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O ASF mle|gize 270l of 200 WierElQl the A20WA <9 Bf Hiojg]2q). o
Hlolgl 2= Asfarviridae(ob2=vputol 2 2) ko] 7t AP =X Asfivirus(of2v]n}
ojgfz)Lrol &3t o] mpol e HAFE wWiZfe] FUstAl ¢zl DNA HpolE 2
(oF2Hu}o]2] ).

o ASF Hpolgiae dF9 THEA AF o]F DNA Hieol2|2=q. s Foll= ASF HjolZ
2= she] &9k EAsts dliiko] DNARI RI=7] wizf Hiol2]2ql.
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2.2.1.2. ASF nfo]g]A 35

O ASF wholelze] DNAE Hlo]e Z3bol X3 glow] AF-L T0-100mme.g A%
S FRE A% WA vholeizg] BE AT 9.

¢ ANEE 180221720 AAWE FAE] u Fl Tl 9l %7 ZelE
nokoly MAH 7+ Adle 7.4~8.1nm<.

o A% oA YA OF PEZ o] T M09 FRY Hol¥s T A B
WAL FHIIL Y. ool TE WAL, FAA4 BA, RNA 7HE] BaF B
g TP YL ol HolHs Y TEE TS T4 HROE vl YA

o AZgel dElel £ 8¢ ¢

5 Freitas, Tania & Lyra, Tania. (2018). Molecular studies on African swine fever virus from Brazilian
isolates. Arquivos do Instituto Biologico. 85. 10.1590/1808-1657000712015. Research Gate.
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10.3201/eid1612.100378. PubMed PMID: 21122227, PubMed Central PMCID: PMCPMC3294588.



oF 271 Aol S AHo] ShenyangAl W] A Ho|A A7) W&ol Shenyang
Al o] T A2 A7 ol R e

Aol ul$- w2A ShtElom, W ASF vl FAAY 1el s ofr|F
AP T AH= ASFY] F8 A== dolgle HA 2 HiAr] AFY A

T 9%, W TG D AT A o FUEHOE FHHAL AL,

F L A A 2018 ), Agh =4 20199
T 2. Y5 A =5 AollAnt S A folx 17t AAE AAE
Z : Ingentium Limited, 2020, African Swine Fever 2020 AAIA )<l

< I9 4-3 > 20183 2019\ ofAloke] ASF Y Bl 7=

O = YEETMARAZF 20189 8¥ ShenyangA(E55 Liaoningd A4 H%9
ASF S 81k o] % 36713E3 AFEollA 165719 ASF7} st 5.

QR

74 Dixon LK, Sun H, Roberts H. African swine fever. Antiviral Res. 2019;165:34-41. Epub 2019/03/06. doi:

10.1016/j.antiviral.2019.02.018. PubMed PMID: 30836106.

75 Ge S, Li J, Fan X, Liu F, Li L, Wang Q, et al. Molecular Characterization of African Swine Fever Virus,
China, 2018. Emerg Infect Dis. 2018;24(11):2131-3. Epub 2018/08/25. doi: 10.3201/eid2411.181274. PubMed
PMID: 30141772; PubMed Central PMCID: PMCPMC6199985.



o FIARE 371 BRS w) I3k oF 119300079 HAE AHE sH9S.
e 20199 129 2<% 110 FATACNA 3672 ASFr} Eigon, ALHT L. o

2714 Aol A do] ShenyangAl we] Ao BAES7] wiel ShenyangAl

o] F=o] Hx A7 ofd FE QU6
o Z¥o] g wW2A FikEglom, W2 ASF vlolE 2 FHAE ol 93l ofr]H]
L7 F3 ARE= ASFO Fo ARARZ AolglE HA2 2 HAr] AFY A

$5(19%), A Fo1(34%) 2 AR 24 ol FUE% O AL e,

o HEHATE SHA B o] 9lom, slsjA|oA ] We] BRuEy Qs

32

oy

35
30
25 .
20

15 [

10 —

. \ "DlE-=DiDD_H—_==1

g2 92 103 11E 128 138 238 33 43 53 63 7 83 92 102 11E 128
2018 2019

] —

u

Z 1. ™ : Northeast#] 9(Heilongjiang, Jilin, Liaoning)

2. © : Hua NorthA]¥(Inner Mongolia, Beijing, Shanxi, Tianjin, Hebei)
& 3. » : Hua East®x]9(Anhui, Fujian, Jiangsu, Jiangxi, Shanghai, Zhejiang, Shandong)
4. = : Centralsouth#*%(Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Hong Kong)

5. " : Southwest 2] 4(Chongging, Guizhou, Sichuan, Tibet, Yunnan)
= 6. » : Northwest#|%(Shaanxi, Qinghai, Gansu, Ningxia, Xinjiang)
7% 1. Veterinary Bureau, MARA, China(actually taken from FAO website
Z}5 2. ASF situation in Asia update 14 November 2019.
Available from:http://www.fao.org/ag/againfo/programmes/en/empres/ASF/situation_update.html.
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Control of Transboundary Animal Diseases.
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100 World Organization for Animal Health (OIE). Op. cit.
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104 Global African Swine Fever Research Alliance. Ibid.
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106 Penrith ML, Vosloo W, Jori F, Bastos AD. Op. cit.

107 (1) Wells KD, Bardot R, Whitworth KM, Trible BR, Fang Y, Mileham A, et al. Replacement of Porcine
(D163 Scavenger Receptor Cysteine-Rich Domain 5 with a CD163-Like Homolog Confers Resistance of Pigs to
Genotype 1 but Not Genotype 2 Porcine Reproductive and Respiratory Syndrome Virus. J Virol. 2017,91(2).
Epub 2016/11/17. doi: 10.1128/JV1.01521-16. PubMed PMID: 27847356; PubMed Central PMCID: PMCPMC5215333,
(2) Whitworth KM, Rowland RR, Ewen CL, Trible BR, Kerrigan MA, Cino-Ozuna AG, et al. Gene-edited pigs
are protected from porcine reproductive and respiratory syndrome virus. Nat Biotechnol. 2016;34(1):20-2.
Epub 2015/12/08. doi: 10.1038/nbt.3434. PubMed PMID: 26641533,
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PubMed PMID: 28390179.

(4) Burkard C, Opriessnig T, Mileham AJ, Stadejek T, Ait-Ali T, Lillico SG, et al. Pigs Lacking the Scavenger
Receptor Cysteine-Rich Domain 5 of CD163 Are Resistant to Porcine Reproductive and Respiratory
Syndrome Virus 1 Infection. J Virol. 2018;92(16). Epub 2018/06/22. doi: 10.1128/JV1.00415-18. PubMed PMID:
29925651; PubMed Central PMCID: PMCPMC6069206.
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in RELA underlies differences in NF-kappaB activity: a potential role in African swine fever pathogenesis. J
Virol. 2011;85(12):6008-14. Epub 2011/04/01. doi: 10.1128/JV1.00331-11. PubMed PMID: 21450812; PubMed
Central PMCID: PMCPMC3126315.
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121 Penrith ML, Thomson GR, Bastos AD. African swine fever. In: Coetzer JAW,ustin RC, editors. Infectious
Disease of Livestock. two. 2" edition ed. South Africa: Oxford University Press; 2004. p.1088-119.
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129 World Organisation for Animal Health (OIE). African swine fever: the OIE launches a global initiative to
control the disease 28 May 2019 [cited 2019 15 October 2019]. Available from: http://oiegeneralsession.com/e
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259 Liu L, Atim S, Leblanc N, Rauh R, Esv™ M, Chenais E, et al. Overcoming the challenges of pen-side
molecular diagnosis of African swine fever to support outbreak investigations under field conditions.
Transbound Emerg Dis. 2019;66(2):908-14. Epub 2018/12/17. doi:10.1111/tbed.13103. PubMed PMID:
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260 Gallardo C, Fernandez-Pinero J, Arias M. African swine fever (ASF) diagnosis, an essential tool in the
epidemiological ~ investigation. Virus  Res. 2019;271:197676. Epub 2019/07/31. doi:
10.1016/j.virusres.2019.197676. PubMed PMID: 31362027.
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261 Beemer O, Remmenga M, Gustafson L, Johnson K, Hsi D, Antognoli MC, Assessing the value of PCR
assays in oral fluid samples for detecting African swine fever, classical swine fever, and foot-and-mouth
disease in US. swine. PLoS One. 2019;14(7):e0219532. Epub 2019/07/17. doi: 10.1371/journal.pone.0219532.
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262 Arias M, de la Torre A, Dixon L, Gallardo C, Jori F, laddomada A, et al, Approaches and Perspectives for
Development of African Swine Fever Virus Vaccines. Baccines (Basel). 2017;54). Epub  2017/10/11.

doi:10.3390/Vaccines5040035. PubMed PMID:28991171;PubMed Central PMCID:PMCPMC5748602.
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B FE gFe0] FHEE o] ¥FES #HEd v S o AHENE T
of3taL o]F HiolF gl el FEAQ] wA-olE Hojg APACNA, Hof ¢
100%7+A BFestAl Uk

F50] 34 wolgx, AY A% ¥ 43 o
e Bahgo] ek} Ad Blsd Ao NFHAL,

<
k)
K
[

O FHT 201730l tEN[olA Eeld 4218 (genotype) 11 vlo]ZH2(Lv17/WBRieD7}

Aoz HAES HoAE266.

266 1) Gallardo C, Soler A, Rodze I, Nieto R, Cano-Gomez C, Fernandez-Pinero J, et al. Attenuated and
non-haemadsorbing(non-HAD) genotype II African swine fever virus(ASFV) isoloated in Europe, Latvia
2017. Transbound Emerg Dis. 2019;66(3):1399-404, Epub 2019/01/23. doi: 10.1111/tbed.13132. PubMed
PMID: 30667598.

2) Barasona JA, Gallardo C, Cadenas-Fernandez E, Jurado C, Rivera B, Rodriguez-Bertos A, et al. First Oral
Vaccination of Eurasian Wild Boar Against African Swine Fever Virus Genotype I Front Vet Sci.
2019;6:137. Epub 2019/05/21. doi:10.3389/fvet.201900137. PubMed PMID:31106218; PubMed Central PMCID:
PMCPM(C6498142.
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8.3.2. §-AA AA <=3} AuA(Live gene-deletion attenuated vaccine)
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FAREY A EE B} LAVsS) Sd Zende 72 5 9.

%% W W ofy 3 s BUE 54 fAA45Y AAZ] WEHA ASF

LAVSE AMAZE o ASED e A% AYT FAEMY Do) ==

EPAOZR), SA(w}olelzs BAlo] BeE 96D Ex welwrge] A7 SAEE 1

$ SJAIA MGF 360/505)% @& FAS0] ASF oMy 2352 oF=3lsh] 9j3h A7
L. DA Aok YFHoIA 2

. olE FREBAR VEH 58 wES0] 9F F2o voldz BAe Waye )

e ofel #FEY BAT AAA AAL ¥ FUT AAE oA ¥ me

O AAZe] $A48g Azsel] Ul 54 775 OURTSYS, NHIPGST 2& Aieps
3 FFEe] ARHUE AAFEF FFE] YR AAZL FEhomologus) F

oAf dEZollen, olF F4 teiXe 12fetA] Whw. 718 Ak AAES B

T 53 EdHMUE

8.3.3. wWi7iA WAl(vectored Vaccine)

O FAAF 22t dEgohy o] 28 mi7fAl(vecton = AHSshH=

s
&
rg
12
r]I'.
olo

g sl 47 Bdo) 7 o Bag,

o HEES Heste] HEe] AR WkESs FWsial, I <kl BAlFE] Sl fHE
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. MEE ALgsle] HEO9 Muow ¥ Wi WY Aude] AUS 2R,
A} @ Az ey BEE Z9Y 5 S WHE 2449
=

(replication deficient) &=
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o,
N
A
@
@,
<}
g
S,
e
o2t
Bu)

HE AT B A4S SUste] 7498 FES WA 4FY SEOVAY
T AR 2ol AU

O FAMA ookt 14 diAdEs Ad B2 HESo] /MEE A

« sHA/P54/p30 &% T2 3 BacMam(vh&=nto] 2] 2~(baculovirus)-715F HE])

o p30, p54, p62 Z p72 LA ofd’zHlo] 2] 2~(adenovirus)267

o FUEo EFA = ofinlolziz p72, CD2v ¥ C¥ #El(ecting HA $F
(vaccinia) ®}oleix d7tet

30, pd4, p72, sHA/72 & Luputol) 2 ¥ Z2|alphavirus replicon) UA-E

O "7HA & BacMam@t AAFe] WA= o= TEddS Al en

2 HAol A Bl B AR A L,

«  Z Netherton 5 who]g 24 @iido] A2y Hhe-& S8 AE 5 =A<

ol

37] 9Jske] 7hv} QB2 ELispote ALeale] AlZA dolnhee 239 4 9le vl
olelz~A Tldo] lymphocytesE TR 5 QA BASIHL%9, obi o] 29}
24 9% J7le} WAl 18] FRE

g2 iy fdo] T AYE=HYH s= Pojd A9+

& JeRA, FAAES TIATIE HEO]

