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A New Virus Isolated from Salmonid Fish 

Myung-Joo Oh, Mamoru Yoshimizu, Takahisa Kimura 
and Yoshio Ezura 

Laboratory of Microbiology, Faculty of Fisheries. Hokkaido University, 
MirwlO, Ha/wdate, JJokkaido 041, Japan 

(Received July 18, 1994) 

An undescribed virus was isolated from the brain of coho salmon (Oncorhynchus kisutch), iwana 
(Salvelinus pluviw), rainbow trout (0. mykiss) and ayu (Plecoglossus oltivelis), and ovarian nuid of masu 
salmon (0. maseu) cultured in the northern part of Japan. The virus was isolated from both juveniles and 
adult fi shes. Diseased fish showed abnormal swimming movement and were lethargic. The virus 
replicated, inducing cytopathic effects and lysis in susceptible cell lines at temperatures of S to 2S °C. 
Peoistent infection was observed in several fish cell lines. The virus particles were enveloped, and were 
icosahedral in shape with about 80nm in diameter with a central electron-rlense core. The ~ i rus was 
replicated with IUdR and BVdU, and inclusion bodies in the infected cells were stained with acridine 
orange. The virus density was I. ISS glml and the viral RNA was 7.3 kb in length. The ~ irus was stable 
to pH, diethyl ether and chlorofonn. The ~irus was not neutralized by antisera against known 6 fi sh 
viruses. 
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In May 199 1, a previously undescribed disease was 
observed in rainbow trout (Oncorhynchus mykiss ) 
cultured in Aomori Prefecture, Japan. The affected 
fish showed an abnonnal spinning motion in juve­
niles and lethargic behavior in adults, but no exten­
sive losses were observed. From May to July of the 
following year, the same disease was observed among 
fries of masu salmon (0. mawu) and juveniles of 
rainbow trout, coho salmon (0. kisutch), iwana 

__ (SaJvelin us p{uvius), and ayu (PJecogJossus aJliveJis ) 
in Miyagi and Iwate Prefectures, and Hokkaido. 

Examination of diseased fish failed to show any 
bacterial, fun gal or parasitic agents infecting these 
hosts. During the course of viral examination, a 
cytopathic effects (CPE) similar to that of infectious 
hematopoiet ic necrosis virus (lHNV) was observed 
in the chinook salmon embryo cell line (CHSE-214, 
Lannan et a/ ., 1984). 

In this report, we describe the biochemical, bio­
physical, and serological characteristics of the isolat­
ed virus. 

Materials and Methods 

Fish examination 
The viral study was carried out from May 1991 to 

September 1992. In addition to normal masu 
salmon, moribund fishes showing abnonnal swim­
ming or lethargic behaviors in fries of cultured masu 
salmon, and juvenile and adults of rainbow trout, 
coho salmon, iwana and ayu were collected from 
northern part of Japan (Table I) . Sampled tissues or 
ovarian fluids were brought to the laboratory in 
plastic bags with ice and served for virological exam­
inations. 

Viruses tested 

Viruses were isolated from diseased and nonnal 
fishes by usual method using CHSE-214 cell line. 
Five different isolates and one cloned isolate were 
used for virological and serological studies. Strain 
BrCo-922 1 was isolated from the brain of diseased 
coho salmon in Miyagi Prefecture, and the BrAy-
9201 and BrIw·9201 were from moribund ayu and 
iwana fry, respectively, in Iwate Prefecture in June 
1992. The strain BrRt-9203 obtained from the brain 
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of diseased rainbow trout and strain OvMs·9202 was 
isolaled from ovarian fluid of apparently normal 
mature ma$lJ salmon in Miyagi Prefecture in Octo­
ber 1992, respectively. Cloning of strain BrCo-922 1 
was performed by methylcellulose-overlayed plaque 
method ( Kamei el ai., 1987). using CHSE-214 cell 
line, with viral culture t reated by diethyl elher. 
Infectious pancreatic necrosis virus ( IPNV, strain 
VR-299), infectious hematopoietic necrosis vi rus 
(IHNV, strain HV- I), OnCQrhynch~l masou virus 
(OMV, strain 00-7812) , chum salmon vi rus (C'SV, 
strain ToKS-7801) and hirame rhabdovirus (HRV, 
strain 8401 -H) were used as reference viruses for 
comparison with the new isolates. 

