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Table 1-1. Epizootiological survay of OMV disease in rainbow trout

No. of Mean body . - - Cumulative Water
. . - - Epizootic period -
Fish farm  rearing fishes weight (Duration) mortality temperature
in the pond (9) (%) ()

3,500 110 2000.5.12 - 7.31 (79) 37.7 10.5 - 20.6

2,600 190 2000.4.20 - 7.19 (89) 34.5 94 -18.38

3,900 190 2000.4.28- 7.19 (81) 33.6 94 -1838

1,000 1,000 2000.4.4 - 7.31 (117) 72.1 8.1-20.6

500 420 2000.4.12 - 7.5 (83) 77.0 8.7 -18.38

700 800 2000.4.12 - 7.4 (83) 70.1 8.7 -18.38

75,000 40 2000.9.29 - 2001.1.14 (105) 41.4 82-125

106 85 80 RTG-2
CPE RTG-2
Fig.1-2)
Fig.1-1 00-7812 439 bp
Fig.1-3)
105.6 8.3 104.9 8.4 105.4 8.4
1058 77 TCID./
98 log,, TCIDs,
Streptococcus iniae Ichthyophonus

hoferi

68

Fig. 1-1. Diseased rainbow trout 16.1 BW , showing white spots in the liver.

Scale bar = lcm.



Fig. 1-2. Multiple foci of severe necrosis in the liver. H-E stain,

Scale bar = 200pam.

500 _,

400 <+ 439

M 1 2 3 4 S 6

Fig. 1-3. Agarose gel electrophoresis of PCR amplification products of 5 virus
isolates from diseased fish and OMV strain 00-7812.
Lanes: M; DNA molecular weight marker, 1-5; virus isolates from
diseased fish, 6; OMV strain 00-7812.

13
50 70
Fig.1-4
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Fig.1-4. Cumulative mortality of rainbow trout that were injectedintraperitoneally
with 10%3 TCID,,/100j18/fish of the OMvat 13.5
No mortality was observed in the control group(not shown).
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Fig.1-5B
Fig.1-6A
Fig.1-6B
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Fig.1-6C
Fig.1-5D Fig.1-6D
Fig.1-5E
Fig.1-6E



Fig. 1-5.

Histopathological signs of OMV-infected rainbow trout. (A) Necrotic lesion with hemorrhage in
the splenic pulp of naturally diseased fish. OMV-infected cells were necrotized showing nuclear
degenerations. H&E, Scale bar= 50pam. (B) Necrotic lesion with hemorrhage in the spleen of
experimentally infected fish. H&E, Scale bar= 100jam. (C) Necrotic lesion with hemorrhage in the
hematopoietic tissue in the kidney of experimentally infected fish. H&E, Scale bar= 100pm. (D)
A necrotic focus presumably at the early stage of infection in the liver of naturally diseased fish.
H&E, Scale bar= 100pum. (E) Developed necrotic focus in the liver of naturally diseased fish. Most
of OMV-infected hepatocytes showed nuclear degenerations and cellular fragmentation. H&E, Scale bar=
50pam.



Fig. 1-6. Histopathological signs of OMV-infected rainbow trout. (A) Nodular lesion consisted of cells with
a basophilic nucleus in the liver of survived fish in infectivity experiment. H&E, Scale bar= 50
m. (B) Necrotic lesions with hemorrhage in the ventricle of experimentally infected fish. H&E, Scale
bar= 100 pam. (C) Necrotic lesions in the intestine of experimentally infected fish. The epithelium
was extensively destroyed and the underlying tunica propria and submucosa were also necrotized severe
hemorrhage. H&E, Scale bar= 100pam. (D) Necrotic lesion in connective tissues of a gill filament of
naturally diseased fish. Separation of the epithelium from gill lamellae is an artifact by sample
processing. H&E, Scale bar= 100pam. (E) Necrotic lesion in the lateral musculature. The connective
tissues were necrotized hemorrhage, and involved muscle cells were also necrotized. H&E, Scale bar=
100pam.
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Fig. 1-7.