267 57] A doH A3 s TS e

268 Gaudreault NN, Richt JA. Subunit Vaccine Apporaches for African Swine Fever Virus. Vaccines(Basel).
2019;7(2). Epbu 2019/06/28. doi:10.3390/vaccines7020056. PubMed PMID:31242632; PubMed Central
PMCID:PMCPMC6631172

269 Netherton CL, Goately LC, Reis AL, Portugal R, nash RH, Morgan SB, et al. Identification and Immunogenicity of
African Swine Fever Virus Antigens. Front Immunol. 2019;10:1318-.doi:10.3389/fimmu.2019.01318.PubMed PMID:3127307
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84. M| &A| == &A| A #A

841 AT EZA3 APy

O HIEA 9 EAAG WAE T 6gsr
kst wiole]2o] B, wlole|2 AEuUe] e 5o o] i, F3F
A= ASF Hlol# 22 AAIEHA] £381917] W&, Polygen™ T+ Emulsion(®)-Dg} 242
#o)a HzA|S(adjuvants)o] ARS-E AA|TE AfEke
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3‘3

rg

12

rU.'.
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o=
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8.4.2. NEFUE HA

O ASF slo|g|2E Ho) 1677] @HASS Ho3lsin £ THEZ AU o]HA
370, Ho] JELUE 2 DNA #2383} g87} Gaudreault$: Richtel] o)

T2,

=

79]. Ay

N He T

rir

O ALAUE Wale] 27] PSS ZHFASS FEsh FUS A3
A

A
T
>
O
)
[\)
<
N
N
o
N
N
)
BN
o\l
oSt
s
of
O
ok
<
°
x
A

M & A o] (immunogenic) 7}

FEHA FUe. o)F F= Tld ASF npole|2: pd4s} pd0o] FASE O o=

AE o] Algol S84 e 7 Hleld s 2% e 59 @ A(fusion protein)
p54/p397F vhol# 2 7S A HIAE ETS #Fol o 7oA BRaE s,

o n}FZnto|2i 2(baculovirus)(H A p30, pb4, p72, p22 Ld) F3He oM FHAE |
(genotype 1) 9] G Wol 3y} QUL ol FE=E T 7= Hy W4l

3 REA(vectored vaccine candidates) 25 HH = S

270 Arias M, de la Torre A, Dixon L, Gallardo C, Jori F, laddomada A, et al, 2017 A A]
271 Gaudreault NN, Richt JA. 2019 AA A
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8.5. DNA-7]4F ¥l

O DNAZIgE ¥4l ML Azsd T d=Z7 dA9uk-cytotoxic T lymphocyte immune
responses)s = 4 Jth= Ao, o] Hhe2 AE-ujyl] HHS] 33 FEQ.
AA7HA o8 e FEREESC] B7HE S

o Eopav|E(lasmidle 72 wilEs FYSHAARE pd4/p3d - A (fusion
protein) 2 HIW3-& FabA] Rt HE7]5o] flSl+.

o A WEF g SLA-119F pbd/p3d 1+ §2 §A AL T AxE Fdstgd o
A BHorlso] §la.

o AYT-gF A(hemagglutinin protein) CD2v(SHAZ AN} p54/p39 7]1w2Kchimera)23
F FHOE BAZS THEY ¥8-& FEFoY Barse] gle #1179 ubiquiti
nRid Frhs AL SEAAT o] 75 HYS.

o DNA & gojB e g(ibrary)2’> 80 ORF ©#H(fragment)e 5243 (genotype) |
Ba7lv #F9} #HIFR §oz e, BB #FEHE 60% 4% 55 HiJ)%
o

[ R
IAH -

272 wE|gjots} o] 2B A YElRe] A7) Al T4 ¢ e AR

273 FUMA Foll FAAZ S Td2A ste 220 AZ HE3) e X

274 Ubghal °oF7]. M Z(FAZmiU <A E(E-ZHEHDY Rz oz gfHol S, obrieit 76347
2 1 il Fol i opr|iedt Wit 729 Apol7k A9 lE. 257l AT Jlon, A2
il Esfol B

275 (D & A=Ale] AA A4S 25 vehli= A= DNAS 29, & F4A9 =44,

@ FoAR o5 Az Hdoziy Feld o 7o ofdlde] H7kd mRNAS Est==%E IAH
CDNAZAS] B9los FA4E ® & 7 EA% o =A8L 1 259 HA #4445 ekl
e
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Oy dgikess fr=shr] Hstel zetd-F-2E(prime-boost) S| AHE- <
Al ATEo] ko, ASF ulola] 2 g AA U Kepitopes)ol]l Thet <14S St
PrE ke,

rir

o] AL o Eo] ASF Hlo]Z 2 p30, psd E pr2E dHEE= dujulolz s HE
#Al(alphavirus vectored vaccine)Eell o]0 ofF=s} A4l SR E4 OURTS8/3e A&
3+

o] A2 ASF ol -5 o S(specific proteins)¥} c-DNAs(0]F Zehd-+

[>

E(prime-boost) 4D WHE AE=StRARE AA7F ¢l
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8.7. ASF ¥ lo] wlzf A%

37} glor, ofdl §39 ASF WAE FP1E mlgel 289 Ps4el e A 2e:
¢ UTE NBFFRYCE =¥ Foln, o]9] YFOR 2|AUI|ES TG

Co. Ltd. & HA3}99-8278,

o}lt

O ASF WAl 7ids Aefsh= B2 S0l Us FHITHYA A= BAAFHAE
=Hthe Directorate General for Health and Food Safety)S E3 ASF #Al 7jdk 7154
of tigk FAy 2= Working Document(SANTE-2017-10272)8 &3S o|AS
o2 Wil e Z2IW HE AE(Gantt char)s ETFstH, oF 6137 o=

50%%} 80% Akol A& 7he/d= AR,

-

O WIHO=E [AVsZ) 71 st SREZQ A 2AT o 42 Wady 3t Al
2 T3 ASF 3¢ == ddEA A= neutralised ASF antigen or epitopes) F-&-2.

2 HFhE A= #

19
et

2= 0)]o
T}s}]\u.

Q3 Ex} = dub= Horizon 2020 =218 &loll 2#|Q1 Sanchez-VizcainoBh

@)
Y
ri
ofN

-—

A7b P VACDIVA Z2AE ‘olrajrls 98 9% b DIVA W4’ o

2, A% 7= Ao 0199 5€ FHAY HAAL3 M RS

276 524 Rexg. 2020.05.20. 218

277 Euromeat News. China warns about illegal vaccines against ASF. 2019.

278 Caixing Global. Agriculture Ministry Rejects Claimed Swine Fever Vaccine Fix. 2019.

279 European Commission, Directorate General for Health and Food safety. Blueprint and roadmap on the
possible development of a vaccine for African Swine Fever prepared by the African Swine Fever EU
reference laboratory on Commission request. Brussels 2017.
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o VACDIVAY] EZE vt 22

D w29 JAAE s ety G5 & A AFH Wl L 5F

(2) E}3std 54k DIVA A AFS(companion DIVA tests)

3 BlForole} Ak B= Aga) HE-H|, &34 oz g FA-WNHF He 71

O ZZAE W= 717t 7] Eintervet International BV(E MSD)9} Eurofins/Ingenasa), 2
M AA ASF 2% AFAOE 2 FAO), EU EF AF4A([EURD), 67) EU =7} &5
A3 2 vle] A9 Sl= ASF Arasd.

o Aol T B olZFtERE HojAEol s

o ZERAEE 20199 10€ 1€ AlFRse] 20239 94309 FE A9

O %3 EU Horizon =239 ¥sto 7 ASFe} At 3(lumph skin disease; LSD)<

23 DEFEND A2A9lo] T4, o 6003 #28 AL e,
o BEE A2 ATl A% Ane AF ZFol tjd welzs Wy W sl

|

X2 Ex Pirbright A 747t F=8H, 2018 6ol Al&tste] 20239 59 5 o

l

AAAEF ALS Defend UALe|E http://defend2020.ed/ %).

O 3% ATAEE wolgi2vt F30] 4YB A A wolelz A7} 5854
Igke. Te} T ARE oF 1o SIHL0R e Bl AF ATE A

9.
o FEIA HIRHE E2 o) AP 55 2dS W9
o @A T U] ASFel el A7dlhe T1EE0] Be
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--Research Institutes

--Harbin Veterinary Research Institute (HVRI), @Harbin
--China Animal Health and Epidemioclogy Center (CHAHEC), @Qingdao
--Lanzhou Veterinary Research Institute (LVRI), @Lanzhou

--Institute for Animal Sciences (IAS), @Beijing

--Institute for Military Veterinary (IMV), @Changchun, etc.

--Colleges/Universities

--Yangzhou University (YZU), @ Yangzhou
--Huazhong Agricultural University (HZAU), @Wuhag”
--Nanjing Agricultural University (NJAU), @Nanjing
--Fudan University (FDU), @Shanghai, efc.

O Tecon

Biologicals Producers
--Yebio, @Qingdao e
--Tecon, @Urumg ‘ |
--Pulike, @Luoyang L. |
--China Animal Health Industrial Co. (CAHIC), @Beijing, etc.

Ay
- SFHEI=O|HTLA(HVRI), SFHEIA|
- 3% SEAYRYHME(CHAHEQ), HLIRA|
- BN RO ATLALVRI), B A
- SEIIATA(AS), HO|ZA]
- TARRQATA(IMY), HEA &
- st
- UFCHStU(YZU), YA
- SORBOSI(HZAU), SBHA|
- HE S YOSt NIAY), HEA|
- FEICHSEL(FDY), &3lAl S
- M= MR AARKE
- Yebio, ALCt2A|
- Tecon, SEFXA|
- Pulike, FA|
- China Animal Health Industrial Co.(CAHIC), HIO|&A| &

Z+E @ QIU Hua-Ji, 2019, African swine fever vaccines: current situation and perspectives. Harbin
Veterinary Research Institute. CAAS. Ingentium Limited, 2020, African Swine Fever 2020 ZAIA A&
<9 8-1> 59 ASF WAdd A7|HE

O 20199 8¢ 69 “Genetic attenuated ASFV and its application as a vaccine” E3{7}
SEEAS StARIFATFANA 279 ASF $REZS ANEsion, SdAES
Bu Zhigao, Chen Weiye, Zhao Dongming, He Xijun, Liu Renggiang 2 Liu Jinxiong%.

o T fFlshs TS0l el 100% Holge] Avkal =
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o obsla msdolm, AW BHT FAHA FHHL RAVTIT BEHS,

X
gﬂ
bt
I
Ho
B
_|>i
BN

AHAL, L FHA7E D2V AAZ AFEH U

O 202038 5¥¢ &3F Pacfic GeneTech(PGT)7} ASF wWiAlS 7idkstr] Yste] w29
EpiVaxe} ety WS, PCTe SEUES $5594 gAY H53 U=E 93
ARG WS st Adstete AESE ARl 719, o] AR Aegis w4l

AEL B B 42 FRO AYY) O PRND w52 98 RS

i

ol
d

Hel gl Hyste HEo= g

!

O Rhode Island®] Providenceell EA}7} ¢l EpiVaxe
o] A= T A= & ZAA7(epitope) A=, B ZA(mmune modulation) ¥ A&
gk Al AA R ofuzt A AP(REREMSL AP s WUk AFEE AR AR
= WAL 7 gl AtHvaccinology) 71E2 A HiA] 2T el WAl e A

& el 98 of Aol FBES WA Azol M A wBIHE volelx #

A wE F31A vlely 2~y 3 ZAA7(epitope)ell 7123 HAS TRk QlE o

FEB AL o) T D A GA B2 WSS HAD o

280 (1) YICAL Breaking the 100-year curse: How long does it take for China to produce African swine
fever vaccine? 2019.

(2) ScienceNet. China’s African swine fever vaccine will enter the clinical trial stage. 2019.

(3) Sina. The announcement of the African swine fever vaccine is still far from water and thirst! 2019.

