplantation products,
consideration for preclinical and clinical studies, and long-term safety evaluation methods for
xenotransplantation products. The World Health Organization has held global consultations to discuss
significant issues such as genetically engineered source animals and xenotransplantation-associated
infectious risks. In this paper, we compare and summarize the regulations presented through
xenotransplantation guidelines and global consultations relating to topics such as source animal and
source animal facility qualifications and methods for managing infectious agents. In addition, we present
important considerations for the production or management of source animals by providing examples
of source animal facilities for xenotransplantation and expert opinions.
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20219 =jollA o]AlE 7ol AR
39,2617, - 2,073%, 25 4,496 2= 5 45,8559
of] GotATt Bl 712t 20| o]AlH Ag= 5,674
o Extstlrtll. A719) =20t F7 Exrd2 ey
olgt =%k Zlo] ofd =A<l EAJo|H o]9] tieteg
Al o]Q]9] tE FEERE 42 AE, 23, A7|E A
oA o]4]sl= o]Fo]4|(xenotransplantation)S A
Ast7] Yol A AAA dFzIE0C] L=stal Ut ©]
FolA9 dE FEEs Y FTH R Al {4
ol A A%(sexual maturity)o] W21l th9] ARE
AArol= HRA7F S8 QU2

Al XS] HHEH Aol o]A] ARRISS F
gt} 53] Alolle EAsHA gou HiR9 BE Al
oA W& 3}= galactose-a1,3-galactose(Gal) T
Al o] AAH o7 EXoh= A9 B2 2543
ARERSE Fste] TAZE Yiof] o]Fol4] =045 A}
Tofl o]2A] it BYA olFol4 AF-E B3 ol

7]

234 AREEES Gal FE ol sk @

1,3-galactosyltransferase(GGTA) G247} AAKnock-out,
KO)d =Hx& &8st S5 5= Sltke Aol 45
HAG3]. o]FolAE U7 & MY A<= AN
712+ WY 71€<1 CRISPR/Cas99] &gy} 37 ¢ 7}
&31% 912 ™ non-Gal FHY] ol Tofsts a4
CMP-N- acetylneuraminic acid hydroxylase(CMAH)2}
B-1,4-N-acetyl-galactosaminyltransferase
2(B4GALNT2)7F AIAR =HA7F =] oA

ol¢} gEo] BA| 4 YJA(membrane cofactor
protein, CD46; decay-accelerating factor, CD55 &),
o &3 JA(thrombomodulin, TM; endothelial
S5 AA(heme
oxygenase 1, HO1; TNFe-induced protein 3 %),
HAME & IA|(leukocyte surface antigen 47,
CD47 B) 715Z 7 Al 319 437 4= =
A7} olFol Ao E&E 1 SITH5]. EZE o]AlE =A<
A717F &k Aol A &84 g sk A IA
317] Y3l growth hormone receptor (GHR)E &%
35t =HHA7F A== sHITH6L

HY AtollA AR 01919 dAF(non human
primate, NHP)S] &% A& 7|7+ GGTA KO/CD55
HA] A o459 1 499U, GGTA KO/CD46/
™ =i#] 472l A fl(orthotopic) ©l415Hd= Wl 195

=
=

protein C receptor, EPCR &), ¥
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a2 7|E=0] JrH7]. SHATE B4 Aol A
5] oheFet FEje] A Alof A7 EEE
ol4] & A== AFAAAY FF IA
2tH8,91. FDA= <1 20229 64 °lFo]
H Add 239 AEE B7F i ool A
ATy A, AR Aol 535S €83t olF0)A A
q-3 Ao} Mgk 5 olFol4] AAY AT G&4
FAR T A4 29 sttt sid 29
oAz olFolA AAE B3 AT BE 7sHE B
7¥ota QPAGS B At v olFol4] AT
Z870] ZZEUT. tit AolA AFste ATt &
A3t AAAAAE Aot L3 = AAE AR
H|QM o]Fo]4] A7} o] FojAof Frh= ofo] AA|
E7]%= skiTH101.

