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Detection of a nodavirus-like agent in heart tissue
from reared Atlantic salmon Salmo salar suifering
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ABSTRACT: The present study shows that a nodavirus-like agent is associated with the lesions of
cardiac myopathy syndrome (CMS), a disease of unknown etiology which affects reared adult Atlantic
salmon Salmo salar. In archive paraffin-embedded heart tissue from Atlantic salmon diagnosed as
suffering from CMS, a distinct immunohistochemical reaction was observed when using a primary anti-
body against striped jack nervous necrosis virus (Nodaviridae). Immunolabeling was detected in the
mesothelium and hypercellular lesions of the epicardium and in endothelial cells and myocytes within
mild multifocal lesions of the atrial and ventricular trabeculae. Transmission electron microscopy, per-
formed on deparaffinized samples of the same tissue blocks, revealed substantial amounts of virus-like
particles (VLP) in the cytoplasm of endocardial endothelium, in myocytes and in mesothelial cells of the
epicardium. The VLP were isometric, spherical and unenveloped, with mean capsid diameters of
approximately 25 nm, resembling a virus belonging to the Nodaviridae.
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INTRODUCTION

Cardiac myopathy syndrome (CMS), also termed
‘acute heart failure’ or ‘heart rupture’, has been
reported in Atlantic salmon Salmo salar from fish
farms in Norway and in the Faeroe Islands, Denmark
(Bruno & Poppe 1996). The disease typically strikes
large and rapidly growing fish, usually about 12 to
18 mo after transfer to seawater (Amin & Trasti 1988,
Ferguson et al. 1990). Between 1985 and 1989 the dis-
ease was diagnosed in more than 100 facilities (Fer-
guson et al. 1990), and has since been repeatedly
reported from most fish farming areas in Norway.
Little information is available on the total losses
caused by the disease.

The disease is typically acute, and fish die, often in
connection with feeding, without any clinical symp-
toms being observed. Usually, no external gross pathol-
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ogy is recorded. Some fish, however, show signs of
chronic disease with anorexia, wasting and lethargic
behavior and may develop systemic congestion with
hemorrhages in the dermis and edema in the scale
pockets (raised scales) (Bruno & Poppe 1996). Exo-
phthalmia may also be observed. Necropsy usually
reveals an enlarged and often ruptured atrium and/or
sinus venosus. Haemopericardium with a prominent
blood coagulum is found in fish with myocardial rup-
ture. In addition, ascites resulting from hepatic con-
gestion, often accompanied by fibrinous perihepatic
deposits, is observed (Amin & Trasti 1988, Ferguson et
al. 1990, Bruno & Poppe 1996).

On histopathological examination, the most promi-
nent lesions are found in the trabeculae of the heart.
These comprise myocardial cell degeneration and
necrosis accompanied by various degrees of endo-
cardium-associated hypercellularity dominated by
mononuclear inflammatory cells. The severity and
distribution of these lesions vary between the differ-
ent parts of the heart and range from mild and multi-
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focal to severe and diffuse (Amin & Trasti 1988, Fer-
guson et al. 1990). In addition, epicardial mono-
nuclear inflammatory cell infiltrations are often
observed. The liver tissue is often congested, with
periacinar hepatocellular degeneration and necrosis.
As the etiology of CMS is unknown, the disease is
diagnosed on the basis of its gross and histopathologi-
cal characteristics.

The present study was initiated by the results of an
immunohistochemical and electronmicroscopical study
of viral encephalopathy and retinopathy (VER) in lar-
val and juvenile Atlantic halibut Hippoglossus hippo-
glossus (Grotmol et al. 1997). In Atlantic halibut,
lesions, probably caused by a nodavirus-like agent,
were detected in endothelial cells of the endocardium.
Nodavirus-like particles were also found in the myo-
cytes and in mesothelial cells of the epicardium. It was
thus tempting to determine whether a virus with simi-
lar characteristics could be identified in the heart tis-
sue of Atlantic salmon suffering from CMS.