281 AARSS AT F Qe $HS /AL gl BY wE 44

— 188 —



ol

Q
=)
o
9
[kl
Ac)
o
2

o,
rlr
i)
i
[kl
il
2
l
ilfy
o
A
LY
&2
tlo
)
9
=
ki
N
o
g
dlo
e
rot

Y =28 FEUF FAEE A PCTY HESAZRE dgs & AolH,
o] VIEHA= ASF niolgfzo] Bt waAg tisf o ellM o] FAA= AIF
Z23 e o]§2 A} PCT= %3 FWAS &8ato] ASF Wlile Ao =
A A,

AA7IA PCT= F 719 9 7l WAlES 71 olddlls. 20200d 4€ell= Kemin

Eo%k=-

O PGIZL /MU WASe A7 Fof £ Alive) 2 234 FUE2 748 F .

(adjuvant)/dE Al="l% B4k om, Herculesw= A3AF WAl AR5 93l 7]& o]xs]

PP

20199 6€ F= Pirbright A4 H8faE0] A A A 2L 5 U= o}

Ze|7F A EH(ASE) vhol 2~ el dS WHgom, of thllzo] WAl Ffke] ALG-H

AT WA offl ASF WRAZS AHgshok shed] ] 43 ol ot
Fehel ASF wlolel 2ol ZUHND A WAAEE BYIA BN LS Hohde.
Vg AET AGAE WS Do) 18709 wade] Holeiz WEE $AZ O]

Hpo]H 252 ASF TS sjA|A| ol AgsiA Rt SR A= HEA e
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H% 3715 977 BAsAR, ATUES 1) WA ol WA 4F W
Mol HA§ EapoR NEY & ks AL HelFthy WS,

Pirbright2] ASF ¥§Al 75 24} Chris Nederton A= “ASF vlo|2i 2= 1507] o)

NHA ofd F7e WMAe e v FRFUTE oA HA dIYHAEE 24
A7l aEs BEWioy HA7E S40] ARk ASF o 2R Hags 5 9l

ASF= @A AIA Aol RSkl glom, =, obAot oEl A9 Bl ¥ AY9E
o & ¥%F<= 71Xk Pirbrighte]l W=™, F=olA o 1105 vlele] s|o} WET
oM of 2505 wiEj e} HA7F A =EE

A2 Aol wlg- wom ApdEo] 100%] ©]&. ASFo| AZAAAE E7atal, o

A 01§ & g WA 9.

Pirbright= o2} F7<] Wale] 7ids 1 ke AR ARt nlojzfzo el I
v A Qlar HYAAZE Walel] ofgA whgsk=Alol el A A UA 7]
& R&D o] ofgf g dATAhe Bddulolz]s Wile] HAE HEsHA] Xa)
o, B & doQle FFIAle] TheAde HAFARL B B2 <A HZ2EVF 2
st 2w webA Pirbrights e WiAlo] G331 tieke] ¥71E vl Sl

Pirbright 2} #7]el] 34} ViroVet-2 o]7o| 1E0] ASFol tfalste

O

Ag AEse Bskn oky BEs. ASFE 459 B4 4I5S Avst 4

Bol ik wale] gl wf wlolg 2 EAIE e A =2 29
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O 2020,d 2€9) Pirbright$} @et)sHUniversity College London)& 1E50] ASFS] A

FRAAAE, genome) AEE HEI A2& FAAES FtAtia LRS-

& Plum Islande] W41 5 fE]E o) el 3% AdE HAFRU. & ATelld y
< A 9 FAE 22 R B HAS0] 2 F 28d Tk =AENE

m Hpol2i 2ol 100% &3 oIt He MRS

ojZ2E AT AAIE

o AFAE WE(backbone) 0.2 S ASF Hlol#] A~ HLJ/18S ARgste] Ao FAA-A
7 oY 25S WET Bgom, ASF| tia)] sixe] A3 HolE ATk
FA%E ATtas “$g A= HLI/8-7GD7) ASF nlo]g2~of tigsl= ¢tdsiy &

=

Q) WA HelFa, ASF Hlolgls Be BASKE H FoF 4TS 5T

o ATE FHY /A R&DEZ1(National Key R&D  Program), 3l|o]| 244
(Heilongjiang Province) -§-87]<d77/Z 24 E(Applied Technology Research and
Development  Project), 3%%(Guangdong Province) -9 Aqjdzz
(Key-Area Research and Development Program)2] 18] 2|93} S =712 A4
stz A ga 2 73(State Key Laboratory of Veterinary Biotechnology Program) .2
HE Hrgo® NyH s

O &l ASF WAl 7o o 5de] A & Qo= Zlo] g dAEE W, A
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o we

sRlATAE V1€ ATS0lA ASE WiAlEo] Al cell lines)oll -3H o] 7L
=9 wYdAdimmunogenicity)e €A sk, HAANM TF mlelHs $4

(homologous virus challenge)oll thdste] W& A3 + = HYERRZ] wiol,
ASF 9212 12} Al Z(primary cells)oll A i ojof b, o] tivt Aiks Algke
T Stk 2l AAZUYL” g AN RS

“s2] =PBM; the porcine bone marrow) A|EZEo] ASF vlo|gj2 EAE A Yst=
Aog RuFHASUTE $ElE PBMs7F HLJ18-7GD AAS 7 Asta, ZHolx
200,0005=2~(doses)2] WAlEo] EAFHUA7} gle AF=(specific-pathogen-free piglet) 1
P Z5E 3 PBMsolA Ak o Qles B sYH. Aldr HLI18-7GD7} 6
Al i3] PBMs7}F <=ald 02 F3be Zof YA (immunogenicity)S FA1EHS 1wt

AdFUth. weba HLIA8-7GDE tit= A4ks 8l 12k PBMs< AR&sh= Zlo] A
g7Fsstal Bl-&-a3AQuyct”

2020 6¢, S92 stdnlao|d+A(Harbin Veterinary Research Institute)s= ASF =4
2l Ago] e Bt TS, stERlS 20201 3¥ AFA Bl 2EofA Qkd

st 3421 770 FAAE Al A (seven-gene-deleted) ASF #4218 A4kgictar gk

=

gom, e F=+ ASF nlolg 2 HLI18S WA F52 AL&3lL.
o] MAle] A Ade FFYHstA(the Chinese Academy of Agricultural Sciences)
o] APHAAN FRE 9faf A Aitehs WA o PSS

o] WAL 2020 4¥HE 6¥€7HA] A Xinjiang) HA1Y, ddAd(Henan) S5 2 3)¢]

224 (Heilongjiang) E-55 AY A 300002 S o s JT g 2Eq 8512
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Z3 U A ASF A E 2018 8ol HuslS. 11 o]F o] WS MAZoR
A 1719 H AH|Fo)|A} ARl Fo|A HA] TS FHFAAL

OE:= ASF7} A-=3] wialo] gl7] wjio] JAH o2 A7 S AHg5se] 489 1

The Pirbright Institute =g+ ZZoA /e $RE ASH ==|9] 100%7}F vholzf
AN FoRRE REHHE Ao A7ATe] ue} H2o) ASF Wae 4FHoR

A7) Sfsh ek e,

USDA2] Plum Island Disease Center AT-¢E0] AEH 7] AZE Holx= A3

ol ASF HiAle EEls. @ A7elMe TR W2 583 12 58 EF HAE

o] HE 28 B BAS WS w) 100% vholelzo] FI7F AATHT ANBL.
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O "= Jowa] SjAA7HBANE|Swine Health Information Center; SHIC)7} ASF #&] o
A B ATE FPsta glon, HEGA o]Fold A AFE HTFE
Q) FEEA R 2~ B ZHUSDA Foreign Animal Service Grant)e] A|9S Hiore

o o] AFE A A AFES 538 ASF/) AR S48 FEE 98 uel A

AEE A AL BAow & SHOH waw, of 24 Ass wedelq 24

9 AA Z2EZtest-and-remove protoco)e] H3E FFOZ ojojd 4 9l SHIC
= 7k A 9 AA A=Y A dujrt ASF A sES0] Ui E5ES =

O SHCE “ASE/} Plstel 9% 2% of @7} the A7ess de mEol 77}

o AYPEL 03 BE AEE FAstr] Y3 PCR(polymerase chain reaction, $3as

1

A9k POC(Point-of-Care) AL &40l el H2~E= 7707)¢] ASF & FHE
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o AT HAs= A=< Boehringer Ingelheim Animal Health, lowa=H st 2

A7 Aol 9l Nong Lamthsta thEAHES E3keta 9.

O GARA(Global ASF Research Alliance)= Z2H FFdA ASF A7Z 23 o), o

8 W7 1gEe] BAH mE ARy 2 |5 @Hsle] ASF WAL AU
g we Aage] WEANAR, 1 /IgE0] B B9, hrre) WABe] ¥

O ©= 7|4 Phibro Animal Health Corporation2 2019d 7€ ASFel tjsh @il 7]&&
A8 AT A RS Uehle HYdA FEEAIA 9 weid s wots
B3l A& ASF WA Aol 8% MAe oSt TEYS.

o Fefo] E(peptide)?2 53 TWAE TIF vjefo] o] wIF Al gt £FHAS FT
3l= Phibroo] FTollA 83 oA%< Phibros]#, tix @ CEO Jack Bendheim-2
oM B2 ATE WATAL AN, Ex =Eab] 28] a3 IS olF3 AL
HAQA o2 Akl FAlo ek SR YR ATkl BEes,

O 2020 7€ @A, vl= KansasTHthstuollA ASF HAE A3 571 ofd|imn}o]

o
=
127
o
=
%0
dlo

A
2]24(SCAd; single-cycle adenovirus) WAl ZE

o ATFYEL o] 7|Eo] Aol9lE, BEASH, AEfY(ive, inactivated and subunit)

—

AERT ¥ 7t 7]10A Heuk-s(immune response)S QHASHA R wiA-S

Tt 21 AdE FoHE A e|st w Waithaka Mwangi= SCAd 7]
%ol WAYE FAAE FEdlele A= (recombinant) HRo|# 27} EA A
(replication-competent) ®po]# 29} FARSE WO g 74 Alze] il wke-S TA|

& 4= A skARE A9y AxKinfectious progeny)E WA ety FAEIAS

282 27] o] q-opHite] HE|EAZFO R AZH SRHE. 107] olste HE AT &EaPES
(oligopeptide)etar &tar, thre] HEJ=A 32 Z3E =(polypeptide)etal it
283 Euromeat News. Everyone is searching for an ASF cure. 2019.
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« Mwangl w5 27t 838ta e 7eo] A oftimnlolei~ EAE 6(human
adenovirus serotype 6)ollA NEHEH AZE ojfwrlo]zl2 FZHnovel adenovirus
backbone)oll vlg-& & ACE AHA vlolH 25 AYAFsHA] ¥k AHdH AZolA 1

T BA E(copies)7HA] ©]4] f-FHAKtransgene)E SEAIZ 4 Tkl AWsiHA, o]

7ol QhHala ABA WAL Aesh el @ Zolea ¥

S
REASM) =

2
facs

O Kansastfshe 74 7]EAMdst ArdAF K-State Innovation Partnerse} s F&2FF
719 MEDIAN DiagnosticsMDx)7} E3H= ATgeke E5) /A ve 433l 9L

o =9 MDxe R&D ZEAEE Fal W4 SHEZH A (formulation) ¥ B 2~E7}
SEH7IE 7IdskaL gloH, 20233714 AlLE Aoz el .

o o] A= EE AGSA AHHEE BEe AY T WAl v dgE 7 A

~

o 2X04 MDx tiE= ASF Hiolg|2 WS A83kety] faf sidsioF & EAE0] B
on, 1 % shp bdolgtal sheA, Aol BAE uhg Sold WA E5e =

ofok Jhal T3S ol9F B, SCAd 7]&o] AAI) ASF WAl F1 pE-s 9%
Xz

TE ZWE T shtol, KansasFHAthstw st Fofst A /1 £
opol| Al FEE 4= Q= Huo e FAlse] MDx7) o] Z2AE| Exls]z

O 2020 3€ <= Pirbright Institute”} 82 22 & |23~ nvlolg 27} thFgt )
A AMES AT WA Al 282 e Aolga FAEGE T ATAe
Nipah Hpo]e|2284o] thksh= 2709 b wAlSo] =i A F3h 24 | wh

2 FEATL AR,

284 #2 W7} 45580 Hol HAY ADA AAEE Hlolg 2y xdoe, .
I AbE Apolo A= xqo:l 1:} HRANAE A3 AGAH 23S gubsiy, A
B 2E7IAReY ARl Heo R BHs|E dnh 1998-9d DEolAe
ThllM Ag EdE & 2001d QI=ok B Aol AEAHIAL o] F = %%i T M
A hd BAEk e,

