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ABSTRACT -Examination via light and electron micros-

copy of juvenile summer flounder Paralichthys dentatus 

experiencing a subacute to chronic mortality revealed 

severe necrotizing hepatitis characterized by necrotic multi-

nucleated giant cells (syncytia). The cytoplasms of 

syncytia contained paracrystalline arrays of reovirus-like 

particles， strongly suggesting that the epidemic was caused 

by the virus. This is the first report of a putative viral infec-

tion in summer flounder. 
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The induction of artificial reproduction of summer 

flounder Paralichthys dentatus was first reported by 

Smigielski1l， and subsequently many researchers have 

cultured this species as experimental animals for eco-

logical studies2l. In addition， because of high recrea-

tional and commercial demands， the summer flounder is 

emerging as an important species for mariculture in the 

mid-Atlantic coast of the U.S.A. Therefore， investiga-

tions have been focusing on improvement of reproduひ

tive control for intensive culture systems3
，4l. 

In one of such experimental facilities (Center for 

Coastal Fisheries and Habitat Research， NOAA Labora-

tory， Beaufort， North Carolina， U.S.A.)， we observed a 
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disease outbreak during experiments for intensive cul-

ture of summer flounder5l. This is the first report of a 

putative viral infection in this species. 

During this laboratory's reproductive studies， brood-

stock were collected in local estuaries in 1994 and were 

fed a commercial salmon pellet (45% protein) and fresh 

fish. Females (3-4 years old， 33-40 cm in total 

length [TL] and weighing from 0.5 to 0.8 kg) and males 

(30-39 cm Tし， 0.4-0.7 kg) were kept in flow-through 

circular tanks (2 m diameter) and water， pumped from 

the Newport River Estuary， was heated to maintain a 

temperature of 150C during spawning and egg incubation. 

When larvae developed pigmented eyes and a 

functional mouth， rotifers Brachionus plicatilis (しtype)

were introduced at a concentration of 5/mし. Subse-

quently， temperature was slowly increased from 150C to 

18-210C and salinity ranged from 24 to 30 ppt. Lar-

vae and juveniles were fed with Artemia nauplii and a 

commercial feed (Kyowa Hakko Kogyo Co. Ltd.， 400 

μm in diameter). These feeds were continued through 

metamorphosis and settlement (at 14 mm Tし).

Clinical signs were first observed in April 1997 in 

the rearing nine tanlくs，and the disease appeared to 

affect both larvae and juveniles. The epidemic eventu-

剖Iycaused very high mortality in all tanks， ranging from 

96.5% to 100% losses over an approximately 6 wk 

period. Diseased larvae showed spinning and/or weak 

swimming， congregation near the surface of the water， 

reduced appetite， and dark coloration. Juveniles were 

also dark， and had swelling of the abdomen which con-

tained a small amount of clear， yellowish fluid. The 

livers of diseased juveniles were pale and swollen. 

In one individual， the liver had a translucent appearance 

with small， white， irregular-shaped masses. Redden-

ing of the spleen and stomach was also seen in some 

juveniles. 

AII of the affected larvae were lost before they 

could be sampled， but a total of 23 juveniles were sam附

pled from the rearing tanks， including three dead fish 

and two fish without clinical signs and subjected to 

examinations. Sampled individuals ranged from 18.0 

to 30.0 mm TL. Twenty of the 23 fish examined were 

fixed in 10% phosphate-buffered formalin solution， 

decalcified in 10% EDTA with 10% formalin， and proc-

essed routinely for histology. Sections were stained 

with haematoxylin and eosin， methylgreen and pyronin 

and Feulgen. For electron microscopy， the livers from 

nine of th 
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Fig. 1. Necrotizing hepatitis in a juvenile summer Ilounder 

characterized by multiple， necrotic multinucleated giant 
cells (syncytia) (arrows). The cytoplasm 01 these syn-
cytia is usually composed 01 variably-shaped eosino-
philic and basophilic areas. Bar = 50μm 

tron microscope. Virus isolation or transmission trials 

were not a社emptedbecause of a lack of material. 

AII fish including the two with no clinical signs had 

necrotizing hepatitis with the most prominent lesion 

being multiple， necrotic multinucleated giant cells (Fig. 

1). The cytoplasm of these syncytia is usually com-

posed of variably-shaped eosinophilic and basophilic 

areas. The basophilic areas were not stained with 

Feulgen， but stained red to reddish pink with methyl-

green and pyronin， indicating the presence of RNA 

rather than DNA. No obvious pathological changes 

were observed in the hepatocyte nuclei. AII hepatic 

lesions were accompanied by pancreatic necrosis. 