MATERIALS AND METHODS

The sample material used was archival paraffin
embedded heart tissues from Atlantic salmon Salmo
salar L. (n = 12) suffering from CMS that had been
collected from fish farms (n = 4) located in western
Norway. The diagnosis was based on case histories
and clinical signs as well as on the presence of charac-
teristic heart and liver lesions as described by Fergu-
son et al. (1990). The salmon had been reared in sea-
cages for a period of 12 to 24 mo, had been fed a
commercial pelleted diet, and weighed from 2 to 8 kg.
As control material, heart tissue from 3 healthy salmon
of approximately the same size was collected at a facil-
ity with no signs of clinical disease. The tissue of the
control fish and the tissue from fish suffering from
CMS were fixed and processed identically.

The hearts had been parted medially, put into a
phosphate-buffered 10 % formalin solution (pH 7.4) for
12 to 48 h, dehydrated through an ethanol series and
xylene, and embedded in paraffin wax. Sections, 3 to
5 pm thick, were stained with hematoxylin and eosin
(H&E) for routine histological survey.

Immunohistochemistry using a rabbit antiserum
against striped jack nervous necrosis virus (anti-
SINNV) was carried out according to established
methods (Hsu et al. 1981, Evensen 1993). The anti-
serum was provided by Dr T. Nakai (University of
Hiroshima, Japan) and had previously been applied in
several studies on nodavirus (Munday et al. 1994,
Nakai et al. 1994, Nguyen et al. 1994, 1996). The anti-
body was raised against purified virions of SINNV
according to procedures described previously (Ari-

moto et al. 1992, Mori et al. 1992). Cross-reactions
with viruses of other families have not been detected.
Sections of formalin-fixed paraffin embedded heart
tissue (n = 12) were deparaffinized at 58 to 59°C for
30 min, washed in 2 xylene baths and rehydrated
through a series of decreasing concentrations of
ethanol (100%, 96%, 70%, 50%). Nonspecific anti-
body binding sites were blocked by covering the
sections with a solution of 5% bovine serum albumin
(BSA) in Tris-buffered saline (TBS, pH 7.4) for 20 min.
The solution was blotted off the slides and the anti-
SIJNNV serum was incubated at a dilution of 1:900 in
2.5% BSA in TBS for 30 min. After washing for 5 min
in TBS, the secondary antibody, biotinylated goat
anti-rabbit immunoglobulin, diluted 1:300 in 2.5%
BSA in TBS (Dako, Glostrup, Denmark), was added
and incubated for 30 min. After washing in TBS,
streptavidin alkaline phosphatase complex (diluted
1:1000; Boehringer) was added and incubated at room
temperature for 30 min. After washing, New Fuchsin
Chromogen (K698, Dako, Carpinteria, CA, USA) with
1 mM levamisole (Sigma Co., St. Louis, MO, USA) as
inhibitor in TBS was added and allowed to develop
for 5 min. After washing in tap water, sections were
counterstained with Mayer's haematoxylin and moun-
ted in an aqueous mounting mediun (Aquamount;
BDH Laboratory Supplies, UK).

All incubations were performed at room temperature
in a humidity chamber. Controls included use of non-
immune serum (normal rabbit serum) at the same
dilution as the immune rabbit serum. Tissue sections
from normal Atlantic salmon were also incubated with
immune and nonimmune serum. The endpoint dilution
value was 1:3200 (the highest dilution of the primary
antibody that gives a positive reaction discernable
from background) after 30 min incubation at room
temperature (Petrusz 1983).

After a sufficient number of sections for light micro-
scopical and immunohistochemical examinations had
been collected, the paraffin blocks were deparaffinized
in warm xylene (58 to 59°C), rehydrated through a
series of decreasing concentrations of ethanol (100 %,
96 %, 70%, 50%) and refixed for 6 h. A volume of
100 ml refixative consisted of 10 ml 10% formalde-
hyde, 10 ml 25% glutaraldehyde, 20 ml 0.2 M caco-
dylate buffer and 60 ml PBS (pH 7.35) (Totland et al.
1996). Small cubes (1 mm?®) of tissue were dissected
from the blocks in areas with immunohistochemical
reaction in the paraffin sections. The selected tissue
was then rinsed in the cacodylate buffer and postfixed
for2hin 1% OsO,, dehydrated in ethanol, and embed-
ded in Epon 812 (Fluka Chemie AG, Switzerland).
Ultrathin sections were cut on a LKB Ultratome, con-
trasted in uranyl acetate and lead citrate and observed
in a Jeol CX100 transmission electron microscope.
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RESULTS
Immunohistochemistry

A specific immunolabeling was observed within
characteristic cardiac lesions of diseased fish after in-
cubation with the anti-SJINNV serum. When the non-
immune serum was applied to affected tissue and the
immune serum to the heart tissue of the control fish,
faint, unspecific staining could be observed in some
sections. The control fish showed normal morphology
of the heart tissue.

