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ABSTRACT: A plasmacytoid leukemia was observed in chinook salmon Oncorhynchus tshawytscha
reared in seawater netpens in British Columbia, Canada. The disease was first observed in market-size
salmon (2 to 4 kg) and caused high mortality at several facilities. The disease, referred to as marine
anemia by fish farmers, is characterized by pallor of the gills due to anemia, enlargement of the spleen
and kidney, and ascites. Some affected fish exhibited prominent bilateral exophthalmia. Histological
examination revealed massive proliferation of plasmacytoid cells {plasmablasts) in the kidney inter-
stitium, spleen, intestinal lamina propria, pancreas, liver, and heart. Fish with exophthalmos exhibited
massive proliferation of the plasmablasts in the periorbital connective tissue, ocular muscles, and
choroid gland. In tissue sections, the plasmacytoid cells had large, often lobate or clefted nuclei, and a
moderate amount of amphophilic cytoplasm. In Giemsa imprints, cells had a smooth contour, contained
a large nucleus, an intense staining cytoplasm, and in some cells a juxtanuclear hof was visible. Electron
microscopy and immunohistochemistry revealed the plasmacytoid features of the proliferating cells.
The cells contained a well organized, rough endoplasmic reticulum, the cisternae being distended with
a lightly granular material. Inmunoglobulin was detected in the cells in tissue sections with a goat anti-
trout immunoglobulin peroxidase stain. Although an infectious etiology (e.g. oncogenic virus) for the

disease was suspected, no viruses have yet been detected by cell culture or electron microscopy.

INTRODUCTION

Commercial rearing of salmonid fishes in seawater
netpens is an important and growing industry in British
Columbia, Canada. Chinook salmon Oncorhynchus
tshawytscha are the primary farmed species and the
forecast harvest for 1989 is approximately 14 000 tons.
With the increase in this relatively new form of
aquaculture in British Columbia and in Washington,
USA, several new diseases of cultured salmonids have
been reported (Kent & Elston 1987).

An apparently new disease of pen-reared salmon,
referred to as '‘'marine anemia’ by fish farmers, caused
severe losses in chinook salmon reared at several sites
in British Columbia. The disease was first recognized in
the fall of 1988, when high mortality was observed in
market-size fish. The disease is suggestive of leukemia,
with massive infiltration of essentially all organs by
immature blood cells that resemble plasmablasts.
Apparently, the same disease was first observed in
chinook salmon fingerlings reared in a freshwater
hatchery in Washington State. Fish from this epizootic
were submitted to the Registry of Tumors in Lower
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Animals, Smithsonian Institute, Washington, D.C.
(RTLA 1022, 1023), and the histological features of this
disease were consistent with an acute granulocytic
leukemia (Harshbarger 1984). Fredrickson et al. (1990)
diagnosed this disease as an erythroid leukemia or
erythroblastosis. Our results, however, indicate that the
disease is a plasmacytoid leukemia (PL), and, hence-
forth, we refer to the proliferating cells as plasmablasts.
Described here are the clinical, gross, and microscopic
characteristics of PL of chinook salmon.

MATERIALS AND METHODS

Clinical observations and gross pathology. One sea-
water netpen site in Sechlet Inlet, British Columbia was
selected for in-depth studies. Two year classes of
chinook salmon were examined; fish introduced to
netpens in the spring of 1987 (1987 fish) and fish
introduced to netpens in 1988 (1988 fish). Forty-seven
of the 1987 fish (2 to 4 kg) that showed clinical signs of
the disease were examined from October 1988 through
May 1989. Ten affected 1988 fish (approximately 1 kg)
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were examined on 3 August 1989. Fish were killed with
a blow to the head.

Histology, cytology, and electron microscopy.
Tissues were preserved in Davidson's solution (Huma-
son 1979}, processed for histological examination, and
stained with either hematoxylin and eosin or Brown
and Hopps Gram stain (Brown & Hopps 1973). Kidney,
spleen and intestinal tissues for electron microscopy
were fixed in 4 % glutaraldehyde in Milloning's phos-
phate buffer, post-fixed in 1% OsO,, embedded in
Epon plastic, sectioned, stained with lead citrate and
uranyl acetate, and examined with a transmission elec-
tron microscope. Hematocrits were conducted on blood
of 10 fish examined on 22 February 1989. Blood was
coliecied in heparinized tubes from the caudal blood
vessels, and blood smears and tissue imprints were
stained with Leishman's Giemsa stain (Yasutake &
Wales 1983).

