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Abstract

Introduction
Commercial rearing of salmonid fishes in seawater netpens
is an important growing industry in British Columbia, Canada.
In British Columbia, the chinook salmon, Oncorhynchus tshawytscha, is the primary species reared in netpens, and the esti
mated harvest for 1989 was approximately 14,000 metric tons.
With the increase in this relatively new form of aquaculture,
several new diseases of cultured salmonids have been reported
(1).
An apparently new disease of pen-reared salmon, referred to
as "marine anemia" by fish farmers, has recently caused severe
losses in chinook salmon reared at several sites in British
Columbia. The disease was first recognized in the fall of 1988,
when unusual 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 Animals, Smithsonian
Institute, Washington, DC (RTLA Accession Nos. 1022 and
1023), and the histological features of this disease were con
sistent with acute granulocytic or erythrocytic leukemia (2, 3).
Our results, however, indicated that the disease is a PL,' and

Materials and Methods
Experiment 1: Transmission to Chinook Salmon. Apparently healthy
chinook salmon (average weight. 40 g) from seawater netpens at the
Pacific Biological Station (Nanaimo, British Columbia) were used as
recipients in this experiment. Fish were transferred to open system
seawater tanks maintained at a salinity of approximately 30 ppt at 912Â°C.Each exposure group was maintained in a separate tank.
These fish were exposed to a homogenate and Q.22-pm filtrate by
the following method. Kidney tissues from 3 fish with PL were pooled,
diluted 1:4 in MEM. and thoroughly homogenized with a Polytron
homogenizer (Brinkman Instruments, Westburg. NY). The homoge
nate was examined in wet mount preparations to ensure that there were
no intact cells. The cell-free filtrate was prepared by centrifugation of
the homogenate at 1000 x g for 10 min, followed by filtration through
a Millipore 0.22-fim filter (Millipore Corporation, Bedford, MS). The
filter was pretreated with MEM containing 10% serum. Thirty-six fish
were given injections of the homogenate, 15 fish were given injections
of the filtrate, and 20 control fish were given injections of MEM. All
fish received 0.5 ml/fish of the appropriate inoculum.
Experiment 2: Interspecies Transmission. Sixteen apparently healthy
chinook salmon (average weight, 46 g). 25 sockeye salmon, O. nerka
(average weight, 37 g), 23 coho salmon, O. kisutch (average weight, 20
g), 26 rainbow trout, O. mykiss (or Salmo gairdneri) (average weight.
45 g), and 22 Atlantic salmon. Salmo salar (average weight. 21 g).
which were maintained in fresh water at the Pacific Biological Station,
were used as recipients for this experiment. Each species was exposed
as described in Experiment I to a homogenate of affected kidney tissue
from a chinook salmon with PL. Fishes were maintained together in a
freshwater, open system aquarium at 10Â°C.Twenty controls for each
species were maintained in a separate aquarium. After 1 wk, the fishes
were acclimated to brackish seawater (approximately 20 ppt) at 9-

irc.
Tissue from all fishes examined in both experiments was preserved
in Davidson's solution (5), processed for histology, and examined by
light microscopy.

Results

In Experiment 1, bacterial skin lesions, caused by a Cytophaga sp. (Order Cytophagales), were observed in the exposed
and control fish shortly after the experiment was initiated.
Mortality occurred in all three groups at 1 to 3 wk post injection
as a result of these lesions. Histological examinations of these
fish showed no signs of PL. Twelve fish in the homogenate
group survived longer than 3 wk, and all of these fish exhibited
severe PL between 3 and 7 wk post injection. As observed in
henceforth the proliferating cells are referred to as plasmablasts.
We have previously described the gross, histological, and cyto- affected fishes from the field, the fish were anemic and had
logical characteristics of PL of chinook salmon (4). In this swollen kidneys and spleens. Histological examination of these
fishes showed massive proliferation of the plasmablasts in the
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organs, including liver, kidney interstitium, spleen,
Comparative Research on Leukemia and Related Diseases." October 8-12. 1989.
lamina
propria
of the intestine and pyloric caeca, pancreas, and
Vail. CO.
mesenteric fat (Figs. 1 and 2). Ten surviving fishes in the
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filtrate group were examined between 4 and 12 wk post injec
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3The abbreviations used arc: PL. plasmacytoid leukemia: MEM. minimal
tion. None of these fish exhibited typical gross or histological
signs of PL. However, one fish from the filtrate group, examessential medium.
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A plasmacytoid leukemia of chinook salmon, Oncorhynchus tshawytscha, has recently been recognized in seawater netpens in British Colum
bia, Canada. The disease has occurred at several sites and has caused
high mortality. Plasmacytoid leukemia is characterized by a generalized
invasion of visceral tissues and the orbit of the eye by plasmacytoid cells.
The disease was experimentally transmitted to healthy chinook salmon
by i.p. injection of kidney tissue homogenates, but transmission with a
cell-free filtrate was equivocal. In another experiment, chinook salmon,
coho salmon, O. klsutch, sockeye salmon, O. nerka, rainbow trout, O.
mykiss (or Salmo gairdneri), and Atlantic salmon. Salmo salar, were
given injections of a tissue homogenate from affected chinook salmon.
Ten wk after exposure, plasmacytoid leukemia was observed in all of the
sockeye salmon and chinook salmon, one of ten Atlantic salmon, and
none of the rainbow trout. Seven of the ten coho salmon examined at 10
wk had lesions suggestive of early development or a mild form of the
disease. Multifocal areas of proliferating cells resembling plasmablasts
Â»ereobserved in the visceral fat, and the kidneys exhibited mild to
moderate hyperplasia of the hematopoietic interstitium. Our studies
support the hypothesis of an infectious etiology for plasmacytoid leuke
mia, but the agent, perhaps an oncogenic virus, has yet to be detected.

