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ABSTRACT: A virus of typical Herpesvirus morphology was found in papillomas and carcinomas of 
smelt Osmerus mordax. lcosahedral unenveloped viral nucleocapsids 95 nm in diameter were found in 
the enlarged nuclei of infected cells. The nuclei contained dispersed granular chromatin that appeared 
to be producing viral nucleoids. Most cytoplasmic viral particles were enveloped in electron-dense 
material, and surrounded by a smooth-membraned vesicle. Some vesicles containing viruses were 
associated with the enlarged Golgi apparatus, the outer nuclear membrane, or the lim~ting membrane 
of the cell. 
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INTRODUCTION 

Morrison & MacDonald (1995) described epidermal 
tumors which were commonly found in rainbow smelt 
Osrnerus mordax from Nova Scotia (Canada) that 
varied from small, round preneoplastic lesions with 
a smooth surface, to larger plaque-like and rough- 
surfaced papillomas. Some epidermal tumors on the 
heads of male smelt in freshwater were locally inva- 
sive, and there were well-developed squamous cell 
carcinomas that had invaded the cartilage of the 
mandible of 2 male smelt, one from brackish and one 
from seawater. Herman (1988) also described squa- 
mous cell carcinomas on the upper jaw of male rain- 
bow smelt from Maine, USA. 

The tumors Morrison & MacDonald (1995) found 
were similar in gross appearance to those described in 
European smelt Osmerus  eperlanus (Anders & Moller 
1985), but the latter authors found Cowdry type A 
inclusion bodies, whereas Morrison & MacDonald 
(1995), like Herman (1988), did not find these in rain- 
bow smelt. Morrison & MacDonald (1995) did, however, 
see finely basophilic intranuclear granules in rainbow 
smelt tumors that could indicate that viruses were pre- 
sent. Herpesviruses have been observed in ultrastruc- 

tural studies of the papillomas of European smelt (An- 
ders & Moller 1985, Wolf 1988) and Atlantic salmon 
Sa lmo salar  (Shchelkunov et al. 1992), although they 
were not found in the carcinomas of rainbow smelt from. 
Maine (Herman 1988). Here we describe ultrastructural 
studies designed to determine if viruses were present in 
rainbow smelt tumors found in Nova Scotia. 

MATERIALS AND METHODS 

Tumors from male smelt from freshwater were fixed 
in 1 % glutaraldehyde : 4 5% formaldehyde in phosphate 
buffer (1G4F; McDowell 1978) and prepared for trans- 
mission electron microscopy. The first tumor was from 
an invasive region of a carcinoma on the head of a 
smelt, 19.5 cm long, caught in the Meccan River, 
Cumberland Co., NS; the second was a papilloma with 
a rough surface on the body, anterior to the dorsal fin, 
of a smelt 18.3 cm. long; and the third was a plaque- 
like papilloma with a smooth surface on the operculum 
of a smelt 17.5 cm long. Both papillomas were from 
smelt caught in the Portopique River, Colchester Co., 
NS. All samples were collected during the spawning 
run in April. 
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Tumors were minced into small cubes -1 mm across, 
dehydrated in acetone and embedded in epodaraldite. 
Sections 0.5 pm in thickness were stained in 1 % tolu- 
idine blue tvith 1 % sodium borate for light microscopy; 
then ultrathin sections were prepared and stained 
in 25% uranyl acetate in methanol and lead citrate 
(Stempack & Ward 1964). 

Samples of the carcinoma were selectively stained 
for nucleic acids by staining non-osmicated, ultrathin 
sections with uranyl acetate and lead citrate as 
above. Sections were selectively stained for RNA by 
staining with 5 % uranyl acetate, then removing DNA 
by floating the grids on 0.2 M EDTA solution for 10 to 
60 min at room temperature and rinsing with distilled 
water, then staining with lead citrate (Lewis & Knight 
1992). 