In the hearts of the fish suffering from CMS, charac-
teristic lesions were observed both in the trabecular
musculature (Fig. 1) and in the epicardium (Fig. 2).
Within the epicardium, immunolabeling was present
in the mesothelial lining and in the hypercellular
lesions dominated by mononuclear cells (Fig. 2).

The internal cardiac lesions of the trabecular tissue
varied in severity and ranged from multifocal (Fig. 1) to
diffuse. Within the multifocal lesions, distinct immuno-
labeling was observed in the endothelial cells (Figs. 1,
3,4 & 5). Some endothelial cells were degenerate, and
on some trabeculae the endothelial lining seemed to
be partly lacking (Figs. 3 & 4). Margination of mono-
nuclear cells was observed on the luminal surface of
some immunolabeled endothelial cells, and different
numbers of mononuclear cells were present in their
subendothelial spaces (Figs. 1, 3 & 4). Immunolabeling
was observed in many of the degenerate or necrotic
myocytes (Figs. 3 & 6), and was often associated with
various degrees of mononuclear cell infiltration in the
myocardium (Fig. 6).

In areas with diffuse severe lesions and intense
inflammatory changes, the immunolabeling of the
endocardium and myocardium was less pronounced
or absent. The severe diffuse lesions occurred more
frequently in the atrium than in the spongious part of
the ventricle, and they consisted of pronounced myo-
cardial degeneration and necrosis. Hypercellularity,
mainly due to mononuclear cell infiltrations, was wide-
spread and, in severely affected trabeculae, the myo-
cardium had been substituted by macrophages and
lymphocytes, which are signs of chronic active inflam-
mation (Figs. 3 & 6).

The endothelium of the arterioles and venules of
the compactum and the epicardium also displayed
immunolabeling.

Electron microscopy
Free virus-like particles (VLP) (Fig. 7) were detected

in the cytoplasm of endothelial cells, myocytes and
mesothelial cells of the epicardium. The VLP were iso-

metric, spherical, unenveloped and had diameters of
approximately 25 nm. The largest numbers of VLP
were found in the endocardium and epicardium. In
some of the degenerate myocytes, VLP were present
between bundles of myofibrils. Some of the infiltrated
mononuclear cells and some lymphocyte-like cells
adherent to the luminal surface of the endocardium
also contained VLP.

The control fish showed normal morphology with no
accumulations of VLP in the cytoplasm of cells of the
heart.

DISCUSSION

In the present study nodavirus-like particles and
virus antigens were visualized in situ in lesions charac-
teristic of CMS. To our knowledge this is the first report
that describes the presence of a nodavirus-like agent
in a salmonid. Nodaviruses pathogenic to fish are
neurotropic and are the etiological agents of viral
encephalopathy and retinopathy (VER), which causes
high mortalities in early life stages of several cultured
marine teleost species (Glazebrook et al. 1990,
Yoshikoshi & Inoue 1990, Bloch et al. 1991, Breuil et al.
1991, Mori et al. 1991, 1992, Renault et al. 1991, Mun-
day et al. 1992, Arimoto et al. 1993, Nakai et al. 1994,
Nguyen et al. 1994, Muroga 1995, Boonyaratpalin et al.
1996). In the Atlantic halibut infected with a noda-
virus-like agent, early signs of endocarditis was a typi-
cal finding and nodavirus-like particles were detected
in the endothelium, in myocytes and in mesothelial
cells of the epicardium (Grotmol et al. 1997). The car-
diac pathology of the Atlantic halibut infected with a
nodavirus-like agent shared histopathological changes
with Atlantic salmon suffering from CMS. This may
indicate a relation between the presence of virus and
the cardiac lesions.

