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Presented in part at the 1975 Annual Wildlife Disease Conference, 23 August 1975, Guelph,
Ontario, Canada.

PREVALENCE AND DISTRIBUTION OF FOUR SEROTYPES

OF SMSV SERUM NEUTRALIZING ANTIBODIES
IN WILD ANIMAL POPULATIONS1

A. W. SMITH, T. G. AKERS, C. M. PRATO and H. BRAY, Naval Biomedical Research Laboratory,

School of Public Health, University of California, Berkeley, California 94720, USA

Abstract: Serum neutralizing antibodies to four serotypes of San Miguel Sea Lion
Virus (SMSV) were demonstrated in a variety of marine and terrestrial species.
These results show a wide geographic distribution of SMS viruses in the marine
environment and indicate that certain terrestrial mammals have been infected with
these so-called marine viruses. Evidence is presented supporting the theory that un-
identified submammalian marine species are a reservoir for SMSV.

INTRODUCTION

San Miguel Sea Lion Virus (SMSV)
was first isolated from a California sea
lion (Zalophus californianus) in Sou-
thern California in 1972. Shortly there-
after, a virus isolated from an emaciated
northern fur seal (Callon/zinus ursinus)

pup dying of undetermined causes on the
Pribilof Islands was shown to be of the
same serotype, SMSV-1.’ This finding
was noteworthy because all of 120 nor-
thern fur seals (3-4 years old) examined
in 1972, showed no neutralizing antibo-
dies to SMSV-1, whereas 18 of 20 Cali-
fornia sea lion cows were positive.’8 Ap-
parently, a new SMSV serotype had been
introduced into the fur seal herd, provid-
ing a unique opportunity to study the epi-
zootiology of SMSV infection in a suscep-
tible pinniped population.

Although SMSV-2 had been isolated
from California sea lions but not from
northern fur seals, 30% of the 3-4 year-
old male fur seals tested in 1972 had
neutralizing antibody titers to this par-

ticular serotype. We thus presumed that
SMSV-2 was enzootic in the northern fur
seal herd.5

Aside from the California sea lion and
northern fur seal, serum neutralizing
(SN) antibodies also were found in other
marine species, including California gray
whales (Eschrichtius gibbosus), northern
elephant seals (Mirounga angustirostris)

and Steller sea lions (Eumetopius juba-

ta).’ Other marine mammals such as
sperm whales (Physeter catodo,z), Sei
whales (Balaenoptera borealis), fin
whales (Balaenoptera physalus), a white
whale (Delphinapterus leucas), bearded
seals (Erignathus barbatus), ringed seals
(Pusa hispada), harbor seals (Pagophilus

greoulandicus) and walruses (Odobenus

ros,narus) had no antibodies against
SMSV-1 and SMSV-2.1 This is particular-
ly interesting because the whales negative
for SMSV antibodies are all deep water
species, and the antibody-negative pin-
niped species are all native to the Bering
Sea or Arctic Ocean and do not migrate

Mail correspondence and reprint requests to:

Dr. A. W. Smith
Naval Biomedical Research Laboratory
Naval Supply Center, Bldg. 844
Oakland, CA 94625, USA

I This work was sponsored by the Office of
National Marine Fisheries Service.

Naval Research and supported in part by the

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Wildlife Diseases Vol. 12, July, 1976 327

through Southern California waters. Per-
haps more important, SMSV appeared to
have bridged the land-sea barrier in that
five feral swine and one feral sheep resi-
dent on the Santa Barbara Channel Is-
lands were positive for SMSV-2 anti-
bodies.”7

Because of the wide geographic and
varied host distribution of SMSV, we
examined as many species as practical
for SMSV antibodies, including those
comprising some portion of the pinniped
diet. The purpose of this paper is to re-
port on the prevalence and spread of
SMSV-1, SMSV-2 and two newly estab-
lished SMSV serotypes (SMSV.4 and 5,

Manuscript in preparation) in selected
wild animal populations.

MATERIALS AND METHODS

Serum collection. Individual blood
samples from 640 3-4 year-old fur seals
were collected, during the annual harvest
on St. Paul Island, over a 3-year period.
Sea lion blood was obtained by cardiac
puncture of 20 adult females.I Whale
serums were collected from four species
(prior to 1972) during processing at the
Richmond California Whaling Station.1
Feral swine, sheep and goats’ blood was
collected from major vessels and body
cavities of the animals shot during the
annual big game hunts on the Channel
Islands.l All other pinniped serums were
collected at various times and places as
early as 1961.1 Fish serums were ob-
tained from a variety of California spe-
cies taken near Monterey, San Miguel
Island, the Farallon Islands and off Eu-
reka on the Northern Californa Coast.
All samples were frozen for transport and
maintained in a -20 C freezer. Pools
consisting of five serums were screened
for antibodies against the four SMSV
serotypes and the individual sera from
positive pools were then titered.

