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Molecular epidemiology and virulence changes of infectious
hematopoietic necrosis virus (IHNV) in East Asia

Toyohiko Nishizawa'

Department of Aqualife Medicine, Chonnam National University, Yeosu, 59626, Republic of Korea

Causative agent of infectious hematopoietic necrosis (IHN) belonging to genus Novirhabdovirus
(Rhabdoviridae). Economic losses caused by IHNV are serious in mainly Oncorhynchus spp. including
rainbow trout O. mykiss and Atrantic salmon Salmo salar. IHNV was initially found by endemic
presence in U.S. West Coast for sockeye salmon fry O. nerka and chinook salmon fry O. tshawytscha
in the 1950s, and it has spread to Japan, Korea and Taiwan in the 1970s, and also to Italy and
France in the 1990s. Currently, IHNV is detectable in many parts of the world, including Russia
and South America. Mortality due to IHNV infection in fish with <0.5 g of body weight reaches
60% to 100%, while the mortality reduces by fish growing. In recent years, onset of IHNV infection
has increased also in fish with large sizes. Here, we introduce molecular epidemiology and virulence
changes of ITHNV in East Asia, furthermore, we discuss on future prospects in IHNV researches.
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crosis, [HN)2 A ZE 71 AL vlo] 32 (IHN
virus, [HNV)ol] &Jg o) 3} o /o] HHF o= A
F2 FXME (Oncorhynchus mykiss)S XE 33}
o Oncorhynchus 4 o7 2 A FAA (Salmo
salar)oll A AZH3gE FF & o) o] A B
g vl At FA] (0. nerka) 2 FA] (0.
tshawytscha) 2| 0ol A A=A 2y 0 2 A 1950
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E% EHotmg]7t 9o = SEAT. o] ef o]
HN Holulg)zte] FER O HAFE o] gout
1970LdtH of Yo Aol HaH ol &=
et A= glE o, 1990 d o A=
ojggote} TR oA WAHE A= A
oht} ol E]7} t 55 E3ske AlAl 2 A Yo
A do] gelEl 1 9t} (Bootland and Leong,

2011).
& A|Fo] 0.5 g olste] AojoA Wy H A



[\S}

by

7 AF&-0] 60~100%°ll E3HA T, o]
| WetA = AREC] AstE e Ao
dol, T B FAIE] oA A
LA (0. kisush)I e = 7
HQIth (Kimura and Yoshimizu, 1991).
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IHNV = Rhabdoviridae (38 =1¥}Fo] 2 223}) Novir-
habdovirus$:2] 7]150] HE F02 & & Yo
viral hemorrhagic septicemia virus (VHSV), hirame
rhabdovirus(HIRRV) 2 snakehead rhabdovirus
(SHRV)9} & o7 nlo] g 27} &3 At} (Dietz-
gen et al., 2012). IHNV A= dulx o g 24