Immunoperoxidase staining for the identification of
immunoglobulin in the plasmablasts was performed on
paraffin sections using a direct method with peroxid-
ase-labeled, affinity purified, goat anti-trout immuno-
globulin antibody (Kirkegaard and Perry Laboratories,
Inc., Giathersburg, MD, USA). Paratfin sections were
processed using standard techniques modified from
Hennigar (1987). Sections were hydrated, washed 3
times in tris-buffered saline (TBS), incubated 5 min in
TBS with 1% bovine serum albumin, incubated for 5
min in 1% H,0O,, rinsed in TBS, and incubated in the
antibody solution at 1:50 for 1 h. Antibody conjugated
peroxidase was developed with diaminobenzidine
(DAB) solution (10 mg DAB dissolved in 10 ml 0.03 %
H,0,), washed with distilled water, amplified with
0.1 % OsOy. Finally, the sections were counterstained
with methyl green,

Virology. Kidney, spleen, and pancreas from 24
affected fish were aseptically removed and placed in
minimal essential medium (MEM) with antibiotics
(penicillin at 100 units ml™!, streptomycin at 100 pg
ml~! and amphotericin B at 0.25ug mll),
homogenized, maintained at 4 °C overnight and inocu-
lated individually at 1 and 10 % (w/v) on Epithelioma
Papillosum Cyprini (EPC), Rainbow Trout Gonad
(RTG-2), and Chinook Salmon Embryo (CHSE-214) cell
lines using standard techniques (Amos 1985, Wolf
1988). Tissue cultures were incubated at 10°C for 2 wk,
blind-passed and incubated for an additional 2 wk.

Bacteriology. Inocula were obtained aseptically from
the kidney and orbit of the eye from 4 of the 1987 fish
exhibiting characteristic features of the disease.
Inocula were cultured at room temperature and at 15°C
on sheep blood agar and Tryptic Soy Agar (Difco).
Bacterial kidney disease, caused by Renibacterium sal-
moninarum, was observed in the same populations
affected with PL. Therefore, kidneys were also cultured

especially for the isolation of R. salmoninarum. The
kidneys of one of the 1987 fish and 6 of the 1988 fish
with no macioscopic or histological signs of R. sal-
moninarum infection were cultured on KDM-2 using
the sensitive nurse culture technique (Evelyn et al.
1989). Gram stains were prepared from Kkidney
imprints.

RESULTS
Clinical and gross pathology

Plasmacytoid leukemia was observed at 6 sites in the
Sechelt area, British Columbia, in the fall of 1988
through to the spring of 1989. The disease was first
observed in the fall of 1988 in market-size fish (2 to
4 kg) that were introduced to seawater in the spring of
1987. Fish farmers observed fish from the 1988 stock
with clinical signs of the disease in the spring of 1989,
and the disease was confirmed in this stock by histol-
ogy in August 1989. At the primary study site, PL
caused approximately 50 % mortality in 1987 fish dur-
ing the fall and the winter of 1988-1989. By November
1989, similar losses occurred in the 1988 fish, amount-
ing to approximately 46 000 fish.

Affected fish were dark, lethargic, and swam near
the surface. Pallor of the gills, indicating anemia, was a
consistent finding. Approximately 20 % of fish with PL
exhibited severe bilateral exophthalmia (Fig.1). Dis-
section of affected eyes revealed that the exophthal-
mos was due to a massive accumulation of hyperemic
tissue in the orbit of the eye. The thymus appeared
normal and, typical of adult fish, was difficult to discern
within the gill chamber. Internal examination revealed
renal and splenic enlargement. Severely affected kid-
neys were uniformly swollen, mottled, and grey. Mod-

Fig. 1. Oncorfiynchus tshawytscha. Exophthalmos in a chin-
ook salmon with plasmacytoid leukemia
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erately involved kidneys were normal in color and
slightly enlarged. Petechial haemorrhages occurred in
the liver, mesenteric fat, pancreas, heart and skeletal
muscle. The lower intestinal wall was markedly thick-
ened. Some fish had ascites consisting of a clear or
serosaguinous fluid. Hematocrits conducted on blood
from affected fish from the 1987 fish ranged from 2 to
28 %, with a variable buffy coat.