Electron micrographs of OMV-infected cells. (A) OMV-infected hematopoietic cell showed many
nucleocapsids in a nucleus and enveloped virions in a cytoplasm. In this cell, an enveloped virion
was present in the expanded space between two nuclear membranes. Electron dense chromatin was increased
and attached on the inner nuclear membrane. m: outer nuclear membrane. Scale bar= 450 nm. In set
shows a virion with a thick envelope (233x220 nm). (B) OMV-infected hepatocytes with many virions
in a cytoplasm showing degenerated mitochondria and fragmented sER. Scale bar= 250 nm. (C)
OMV-infected cardiac muscle cell showed many virions in the vacuolated sarcoplasm. Nucleocapsids are
present within the destroyed nucleus with coagulated chromatin. c: myofibrils of cardiac muscle cell.
Scale bar = 1200 nm. (D) OMV-infected splenocytes. Infected splenocytes had been fragmented and many
free virions were present among cellular fragments. Scale bar=1,400 nm. Large arrows indicate virions
in the cytoplasm. Small arrows indicate nucleocapsids in the nucleus. n: ncleus.

12



100

60 |
40 |

20

0 .' Il 1 1 N

Kd L Br FN MN RN

Incidence (% ) of positive sample

Organ for OMV detection
Fig. 1-8. Detection of OMV in different organs of infected fish by PCR and cell culture method.
Kd; Kidney, L; Liver, Br; Brain, FN; Front Nerve, MN; Middle Nerve, RN; Rear Nerve. PCR, mmCPE.

Table. 1-2. Detection of OMV from rainbow trout organs in different maturity stages by PCR
and cell culture method.

Stage No. Kidney Liver Brain Frontnerve  Middle nerve  Rear nerve  Ovarian fluid
CPE PCR CPE PCR CPE PCR CPE PCR CPE PCR CPE PCR CPE PCR
Level1 1 - - - - - - - - - - - - - -
3 - + - - - - - - - + - - - -
4 - + - - - - - - - - - - - -
5 - + - - - - - - - - - - - -
6 - + - - - + - - - - - - - -
7 - + - - - - - - - - - - - -
8 - + - - - - - - - - - + - -
0/9  8/9 0/9 0/9 09 1/9 0/9 0/9 09 1/9 09 1/9 0/9 0/9
Level2 1 - - - - - - - - - - - - - -
3 - - - - - - - - - - - - - -
4 - - - - - + - + - - - - -
5 - - - - + - + - - - - -
6 - - + - + - + - - - - - -
7 - + - + - - - + - - - + - -
8 - - - + - + - - - - - - - -
9 - + - + - + - + - + - + - -
10 - + - - - + - + - - - - - -
0/10 5/10 0/10 5/10 0/10 6/10 0/10 6/10 0/10 1/10 0/10 4/10 0/10 0/10
Level3 1 - + - - - + - + - - - + - -
2 - + - + - + - + - - + + +
3 - + - + - + - + - - + + -
4 - + - + - + - + - - - + + +
5 - + - + - + - + - - - + - -
6 - + - - - - - + - - - - - +
7 - + - + - - - - - - - + - -
8 - + - - - - - + - + - - - +
9 - - - - + + - - - - - - + +
10  + + + + - - - - - + - - + +
1/10 9/10 1/10 6/10 1/10 6/10 0/10 7/10 0/10 4/10 0/10 6/10 5/10 6/10
+: positive, -: negative, NT: not tested,

Level 1: previtellogenesis stage, Level 2: late vitellogenesisi stage, Level 3: ovulation stage.

13



Table. 1-3. Detection of OMV in different stages of maturity of

rainbow trout blood by PCR

Stage No. PCR
Level 1 1 +
Level 2 1 +

2 +
3 +
4 +
5 +
6 +
7 -
8 -
9 +
10 +
Level 3 1 +
2 NT
3 +
4 +
5
6 -
7 -
8 +
9 -
10 -
+: positive, -: negative, NT: not tested,

Level 1: previtellogenesis stage,
Level 2: late vitellogenesisi stage,
Level 3: ovulation stage.