_'_|_‘

}Eiﬁc&
=
s
ﬂ-iﬂ
[~
=2

2N

3
-
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o] WMAEL ogtg]ole] Parmathstul(the University of Parma)ol] ¢]af 7=l

Pirbrightell oJ3f F3d M2 A7e o] WAl FHEAF] AHAAAM ZEHE A

i)

AEA 1Y Bhe-E A 8ee BAFE

Parmathgtale= SA A Uzt vpole]2r ghlds Hdalr] 93] 4 232 Hlo|y
2BoHV-HE F82 223 E Yt vlolg 2t AMdehe Acs 48l G 2 F &
o] Aazol XYstar Al 3t ks FX8b] S ALEHAS. o] TEo] ¥

GAA N vebe o Wee FTAA 52 stq5 dadl ddst=s SHARL

Pirbright s§#]4447] 8 &

BoHV-4 Wj4lol] s A=d W Hhs 53] T A2 wkgo] 7)o 42 = 3k

FUDL 2352 o & 5 ASF Hlo|g|2e} o], T A2 wkgo] ol T3
< Tk Zo® UFEe vE HA d¥ES A A Azl BoHV-47F 94

AHEE e AU oA of2dk WAl AEAA Y] wefel thek Avks 3t

AgEs HerL Jsyth” 2 FE3E

Pirbright= .9H4] 218k 24 €A 78 Aolek FAYL. of AAE WISl

HISE I 717 AR ¢ S, AEE wEed U A HAEE TET

st wolgiat A9} QA 58] ARET A9 Hae 2T 4 A,
Pirbright= SHXZHE] QA Z o] nlo]z)xe] iy} 1998-19991 6] g o] Ao}l Al
Hzo)A 71 FAT oAl s we] le] HLen], c7jolA of 2008e] FE

E7FE0] AdE AHARTY o] wpolgzo HEd & AREE
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O o] Avaxs “LEo|otolA HAZFEH Yup wiEe fdsial angolglon,

TOR HelF A% HA T A ANE meIES 87IEA, 5982009

o] 34 WE-S g3k 1 tlEYS
o] A= VetBioNet Z2AE, EU Horizon 2020 A4+ 2 &Al z2 g5 = yHF
3t AE3HA A4 73rT-9)93](Biotechnology Biological Sciences Research Council),

the Erasmus+ Programme 2 =9 EZIALS]H(Department of Health and Social
Care)ell 93] HEHUE.

Pirbright= gl ZHA Ala Yab wialSol] s A3iar, 201730l o] F&ol tigh
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CI2N1S
SUHOILL TS5 DNA £2
2 §H 28, YE
AG1K36 .RNA B RESS:4H
Ig %|olF #5, = craal
242232 Ay, it OjdE A 3
2 Ef*o"'g'jé‘ Qli'?ﬂiiﬂ s =x gi Al

AG1K29

Hio|2 A HEro|S . e ST S E BRY
oz Al

CO7K16 . . GO1N33
SxwYs 0|3 o0
zazzea o DM es
4Eols)
P AB1P31 . C12N7
IPC Code

IPC ZE HEE BEZLOL R HHO|2{ A 718t 7l

A&+ Ingentium Limited, 2020, African Swine Fever 2020 Z1A14 AJ91&-
< a9 9-2 > At 1093 IPC 9] 7] EoF E3 24

o A 1087 ASF 53e9E F2 S04 o FojFem, e, HEFRE 9w),
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O ASF#d A9 10t E5&9 71#e Yangzhoutl&w(5=), Harvardohst(m]=),
Massachusetts Institute of Technology(v]=y), Broad Institute(w]=), Qingdao Agricultural
8t (F=), USDA 2 Boehringer Ingelheim Betmedca(DE)%.

. 71 ©E ZART 219 7 Aol Hol ol RolHe:

o)

Count
I ED

i

(]

2% : Ingentium Limited, 2020, African Swine Fever 2020 &A1 AJo1&-
< I9 9-3 > ASF #¥ B3] 2499 A2y B2
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92. 49 B3 29 % ¥5

921 =

O S=& Yangzhourhstal, Qingdao HHthetal, Shenzhen&d= A 2 HA=E| 52

E7 e A97)&AlE(Animal and Plant Inspection and Quarantine Technology

Center) 5°] +2 Y3195

Yangzhouthshal= Jiangsu’d SHUSto= F= Bl AlAl0llA ASF Ss|&e] 78 &
. 200080 FHHEE] ASE #d Aol FFR o, e 53 &) T =
N MRE o] Fo)H =

T2 B4 ASF Hlo|g 2 fAAES WSS AAE AxF ofvlmniolg 2 M
B A28l E{(recombinant adenovirus vector systems)® ASF ®}o]#] 2~ eh7) E(PCR¥}
ELISA)ol| 24& & HHES SHs=

E35 =92 B6461(CN108342414), Cp2041(CN108441514),  Ep402r(CN108504687),
E1831(CN108531511) & TF&FRH ASE wiol2ls iz W Axg ofeimntolz 2 ¥
E{(recombinant adenovirus vector) E-83fol] g3l 9lon, WAl e ExE 3

e £3] CN101921878, CN1032786270] 71 wol U&= s

Y

= 55 93 CN1098364782 2 sl P1LS 54 tsE8 ¥AlS(specific

polycloal antibodies) A4+ 2 2 &0 FF3

QingdaosEHthetu = 4HsA
2 A7|=(PCR, ELISA)C] FE o|&.
201610l U 7P o] E3|= ELSA A4S fldll, £FA ASF Hlo]#2 P30

ol

otme 22 7 s 2L Eaade

oot

ohd S el AX$HE viEFEslolzis EA  #E(recombinant Baculovirus

15199 ={CN  105647971).

(o

Expression VectonE &
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O Shenzhen &%= AN 2 A= FA=dAe AY97]<AE(Animal and Plant
Inspection and Quarantine Technology Centen+<= %= AF7|#O=Z i W= E351=
S F9e F2 APl 2ol felEs zARmodfied Vp73sh psd ghala ol

o g o 2 2R tisl seta o, 2 20149 =dsas.

™ e

[ ]
Jm
o

] 22 Vp73 el A(modified Vp73 protein)XCN 1042671813 E3f ASFE Atha}

rlr

s AARA(fluorescent noanocrystallin  test strip)9} |23+ phd T
(recombinant p54 protein)(CN 104497137)& 7|¥to2 &= @YEE &Al(monoclonal
antibody) 241 (preparation)e] & A, 5 E CN” 1370] L

9.2.2. 4

O 3L Boehringer Ingelheim Vetmedica GMBH, Consejo Superior Investigacion
Cientificas/ CSIC(-#N=HAT91¥3]), Hipra, Intervet International(MSD) ¥ Oxford
Genetics Ltd. oA F2 =983

O Boehringer Ingelheim Vetmedica GMBH= f-dolA 74 B2 49 53& =SUsI%
= J8y Aiy o FRES FAY & e JleEde] BHOE ASFTE 54
o2 su UA 2

°
™

o] Z=Al: =Z O3k BA]O
(-)]E.]' /1\_.0;&:]' T, nbg: T@la

oftt

gk ASFet siAA8471 5871 dE 3 Sd4W0
2018/091382)0] F& TEZg Qo]m, SoundTalks® Pig Respiratory Distress Package2}
D BEE AAE B
o UE 535 ZEZZLE AQHS] UL4S g/Es 574 HZ4dst F9(W02019/179966,
WO019/179908)F 183 & Lufsl =l 2mpole] 2 we] A 2F(Equid Alphjerpesvirus

i

il

vector system@} HHH A2 92 FREFH RS SUHGs
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O Z2#RISHATHLICIO} FrollA ASF B S35 718 Wol Sdataion, o
= 2¥|]lo] opZe)7}L oFollA HExZ ASF E=7le g

o 279 2 AFAE0] AAF SR ASFE AdEskeE AETEE AL A%

e (SIC7} Centro Biologia Molecular Severo Ochoa, Centro Nacional de Biotecnologia %
CReSA-IRTA & 239l o] thekst tista AraollM 7ided 2ol gk 55
U0 E Holx Ao FH3joF 3 ASF ¥ CSC A9 A4+ = Pirbright
Institute®} Boehringers} 3575 53] F2 o] Fo R,

« (CSIC 58] TEZT & 2H9¥ 249 F=A|(lauryl gallate derivatives)oll 713k 3¢
ZAAA SAWO 2009/15028D 4 Boehringeret &5 &3 CD2 #A|A ASF nlo]e]
2A(CD2 deficient ASFV(WO  2015/091322)e1) 7]%3+ ®AZ|&7kA] Thget ~HERH O R

O 7Ie} %3 E31=Y %2 °F Hipra, Intervet International(MSD), Oxford Genetics Ltd.
A ASF nfolgfx A& A8 Z ASF #HH E5 Fo] o]Foix|x glont &

#9 7)% g Z9(proof-of-concept)o] 23 AHES).

9.23. "=

O Recombinetics Inc., Connecticutth&rnl, USDA So] tEZQ EESY7| 8.

O f#Aa #g 719 ReconbineticsAk= Acceligen™olgh= Bt oj2o7 AY 7}=&
o S5, Bfr &5 292 AAH AB-AdA T2 dd 5=

o TAZCE I, FAA AFEE S3HASFY 735 PES/RELAXUS 2018/0051298) ==
= AAF BAUMA-FAF WES7] wEdobAl(transeription  activator-like  effector

nuclease)TALEN) =7] HA(AU 2013/277214) E5S Y3192,

— 205 —



O Connecticutthgtal, USDA= 2 ASF njo]z}2 ZXJoHGEORGIA) 2007 &) Al(solates)
o} #AF ASF wiil7]|ed] s E51E EUstis.
S5 FAZOE AXAAHES HEaHy] fJste] ol 7o) EYE A, USDAS}

A

d

N7 B2 ZF AR Z1sold =] tidold+E.

9.2.4. FA o}

O Ao} IPgouto]y An Y& TA(National Research Institute for Veterinary
5]

o = o
HA3tal Sl

il

Virology and Microbiology of Russia)@} Kuban==& t g} alol| A

A

O =dForlelg A EdTae BAloL sdHsh: Asr|do= #Ajof U] ASF &

o E3 XEZPQ+ =3 €AY 2 v+attenuated serotype 2 strain) (RU 2452511),
F-32 ASF ulelg2~ #F25H Add fAAES Adste Az 9 J)e
(recombinant vaccine technology containing selected genes from the F-32 ASFV
strain) (RU 25718580) ¥ W94l ©hdS At A3 Als=2(primers for

generating immunodominant proteins)}e ¥3Fsh= ZAHe(modified) ASF ®iol# 2~

o O]5L wiAo g wjxE 4 1, (RU2452511), F-32 ASF n}o]2]2 strain o EH-E]

AdE FAAE Bfshe AxE®WAZIERU 25718580), HY--A ©hild Ag At

O APFRITERLL/ RO AFSH KubanFY TS e Aoto] She Fau
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Z A&

-PCR ZITHRT-PCR detection for ASFV)3} A

R

gk RT

ASE mjo]2] o] o

EZ(preparation of test samples)ol ¥

<]
il

a2

9.2.5.