Histopathology

The plasmablasts proliferated in essentially every
tissue examined, including kidney, spleen, liver, intes-
tine, pancreas and associated mesenteric fat, menin-
ges, heart, skeletal muscle, skin, and eye. In the eye,
there was massive infiltration of plasmablasts into the
periorbital connective tissue and ocular muscles (Fig. 2).

of ocular muscles by plasmacytoid cells; bar = 200 um. Fig. 3a. Glomerulus with uniformly thickened basement membranes and
abundant plasmablasts in the renal interstitium; bar = 100 um. Fig.3b. Prominent hyperplasia of plasmablasts in the renal
interstitium; bar = 200 um
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Figs.4 to 6. Oncorhynchus tshawytscha. Tissue sections of a fish with plasmacytoid leukemia; H & E. Fig.4. Proliferating

plasmablasts in a large pancreatic vessel (\'), with invasion into the adjacent mesenteric fat (arrows); bar = 200 um. Fig. 5. High

magnification of plasmablasts in a pancreatic blood vessel. Note moderate amount of finely granular cytoplasm, occasional

nucleoli (arrow), and numerous mitotic figures; bar = 20 um. Fig.6. Ventricle (V) with infiltration of plasmablasts in the
pericardium (P); bar = 100 um
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Fig.7. Oncorhynchus tshawytscha. Expansion of an intestinal villus due to massive proliferation of plasmablasts in the lamina
propria; H & E; bar = 200 um

The choroid gland appeared to be the primary site of
involvement in the eye; it was engorged with the plas-
mablasts, with vascular margination and exocytosis of
the cells. The globe of the eye was intact, but often the
posterior aspect of the globe was compressed due to
proliferation of the plasmablasts. The cornea was thick-
ened in some fish.

Kidneys exhibited prominent hyperplasia of the
interstitium due to proliferation of the plasmablasts
(Fig. 3). Glomerulonephritis was often observed, and
was characterized by uniformly thickened basement
membranes and occasional proliferation of the epithe-
lial cells of the Bowman's capsule. Mild erythro-
phagocytosis in the renal interstitium was a common
finding. Small, focal granulomatous lesions with occa-
sional necrotic cells, suggestive of bacterial kidney
disease (BKD), were observed in the kidney inter-
stititum of 28 of the 47 (53 %) 1987 fish. Gram stains
revealed small Gram-positive bacilli suggestive of
Renibacterium salmoninarum, the causative agent of
BKD, in these lesions. No lesions suggestive of BKD
were detected in 1988 stock.

The plasmablasts proliferated within major blood
vessels of the pancreas, and exhibited massive invasion
into the surrounding tissue (Figs. 4 and 5). The spleen
was generally congested and hypercellular. The hyper-
cellularity was due to a heterogeneous population of

cells, including plasmablasts. The plasmablasts occur-
red throughout the splenic vascular sinuses and within
the splenic vessels. There was a perivascular infiltra-
tion of the plasmablasts within the liver, and the cells
often proliferated within the sinusoids. Hepatocytes
were usually unaffected, but some fish with severe
anemia exhibited zonal hydropic degeneration of the
hepatocytes.

The pericardium of the ventricle, atrium, and bulbus
arteriosus of the heart was infiltrated by the plasma-
blasts, which formed a thick cellular capsule that sur-
rounded the heart (Fig. 6). The cells also infiltrated the
endocardium, particularly in the bulbus arteriosus, and
occurred throughout the vascular sinuses of the heart.

The lower intestine was often severely affected
(Fig.7). Massive proliferation of the plasmablasts
occurred in the lamina propria, and to a lesser extent in
the submucosa, resulting in expansion of the intestinal
villi. The intestinal epithelium was intact and appeared
unaffected.

Cytological characteristics, immunohistochemistry,
and histopathology

In paraffin sections, the plasmablasts contained
large, often deeply clefted or lobated nuclei, and prom-
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Fig.8. Oncorhynchus tshawytscha. Plasmablasts in pancreatic mesenteries stained with peroxidase conjugated goat-anti trout
immunoglobulin. Note strong positive reaction in the cytoplasm (arrows); bar = 20 um

inent nucleoli. They had a moderate amount of finely
granular, eosinophilic or amphophilic cytoplasm
(Fig.5). Many of these cells were mitotically active.

Sections of intestine, pancreas, and associated fat
and mesenteries that were stained with the peroxidase-
labeled goat anti-trout immunoglobulin revealed a
strong positive reaction in the cytoplasm of 30 to 50 %
of plasmablasts (Fig. 8). Other cell types in these tissues
were negative.