Table 1-4. Cumulative mortality of different sized rainbow trout artificially infected

with OMV RtNa-0010 strain

Body No. of B
] Challenge dose No. of Mortality
Exp. Challenge method  weight . challenged )
(TCID;,/Fish or me) . dead fish ()
) fish
13 1038 50 42 84
) Control 50 1 2
Intraperitoneal 113 1038 25 22 88
injection ) Control 25 0
114.1 1038 10 70
) Control 10 0
) 10%3 30 26 86.7
Intraperitoneal
. 11.2 10%3 30 26 86.7
injection
Control 30 1 3
) 1028 10 10 100
Intraperitoneal
. 95.2 10*8 10 10 100
injection
Control 10 10
10%-8 25
10%8 25
Immersion method 1.9
1038 25 20 80
Control 25 0 0

14
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Table 1-5. Susceptibilities of several freshwater fishes to OMV strain RtNa-0010

Body No. of dead fish No. of dead fish No. of dead fish No. of survivors No. of survivors No. of death fish
Fish species weight in challenged showing positive showing positive showing positive showing positive in non-challenged
( ) group/ examined CPE/examined PCR/examined CPE/examined PCR/examined group/examined
Amago salmon
(Oncorhynchus masou 18 0/20 0/10 0/5 0/19
ishikawae)
Japanese charr
(Salvelinus leucomsenis) 42 0/19 079 075 0/19
White Tish 15 2/20 1/2 2/2 0/9 0/5 0/20
(Coregonus lavaretus mareana)
Broun trout
(Salno trutts) 25 0/10 0/5 0/5 0/10
Rainbow trout
(Oncorhynchus mykiss) 17 18/20 17/18 0/1 0/1 0/20
Common carp 9 4/20 0/4 0/4 0/8 0/5 6/20
(Cyprinus carpio)
Crucian carp 9 0/20 0/10 0/5 0/20
(Carassius auratus)
Japanese dace 7 1/20 0/1 0/1 0/9 0/5 1/20

(Tribolodon hakonensis)

Challenge dose: 10%® TCID,/Fish.

15



1999

10 4.9

10 kg 84 TCID,/ ( ,2003)
100 70 Tanaka et al.,(1984)

34 77

400 70
Streptococcus iniae
Ichthyophonus hoferi
(Kimura et al.,1981a;Kumagai et al.,1994)
80 10
CPE
10
100
10%° &A4TCID,,/
( ,2003)
18 10 RtNa-0010
84 80
83%
10 100
(Tanaka et

al. ,1984; ,1989;Kumagai et al.,1994)
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Oncorhynchus masou virus -RT

(
(Amend and Pietsch,1972)
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( ,1992
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260nm
10*
W sec/cm?
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,1991a,
( ,1991 ,1997) b)
105w sec/cm?
(Kasai and Yoshimizu,
2002 ,2002)
( ,1990

( ,2001)

18

,2001)

( ,1997)

(Watanabe et al.,

(

,2001a,b)

,1991b)



,1998, 2001)
2000
211 RtNa-0010
RTG-2 15
-80
10
10 w/w
0.20
Jam 121
15
-RT
16.5>45 mm
0.5me 10%7 TCID,,/me 0.5
me 10 15 20
96 well 50
-RT Hanks’
penicillin-G 8001.U./m €, streptomycin
800ug/me, nystatin 200units/me
10
10
Fig.2-1-1
1PNV
Toranzo and Hetrick(1982) 15 20
Toranzo et af.(1983) 1PNV
(1986a) 15
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Fig.2-1-2
Fig.2-1-3
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Fig. 2-1-1. Survival of OMV in spring water, non-used fish rearing water, used fish rearing water, distilled
water containing sludge and river water which were autoclaved (@), filtered (A) and non-treated
(o), respectively at 10
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Fig. 2-1-2. Survival of OMV in spring water, non-used fish rearing water, used fish rearing water, distilled
water containing sludge and river water which were autoclaved (@), filtered (A) and non-treated
(o), respectively at 15
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Fig. 2-1-3. Survival of OMV in spring water, non-used fish rearing water, used fish rearing water, distilled
water containing sludge and river water which were autoclaved (@), filtered (A) and non-treated
(o), respectively at 20



10 15
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(1986a) 00-7812
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20 HA
0.45pam -80
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10 15 50ppm
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10
14
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HA M
-RT
(1990)
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(Kamei et al.,1987)

90

1/2 0.01M
Hanks’
Hanks’

BACT™ peptone DIFCO
1.0
15 30

100ppm
0.5 20
20 ppm
Table 2-2-1
3,500ppm

0.5

0.1

100

15

25

98

1.0

50ppm 20

90

ppm

700ppm 25

20

700

0.1

350ppm

1.0

100

Table 2-2-2

100ppm

0.