Virus infectMty 
Virus infectivity was measured by TCID~ assay 

using CHSE-2l4 cells incubated at IS"C for 7 days. 
The infectivity was determined using 96 well micro· 
plates (Falcon) and the end points were calculated 
by the method of Reed and Muench (1938). 

Cell lines 
C HSE-2l4 cells were used for primary isolation 

and for routine propagation of the virus. The other 
31 cell lines were used to test the virus susceptibility 
(Table 2). The cells were grown in Eagle's minimum 
essential medium prepared with Earle's salt (MEM; 
Gibeo), supplemented with 109() fetal bovine serum 
(FBS; Flow) and antibiotics (IOOI.U. penicillin/ml; 
100 ILS streptomycin/ml, Sigma). Except where 
noted, virus inoculated cells were incubated a t ISoC. 

Cell line susceptibility 
Monolayer cultures of 32 cell lines were prepared 

in % well plates. Stock culture of BrCo-9221 was 
diluted 101 to 10' times in HBSS, 50 ILl of each 
dilution was inoculated into four wells of each cell 
line and the vi rus infectivity was detenni ned. 

Persistenl infection of cells 
For the study of persistent infection, the 32 cell 

lines were prepared in 25 cml fl asks and the strain 
BrCo-922 I was inoculated at multiplicity of infec· 
tion (M.O.I.) = I. The inoculated cells were in· 
cubated at IS"C. On the day of lOth after inocula· 
tion, the cell regeneration after fonnalion of CPE 
was checked. All of the regenerated cells were 
scraped out and washed 3 times with HBSS (centri­
fugation at 200g for ISmin). The collected cells 

were counted with hemocytometer (Erma), and 
seeded in 12 wel1 plate (Corning) at the concentra­
t ion of 2.5 X ItY cells/ml. After I week culture, the 
virus infectivity of the culture fluid was detennined. 
For the detection of the virus in the regeneratt."Ci 
cells, fluoresent antibody test (FAT ) was used wit h 
an antirabbit serum against the strain BrCo-9221. 
Virus infectivity of the culture fluid and cultured cell 
of persistently infected CHSE-214 cell line, one of 
the cell lines in which persistent infection were estab­
lished with BrCo-9221, was determined weekly. 

Optimum temperature for virus replication in CHSE-
214 cells 

Monolayer cultures of CHSE-214 cell line were 
prepared in 25 cm l flasks and inocula ted with the 
BrCo-9221 at M.O. I. = 1. After two hours adsorp­
tion, cells were washed with HBSS and MEM-IO was 
then added. The cultures were incubated at 5, 10, IS, 
20, 25 and 30°C. At 1, 3, 5, 7. 9 and 10 days 
post-inoculation. the virus infectivity in each flask 
was determined. 

Effect of 5-iododeoxyuridine (IUdR) and bromovinyl 
deoxyun·dine (BVdU) on replica/ion of the virus 

Monolayer cultures of CHSE-214 cells were first 
exposed to 10- 4 tot IUdR and BVdU ( test cultures) . 
or to HBSS (control). The cultures were infected 
with the 5 isola·tes, incubated at 15°C for 10 days, 
and the vi rus infectivity was measured. 

Acridine orange stain 
Monolayer cultures of CHSE-2 l4 cells were 

grown on 1.5 cml cover slips and inocu lated with the 
5 isolates at M.O.I. = 0.1. Cont rols and infected cells "­
were incubated for 48 h at IS"C. They were fixed 
and stained with acridine orange by the method of 
Rovozzo and Burke (1973), and examined by fluo· 
rescent microscopy. 

