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Review on the necessity of boarder quarantine to prevent
introduction of salmonid alphavirus into Korea

Jinha Yu' and Jaebum Cho

Quarantine and Inspection Division, National Fishery Products Quality Management Service (NFQS)

Infection with salmonid alphavirus (SAV) is a serious disease that mainly affects rainbow trout
(Oncorhynchus mykiss) and Atlantic salmon (Sa/mo salar L.) reared in seawater or freshwater. SAV
is prevalent in European countries including Norway that exports rainbow trout and Atlantic salmon
to Korea. Consequently, SAV was listed as a disease notifiable to the OIE and many salmonid-
producing countries either designate SAV as their notifiable disease or do research on the development
of diagnosis and epidemiology to reduce the possibility of SAV infection. Unlike other salmonid-
producing countries, SAV is not listed as a notifiable disease in Korea, thereby arousing concern
that SAV will get into the country through the importation of live salmonids. Under the circumstance,
Korea needs to have a legal basis to take much stricter follow-up measures, including listing SAV
as a notifiable disease, establishing surveillance system based on OIE standards to declare Korea
free from SAV, killing infected fish and conducting fallow system against affected farms.
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Ao o] datulo] 2~ 7 S (infection with sal-
monid alphavirus)& E7}H}o] & 2x(Togaviridae) 3+
(family) &3}uFo] 2 2x(genus Alphavirus) o &1
7= RNAHRO| 212~ o 93] A s = dw o)
THOIE 2018). doj2] &ubuto] 2] ~(SAV) ZEF
£ 19763 2~ FE W= (Scotland)o A 8 k2]
Ql WA FAA(Salmo salar LYANA HzZE &4
o] 7 (pancreas disease, PD)°]2H= WHH O 2
Fom, o] F 1994 Lol A il F-A 7S
oy (Oncorhynchus mykiss)®ll &3}y 4=HH (sleep-
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ing disease, SD)°]|2t= ol F 2% EEA HIAH
(Boucher et al., 1995; McLoughlin & Graham, 2007,
Jansen et al., 2010). A|AF =X 7 7] FOIE)l A=
2], (=IZENE, YW, FoldA
T), Ik, R0t} olgg, 5, ofdAME,
EUE, 299, 29 2F SAVHES EHFoR
A3k ATHOIE, 2018). E=3 HZolEs L2E
ol A 2l FA ZEw 7 (Salvelinus alpinus)l
M= SAVHESol 4" Aow FAFHUG
(Lweisch et al., 2018). 52 SAV ZHgl o3+
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o] 201430 OIEAH o8 A AP oH, o5 &
HE OIEU=E2 SAVHETOEZRE FHT
=7F AY, FHOZRE] Aol o] {Fo mHo]
o]Fold F JAEF Akl Ut ] FFakitol
A BES 20179 F4kE FYEA LR REAS
of MEW, dojF olf HWH|, Al o=
B8 9K(30,272 ton/$295,433,000)0] U= AL ©]
= 20168 = FUETFQ27,537 ton) E FUEA
($256,377,000) th¥l 22} 9.9%, 15.2% 53k X
ol o]t FF 8l FU FAHE AMFavt

IFFo 2 HEEE 9

(A EFARE REx7 2017). HHH] FHFAE
FHAHde FAEHFEEFEREY AT
ZEA2=HL 2018)0 W2, 2009dFE 2017
7HA FHE AR doldles Aol ol Fe BT
Wt eh(eyed egg) FENE -2 o (Oncorhynchus ki-
sutch), FANEA7F FUE Fo] o] Foix
gon, 8EE FRAMLOE F2(0]48) B
o7 wado] u dulzd, TFA FYo] o
FO] A tH(Table 1). o]AH =2 Ao} o Fof
ek 2 A EEst A EolAL AL, o)
71535 FZA717] f8l Aol o] /o ol
A F7leta o, s Aol o/ FA7le
M3} ik ST 58 8l FEF] &2 F5 9

