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Phylogenetic and pathogenic traits of YHV3 and IHHNV
detected from imported frozen shrimp
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Yellow head virus (YHV), Infectious hypodermal and hematopoietic necrosis (IHHNV), Taura syn-
drome virus (TSV), and Infectious myositis virus (IMNV) cause serious mortality to Penaeidae shrimp
in the aquaculture. In this study, YHV, IHHNV, TSV, and IMNV were surveyed from imported
frozen shrimps between 2019 and 2020 via molecular diagnostic assay. Among 10 shrimp groups,
YHV (n=1) and IHHNV (#=4) were detected by RT-PCR and PCR, respectively. From the phylogenetic
analysis based on the partial ORF 1b region of YHV, YHV was classified into YHV genotype 3
(YHV3). And IHHNVs (n=2) detected from Litopenaeus vannamei belong to infectious IHHNV type
2. Although THHNVs (n=2) identified from Penaeus monodon showed PCR positive results (MG
831F/R primer set), the sequences of ORF 2 and 3 were not amplified, suggesting that those samples
might possess type A IHHNV related sequence of P. monodon. Furthermore, in the challenge test,
even though PCR-detected isolates (YHV3/type A THHNV related sequence or infectious IHHNV type
2) were not induced mortality to L. vannamei, viral genes were amplified suggesting that the viruses
in the frozen shrimp could be non-pathogenic particles which are not enough to induce mortality.

Key words: Imported shrimp, Yellow head virus (YHV), Infectious hypodermal and hematopoietic
necrosis (IHHNV), Genotype, Pathogenicity
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IMNVE cDNAE F3 © 2, [HHNVE DNAE +
o7 3l PCRS 333 tH(Table 2). PCRS
2X Exprime Taq Premix (GenetBio, Korea) 10uL,
forward primer$} reverse primerS Z+Zt 1uM, DEPC
treated water 7uL, template 1pLE &33}o] =343}
Gt} PCR 5Z 4HE-2 1.5% agarose gel 2ol A &
719539 2™, %A amplicon?] 79 yesC™ Gel
purification mini kit (GenesGen, Korea)E ©] &3}
A 3 ABI 9790 XL DNA Analyzer (Applied Bio-
systems, USA)E ©|-&3lo H7|A 4 &4 2 NCBI
BLAST searchE T3l HF dH o2 AAsAH
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2 fFH8td 2d #AE gelstr] 98 YHVS
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ot Y FRAAE SF F AVIAEE 2Ae
Aot YHVS} IHHNVO th&t phylogenetic tree A2}
< 91314 NCBI Genbankoll 5% o2 =7}ol A
B9 straing ] FA2 7] AEES FHEAT
YHV2] 7% ORF 1b region] 3271 strain, [HHNV
©] Z-9- ORF 2, ORF 3 20709] strain¥} %7 BioEdit
(ver. 7.2.5)5 ©] &3}l Clustal W Multiple align-
ment HHOE AVIANEES HEsAH o] &
MEGA (ver. 11.0.10) program< ©]&3}% max-
imum likelihood method 2 A 52 2t 819) 0.1,
AlF 52| branch+ 1,000 bootstrap resampling= %
3l A4 = A

gict2|AfR Qle ZE AN

7] 4% Blol# 2x PCR A] amplicons A3 Al
5 37} [20-MY-04 (YHV3/type A IHHNV related se-
quence)@} 20-EC-1, 20-PE-1 (IHHNV, Type 2)°] o}
7hu] 2A& o] &3te] FThe|Algol A% HES
B3l HAEE AT A= A AA A
Hlo] e Ego 2 2 F JThe| A 9(7.88 + 1.32
S TYst 25°ColA 1497 =X F A
ALE3t e, A A Table 20 AFH primers
o] &% PCRAALE 53 YHVS} IHHNVOl 7<=

Table. 2 The results of monitoring from imported frozen shrimp between 2019 and 2020

IMNV TSV

IHHNV
77012F
2nd  389F/R /77353R 392F/R 309F/R MG831F/R

YHV

Ist

Weight
(2

Pooli
. Sampling oolng
Origin date group
No.?

