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ABSTRACT: This paper describes the gross findings, histopathology, and ultrastructural and scanning
electron microscopical (SEM) appearance of farmed Norwegian Atlantic salmon dying from a disease
known locally as ‘acute heart failure’ Pathological findings were mainly cardiac, and some fish showed
haemopericardium due to rupture of the atrial wall. Lesions were largely restricted to the spongy portion
of ventricle and atrium, and comprised myocardial degeneration and necrosis, with variable degrees of
endocardial-associated hypercellularity, plus macrophage and lymphocyte infiltration; epicarditis was
also present in most fish. Transmission electron microscope findings confirmed the myofibrillar disrup-
tion, while the SEM showed crater-like discontinuities in the endocardial plasmalemma. The cause and
pathogenesis of these remarkably severe lesions are unknown; whether they are primarily degenerative
or inflammatory must await a more in-depth study. Until more is known, use of the term cardiomyopathy

syndrome would seem most appropriate.

INTRODUCTION

During the last 5 to 6 yr, increasing numbers of
Norwegian fish farms (100 so far) have been affected
by a disease known locally as ‘acute heart failure in
salmon’ Typically, the condition occurs in the autumn
months, affecting fat and fast-growing Atlantic salmon
Salmo salar in sea-cages, usually 14 to 18 mo after their
introduction to seawater. Compared to other condi-
tions, the fish frequently die with little reported evi-
dence of prior clinical disease. The present paper
describes the gross findings and histopathology in one
such outbreak of disease, as well as the transmission
and scanning electron microscopical (TEM and SEM)
appearance of the cardiac lesions.

MATERIALS AND METHODS

Necropsies were conducted in October on 12
moribund fish and 4 clinically healthy ones from a
single cage site from which increased mortality had
been reported. Since their introduction to seawater 18
mo previously, the fish had been fed a commercially
prepared pelleted diet. Tissues for light microscopical
examination were fixed at 4 °C in 2.5 % glutaraldehyde
in a phosphate buffer (pH 7.4 and total osmolality ca
320 mOsm). Organs sampled included heart, liver,
pyloric caeca and pancreas, kidney, spleen, and lateral
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line musculature with both red and white muscle. Tis-
sues were subdivided and subsequently processed in
paraffin wax for routine sectioning and staining with
haematoxylin and eosin (H& E) or Masson's trichrome.
Alternatively they were embedded in methacrylate
resin and lum sections stained with H& E, or they were
post-fixed in 1 % osmium tetroxide for examination in
either TEM or SEM. Those samples destined for the
SEM were dehydrated in graded ethanols, critical-
point dried and sputter coated with gold palladium,
while those for the TEM were dehydrated in graded
ethanols and embedded in Epon resin. Ultrathin sec-
tions were stained with uranyl acetate and lead citrate.

RESULTS
Moribund fish

External gross lesions were usually lacking. On
internal examination, a fibrinous perihepatitis and an
enlarged or ruptured atrium with consequent haemo-
pericardium were the only lesions found (Fig. 1). His-
topathological examination, however, revealed signifi-
cant changes, and these were mainly restricted to the
spongy myocardium of both atrium and ventricle,
leaving intact the ventricular compact layer. Lesions
varied in severity and distribution from mild and mul-
tifocal to massive and severe, affecting all spongy
trabeculae in both atrium and ventricle. Individual
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hearts, however, often had different stages of reaction
in different areas or trabeculae.

Mild lesions were characterized by multifocal granular
degeneration of fibres, with loss of striation. This change
was accompanied by the formation of an amorphous
coagulum which was hyper-eosinophilic in paraffin
sections but pale in H & E stained methacrylate sections

Fig. 1. Salmo salar. Heart from fish with cordiomyopathy
syndrome showing massive thrombosis of atrium

(Fig 2). Vacuolation was also present, especially of the
sub-endocardial space. Hypercellularity of these degen-
eratc and necrotic foci was mainly due to the presence of
small rounded cells with hyperchromatic nuclei, prob-
ably lymphocytes, macrophages, and possibly also sub-
endocardial cells. In the less severely affected fish these
were located mostly in the sub-endocardial space, butin
severe cases they were also present within the fibres; in
necrotic fibres which were comprised of little more than
an endothelial-delimited tube of debris, macrophages
were seen to contain eosinophilic granular material, or
yellow-brown ceroid or lipofuscin-like pigment, prob-
ably the remnants of phagocytosed necrotic myocytes
(Fig. 3). Lysis of contractile fibres did not seem to be
immediately accompanied by nuclear loss; some pyk-
nosisand karyorrhexis wereindeed present, but whether
of myocytes or not was unclear. In some fish there was
tremendous prominence of endocardium and sub-
endocardium, and individual myocytes often had mas-
sively hypertrophied nuclei and nucleoli (Fig. 4). This
latter change, which was thought to represent compen-
satory hypertrophy, was sometimes accompanied by
trabecular fibrosis, again possibly and attempt at repair
(Fig. 5). Overall mitotic activity waslow, and where seen,
was associated with the endocardium.

In severely affected hearts, the extent of the necrosis
and associated response was truly impressive; atrial
thrombosis was common in these cases, and occasion-
ally it was extensive enough to obliterate much of this
compartment. In many hearts, necrosis of myocardium
was accompanied by marked trabecular hypercellular-
ity, but in others, this was much less pronounced, and it
was felt that this may possibly represent an early stage
of the disease process.

Fig. 2. Salmo salar. Methacrylate
section of ventricle from fish with
early lesions showing acute lysis of
myocardium (arrow). H&E X 450
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Other features of the disease included hypercellular-
ity beneath the epicardium, and in some fish this was
more prominent than the myocardial lesions. The reac-
tion was composed of macrophages, lymphocytes and
possibly plasma cells, eosinophilic granular cells, and a
few neutrophils. The response was usually diffuse, but
sometimes it extended into the compact myocardium or
formed discrete foci, often associated with the coronary
vessels, which in some cases had necrotic walls. In
some fish there was a more diffuse scattering of small
mononuclear cells throughout the compact layer, but
for the most part the myocardium remained normal.

Other lesions were present in the kidney and liver of
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Fig. 3. Salmo salar. Ventricle from

severely affected fish showing loss

of myofibres and the presence of

large numbers of mononuclear

cells (macrophages?) containing

ceroid-like pigment (arrow). H& E
X 450

Fig. 4. Salmo salar. Ventricle from

fish with greatly enlarged nucleus

{arrow) of cardiac myocyte (is

this compensatory hypertrophy?).
H&E x 220

most fish; these latter were consistent with those
expected with a failing circulation. In the liver, there
was periacinar degeneration and necrosis; a mild fi-
brinous coat was sometimes present on the capsule.
Lesions in red or white skeletal muscle were notably
limited, as were any major changes in the pancreas
although small clusters of neutrophils were sometimes
found within blood vessels.

Little further insight into the development or
pathogenesis of these lesions was gained in TEM, except
to confirm the lysis of the myofibrils (Fig. 6). In SEM
however, the plasmalemma of the apparently swollen
endothelial cells had numerous pseudopod-like fingers















