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ABSTRACT: A calicivirus was isolated from the rectum of a Steller sea lion (Eumetopias jubatus)
pup on Rogue Reef, off the southern Oregon coast. Based on the results of neutralization tests
with specific typing antisera, the isolate was identified as San Miguel sea lion virus serotype 6
(SMSV-6). Blood obtained from nine of 37 pups (24%) during virus sample collection procedures
had specific neutralizing antibodies to SMSV-6. The isolation of SMSV-6 from a Steller sea lion
represents, to our knowledge, the first isolation of any virus from this widely distributed marine
mammal species, and serves to reconfirm the host-nonspecificity of yet another calicivirus of
marine origin.
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INTRODUCTION

Since 1972, 14 distinct calicivirus sero-

types have been isolated from a number

of marine mammal species, including the

California sea lion (Zalophus californi-

anus californianus), northern fur seal

(Callorhinus ursinus), northern elephant

seal (Mirounga angustirostris), Pacific

walrus (Odobenus rosmarus divergens),

and Atlantic bottlenosed dolphin (Tur-

siops truncatus) (Smith, 1981, 1983; Smith

et al., 1985; Barlough et a!., 1986). Two of

these serotypes have been recovered also

from opaleye (Girella nigricans), an ocean

fish, and one from the sea lion liver fluke

Zalophatrema spp. (Smith et a!., 1980b).

These marine viruses are of considerable

interest because they are morphologically

and physicochemically indistinguishable

from the exotic disease agent, vesicular ex-

anthema of swine virus (VESV) (Bachrach

and Hess, 1973; Schaffer and Soergel, 1973;

Smith et al., 1973, 1977), and are capable

of producing VESV-like vesicular disease

in exposed pigs (Smith et a!., 1973, 1977,

1980b; Breese and Dardiri, 1977; Wilder

et al., 1977; Wilder and Dardiri, 1978; Ber-

ry et a!., 1985). Such findings have served

to support the hypothesis that the costly

outbreaks of vesicular exanthema of swine

that spread throughout California and

eventually to the remainder of the United

States between 1932 and 1956 originated

from calicivirus reservoirs in the sea (Ma-

din, 1973; Smith et al., 1973; Smith and

Akers, 1976; Sawyer et al., 1978; Smith,

1981, 1983). The feeding of virus-contam-

inated fish scraps and marine mammal re-

mains to domestic swine has been proposed

as the major means by which these “ma-

rine caliciviruses” gained access to terres-

trial populations (Madin, 1973; Smith and

Akers, 1976; Sawyer et al., 1978; Smith et

a!., 1980b; Smith, 1981).

Historically, most isolations of marine

caliciviruses have been made from Cali-

fornia sea lions and northern fur seals

(Smith, 1983; Smith et a!., 1985; Barlough

et al., 1986), but serologic studies indicate

that Steller sea lions (Eumetopias jubatus),

the largest and most abundant species of

sea lion in the world (Kenyon and Rice,

1961; Schusterman, 1981), may be in-
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volved also in calicivirus transmission cycles

(Akers et al., 1974; Smith et al., 1976; Bar-

lough et al., 1987). However, prior to 1985

caliciviruses had never been isolated from

this marine mammal species, nor had any

marine calicivirus serotype ever been re-

isolated more than 3 yr after its original

recovery.

In the summer of 1985, during tagging

operations off the southern Oregon coast,

samples were collected from Steller sea lion

pups for virologic and serologic exami-

nation. The purpose of the present report

is to describe the isolation and identifica-

tion of a recognized calicivirus serotype

from one of these pups.