A SHE FAA Aol o 7] ol oyt
AL A= R SolA, @A eyl AAlskar
J= Aol o Foll tig AY2A= vFT Uol
o &, FEiuEs Aot ofFol tie A
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with infectious salmon anaemia virus), H}o] 2] 23 &
A 7)) & Z(viral haemorrhagic septicaemia), 3443
Z 38 7] 3 A (epizootic haematopoietic necrosis)ll
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o] F& HI7IEHFE Fo] o] FoA 1 YFAE
ETstal FYAY tid Ao R A E A
%ok, fElvtele Aol o]/ Fdol W& SAvVe
U 79 7hsAdol 4 &A1 Ut o] ot
2t & A7elA s SAVEE S 54, SAVEE S

N
Fo
U,
of
Hl
4
[>
2l
i
=)
Iyl
ol
re
2
:\_l‘
0"
=i
N
>

o2

=7ke] SAVZFE el ek oA
Al gYsteoF & SAVel i =
HAAES AES S U SAVEE =9

dAd =29 Dol tsf 7

rol
o
>

ol
ofy
e

i

18

%e,

\i7)
i T
oj -2
2o © g

I @
W o
P‘l',

&

R

r

°

=
s =
SAVE &l g gepoll A Al Eo] Thsste, B
U Sl I o] Fol A B FHHS
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Graham et al. (2007)2 SAVE 7] (organic loads)
o] B el st F o mE AES
T oY, o] F FFRTE oA AT F
QF A Eo] 7HeEE Feg vk vk E3 Stene
et al. (2015)2 Ao o F ARA A W=
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Table 1. Annual importing volume of live salmonid fish from 2009 to 2017

Annual importing volume of live salmonid fish (kg)

Species Origin
2009 2010 2011 2012 2013 2014 2015 2016 2017
US 359 123 165 134 89 155 223 305 303
. DEN 13 20 175 134 163 152 75
Rainbow trout
AUS 80 100
NOR 38
Coho salmon CAN 32 50 61 129
Atlantic salmon NOR 34 65 30

US, United States; DEN, Denmark; AUS, Australia; NOR, Norway; CAN, Canada.



H ¥} 9 Th(Andersen et al., 2007; McLoughlin and
Graham, 2007; Graham et al., 2012). SAVZ & 52
¥ & (prevalence)S U™ A Avith thefsich
A fAo] FAFe A, Il Al S 9
70~100% T fFHEES Hols 202 delA
2 THGraham et al., 2010). SAVOl &3+ H AL-&-2)
739, SAVH-Z & (subtype, genotype)oly A, o
F, A d FAAe] 2l A 2B (biosecurity sys-
tem) S°l w2t & F Jou FH HARE
(cumulative mortality)& T 50%FF7A YERG
I, HARE o 1504 25744 A&E F Qe
Aoz 4 AtH(Graham et al, 2003; Rodger
and Mitchell, 2007; Ruane et al., 2008; Jansen et al.,
2010; Bang Jensen et al., 2012; Jansen et al., 2014;
Stene et al.,, 2014). Andersen et al. (2007)< SAV
72 671 o] F Hdopde o FolME AEHUF
< B, olo] whet Zdd ofRES AR
o] ¥7] A7tAE SAVE B#3tal Y& AS=E
B3 9lti(Jansen et al., 2010a and 2010b).

ol

rlo

ZE7|5

A7EA Aol wEd, SAVE] A5 FF
(susceptible host)2 FHAA HAAHOE FQ3
FAUY o 7 A FA, FANE], ZAE
o|(Salmo trutta L)= ¥ A At SAVZFE 7] 2ol

s A=, A4 P (field observation) 5 THFE
TE B3 ASEHUF] MANA ANA P2 A
3} 5 = 4% % 3}(horizontal transmission) FEE X
A1 H(Grhnam et al. 2007 and 2011; Kristoffersen et
al., 2009; Vilijugrein et al., 2009). Kongtorp et al.
(2010)2 tiAF Aol E dFoE SAVEEAE S
ANEFon, 423 FRAHAAN AL Z
A el 52 A F(vertical transmission)= 2 F
Homi WARA 282 FANYTE oD
SAVE] Aut= ZFEE o 79 o]Fol o3 Ho=
LA glenl, olololE +F 9 BAH AT
[e)