Antibody titrations. Neutralizing anti-
body tests were employed using the mi-
crotiter assay system previously de-
scribed5 with some modification. Inacti-
vated sera (56 C for 30 mm) were ini-
tially diluted 1: 10 and subsequently serial
two-fold dilutions were made. Tests were
run in quadruplicate (with appropriate
virus and cell controls). One hundred
TCID50 of stock virus were added to
each serum dilution and incubated for 1
hr at 37 C. Next, approximately 10,000
Vero (African Green Monkey kidney)
cells were added to each microtiter well.
All microtiter plates were incubated in
5% CO2 and 95% air for 72 hrs before
staining with crystal violet. Each well was
graded positive or negative on the basis
of monolayer destruction at serum dilu-
tions of 1: 10 or higher. Neutralizing anti-
body endpoints were expressed as the re-
ciprocal of the lowest serum dilution that
neutralized 50% of the infected wells.

Virus isolates. Stocks of the 4 SMSV
serotypes were grown on Vero cells as
previously described.’

RESULTS

Antibody titers in the various marine
and terrestrial mammals are presented
for SMSV serotypes 1, 2, 4 and 5 in
Tables 1 to 4 respectively and a sum-
mary is presented in Table 5.

Antibodies to serotypes SMSV-1 and 4
were not found in any of the 3-4 year-
old fur seals tested for 1972 and 1973
(Tables 1 and 3).

SMSV Type 5 from fur seals was first
isolated in 1973. That year 2.5% of the
3-4 year-old fur seal bachelor bulls had
antibody titers of 1:20 or greater, where-
as 200 fur seal sera collected the previous
year were uniformly negative (Table 4).
In 1974, SMSV-5 was apparently epi-
zootic as noted by a morbidity rate of
85%. The neutralizing antibody titers (in

Samples supplied through the courtesy of William Gilmartin, Naval Undersea Center, San
Diego, California 92132, USA.

I Samples furnished by H. M. S. Watkins, Naval Biomedical Research Laboratory.

I Samples furnished by T. Peace and D. G. Constantine, Naval Biomedical Research Laboratory.

I Provided through the courtesy of Professor V. M. Sarich, Department of Biochemistry, Uni-
versity of California, Berkeley, California 94720, USA.
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TABLE 5. Summary of test results for SMSV neutralizing antibodies in 11 mammalian species

using 100 TCID50 of virus.*

Antigenic types of SMSV

Species SMSV-188 SMSV�2** SMSV-4 SMSV-5

Gray whales - + - +
Whales - Sperm, Sei, Fin

andWhite - - - -

California sea lion + + + +
Northern fur seal + + - +

Northern elephant seal** - + NT**s NT**�
Bearded seal - - - -

Harbor seal - - - -

Steller sea lion - + - +
Ringed seal - - - -

Walrus - - - -

Feral sheep - + - -

Feral goat - - - -

Feral swine + + - +

* Results of Tables 1, 2, 3 and 4 are summarized.

4* Summary of previously published data (Akers el a1.�)

Not tested. (NT)

TABLE 6. Fish common to the California coast tested for neutralizing antibodies to SMSV

serotypes 1, 2, 4 and 5.�

Spec�e�88 Number tested

Black cod*** 5

Ling Cod Ophiodo�z clongatus 5

Sable Rock Cod* * * 5
Widow Rock Fish Sebastes entomelas 3
Kelp Rock Fish Sebastes atrovirens

Yellow and Orange Rock Fish Sebastes spp. 1
Black Tail Rock Fish Sebastes spp. 4
Red Rock Fish Sebastes spp. 1
Yellow Tail Rock Fish Sebastes flavidus 10
Black Rock Fish Sebasies melanops 8
Striped Perch Embiotoca lateralis 1
Surf Perch** * 2
Red Snapper*** 1
Red Sea Bass*** 1
Dover Sole Microstornus pacificus 7
Cabazon Scorpaenic/zthys �narmoratus 4
Spanish Mackeral Scomberomorus concolor 10
Hake Merluccius productus 67

Wolf Eeel A narr/zichthys ocellatus 1

* All serum samoles were negative for neutralizing antibodies when tested at the 1:10 dilution.

#{149}*The Wolf Eel was collected in the Bering Sea. All other collections were made in California

with the Hake coming from Eureka and the other species coming from either the Farallon
Islands, San Miguel Island or Monterey Bay.