Species

No.

=i

N.D. N.D.

N.D.

N.D.
N.D.

N.D.

N.D.
N.D.
6/6

N.D.

N.D.
N.D.

N.D.
N.D

14.0042.46 N.D. N.D.

5
6
6
6
6
7
6
6
5
6

Aug, 2019
Oct, 2020

Malaysia

N.D.
N.D.

N.D.

N.D. N.D.

1.16+0.3
20.98+1.33 N.D. N.D.

3/6 6/6 N.D. N.D.
N.D. N.D.

6/6

N.D.

N.D. N.D.

N.D.

17.36+1.94 N.D. N.D.

13.5242.41

Apr, 2020
Aug, 2020
Nov, 2020
Dec. 2020
Jun, 2020
Oct, 2020
Jul, 2019

Malaysia
Malaysia
Malaysia
Malaysia

e

N.D. N.D.
N.D. N.D.

N.D. N.D. N.D. N.D. N.D.
N.D. N.D.

N.D. N.D.

L P

L. vaname
L. vaname

19-MY-1

20-CH-1

L. vaname

20-EC-1
20-MY-1

L. vaname.

20-MY-2 L. vaname

7/7
6/6
N.D.
N.D.

N.D.
N.D.

7/7
6/6
6/6

N.D.
N.D.

N.D.

77

8.20+4.54 N.D. N.D.

20-MY-3 P. monodon
20-MY-4 P. monodon

20-PE-1

20-VN-1

N.D.

N.D.

4/6
6/6

15.5743.48 N.D. N.D. N.D.

5/6
12.2743.18 N.D. N.D.

1/6

20.35+3.39
21.9445.1

N.D. N.D.

6/6.

N.D.

5/6

N.D.
N.D.

N.D. N.D.

Peru
Vietnam

L. vanamei
L. vanamei

N.D. N.D.

N.D. N.D.

N.D.

N.D.

Vietnam

20-VN-2 L. vanamei

Five to seven individual shrimps were pooled
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T 597W), 47}FA] wlel# 2~ (YHV, IHHNV, IMNV,
TSV)E target® & 3 PCRS 333t Th A HA)
2, OIE YHV protocol 125 33 23 B E OF
oA HEHA &hror} OIE YHV protocol 3¢l

£ nested PCR 23}, 107] 18 % 17] Z15(20-
MY-04)oll 4 YHVZ} 74 &5 A tH(Table 1). FHA
Z, IHHNVS] OIE 4t 58 gt vjwd o wet
% 570 primer setoll T3] PCRS 733} T} 389F/
R ¢} 392FR primer setel]l th&+ PCR A3 107] 15
% 47] Z1E(20-EC-1, 20-MY-3, 20-MY-4, 20-PE-1),
77012F/77353R €} 309F/R primer setol] & PCR
A 107 18 F 27018 1E(20-EC-1, 20-PE-1)°
A AZEH Ak =3 MGS31F/R primerell ™3+ PCR
A 107] 18 F 2709 TE(20-MY-3, 20-MY-4)
o A PCR amplicon®] SRIEATE 2 AFoA =
ALgE A SOl A= TSVEF IMNVZE AE5 A gkt
(Table 1).

YHV genotyping

YHV $AdoZ 31E 1719 15(20-MY-4)°l
thled ORF 1b partial gene sequence (662 bp)= &
A3ttt 20-MY-4+= HIEdel A 2001 d el Bl
H YHV3 isolate VNM-01-H41 (GenBank Accession

of - 3]

!

R

No. EU785040)3} 97.58%Z 7} 2 A454& =2
(e}

Z AT 24 23} YHV genotype 3 (YHV3)
1 = S th(Fig. 1).