Heat lability 
The virus suspension was distributed in O.S m1 

aliquots into kahn tubes which were placed in water 
baths maintained at SO°C and 60°C. AI specified 
times thereafter samples were removed and rapidly 
cooled, and the remaining virus infectivity was mea­
sured. 

Ether sensitivity 
One m1 of dielhyl ether was milied to 4 ml of 
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culture Ouid from an infected cell culture. This 
mixture and a controltubc containing HDSS in place 
of the ether were allowed to stand at 4°C for 18 h. 
The ether was then removed using nitrogen gas and 
the virus infectivity in the aqueous phase and the 
control sample were titrated. 

Chloroform sensitivity 
One ml of chloroform was mixed with 2 m1 of 

virus suspension at room temperature. The mixtures 
were shaken for IOmin and centri fuged at 600 xg 
fo r 5 min to separate the chloroform from the aque­
ous phase of the treated sample. The virus infec tivity 
in treated and control (without chloroform) samples 

.../ were measured . 

Stability to pI/levels 
Stabili ty to selected pH levels. from pH I to 9 was 

tested by incubating a suspension o f virus in MEM 
adjusted to each pH by addit ion of 0.1 N HCl or 
NaOH. After 3h incubation at 15"C, the virus 
infectivity was ti t rated. 

Hemagglutination with the erythrocytes 
Hemagglutinating activity of the virus on human 

a -type, rabbit, coho and masu salmon erythrocytes 
was determined using the microtiter method fo 
Winton et a l. (1981). The erythrocytes were pelleted 
by centrifugation at 200 x g for IO min, washed fi ve 
times with 0.85% NaCI, and resuspended at a con­
centrat ion of 0.5% in phosphate buffered saline 
(PBS). Serial two-fold dilutions of virus suspension 
was prepared in PBS, and SO pI of cell suspension 
was added to each well and the microplates were 

-.,../ incubated at room temperatu re overnight. 

Virus purification 
Concentration of the virus was achieved by ultra­

centrifugation. After low speed centrifugation at 
4,000 X 9 for 20 min, the supernatant was collected 
and petleted at gO,OOO x 9 for 2 h. The pellet was 
again ult racentri fu ged at lOO,OOO x g fo r 2 h through 
nonlinear sucrose gradients, 10 and 5096 (W/V) 
sucrose. The vi rus band formed was removed and 
applied on linear sucrose gradient of 10 to 50% 
(WfV), and centrifuged at lOO,OOO Xg, for 2 h. To 
determine the virus density, centrifugation was con· 
tinued for 12 h. After centrifugation, the gradient 
was fractionated into 200 pI samples. The refractive 
index of each fraction was determined with a refrac-

tometer (Atago), the buoyant density was then cal· 
culated, and the virus infectivity of each fraction was 
determined by microplate method. The virus was 
then resuspended in TE buffer (20mM tris·HCI, I 
mM EDTA , pH 7. 2) and finally precipitated at 
100,OOO xy for 2 h. The pelleted vi rus was then 
resuspended in TE buffer and dialyzed overnight 
against TE buffer. 

Viral R NA isolation 
Total RNA was extracted usi ng RNAzol D 

(Cinna/Biotex) according to the manufactu rer's in­
structions. A 10011/ of purified virus was digested 
for IO min at 4°C by addition of 9OCJ/11 RNA zol D. 
The solution was triturated, placed in a 1.5 m1 micro· 
centrifuge tube with chloroform, and chilled on ice 
for IOmin. The aqueous phase was separated by 
centrifugation at 12,OOOXg for 15 min at 4"C, and 
the RNA was precipitated with isopropyl alcohol. 
After centrifugation, the pelleted RNA was washed 
with 8096 ethanol and dried in a freeze dryer (Lab­
conco). The fin al pellet was resuspended in 5011/ 
buffer. One of non·treated RNA sample (about 5 
/1g) and 2 of t reated samples (RNase A, 10 mg/mi 
and DNase I 5 mg/mI) were electrophoresed with 
1% formaldehyde-denaturing agarose method by 
Martineau et al. (1991). 

