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ABSTRACT: Leukemic malignant lymphoma was diagnosed 
In a black bullhead collected from Allouez Bay, in an industri- 
alized Lake Superior estuary near Superior, Wisconsin, USA. 
No gross signs of thymic involvement were observed and it 
is believed this tumor originated in the hematopoetic tissue 
of the kidney. Neoplastic cells infiltrated excretory kidney. 
spleen, liver and gill tissue. This finding is of interest since 
occurrence of lymphoma has not previously been reported in 
this fish species. In addition, the general condition of black 
bullheads collected at this site was exarmned using a 
necropsy-based health assessment. Most parameters were 
within normal ranges. However, blood parameters and the 
amount of visceral fat suggested these fish may not be in 
optimal condition. Further work is needed to document the 
prevalence and cause of the neoplasn~ in this black bullhead 
population. 
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Neoplasia of the lymphoid tissue of fish, particularly 
of species in the order Salrnoniformes, are common 
(Dawe 1969, Fredrickson et al. in press). This is espe- 
cially true in the northern pike Esox lucius and the 
muskellunge Esox masquinongy, in which the disease 
is believed to have a viral etiology (Papas et al. 1976, 
Sonstegard 1976). To our knowledge, hematopoetic 
neoplasms have only been reported twice in the order 
Siluriformes, both from channel catfish Ictalurus 
punctatus. These reports were of lymphoblastic lym- 
phoma in captive channel catfish associated with long- 
term exposure to N-methyl-NI-nitro-N-nitrosoguaniclme 
(Chen et al. 1985) and in an adult catfish from a com- 
mercial production pond in Mississippi, USA (Bowser 
et al. 1985). 

A necropsy-based procedure (Goede & Barton 1990, 
Goede 1993) for assessing the general health condition 
of fish is being tested as a systematic procedure for 

collecting information on the condition of feral popula- 
t ion~.  As part of testing the utility of this procedure 
selected tissues from black bullheads Ameiurus melas 
were preserved for histopathological evaluation. This 
communication reports a case of lymphoblastic lym- 
phoma found as a result of conducting the general 
health assessment. 

Methods. Fifteen black bullheads were collected on 
July 30, 1992, from a fyke net set for 24 h in Allouez 
Bay near Superior, Wisconsin, USA. Allouez Bay, 
approximately 1300 acres (320 ha) in size, is an exten- 
sion of the Superior Bay and St. Louis River estuary 
system and is located at its southeastern end. General 
fish health was assessed using the procedure 
described in Goede (1993) with the following modifica- 
tions: fat was ranked by rating the percent of intestinal 
surface covered; blood samples were taken from the 
branchial vein; the height of the buffy layer in the 
microhematocrit tube was measured in mm as a rela- 
tive indicator of leucocrit. Blood smears were made 
from each fish, air-dried, fixed in methanol and stained 
with Leishman-Giemsa stain. Differential cell counts 
were made by examining 100 white blood cells located 
in random fields on each slide. 

Visually obvious lesions or abnormalities were noted 
and selected samples of kidney (n = 3 fish), liver (n = 3), 
spleen (n = 2), and gill (n = 4)  tissue were preserved in 
Bouin's solution and transferred to 70% ethyl alcohol 
after 24 to 48 h. The tissue samples were dehydrated, 
embedded in paraffin, sectioned at 6 pm and stained 
with Harris's hematoxylin and eosin (H & E) at the Uni- 
versity of Wisconsin, School of Veterinary Medicine, 
Histology Laboratory. 

Results. The 15 black bullheads collected from this 
site had a mean total length of 236 * 26 (SD) mm. Mean 
weight was 186 ~t 69 g. Mean age was 4.0 i 1.1 yr. One 

Q Inter-Research 1995 
Resale of full article not permitted 



230 Dis aquat Org 23: 229-234, 1995 

fish was 7+ yr of age, all others were 3 to 4 +  yr of age. 
Of the 15 fish, 10 were female, 3 were male and 2 
were undetermined. Condition factors [weight (g) X 

105/length3 (mm)] averaged 1.4 (+ 0.1). Most of the fish 
had some degree of fraying of fins and parasites in the 
liver, and 47% had parasites in the kidney. All fish 
received normal ratings for the opercula, pseudo- 
branch, thymus, spleen, and hind gut. One fish had an 
abnormal eye and 47% of the fish had clubbed, 
marginate or swollen gills. All fish had little fat with 0 
to 150% of intestine covered. Gall bladder appearance 
(full and yellow/green) indicated the fish had fed 
recently. 