IHHNV genotyping

IHHNVOl thk PCR <73 23 Fdo= Feld
47 Z1&(20-EC-1, 20-MY-3, 20-MY-4, 20-PE-1)&
o= ORF 29+ 3 F-9fof theh €714 d & 3
Z Agie] S B4 Aok Algol
/) &% 20-EC-13} 20-PE-1 isolate2] ORF 2 A&
(1,092 bp)2 =5 Ecuadorol| A 2003\ d =ol Bire
Ecuador strain (GenBank Accession No. AY362548)
I M = AEAS B 3199.72%, 99%), ORF
3 €990 bp)= ORF 2 ALoxet FL3HA
Ecuador strain (GenBank Accession No. AY362548)
I g = AL BHATH99.29 %, 99.17 %).
%3}, 20-EC-13} 20-PE-1 isolateol] 3t #5332
B2 A infectious IHHNV type 22 75 % th(Fig.
2 and 3). SHHLFA A HAEH 2709 N &
(20-MY-3, 20-MY-4)®] 73-¢- ORF 2¢} 3 9]0l tf
3k PCR amplicong A 4332 ¢ 3kA 7k MG831F/R
primerE ©]8-3 PCR A3 ampliconS 43}
type A IHHNV related sequence® 373} At}

el 2
PCR 44 24 A EE viaste] Arke) Al §ol
A9 7 F AEEE EAT AT 20-MY-4 iso-

late (YHV3/type A IHHNV related sequence)S %
g AP FolA HAPE TSR] egkem, OIE
YHV protocol 3l W& nested PCR 23} 100% HZ
(10/10)5F) 21 2., type A ITHHNV related sequence
AEHA &gt =3 20-EC-1 (IHHNV, type 2)=
HET AP FolAe HAPE dojubA] e3kal, PCR
A3 100%7F 7 Z(10/10)%] AT} 20-PE-1 (IHHNV,
type 2)5 AT IFS AT 29 1919
A7 DR ey PCR 23 ampliconS FAd5HA] &
kL, Yz EIDFNA 100% AZ9/9)< &<
sttt wEkA] Ws Aol A AEH YHV3/type
A THHNV related sequence (20-MY-4)3} IHHNV
(20-EC-1, 20-PE-1)= Atk A -0l HAL= st



TY FeAolM AE2 YHV3SE IHHNVE] A5k 51 ey &4 33

_| VNM-02-H64 (accession no. EU785008)
7 VNM-01-H77 (accession no. EU785013)

— VNM-01-H65 (accession no. EU785039)
' AUS-00-HL4 (accession no. EU785030)
GAVcg (accession no. AF227196) YHV2
Gill-associated virus (accession no. NC 010306)
AUS-97-MCMSS3 (accession no. EU785038)
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20-MY-4(This study)
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MYS-03-H3 (accession no. EU784997) V YHV3
NM-02-H81 (accession no. EU785016) V
NM-01-H41 (accession no. EU785040) T

HA-03-SG21 (accession no. EU784993)
“ ;MYS-O}I-M (accession no. EU785003)
. YHVS

YHV ORF1b gene (accession no. EU853170)

PHL-03-H8 (accession no. EU785015)

YHV7 (13-00169-02) PCR3 (accession no. KP738164) | YHV7

YHV1995cg (accession no. FI848674)

20120706 (accession no. KX947267) | YHV8

w |

FDTZ4 (accession no. KT316278)
THA-03-D29 (accession no. EU785035)
THA-03-D33 (accession no. EU785000)
YHV1999¢cg (accession no. FI848675) Y YHV1
HVcg (accession no. EU487200)
THA-02-D34 (accession no. EU785001)
THA-01-D4 (accession no. EU785004)

THA-01-D8 (accession no. EU785034)
IND-02-H9 (accession no. EU785017)

o0 L{IND-OZ-HS (accession no. EU785005) YHV4

o IND-02-H7 (accession no. EU785010)

