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Abstract

In March 1984, a new thabdovims was isolated from moribund
culiured hirame (Japanesc Muundee, Parafickihys olivaceus) and from
iyL (Plecoglorsus altivelis) {ry in llyogo Prefccire. From f'ebary
through May 1985, the virus was again isolated from hirame in scawater
tanks in Hyogo and Kagawa Prefecture, and in Hokkaido, Japan. Al
tnperatures between 5 and 200C the virug replicated and induced
eyorathic effecis (CPR), which progressed 10 evenwal cytolysis in
susceptible cell lines, including FHAM, EI'C, BF-2, RTG-2, STE-137, HFE.
B, YNK, CCO and EK-1. The CHSE-214, KO-6 and CHH-1 celf
lines were refractory. Maximum infeanvity of cell cufiure-grawn virua
way about 10931098 TCIDsg/mi in FHM or EPC cell lines. The viruy
repheaicd optimally at 15 10 200C, Virus panticles were bullet shaped, 80
nm x 1810 200 nm. The isolale was sensitive 1o pH 3, 1o diethyi ether,
and ta heat (3020, 2 min). The virus did not hemagglutinate buman O
tyr- erythrocytes. Yiml replication was not iphibited by 10-4 M 5.
: amyuriding. Infectivity was not reduced by antizers against
duueious  hematopotetic necrosis virus (INHV), virad hemorrhagic
srrticemin virus (VHS V), spring viremia of carp virug (SVCV), pike fry
habdaviens (PTRV), eel virus-Amencan (EVA) and esi virn-Jiuropean
{EVX) The viral isolate was pathogenic for hirame and minbow wrout
t5alma gairdneri) by injection but hot for chum salmon (Gnearhynchus
ketzt cohe walmon (€2, kiswich), masu snlmon (O masou), o ayu fry
by waler bonie caposure. From the evidence obtained thun far, this vorus
i & new pathogenic virus of fish, and is provisionally named IRV
fhirame rhahdovirus), HRV is now considercd 1o be an important
pathogen of culivred hirame and wlmoenids in Japan.

Intreduction

An unknown disease occurred during March 1984
among  pen-culinred  hirame  (lapancse flounder,
Parawchihys oftvaceus) beld in pens in Fukura Bay, and
wnong cultered avo (Plecogiossus altiveiis) fry held in
stawaler lanks at the Hyogo Prefectural  Fisherics
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Experimental Station, Hyogo Prefecture (Gorc et al.
1985a, 1985b). The signs of disease in hirame were
congeslion of the gonads, focal hemorhage in the skeletal
muscles and fins, and accumulation of ascitc fluid.
Infecied ayu fry exhibited exophthalmia and pethechia on
the gillcover. The following year, February to May 1985,
the same disease occurred again ameng hirame culwred in
scawater tanks at the Hyogo Prefeciural Fisheries
Experimental Station, Negi Island, Kagawa Prefectute and
Yagishiri Island, Hokkaido. Examination of diseased fish
failed to show any bacterial, fungal or parasitic agents.

However, during the course of viral examination,
infectious hemalopoictic necrosis  vines (HNV)-like
cylopathic effect (CPE) was observed in the RTG-2 cell
culwres. This agent was not neutralized with antisera
against the following fish rhabdoviruses: [HNV, viral
hemorrhagic septicemia virus (VHSV), spong viremia of
cap vimus (SVCV), pike fry rhabdovirus (PFRV), eel
virus-American (EVA) and eel virus-European {(EVX).
Pathogenicity and virulence of the agent to the hirame was
demonsirated by intraperitoneal injection (Gorie et al.
1985a).

This report describes the characteristics and
pathogenicity of the new virus provisionaily 1ermed
hirame rhabdovirus {(HRV).

Binphysical Characterization

Biophysical characterisiies of the HRV 84010
originating from diseased himme and HRYV A-8401H
isolated from maribund ayu fry are summarized in Tahle
1. Ether treaument markedly reduced infectivity of the
virnses, The BSS treated control had a titer of 106053
TCID so/ml while the ciher-treated suspension had less
than 10180 TCID sp/mit. This sensitivity to ether is
evidence that the virus has an essential lipid-conuining
envelope,

The deoxyuridine analogue TUGR was not efiective
tn blocking viral replication. Control culiures and 1UdR
treated cultures had similar titers (100.05 TCIDgp/m1).
The lack of inhibition by halogenated pyrimidines is
evidence that the virus possesses an RNA genonte.