MATERIALS AND METHODS

Sample collection

On 30 June 1985 serologic and virologic sam-
ples were collected in conjunction with tagging
operations on Rogue Reef, 3 km northwest of
the mouth of the Rogue River, near Gold Beach,
Oregon. The southeastern face of the reef rock
was approached at low tide in a small fishing
vessel, and landing was accomplished with an
inflatable rubber boat (Zodiac of North Amer-
ica, Inc., Stevensville, Maryland 21666, USA).
Steller sea lion pups were herded onto a flat
outcropping of rock, and yearlings and adult
females were driven off. One hundred pups �6

wk old were caught in hoop nets, weighed, sexed,
flipper-tagged, and checkmarked. Swab samples
were collected from the oropharynx and rectum
of 58 pups, from the oropharynx of two pups,
and from the rectum of two pups. Swabs were
broken off into screw-cap glass vials containing
2.5 ml of cell culture medium (Eagle MEM;
Whittaker M. A. Bioproducts, Walkersville,
Maryland 21793, USA) with 10% fetal calf se-
rum and 100 �g/ml gentamicin. These samples
were placed on ice and subsequently frozen at
-70 C within 6-8 hr of collection. Blood was
obtained from 37 of the tagged pups by drain-
age from checkmark sites (cartilaginous exten-
sions of the hind-flipper digits). Blood samples
were chilled, and cells were removed by low-
speed centrifugation after clot retraction. The
resulting sera were then heat-inactivated (57 C
for 30 mm) in preparation for serum neutrali-
zation (SN) testing.

Virus isolation and identification

Swab samples were thawed, vortexed, clari-
fied by low-speed centrifugation, and filtered

through 0.45-sm (APD) polysulfone filters (Ac-
rodisc#{174},Gelman Sciences, Ann Arbor, Michigan
48106, USA). Each sample (0.2 ml) was ad-
sorbed for 60 mm to monolayers of Vero and
PK-15 cells (American Type Culture Collection,
Rockville, Maryland 20852, USA) in roller tubes.
The inocula were then removed, and the cells
fed with cell culture medium (Eagle MEM) and
incubated at 37 C on a roller drum. Each culture
was examined daily for cytopathic effect. All
samples were blind-passaged at least three times,
at 7-day intervals, before being considered neg-
ative.

The virus isolate was purified by three plaque-
passages in Vero cells, using 1.5% agar overlays
(Dulbecco and Vogt, 1953). Morphologic fea-
tures of the purified isolate were examined by
negative-contrast electron microscopy (Smith et
al., 1978; Skilling et al., 1985). Standard phys-
icochemical testing included virus stability in
ether, nucleic acid (RNA) determination using
5-fluoro-2-deoxyuridine, pH stability, heat la-
bility, and divalent cation effects (Zee and Hack-
ett, 1967; Howatson and Whitemore, 1973; Re-
vozzo and Burke, 1973; Schaffer et al., 1980).
The isolate was identified by standard neutral-
ization tests using 100 TCIDso of virus against
20 antibody units of typing serum (Kapikian et
al., 1967). Typing sera (maintained in our lab-
oratory) for all extant, established calicivirus se-

rotypes were used (includes: 12 serotypes of
SMSV; 12 serotypes of VESV; feline calicivirus;

primate calicivirus Pan paniscus type 1; mink

calicivirus; walrus calicivirus; cetacean calici-

virus Tursiops type 1; Tillamook (bovine) calici-
virus; and canine calicivirus).

Serology

A microtiter (96-well) SN procedure using
Vero cells was performed, first to screen sera at

a dilution of 1:20, and then to titrate positive
samples (Monto and Bryan, 1974; Smith et al.,
1976). Serum-virus mixtures were incubated for
60 mm at room temperature before addition of
cells. The antibody titer (as judged by cyto-
pathic effect after 72 hr incubation at 37 C) was

defined as the highest dilution of serum com-

pletely neutralizing 100 TCID5O of virus in all
four replicate test wells (100% end point). Spe-
cific rabbit antiserum was used as a positive

antibody control, and type specificities were

monitored in parallel neutralization tests during
end-point titrations (Smith and Latham, 1978;
Smith et al., 1979, 1981).

RESULTS AND DISCUSSION

On second passage in PK-15 cells, sam-

ple 3FR (rectal swab, pup 3F) showed a
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TABLE 1. Neutralizing antibodies to San Miguel sea

lion virus type 6 in Steller sea lion pups.