A A7E 1

7] o] 7}

b+

o

Ho

sl

g A

T
L

3

EE /I

1928,

20201 2¢ 53Ed 5 Falntol Ak Zlgold AokE A4S

H B8, 2020.05.20. &

- 207 —



9.3. $ At #E A

O WO 2014/141327%} family 53] : “#2 H5 “s=(Genetically Edited Animal)”
« 2012 9= EdinburghthstuollA E5|& &8st om, 201930 ml=olx 53 B3

O US 2013/0117870/ US 2018/006298 : “fZA 2&s&E3} 1 &S ikl W
(Genetically Modified Animals and Methods for Making the Same)” / “&&291 B]-7+
FEE g4 o] A(Efficient Non-meiotic Allele Introgression)”

*  Recombinetics, Inc.ollA 535 &Ystdon, A4 ASFol|l 733 HAE2] A4l =
gakal A e+

o FAA 22 FEI FH, Hulel FolA Hendrix Genetics, DNA Swine Geneticsm

718t 719 & 37 719S3 BAIE 2 U+

o HT2d 7S A% 9 BX|(welfare)ol] 3 71& Akl FFEia Q-
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O WO 2015/193685 : “F=3} ASF Hjo]#]2 wial(Attenuated African Swine Fever Virus
Vaccine)”

o o Axz el ASF A4 Pirbright Instituteo] A 20143 Hx &93ske] 20189
Holl T=HUF F2 9] AFelAE A7 T,

o E3]= oF=3} ASF nlole]X(attenuated ASF virus)ell 7138k, E4 7154 FHA=

O US 9,528,094 2 71E} “MGF €dx A|A ¢k=3} ol=Zg)7lejxgH nlo|z]x WAl
(Attenuated African Swine Fever Virus Vaccine Based on the Deletion of MGF
Genes)”

« USDA= ZUEIZti sk} FYste] Malrles Sdlon, 7eAdst 2235 F%

o Zoetis Inc.&= 20199 9€, wl=r 53] US 9,528,094 : “MGF +3A A A <k=3} o=
1A g nlolg 2~ WAl(Attenuated African Swine Fever Virus Vaccine Based on
the Deletion of MGF Genes)” ¢} US 9,808,502 : “g&|A oz /e o}xg]7ls| x| <d
] ok=3} nlo|glA 7 mA vlolzla FZol 2007 EalAol o3 TAd U]
Kot (Rationally Developed African Swine Fever Attenuated Virus Strin Protects
Against Challenge with Parental Virus Georgia 2007 Isolates)” AT 7|&S Hlglo®

ASE A ARkat TS 917k Bl-54 ol Aldke AEEE

O USDA:= 20199 5¢ E7}Elo} HEF% 7149 Huverpharma EOOD$} ©]=r E&H3 US
9463234 “F=3} ofxy7HiAER wHiolgl: dFT FF AA BA HiolE 2~ 27
o} 2007 EelAl &gt FAl thsl WolE - =3th(Attenuated African Swine Fever
Virus Strain Induces Protection Against Challenge with Homologous Virulent Parental
Virus Georgia 2007 Isolates)” oA 78 A2 ASF Wilel tis] 542 go|dxE

Rolshe JPHE YHYLH

286 https://www.federalregister.gov/documents/2019/04/22/2019-08019/notice-of -intent-to-grant-exclusive-license
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E3] 2919 Institut de Recerca i Tecnologia Agroalimentaries, Kansasewthshay,
Mississippi=H@ th8ta, Connecticutthstaz, Wisconsin Systemthdlnl 2 vl=r T EQFRE

% FFATE QY U

WO 2019/169256, “ASF wlolgiz % six|gH ule]Z 29 e 28K Chemical
Mitigation of ASFV and Classical Swine Fever Virus)” .

LAE Argel o3 ASF gito] FAIh TS "HRee PR S8% =4
=, AlsA W B 535 o] S8l e

Kansassgigtu o= 4] A4Hmedium chain fatty acid-g 7]¥to.g 3 AL

7HI 71e BE 53 AT

7IeF ARV Ves

F7195% 719t AlE37HA|(feed additive based on medium chain fatty acids) (CN
109965120, Changsha Lvye Biotechnology Co.)

AIRAZIAZE o]8E 4 JE A Fd o)F EAA7] B3atA|(pig-derived double
target compound antibody)(CN 109734810, Shenzhen Jason Intelligent Bioengineering
Co.).

Kemin Industries7} AtEll4] ASF Hlolgl~E 3tA7]& &7 OFe V= 59
29

e T3

Liquid Antimicrobiale ©]-83F ALE9l AFRAEES W ASF Hlol2|2 FAl9t AAIH

Y
dlo

. gHE 53 UL Kemino] Alx3k A Ao Al Sal CURB

S
.

30

)

A AFHSL S EA] A=
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O KansasFyohstw Megan Niederwerder w47} =3

-

H A7+ Sal CURB7F A=
oA A o2 ASF ulo|Y g BRI A BAFUS

K-State dlo]el+= 20201 Transboundary$} Emerging Diseasesoll AlAE 'dhulo]z ~
SPH7HAIE AFR Qe olzelZiEiA g dvlolH 2 9 $hsHMitigating the Risk
of African Swine Fever Virus in Feed with Antiviral Chemical Additives)'2h= &3] &
A4S AR AU+

KeminAk= Sal CURB7} 5%0] &4l <foll= ¢ AR AR AEEY d4rdd =
A dEHE A 2197HA fAshs ZoE dEzl At ERAolet ARds 5%
ojl¢} WAFE AAste ZoR ezl EEUvls|=(formaldehyde)et ZEw|24F
(propionic acid) &8-S AHEstoZH Sal CURBE WAt 9138E Zole o &

a3

_‘d
18

s ¢

KansasT=H ] S=o]o zleksl 2 we]st Megan Niederwerder Zu4+ A2 A7H
TA A AFTY Azujd=E(n vitro cell culture modeD@ At AEe] thekslth
S4wd(transoceanic shipment modeD)ol A ASF ulo|2| 2~ BE&8A 3o tat AL A7)

52 W AZE HolHE Huaa ual

,4
dlo
e
poy
flo

>
>
kru
)
oX,
Sh
m{n
o
oft
ol

ASF Hholel 2 #1917 A9l A AR AP B 25t BRske] FE 89

of Aled BEE ATL AY.

oAl KeminA= AbEell ASF Hpol# 2ol thédsh= Sal CURB &< B ®-38la,

o AZ el EAF A,
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ICTV Virus Taxonomy Profile: Asfarviridae

Covadonga Alonso, Manuel Borca, Linda Dixon, Yolanda Revilla, Fernando Rodriguez, Jose
M. Escribano and ICTV Report Consortium

Abstract

The family Asfarviridae includes the single species African swine fever virus, isolates of
which have linear dsDNA genomes of 170-194 kbp. Virions have an internal core, an
internal lipid membrane, an icosahedral capsid and an outer lipid envelope. Infection of
domestic pigs and wild boar results in an acute haemorrhagic fever with transmission by
contact or ingestion, or by ticks of the genus Ornithodoros. Indigenous pigs act as
reservoirs in Africa, where infection is endemic, and from where introductions occur
periodically to Europe. This is a summary of the International Committee on Taxonomy of
Viruses (ICTV) Report on the taxonomy of the Asfarviridae, which is available at
www.ictv.global/report/asfarviridae.
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African swine fever virus evasion of host defences

LK Dixon, M. Islam, R. Nash, A.L. Reis

Abstract
African swine fever virus causes a haemorrhagic fever in domestic pigs and wild boar.
The continuing spread in Africa, Europe and Asia threatens the global pig industry. The
lack of a vaccine limits disease control. To un- derpin rational strategies for vaccine
development improved knowledge is needed of how the wvirus interacts with and
modulates the host’ s responses to infection. The virus long double-stranded DNA
genome codes for more than 160 proteins of which many are non-essential for
replication in cells but can have important roles in evading the host’ s defences. Here
we review knowledge of the pathways targeted by ASFV and the mechanisms by which
these are inhibited. The impact of deleting single or multiple ASFV genes on virus
replication in cells and infection in pigs is summarised providing information on strategies

for rational development of modified live vaccines.
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Identification of a New Genotype of African Swine Fever Virus in
Domestic Pigs from Ethiopia

J. E. Achenbach, C. Gallardo, E. Nieto-Pelegrn, B. Rivera-Arroyo, T. Degefa-Negi, M.
Arias, S. Jenberie, D. D. Mulisa, D. Gizaw, E. Gelaye, T. R. Chibssa, A. Belaye, A.
Loitsch, M. Forsa, M. Yami, A. Diallo, A. Soler, C. E. Lamien and J. M. Sanchez-Vizcamno

Summary

African swine fever (ASF) is an important emerging transboundary animal disease
(TAD), which currently has an impact on many countries in Africa, Eastern Eur- ope, the
Caucasus and the Russian Federation. The current situation in Europe shows the ability
of the virus to rapidly spread, which stands to threaten the global swine industry. At
present, there is no viable vaccine to minimize spread of the disease and stamping out is
the main source of control. In February 2011, Ethio- pia had reported its first suspected
outbreaks of ASF. Genomic analyses of the col- lected ASF virus (ASFV) strains were
undertaken using 23 tissue samples collected from domestic swine in Ethiopia from 2011
to 2014. The analysis of Ethiopian ASFVs partial p72 gene sequence showed the
identification of a new genotype, genotype XXII, that shares a common ancestor with
genotypes IX and X, which comprise isolates circulating in Eastern African countries and
the Republic of Congo. Analysis of the p54 gene also followed the p72 pattern and the
deduced amino acid sequence of the central variable region (CVR) of the B602L gene
showed novel tetramer repeats not previously characterized.
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Comparative Analysis of African Swine Fever Virus Genotypes and
Serogroups

Alexander Malogolovkin, Galina Burmakina, Ilya Titov, Alexey Sereda, Andrey Gogin, Elena
Baryshnikova, Denis Kolbasov

African swine fever virus (ASFV) causes highly lethal hem- orrhagic disease among
pigs, and ASFV’ s extreme anti- genic diversity hinders vaccine development. We show
that p72 ASFV phylogenetic analysis does not accurately define ASFV hemadsorption
inhibition assay serogroups. Thus, conventional ASFV genotyping cannot discriminate
between viruses of different virulence or predict efficacy of a specific ASFV vaccine.
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Genetic characterization of African swine fever virus isolates from
soft ticks at the wildlife/domestic interface in Mozambique and
identification of a novel genotype

C. J. Quembo, F. Jori, W. Vosloo, L. Heath

Summary

African swine fever virus (ASFV) is one of the most threatening infectious diseases of
pigs. There are not sufficient data to indicate the importance of the sylvatic cycle in the
spread and maintenance of the disease locally and potentially, globally. To assess the
capacity to maintain ASF in the environment, we investigated the presence of soft
tickreservoirs of ASFV in Gorongosa National Park (GNP) and its surrounding villages. A
total of 1,658 soft ticks were recovered from warthog burrows and pig pens at the
wildlife/livestock interface of the GNP and viral DNA was confirmed by nested PCR in
19% of Ornithodoros porcinus porcinus and 15% of O. p. domesticus. However, isolation of
ASFV was only achieved in approximately 50% of the PCR-positive samples with nineteen
haemadsorbing virus isolates recovered. These were genotyped using a combination of
partial sequencing of the B646L. gene (p72) and analysis of the central variable region
(CVR) of the B602L gene. Eleven isolates were clas- sified as belonging to genotype II
and homologous to contemporary isolates from southern Africa, the Indian Ocean and
eastern Europe. Three isolates grouped within genotype V and were similar to previous
isolates from Mozambique and Malawi. The remaining five isolates constituted a new,
previously unidentified genotype, designated genotype XXIV. This work confirms for the
first time that the virus currently circulating in eastern Europe is likely to have a wildlife
origin, and that the large diversity of ASFV maintained in wildlife areas can act as a
permanent sources of different strains for the domestic pig value chain in Mozambique
and beyond its boundaries. Their genetic similarity to ASFV strains cur- rently spreading
across Europe justifies the need to continue studying the sylvatic cycle in this African
country and other parts of southern Africa in order to identify potential hot spots of ASF
emergence and target surveillance and control efforts.
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AFRICAN SWINE FEVER(INFECTION WITH AFRICAN SWINE
FEVER VIRUS)

Summary

African swine fever (ASF) is an infectious disease of domestic and wild pigs of all
breeds and ages, caused by ASF virus (ASFV). The clinical syndromes vary from peracute,
acute, subacute to chronic, depending on the virulence of the virus. Acute disease is
characterised by high fever, haemorrhages in the reticuloendothelial system, and a high
mortality rate. Soft ticks of the Ornithodoros genus, especially O. moubata and O.
erraticus, have been shown to be both reservoirs and transmission vectors of ASFV. The
virus is present in tick salivary glands and passed to new hosts (domestic or wild suids)
when feeding. It can be transmitted sexually between ticks, transovarially to the eggs, or
transtadially throughout the tick’ s life.

ASFV is the only member of the Asfarviridae family, genus Asfivirus.

Laboratory diagnostic procedures for ASF fall into two groups: detection of the virus
and serology. The selection of the tests to be carried out depends on the disease
situation and laboratory diagnostic capacity in the area or country.

Identification of the agent: Laboratory diagnosis must be directed towards isolation of
the virus by inoculation of pig leukocyte or bone marrow cultures, the detection of
antigen in smears or cryostat sections of tissues by fluorescent antibody test and/or the
detection of genomic DNA by the polymerase chain reaction (PCR) or real-time PCR. The
PCRs are excellent, highly sensitive, specific and rapid techniques for ASFV detection and
are very useful under a wide range of circumstances. They are especially useful if the
tissues are unsuitable for virus isolation and antigen detection. In doubtful cases, the
material is passaged in leukocyte cell cultures and the procedures described above are
repeated.