AR Ees

70~80 nm, Z°] 160~ 180 nm (Rl wetA =
45~100 nmx100~430 nm)2] dHWF o2 Mo
gagoz AwS <F 11,000 G7ude] vEH
(-)RNA o]t} Hlol & 2 QA= 5709 oA
[L (RNA polymerase, 150-225 kDa), G (glycoprotein,
63~80 kDa), N (nucleoprotein, 38 ~47 kDa), P
(phosphoprotein, 22~26 kDa), M (matrix protein,
17-22 kDa)] =, vtol 2] 2= Al 6709 -84 (3°-
N-P-M-G-Nv-L-5)2 FA=o] At} (Dietzgen et
al., 2012). G9} L 3 A+ A}e] 9] non-virion protein
(12~14 kDa)& ZQ3+= Nv F-AA = Novirhabdo-
virus% ol &8k vhol2l =g SR F4
olth G ¥ E & HNV 44 &1 ¥ F o &7
nFe] FxEA AlZe ejAlE 9 dgtste g3t
o] AES s, Yoprt Hiol g 2=o] Al
HAo = gt =5 & G ©id A7} vlo]
2] 0] $Ee Y-S VA= HOog Hol G @A
= o Ao Aol o] Faj 4 ol &
Ho® 153 Aot (Engelking and Leong, 1989;
Bootland and Leong, 2011). IHNV H}o]# =~ B8]
7te] A8 Y #AA= HEFEFA (polyclonal anti-
bodies, PAbs)E ©] &3t T3 AP o 2= 7ol
FAFSFA T, 2 23] (monoclonal antibodies,
MAbs)E A3t 5343 52 western blotting 2
s}l A ekzEe] 2}o]7) BT (Bootland and Leong,
2011). ob=2] T3 E B FFFAY o vl
£ &3t IHNVS} VHSV EE HIRRV Ako]9]
2pHE-g-& Holx =t Kurath et al. (2003)2 T
oA 1Eet B Holtd IHNVE #8 A3
] o] we} Gg-U, Gg-M E Gg-L #4337
22 BFIAL GeUs vl Asigt 5o &
270l A Y- Tl A4 EEE vtolg
T, Gg-M2 EFRIoMF fFoolA ofeltpEFo
o|27|74A o] FHAIH e FElF, 18 il Gg-L2
SeAF oA AU oo o2 w3
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Soprlol A el lo] AR

ANA FIAZ] 2)oje}t Z3 Al
& Y3t Fa =9 g Aol
A HE Agoz AT 1
53l Fil= E}% Ao F3 5o FAo] oA
T Bol| A o] THNVE Hlo] 2] 20
LEH w4t %0301 +S Fake] A frdE o
2 Ao2 AZFE o} FH T (Yoshimizu, 1996). 1974
= dE9 Erel AT Wi 9 A=t
Aol FANFo oA Al T E o] T I & 71
o] EAAEo] B A4t Fojol = 7hd o] By
Atk o] HNV Hlo|HAFES o2 & AlE
A HEA Ao 20003) Fuko] Eof WY
Z A} (Nishizawa et al., 2006). 1970, d o] U &0
A " HNV 855 25 GgUZ EFEA
a1, v e Feke] kA (diversity)2 1.8% ©]
st2 UEFRTE ofdl vt 1980 A T F-E 2000
el 24 e 98 EgFe A2 48
Gg-JRtZ #-F= 3ot o] A3+ Yoshimiuzu et al.
(1996)°] AAIE ule} o], 19701 thell Gg-Uell
E£PA v ZEFUF dEOE dupd o] F Y&
oA =28<Q1 2157 AP H A& EAYE
2 o R g Aotk FHe [HNVE
o] Ag-oF &) v=9] Gg-Mo] FHOE ]
olgf 1 WolA S o= SHAH Ao R
FRAF AT o] & A= FE| AF FAojo
< vl5 A ERA oA v 74
oA e FAMEAY G ml= At FFX
oA T FUARNE A A= A= A
S ThH(Fig. 1A) (Nishizawa et al., 2006). gF=1< 1970
Aol ZAEA oA vg o2 RE] Y% F
ANEAE F28H7] AR X ool A THNH
AR Aol Aol A FJAFTE Foll 1990 2
ol AR o] Fo] F2ge] ofdA HEE
e, o] BEF= v|=2] IHNV RB-763%
o9 AR A2 1315 0] X Th(Sohn et al., 1993).
2 o] % 19991 el A] 2002 Abolol] k= FH-A|
FAMNEALF2Z] FolE A= HEA o
}gt IHINVZF B8] =3, O A2 vlolgx F
YEo FE|F9 BHAFo] =2 vlolH AR F
= A th(Fig. 1A) (Kim et al., 2007). 3=} L&
T3] FA N FO] Fe o)F e TR olF
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e o
FoRRH FFOR FUR BANE f
257} olm e L Fohe] QR WolH u}
old~Fz AHRHYTGE e v Fr2e B
wolt,