5

15.8ppm

0.5
350ppm
15

Table 2-2-3

0.1

Table 2-2-1. Plaque reduction of OMV at different temperature and reaction time by lodophor

29

93

of plaque reduction

Temperature Reaction time
) Concentration of disinfectant (ppm)
) (min)
100 20 10 2 1
0.5 100 62 0 0
0
20 100 83 0 0 0
0.5 100 60 22 1 13
15
20 100 65 27 9 16
0.5 100 5 0 0 0
25
20 NT* NT NT NT NT

*NT: not tested.

24



Table 2-2-2. Plaque reduction of OMV

at different temperature and reaction time by Formaldehyde

of plaque reduction

Temperature Reaction time " —
() (nin) Concentration of disinfectant (ppm)

3,500 700 350 70 35

0 0.5 100 93 77 15 26
20 100 95 87 21 29

15 0.5 100 96 87 31 4
20 100 98 96 35 39

25 0.5 98 100 92 40 3
20 NT NT NT NT NT

NT: not tested.

Table 2-2-3. Minimum concentration of disinfectants to show the 90% plaque reduction of OMV

at different temperature and reaction time by Formaldehyde

Reaction time

Concentration of disinfectant (ppm)

Disinfectants ]
(min) 0 15 25
0.5 100 100 100
lodophor
20 100 100 NT
) ) 0.5 100 100 100
Benzalkoniumu chloride
20 100 100 NT
0.5 100 100 100
Saponated cresol
20 100 100 NT
. . 0.5 50 50 50
Sodium hypochlorite
20 1 1 NT
Potassiumu permanganate 0.5 15.8 15.8 15.8
solution 20 15.8 15.8 NT
0.5 700 700 350
Formaldehyde
20 700 350 NT

NT: not tested.

(2003)
15 0.5
160ppm 15 20
100 50 3500 16ppm

100 50 200 100 3500

100 10

25



( ,2003)
(1988) 1976 1986
(Kimura
et al.,1983a,b; Suzuki et al.,1987a,b) in vivo
(Kimura et al.,1983b)
( ,1996)
o
o
o
( ,2001)

26



30 e 12.2 13.8
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- -214 TCID,,
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TCIDg,/me Fig.3-1-1 10 TCIDy/
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85.7 Table 3-1-1 40
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100

Cumulative mortality

20 24 28 32 36
Days after infection

Fig. 3-1-1. Cumulative mortality of rainbow trout that were injected intraperitoneally with 10*® TCID,, /0.1
me /fish of OMV. : vaccinated with 10® TCID,/fish. J: vaccinated with 107 TCID/fish.
vaccinated with 10° TCID,/fish. ©: unvaccinated. No mortality was observed in the control group
(not shown). *: p<0.01 (Fisher’s exact probability test).

Table 3-1-1. Dose of effective antigen for vaccine against OMV in rainbow trout

No. of

Experiment group Challenge dose challenged No. of death Mortality RPS
(logTCID g/fish) fish fish (%) (%)
vaccinated with  10° TCID /fish 10 4 40.0 429
vaccinated with 107 TCID ,/fish 23 10 3 30.0 57.1
vaccinated with 108 TCID /fish 10 1 10.0 * 85.7
unvaccinated with MEM-5 10 7 70.0
vaccinated with  10° TCID ,/fish 10 0 0
vaccinated with 107 TCID /fish 9 0 0
vaccinated with 108 TCID /fish ) 10 0 0
unvaccinated with MEM-5 10 0 0

*: p<0.01 (Fisher’s exact probability test)

Table 3-1-2. Neutralizating antibody titers in rainbow trout inoculated with the formalin-inactivated

virus vaccine

Neutralizating antibody titer (1:)
Experiment grou o
P group Data from Individuals

vaccinated with 10° TCIDg/fish <10 <10 <10 <10 <10
vaccinated with 107 TCIDg/fish <10 <10 <10 <10 <10
vaccinated with 10® TCIDg/fish <10 <10 <10 <10 <10
unvaccinated with -5 <10 <20 <10 <10 <40