Neutralizing antibody titer
(100% end point) Number of sera

<1:20 28

1:20 2

1:40 1

1:80 4

1:160 2

Number positive/

number examined 9/37

(% positive) (24%)

distinct cytopathic effect that consisted of

generalized cell rounding and detachment

from the surface. The cell culture fluid was

passaged, and calicivirus-like particles were

observed on subsequent negative-contrast

electron microscopic examination (Skilling

et a!., 1985). The purified isolate had mor-

phologic and physicochemical charcteris-

tics of the Caliciviridae (Schaffer et a!.,

1980), and was neutralized only by anti-

serum to San Miguel sea lion virus serotype

6 (SMSV-6) (Smith et a!., 1979). Of 37 pup

sera, nine (24%) contained antibodies to

this agent, ranging in titer from 1:20 to 1:

160 (Table 1). Unfortunately, serum was

not available from pup 3F for evaluation.

Traditionally, caliciviruses have been

described as host-specific disease agents

limited in nature to a restricted number

of susceptible host species (Studdert, 1978).

Before 1972, only two caliciviruses had

been recognized: the exotic swine agent

VESV, and feline calicivirus, each of which

was reported to occur naturally only in its

respective host (Gillespie and Scott, 1973;

Madin, 1975). However, since 1972 evi-

dence of a relatively broad host-range

spectrum for several new calicivirus se-

rotypes has been presented. One example

is SMSV-6, which has been recovered five

times over a period of 10 yr from four

species of marine animals: from flipper

vesicles on two California sea lion pups

(San Miguel Island, California, 1975)

(Smith et al., 1979); from the oropharynx

of a northern fur seal (San Miguel Island,

California, 1975) (Smith et a!., 1980b); from

the spleen of an opaleye fish (San Nicolas

Island, California, 1977) (Smith et al.,

1980b); and now (1985), from the rectum

of a Steller sea lion pup in southern Ore-

gon.

The isolation of SMSV-6 from a Steller

sea lion is notable for several reasons. First,

it represents not only the first calicivirus

isolation from a Steller sea lion but also, to

our knowledge, the first reported isolation

of any virus from this species (Smith et a!.,

1985). Second, it supports prior seroepi-

zootiologic studies indicating exposure of

Steller sea lions to marine caliciviruses (the

absence of previous isolations presumably

was due to the paucity of suitable material

that had been collected from these ani-

mals) (Akers et a!., 1974; Smith et a!., 1976,

1985; Barlough et a!., 1987). Third, it sup-

ports our hypothesis that calicivirus sero-

types can be re-isolated from marine

sources long after their original discovery

(10 yr for SMSV-6). Thus, eventual isola-

tion from these sources of the “exotic” dis-

ease agent VESV, for whose continued ex-

istence in the Pacific coastal marine

environment there is considerable serolog-

ic evidence (Smith and Akers, 1976; Smith

and Latham, 1978; Smith, 1981, 1983; Bar-

lough et al., 1986, 1987), now seems even

more likely.

Although it is not possible to assess the

impact that caliciviruses may have on the

health of the Steller sea lion population,

these agents are known to cause vesicular

lesions, probably abortion, and possibly en-

cephalitis and pneumonitis, in other species

of pinnipeds (Smith et a!., 1980a, 1981,

1985; Smith, 1981, 1983; Berry et al., 1985;

Barlough et a!., 1986). Evidence of a gen-

eral decline in the eastern Aleutian Steller

sea lion population (Braham et a!., 1980)

and of diminished pup production (Calk-

ins, 1985) has been presented, and calici-

virus antibodies have been found in many

adult animals in the Bering Sea and Gulf

of Alaska (Barlough et al., 1987). These
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data, together with our isolation of SMSV-6

and the recognized (Bankowski, 1965; Ma-

din, 1975) and suspected (Smith et al., 1973;

Smith and Akers, 1976; Smith, 1981) abor-

tigenic properties of VESV and SMSV, re-

spectively, suggest that further investiga-

tion of a possible calicivirus role in

population fluctuations among Steller sea

lions is warranted. Perhaps it is pertinent

in this regard to note that all four isolations

of SMSV-6 from marine mammals have

been made from young pups, whose most

probable source of infection was maternal

in origin (Smith et a!., 1979, 1980b).
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