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ABSTRACT: Lesions suggestive of poxvirus infection were observed in two Steller sea lions (Eu-
metopias jubatus) in Alaska during live capture-and-release studies during 2000 and 2001. Both
of these animals, female pups in poor body condition, were from Prince William Sound; this
population is part of the declining western stock. Umbilicated, typically ulcerated dermal nodules
were present, primarily on the fore flippers in one case, and over most of the body in the second
case. Histologically, there were discrete masses in the superficial dermis composed of epithelial
cells, some of which contained eosinophilic intracytoplasmic inclusion bodies. Negative staining
of skin biopsy homogenates demonstrated the presence of orthopoxvirus-like particles. Total DNA
extracted from skin biopsies were analyzed by polymerase chain reaction (PCR) using primers
that targeted the DNA polymerase and DNA topoisomerase genes. These primers directed the
amplification of fragments 543 base pairs (bp) and 344 bp, respectively, whose deduced amino
acid sequences indicated the presence of a novel poxvirus within the Chordopoxvirinae subfamily.
Comparison of these amino acid sequences with homologous sequences from members of the
Chordopoxvirinae indicated highest identity with orthopoxviruses.
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INTRODUCTION

There are two genetically distinct pop-
ulations of Steller sea lions (Eumetopias
jubatus) in Alaska; the eastern and western
stocks (Bickham et al., 1996), that are list-
ed under the Endangered Species Act as
threatened and endangered populations,
respectively. The western stock of Steller
sea lions has declined since the late 1970s,
whereas the eastern stock has increased
(Trites and Larkin, 1996; Loughlin, 1998).
Numbers in the western population de-
clined approximately 70% in the 1970s and
1980s but ameliorated to about 5% per
year in the 1990s. The cause of the decline
is undetermined; possible factors include
malnutrition, disease, predation by killer
whales, climate changes, exposure to toxic
substances, entanglement in marine de-
bris, and incidental and intentional mor-

talities by humans (Loughlin, 1998; Trites
and Donnelly, 2003). The spatial and tem-
poral patterns of this decline are consistent
with concurrent disease, but few sea lion
carcasses have been recovered. On sero-
logic studies, there has been no evidence
of exposure to disease agents known to
cause significant mortality or morbidity in
pinnipeds such as marine mammal mor-
billiviruses (Burek et al., 2003), influenza
A viruses (Danner et al., 1998), Brucella
sp. or Leptospira interrogans (Burek et al.,
2003). By serology, a wide variety of cali-
civiruses (Barlough et al., 1987), an ade-
novirus, herpesviruses related to Phocid
herpesvirus 1 and 2 (Zarnke et al., 1997),
Toxoplasma gondii (Dubey et al., 2003)
and Chlamyophila psittaci appear to be
endemic throughout the range (Burek et
al, 2003). Because these findings are based
on serology, specific endemic agents have
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not been adequately identified or de-
scribed in relation to their distribution or
effect on the sea lion population. Lesions
associated with poxviruses have not been
previously documented in Steller sea lions.
These viruses can cause a wide variety of
diseases in domestic animals that range
from localized skin lesions to highly inva-
sive systemic disease characterized by gen-
eralized skin lesions and high mortality.
This paper reports two cases of poxvirus
infection in two young Steller sea lions and
the molecular characterization of a unique
orthopox-like virus.