010

008 006 004 002

000

Fig. 1. Phylogenetic tree of YHV genotype 1 to 8 based on nucleotide sequence of the partial YHV ORF 1b region
retrieved from GeneBank. The distinct genotype of YHV determined by Maximum likelihood analysis using Mega
(ver 11.0.10) software. The numbers indicate the percentages of bootstrap support from 1000 replicates.
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‘ EF633688.China.2007
L AF218266.Hawaii.1986
L AY355308.Taiwan.2003

- KF214742.China.2007

100

46J
5

KM593913. Australia.2012

L IN377975 Korea.2010

AY362548 Ecuador.2003

L 20-PE-1(This study)

L AF273215.Mexico.1998
L KM593908. Australia. 1991
— KM593909. Australia.1995

KM593910. Australia. 1996

45
u KM593912.Australia.2005

|
— KMS593911. Australia.2004

60
N ’7 GQ411199.India.2007

A3

=

JX840067.Vietnam.2012

Type 2

20-EC-1(This study)

GQ475529. Australia.2008

Typel

AY 362547 . Thailand.2003

w0 L AY102034. Thailand.2000

DQ228358. Madagascar.2000

[ Type3

0.02

100 \;EUG75312.AusImha.1993

Fig. 2. Phylogenetic tree based on nucleotide sequence of the IHHNV ORF 2 retrieved from GeneBank. The distinct
geographical isolates of IHHNV determined by Maximum likelihood analysis using MEGA (ver 11.0.10) software.
The numbers indicate the percentages of bootstrap support from 1000 replicates.

TS EZJRE ofAlobe] F8 A9 &2 F 7ol A
R E A (Mohan er al., 1998; Wang & Chang,
2000; WB, FAO, 2001; Natividad et al., 2002). YHV
9] ORF 12 2719 t+Z ORF (ORF la, ORF 1b)=
&5 3}3t= long polyprotein®] ™, 71 ORF 1b re-
gione YHV-"/] significant sequence homologyE Y
Eijo] T 87HA19 AP R 2/ F JoH
o] BE9] yellow head complex21l SFTH(Kim et
al., 2020). YHV genotype 1 (YHVI1)S A& 32 <l
E IS, YHV2+E gill-associated virus (GAV)

E YHVIET HdA o] A= FAT Fogd
Sl ZFEE oA 80%7tA 2 HALE do
2 4~ AH(Spann et al., 2000). $+3, YHV genotype

3-8 el fle A Algoll A 2= A
A #Areke] A A FaaA T} B A A &
L fFHREoE ¢HZ vl JTHOIE, 2019; Yang et
al., 2016; Mohr et al., 2015). & AFNA =4 BT
NS5 tdo 2 ZAEE A3} nested PCROIA 171
o] NEQ0-MY4)7} Yo g2 AL AET
Z B4 Al YHV genotype 3 (YHV3)Z EFF AT}
(Fig. 1). YHV3-2 Indonesia, Malaysia, Thailand, Vie-
tnam, Mozambique, Chinese Taipei®ll 4l 74743+ A%
9] post-larva T+ broodstock TA o] YEFt= A
o2 A o1 (Soowannayan et al., 2003), F
=9 T LEAN T FARAMAE =8 vt
A THChen et al., 2018). ¥ AFolA EAH YHV3
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20-EC-1(This study)
20-PE-1(This study)
AY362548 Ecuador.2003
IN377975 Korea.2010
KF214742.China.2011 Type 2

JX840067.Vietnam.2012

AF218266.Hawaii.1986

AF273215.Mexico.1998

99

AY355308.Taiwan.2003

KM593908. Australia.1991

GQ475529. Australia.2008

—
L EF633688.China.2007
\

GQ411199.India.2007

KMS593909. Australia. 1995

100 I

100

- KM593910. Australia. 1996

H

— KM593913. Australia.2012

Typel

KM593912. Australia.2005

|

\; KM593911. Australia.2004
AY362547.Thailand.2003

\; AY102034.Thailand.2000

DQ228358. Madagascar.2000 Type3

EUG675312. Australia. 1993

Fig. 3. Phylogenetic tree based on nucleotide sequence of the IHHNV ORF 3 retrieved from GeneBank. The distinct
geographical isolates of IHHNV determined by Maximum likelihood analysis using MEGA (ver 11.0.10) software.
The numbers indicate the percentages of bootstrap support from 1000 replicates.