28
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78.9 85 Table 3-2-2
Fig.3-2-2
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Days after infection
Fig. 3-2-1. Cumulative mortality of rainbow trout that were injected intraperitoneally with OMV.
vaccinated 1 ( ), vaccinated 2 (o), control 1 (A) and control 2 (e)
challenged with 10°° TCID,,/0. 1me/fish. No mortality was observed in the control group (not shown).
*: p<0.01 (Fisher’s exact probability test).
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Days after infection
Fig. 3-2-2. Cumulative mortality of rainbow trout that were injected intraperitoneally with OMV.
vaccinated 3 ( ), vaccinated 4 (1), control 3 ( ) and control 4 (mm)
challenged with 10?-° TCID.,/0. 1me/fish. No mortality was observed in the control group (not shown).
*: p<0.01 (Fisher’s exact probability test).

30



Table 3-2-1. Vaccine efficacy against artificial OMV infection in rainbow trout

Experiment Challenge dose No. of No. of Mortality RPS
group (logTCID /fish)  challenged fish  death fish (%) (%)
vaccinated 1 20 6 300 * 62.5
vaccinated 2 20 2 100 * 86.7
control 1 os 20 16 80.0
control 2 20 15 75.0
vaccinated 3 20 7 350 = 55.7
vaccinated 4 20 9 450 = 47.1
control 3 29 19 15 78.9
control 4 20 17 85.0
vaccinated 20 0 0
control ) 20 0 0

*: p<0.01 (Fisher’s exact probability test)

Table 3-2-2.

formalin-inactivated virus vaccine

Neutralizating antibody titers in rainbow trout inoculated with the

Experiment group

Neutralizating antibody titer (1: )
Data from Individuals

vaccinated <5 <5 <5 <5 <5
control <5 <5 <5 <5 <5
107 TCIDsy/
1057 TCID,/ 100-°
10%° TCID,/
p
0.01 47.1 86.7 100-°
TCIDg/ 60

107 TCID,/
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Fig. 3-3-1

RKV-3 RHV-SH-2000 1:98
106 TCIDy,/me 1:158 p<0.01
250 1g/me Vibrio 1 60 1 640
anguillarum  NCMB 6 ODgpe=1.0 1 320 1 >1280
0.3 Fig.3-3-2
90
22 p<0.01 o?
Table 3-3-1
0.1me
Fig.3-3-3
1 50 1 125
1 71 1 225
1 525 1 367
p<0.01
33
12
RKV-3 RHV-SH-2000 p<0.05 o? Table 3-3-2
60 20
30 41 V. anguillarum
(1989)
mL
Anti.Ink - 90
15 14
22 33
(As0,2001) 12
60 20
30
41
me
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Fig. 3-3-1. Antibody responses against OMV in unvaccinated fish () and fish 3 months (mm)
after vaccination at 2,000 analyzed by neutralization test.
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Fig. 3-3-2. Antibody responses against OMV in non-vaccinated fish (CJ) and vaccinated fish (m)
analyzed by neutralization test.
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Table. 3-3-1. Detecion of OMV from ovarian fluid of rainbow trout by PCR and viral titer
by 50% tissue culture infective dose (TCIDg,)/me.

Viral titer

Experiment group Positive fish/examined fish (%)
(log TCIDg,/me)
vaccinated 13/60 (22%) 1.8 - 4.1
control 18/20 (90%) 2.3 -4.8
20
15 p
w0} H
E H B
2
=
BO A A ll_ll A A A A )
z
E
> 20r
15 p
10 p
5
O A A A A
50 75 100 125 225 300 375 450 525
Antibody titer

Fig. 3-3-3. Antibody responses against OMV in one time vaccinated fish ()
and booster vaccinated fish (m) analyzed by neutralization test.

Table. 3-3-2. Detecion of OMV from ovarian fluid of rainbow trout by PCR and viral titer
by 50% tissue culture infective dose (TCIDg)/me.

Viral titer

Experiment group Positive fish/examined fish (%)

(log TCIDg,/me)
one time 10/30 (33%) 2.3 - 3.8
booster 5/41 (12%) 2.3 -3.8
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