MATERIAL AND METHODS

The two animals with skin lesions were live
captured underwater by SCUBA divers within
Prince William Sound (PWS), Alaska, using a
noosed pole during routine biologic and phys-
iologic sampling. Both animals were young fe-
males; 2 and 5-mo-old. Animals were anesthe-
tized with isoflurane (Heath et al., 1997). Body
condition was assessed based on a subjective
scoring system using palpation of ribs and bony
processes. A 6 mm punch biopsy was taken
from the skin lesions. One-half of the biopsy
was placed in 10% neutral buffered formalin
and the other half was frozen in dry ice and
stored at 280 C. Formalin-fixed samples were
embedded in paraffin, sectioned at 5 mm, and
stained with hematoxylin and eosin for evalua-
tion by light microscopy. Negative staining
electron microscopy was also performed on for-
malin-fixed specimens. The samples were ho-
mogenized in distilled water in a Ten-Broeck
grinder and clarified by centrifugation at 4,000
3 G for 5 min; the supernatant was removed
to a clean tube and centrifuged at 12,000 3 G
for 1 hr. The pellet was resuspended in 2%
phosphotungstic acid solution at pH 6.8 con-
taining 0.01% bovine serum albumin. A drop
of this suspension was applied to a carbon-coat-
ed formvar film on a 400 mesh copper grid and
excess liquid was wicked away. The grid was
examined with a Zeiss EM 109 microscope
(Carl Zeiss, Inc., Thornwood, New York, USA).

For polymerase chain reaction (PCR) analy-
ses, total DNA was extracted from both biop-
sies using the DNAeasy tissue kit (Qiagen Inc.,
Valencia, California, USA). Two sets of consen-
sus primers that target highly conserved regions
within the DNA polymerase and the DNA
topoisomerase genes of Capripoxvirus (Acces-
sion number NCp003027), Swinepox virus
(SWPV) (Accession number NCp003389), and
mule deerpox virus (unpublished sequences)

were used. Primers to amplify the DNA poly-
merase fragment were: forward primer DNA-
pol FP 59-CTA TTT TTA AAT CCC ATT AAA
CC-39 and reverse primer DNApol RP 59-ATA
CAG AGC TAG TAC ITT AAT AAA AG-39.
These primers yield an amplification product of
543 base pairs (bp). Primers to amplify the
DNA topoisomerase fragment were: forward
primer DNAtopo FP 59-TAA TGG AAA CAA
GTT TTT TTA T-39 and reverse primer DNA-
topo RP 59-CCA AAA ATT ATA TAA AAA CG-
39. These primers produce an amplification
product of 344 bp. Cycling conditions for the
amplification of both fragments consisted of an
initial denaturation step at 94 C for 1 min, fol-
lowed by 40 amplification cycles, each consist-
ing of a denaturation step at 94 C for 30 sec,
an annealing step at 45 C for 30 sec, and an
extension step at 72 C for 1 min. The elonga-
tion step in the last cycle was extended to 10
min. All PCR reactions were performed in 100
ml volumes and contained 500 ng to 1 mg of
total DNA, 20 mM Tris-Cl, pH 8.4, 5 mM KCl,
100 mM for each of the four deoxynucleoside
triphosphates, 200 nM for the specific forward
and reverse primers, and 2 units of Taq DNA
polymerase (Invitrogen Inc., Carlsbad, Califor-
nia, USA). Pan-parapoxvirus primers previously
described for the PCR diagnosis of parapoxvi-
rus infections in seals (Becher et al., 2002) and
ungulates (Inoshima et al., 2000) were used fol-
lowing the published protocols. Approximately
40 ml of the PCR reactions were resolved by
gel electrophoresis in 1.2% agarose. DNA frag-
ments for sequencing were resolved by electro-
phoresis in 1.2% low melting point agarose (In-
vitrogen), excised from the gel, and purified us-
ing the MinElute gel extraction kit (Qiagen
Inc.). Fragments were sequenced using the
Beckman Coulter CEQ 2000XL DNA Analysis
System (Beckman Coulter, Inc., Fullerton, Cal-
ifornia, USA) following the manufacturer’s pro-
tocol. Chromatograms were exported and
checked for errors with the Chromas 1.45 pro-
gram (Technelysium PTy Ltd., Southport,
Queensland, Australia), and the nucleotide and
amino acid sequences were analyzed using the
Seqed, Gap, Translate, Lineup, Pileup and
Pretty programs of the Wisconsin Package Ver-
sion 10.0 (Genetics Computer Group [GCG],
Madison, Wisconsin, USA).