< 20201 1229 MalaysiaZH-E] = o] =
e ST LEA AN Feld Ao=E =
Yol A& o2 7kx Bag Hzb it OIE (2019)
ANM = g YHY #3435 YHVITS HEd
(OIE listed-disease) 2.2 A3t o} HT =)
AHALE B FA Aol A YHV8ZE HEF o Bl
vz} 9l o™ (Kim et al., 2020), YHV30] IS &2
AH= YT ApolX= AEH sldle o
F3k YHV F8 & o] EAE 7Hsdel o met
A, B AFA HER YHV3S b2 f38 Ee
& A 29743 vtol 2 22949 co-infection®l] T
g G A ATE AT o F AIRHTH
IHHNV(Infectious hypodermal and haematopoietic
necrosis virus)= 1981 3kelo] o] A A} $-(Litope-

2

o)

naeus stylirostris) F2FANA Hx BuF Qo
o|F ml= M Ajg- FAde ANk ATk
Fof de BEX3t= o2 493 H th(Morales-
Covarrubias et al., 1999; Lightner, 2003; Motte et al.,
2003). A -FANA Hzx LA Al 90%7FA] 2] o FF
HAFE dozd Ades g ATgAlsoA 4
=¥ IHHNVE A3 A<l IHHN 9% 34 == 9
AFE kA ¢ TkBell & Lightner, 1984). ©]=
Ao A9 FoedS5A0-¢7F IHHNV WA =
5o = Qs o ol HALE fidebA] sk
7Y (Morales-Covarrubias et al., 1999; Tang & Lig-
htner, 2002), runt deformity syndrome (RDS)Z}l &}
= FEHFY H3dH A4S AN T4 =
e 4 AthkBell & Lightner, 1984; Kalagayan et



36 M- Ao - A

al., 1991; Primavera & Quinitio, 2000). 20193 =5
H 2209570 sH&E Y 9 f5d ¥E AT
off th3 TSt PCR primer setS ©]-8-5}o] THHNV
£ ZARE A7 389 F/R}F 392F/R primer setE ©]-8&
3+ PCROIA] 47 A&, 77012F/77353R <} 309F/R
primer setoll A= 27 A&, ET2]LEA -2 Type
A THHNV related sequences 7 Z&3H= MGS31F/
MG831R primer setoll A= 271 Al £(20-MY-3, 20-
MY-4)oll A} PCR amplicon®] 221 =] 1 TH(Table 1).
Z} PCR primer set "B = AZE AA7} Aoldt o] fr+=
IHHNV genomic variant 2 Y5 primerd] 7%
shrimp genome DNA$} single nucleotide polymor-
phism (SNP)°] ZA|3}7] wWj&o|t} (Tang et al.,
2007). 389 F/R primer] 7J-$- non-structure protein
(ORF )& AMEL 7btez HAHASH (OIE,
2018) primer binding region®] ET}+E]EEA]-$-2]
type A IHHNV related sequences X 3H3tal §lom,
IHHNV 392F/R primer set®] 7% IHHNV Hawaiian
isolate (GeneBank accession No. AF218266)E 7]HF
© 2 3}o] A|ZE primer setZ (Tang et al, 2000),
primer A€ U] F&2<0 SNP7} =413} THHNV
related sequence = A& & 4 At} &, 389 FRY}
392 F/R primerg ©]-83}%& W infectious IHHNV
genome= HIE3t] Fohe] A SA-9-2] THHNV re-
lated sequence®= 7 HE2E 4 A infectious
IHHNVTE #3838t Aol $AI7F ATH(Tang et
al., 2000 and 2007). &3k, MGS831F/R primere] 7%
IHHNYV related sequence2 ¢& 2 Eohe| G EA)5-
9] genomed} WHE& dthe ASE &HA AT
(Tang and Lighther, 2006; Tang et al., 2007). 309
F/R primer set®] 73-%- infectious IHHNV A&
A F Jde= A2 dHA Q2o (Tang et al.,
2007), PCR 7] who 2= JHHNVO] o3t A s+3h
G Bl oy Bz 4 o] e
Ao Z OB+ #asta JTHOIE, 2018). £
Aol A4 389 F/R 2 392 F/R PCR primer setZ &
A A FgoE glHE 4 A5 dig ORF
2 8 3 A 7Iuke] AlEsHA &4 A= 7
£-°]& PCR primer set®] PCR Z 32} FASF 743
o] &2l At} 309 F/R primerS ©]-&3F PCRo| A
= ooz 3l gy Al$ 27 Al E(20-EC-1,