S, Aol A 18h5 0171 HNV who] g 277}
ul o] vhole] o] wla) 1 Thkdo] HL Aol
A NV B2 A8 SEE dBe] 7S]
¥4 7oA o Wl AR Ao Yz

(Nishizawa et al., 2006; Mochizuki et al., 2009). T} S
o] 2000 & Y& FEF= FANE A tjst
of uf-9- A3 WEAES YERAA T, 1970 d ] &
gFE A AAEHAE FEAZdA= FA
MEe] A 54 7HHE A2 BauFolx
S 2000t S0 AAE AFAAE I HEA4
o] ¢ A Vet Mochizuki et al., 2009). ©]
23 AFAEHEH HNVE] 54 55 59 A
=84 aRQlo A dFe we AL
%, AN E12 HNV tak A2
o At o9& HAH o= AstE A,
2

[HNVE] HEAHE IR S A3l S22 45T
o7 Helth IHNVY Al thakA-& VHSVe

Hlwdt] BEs o iz o= w9 Loh(Fig.
1B) (Nishizawa et al., 2002). ©]= V= oA FEH
9] 3l IHNO| THNV e} vlo 2] 2o ZHde
9] o] &g Fate] MAl ZAA o] FAFE T AM
< FINAFE Aol U FAE HNVE
Z3Fste] o] & RNA Hio| & 20X o] Al Ttk
oA e ARt Lol F ztel 7t glk. WHA,
VHSVY] Zf-ole WAAZA THET] o] de
VHSVE] AlE2 et dadi Sade= 3
slste] o= A= o] kAol oln] FyiE o] U3
H Zow AZdn vpolgl e 2R SFAY
ol A BAAZE He= Ae 11X S5 5479
7P€—L‘:} [HNVE FA 7 Eo e MER S5
Bt o] &R H AF/HAE 5453 18E A&t
I o & g ok g, dE9 FANE
G2 ol A= IHN AEAE AHH &2 qHE0
G2l A&k A7t Ak olHF 9= A=
+ ¥=4 IHNV«] MRS 23T A@dol o
Bg ol Fostoof & ARQlojz} AZtE
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Fig. 1. Molecular phylogeny of infectious hematopoietic necrosis virus (IHNV). A) molecular phylogeny among 49
isolates based on nucleotide sequences of the glycoprotein gene open reading frame. The distance marker refers to
the expected number of substitutions per site. Isolates shown with black, green, red and light blue letters were obtained
from U.S.A., European countries, Japan and Korea, respectively. The first 2 letters of each isolate name indicate
the host fish; i.e. Ch, Ko, Rt and Ay denote chum salmon, kokanee salmon, rainbow trout and ayu Plecoglossus
altivelis, respectively. The following letters indicate the area of isolation; i.e. Ab, Yu, Mo, Nag, Toya and Tochi
denote Abashiri, Yurappu, and Mori on Hokkaido, and Nagano, Toyama and Tochigi Prefectures on Honshu. B) compar-
ison of nucleotide diversity between IHNV and viral hemorrhagic septicemia viruses (VHSV) in Novirhabdovirus.
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IHNVE] &1& flalA = & wjgo] 7]E o]
t}. [HNVE RTG-2, CHSE-214, FHMA| £ ¢} 71 )
AojztoF e FEAZo A & F23T} [HNV
9 F4] 7Hs 2% WY e 13~20°C o)1, A &
= 15~18°C o]t} [HNVE Zgd F3} Ax=
TH3 & tpERgo R Wslslal o] Fo Fefs

A v A "ojA F#{3th IHNV ZHa el ok
MEHA &7 (cytopathic effect, CPE)= VHSVU
HIRRV 7oA vf-¢- AR FEE el 7] o

ol M e ol FFFAY oJu RT-PCRHY &

|83t ITHNVEA FA 3o of Stot. THNV A
2 0 2 &= Eo] PCR ZEjo|H2E B
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3271 o] &= THOIE, 2016).