Azt 24 5 Be $47 L Bel 89T

B dade ot u 59

= B9l = Aoz gH A JtiAldrn et al.,
2010; Kristoffersen et al., 2009; Vilijugrein et al.,
2009). 7 SAVHHE ATFEH S0 WEH, SAV
Zdasol e FAES A AR Fol#el A
YUXAl Bkl E o] (Lepeophtheirus salmonis)2] &
o] BAY A Y9437 A5 (infection with infec-
tious pancreatic virus: IPN)©] R E AL&] 7} A
| 2o o3 a4Ec] SAVHES T &
Ho] A& Ze® FA3FI AUt (Bang Jensen et
al., 2012). Petterseon et al. (2009)= =°] o4 SAV
7 AZR Aol Yo, B @5 Fronel
AdaodFol tsi A ok A ASHA Ak
< 93w ok

SAVe| RHHE

SAV A (genome)= TH 7S] RNAE 271
2] ORF (open reading frames)E 7}A|aL )01, o]
FARE F 4719] FBA =(capsid) TN A (EL, E2,
E3, 6K)# 4719 B2 2 (nsP1, nsP2, nsP3,
nsP4) 2 5 3tE o] It} o] T FEH ALl E2
oF vl FZTh Al nsP39] M4 HIIAFoll 712
st SAVE F o7l FAE R UHI AT
(Fringuelli et al., 2008). SAV 1& Holdal=o} »~
SEDCAA A T hAgFolo] W A
o] AR dHA AL, SAV 2= ZF
T(YEAE, 23EAE), 5, olgd, =7
EAE, 292, Agclelo}, o xET o} A
AT PR o] e mEr] FEw el A
A2 &2 A JThBoucher and Baudin-Laurencin,
1996; Castric et al., 1997; Graham et al., 2003 and
2007; Bergman et al., 2008; Smrzli¢ et al., 2013;
Borzym et al., 2014; Schmidt-Posthaus et al., 2014;
Jansen et al., 2017; Lewisch et al., 2018) SAV 2+
A 24 8 SAV(SAV 2 FW)¢ 4 f8l
SAV(SAV 2 MW)E FEEF 1 It} SAV 2 FW+=
GollA & SR FAMF O TS do
7= Hpolg] 2E, SAV 2 MW= 3ol A ALS &
A F AofollA A= SAVEES ] H<l
A2 G833 A Th(Deperasinska et al., 2018). SAV
3 2o thAFA] Ao HxE A
Hof, 2 go]o] o duputole] 2 TEFe]

M 2 of o}
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Table 2. Salmonid alphavirus (SAV) subtypes (genotypes) in different countries

Subtype Disease Host (origin) Country
SAV 1 PD Atl.antlc salmon (sca water) Ireland, Northern Ireland, Scotland
Rainbow trout (fresh water)
SAV 2
SAV 2 (FW) SD Rainbow trout (fresh water) France, Scotland, England, Germany, Italy,
Atlantic salmon (sea water) Spain, Poland, Switzerland, Croatia, Austria
arctic char (fresh water)
SAV 2 (MW) PD Atlantic salmon (sea water) Norway, Scotland
SAV 3 D Rainbc.)w trout (fresh water) Norway
Atlantic salmon (sea water)
SAV 4 PD Atlantic salmon (sea water) Ireland, Northern Ireland, Scotland
SAV 5 PD Atlantic salmon (sea water) Scotland
SAV 6 PD Atlantic salmon (sea water) Ireland