Serological tests: Pigs that survive natural infection usually develop antibodies against
ASFV from 7-10 days post-infection and these antibodies persist for long periods of time.
Where the disease is endemic, or where a primary outbreak is caused by a strain of low
or moderate virulence, the investigation of new outbreaks should include the detection of
specific antibodies in serum or extracts of the tissues submitted. A variety of methods
such as the enzyme-linked immunosorbent assay (ELISA), the indirect fluorescent antibody
test (IFAT), the indirect immunoperoxidase test (IPT), and the immunoblotting test (IBT) is
available for antibody detection.

Requirements for vaccines: At present, there is no vaccine for ASF
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A Deep-Sequencing Workflow for the Fast and Efficient
Generation of High-Quality African Swine Fever Virus
Whole-Genome Sequences

Jan H. Forth, Leonie F. Forth, Jacqueline King, Oxana Groza, Alexandra Hiibner, Ann
Sofie Olesen, Dirk Hoper, Linda K. Dixon, Christopher L. Netherton, Thomas Bruun
Rasmussen, Sandra Blome, Anne Pohlmann and Martin Beer

Abstract

African swine fever (ASF) is a severe disease of suids caused by African swine fever
virus (ASFV). Its dsDNA genome (170-194 kbp) is scattered with homopolymers and
repeats as well as inverted-terminal-repeats (ITR), which hamper whole-genome
sequencing. To date, only a few genome sequences have been published and only for
some are data on sequence quality available enabling in-depth investigations. Especially in
Europe and Asia, where ASFV has continuously spread since its introduction into Georgia
in 2007, a very low genetic variability of the circulating ASFV-strains was reported.
Therefore, only whole-genome sequences can serve as a basis for detailed virus
comparisons. Here, we report an effective workflow, combining target enrichment,
lumina and Nanopore sequencing for ASFV whole-genome sequencing. Following this
approach, we generated an improved high-quality ASFV Georgia 2007/1 whole-genome
sequence leading to the correction of 71 sequencing errors and the addition of 956 and
231 bp at the respective ITRs. This genome, derived from the primary outbreak in 2007,
can now serve as a reference for future whole-genome analyses of related ASFV strains
and molecular approaches. Using both workflow and the reference genome, we generated
the first ASFV-whole-genome sequence from Moldova, expanding the sequence knowledge
from Eastern Europe.

Keywords: African swine fever virus (ASFV); next-generation sequencing (NGS);
whole-genome sequencing; Nanopore sequencing; target enrichment
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Rapid Sequence-Based Characterization of African Swine Fever
Virus by Use of the Oxford Nanopore MinION Sequence Sensing
Device and a Companion Analysis Software Tool

Vivian K. O’ Donnell, Frederic R. Grau, Gregory A. Mayr, Tracy L. Sturgill Samayoa,
Kimberly A. Dodd, Roger W. Barrette

Abstract

African swine fever virus (ASFV) is the causative agent of a severe and highly
contagious viral disease of pigs that poses serious economic consequences to the swine
industry due to the high mortality rate and impact on international trade. There is no
effective vaccine to control African swine fever (ASF), and therefore, effi- cient disease
control is dependent on early detection and diagnosis of ASFV. The large size of the
ASFV genome (180 kb) has historically hindered efforts to rapidly obtain a full-genome
sequence. Rapid acquisition of data is critical for characteriza- tion of the isolate
and to support epidemiological efforts. Here, we investigated the capacity of the Oxford
Nanopore MinION sequence sensing device to act as a rapid sequencing tool. When
coupled with our novel companion software script, the Afri- can swine fever fast
analysis sequencing tool (ASF-FAST), the analysis of output data was performed in real
time. Complete ASFV genome sequences were generated from cell culture isolates and
blood samples obtained from experimentally infected pigs. Removal of the host-methylated
DNA from the extracted nucleic acid facilitated rapid ASFV sequence identification, with
reads specific to ASFV detected within 6 min after the initiation of sequencing.
Regardless of the starting material, sufficient sequence was available for complete
genome resolution (up to 100%) within 10 min. Overall, this paper highlights the use
of Nanopore sequencing technology in combination with the ASF-FAST software for the
purpose of rapid and real-time res-olution of the full ASFV genome from a diagnostic
sample.

KEYWORDS ASFV, African swine fever virus, MinlON, NGS, next-generation sequencing,
Nanopore
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Antigenic Properties and Diagnostic Potential of African Swine
Fever Virus Protein pp62 Expressed in Insect Cells

Carmina Gallardo, Esther Blanco, Javier M. Rodr = 1 guez, Angel L. Carrascosa, and Jose
Manuel Sanchez-Vizcaino

Abstract

African swine fever (ASF) is an infectious and economically important disease of domestic
pigs. The absence of vaccine renders the diagnostic test the only tool that can be used
for the control of new outbreaks of the disease. At present, the enzyme-linked
immunosorbent assay (ELISA) test is the most useful method for large-scale ASF
serological studies, although false positives have been detected, mainly on poorly
preserved sera. In order to improve the current diagnostic test available for ASF, we
have studied the antigenic properties of the ASF virus polyprotein pp62 and its suitability
for use in a novel ELISA. Two well-known antigenic proteins of ASF virus, p32 and p54,
were also included in this study. These proteins were expressed in the baculovirus
expression system and used as antigens in ASF serological tests. Our results indicate that
the use of these recombinant proteins as antigens in the ELISAs improves the sensitivity
and specificity obtained with the conventional diagnosis test used to detect antibodies
against ASF virus. Furthermore, the use of polypro- tein pp62 in an ELISA for testing
poorly preserved sera allows performance of the diagnosis of ASF without the need to
confirm the results by the immunoblot test. These features make pp62 one of the most
interesting viral proteins to be used for serological ASF diagnosis.
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African swine fever: a global view of the current challenge

Ma Carmen Gallardo, Ana de la Torre Reoyo, Jovita Fernandez-Pinero, Irene Iglesias, Ma
Jesus Munioz and Ma Luisa Arias

Abstract

African Swine Fever (ASF) is an important contagious haemorrhagic viral disease
affecting swine whose notification is mandatory due to its high mortality rates and the
great sanitary and socioeconomic impact it has on international trade in animal and swine
products.

This disease only affects porcine species, both wild and domestic, and produces a
variety of clinical signs such as fever and functional disorders of the digestive and
respiratory  systems. Lesions are mainly characterized by congestive-haemorrhagic
alterations. ASF epidemiology varies significantly between countries, regions and
continents, since it depends on the characteristics of the virus in circulation, the
presence of wild hosts and reservoirs, environmental conditions and human social
behaviour. Furthermore, a specific host will not necessarily always play the same active
role in the spread and maintenance of ASF in a particular area.

Currently, ASF is endemic in most sub-Saharan African countries where wild hosts and
tick vectors (Ornithodoros) play an important role acting as biological reservoirs for the
virus. In Europe, the disease has been endemic since 1978 on the island of Sardinia
(Italy) and since 2007, when it was first reported in Georgia, in a number of Eastern
European countries. It is also endemic in certain regions of the Russia Federation, where
domestic pig and wild boar populations are widely affected. By contrast, in the affected
eastern European Union (EU) countries where ASF is currently as epidemic, the on-going
spread of the disease affects mainly wild boar populations located in restricted areas and,
to a much less extent, domestic pigs. Unlike most livestock diseases, no vaccine or
specific treatment is currently available for ASF. Therefore, disease control is mainly
based on early detection and the application of strict sanitary and biosecurity measures.
Epidemiology of ASF is very complex by the existence of different virus circulating,
reservoirs and a number of scenarios, and the on-going spread of the disease through
Africa and Europe. Survivor pigs can remain persistently infected for months which may
contribute to virus transmission and thus the spread and maintenance of the disease,
thereby complicating attempts to control it.

Keywords: African swine fever, Aetiology, Epidemiology, Clinical symptoms, Transmission,
Diagnosis, Prevention, Control strategies
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Neutralizing antibodies to African swine fever virus proteins p30,
po4, and p72 are not sufficient for antibody-mediated protection

J.G. Nellan, L. Zsak, Z. Lu, T.G. Burrage, G.F. Kutish, and D.L. Rock

Abstract

Although antibody-mediated immune mechanisms have been shown to be important in
immunity to ASF, it remains unclear what role virus neutralizing antibodies play in the
protective response. Virus neutralizing epitopes have been identified on three viral
proteins, p30, pd4, and p72. To evaluate the role(s) of these proteins in protective
immunity, pigs were immunized with baculovirus-expressed p30, pb4, p72, and p22 from
the pathogenic African swine fever virus (ASFV) isolate Prd. ASFV specific neutralizing
antibodies were detected in test group animals. Following immunization, animals were
challenged with 104 TCID50 of Pr4 virus. In comparison to the control group, test group
animals exhibited a 2-day delay to onset of clinical disease and reduced viremia levels at
2 days postinfection (DPD); however, by 4 DPI, there was no significant difference
between the two groups and all animals in both groups died between 7 and 10 DPL
These results indicate that neutralizing antibodies to these ASFV proteins are not
sufficient for antibody-mediated protection.
D 2004 Elsevier Inc. All rights reserved.

Keywords: African swine fever virus; Neutralizing antibodies; Viral proteins
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African swine fever (ASF) diagnosis, an essential tool in the
epidemiological investigation

Gallardo C., Fernandez-Pinero J., Arias M.

Abstract

Since there is no vaccine available, prevention, control, and eradication of African
swine fever (ASF) is based on the implementation of appropriated surveillance and strict
sanitary measures. Success of surveillance activities depends on the availability of the
most appropriate diagnostic tests. Although a number of good validated ASF diagnostic
techniques are available, the interpretation of the ASF diagnostic results can be complex.
The reasons lie in the complexity of the epidemiology with different scenarios, as well as
in the characteristics of the viruses circulating giving rise to a wide range of clinical
forms of ASF. This review provides guidance for an accurate interpretation of ASF
diagnostic results linked to the different clinical presentations ranging from per-acute to
chronic disease, including apparently asymptomatic infections.
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Detection of African Swine Fever Virus Antibodies by
Immunoblotting Assay

M.J. Pastor, M.D. Laviada, JM. Sanchez-Vizcaino and J.M. Escribano

Abstract

An immunoblotting assay has been adapted to detect antibodies against African swine
fever virus. The electro-phoretic transfer of proteins and the immunoreaction conditions
were optimized, using 4mA/ cm2 of current intensity and 10 pg of soluble cyto- plasmic
antigen of infected cells per strip. Filters of polyvinylidene difluo- ride showed the
highest capacity for protein absorption, but nitrocellulose filters showed lower
backgrounds. The specificity and the pattern of the proteins induced by African swine
fever virus that react with the antisera were determined in immunoblotting assay, IPJO
being the most reactive protein.
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Lack of evidence for long term carriers of African swine fever
virus - a systematic review

Karl Stahla, Susanna Sternberg-Lewerin, Sandra Blome, Arvo Viltrop, Mary-Louise Penrith,
Erika Chenais

Abstract

African swine fever (ASF) was first described in 1921 as a highly fatal and contagious
disease which caused severe outbreaks among settlers’ pigs in British East Africa. Since
then the disease has expanded its geographical distribution and is currently present in
large parts of Africa, Europe and Asia and considered a global threat. Although ASF is
typically associated with very high case fatality rates, a certain proportion of infected
animals will recover from the infection and survive. Early on it was speculated that such
survivors may act as carriers of the virus, and the importance of such carries for disease
persistence and spread has since then almost become an established truth. However, the
scientific basis for such a role of carriers may be questioned. With this in mind, the
objective of this study was to review the available literature in a systematic way and to
evaluate the available scientific evidence. The selection of publications for the review
was based on a database search, followed by a stepwise screening process in order to
exclude duplicates and non-relevant publications based on pre-defined exclusion criteria.
By this process the number of publications finally included was reduced from the 3664
hits identified in the initial database search to 39 publications, from which data was then
extracted and analysed. Based on this it was clear that a definition of an ASF virus
carrier is lacking, and that in general any survivor or seropositive animal has been
referred to as carrier. It was also clear that evidence of any significant role of such a
carrier is absent. Two types of “survivors” could be defined: 1) pigs that do not die
but develop a persistent infection, characterised by periodic viraemia and often but not
always accompanied by some signs of subacute to chronic disease, and 2) pigs which
clear the infection independently of virulence of the virus, and which are not persistently
infected and will not present with prolonged virus excretion. There is no evidence that
suggests that any of these categories of survivors can be considered as “healthy”
carriers, ie. pigs that show no sign of disease but can transmit the virus to in-contact
pigs. However, localized virus persistence in lymphoid tissues may occur to some extent
in any of the categories of survivors, which in theory may cause infection after oral
uptake. To what extent this is relevant in reality, however, can be questioned given the
virus dose generally needed for oral infection.
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Review of the sylvatic cycle of African swine fever in sub-Saharan
Africa and the Indian ocean