Giemsa-stained imprints of blood, visceral organs,
and the eye revealed numerous plasmablasts (Figs. 9
and 10). The cells had a smooth contour, varied in size
from 10 to 20 um, and contained sparse to moderate
amounts of basophilic cytoplasm. Nuclei were large,
occasionally indented, and contained a smoothly
homogeneous to moderately reticulated chromatin pat-
tern. A juxtanuclear hof was observed in some cells.

Electron microscopic examination of the plasma-
blasts in the lamina propria of the lower intestine (Figs.
11 to 13), spleen and kidney interstitium revealed an
abundant, well-organized rough endoplasmic reticu-
lum (RER). The cisternae of the RER were often dilated
and contained a finely granular, electron-lucent
material. A few cells exhibited severe dilation of the
cisternae resulting in accumulations suggestive of Rus-
sel bodies (Fig.12). Although evident in some cells
(Fig.12), Golgl zones were poorly differentiated in
most. Nucleoli were observed in cells with Iless
developed RER. A moderate amount of heterochroma-
tin was dispersed in a pachychromatic pattern through-
out the nucleus and often accumulated adjacent to the

nuclear envelope. Some plasmablasts were seen
undergoing mitosis (Fig. 13).

Virology and bacteriology

No cytopathic effect indicative of a viral etiology was
observed in any of the tissue cultures. No pathogenic
bacteria were isolated on blood agar or TSA from fish
with PL from netpens. Gram-positive bacilli suggestive
of Renibacterium salmoninarum, were observed in
Gram-stained kidney imprints of fish also showing his-
tological signs of BKD. The bacterium was isclated
from the kidney of the 1987 fish using KDM-2, whereas
R. salmoninarum was not isolated from the 6 1988 fish
with PL.

DISCUSSION

Ultrastructural and immunohistochemical observa-
tions showed that the proliferating cells had atfinities to
plasma cells. Plasma cells in fishes are readily iden-
tified by electron microscopy and their ultrastructure is
similar to that of plasma cells from higher vertebrates
(Smith et al. 1970, Cenni 1984, Fange & Pulsford 1985,
Rowely et al. 1988). Consistent with ultrastructural
descriptions of plasma cells, the plasmablasts
described in the present study contained a well
organized ER with dilated cisternae containing lightly
granular material, and a perinuclear zone occupied by
the Golgi body. Moreover, immunoperoxidase staining
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Figs.9 and 10. Oncorhynchus tshawytscha. Giemsa imprints of plasmablasts from liver and blood. Some cells exhibited a
juxtanuclear hof (arrows) or were undergoing mitosis; bar = 20 um

Fig.11. Oncorhynchus tshawytscha. Electron micrograph of plasmablasts in the intestinal lamina propria. Rough endoplasmic
reticulum (RER) is abundant in most plasmablasts (arrows); bar = 5 um
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Fig 12 Oncorhynchus tshawytscha. Electron micrograph of plasmablasts in the intestinal lamina propria. Cisternae of the RER is
dilated with finely granular material, resulting in the formation of a Russel body (R) 1n one cell. Golgi zones (G) are evident in some
cells; bar = 5 um

with goat anti-trout immunoglobulin antiserum indi-
cated the presence of immunoglobulin in the cytoplasm
of some of the plasmablasts

By light microscopy, plasma cells are intrequently
observed or recognized in teleost fishes (Rowely et al
1988) This may be due 1n part to the absence of a
distinct ‘cart-wheel’ nucleus (Smith et al 1970), as
descrnibed 1n plasma cells of higher vertebrates The
plasmablasts in the present study did not exhibit dis-
tinctive plasma cell features by light microscopy, aside
from the juxtanuclear hof seen 1n some cells
mmprnts. This may account for the diagnoses of
granulocytic or erythroid leukemia for the apparently
same disease that occurred in freshwater-reared
chinook salmon in Washington State (Harshbarger