(ool i o
& Ju ot o
S k



Eoprlot A el o] A

3k, &3, ELISA @ RT-PCR 522 1
ool A s AH HEY & JANL HAF 9]
< TH37] A= AES IHNVZE oA Fo
critical level (YAI%Y) ol EAst= A& Felal
of 3t} YHtA © 2 THNVY critical level & H}o]
2 ZA7FRAE 10° TCIDsy/g-tissue, Al &2
2= 10% genome/g-tissue A =0]th HZ IPNV 5
o] & ol 2~E3 3 THEH A8V b
AT IPNVEE £ 2| AAZ5E HNV
E -] A E AR F9 IPNVE A
ol & IPNV A& o] &3l ghxd3d] F3hA1Z
vk oyt O Ado] vl E3psit. FH Lol
IPNVel] A& 9= EPC A7 95 Y=
(Kim et al., 2012), ©] A& [HNV EE VHSVO|
& S FAEHEA PNV tidk A ol
o] - vk mpEbA o2k A& T AEE o] &
St IPNVel 3 7 E AlSoA = IHNVS 3L

=2 2 & S+ A

Hhel o) 2)
dutE o @2 FAYQl o FolA s EAE A A
kA =t =g Zojr] (Aol o FAAE=
0.3~0.5 g A3Z o] A7) o= A QA HGH-So]
YERFR] gF=t) wheka] B ale)] o gk o iio) 2] o]
a3t 2 w7tA] AZA 7= A Z17HA = THNV
WA 38 Wz FE3oF & o7} o THNV
o o g IojHdd, =AU A% 2 oA

ATE lojo A7 A seta A=
Aokl A& #9340t IHNV 7 &
EdgEdE AsAlzlel daA 2@ 3
[HNVE 9= o3t} (Yoshlmlzu et al., 1993). ©]
2A Ao [HNVE 298 o7t 23k
ol Woll A& % 7ol M= o] Ay
o W3t A% L@, ol 22 FEH AiEHE
3} Apoj = IHNVOl ZHE = A Foh whebA 2 o]
Aol A7ZHE AH3t ALE HNV HAE A
A& Favt 9l

2719 AS aho] E 2~ (IHNV) ] #2181

S AREE o] AW ] IHNVE B &=
= GAE LA9A7 AL, FEE Aol A7 HE HN
o] WH3lr] uw&ol(Mulcahy and Pascho 1984),
NV 2 ZFEE& 137 = o Hohar A ZhE o
Stk SRR ol £ THNVE W o] |
S50l o3 EZIEHAY, [INVE 2 H
o Ao} o] £AZIY strgt s W A A
o HjokAl= HEo R A Ak =3 F E9
of F2E IHNVE 2 7+ 9] d<lo] =7]+= &
A wk Wl A7) 9] U EH|EQ Q E(50 ppm, 15
BE A3t ¢ xW HNVE EE3ANZ +
2 TH(Yoshimizu et al., 1989). We}x & o] A
A g bt A%S F3te IHNVY A4
& AAE 4= Jt}(Yoshimizu et al., 2003).

BPES

ANV &5A| o Hlwd o] &t &Y
Z}e] & Am2 GshiEFFA(200 ppm) == A
A0 FH(100 ppm)©], AHSE 71 7F 2 AMSS
Z 59 &aFde AN UEFEA(FESR
A2F%E 50 ppm)°] Z+Z+ & SITH(Hatori et al.,
2003). =7 AFFE] A ASE AL =AY
(10* puW - sec/em?)©] &2 o] tH(Yoshimizu and
Kasai, 2002).