Infiltration of inflammatory cells， primarily macrophages， 

as well as slight hemorrhage， was found in the abdomi-

nal cavity of some fish. Four fish with severe hepatic 

and pancreatic necrosis also had numerous casts in the 

renal tubules. No significant lesions were found in 

other organs， including the muscle， brain， stomach， 

intestine and gills. 

Examinations of aftected liver by transmission elec-

tron microscopy showed that the syncytia contained 

abundant aggregations of electron dense， nonenvelー

oped virus-like particles in their cytoplasms. The virus-

like particles had either a hexagonal or pentagonal 

outline and often formed para-crystalline arrays (Fig. 2); 

thus， suggesting the particles are icosahedral. The 

diameter of the virions， calculated from the measure-

ment of 50 particles from vertex to vertex， ranged from 

75 to 80 nm. Electron-Iucent outer capsids surround-

ing dense inner cores were also observed in several 

particles. These aggregations of virus-like particles 

were surrounded by either a single or double membrane. 

In necrotic cells， these particles were scattered through-

out the cytoplasm. 

Fig. 2. a. Numerous virus-like particles in the cytoplasm 01 
multinucleated giant cells. Virions are surrounded 
by membranes (arrowheads)， and are composed 01 
unenveloped electron-dense virus particles. The 
virus particles often lormed para-crystalline arrays 
(arrow). Bar = 1000 nm. b. A high power view 01 
virions. Bar = 200 nm. 

Although more detailed virological examination， 

including transmission studies， as well as isolation of 

the causative agent， are required for confirmation of the 

etiology， our data strongly suggest that this outbreak 

was caused by a virus. The morphological features of 

the virions found in the present study resemble those in 

the Family Reoviridae7)， and are similar to those of 

reovirus-like particles previously reported in other fish 
8-12) specles--' 

The most prominent histopathological feature of our 

case， the formation of hepatic syncytia， was also 

observed in similar diseases in other flatfish， including 

marbled sole Pleuronectes yokohamae in Japan 11) and 

Atlantic halibut Hippoglossus hippoglossus in Canada9) 

and Scotland
12

). In Japanese and Scottish cases， 

reovirus-like particles were observed in the liver， while 

in Canadian case， reovirus (aquareovirus) infection was 

confirmed with reverse transcriptase-polymerase chain 

reaction (RT-PCR) using specific primers. In both mar-

bled sole and Atlantic halibut， the histopathological fea-

tures were quite similar to those in our case. Most 

importantly， hepatic necrosis with syncytia formation 

and presence of reovirus-like particles were the key 

diagnostic criteria in all four cases. However， syncytia 

were also observed in the intestinal epithelium， pancre-

atic acinar cells and renal tubular epithelium of the mar-

bled sole
11
). Morphological features of the virions 

found in these four cases were quite similar but the virト

ons found in Atlantic halibut were smaller than the other 

two cases. 

These four flatfish diseases were also very similar 

in that they aftected larvae and small juveniles. Gross 

clinical signs were also similar， except that exophtha卜



Reovirus-like infection in summer flounder 153 

mos was present in the marbled sole， and the out-

breaks in marbled sole and Atlantic halibut occurred at 

lower temperatures (8-160C and 9-120C， respective-

Iy)， which are within the appropriate ranges for rearing 

these species. 

In light of these findings， we suspect that the dis-

ease of the summer flounder was probably caused by a 

reovirus. However， the viral etiology of the present dis-

ease remains to be determined by experimental 

infection. Also， possible epidemiological relationships 

among these four diseases could not be revealed in our 

study. They are geographically separated among the 

Far East (、Japan)，the New World (U.S.A. and Canada) 

and Europe， and we know of no evidence that any 

of these flatfish species were moved among Japan， 

Scotland， the U.S.A. and/or Canada. These reovirus 

infection might be widespread in flatfish species， since 

similar diseases affect two separate families of flatfish 

(summer flounder in the Paralichthyidae; marbled sole 

and Atlantic halibut in the Pleuronectidae). In any 

case， efforts should be directed at restricting the spread 

of any new diseases such as this viral infection to other 

areas of the U.S.A. and to other countries， because of 

the potential significance of this disease to the future of 

aquaculture of summer flounder and related species 
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