1A 2 ¥e A thHodneland et al., 2005). SAV
4, SAV 5, SAV 6= 2FEWME9} ofd U= 3o
Al g FQ A A A S Yozl Al
A= BF5 3 A H(Fringuelli et al., 2008). SAV-F
APE NG HEZE Table 29 2t}

Holstd EY
SAVel| ZEH o F

S U 52 fEE A @

— Y ==

mpA] o F7F S FHekal A=

Fi ol &
U 7H7E] vl AA" JHE e EES Ko
Al B THBorzym et al., 2014) (Fig. 1). |23 &

bl
=29 y_o]‘— gole %1_24& _'_r,:_i A v
A

Fig. 1. Rainbow trout fry (Oncorhynchus mykiss) natu-
rally infected salmonid alphavirus subtype 2 (left)
(McLoughlin & Graham 2007) and one-year-old rain-
bow trout experimentally exposed to sleeping disease
virus (right) (Kerbart Boscher et al. 2006).

FomE Ao Edo] Mt BF Uo] Eol
2be BT 59 348 Hojy, 2 449
Aol FMejA A dE = S5 UERA E
THOIE Aquatic manual 2018). SAVel 7 & o F
= ASZAEHZE A A7t 2FSE T WFE A
ZZo] ZtaEE 45 HolA Ak =3 fEF
(pyloric caeca)®t 1 FH ATzF o He] =3

o] AT PDO| 79, e EFo= s 9

Fig. 2. Skeletal muscle tissue of Atlantic salmon (Salmo
salar L.) infected with salmonid alphavirus. Red muscle
(R) showing the majority of the shrunken myofibres
with densely eosinophilic sarcoplasm, surrounded by
moderate numbers of mononuclear inflammatory cells.
White muscle (W) showing hyaline degeneration with
swollen fragmented eosinophilic sarcoplasm and sarco-
plasmic infiltration by phagocytic macrophage. (H&E
stain, x100) (Wolf 2017.)
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EH| o] A EZ7} 74T} Boucher and Baudin-
Laurencin (1996)2 PD¢} SDoll 2¢ o] Fo] A&
AR 22 Y-S Zb ko] AR FA] Aol o
ZAA AR A, AR, =420 AR B
238 42 Uehlis 2AS sty on, o
= %3] PD2} SDO| AANAT}F BAY fAHE Aol
2kal B askgith SAVel 4 E o 7o A2 9
EH Al EA = IZE A} BAYSHH, I AL
2 Fool HEZFE FAHE g GIHAE
(mononuclear cells)E¢ H&o] FFHI=E o
(Desvignes et al., 2002; Kerbart Boscher et al., 2006)
(Fig. 3). §FHoll SAVel ofal| &4 7ol Alxto]
AVEA Az or EHE A9E e A
o =2 d#A At} Desvignes et al. (2002)2> A %
Aol Zof(Parr)ell SAVE AR F 30¢ 3+ W
A TS #E3 A, 4 29 ARH AR
o] WE|sta Fdo] BFET] AlFEte] EHAE
o] &4 g AL ASAIE FAEDGol 159714
A&HT 164 A FEl= &4 AdAEE A
A 3 EEHe Aol EIHASS Bastih
W o]l Taksdal et al. (2007)< SAVel ZHd¥ thA <k
Aojet FAINE ) AZAET 3] A=
710l 3l &o] Hal, ofdMES} ~FTEMECA T
AR SAVEE S AtEle g H 211 Al
48 FAGANA THAGAMA] ALSHET B
1At SAVel ZEE o7 AFzA e Wy
k2 Wk Az o] Aot I e o] %o