Antiserum preparation 
A New Zealand white rabbit was injected in­

tramuscularly wi th an emulsion of purified virus and 
Freund's incomplete adjuvant ( I : I), and lxxIsted 
with purified virus intravenously. The intravenous 
injections were carried out on day 30, 50 and 60 after 
the prima ry inoculation. The rabbi t was bled 10 days 
after the last injection. Serum was collected, sterili z­
ed by membrane filtration, inactivated at 56°C for 30 
min and stored at - 80"e until usc. 

Antiserum against IHNV (HV -I) was provided by 
the Japan Fisheries Resource Conservation Associa­
tion and antiserum against VHSV was provided by 
Dr. P. de Kinkel in (Institute national de la Recher­
che Agronomique, France), and anti IPNV (VR 
299), HRV, OMV and CSV sera were prepared in 
our laboratory. 

Serological characterizatiQn tests 

The serological relationships between isolates and 
the reference viruses were determined by cross­
neutralization tests using rabbit antisera. Antisera 
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were diluted with HBSS at pH 7.2 in either 2 or 10-
fold steps. Each virus was harvested and diluted 
with HBSS to give approximately 100 TCID50 per 50 
f..tf. Fifty microliter a liquots of the virus suspension 
were reacted with 50111 of each antiserum dilution at 
1SoC for 1 h. Then, lOOpl volume of C HSE-214 
cells (2.0X 10' cells/well) were added to each reac­
lion mixture. The resull ing cullures were incubated 
at 15°C for 10 days and observed for CPE. Nelura­
lizing ant ibody ti ters (ND50) were expressed as the 
reciprocal of the highest dilution of antiserum pro­
tecting 5096 of the infection of inoculated cell cul­
tures. 

Electron microscopy 
The CHSE-214 cells infected with isolated and the 

cloned strain BrCo-922 1 were fixed with 296 glutar­
a ldehyde in 0.1 M sdium cacodylate buffer (pH 7.4) 
for I h and then post fi xed with 196 OsO. in 0.2 M 

sodium cacodylate buffer for 30 min. The infected 
cells were embedded in eopx)' resin. sectioned and 
stained with 296 uranylacetate and lead citra te. 
Purified virus particles were negatively stained with 
296 uranylacetate on collodion coated grids. All 
sample grids were examined in a Hitachi H-700 
transmission electron microscopy. 

Results 

Virus isolation 
Virus isola tion from moribund fishes showing aD-

normal swimming and lethargic behavior a t 6 differ­
ent places in the northern part of Japan and normal 
matured masu salmon is shown in Table I. Many 
moribund fi shes showed viral infection in the brain 
and kidney. The virus was also isolated from about 
1096 of normal matured masu salmon population of 
spawning size. 

Cytopathic effect of isolotes 
Marked cytopathic effects (CPE) was observed in 

the CHSE-214 monolayers after 3 to 4 days incuba­
tion at ISoC (Fig. la). The entire cell sheet was 
almost lysed unt il 14 days (Fig. Ib). However. a few 
cells survived and started to replicate from about 21 
days after inoculation (Fig. Ic). About one month 
aft er inoculation, the regenerated cells formed a cell 
monolayer again (Fig. Id). 