Hematocrits for fish (n = 14) other than the fish with 
the neoplasm averaged 30.5 + 6.4 % packed red cells. 
Leucocrits averaged 1.3 * 0 6 m m .  Means (+ SD) for 
the differential counts (n = 11) made from the blood 
smears (not including the fish with the neoplasm) were 
as follows: 36.2 + 8.7 % granulocytes (primarily neutro- 
phils); 32.7 * 9.6% lymphocytes; 2.5 * 1.9% monocytes 
or blast cells; and 27.5 * 3.6% thrombocytes. The 
typical appearance of blood smears from fish without 
neoplasia is illustrated in Fig. 1. 

The fish containing the neoplasm was female, 
205 mm long, 122 g, 4+ yr of age and had a condition 
factor of 1.4 and grossly normal eyes, opercula, gills, 
pseudobranch, thymus, spleen and hind gut. The 
body cavity and liver contained parasites and the kid- 
ney appeared swollen. A number of the fins were 

frayed and/or hemorrhagic, with the caudal fin ero- 
sion rated as severe. Hemorrhages were present on 
the ventral body surface. The hematocnt was 18.8% 
and leukocrit 7.0 mm. Differential counts were as fol- 
lows: 4 % granulocytes; 3 % normal lymphocytes; 2% 
thrombocytes; and 91 % neoplastic cells. Blood smears 
from this fish had a very different appearance (Fig. 2) 
when compared to those of the other bullheads. Neo- 
plastic cells had a very basophilic cytoplasm and often 
had rounded cytoplasmic projections. The nuclei had 
a fine chromatin pattern and prominent nucleoli were 
often evident. Normal lymphocytes were 2 to 3 I.lm 
smaller in diameter and had a lighter staining cyto- 
plasm. 

Pieces of spleen, liver, kidney and gill of the fish with 
the neoplasm were fixed during the field health assess- 
ment because of the abnormal appearance of liver and 
kidney. All of the above tissues contained neoplastic 
cells. These cells were fairly uniform in size, had large, 
round to oval nuclei with distinct membranes, promi- 
nent nucleoli and scattered chromatin granules. The 
cytoplasm was basophilic and apparent as an eccentric 
halo around the nucleus. Mitotic figures were common 
(Fig. 3). 

In the gills, neoplastic lymphoid cells were present 
along the cartilage support of the filaments and 
filament vessels. Foci of neoplastic cells could also be 
found under the lamellar epithelium (Fig. 4). Branchial 
vessels were packed with neoplastic cells. Sections 

Fig. 1 .  Ameiurus melas. 
Blood smear of normal 
black bullhead collected 
in Allouez Bay, Supenor, 
Wisconsin, USA, show- 
ing neutrophils (a), lyrn- 
phocytes (b), thrombo- 
cytes (c) and red blood 
cells. Scale bar = 6.3 pm. 
Leishman-Geimsa stain 
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Fig. 2. Ameiurus melas. 
Blood smear from a black 
bullhead with malignant 
lymphoma. The majority 
of white blood cells are 
neoplastic cells (arrows). 
A few normal neutropluls 
(a), thrombocytes and lyrn- 
phocytes were observed. 
Scale bar = 6.3 pm. Leish- 

man-Geimsa stain 

of the gill arch and pharynx showed neoplastic lym- these cells, which also filled the major vessels. There 
phoid cells infiltrating the muscle and dermis in these were focal areas of necrotic parenchyma within which 
areas. neoplastic cells were seen. These cells invaded the bile 

The liver was heavily infiltrated with neoplastic cells. duct epithelium but were not as common within pan- 
Sinusoids were greatly distended by collections of creatic tissue (Fig. 5). 

Fia. 3. Ameiurus melas. 1 
~ : o ~ l a s t i c  lymphoid cells 
in hematopoetic kidney tis- 
sue of a black bullhead. 
These cells are fairly uni- 
form in size, have a large 
nucleus with prominent 
nucleolus and scattered 
chromatin granules, and a 
small rim of pale cyto- 
plasm. Mitotic figures (ar- 
rows) were common. Scale 

bar = 16 pm. H & E 
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the lamellar ep~thel~um (ar- 
rows). Scale bar = 63.5 pm. 

H & E  

Hematopoetic tissue of both the spleen and kidney separating the tubules. These cells also packed the 
had the typical 'starry sky' appearance at low mag- glomerular tuft, causing distention. In addition, 
nification. These large, foamy macrophages often neoplastic cells invaded the tubular epithelium 
contained necrotic debris. Neoplastic cells filled (Fig. 6) and appeared, in some cases, to replace the 
the interstitium of the posterior kidney, markedly tubules. 