Fig. 3. Section of pancreas from sleeping disease virus
experimentally rainbow trout with acute focal pancreatic
acinar cell necrosis (left) and non-infected rainbow trout
(right). The necrotic acinar cells are rounded and baso-
philic with pyknotic nuclei (arrows) in the infected fish
(H&E, x400) (Kerbart Boscher et al. 2006).
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ystE Ao g dA vk e o7 A4
(ventricle)2 | & Z(stratum compactum)3} Z~EX]
S(stratum spongiosum)2] 4! T3] Al (myocardial ne-
crosis)7} EAY 3L, Wl 2= A (atrium)d] ZZ3)
ol = I A7} U o dth(Taksdal et al. 2007). A
Al Z-A| = Hematoxylin-Eosin (H&E stain)d A Al
M A o] A (eosinophilic) 0.2 FAEF W ol F
Z(pyknosis) @4-S HolA Hh =g R TEA o
Hole FAEAFANEFA) A= Al & 2H(epicar-
dium)2] ASHE A E(Fig. 43 AZAE o) B
s} == 33t 5 353 (regeneration)©]
Z 5 7] = $th(Schmidt-Posthaus et al., 2014). SAV
HEFOEHE Aopde o{FEL V3o R
o5 AAEETE = Aol RXF S
HolA ==d, ol SAVZAH el 23] H o] A}
HAA Ao Fo75 4£3tEA EHl 9 Fel
2 Qe ¥R FF Ast To= A8HxI0] dof
U =8 A E(progenitor cell)o] =243} A &
o] Aol oA Aol FXIg ddE Kol
He Ao =2 FHE I Y rh(Biacchesi et al. 2016).

F2 Hojmt 0F WAZo| sAVHY

ol

Fig. 4. Section of heart from Atlantic salmon (Sa/mo
salar L.) infected with salmonid alphavirus. There are
lymphocytic infiltration in the epicardium (dark arrow)
and within the myocardium (white arrow). (H&E stain,
x200) (Wolf 2017.)
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HAE L Rl Aotk SAVZEEF2 1976
FENE A FA] FAZANA AAES
7= Ao 2 Ag LA on, 199597 1997
o Z}7+ PDS} SD2| UIAT} SAVERE A o] &
A= A (Munro et al. 1984; Nelson et al. 1995;
Castric et al., 1997). 2FEA == SAVE A 0]
AR G=o o] FH o R Bus)of st B 2
H (notifiable disease)®] o} AAIZ FAH o F
29 el =R ol SAVASE Foll w3t
s thgtoluy AgaolA AT g &
33 = A Aol t(Lester et al., 2011; Kilburn et
al, 2012). oo wa}, ~23EN= Ut AT4
(Marine Scotland)ll A1 = 20063 F-E] 2007372 2
A B3t 1047119 Fof F oA dA] FAAH(FA
MEA 2474, A FAS] 807/ A)E TIFo =
SAVAZ AR ZALE AAEY e, O A3 7
MEo] GFFAR 6714t A Fao] 3 Fd2]
A 1371 &0l A SAVIE HE(FHE 18%)F AS
3213k vl A Th(Lester et al.,, 2011). Graham et al.
(2012)2 2=FERE=9] /) A W iAol <&
2SO o E SAVe A B 488 =
ARG A3} SAV 1, SAV 2, SAV 4, SAV 57} 25
AEH RS st tH(Table 3). E=3F 2003~
2011 70A] thA o] FalolA Eed 125%
9 SAVY tis 97 1ME BAHS AN A,
SAV 1, SAV 2, SAV 4, SAV 57} 247} 35%, 28%,
24%, 38T o2 HAEHJTL BT 53],
SAV 1¢] 9ol 23 EWE9} 243 ojdAWE