Both isolates were inactivated by expasure to pll 3.
Na hemagpiutination by HRV was observed with human
O type erythrocytes.
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Electron Microscopy

Virus particles were seen in ultrathin sections of
HRYV infected RTG-2 cells and the kidney tissue of HRV
infected hirame, The particles were bullet shaped with one
rounded end and a mean diameter of 80 nm and length of
180-200 nm. These morphological and biophysical
features are characteristic of viruses of the Rhabdaviridae.

Serological Characterization

The {ive strains of HRV used were tsolated from two
host species at three dilferent locations over a two-year
period. All were neumalized with ani-HRV 8401H rabbit
serum. No neutralization of HRV infeclivity by antisera
against IHNV, infectious pancreatic necrosis virus
(IPNV), Oncorhynchus masou vius (OMV), VHSV,
SVCV, PFRV, EVA or EVX was observed. The
infectivity of each conirol virus used was reduced over
100-fold by the homologous antiserum,

Cross neulralization tests indicated (hat HRV was
clearly distinguishable from he five reference
rhabdoviruses (Table 2), HRV was necutralized with
homologous antiscrum at a titer of 160 and not neulralized
with the helerologous antisera tested. Anti-IHNV, SVCV,
EVA and EVX rabbit sera also had the highest titer against
homelogous virus. Cross reactions were not recognized
exccpt between EVA and EVX.

Cell Line Susceptibility and Yirus Replication

The HRV was originally isolated using RTG-2 cells.
Twelve other {ish cell lines (FHM, EPC, BF-2, STE-137,
HE-1, BB, YNK, CCO, EK-1, CHH-1, CHSE-214 and
K0-6) were also tested for HRV susceptibility, The EPC,
FHM, BF-2, YNK, STE-137, BB, EK-1, CCO and HF-1
cetl lines were susceptible to HRV inleclion, The EPC and
FHM cell lines showed the greatest sensitivity, while no
CPE developed in CHH-1, CHSE-214 and KO-6 ceils
(Table 3). These latter three cell lings were susceptible to
IHNYV, but the HF-1, BB, EK-1 and CCO cells were not,

As judged by virus yield (Fig. 1), the FHM and
RTG-2 cells were the most efficient at replicating HRV,
An incubation time of 72-120 hours was required to
obscrve CPE in EPC, HF-1, STE-{37, BF-2 cells and the
virus yields were greater than 108.80 TCID sg/mi. No
CFE developed in CHSE-214, CHH-1 or KO-6 cells alter
10 days incubation at 150C.

The temperature range for virat replication was
determined to be § 10 250C, The RTG-2 cell line was used
for those experiments performed at § 10 200C while the
EPC cell line was used at 15 (o 250C because it 1oleraies a

higher temperature, The exient of CPE corrclated with the
vims tiler produced over the range of 5 to 200C. At 100C,
viral replication was slower and CPE lcss extensive than at
15 or 200C. At 100C, viral replication was siower and
CPE less exicnsive than at 15 or 200C. In the case of
IHNV and IPNV, the optimal temperatures were 150C and
in the range of 15 to 200C, respectively.

Pathogenicity of HRY

The pathogenicity of the virus was tested for specific
pathogen-free chum salmon (Oncorhynchus keia), masu

salmon (0. masou), coho salmon (0. kisutch), rainbow

trout (Salmo gairdneri) and ayu. Ten rainbow trout (mean
weight approximately 8 g), and masu salmon {6 g) were
injected intramusculariy with 104.0' TCTDs/Mish of virus,
and fish were held in 20-1 aquaria at 12-130C for 21 days.
Fifty chum and coho salmon, thiny masu saimon, and
filteen ayu, weighing approximately 0.2, 0.5, 0.2 and 05
E. respectively, were inlected by the immersion methed
using 103.0 TCIDsy/ml. Fish were cxposed (0 the virus at
100C Tor 60 min and then held in 3-1 aquaria at 12-1400,
Ayu were maintained at 16-170C for 21 days. Afier 21
days, five fish, including one it dicd, were removed and
examined (or bacteria and virus.