Susceptibility of cell Jines and penistent infection 
The susceptibilities of 32 fish cell lines to DrCo-

9221 are summerized in Table 2. In the fish cell lines 
of BF-2, CHSE-214, CHH-I , RTE-2, SF-2, EO-2, 
KO-6, RTH- 149, ITOF, RTG·2, SE, SEH, SHH , 
EPG, FHM, RTf and EK· I, the isolated virus de· 
veloped the CPE and showed the high infectivity. In 
ceo, EPC, YNK, ASE, AF·29 and JSKG cells, 
moderate virus infectivity was observed. While, in 
KRE, KRE-2 and PAS, the virus showed low in­
fectivity. The isolate did not show the CPE in FRF, 
GSE, MSE, RF, SDK, and WSF cells. Persistent 
infection of the vi rus was observed in CHSE-21 4, 

Table I . Sampled lish and ra te of virus isolation 

Origin Fish 
lsolalion*' 

Year Place Species Weigh,·' Organ 

1991 Aomori Rainbow trout 4>0 Brain , / , 
(Oncorhynchus mykiss ) Kidney " 

, 
1992 Hokkaido Masu salmon 4 Kidney 12/ 12 

(0 . masou) 
1992 Miyagi Rainbow Iroul 38 Brain " 4 

(0. mykis.s) Kidney 3j 4 
1992 Miyagi Coho salmon 27 Brain 39/ 41 

(0. kisutcll) IGdney 27/ 29 
1992 Iwale Iwana 14 Brain U 4 

(So/velillus pluviu.r) Kidney 1/ 4 
1992 iwate 'yo 19 Brain )/ , 

(P/tcQ8lossus a/livelis) Kidney Jj , 
1992 Miyagi Masu salmon*' I ><Xl OvF*' 13/120 

(0. ma.wu) 

*' No. of positive/No. of tesled lish, ,.., Avelllge weighl in gram, *' Nonnal fish, *' Ovarian fluid . 
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Fig. 1. Cytopathic effects produced in a chinook salmon embryo cell line (CHSE-2 14) by the isolated virus 
strain BrCo·9221. 
a: 3 days post inoculation (p.i.), the cells undergo entire Ilnd lysis, b: 2 weeks p. i., lysis of entire cell 
seut. c: J weeks p.i., some survived eells regenerated, d: 4 weeks p.i., the cells were completely 
recovered. Scale bar= 30tlm. 

CHH-I, EO-2, KO-6, SHH, EK-I, CCO, EPC, and 
AF-29. In the regenerated C HSE-2 l4 cells, high 
level of infective virions were produced and the virus 
infectivity was persistently maintained in subcultures 
of the cells (Fig. 2) . 

\""Growth temperature 
The virus grew well between 10 to 2SoC with the 

optimum growth temperature at ISoC (Fig. 3). The 
maximum virus infectivity was obtained with 109.l1 

TC IDxJmI S days after inoculation. No evidence of 
vi rus replication was found at 30°C. 

Buoyant density and electron microscopy 
Virions could be partially purified from infected 

cells using sucrose gradients. The peak of virus 
infectivity was observed in a band formed in sucrose 
gradient, and no in fectivity was detected in other 
fraction. The buoyant density corresponding the 
peak was calculated approximately 1.155 glml in su­
crose. 

Electron microscopy showed that the band formed 

in sucrose gradient contained numerous enveloped 
icosahedral shape virions with a diameter about 80 
nm (Fig. 4). Two type of virus particles were 
observed; unenvelopcd virions about 65 nm in dia­
meter with a elect ron-dence core vi rus pa rticles (Fig . 
5a) and about 80 nm enveloped virions (Fig. Sb), 
which were observed in cytoplasm of infected 
CHSE-214 cells. Clone purified vi rus showed the 
same shape of the enveloped virions, and both kinds 
of virions were observed in the infected CHSE-214 
cell . 

Biochemical and biophysical characteristics 
Biochemical and biophysical characteristics of the 

isolates are summarized in Table 3. The deoxyuri­
dine analogues IUdR and BVdU were 'not effective in 
blocking viral replication. The replication of the 
reference RNA virus, IPNV, was also not affected by 
the presence of IUdR and BVdU in the medium. In 
contrast, DNA virus OMV was completely inhibited 
by the presence of IUdR and BVdU. In infected cells 
stained with acridine orange, the cytoplasm con-



28 M.-J. Dh, M. Yoshimizu, T. Kimura and Y. Ezura 

Table 2. 