SHH @A BT ATl R E8E= N ES0]
(baboon)olt} 28 ¥50]l(rhesus monkey) 52 Ak
A= = FAE 7L lom Al 29 =7
WA HEZHPl# A porcine endogenous retroviruses,
PERV) 8AE 7HA 1L QA g2 5 AT E2F A
o7} EARITHI, 11]. wEHA ARtollAl AEEE o]0l 4]
AAE W] HoiA= NHP7F obd AlEE tide
23 A A+Y Fado] A7I=L ATH9, 12]. ol
e} ol AREE tdeR 3§ o]Fol4] A7t
oA AJFE Q) 20219 9¥F} 1148, AR diE]
5 @3 GGTA KO A9 4 FRbskal 54A1%F

o)

i

Mo -z

rr

S B TES dF AN 23 AR

RI=A] gkon o]AH =X Aol HA 715E
ZAstgrka BaEAcH13). =5 10709 f-AXHGGTA
KO, CMHA KO, B4GALNT2 KO, GHR KO, CD46,
CD55, TM, EPCR, CD47, HO1)7} Alojd =& ]
B3 AT A olFol4]o] 242t AIBEATH2, 14].
202249 14¥ WEHE gurete] AFXES "=
A)ZJ9FHU. S. Food and Drug Administration,
FDA)Q] 715 5%1& o} 57409] E7] 445 2kt
FAAF Alo] A9 AR ol4lstlont 271 & 420
A= 2% 3H IR AFFSeltt. Z7ARE Bl 119 A
i orcine cytomegalovirus (PCMV) ZFgo]
ATH15]. B olFol4] AtellAl PCMV
3 A A7 o] AHk NHP+= PCMV 2491 7
-9t vluste] o4 & A= 7|7to] Atk EEF o]A"
HESH] £ Z|A|9] 21, o, A 5 8
7104 PCMV7E S48t B34 715
gtk 237F EaE vt QloH16). o]Fol4]
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As}7] 91) At HAAAL Solxte] wel]
A opshzle] gged Eao] B /54wt
(7). olBol4 A FEAe] £ olF 371S o4

2 Sojze] YES YPT B ohie} olS W
AE5M= $ojrto] 712, 97 RAS st AR TLAYUE

oA A glaf 847t HH18]. mebd o]Fo]
Aol FgEE A7 FEA FALS Aojelr] g
A B2 P /1% vielo] Bolwth FRs)t,

& =ollA= 719 olFol4] Tto|EERIdqA A4
Sl dE FBEA 24T AGAY, FAde 4?4
71% 5ol tigt 35AQ A At Al B
oFste] Afastalzl et HiEo] =2of|A %"SQL i
= °olFolY A& T ALY AHIE AXE2E2A
o]Fo]4] ZholEEIofA = B3] skl A e
U AA o1l dE T= ASAECA A=
HHHL Qe AdE Efstaat .

2.1 O|E0[4] 710|=2f2!

Fig. 19 A=H9} Zo] 2001 FDAE o]Zo] &}
HHE A998 dHE ey A3t Zlel=ERI(PHS
guideline on
xenotransplantation, ©|5} PHS 7}o]=2}Ql)& 23}
At s 7lelEgRlE olFol4 HE B, olF 7]
Fojz}, ofx}e] ZiEolu RS X ANt
o R LS AAIstL SAlsk] St et 55
Aestal ITH19). o]F 2003 FDA= PHS 7tol=&}
g sltow sw ool AAS AuT 4w
W, HIMgT} A AT Al AR o] 1R AAE

7Fol=2k1(Guidance for industry: Source animal,

infectious disease issues in

product, preclinical, and clinical issues concerning the
use of xenotransplantation products in human,
olst FDA Zlol=gtel e waystglon 201640) ol
Agstet201

SH9JoFE7)7H(European  Medicines Agency,
EMA)E °lF9] Al 75t A8A0] #3t 7to|=eel
(Points to consider on xenogeneic cell therapy
medicinal products)& 2003 FHz W5t
[21]. °I% 2009¢ EMAE °lE 7A4e 7tol=zkl
(Guideline on xenogeneic cell-based medicinal
products, ©|5F EMA 7Fo|E2RD)E &3l o]Fol4 ¥

2 ZEa A9 QAT AR 27, o]Fo]4] AAo] ZA
e, olFol4] AT YAt AT 1ARY, olFol4]
AA Q] 71291 QFEA B} BPH7EA] o] AYA Q] AR

o ot 7Iee

& AAIBEAL IEH17].