b

!

R

20-PE-1)2] ORF 2 ¥ 3 §3A M4 =F vl
ek, S5, A== B HA WA HEE F
A8 7 A infectious IHHNV type 22 57
AT} =3 MG831 F/R primer setS ©]-&3F PCRo
A FHer gld FHLFAS AlE 270
(20-MY-03, 20-MY-04)°] 79~ ORF 29} 3 7k
ZZ 2 TR ¢gro} o] Al S+ 309F/R primer
setll A= HEHA &2 e vFo &0 &0
2D EA 2] genome F type A IHHNV related se-
quence® AISETH I FAAEAE A
g A&t A28zl o] Aste OIEA A
IR T Tl FETOAA FLE
Al AT A EA A ] tideol He A4
AEo tisl] HASHAE HF 94 & F UA=F
TSI AT @A HHNS AHSHA HE &
A Aoz FolMs o AF
Aol o] FoAA A oL AT Ul G4 A -2
22 [HHNVE| 4 F590 AnA -2
IHHNVOl| 2+ A] A4bd A 8t2
THE FHHIL A= A7 T SHHLFAS
o] 7% IHHNVe| g 7+4d
S74o] Y= carrier2A419] o
IHHNV©] <=9} 3ol s = EL
Foll 2% A7k AAS AAH 7hedS &
o mebA £ Al AFY] 85 2 FH
IHHNV S| ol th3t /@A H7HE 53l
O dHos AHED ool U
YHV2} IHHNVel tgk PCR ¥4 A& 370 [20-
MY-04 (YHV3/type A IHHNV related sequence)3}
20-EC-1, 20-PE-1 (infectious IHHNV, Type 2)] %%
& A 9] B A AL YA Wk
o1} 7 Aol A YHV3 2 IHHNVe] gk PCR
amplicon2 &1= o] FF4F 7+ (sub-clinical in-
fection)o] YEG Ao 2 AL HT} o] 2 &3] 20-
MY-04 A E2] YHV3S ¢ 7]&0] &&= nfo}
2ol FeHteE YUl Yt Ao F41
™, 20-MY-04 AE9] type A IHHNV related se-
quence> ST Y S A9 genome YHE o] &
o] Aol HFSFE 2H= replication©] 2 = §lo]
[HHNV7} HEE A ¢9.™, o]= Tang et al (2006)
o] Aolx YXTS Bt [HHNV US4



S AN 7

Al E(20-EC-13} 20-PE-1)9] A8 &E57F Al infec-
tious typeA 2ol = B35 HALS kA &
ko, ol & A7olA AEd IHHNVZ}F <
2 f5 AH T oS 8102 A3y A
3} T+ non-pathogenic particle FE|Z FAOE F
et A= Ao WF 2 57l A
ulol2j o] WA ol t3 A=E SAst=
o= SAZE 7] Wil WE el 4 2 A
b FA =S F7IE wH o mE Hiol 2~
:&Ld—oﬂ /\E“%JPH J:]7]- o) 01?5]—7(-1 Ztﬂoﬂ}\-] E_téﬂ
A7 2o¥ AoE ARHT