Ce ll li ne 

of-2 
CHSE-214 
CHH-I 
RTE-2 
SF-2 
EO-2 
KO·6 
RTH. 149 
ITOF 
RTG-2 
SE 
SEH 
SHH 
EPG 
FHM 
RTT 
E K-J 

CCO 
EPC 
YNK 
ASE 
AF-29 
]SKG 

KRE 

KRE-2 
PAS 

FRF 
OSE 
MSE 
RF 
SBK 
WSF 

Infectivity and pel1iistent infect ion of the 
isola ted virus slrain BrCo-9221 in selected fish 
cell lines 

Species 

Bluegill 
Chinook salmon 
Chum salmon 
Rainbow trout 
Smelt 
&1 
Kokanee salmon 
Rainbow trout 
ho 
Raibow trout 
Chum salmon 
Chum salmon 
Snakehead 
Goldfish 
M innow 
Rainbow trout 
&1 

Channel catfish 
Carp 
Yamame 
Atlantic salmon 
A,o 
Japanese striped 

knife jaw 

Kelp & red spou ed 
grouper 

Hybrid of grouper 
Purplish amberjack 

Kituncmcbaru 
Gizzardshad 
Masu salmon 
Kurosoi 
Red Seabream 
White sardine 

maximum 
virus 

infectivity 

8.5S*2 
8.55 
8.05 
7.55 
7.55 
7.30 
7.30 
7.30 
7.05 
7.05 
7.05 
7.05 
7.05 
6.55 
6.55 
6.55 
6.30 

5.00 
S.SS 
5.55 
5.30 
4.55 
4.55 

2.80 

2.80 
2.80 

Presistent 
infection*' 

NO"') 
6.80 
7.05 
NO 
NO 
6.05 
5.80 
NO 
NO 
NO 
NO 
NO 
6.30 
NO 
NO 
NO 
5.05 

5.30 
4.05 
NO 
ND 
4.05 
NO 

NO 

NO 
NO 

NT~ 

NT 
NT 
NT 
NT 
NT 

*' Persistent infection was shown by ~irus infec ti ~ity 
(LoglO TClD,.JmI) of culture Huid, *1 Log,o TCID,.Jml, 
*I Not detected, "'CPE WllS not developed, *1 Not 
tested. 

tained orange colored inclusion bodies. Formalde· 
hyde agarose gel electrophoretic analysis o f RNA 
prepared from purified virions showed 7.3 kb in 
length. The 7.3 kb RNA was sensi tive to R Nase A 
treatment, but the RNA band did not change when 
treated with DNase I. 

Ether and chloroform treatment did not reduce 

o 
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0 
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3 • IQ I 12 
Passage Number 

Virus infectivity in CHSE-2 14 cell line persis­
tently infected with the isolated vi rus stra in 
BrCo-9221. Persistently infected cells were suo. 
cultured at one week interval. The infectivity 
of cell free ( e ) and cell associated (0 ) virus 
were determined weekly. 

10 ..... 
8 ~ --~ --iF .---o--""-D ___ ~ 
6 

4 \.---- -.• '- --.-
2 ---

o 1 3 5 7 10 
Days post inoculation 

Fig. 3. Replication of isolated virus stra in BrCo-922l in J 
CHSE-214 cell line incubated at six different 
temperatures. 
0 . SoC; 6 , IO~C; e. IS°C; .&, 20°C; D , 
25 °C; • • 300 e 

infectivity of the isolates, and the same results was 
obtained in cloned virus. In contrast, infectivity of 
IHNV was completely lost when treated similarly. 