BoldAWEo e B& HE&E HEEH 0], ojn
SAV1©] A=A e} 8l 4= 2ol dg] 3l A

o)}

Lolo [

[¢

L2 A

o2 FA3Fa At} Lester et al. (2011) SAV 19]
FAMNEAANAE AR wel, SAV 19] 3
FA G (A G NA FFEFAZFANEA)
o2 A3} 7hsAdel e o2 FAF T
2000~2009'A7FA] ARG 2FEWE Y BE
A4 Aol sk SAVAE S &4 758 B
20065 94%, 2007 86%E =L HIES Hol=
Aoz golEx Y(Kilburn et al., 2012). T3
BE AHEEE 44 A, AAEH 5 9
gk HANE F SAVEE SO w2 HAMEY A,
2006133 2007 Z+7F 42%, 47%2] Hl&S Hol=
Ao Z YElRTH 2FEWT 2 Yof A2 SAVZH
AES mid S ET lon, E3) 795E 947}
A A Hlgo] 2 ZoE dEA ok =3 oF
2~5 kg BE =719 oA A SAVZEZE B8]
=2 Ao7 iy ¢tkKilbur et al., 2012).
T3 5324 Y A (Eoropean union reference lab-
oratory for fish and crustacean diseases : EURL)I| 4]
HAEZEA B2 o0& AAI% EUs] S W SAVE
WA A 2H, ~2IFEWS = 20161 A0
I o) F 54viE] & AMEHEA SAVAIARE =
ALgE A3t 7ul] ol A SAVIZE HEE Ao g 39l
= SATHEURL 2016). ©]Z2 A ~FEWE 2| S of A
9] SAVEFol A&EAow WHEHI 5o w
2}, Lester et al.(2011) SAVZ} thA A o] <}

MEo] IF wApgE o] o] Fof A 7hsAdo]
AAEE, ~FEWE GRo] SAVE S
2o (biosecurity) AlZ2=®le] AL A7) s}
Atk 28y 2IFEWE HHE= ofA 7R SAVH
AES B Ao AAeA] il U Thhttps:/

Table 3. Distribution of salmonid alphavirus (SAV) subtypes by geographical region in Scotland (Graham et al.

2012)
Regions in Scotland
Subtype Argyll and Highlands- Scotland- Shetland Western Western
Orkne
Bute west north-west Islands Isle-northern  Isles-southern

SAV 1 20 6 2 0 0 2 1
SAV 2 6 1 7 2 12 0 0
SAV 4 3 6 0 1 0 1 13
SAV 5 6 7 1 6 1 16 1
SAV 6 0 0 0 0 0 0 0

Grand total 35 20 10 9 13 19 15
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WWW.Zov.scot).
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2do]E 19899 PDEHE WY O E SAVAY
ol AgoZ W3 o] 22 HIZQ0179)HA =
SAVZEFo] #A3FIL A TH(Poppe et al. 1989;
Jensen and Gjevre 2017). SAV 3] ¢J&] 8 d PD
= A =29 o] FHEA A AE| el A H
L E2D(Mereog Romsdal)e] F~EFE=H|FH
(Hustadvika) X G7}A] vk s o] Qe Aoz &y
A dem, 20079 1Y€ =29 o] A]FSHA % (Nor-
wegian Food Safety Authorities: NFSA)oll A= PDE
B AYABRE dW, list 3)22 AAste] 57}
2ol A #eE]shr] AlRHEITE REH ol SAV 20 9
3 I == PDE =290] T AT A
WAl A HEE B Etg o, 20121 F 2B
EHZIEZRY HZEFAE}I(Ser- Trendelag) 9}
== E 2} 1(Nord-Trendelag) Ao] 2] =74 7FA]
£ SAV 20| 9|3 PD7} HHAE AHo R AAHH
ot A, =29 0]9A SAV 39 2J% PDE F=
AR kR Gl A SAV 200 2% PDE TAH
FAA Aol A B E = BFS Hola Ath(en-
sen and Gjevre 2017). 2018 =29 o] Iy 2|7}
3} (Norwegian Veterinary Institute)ol| A 233
20179 % =29 0] A AW B B
(Hjeltnes et al. 2018)°ll W=, 2017d g 3l 5<t
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17670 2=9] &2 ol A SAVZE S(PD)o] T H
AL 2 YEFFTH(Table 4). ©]% SAV 30l 2|3 7+
HFol HAT FAAL RIMNARE FAHAT,
o= Zd(2016) thH] SAV3el 23 7+ Zo] BHAY
AR U 31 UM Ao E e T
(Hjeltnes et al., 2018). o] 2] g WA F2742] F7}
Adell sl =2do] HFoNA = 9L o F-3
S 2 AAF= YA g SAVZAEE] Y (compul-
sory screening)