20049 MARA7|7HWorld Health Organization,
WHO)= #5738 AlAH71E8](World Health Assembly)

A9t WHAS7.18Z &5

A A gl Bel

sfoll &9l gRo] BAt 7] A} Yk Ao

Hatel
EF WHOE 20084,

olFel4fo] 3| &Hrh B HE AEsHATH22].
20114

, 20189 & 33]o] &

R o1FolA W A= Al ARl iRt A EE

LI_ p2Y U.S. FOOD & DRUG
ADMINISTRATION
2001

EUROPEAN MEDICINES AGENCY
Points to consider on
xenogeneic cell therapy
medicinal products
(December 17, 2003)
[21]

g@ World Health

Organization

57th World Health Assembly
(May 22, 2004)

2003

221 _l—.ZOOG 1201
O |1=lo| tgorﬁm

0| Z0[ A A K| 2] e 2

Hde S0 et 7o = zoos
OIZOIM A o] 2Huz| %
04 = Zred 2ralof et 7f0I
OjFOAHH | ety 2909
A ALAIFO] Chpt 7H0] =
(20069 62
[26]
2011

{@ World Health
2 Organization
Second WHO Global Consultation
on Regulatory Requirements for
Xenotransplantation Clinical Trials
(October 17-19, 2011,
Geneva Switzerland)

PHS Guideline on
infectious disease issues in
xenotransplantation
(January 19, 2001)
[19]

ADMINISTRATION

U.S. FOOD & DRUG

Source Animal, Product,
Preclinical, and Clinical Issues
Concerning the Use of
Xenotransplantation Products
in Human
(April 2003)

2004

g@\} World Health
W Organization
First WHO Global Consultation on
Regulatory Requirements for
Xenotransplantation Clinical Trials
(November 19-21, 2008,
Changsha China)
[23]

EUROPEAN MEDICINES AGENCY
Guideline on Xenogeneic
Cell-based Medicinal Products

(October 22, 2009)
[17]

ADMINISTRATION

U.S. FOOD & DRUG

Source Animal, Product,

[24] Y ATIO
Preclinical, and Clinical Issues
2016 Concerning the Use of

5@} World Health
(%Y Organization
Third WHO Global Consultation
on Regulatory Requirements for
Xenotransplantation Clinical Trials

(December 12-14, 2018

Changsha China)
[25]

2022 i
l [iUI

Xenotransplantation Products
in Human
(Updated December 2016)

2018 (201

Iy U.S. FOOD & DRUG
ADMINISTRATION

Cellular, Tissue, and Gene
Therapies Advisory
Committee Meeting
(June 29-30, 2022)

Fig. 1. Timeline axis for xenotransplantation
guidelines and global consultations.
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R 5FTH23-25]. 3] 20119 294 AEtef| A 74
2" WHO 22} 392 o|Fol43} #ddd A4 ¢4
ge FAR sor g olF W Fhol=ztl(e]
St WHO 7ho]=2Rlells olFo]4] 4 dtollA 2l 4
9 4 AHd 2SS 5 IEolM =2d el
Ae=o] leH24].

=2 20061 AFOIFER/IA A 3719 o]Fo]
A1 7tol=FRRI(e1Fo14 AAS] MY 3 e 5=
of gk 7tol=, o]Fol AA 9] Fdu=E] 9 o]4 &
A woll High 7ols, o]Fol4 AAS] A H A
ARl iRt 7tel =, ofst AoFA Ztol=aikl)yE Y
SHITh ol FDA, EMA 5 9] °o]F0]4| 7jo|=ztel
I A7 99 AE EdE AEHAHL ZeEHo
om BN FEA, FE W7 58 XU olFol4
AA L s17et AAtel] TRt HRE AAStAL UTH26].

22 g &=

221 92 S22M2| 22

o1 o]Fo]4] Fo|=elelold FE O AT U
2 52EA9l 878 theat gk olFol4l|
LUz 52 ADH 7Y, B A% 59 o
A= 2o} glojep gt AR FEE FAY
19 TRsHe A4 9 gaue Ak
TER O FEIY BES BAY HHZIA 44
A2 9Fow g} ES AIe] e 27149 A

[e)

7 mUE o] o] S0jX 1 glofok Ttk et ope
A EeAG BN 2L £2L ojFole] A7

BEZ ARET S QItH17,19,20,26]. EMA 7to]=eiel
2 SEF XS Y A HxE =Y 5E
(founder animal) GA] o]F0]4-80 & ARES & Gk
I 7]&skal QitH17]. PHSSF FDA, 4]9F4 Zto| =]l
2 Y8 FES olFol4ld &8sy YaiME i 24
o 53t A= Hol o] 7|1FEo] qlojof gt 4f
gstal ATH19,20,26].