The isolated vi ruses were partially inactivated by 
ellposure to pH 1 but treatment at pH 2 to 9 showed 
no effects on viral infectivity. These isolates were 
stable at high temperatures, i.e. keeping at 6Q°C for 

30 min. No hemagglutination with human 0 type, 
rabbit, o r fish (coho and masu salmon) erythrocytes 
was observed. 
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Fig. 4. Negatively stained isolated virus strain BrCo-
9221. Enveloped virus particles (arrow head, i 
and ii) . Scale bar =::: H>Onm. 

Serological characteristics 
By the cross-neutrali zation tests, the isolated virus 

strain BrCo-9221 was clearly distinguishable from 
the five reference fish viruses (Table 4). The five 
isolates were neutralized with antiserum against 
st rain BrCo-922 1 at a titer of 1 :960 to 1 : 2560. 
However, cross reaction to anti-IHNV, IPNV, 
VHSV, OMV and CSV rabbit sera was not observed. 

Discussion 

The virus described here was isolated from sal­
monids and ayu which arc cultured in the northern 
part of Japan and showed an abnormal swimming 
and lethargic behavior. Primary CPE of the virus 
manifested as generalized cell lysis, but, the survived 
cells regenerated and multiplied after obiously lysed. 
The regeneratd cells produced a large number of 
virions and virus replication was persistently main­
tained. Negatively stained virions showed an icosa­
hedral shape with a mean diameter of 80 nm, with 
envelope. However, in the infected cell cytoplasm, 
both non enveloped small virus particles (65 nm in 
diameter) and enveloped vi rus particles (80nm in 
diameter) were observed. The viral replication was 
not affected by the presence of IUdR and BVdU in 

Fig. S. UnenveJoped icosahedral virus particles (a) and enveloped vi rus particles (b) in cytoplasm of CHSE-
214 cell. Scale bar = IOO nm. 
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Table 3. Biochemical and biophysical charac teristics of the isolated virus strains 

Strains (Iiler: 1.ogoo TCIDooImI) References virus 

Characterization 
BrRt-9203 BrCo-9221 Brlw·9201 BrAy·9201 OvMs-9201 IPNV INHV OMV 

Susceptibility 

•• IUdR 7.30 7.80 8.05 7.80 7.80 US NT < 1.80 
BVdU 7.55 7.55 8.05 7.55 1.55 7.30 NT < 1.80 
Control 7.H 7.55 8.30 7.80 8.05 1.55 Nl"' S.05 

Sensitivi ty 

•• Ether 6.80 8.30 1.80 8.05 8.30 8.55 < 1.80 NT 
Chloroform 6.55 8.30 1.80 7.80 8.30 8.30 < 1.80 NT 
Control 6.80 8.30 7.80 8.05 8.55 8.30 6.05 NT 

Stability 

•• pH . 6.H 4.0S 5.05 4.30 3.80 7.05 NT NT 
pH 2 7.80 8.05 8.05 6.80 8.30 8.05 NT NT 
pH 3 7.80 8.30 8.55 7.80 8.05 8.30 < 1.80 NT 
pH ' 8.05 8.05 8.30 7.55 8.55 8.30 3.55 NT 
pH 7 8.05 8.30 8.55 7.55 8.55 8.30 5.0S NT 
pH 9 8.30 8.30 8.55 7.30 8.30 8.30 S.05 NT 

Htallability 
(50°C,IS min) NT 8.05 NT NT NT 7.30 NT < 1.80 
(60°C. 3Omin) NT 7.80 NT NT NT US NT < 1.80 
Untreated NT 8.30 NT NT NT 7.30 NT '.30 

Hemagglut inat ion 
Human 0 type NT ~ NT NT NT NT NT 
Rabbit NT NT NT NT NT NT 
Coho salmon NT NT NT NT NT NT 
Masu salmon NT NT NT NT NT NT 

*1 Not tested , *3 negative. 