Mortality among rinbow trout bepan at six days
post-injection and 60% had succumbed by day 12,
Hemorrhages were commonly observed in muscle and fin.
The cumulative morality of control fish was 10% in 21
days, For masu salmon 1 of 10 cantol fish and 0 of 10
virus injected fish died during the experiment. In coliw
salmoa fry, no control or experimenai fish dicd. Amang
chum salmon, 3 of 50 conwol fish and 5 of 50 viros
exposed fish dicd. No convol and 2 of 30 virus immersed .
masu salinon fry dicd during the 21-day period. Awmonp
the ayu no control or virus-exposed fish dicd in the
experiment (Table 4).

Virus isolation was carried out ysine live lish {rom
cach group, composed of mortaditics or 1ish sacrilied at the
end of the eapenment. Virus was rocuvered from five
individual rainbow troun (all morality), vne masu salmon
fry (mortality), one masu salmon fry (sacrificed and three
coho salon fry (sacrificedy. Signs of discise were only
observed in rambow  truut. All the isolates  were
neutralized with anti-HRV serum,

Virus titers in tissues of infected rainbow tout were
determined for kidney and spleen poots. liver and pancreas
poels, heart, intestine, airbladider and muscle. The virus
was recovered from all tissees examined. Kidney and
spleen pools had the highest dter, reaching 106.05 ¢
10550 TCIDs/ml.



Discussion

The virus isolated from cultured hirame and ayu
appedrs 10 be a previeusly unreporsted pathogen of marine
finh. Mo evidence of a shinilar agenl is noted among recenl
listings of lish viruses.

Fish rhabdoviruses, such as IHNV, VHSV, SVCV,
PFRY, KVA and EVX arc well known, Swim bladder
inllnmation (S virns proved 1o be morphologically
and serologically identical to SYCV (Buchman and Ahne
1973, 1974). HRV was not neuwralized with the antisera
apainst LNV, VHSY, SVY, PRV, EVA or EVX,
Cross neutratization tests indicated that HRV was clearly
d-ringuishable from these reference rhabdoviruses.

1RV shows TIINV-like CPE wilth eventual lysis of
FHM, GPC, BE-2, RTG-2, STE-137, HF-1, BB, YNK,
CC and EK-1. However, the CHSE-214, CIH-1 and
KO- cell lines, all with an epitheloid morphology and
derived from sabmonid fish, were relractive to HRV, The
pattern of daus cedl suscoptibility was clearly different from
HINY  and VOISV, aod  distinguishable  from  the
rhubidoviruses of cod wleus syndrome (Jensen et al. 1979)
ur crab (Johnson 198-4).

Althuugh e thubdoviruses isolated from warmwater
fish (SVOV, SBIV, PIRY, EVA, EVX), the virus isobated
lean grass carp (Ahne 1975) and from a North American
vichbd (Balsherger and Lautenslager 1980% replicale at
15 o abowve, HRY did not replicate at 250C, A
camparison between HRY and Rhabdovirus salmaonis
iOsadchaya and Nakoacchnaya 1981) could not be made
Because ol the tinited infommation available.

The pathogemcity und virulence of TIRV for hirame
was observed tolluwiay intraperitoneal injection into 1040
1 230 g fish (Guorie el al. 1986). ‘The cumulative monality
was MISe, hut mortahity was not observed at 130C or

3 The mortality of hitame in natural outbreaks in
i A0 was 259% (1984) and 7.2% (1983). For Kagawa
Prelecture it was 3.3% and greater than 90% in Hokkaido.
The size of fish affected was 100 w 700 g. This high
awrlality among naturally safected hirame observed in
Hobkoido maoy  be coused by the lower reanng
wemperatures in the winter,

HRY was lethal for rainbow rout and the cumulative
moctality was 60%, The signs of HRY inlection in
rinbow ool were similar o those of VHS, with
lwmorrhaging in muscles  commonly seen.
Histupathologically, hemmopaietic cells were pyknoue or
necrotic e hirame (Kinura et al, unpublished data).
Casirie and de Kiihelin (1984) have reported that VHSY
I pathogiene loe sea bass snd mcbot, both marine species.
The gross signs und  histopathological dawa reported
imdicute @ conditton similar 1w that of HRV-.infectad
frasme. In ts study, chum, coho and masu salmon and
ayu Ly did sot experience high monahty when exposed (o
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HRY by immersion method, but HRV was isolated from
dead and surviving fish. A longer observation period may
have resulled in a higher mortality.

Evidence suggesis HRV is a new and pathogenic fish
virus which is considerced 1o be an important pathogen of
cultred hirame and salmenids in Iapan.
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