F. Jori, L. Vial, ML. Penrith, R. Pérez-Sanchez, E. Etter, E. Albina, V. Michaud, F. Roger
Abstract

African swine fever (ASF) is a major limiting factor for pig production in most of the
countries in Sub- Saharan Africa and the Indian Ocean. In the absence of vaccine, a
good understanding of the ecology and epidemiology of the disease is fundamental to
implement effective control measures. In selected countries of Southern and East Africa,
the association between Ornithodoros moubata ticks and warthogs has been described in
detail in the literature. However, for many other countries in the region, information
related to the sylvatic cycle is lacking or incomplete. In West African countries, for
instance, the role of wild pigs in the epidemiology of ASF has never been demonstrated
and the existence and potential impact of a sylvatic cycle involving an association
between soft ticks and warthogs is questionable. In other countries, other wild pig species
such as the bushpigs (Potamochoerus spp.) can also be asymptomatically infected by the
virus but their role in the epidemiology of the disease is unclear and might differ
according to geographic regions. In addition, the methods and techniques required to
study the role of wild hosts in ASF virus (ASFV) epidemiology and ecology are very speci
fic and differ from the more traditional methods to study domestic pigs or other tick
species. The aim of this review is (i) to provide a descriptive list of the methodologies
implemented to study the role of wild hosts in African swine fever, (i) to compile the
available knowledge about the sylvatic cycle of ASFV in different regions of Sub-Saharan
Africa and the Indian Ocean in addition to the one that has been described for East and
Southern Africa, and (iii) to discuss current methodologies and available knowledge in
order to identify new orientations for further field and experimental surveys.
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THE EPIDEMIOLOGY OF AFRICAN SWINE FEVER: THE ROLE OF
FREE-LIVING HOSTS IN AFRICA

G. R. THOMSON, Veterinary Research Institute, Onderstepoort OlIO

Abstract

THOMSON, G. R., 1985. The epidemiology of African swine fever: The role of
free-living hosts in Africa. Onderstepoort Journal of Veterinary Research, 52, 201-209
(1985).

The known distribution of African swine fever (ASF) virus in Africa is reviewed in
relation to the distribu- tions of its free-living hosts as are the infection rates of these
species in different localities in southern Africa. Mechanisms by which ASF virus is
maintained in its sylvatic state and ways in which the infection may enter domestic pig
populations are discussed.
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Review of African swine fever: transmission, spread and control

M-L Penrith and W Vosloo

Abstract

African swine fever is one of the most important and serious diseases of domestic pigs.
Its highly contagious nature and ability to spread over long distances make it one of the
most feared diseases, since its devastating effects on pig production have been
experienced not only in most of sub-Saharan Africa but also in western Europe, the
Caribbean, Brazil and, most recently, the Caucasus. Unlike most diseases of livestock,
there is no vaccine, and therefore prevention relies entirely upon preventing contact
between the virus and the susceptible host. In order to do so it is necessary to
understand the way in which the virus is transmitted and spreads. By implementing strict
biosecurity measures that place barriers between the source of virus and the pigs it is
possible to prevent infection. However, this has implications for free-ranging pig
husbandry systems that are widespread in developing countries. Attempts to produce a
vaccine are ongoing and new technology offers some hope for the future, but this will
not remove the necessity for implementing adequate biosecurity on pig farms.

Keywords: African swine fever, biosecurity, control, prevention, transmission.
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Pathogenesis of African swine fever in domestic pigs and European
wild boar - Lessons learned from recent animal trials

Jutta Pikalo, Laura Zani, Jane Hiihr, Martin Beer, Sandra Blome
Abstract

Over the last decade, African swine fever (ASF) has changed from an exotic disease of
Sub-Saharan Africa to a considerable and serious threat to pig industry in Central Europe
and Asia. With the introduction of genotype II strains into the European Union in 2014,
the disease has apparently found a fertile breeding ground in the abundant wild boar
population. Upon infection with highly virulent ASF virus (ASFV), a haemorrhagic fever
like illness with high lethality is seen in naive domestic pigs and wild boar. Despite
intensive research, virulence factors, host-virus interactions and pathogenesis are still far
from being understood, and neither vaccines nor treatment exist. However, to better
understand the disease, and to work towards a safe and efficacious vaccine, this
information is needed. The presented review targets the knowledge gained over the last
five years with regard to ASF pathogenesis in the broader sense but with a focus on the
pandemic genotype II strains. In this way, it is designed as an update and supplement to
existing review articles on the same topic.
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African swine fever: Update on Eastern, Central and Southern
Africa

Leéopold K. Mulumba-Mfumu, Claude Saegerman, Linda K. Dixon, Kapanga C. Madimba,
Eric Kazadi, Ndeji T. Mukalakata, Chris A. L. Oura, Erika Chenais, Charles Masembe, Karl
Stahl, Etienne Thiry, Mary Louise Penrith

Abstract

Control of African swine fever (ASF) in countries in Eastern, Central and Southern Africa
(ECSA) is particularly complex owing to the presence of all three known epide- miological
cycles of maintenance of the virus, namely an ancient sylvatic cycle involv- ing the
natural hosts and vectors of the disease as well as domestic cycles with and without
involvement of natural vectors. While the situation is well documented in some of the
countries, for others very little information is available. In spite of the unfavourable ASF
situation, the pig population in the subregion has grown exponen- tially in recent decades
and is likely to continue to grow in response to rapid urban growth resulting in
increasing demand for animal protein by populations that are no longer engaged in
livestock production. Better management of ASF will be essential to permit the pig sector
to reach its full potential as a supplier of high quality protein and a source of income to
improve livelihoods and create wealth. No vaccine is cur- rently available and it is likely
that, in the near future, the subregion will continue to rely on the implementation of
preventive measures, based on the epidemiology of the disease, to avoid both the
devastating losses that outbreaks can cause and the risk the subregion poses to other
parts of Africa and the world. The current situation in the ECSA subregion is reviewed
and gaps in knowledge are identified in order to support ongoing strategy development
for managing ASF in endemic areas.

KEYWORDS

African swine fever, Central Africa, Eastern Africa, epidemiology, knowledge gaps,
management, pig production, socio-economic impact, Southern Africa
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African swine fever virus eradication in Africa

Mary-Louise Penrith, Wilna Vosloo, Ferran Jori, Armanda D. S. Bastos

Abstract

African swine fever was reported in domestic pigs in 26 African countries during the
period 2009 - 2011. The virus exists in an ancient sylvatic cycle between warthogs
(Phacochoerus africanus) and argasid ticks of the Ornithodoros moubata complex in many
of the countries reporting outbreaks and in two further countries in the region.
Eradication of the virus from the countries in eastern and southern Africa where the
classic sylvatic cycle occurs is clearly not an option. However, the virus has become
endemic in domestic pigs in 20 countries and the great majority of outbreaks in recent
decades, even in some countries where the sylvatic cycle occurs, have been associated
with movement of infected pigs and pig meat. Pig production and marketing and ASF
control in Africa have been examined in order to identify risk factors for the
maintenance and spread of ASF.

These include large pig populations, traditional free-range husbandry systems, lack of
biosecurity in

semi-intensive and intensive husbandry systems, lack of organisation in both pig
production and pig marketing that results in lack of incentives for mvestment in pig
farming, and ineffective management of ASF. Most of these factors are linked to poverty,
yet pigs are recognised as a livestock species that can be used to improve livelihoods
and contribute significantly to food security. The changes needed and how they might be
implemented in order to reduce the risk of ASF to pig producers in Africa and to the
rest of the world are explored.

Keywords: African swine fever; Asfivirus; domestic pigs; management; sub-Saharan Africa;
sylvatic cycle
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African swine fever: how can global spread be prevented?

Solenne Costard, Barbara Wieland, William de Glanville, Ferran Jori, Rebecca Rowlands,
Wilna Vosloo, Francois Roger, Dirk U. Pfeiffer and Linda K. Dixon

African swine fever (ASF) is a devastating haemorrhagic fever of pigs with mortality
rates approaching 100 per cent. It causes major economic losses, threatens food security
and limits pig production in affected countries. ASF is caused by a large DNA virus,
African swine fever virus (ASFV). There is no vaccine against ASFV and this limits the
options for disease control. ASF has been confined mainly to sub-Saharan Africa, where
it is maintained in a sylvatic cycle and/or among domestic pigs. Wildlife hosts include wild
suids and arthropod vectors. The relatively small numbers of incursions to other
continents have proven to be very difficult to eradicate.Thus, ASF remained endemic in
the Iberian peninsula until themid-1990s following its introductions in 1957 and 1960 and
the disease has remained endemic in Sardinia since its introduction in 1982. ASF has
continued to spread within Africa to previously uninfected countries, including recently
the Indian Ocean islands of Madagascar andMauritius. Given the continued occurrence of
ASF in sub-Saharan Africa and increasing global movements of people and products, it is
not surprising that further transcontinental transmission has occurred. The introduction of
ASF to Georgia in the Caucasus in 2007 and dissemination to neighbouring countries
emphasizes the global threat posed by ASF and further increases the risks to other
countries.

We review themechanisms by which ASFV ismaintained within wildlife and domestic pig
populations and how it can be transmitted. We then consider the risks for global spread
of ASFVand discuss possibilities of how disease can be prevented.

Keywords: African swine fever; molecular epidemiology; transmission; arthropod vectors;
pigs
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Call for action

African swine fever (ASF) is an infectious
disease of domestic and wild pigs. The
number of countries or territories affected by
ASF has increased in recent yvears, with
netifications from countries in Sub-Saharan
Africa, Europe and Asia.

Recognising the current heightened global
risk to all countries, and the significant
impact of the disease on animal health and
welfare, food security, national and global
economies, rural development and social and
political behaviour, an appeal was made at the
87th General Session of the World Assembly
of Delegates of the World Organisation for
Animal Health (OIE) for a global initiative to
control ASF,

Resolution No. 33 of the 87th General

Session recognised the complexity of ASF,
the response to which requires multi-
sectoral and multi- institutional cooperation.
It also noted the long-standing collaboration
between the Food and Agriculture
Organization of the United Nations (FAD) and
the OIE in supporting their membership in the
management of animal health related risks.
The Resolution identified the key roles to be
played by countries, the FAO and the OIE in
the global control of ASF. This included the
need for ASF to be considered as a disease that

requires adequate risk management through
development and refinement of national
control programmes, and the need to

recognise risk communication as a crucial
component of effectively addressing risk
pathways and high-risk practices.

Countries were also encouraged to maintain
transparency through timely disease
notification and manage risks by
implementing the international standards in
relation to zoning, compartmentalisation and
applying commodity-based trade measures.

The Resolution tasked the OIE with working
in collaboration with FAO to launch an
initiative for the global control of ASF. The
FAO/OIE Global Framework for the
Progressive Control of Transboundary Animal
Diseases (GF-TADs) was identified as the
appropriate platform to develop and promote
national, regional and global partnerships,

to strengthen prevention and preparedness
measures, and to minimise the adverse
impacts of ASF on the health and welfare of
pigs and on international trade.

The FAD and the OIE are to identify and define,
in compliance with the relevant international
standards and guidelines, the guiding
principles and success factors required for the
global control of ASF. This will include support
mechanisms to improve the capability of
countries to control ASF, improve
coordination and cooperation of key stake-
holders from the private and public sector, and
minimise the consequences of ASF through
business continuity.
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Strategic challenges to the global control of ASF

African swine fever has never been sowide-
spread and the scale of the national and
regional challenges to control* ASF should not
be under-estimated. It will require long-term
commitment by all involved to tackle this
global threat.

Despite this daunting and complex challenge,
the global control of ASF is feasible, but
unlikely to be successful and sustainable
without determined national efforts. Control
measures should be coordinated at the
regional and global levels and embedded into
supra-national frameworks that consider the
diverse socio-cultural, geographical, political
and economic needs and characteristics of

each region. This should be achieved through
engagement with a broad range of
international, regional and national agencies,
as well as stakeholder organisations, with the
public and private sectors workdng in close
coordination and with aligned objectives.

International standards for the control of
ASF already exist, as does expertise to support
implementation. However, the major gap that
has, to date, prevented effective and efficient
international, regional and national control is
the difficulty of implementing these
international recommendations under the
diverse and challenging scenarios that
countries face.