SAV 20| & 2+

Hls)] 2 W3t
= SAVZEZo e EAFS NFSAS} Wiz of &
A7332] 7] F(Fish Health Services: FHS)®] A& &
gsto] AAjstal ok o] 5 71l A AR 2017
WS SAVE S ZAMA T i 2, k290 &
B SAVEEZo] & EAV A g Aoz
e o SRR A o] A 9-ol= NFSAE SAVZH
FZo] Z FAVF Ha e Aoz A i
FHS+ SAVZFo] IthA| go] Wi sl=] kol
17k A7 He AYo® AdshA ¢4 e
2 IRAFHATG. =29 0] THEAY Y SAvVH
o thal A= NFSASF FHS7} A& 4wk
2 HAAT, GRAGo| = & 718 =5
5ol &E°l(salmon lice)et o4 2 &A7F

yoz %73 tHHjeltnes et al.,
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Table 4. The summary of the numbers of farming localities affected by notifiable diseases (List 2 and 3) in Norway

form 2011 to 2017 (Hjeltnes et al. 2018)

. . Year
Disease List

2011 2012 2013 2014 2015 2016 2017
ISA 2 1 2 10 10 15 12 14
VHS 2 0 0 0 0 0 0 0
PD 3 89 137 100 142 137 138 176
Furunculosis in farmed salmonids 3 0 0 0 1 0 0 0
BKD 3 3 2 1 0 0 1 1
Francisellosis in cod 3 3 2 1 1 0 0 0
VER 3 0 1 1 0 0 0 0
Furunculosis in Lumpsucker 3 0 0 0 0 1 4 0
Gyrodactylosis 3 2 0 1 1 0 0 0
Furunculosis in wild salmonids (fresh water) 3 1 0 0 0 2 1 2

ISA, Infectious salmon anaemia; VHS, Viral haemorrhagic septicaemia; PD, Pancreas disease; BKD, Bacterial kidney

disease; VER, Viral encephalopathy and retinopathy.
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2018). o]A ¥ 24o] = SAVHEES(PD)°]
TAE A ATt A == EZd e 71A])
o] A= UL AN, SAVEHESTO] THE A
o 7o) AuE WAL o FA A SAVe] A=
(establishment) 2} SAVHE S AR S S &
o]7] f13te] AFA= SAV thdt FHAT
Y & F UAEF st Aqt MkS vkt
A&stal otk sl HetkelE NFSAZ} PCR, Al
%gﬁ SAVZ:.]'Oé Z(PD)OI m-,\g 75]_ 74 o=
o thal 71:‘?301:::% E e
3 UA Hoj Atk o] A H,
FEAAS T3l sAv
A2 HYE AAEIL s
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Ea

A A E FAEFF A EFA, F
AME, o] E X FAA(O. tshawytscha)s
B3535k7] S8l Aol of Foll s 2l o
3 Lt g% 58 B AHAE st
At} 2008 5¥ éaﬂ A5 S #g
o AR FAAE 84
3}04 20099 HE 55 2y
ol Aol of F FA
A EAF 9 RT- PCRYH S 53 041 é fsgsb_
9l THLara, 2014). @A), &= dol=, 559 o
o] SAVEH o E 4HA Q)

(i

rﬂl

U SAVZES S

ror
ol

SEveEte AN EAGY o By B4t
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Table 5. Result of hazard identification on infection with salmonid alphavirus (SAV)
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Fig. 5. Entry pathway of salmonid alphavirus.
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