FlolA gt 97 FE9] AH 7|€olv £, ©]
S H&5he 3 84 52 97 FEAAMY A
DUEY 52 st 48 52O ) 71E H4F Al
a3 AR 2R3t} EE o]Fol] AA Al
A E A% (investigational new drug
application)2 HsixE 9= Q] gt 712320
B} E40f gt AmE AAsopet gtk webA ofF
0|48 & 5E9 A4t AlMolA = A Ttol=eeld
A FARSHE 987 FEEAY 8718 Aol mHetsto]

20]
O
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o]Fo]4-g =7 Aol &8 7|2 FEHfounding
stock)= AAsfoF & Zo|tt.

2.2.2 ST N S=

20089 WHOE olFol4lat #s 14 3golA] &
AL Ao} FEo] o]FolA AAY FRAHE FIAZ
ZAolgk= FAARA JAZ AASHITH23]. EMAE °F
o]4] 7tolEgele] f37t Alof HX]= olFolAE d=
EEE B8] 7Fs5h ol F HlsliA= Aloid A
JE e} E/Jo] geks] =] lojof st R &
o] AT RGOl tEt £4o] Fasirhal A&t
A QEH171. sHARE WHOE HI5Este] PHSS} FDA, 4]
OFA] ZpolEERRloE FARF Ao} TEL] ARl HhEt
A Aol AleEo] AA= Y4rH19,20,23,26]. THeE
FDA 7lo|E8lRl2 §47} Alof FEolA A3t o]Fo]
A Al A= o<t BAHE 7ol =2kl(Guidance
for industry: Regulation of genetically engineered
animals containing heritable recombinant DNA
constructs)e FAE AL FAstL UTH20,271.

# 7tol=ghel2 201789 7§ (Draft guidance
for industry: Regulation of intentionally altered
genomic DNA in animals)E|3loy 7]& 7lo] =219l
oA AAIRE At FARE Al AFRFS ZFetal 3o
od W82 thaat 2t A7 Alo] 35S 98 55
07 A3 YA FDAQ] 5918 Holof it} o]
£ 98 529 5 A%, B4AY #iad(ploidy)t
A d(zygosity) & T4 Alo] F&29] BT} Azt
4 AR recombinant DNA, rDNA)S] A4} 715, &
A 5 EAE B4, f8R Ao 5E9 A7471E0]
2ot 2 g4 gk &4
FolAof qThaL A&Eo] Utk EJ AtiE #E5Sto]
T DNA7} A 02 fAEeAe @3] Yty
Al FAEEAC] et A5 b aEAde] digt
Y E3F 27€E0H27,28].

= T HEZE 20209 9YHH A¥E T4
Ayo)m 9 HetHto] Q OokE Qb W x| o] ¥t
o] Ut g HEANAE 47 Alo] &S 9=
2 ZEsh= Aol gt AR A W= Al
UA= FTH29]. Tt 4 o]Fol4E FHlRthA 219
2.2.1. Y= TEEAY 87004 AFT HieF o] ¥
& =0 gt Bett 4 A5l a5k FDAoA
AAsl= 7holEgfelo) &oh= F=o] FHA Alof 5&
o gt 54 £ E3E o] Fojxof & Ao = AYZHHTY

o] o]

av

A

fine)
¥ i

0

ofal
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23 H= 329 AMsA4
2.3.1 N=AIHY 7|1E
o]Fo]4E U8 =2 AHY &S Aol

oA QRel AgE AlddA9l #ert Easi

EA BUF Aol(specific pathogen-free, SPF)EH=

ol Yoz RE QMg HAE ASFoZN Y=

Aol AAEE Eol7] H5t 5o E A2 ARSE T

[30]. SPF AE2 AgdAlEe 53l At 5= =

shar 22 FZtoA HEFoEN Axt Bl 2
HEE 719 9e Aldels AL EEF 3HH17]. o]

ot gAT £29 TE7E 8EE A B Ao
(designated pathogen-free, DPF) A2 Hx]o] A
ol FFE F= AHYERE ot ARlA Hold
7Me/dE 7H BE IAE S AdE A4S 9
w|gtH17,301.