The major factors that increase the risk of spread are
livestock management systems with inadequate biosecurity
measures, and human behaviour.

* "Control" is defined as to either prevent, respond or eradicate, depending on the national or regional situation.

I
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Access to adequate and sustainable resources to implement

the recommended measures on preparedness, prevention,

detection and control, will be a challenge to many countries
and will require support from development partners.

The major factors that increase the risk of
spread in such scenarios are livestock
management systems with inadequate bio-
security measures, and human behaviour.
Many countries struggle to effectively
implement control measures for livestock
diseases due to shortcomings of their
Veterinary Services. On many occasions, this is
linked to a lack of political support and long-
term investment, inadequate consideration of
the perspectives of diverse stakeholders, and
policies based on insufficient crisis
management strategies that are unable to
effectively implement, coordinate and sustain
the required activities and resources. Support
is needed to enable effective operational
implementation of existing standards by these
countries and to provide expert knowledge
using multi-disciplinary approaches adapted
to the national situation.

Failure or inability to adapt to varying
epidemiological scenarios increases the
importance of research and development
activities to provide not only new or improved
tools and methods, but also knowledge and
information that can help to better control
ASF, or lead to fresh approaches to tackle
problems in long-standing endemic scenarios.

The lack of an effective vaccine is another
well-recognised gap in the control of ASF and
coordinated research and development
programmes are needed for the development
of safe and efficient vaccines. Other needs
include improved diagnostic tests, and the
production of appropriate technical guidelines
to tackle new and growing issues that are
being identified as countries struggle to
respond to ASF outbreaks.
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Knowledge gaps in several critical areas
will have to be addressed through studies
for which assistance and support need to be
provided. Important gaps include: the
epidemiology of ASF in wild pigs; the role of
ticks; understanding national and regional
pig value chains; the effects of ASFin
ditferent pig production systems; and the
socio-economic impact of the disease and
control measures.

Identifying regional specificities and
differences within the pig sector (e.g. highly
industrialised, small holders, free ranging,
etc.) and timely exchange and dissemination
of information and best practices are crucial
tobuilding and implementing science-based
national and regional control sirategies.
Establishing regional Standing Groups of
Experts on ASF (SGEs-ASF) under the
umbrellaof GF-TADs can promote such
exchange amongriskmanagers and inter—
national and national experts and facilitate
regional and global coordination of disease
control policies and strategies. The emphasis
ontherelianceof all Members on inter-
national and regional solidarity and
cooperation inthe face of transboundary
diseases is supported through such
mechanisms.

Access to adequate and sustainable resources
toimplement the recommended measures on
preparedness, prevention, detection and
control, willbeachallenge for many
countries and will require support from
development partners.

The GF-TADs initiative for the global control
of ASF aims to tackle the strategic challenges
toeffectively address the mandate given to
the OIE and FAO by defining the objectives
and providing the structure for specific
outputs and outcomes to be achieved for the
globalcontrol of the disease.
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Governance

The GF-TADs is an effective framework to
fight transboundary animal diseases such as
ASF, as it fosters regional alliances by
providing guidelines, direction and
coordination among Members and partners.
GF-TADs could also provide opportunities for
synergies with existing global and regional
control and eradication strategies for other
TADs that are already in place under this
framework, such as on-going activities on
surveillance, biosecurity and outbreak
Tesponse.

At the global level, the GF-TADs Global
Steering Committee will provide guidance on
the initiative for the global control of ASF and
on related activities of global relevance to be
implemented by the GF-TADs Global
Secretariat through the joint FAQ/OIE
GF-TADs ASF Working Group and under the
supervision and agreement of the GF-TADs
Management Committee.

The GF-TADs Global Steering Committee
provides strategic direction to the GF-TADs
Regional Steering Committees and facilitates
collaboration and cooperation between the
global and regional levels. At the regional
level, the GF-TADs Regional Steering
Committees ensure coordination of the work
plan activities with the support of the
GF-TADs Regional Secretariats. The GF-TADs
Regional Steering Committees provide a
strategic link to national Veterinary Services
and their national control programmes, as
well as to regional stakeholder and expert
networks that must be enlisted as
implementation partners for successful
regional and national control.

The Regional and Sub-Regional FAO and OIE
Representations will be critical in overseeing,
coordinating and advancing the
implementation of the GF-TADs initiative for
the global control of ASF and related regional
strategies and operational plans.
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Monitoring and evaluation

Objectives of the proposed interventions form
the basis for the Global Initiative's monitoring
and evaluation (M&E) efforts. Indicators at the
output and outcome levels are developed and
used to measure progress and level of achieve-
ment, and to provide assurance to the
developing partmers and countries.

Monitoring of indicators at the output level
will be continually ensured by FAC and OIE,
with bi-annual M&E reports. The plausibility
of output—outcome relations will be critically
reviewed and progress along outcomes will be
assessed before the annual reporting of the
Global Initiative. Evaluations of the Global
Initiative along the Organisation for Economic
Co-operation and Development's (OECD)
Development Assistance Committee (DAC)
Evaluation Criteria* will be conducted on a
triennial basis. Recommendations from the
evaluations will, among others, inform
revision of the Global Initiative's Theory of

Change and Logic Framework.

+  Relevance, Effectiveness, Efficiency, Impact, Sustainability.

Monitoring of progress and determination of
performance indicators adapted to the
regional situation will be provided by the
GF-TADs Regional Steering Committees to the
Regional and Global Secretariat for effective
field, laboratory and epidemiological
evaluation of disease events and conftrol
efforts.

The GF-TADs website willbe used as a
centralised reporting mechanism, linking to
activities reported on FAD and OIE websites
as necessary. An ASF webpage on this website
will be created, with a structure reflecting the
objectives, outcomes and outputs listed in the
Theory of Change, ensuring all the associated
resources produced through this GF-TADs
initiative are readily accessible, including
plans and progress reports.
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Theory of change

The Theory of Change states the problem, defines the goal, identifies the key success factors, and
outlines the objectives and corresponding outputs. African swine fever is a global threat to
animal health and food security with negative socio-economic impacts. Although control is
feasible with the current risk mitigation tools, success will inevitably require strong national
leadership supported by regional and global coordination.

Goal and purpose

The goal is defined as achieving global control of ASF, which would be determined based on the
combination of the following criteria:

No new countries affected by ASF @ Decline in the number of ASF cases

et & ¥
9 ﬁ:ﬁéﬁﬁgumbﬂ of countries @ Reduced losses due to ASF

N

Achieving the goal requires a long-term national and international commitment. Although
meeting all the criteria may not be possible in the short term, continuing to meet some of these
criteria anmually would indicate improvement of the global situation, which would in turn
provide the necessary motivation and justification to maintain commitment to the initiative.

The global control of ASF will protect the health and ensure the welfare of both domestic and
wild pigs, will ensure business continuity and will contribute to the achievement of the
Sustainable Development Goals, in particular the alleviation of poverty (SDG 1) and hunger
(S5DG 2).

Key factors for success

The following key success factors need to be carefully considered for sustainable global control
of ASF:

An intelligence framework that enables Operational and technical capability to
gathering and management of disease implement the international standards and
intelligence data and information to address guidelines;

gaps in understanding ASF;

Risk communication to strengthen Resources that are adequate and sustainable.

commitment and cooperation of stakeholders;

These cross-cutting factors will be addressed through the objectives, outcomes and outputs
defined in the theory of change.

- 263 —



Objectives
Three objectives are defined to achieve outcomes that could be described as pre-conditions for

achieving the goal of global control of ASF. These objectives form the logic framework under
which the outcomes and cutputs are defined, and the operational plan of activities is established.

® Objective 1. Improve the capability of countries to control (prevent, respond,
wv" eradicate) ASF using OIE standards and best practices that are based on the latest

sclence.

Objective 2. Establish an effective coordination and cooperation framework for the
94
_ global control of ASE.

@ Objective 3. Facilitate business continuity.

Outcomes and outputs

The outputs from the activities that will lead to intermediate and final outcomes are defined as
follows.

Figure 1. Outcome 1: Capability of countries to control ASF is improved

1.1. Systematic evaluation of the capability of LLI Issesu{ﬂmnaﬁunalguf qg and
Veterlnary Services, in particular to control ASF e e -
1.2. Provision of technical guidelines, tools and 1.2. Improved capability to conduct risk
tralning on ASF risk assessment assessment
1.3. Proviston of technical guidelines, tools and 1.3. Improved capability to conduct risk
tralning on ASF risk management management
1.4. Provision of tools, training and schemes
that target diverse audiences, including policy ; ;
makers, based on 3 clear understanding of the 54 TnpeovCCpmilily i conhics ol
behaviours that must change In order to effect
control
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Figure 2. Outcome 2: Regional and global coordination and cooperation to control ASF is
improved

2.1. Mechanisms to facllitate immediate 2.1. Disease Information 1s submitted in a
notification, collection and dissemination of transparent and timely manner, and 1s
disease information accurate, up to date and readily accessible
Yine facilltated 1 2.2. Effective regional and global expert
xg—TADsanﬂ other relevant frameworks TR SEDERRIIETE SRise-Sertaral
coordination and cooperation
2.3. Development agencies and technical
2.3. Project proposals are developed and partners recognise the values of ASF control
implemented constdering synergies among and actively participate in relevant acttvities,
different initlatives with appropriate financtal and technical
support
2.4, Support activities to promote ASF global 2.4. ASF global research 1s active and
research networks coordinated to address sclentific needs

Figure 3. Outcome 3: National, regional and international trade of pigs and their products,
based on international standards and guidelines, is facilitated

3.1. OIE standards for safe trade are developed
and revised based on latest sclentific

3.1. Internattonal standards for safe trade are

; and o i well-understood, accepted and promoted
3.2. Technical guidelines for the effective )

ard 3.2. International standards are
iuplennyakion of it iihal : S implemented effectively

safe trade

The steps in the theory of change are translated into a Logic Framework that describes the
outputs and indicators, which will lead to the intermediate and final outcomes for each of the
objectives.

The Operational Plan defines the specific activities implemented under the GF-TADs, which will

enable the various outputs that lead to the intermediate and final outcomes to be achieved. The
operational plan will be updated biannually in coordination with FAQ and the OIE.
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Reduced losses due to ASF

* The goal 1s achieved by meeting the four defined criteria. Moeting some of tha

Outcomes
Dutcome 1 Dutcome 2
Capabiiity of countries to control ASF is Regional & global coordination and
tmproved cooperatisn is Improved

+ Diseasze information is transparent, accurate,
up to date and acceszible

= Improved enderstanding of strengths and
weaknesses of the Veterinary Sarvices to

control ASF + Effective regional & global expert networks
« Improved capability to conduect risk strengthen inter-sectoral coordination &
assessment cooperation
= Improved capability to conduect risk » Development agencies and technical
Mmanagement partners recognise values of ASF control and
= Improved capability to condect risk provide financial & technical support
communication + ASF global research is active and

coordinated, addressing needs

Outputs

* Mechanism to facilitate notification,
collection and dissemination of diseasa
information

+ Expert networking facilitated through
GE-TADs and relevant frameworis

* Project proposals developed and
implemented considening synergies
among different initiatives

* Evaluation of capability of Veterinary
Services to control ASE

+ Provision of technical guidelines, tools and
training on risk assessment

+ Provision of technical guidelines, tools and
training on risk management

* Provision of tools, training and schemes
on risk communication that target diverse

arta would indicate prograss i achieving gioba

Ourtcome 3

Matlonal & intemational rade basad on
intemational standards and puldetines i facilttated

= International standards for safe trade are
understood, accepted and promoted

+ International standards are implemented
effectively

A

+ DIE standards for safe tradedeveloped and
revised based on tatest scientific
information, and promotion efforts

+ Technical guidelines provided for the
effective implementation of international
standards for safe trade

ausdiences * Support activities to promote ASF global
research networks
QObjectives
Objective 1 Objective 2 Objective 3
Improve capahility of Establish effective coordination and Facilifabo bt
countries to control ASF ** cooperation framework ity

Key factors for success
Capability

sirong veterinary services,
technical competency

Intelligence framework
disease intelligence,
information management

Risk communication
strong commitment and
coopeTation

** Defined as to elther prevent, respond or erzdicate, depending on the natonal or regional slfuation

Resources
adequately available and
sustainable

LA AL bt g alaht RAb b d ol ad t S bal el d Bl ndnd i e i S h ot d
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Problem Statement

ASF is a global threat to food security with negative
socio-economic impact. Although conirol is feasible,
success requires regional and global coordination.
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