*** Unable to determine the scientific names.
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a few cases reaching as high as 1:2560)
were the highest seen to date in any
naturally-occurring SMSV infections.
SMSV-5 antibodies were found in 70%
of the sea lion sera collected in 1972

(Table 4), two years before the preva-
lence reached that proportion in the nor-
thern fur seal bachelor bulls.

SMSV-2 has been isolated only once
and this was in 1972 from an adult fe-
male California sea lion which had re-
cently aborted. However, antibodies to
this virus occur in more mammalian spe-
cies than any of the other three SMSV
types tested (Table 5). In addition,
SMSV-2 antibodies were present in Stel-
ler sea lions’ serums collected in 1961
(Table 2) showing this virus to have been

active 13 years previously. In addition,
SMSV-2 antibodies were present in 33%
of the 3-4 year-old fur seals tested in
1972, 25% in 1973. The prevalence drop-

ped to less than 1 % in the animals sam-
pled in 1974. All fish serums were uni-
formly negative for antibodies to all four
SMSV serotypes (Table 6).

DISCUSSION

California sea lions have greater in-
volvement with SMSV than any other
species examined. Whether this is by
virtue of species susceptibility or grea-

ter exposure is unknown. Certain factors
tend, however, to support the latter pos-
sibility: fur seals have proven highly
susceptible to SMSV-5, and yet 70% of
the California sea lions tested had SN
antibodies two years before the preva-
lence approached this epizootic level in
fur seals. SMSV-4 was first isolated from
sea lions in 1973, and two individuals
had SN antibodies in 1970; yet all nor-
thern fur seals tested for antibodies in
1972, 1973 and 1974 were negative. The
decline of SMSV-2 in fur seal herds
would indicate that epizootics of SMSV-2
are not reoccurring on a regular basis.
SMSV-1 was isolated from a single fur
seal in 1972; yet this agent has been
shown to have infected only 2 of 779
fur seals tested. Twenty-five percent of
the serums from California sea lions

sampled in 1970 were positive for SMSV-
1 antibodies, and 90% of those sampled
two years later had antibodies.

If we conclude that California sea
lions have a higher degree of experience
with SMSV, this might be due to (a)
their geographic location, (b) their spe-
cific feeding habits, or (c) because the
disease is primarily a disease of sea lions,
and the sea lion itself is the reservoir
host with infection of other marine spe-
cies occurring incidentally or secondarily.
In examining these three possibilities, the
sea lion as the primary reservoir is un-
likely because the relatively small total
animal population (100,000 or less)
(Robert DeLong, personal communica-
tion, 1973) appears too small to provide
enough susceptible individuals for con-
tinuous propagation of all SMSV sero-
types now known to exist while at the
same time exerting selective pressures,
presumably immunologic, for the forma-
tion of new serotypes. Moreover, the
concept that immunologic pressure might
induce mutagenesis conflicts with the fact
that VESV produces solid serospecific
immunity in swine.>’6

Possibly therefore, the geographic lo-
cation and the sea lions’ habits, presum-
ably dietary, may constitute the primary
source of SMSV. Certain dietary compo-
nents could be a common factor unique
to Southern California and to marine
mammals in the area as well as those
passing through during some portion of
their annual migration. From this, we
conjecture that some lower marine form
occurring in the Southern California
�vaters is the primary reservoir for
SMSV. Therefore, several species of fish
which, at times, may be eaten by sea
lions, have been examined for SMSV
antibodies. Although none were detected
for the serotypes tested, there are several
dozen species of fish native only to the
waters south of San Francisco Bay. Many
of these are known to be prey for sea
lions, and only a few have been examined
for SMSV antibodies.

Continuing serologic studies should be
made on those species of fish found pri-
marily from San Francisco Bay south-
ward, with particular attention given to
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the opaleye (Girella nigricans), the opa-
lescent squid (Lolago opalescence), an-
chovy (Anchova spp.) and perhaps the
cyclic sardine (Sardinops sagax caeru-

leas). Also, certain other long-lived car-
nivorous fish species such as rock fish
(Sabastes spp.) and cabazone (Scorpae-

nichihys marmoratus) resident near the
sea lion habitat should also be sampled.
Supplemental to this broad approach
would be the initiation of studies to de-
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termine the susceptibility of fish to in-
fection. The opalescent squid has been
one species suggested (Robert DeLong,
personal communication 1974), and the
opaleye would be another. This latter spe-
cies is an intermediate host in the life
cycle of Parafilariodes decorus> the lung
worm of California sea lions. This last
aspect is attractive in that it offers a
possible teleost, nematode, marine mam-
mal cycle for the SMSV.
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