FDACIA 200199 3" PHS 7hol==RRlol:=
DPFel= &oi7F AR EA] 3ttH19]. s1AIRE o]F 714t
o2 Z/dH FDA 7lo|=gqle] 7 ol= DPF Ao
A dm 589 B "84o] R 7ieH Ut
[20]. EMA 7to|EgRRIoA= olFolAlE 93t d= &
B2 4 SPF AHlolA Ak ofof jhhal 7]&star QL
ou ¥ FEANA 1ol & AU thidelu Al
49| e 7|2 DPF /idol A-83ttH17]1. 20189 Al
Alo]&o]4]8t3](International  Xenotransplantation
Association, IXA)7} 352 & FZ5t 3% WHO =A|
SEolAE 200849 13+ 3] FA| SPF & & €& F
E& AMgdfjofF gtk d1 W8 DPF S& & 715t
ATH?23,25].

oli0]4] A UAUL

=1 d‘é‘ H}tg

TUE st Aojoh= |
20229 FDA AER193E =3tsle] o]FolAlE 4]
=95k FAIFRL 3 Ao ME A&5iA AFEHE
83k =Aolct. depaulske] Cooper 14 52 ©]
Zol4o] AgEl = U7 FEZA 94 aEdor & A
Fo =2 HPH FAAY P} AHEH HIGA A7} o]
Fol4o] e ARERSE Alojok= H HE3A] of 5t
Fojzol A o] Mol AFES HAZRE £ =
] HiRtolgtal 57| & SHITHI). EA= olFol4l
o &85 YR FES BAIIL ARSI T A R
7125t 4A3 $291 DPF A9 79 #e 98
do] ZAxEHA ek & ukh ARS: 3HFoA Ak
5E°] ofd Y=g oA HWL FES L&t
o] o]Fol4] A] Aol ot 420 A AFD ¥
< Zo1AY tiF9] S BT Yt SN F

hu rlo

=

=

686

(o]
NI E=

a3t Q4o] B8 g

i

2.3.2 DPF Ald9| 23t 2|

o o]Fol4] 7lo|Eglo] WEH AR & ARSA|
AL A9 FAT A QS FHOF stug v
ol o] & TRE 4oy A2y &5 A7}
THSHA IASHA] ghotof gttt ERE FHEY
F|asstr] fet AAg o] HH|et 2%
ojof gt} &, A4 £9 g0, ¥4, 4
T3} o]of] W £9J5HY A%], &% 5 AN AA U
ofjA] o]FojR] = BE AP HAje} WS HELHA
ZA(Standard operating procedure, SOP)°ll AFAI3]
71&= o] Qlojof gttt E35] Ald W 4l 5E9 =Y
sl AEe A9 Axpt 7180] ulREo] glojok
S1tH17,19,20,26]. PHS®F FDA, 4]9F4 7ho] =il
g sETolA F718 082 Wt AaES Aot
7] el Q184, RolA], A AN/ATEAE, F
F5 59 IS 283 AS Wb 2TH19,20,26].

PHS®} 2194 7lolEgiele g5 4 AW 4
A HHE Fol FAE AP R Folof gty 7
31t}19,26]. §HH FDAS EMA 7le|=gRlo] w2 4=
E HYUOoR FA] Y= A IEOR EEot= A
T 7Fs31tH17,20]. FDASF EMA 7hol=giele 28
ofzl BejRt A F71H o R A% dHE AXlste
1 715& HE3sfof st Agstal 1o 53] FDA
7tolEgRle] WEH A= dR =0l AA
A 54T FH RUEHDS 59 A oRE &
of gt} X3t 8 F&o| AdYe &8 7S
23517] 9o 9= = AL E89 olF 54
85| FLEsfiof kil fskar ATH201.