RESULTS 

Tumor cells had bundles of tonofilaments in the cyto- 
plasm, and were connected by numerous desmosomes 
typical of spiny layer cells of the epidermis (Fig. 1) .  
However, the cells and their nuclei were enlarged, 
with many nuclei containing a distinct, round nucleo- 
lus, and vacuoles were common between the cells 
where they were not attached by desmosomes. Mito- 
chondria and a Golgi apparatus with associated vesi- 
cles were close to the nucleus, and many vesicles of 
smooth and rough endoplasmic reticulum and free 
ribosomes were found throughout the cytoplasm. 

In all 3 tumors herpesvirus-like particles were found 
in the nuclei and cytoplasm of some epidermal cells. 
The nucleus of affected cells had granular chromatin 
(Fig. l ) ,  and between the clumps of chromatin were 
unenveloped icosahedral viral capsids, some with 
nucleoids (Fig. 2). The capsids were 95 nm in diameter 
between verticals (average of 35 measurements, SD = 
4.8). The nucleoids ranged in size from 39 to 58 nm 
(n = 10), and some were homogenous but others 
granular in appearance. 

Some nuclei contained a paracrystalline body, and in 
some there was also a small granular chromatin net- 
work (Fig. 3) that appeared to contain nucleoids tvith- 
out capsids (Fig. 3, insert). 

In the cytoplasm, individual virus particles and 
aggregates of virus particles were seen. Most viral 
particles were enveloped in varying amounts of an 
electron-dense matrix. Some enveloped virions were 
within smooth-membraned vesicles associated with 
the Golgi apparatus (Fig. 4), which was enlarged in 
some cells (Fig. 5), whereas others were in elongate 
vacuoles near the outer nuclear membrane, in the cyto- 
plasm and near the cell wall (Fig. 6) .  

The paracrystals consisted of finely granular mate- 
rial, and intranuclear nucleocapsids did not form para- 
crvstalline arrays, although some were found near the 
paracrystals (Fig. 6 and insert). 

Some cytoplasmic viruses were similar to those in 
the nucleus (Fig. 4),  whereas others were enveloped by 
several electron-dense layers (Fig. 7). 

The nucleoids in non-osmicated preparations stained 
distinctly with uranyl acetate and lead citrate (Fig. 8), 
but the staining was less intense in EDTA-treated 
sections (Fig. 9). 

DISCUSSION 

Herpesvirus infections can be systemic and are usu- 
ally latent, becoming active under stressful conditions 
(Buchanan & Richards 1982). Many fish herpesviruses 
are associated with proliferations of the epidermis 
(Hedrick & Sano 1989), and in many species the 
highest prevalences of tumors occur during spawning 
(Anders 1989), as did the tumors we described in 
rainbow smelt. Anders (1989) found papillomas only 
in mature Osmerus eperlanus, and suggested that 
hormonal changes may result in decreased immune 
protection, so that systemic host viruses could be acti- 
vated to induce transformation of normal cells into 
tumor cells. 

Figs. 1 to 5. Herpesvirus-like infection of Osmerus mordax. F& Carcinoma. Enlarged epithelia] cell with large nucleus con- 
tainlng a prominent, granular heterochromatin network and numerous viral capsids (VC) Enveloped capslds (EC) are present in 
the cytoplasm, which contains prominent bundles of tonofilaments (T). There IS a Golgi, apparatus (G)  with expanded clsternae 
and associated vesicles near the nucleus, and several mitochondria (M)  are present. The cells are attached by desmosomes (D) 
with vacuolated regions (V) between. Scale bar - 1 pm. -. Fiq. p 2. Carcinoma. The capsids are icosahedral, and many have nucleoids 
(N), which are solid or granular in appearance. Coarse granules are evident in the heterochromatin. Scale bar = 250 nm. 
Fiq 3. Carcinoma. There is a paracrystal (P),  as well as a prominent nucleolus (Nu) and a small region of granular heterochro- 
matin (H) in the nucleus. Scale bar = 1 pm. Insert: Detail of heterochromatin shown in Fig. 3 Electron-dense units of a simllar size 
to vlral nucleoids are present (N).  Scale bar = 250 nm. Eig,4< Carcinoma. Some nucleocapsids (NC) in the cytoplasm have the 
same size and shape as those in the nucleus; others are  enveloped in electron-dense layers (E), and surrounded by vesicles with 
a smooth membrane, that are closely associated with cisternae of the Golgi apparatus (G). The outer nuclear membrane is 
studded with ribosomes (R) .  Scale bar = 300 nm. Fig. 5. Papilloma with smooth surface. The Golgi body is enlarged, with 
expanded cisternae. There are numerous vesicles ( V )  between the Golgi body and the nucleus (N),  and enveloped vlruses (EV) 