Fig. 5. Ameiurus melas. 
Liver of black bullhead 
with malignant lymphoma. 
The sinusoids are distended 
by collections of neoplastic 3 ceus (open arrows), which 
were also observed in areas 
of necrotic parencyma (A) 
and invading the bile duct 
epithelium (closed arrows). 
Scale bar = €35 pm. H b E 
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Fig. 6. Ameiurus rnelas. 
Kidney of a black bullhead 
with malignant lymphoma. 
Neoplastic cells are abun- 
dant in the interstitial tis- 
sue,  withln renal vessels 
(A) and were also observed 
infiltrating the tubular epi- 
thelium (closed arrows). 
Debris-laden macrophages 
(open arrows) were pre- 
sent. Scale bar = 50 pm. 

H & E  

Discussion. Lymphomas are  the most commonly 
reported hematopoetic neoplasms of fish. The reports 
are primarily of members of the Esocidae (pike and 
muskellunge) and Salmonidae (trout and salmon). 
They most often originate in the thymus in salmonids 
and in the skin in esocids (Fredrickson et al. in press). 
There is evidence that the esocid tumors are viral- 
induced (Mulcahy & O'Leary 1970, Papas et  al. 1976), 
as is plasmacytoid leukemia of netpen-raised salmon 
(Eaton & Kent 1992). Recent evidence, based on elec- 
tron microscopy and immunological markers, suggests 
that the pike tumors are not lymphomas but that the 
cell of origin is of the monocyte lineage and hence the 
tumors may be histiocytomas (Thompson & Kostiala 
1990). There are other arguments for the cell of origin 
to be Langerhans cells (Fredrickson et al. in press). 
Irnrnunohistochemical characterization of pike tumors 
from the Baltic coast of Estonia suggests there are actu- 
ally 3 tumor types: histiocytic, histiocytoid-lymphocytic 
and lymphocytic (Bogovski et  al. 1994). 

There are a few reports in which the neoplastic cells 
are believed to originate in the pronephros (Wdliams 
1931, Haddow & Blake 1933, Bowser et al. 1985, Hoff- 
mann et al. 1988). In a number of these cases nodular 
swelling of the kidney was reported. In channel catfish 
(Bowser et  al. 1985), as in the black bullhead, the 
kidneys were enlarged but not nodular. 

Although a viral etiology is suspected for a number 
of the hematopoetic tumors of fish, there are a 
few reports of chemically-induced lymphosarcomas 

(Schwab et al. 1978, Schultz & Schultz 1984, Chen et 
al. 1985). In addition, a correlation between the fre- 
quency of lymphoma in pike and environmental conta- 
mination has been reported (Brown et al. 1973). 

It is interesting to speculate on a chemical etiology 
for the lymphoma in black bullhead. Superior Bay and 
the St. Louis River estuary areas have a long history of 
industrial and commercial use and sediments have ele- 
vated levels of metals and organic pollutants (Janisch 
1992). Sediment concentrations of polycyclic aromatic 
hydrocarbons at  some locations exceed levels found at  
other sites in the Great Lakes where liver neoplasms 
have been diagnosed in fish (Baumann et  al. 1991). In 
addition, a complex mixture of petroleum manu- 
facturing by-product spilled from a derailed tankcar 
into the Nemajdi River on June 30, 1992, approxi- 
mately 19 miles upstream of where the river enters 
Superior Bay, and resulted in a fish lull (Caldwell 1993). 

The 15 black bullheads collected from Allouez Bay 
were within ranges of values reported in the literature 
for length, weight, and condition factors (Carlander 
1969, Becker 1983). However, the blood parameters 
and small amount of visceral fat suggest that the health 
of all bullheads collected at  this site may have been 
impaired or that the fish were stressed. Further work is 
needed to determine if our observations are  a result of 
capture methods, exposure to environmental stressors 
prior to capture, or species differences. 

In conclusion, we believe this to be the first report of 
malignant lymphoma in bullheads. It occurred in a n  
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adult female, was leukemic based on evaluation of 
blood smears, and may have been chemically induced. 
Further work should be conducted in this area to deter- 
mine the prevalence of the neoplasia, normal hema- 
tology of black bullheads and possible long-term 
effects of the spill and In situ sediment contaminants 
on the hematopoetic tissue of fish in this area. 
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