of W

A= 7kA THNO| o & w4l o 2 A 3] g
Q*E.pj_ 1914‘/\] xHZ?g— G ﬂ—Bﬂé]_ HW}\] U] G ﬂ—ﬂﬂ —]
AHE o] 23 DNA M4l 5o 7]4E o $hth(Winton
1997; Lorenzen et al., 2002; Bootland and Leong,
2011). 22} tfEE2 Al dA ol o232 X3t
d Foll A AHuthel A DNA #Ailo] Al 7]
A 2431 tH(Alonso and Leong, 2013). §HH, g4
RNAR! Poly(I.C)E F-A7 Fojo ¢4 Fost &
o &Ado] & IHINVE HF3h 2 o] vy
< FEste A2 9ol BuE = (Kim
et al., 2009), ©] -2 VHSVS} nervous necrosis
virus (NNV) 52} RNA Hlo| 2 2 ZHdFoA e 1
fFaAo] &A= tH(Takami et al., 2010; Nishiza-

hinsc)
[o
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wa et al., 2009). o}, AFS 29 &
o g wtole 20] 4 £EE A
W ZgE vholel o) YRS A
Thsithe el A8, noje) 2o F4le
AT W ol s BEEhA gk oA of
RE ASSEA ¥EY = BA ol
(VHSV, NNV % red seabream iridovirus (RSIV))S
HAEshe dHo s 93 44 ol fr=ste
W o] o X1 9 th(Nishizawa et al., 2011;
2012; Oh et al., 2014). IHNV= 20°Ce] A Z ]
ZANAE FA o] &L RiHol HojIto]F o
A2 HN A2 T B} b2 A A7)0 Yt
gt o3 Hel A Al EdEE T3 HN ¥
e HEZF Ziddnh

P& AT L A

1960 d o RTG-2 A3} CHSE-214 Al 59
A FFAAEI SR O} Hhole)20] el W}
o] 7bs8Al B ol FRE ofF wpolgz ATE

H] kA o 7 Wl )] 7‘<_L_,_ ol BHo=T

percent survival (RPS) %}CO] 60% 0] Jo2 11 73}
7F 71|t spA Rk o] gl RPS #o=
BE A @49 A AR A ] F5& dojd
—/r: 9)\% A= ofZoltt. duta oz WAl AR A=
q 275 B2 FA Fa WA E g
E}F/lr/“] A @AM fAS AP sol= 40%
e 0187P HASHAl = A ] WAile] g
s F& 7 Ut o]l vt nlolel 2~ T
o] % gropd& I o)y s Hols
u]-§- E=olA RPS %2 95% oo 2 Yeldt)
, A9 H e r o E ALt O]EH} *g
% A AS ARk dloll
Folth. HZoll o]2717kA] o 74 /‘g —H/?_
o] Fo A A kskth. 1 olfr=

(o]

2 877t 0“% T EAE}ﬁ S8 ot &
HBAE, FA N Fo] T IHNV9] 24 3&75‘01
A Fa ol sl Adgolt) wekd o
2 BFgo|Z whEojA kA Ao zﬂJ‘o}Eﬂl o2
o] Yehd £= gtk a8y ol#d =
IHNVS] Wol& 2381 o] && vlolg ~F
B 25 o]
2 R ol F utol )zl gk gl Ay
o] A7t R F AR I Q] Aol Hlol
25 SAE B MalAE 202 AIAZ o

[‘

T Agdztel7 i Age] vhelg 2 A
71Zb & Aol A s AAHAAE ALz A
Zhstar glek. ol 2@ Aol A 2w, kA %}1 g
Al Addisoi o] Ak g e} A2 A o
25 vf§ T2 ARbolnt. whEbA, Oiv vl
29| W54 712 8 oA AEHE AT 5
Aol 2 MAYEE FAZ 02 s sto]of
& Bart gk voprt ol d¥e A= &
H Q1 wpele) 2 ghdole] A mHel FYols A

A

=

718 ZAow Azd)

i

Alonso, M. and Leong, J.C. Licensed DNA vaccines
against infectious hematopoietic necrosis virus
(IHNV). Recent Pat DNA Gene Seq., 7, 62-65, 2013.

Bootland, L.M. and Leong, J.C. Infectious hematopoietic
necrosis virus, In Woo, P.T.K. and Bruno, D.W.
(eds) Viral, Bacterial and Fungal Infections. Vol. 3,
2nd Edition. CAB international, pp.66-109, 2011.