1984, Frednckson et al. 1990). After review of the
histological matenal and imprints from the Washington
epizootic, we conclude that the disease in Washington
State chinooks 1s the same as the one reported here.
Aggressive 1nvasion and proliferation by the plas-
macytoid cells in essentially every tissue, and the rela-
tive immatunty of the proliferating cells, suggests that
the disease is a neoplasm rather than a reactive plas-
macytosis By both light and electron microscopy, we
observed many of the plasmablasts undergoing mitosis.
This also suggests neoplasia because normal plasma
cells are considered end-stage cells and only trans-
tormed, neoplastic plasma cells are capable of division.
Although most hematopoietic neoplasms described
n fishes have been lymphomas (Dawe 1969, Fredrick-
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son et al. 1990), plasmacytomas have been reported
from 5 species of fishes: pike Esox lucius, muskellunge
E. masquinongy, channel catfish Ictalurus punctatus,
small mouth bass Micropterus salmoides, and sleeper
goby Oxyeleotris marmorata (Fredrickson et al. 1990).
A plasma cell leukemia was observed in brown bull-
head I nebulosus, which was transmissible with cell-
free filtrates, with onset at about 10 wk (Sonstegard
1979, Gross 1983). A retroviral etiology was suggested
for this disease because, in addition to cell-free trans-
mission, reverse transcriptase activity was detected in
affected tissues (Sonstegard 1979). A retroviral etioclogy
has also been reported for lymphoma of pike. The
lymphoma was transmitted with cell-free material
(Mulcahy & O’Leary 1970, Brown et al. 1975, Son-
stegard 1976), and reverse transcriptase and C-type
retroviruses were associated with the neoplasms
(Papas et al, 1976).

Plasmacytoid leukemia of chinook salmon is prob-
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Fig. 13. Oncorhynchus tshawytscha. Electron micrograph of a plasmablast undergoing mitosis; bar = 1 um

ably caused by an infectious agent e.g. an oncogenic
virus. The disease was transmitted with tissue
homogenates, but transmission with cell-free filtrates
was equivocal (Kent et al. 1990). However, this does
not exclude the possibility that PL of chinook salmon
has a viral etiology. It is possible that the putative virus
is cell associated, and/or that the concentration of the
agent was greatly reduced by filtration, as occurs with
certain retroviral induced leukemias of higher animals
e.g. bovine leukosis. The epizootiological pattern of the
disease, in which we observed apparent horizontal
transmission between year classes at affected sites, also
suggests that PL is caused by an infectious agent.
Bacterial kidney disease, caused by Renibacterium
salmoninarum, is wide-spread in chinook salmon in
British Columbia (Evelyn 1987), and many fish with PL
exhibited concurrent R. salmoninarum infections. Bac-
terial kidney disease has also been associated with
lymphosarcomas in lake trout, Salvelinus namaycush
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(c.f Ehlinger 1963). Renibacterium, therefore, may play
a role in PL. Bacterial kidney disease is usually chronic
in larger fish, and is characterized by multifocal,
granulomatous, necrotic lesions with intracellular bac-
teria in mature inflammatory cells (Wood & Yasutake
1956, Hendricks & Leek 1975, Bruno 1986). Plasma cell
neoplasms have been induced in mice with agents that
evoke chronic inflammation, such as mineral oil (Potter
& MacCardle 1964, Potter 1972), Lucite borings (Mer-
win & Redmond 1963), and a staphylococcal-adjuvant
mixture (Potter & Robertson 1960). The presence of
bacterial antigens may be required for the proliferation
of these plasmacytomas, and MclIntire & Princler (1969}
reported that mineral oil injections in germ-free mice
did net induce the neoplasm. Given the high preva-
lence of R. salmoninarum infections in fish with PL, and
its ability to induce chronic inflammation, it is possible
that the bacterium may promote the proliferation of
plasmablasts seen in PL. However, R. salmoninarum is
not the primary etiological agent of PL because PL was
induced in the absence of the bacterium in laboratory
transmission studies (Kent et al. 1990).

We have recently observed an intranuclear micro-
sporidium in the plasmablasts of some fish with PL.
This parasite was orginally described in anemic
chinook salmon from netpens in Washington (Elston et
al. 1987), and was associated with lymphoblastic prolif-
eration in freshwater-reared chinook salmon (Morrison
et al. 1990). As with R. salmoninarum, the role of this
protozoan in PL is unclear. However, the micro-
sporidium was not observed in either donor or recipient
fish in the laboratory transmission studies (Kent et al.
1990), which indicates that it is not the primary cause of
PL. As suggested by Ferguson & Roberts (1976) for a
protozoan found in a lesion resembling lymphoma in
turbot Scophthalmus maximus, ‘It is possible that a
seperate neoplastic condition exists which provides a
suitably altered environment for proliferation of the
protozoa, analogous in some respects to the relation-
ship of Burkitt’s lymphoma to malarial parasites.’

In conclusion, this hemic proliferative disorder of
chinook salmon is apparently an infectious leukemia of
the plasma cell lineage, but the etiologic agent has yet
to be identified. The disease continues to be wide-
spread in netpen-reared salmon in British Columbia,
and investigations are in progress to determine its
geographic distribution, host specificity, etiology, and
relationship to BKD and the intranuclear micro-
sporidium.
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