IMNVS} TSVl Tk 2AF A3 B AolA] &
Aol o] &3 AR E HEHA &Unt. shARE
IMNV ] 745 2006 BtA 2 HE F£UA3 A
FTHE o3 Ad=u A ofoll A W Sto] o] %
dolrlol o2 AdEH U™ ©]F(Senapin et al.,
2007)3 20159 Fe] SThE| S gl Aol A
Aete] 40%0 2at= HAFE FER AHI(E 5
2019)F " Fo] & uf A&EHA A7 Bad A
o Z AlsdY. £33 TSVE 7S Penaeus vanna-
mei, P. schmitti, P. setiferus®l 738 A Zdl 90% <
=2l HALE F2E 5 A= A9 (Lighter, 1996;
Bonami ef al., 1997)2. 2 H]E A= 20043
A Aokl FAgoA BAste] e o)
LS FEsE oY (Do et al., 2006), ©] % TSVE
At FFo} HES BaEA &3 9o FF =)
2] F4 A B ots 97 thFo] Fad
7o t},

H Ao A 201920208 SU = 4 ‘Q—‘:—_ 35
A5 tidem dA FHdlA ALZ A i
ARE FrEskAl ot 3 011/‘1 92 7hs
ol & Hol# 2 4FS ZAMS A3, IMNVS}
TSVE HAEHA &%em YHVS -9 YHV3 type
(1/10), IHHNVE] 4% type A IHHNV related se-
quence (2/10)7} infectious IHHNV type(2/10, type 2)
= IAQY. 2 $YEE NS Fo) 29
% 9 gro g 29 ol ze] 59 9
S A2 b AFHER ol A4
A HSA A3 H 5 Q1 ZFA](active surveillance)

57
7} ol oo & A ol

J
[‘

O}ﬂ

rlr m

AZ% YHV3S THHNVE A%

J?L‘
)
ok
o
oX,
M
i
(98]
3

0]
0

2019 5E 2020 =744 =2 £ 8 #F
Ha A= ¥F Aol diste] 1347 daEd
A DA 9 s1L =8 7] I Al (infectious  hypodermal
andhematopoietic necrosis, THHN), =& 2] ¥ (yel-
low head disease, YHD), E}-$-2}=%
drome, TS), 4 T3] AFZ(infectious myonecrosis,
IMN)®] BHAA 82 AE AFE ZASHAT

Polymerase chain reaction (PCR) #4& 3 gt 4

I 570 =7klA AR F 107 159 A FlA
YHV (1/10), [HHNV (2/10)7} A&5 Q2™ TSVE}
IMNV+ AEE A &bt =3, &% [HHNVY]
735 type A THHNV related gene= SFHAIZ 5 )
= MGB831FR primerE ©]-8%F PCR ZFHANHE F
oz IRIFAT. FHATE AEH AR dis)
G71ME & ATEE 4 23} YHVE genotype
3 (YHV3)EZ EFHAS™M [HHNVE infectious
[HHNV type 2 & EFFSJTE PCR A 23 AlZE
uh] & kAl Q19 T AEES g A
3, HARE YERA eggtont HE3 vhol] s X
e AEHAT olE g A3= YHV3S IHHNV
7t BF5 A 7o AAFAA SHE Fd=EL
Ao AAETE 2 AFolA HEE YHV39
[HHNVE Beddo] gle 48 = v 9 f
T BA A B3l wet ATk Aol HAE
et dls ZEAol Ee Y FuHE A
stal e Ao E At HTH

S (taura syn-

ZAtel =

o] =& 20218 d % R thstu Sk
A A AW (PhiNX BB SHE AHA o 54)el 2
st AT H U
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