paper we describe experimental transmission of the disease to
chinook salmon and other salmonid fishes.
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ined at 7 wk post injection, exhibited nests of cells in the liver,
suggestive of the plasmablasts. HistolÃ³gica! examination often
surviving control fishes at 12 wk post injection revealed no
evidence of the disease.
In the interspecies transmission study (Experiment 2), one
coho salmon and two Atlantic salmon died immediately after
injection. At 42 days post injection, the first ehinook salmon
exhibited morbidity, and histolÃ³gica! examination revealed se
vere PL. Eleven ehinook salmon died or were collected when
moribund before the fishes were sampled at 10 wk post injec
tion, and all of these exhibited severe PL. At 10 wk, all remain
ing ehinook (5 fish) exhibited PL. Ten fishes of each of the

Fig. 2. Plasmablasts in mescmene fat of a ehinook salmon with PL. Two
are underoing mitosis (M). H & E: bar. IO um.

other species were also examined at 10 wk post injection.
Although the other species appeared clinically normal, PL was
detected by histology in all 10 sockeye salmon and in one of
the ten Atlantic salmon. Seven of the coho salmon and one of
the rainbow trout had lesions that were suggestive of the early
stages or of a mild form of the disease. Multifocal areas of
proliferating cells resembling plasmablasts were observed in the
visceral fat, and the kidneys exhibited mild to moderate hyperplasia of the hematopoietic interstitium. No control fishes
exhibited histological signs of PL.
Discussion

These transmission studies indicate that PL is caused by an
infectious agent. Plasma cell neoplasms have been reported
from six species of fishes. Plasmacytomas have been reported
from pike. Esox lucius, muskellunge, E. masquinongy, channel
catfish, Ictalurus punctatus, largemouth bass, Micropterus salmoides, and sleeper goby, Oxyeleotris mormorata (3), and a
plasma cell leukemia was observed in brown bullhead, /. nebulosus (6). This leukemia cell was transmissible with cell-free
filtrates, with onset of the disease at about 10 wk post injection
(6, 7). A retroviral etiology was suggested for this disease, and
reverse transcriptase activity was detected in affected tissues
(6). Most hematopoietic neoplasms described in fishes have
been lymphomas (3), and at least one is apparently caused by a
retrovirus. A lymphoma of pike, E. lucius, was transmitted with
cell-free material (8-10), and reverse transcriptase and C-type
retroviruses were associated with the neoplasms (11).
Plasmacytoid leukemia of ehinook salmon was transmitted
with tissue homogenates, but transmission with cell-free fil
trates was equivocal. However, this does not exclude the pos
sibility that PL of ehinook 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
cells
occurs with certain retroviral leukemias of higher animals (e.g..
5680s
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Fig. 1. Exocrine pancrease (Â£")
and mesen
terio fat infiltrated with proliferating plasmablasts in a ehinook salmon with PL. H & E;
bar, 40 Â»im.
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bovine leukosis). Additionally, type A retroviruses are associ
ated with plasma cell neoplasms of mice, but the tumors are
often difficult to transmit with cell-free material (12). It is likely
that PL was transmitted in our study by an infectious agent,
rather than transplanted with whole cells, because the inoculum
was thoroughly homogenized and apparently contained no in
tact cells. Moreover, the donor and recipient chinook salmon
were not syngeneic, and the occurrence of the disease in the
other salmonids represents interspecific transmission. The epizootiological pattern of the disease, with apparent transmission
between year classes at affected sites (4), also suggests that PL
is caused by an infectious agent.
We have yet to visualize virus particles in affected fish, and
examination for viruses and reverse transcriptase activity is
underway on primary cultures of the plasmablasts maintained
under various culture conditions. The disease continues to be
widespread in netpen-reared chinook salmon, and identification
of the etiological agent will be a primary focus of our research
on this disease.
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