EMA:= 95 & ARSAIE o= EEE S5 29
A 3719 5o FFEolof 5t Almy WRo)A ARG
He B 52 9d6te] wdfoF dttal Agstar
UTH171. o= EMA £]9] A B=t Ztel=ziklel= 7]
&5o] YA gout B AE7HEC] DPF Al £
o7 Mdyshe -8ol7]= 5HH30,31]. ©] 9Joi% DPF
Ald 3= FloliA= TR oy &9 54, At
5 T =89 B A A A5S F 9E9 IR
U &% 7] 5 7lolEgkloAs sk QA go
U AlRHoR =9sto] AAsloF & AlEo] EAgt
ok ZF Aol A AR A 29 718 vHdsta
SOPe] o]F FA|H & Al&sfof gt} dakd ]
Hol] 2t AJE Yo|A9] JFRE S35t Aol AdY

T= T o oo

=0

5]

-

1
L.

o Bu Qb
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o 2P AU HATSHE WHlole wok 4 A
7} G A9 4Ee) Aot RS wekshe
Ro] 7hse Aol

2.3.3 HO|

oj2] o]Fo]4] 7to|EERloA F-F L= Ak At
T % S 9= 5= AlsE 2E Hols 1L FJEY
SA47t £A18kE 0] qlojof st ZR-EE fEo] T
g8 Akmo] xEtEo] QUA| groof Fth= Zolth
[17,19,20,26]. Z&]2(Prion)°|2tal o= ZFA o
Aof| o FEE B AFEER] AAGHHAS
Z(Transmissible spongiform encephalopathies,
TSE)E HAoA= E2A Yehh= Argols AbolAl
Hol=lo] A& doxlrial BuH Akl glth31l. st
A9t TSE= HE717F 41 AE0] of=e &5t ofvet
sl F50] HEE AR T € 84F AA
sb7] el 2 AlRE 9= BFEC AESHA] gotok
gtth= Aol AzE v A2 ded fAE2 AR
o] 58¥rH17,19,20,26]. SHE 9JstHEosto]
Agnes 4= o]F0]418 AR B2 A8AHe] 4O
2 AN & 255 HolA| &2(Caesarian derived
colostrum deprived) AF=S AJAFSLT AloH RE H
o] HEE 24T 4 glofo} Tk WL AYSIE 5
AcH25]. & Y= 5= ATEE Hol= A9d=
Mok= 8 8%lo] & 4 loug #e|o] Fa/do] 7
zH}

2.3.4 $9J8K 3|

Walolt YA 5 oleta HAol i ol o)F
ol4] Ztol=etele] 4] ARG-L thet gtk FDA 7ol
Sekolo] w2 olokgo] ANE BB A, 24 U
A7\olA 0] Ao} kRO AEE ABY 4 Slojof Tk,
AR SBI} 1 FEE) ARG BT AL 58

et S5k AL olo] et thA] okgo] gl A%
We QFWL 52| A, 24, 47)7} Aol o]
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Table 1. Common microorganisms of swine to be consider among potential causes of infection in
immunocompromised swine and/or human xenograft recipients[18,23]

Bacteria

Viruses

Actinobacillus species (e.g., pleuropneumoniae)

Adenovirus sp.

Bordetella bronchoseptica

Encephalomyocarditis virus

Brucella suis

Influenza virus (swine, avian, human)

Campylobacter species (e.g., coli, jejuni)

Lymphocytic choriomeningitis virus

Chlamydia psittaci

Nipah (Hendra-like)

Clostridium difficile

Menangle virus

Corynebacterium species (i.e., pyogenes, suis)

Porcine circovirus

Haemophilus species (i.e., parasuis, suis)

Porcine cytomegalovirus

Klebsiella species (e.g., pneumoniae)

Porcine endogenous retrovirus

Legionella pneumophila

Porcine hepatitis E virus

Leptospira species

Porcine lymphotropic herpesvirus

Listeria monocytogenes

Porcine parvovirus

Mycobacterium species
(i.e., bovis, tuberculosis, non-tuberculous mycobacteria)

Porcine reproductive and respiratory syndrome virus

Mycoplasma hyopneumoniae (lung transplant)

Pseudorabies virus

Nocardia species

Rabies virus

Pasteurella species
haemolytica, multocida, pneumotropica)

(i.e.,

Rotavirus

Pseudomonas species (i.e., aeruginosa, pseudomallei)

Torque teno virus

Salmonella species (i.e., typhi, typhimurium, cholerasuis)