Dietzgen, R.G., Calisher, C.H., Kurath, G., Kuzmin, L.V,
Rodriguez, L.L., Stone, D.M., Tesh, R.B., Tordo, N.,
Walker, P.J., Wetzel, T. and Whitfield, A.E., Family
Rhabdoviridae, In: King, AM.Q., Adams, M.J,,
Carstens, E.B., Lefkowitz, E.J. (eds) Virus Taxonomy:
Ninth report of the international committee on
taxonomy of viruses. Elsevier Academic Press, San
Diego, CA, pp. 686-713. 2012.

Engelking, H.M. and Leong, J.C. The glycoprotein of
infectious hematopoietic necrosis virus elicits neu-
tralizing antibody and protective responses, Virus
Res., 13, 213-230, 1989.



Fopilol Aol glof AAYEH|AAE

Hatori, S., Motonishi, A., Nisizawa, T. and Yoshimizu
M.. Virucidal effect of disinfectants for Onchorhyncus
masou virus (OMV). Fish Pathol., 38, 185-187,
2003.(Japanese with English abstract)

Kim, H.J., Ohseko, N., Nishizawa, T. and Yoshimizu,
M.. Protection of rainbow trout from infectious hem-
atopoietic necrosis (IHN) by injection of infectious
pancreatic necrosis virus (IPNV) or Poly(I:C). Dis.
Aquat. Org., 83, 105-113. 2009.

Kim, H.J., Cho, J.K., Hwang, H.K., Oh, M.J. and Nishi-
zawa, T. Establishment and characterization of the
epithelioma papulosum cyprini (EPC) cell line per-
sistently infected with infectious pancreatic necrosis
virus (IPNV), an aquabirnavirus. J. Microbiol., 50,
821-826, 2012.

Kim, W.S., Oh, M.J., Nishizawa, T., Park, J.W., Kurath,
G. and Yoshimizu, M. Genotyping of Korean iso-
lates of infectious hematopoietic necrosis virus
(IHNV) based on the glycoprotein gene. Arch. Virol.,
152, 2119-2124, 2007.

Kimura, T. and Yoshimizu, M. Viral diseases of fish
in Japan, Ann. Rev. Fish Dis., 1, 67-82, 1991.
Kurath, G., Garver, K.A., Troyer, R.M., Emmenegger,
E.J., Einer-Jensen, K. and Andersen, E.D. Phyloge-
ography of infectious haematopoietic necrosis virus
in North America. J. Gen. Virol., 84, 803-814, 2003.

Lorenzen, N., Lorenzen, E., Einer-Jensen, K. and LaPatra,
S.E. Immunity induced shortly after DNA vacci-
nation of rainbow trout against rhabdoviruses pro-
tects against heterologous virus but not against bac-
terial pathogens. Dev. Comp. Immunol., 26, 173-
179, 2002.

Mochizuki, M., Kim, H.J., Kasai, H., Nishizawa, T. and
Yoshimizu, M. Virulence change of infectious hem-
atopoietic necrosis virus against rainbow trout
Oncorhynchus mykiss with viral molecular evolution.
Fish Pathol., 44, 159-165, 2009.

Mulcahy, D. and Pascho, R.J. Adsorption to fish sperm
of vertically transmitted fish viruses. Science, 225,
333-335, 1984.

Nishizawa, T., lida, H.,Takano, R., Isshiki, T., Nakajima,
H. and Muroga, K. Genetic relatedness among
Japanese, American and European isolates of viral
hemorrhagic septicemia virus (VHSV) based on pa-
rtial G and P genes. Dis. Aquat. Org., 48, 143-148,
2002.

Nishizawa, T., Kinoshita, S., Higashi, S., Kim, W.S. and
Yoshimizu, M. Nucleotide diversity of Japanese iso-
lates of infectious hematopoietic necrosis virus
(IHNV) based on the glycoprotein gene. Dis. Aquat.

Hho] 2] ~(IHNV) ] #4138t 2 W54

o

ke 7

Org., 71, 267-272, 2006.