Tllble 4. Cross-neutralization tests with anti-sera against IH NV, IPNV, VHSV, OM V, CSV and isola ted virtls strain 
DrCo-9221 

Titer Anti-sera (NOlO)"" J 
Virus 

Log'Q TCID>iJwell DrCo-922 1 IHNV IPNV VHSV OM" CSV 

Isolated strain 
DrRt-9203 1.80 960 < 20 < 20 < 40 < 20 < 20 
DrCo-922 I 2.0.5 25 .. < 20 < 20 < 40 < 20 <20 
Brlw-920 1 2.0.5 25 .. < 20 < 20 < 40 < 20 < 20 
BrAy-920 l 2.30 1280 < 20 < 20 < 40 < 20 < 20 
OvMs-9202 2 .0~ 1600 < 20 <20 < 40 < 20 <20 

IHNV 1.80 < 40 ... NT" NT NT NT 
IPNV 1..55 < 40 NT 1120 NT NT NT 
OMV 1.80 < 20 NT NT NT 10' NT 
CSV 2.0.5 < 12 NT NT NT NT 24 

*' 5096 neutra lizat ion titer, *3 Not tested. 
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the medium. The lack of inhibition by halogenated 
pyrimidines and the sensitivity to RNase suggests 
that the virus possesses an RNA genome. In addi­
tion, orange colored inclusion bodies were observed 
in the infected cell cytoplasms by acridine orange 
stain, suggesting the ellistence of single stranded 
nucleic acids. Virus RNA was shown 7.3 kb in 
length, and the vi rion density was 1.155 g/mJ in su­
crose gradients. On reverse transcriptase (RT) 
assays with (rCm)n(dG)ll-I' as the primer for RT 
activity of mouse retrovirus, this isolated virus had 
RT activity (data was not shown), We can no t find 
any known fish virus that have characteristics similar 
to those of present virus. Thus, this virus isolated 

V from salmonid fish that showed abnormal swimming 
and le targic behavior seems to be a new fish virus. 

Characteristics of the isolate are similar to the 
Retroviridae. Generally, retrovirus have 8 St ructural 
protein (MA, CA, NC, PR, RT, IN, SU, TM) and 7 
to IOkb RNA. The virion density is between 1.16 
and 1.1 8g/ml in sucrose, and they have RT activity 
(White and Fenner, 1986; Doane and Andersen, 
1987; Coffin, 1990). Recently some ret roviruses 
have been reported to induce proliferative consitions 
in salmonid fish (Duncan, 1978; McKnight, 1978; 
Kent et al., 1990). Eaton and Kent (1992) reported 
a retrovirus infection in chinook salmon with plas­
macytoid leukemia ( PL). Enmination of fractions 
in sucrose gradient from Pl.-positive fish showed 
enveloped virus particles of about llOnm diameter, 
with an electron dence core. It had rcverse trans­
criptase (RT) activity and 7 polypeptides observed 
by polyacrylamide gel electrophoresis. Pet ry et al. 
(1992), reported the isolation and characterization 

'-' of a retrovirus from a non·salmonid fish, genus Xi­
phophorus. The virus particle has a buoyant density 
of 1.16 g/m/, a mean diameter of lOOnm, six associat­
ed proteins, and RT activity. However, all these fish 
retroviruses could not be grown in fish cell cultures. 

At this lime, il is difficult to detennine the taxo­
nomical po!'i tion of this virus with presented results. 
Generally, the enveloped virus is sensitive 10 lipid 
solvent and the sensitivity test to solvent is used to 
deline the virus envelope. The isolated new virus has 
envelope by the EM observat ion, but resistant to 
diethyi ether and chloroform. The cloned vi rus also 
showed the same characteristic to the ether treat­
men!. In o rder to determine the taxonomical posi. 
tion of this virus, the supplemental studies of enve· 
lope composition, protein st ructure, property of RT 

and genetic construction of RNA are needed. The 
works are current ly under way. 
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