Serpulina hyodysenteriae

Shigella species

Staphylococcus species (i.e., aureus, hyicus)

Streptococcus species (e.g., pneumonia, suis)

Strongyloides species (e.g., ransomi)

Yersinia species (i.e., enterocolitica, pseudotuberculosis)

Fungi

Parasites

Aspergillus species

Ascaris species

Candida species

Cryptosporidium species (i.e., parvum)

Cryptococcus species

Echinococcus

Histoplasma capsulatum

Isospora species

Microsporum species

Neospora

Trichophytum species

Strongyloides stercoralis

Toxoplasma gondii

Trichinella spiralis
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Table 2. Summary of comparison of guidelines for source animal qualification, source animal facilities, feed,
veterinary care, testing for infectious agents and sample archive.

Guideline EMA(2003, FDA(2003, A1oEX
Category PHS(2001) updated 2009) updated 2016) 42¥71(2000)
Animal history O (0] (0] (0]
Closed herds O ¢} ¢} ¢}
Wild animals X X X X
Source animal Animals obtained
e X X X X
qualifications from slaughterhouses
Founder animals X
Genetically must be fully
. . . [27,28]
engineered animals characterized
Barrier facilities O ¢} ¢} O
Specific o
pathogen free
Designated
O
pathogen free
Standard operating o o o o
procedure
HEPA-filters
L (¢}
. Positive pressure
Source animal
faciliti All in/all out (6] (0] O
acilities
Quarantine O O O O
Artificial insemination
Embryo transfer
Cloning O O O
Hysterectomy
Foster feeding
o should have either'on staff either'on staff should have
Veterinarians o .| or available on or available on S X
veterinarians on staff . . veterinarians on staff
consultation consultation
Animal proteins X X X X
Pasteurized
Feed milk products 0 o o o
Pesticides X
Herbicides
Antimicrobial agents not recommended s'hould validate
residual drug levels
Killed vaccines *If it is necessary for 0 should provide
Veterinary care animal welfare reasonable reasons
reasons, impact on should evaluate
Live vaccines discouraged the product should impact on the X
be evaluated. products
Health monitoring o o
Testing for of caretakers
infectious Hgalth monit'oring o o o o
agents of source animals
Sentinel animals O O (0]
Sample archive | period 50 years 30 years 50 years 50 years
Sl Al Aul] =9 Al A A Hedn A & 7HIHAL EEA 9ItH10,33.301. WHO 7hel=el
A B4 2 Badg Bashls A0 %Jx] oollo] ofgt PERV At 754 Fol7] 9]
WHO 32} 3ldoA S U] Wang 52 A& Y8 5E=ZA PERV-C free HA|9] &8 U3 4&
11709 EZES ez WLZ]-E_ B35t o AGBIA QrH24]. ESH Wang 52 20124 98 &
=

PERV-C 4A& 7H 1L A B-2(PERV-C free) HA]

o|A] PERV A4lo] Hoisi= Al 150 &
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Qlel AL 1033 35%, HiolgA 418, F%0] 2
F. 718% 2530l it RYEFS APt s Al
Aof|A ALSE HIAE PERV RS 7L QLo in
vitro®} in vivo #23& &3l S Hiol# vt AHAL &
AL 7L QIR g2 RISkt BarskiT35].

FAAHE 719 living cell technologies(LCT)=
A o]4]E A8 5= A fdl Aol =HA
o A¥d & Stk X AdY 10759 e
EE236191 olF FAREY AH EAolY T
DPF AJH9] 2] % 52 o] 47 A9eS 55
oA ALste] HFZog 26Z(HF 10%F, HlolA
15%, 718% 132 77189 2UHY tdos 4%
STH36]. old wh #IEE HiAs REARE HHY
5|7}E Hol 20099 RE AFE tidoR T A=
o]Follof] E8EQoH 5~7d F HARA PERV,
PCV 1, PCV 2, porcine lymphotropic herpes
virus(PLHV) 1, PLHV 2, PCMV7} $=0i&o]lA] o=
A A2 Zo] Rl A3
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ITH19]. = Fu]oA Fulo] 24 F&2 Exst
Q1 Trypanosoma cruzith o} E|7}to] 4] Ags}
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tel ofmE|FlEi A B (african swine fever)
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