The fact that the most distinct immunolabeling was
found in the endothelial cells within mild multifocal
lesions indicates that viral replication is at its peak at this
early stage of disease development. The endothelium
thus seems to be the primary site of viral replication in
the heart. This replication probably results in endothelial
degeneration and lysis, which is in accordance with the
observed lesions. It has previously been suggested that
the primary lesion of CMS is located in the endocardium
(Ferguson et al. 1990). This assumption was based on the
observation that lesions were located in the trabecular
tissue of the heart, while the compact musculature,
which contains a considerably lower proportion of endo-
cardial tissue, was seldom affected.

Myocardial degeneration is also found in the mild
multifocal lesions, probably representing early stages
of CMS (Ferguson et al. 1990), which would be in
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Figs. 1to 6. Salmo salar. Paraffin sections of the heart. Inmunohistochemical staining with anti-SJNNV serum, avidin biotin alkaline
phosphatase method, Mayer's haematoxylin counterstain. Fig. 1. Atrium with mild focal lesions of trabecular tissue. Note the distinct
immunolabeling (arrows) in the endocardium and the moderate mononuclear cell infiltration. Scale bar = 10 pm. Fig. 2. Epicarditis
with pronounced mononuclear cell infiltration. Note the presence of cells containing viral antigens (arrowheads). M: compact myo-
cardium. Scale bar = 10 pm. Fig. 3. Lesions of different severity in trabeculae of the atrium. In some trabeculae with weak immuno-
labeling, the myocytes have been replaced by mononuclear cells (m). Note the presence of distinct immunolabeling in degenerate
myocytes (arrows) and in the endothelium of some trabeculae. Scale bar = 10 ym. Fig. 4. Distinct immunolabeled endocardial cell (e)
with mononuclear cells both on luminal and mural side. Note that part of the endocardial lining appears to be lacking (arrowhead).
Scale bar =2 pm. Fig. 5. Trabecula of the atrium with immunolabeled, degenerate endothelial cells (e). Scale bar = 2 ym. Fig. 6. Trabe-
culae with immunolabeled, necrotic myocyte (k) with infiltrated macrophages and lymphocytes. Scale bar = 2 pm
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Fig. 7. Salmo salar. High power transmission electron micrograph of virus-like particles in the cytoplasm of a myocyte of the
atrium. Scale bar = 100 nm

accordance with immunohisotchemical staining and
electron microscopy showing virus antigens/particles
in myocytes. In the present study, chronic stages of the
disease are recognized by inflammatory changes and
sparse presence of viral antigens. Hence, virus seem to
be present mainly in endothelial cells but also in some
myocytes in the early phase of infection. The cardiac
lesions of the Atlantic salmon suffering from CMS
are inflammatory and may be described as endo-
myocarditis and epicarditis, which has previously been
proposed by Amin & Trasti (1988).

The presence of virus in endothelial cells of the heart
and/or the vascular bed has been reported from several
other viral diseases affecting teleosts, i.e. infectious
salmon anemia (Hovland et al. 1994, Falk & Dannevig
1995), viral haemorrhagic septemia (Wizigmann &
Hoffmann 1982, Meier & Pfister 1991, Evensen et al.
1994) and infectious haematopoietic necrosis (Carlisle
etal. 1979, Drolet et al. 1994). The propensity of the en-
dothelial cells of the endocardium to internalize virions
may be related to their high endocytotic activity. It has
been demonstrated in smolts of Atlantic salmon that the
endothelial cells of the endocardium function as scav-
engers, clearing the blood of various macromolecules
(Smedsred et al. 1993). High endocytotic function is be-
lieved, among other functions, to reflect the number
and the variety of receptor molecules on the cell sur-
face, thus increasing the probability of viral internaliza-
tion. Endotheliotropic virus may be capable of viremia,
enabling the virus to spread throughout the body.

In conclusion, our data show that a nodavirus-like
agent is associated with the cardiac lesions of CMS
and that the endothelial cells may be the primary
target cells of the virus in the heart. Infection trials and
further studies of the pathogenesis are needed to
confirm the etiology of the disease.
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