assoc~ated with the Golgi body and the nuclear membrane. Scale bar = 1 pm 
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F ~ g s  6 to 9 Herpesvirus-hke Infection of Osrnerus mordax Pappllloma with smooth surface. The nucleus contains several 
viral capslds (VC), as well as a paracrystal (P). Vlruses m the cytoplasm are surrounded by tubular vacuoles. One vacuole (1) is 
close to the outer nuclear membrane, and another (2) IS close to the limiting membrane of the cell. There are complexes of 
elongate vacuoles (V) pln the cytoplasm. Scale bar = 400 nm. Insert: Detail of paracrystal (P) from same specimen as Fig. 6, showing 
f ~ n e  granulanty and closely associated viral capsids Scale bar = 100 nm Figs. 7 to 9 Carcinoma. V~ral particles in the cytoplasm. 
Flg. Viral capsid surrounded by several electron-dense layers, in a membrane-bound vesicle. Scale bar = 100 nm. 
Fig. 8 Unosmicated preparation stained wlth uranyl acetate and lead citrate. The nucleoids (N)  of the viruses are clearly stained, 
but there is httle staining of the electron-dense layers. Scale bar = 100 nm. W. Same specimen as Fig. 8, incubated 

for 30 mln In EDTA Much of the stalnlng In the nucleo~d IS removed. Scale bar = 100 nm 

Herpesviruses in fish are typically unenveloped in 
the nucleus and enveloped in the cytoplasm 
(Buchanan & Madeley 1978, Anders 1989, Shchel- 
kunov et al. 1992), like those we observed in rainbow 
smelt tumors. The herpesvirus capsids in the nucleus 
were similar in size and morphology to those found in 
European smelt (Anders & Moller 1985, Wolf 1988, 
Anders 1989), but the cytoplasmic virions did not have 
tail-like extensions like some in European smelt. The 
nucleoids in the rainbow smelt herpesvirus were larger 
(39 to 58 nm) than those of many herpesviruses (25 to 
30 nm) (Buchanan & Madeley 19781. 

The intranuclear nucleocapslds of many herpes- 
viruses are arranged in paracrystalline arrays (Buch- 
anan & Madeley 1978), but that was not the case here. 
Cowdry type A inclusion bodies consist of capsids with 
and wlthout nucleoids, and are not seen in living cells 
examined by phase contrast microscopy, or cells fixed 
with osmium (Pereira 1961) The capsids in our mate- 
rial were dispersed throughout the nucleus, so would 
appear as fine granules uslng light mlcroscopy, as 
described by Morrison & MacDonald (1995). 

Granular chromatin appears to be the source of 
material for v~ral  nucleoids. Staining of non-osmicated 
nucleoids with uranyl acetate and lead citrate, and the 
subsequent diminution of this staining by treatment 
with EDTA, indicates that DNA is present in viral 
nucleoids. 

In most cases herpesviruses are thought to acquire 
their envelope layers at the inner nuclear membrane 
(Buchanan & Richards 1982), and to be released from 
the cell through cytoplasmic vacuoles (Buchanan & 
Madeley 1978). In our study, many of these vacuoles 
were apparently produced by an enlarged Golgi body. 
The osrniophilia of the viral envelope is consistent with 
lipid bilayers. 
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