Nishizawa, T., Takami, 1., Kokawwa, Y. and Yoshimizu,
M. Fish immunization using a synthetic do-
uble-stranded RNA Poly(I:C), an interferon inducer,
offers protection against RGNNV, a fish nodavirus.
Dis. Aquat. Org., 83, 115-122, 2009.

Nishizawa, T., Takami, 1., Yang, M. and Oh, M.J. Live
vaccine of viral hemorrhagic septicemia virus
(VHSV) for Japanese flounder at fish rearing tem-
perature of 21°C instead of Poly(I:C) administration.
Vaccine, 29, 8397-8404, 2011.

Nishizawa, T., Gye, H.J., Takamia, I. and Oh, M.J.
Potentiality of a live vaccine with nervous necrosis
virus (NNV) for sevenband grouper Epinephelus
septemfasciatus at a low rearing temperature. Vaccine,
30, 1056-1063, 2012.

O.LE. (world organization for animal health) Infectious
hematopoietic necrosis. Chapter 2.3.4, Manual of di-
agnostic tests for aquatic animals. http:// www.oi-
e.int/international-standard-setting/aquatic-manual/
access-online/, 2016.

Oh, S.-Y., Oh, M.-J. and Nishizawa, T. Potentiality of
a live vaccine with red seabream iridovirus (RSIV)
for rock bream Oplegnathus fasciatus by controlling
fish rearing temperature. Vaccine, 32, 363-368, 2014.

Sohn, S.-G., Park, M.-A., and Park, J.-W. Studies on viral
disease of masu salmon, Oncorhynchus masou- II.
Isolation of infectious hematopoietic necrosis virus
from masu salmon fry. J. Fish Pathol., 6, 87-92,
1993.

Takami, 1., Kwon S.R., Nishizawa, T. and Yoshimizu,
M. Protection of Japanese flounder Paralichthys oli-
vaceus from viral hemorrhagic septicemia (VHS) by
Poly(I:C)-immunization. Dis. Aquat. Org., 89, 109-
115, 2010.

Yoshimizu M. Disease problems of salmonid fish in
Japan caused by international trade. Rev. Sci. Tech.
Off. Int. Epiz., 15, 533-549, 1996.

Yoshimizu, M. Control strategy for viral diseases of sal-
monids and flounder, In: Lee, C.S., O’Bryen, P.J.
(eds) Biosecurity in aquaculture production systems:
Exclusion of pathogens and other undesirables.,
World Aquaculture Society, proceedings of AIP
workshop, Baton Rouge, Louisiana, USA, pp. 35-41,
2003.

Yoshizumu, M. and Kasai, H.. Sterilization of fish rear-
ing water and wastewater at seedling production
facilities. Industrial Water, 523, 13-26, 2002. (Japa-
nese)

Yoshimizu, M., Nomura, T., Ezura, Y. and Kimura, T.



g AR Ees

Surveillance and control of infectious hematopoietic
necrosis virus (IHNV) and Oncorhynchus masou vi-
rus (OMV) of wild salmonid fish returning to the
northern part of Japan 1976-1991. Fish. Res., 17,
163-173, 1993.

Yoshimizu, M., Sami, M. and Kimura, T. Survivability
of infectious hematopoietic necrosis virus in fertil-
ized eggs of masu and chum salmon. J. Aquat. Anim.
Health, 1, 13-20, 1989.

Winton JR. Immunization with viral antigens: infectious
haematopoietic necrosis. In: Gudding R, Lillehaug
A, Midtlyng PJ, Brown F (eds) Fish vaccinology,
Vol. 90. Developments in biological standardization.
Karger, Basel, pp. 211-220, 1997.

Wolf, K.Infectious hematopoietic necrosis. In Wolf, K.
(ed) Fish viruses and fish viral diseases. Cornell
University Press, Ithaca, N.Y., pp. 83-114, 1988.

Manuscript Received : May 21, 2018
Revised : Jun 8, 2018
Accepted : Jun 8, 2018