RESULTS

The first case was a 2-mo-old female
pup captured at The Needle haulout site
(6086.79N, 147836.19W) in August 2000.
She was in poor body condition and had
multiple one-half to 1 cm raised, often ul-
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FIGURE 1. Gross appearance of pox lesions. Approximately 1 cm diameter raised smooth, hairless often
umbilicated nodules were scattered across the body. Scale bar51 cm.

cerated lesions on the fore-flippers (Fig.
1). This pup was not branded, so resight
data were not available. Histologically,
there were masses within the dermis com-
posed of broad cords of large, polygonal
epithelial cells. The cells had sharply de-
lineated cytoplasmic borders, and a mod-
erate amount of lightly basophilic cyto-
plasm. Nuclei were consistent in size and
were round to oval with one or two prom-
inent nucleoli/nucleus, fine granular chro-
matin, and 0–4 mitotic figures/high-power
field. Some nuclei contained one or two
clear vacuoles. Many of these epithelial
cells contained a single large brightly eo-
sinophilic inclusion body (Fig. 2). The cen-
ters of the epithelial cords were necrotic
and occasionally mineralized. Scattered
lymphocytes, plasma cells, and neutrophils
were present in the dermis surrounding
the mass. The epithelium overlying the
masses was intact and did not contact the
mass in sections examined.

The second case was a 5-mo-old female

pup captured at Perry Island (60844.19N,
147854.19W) in November 2001. She was
in poor body condition and had raised,
sometimes umbilicated, approximately 1
cm diameter nodules over a large part of
her body. She was hot branded at the time
of processing and was resighted 19 May,
21 May, and 11 September 2002 at the
Needle and on 16 September 2002 at Per-
ry Island. The histopathology was similar
to the first case except that scattered cells
contained one or two small, variably sized
basophilic cytoplasmic inclusions (type B
poxvirus inclusions).

Virus particles observed by electron mi-
croscopy were smooth, rounded rectangles
approximately 3503270 nm, consistent
with published reports of orthopoxviruses
and other mammalian non-parapoxviruses
(Dubochet et al., 1994) (Fig. 3).

Agarose gel electrophoresis of PCR
products showed that both the DNA poly-
merase and DNA topoisomerase sets of
primers directed the amplification of DNA
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FIGURE 2. Histopathologic appearance of cutaneous lesions caused by Steller sea lion poxvirus, showing
epithelial cells containing acidophilic intracytoplasmic inclusion bodies (arrow).

FIGURE 3. Negatively stained poxvirus particle
from cutaneous lesion of Steller sea lion (SSL) ob-
served by electron microscopy. The ‘‘skew’’ pattern of
orthopoxviruses is evident as opposed to the ‘‘basket-
weave’’ pattern of parapoxviruses. Scale bar5100 nm.

fragments of the expected sizes; 543 bp for
the former set and 344 bp for the latter
(Fig. 4).

Nucleotide sequences of the DNA poly-
merase fragments obtained from both bi-
opsies were 543 bp in length and identical

(GenBank accession no. AY424954) and
analyses of the deduced amino acid se-
quence indicated that the poxvirus associ-
ated with the lesions was a unique poxvirus
(Fig. 5), with closest identity to Variola vi-
rus (VARV; smallpox virus) (77%), Cowpox
virus (CPXV) (77%), Monkeypox virus
(MPXV) (77%), Vaccinia virus (VACV)
(77%), Myxoma virus (MYXV) (76%), Ca-
melpox virus (CMLV) (76%), Capripoxvi-
rus (74%), and SWPV (72%). Analyses of
the nucleotide sequences of both DNA
topoisomerase fragments showed them to
be identical and 344 bp in length (Gen-
Bank accession no. AY 424955). Compar-
ison of the deduced amino acid sequences
confirmed that the poxvirus associated
with the lesions was a novel poxvirus (Fig.
6), with closest identity to VARV (70%),
MPXV (69%), VACV (69%), CMLV (69%),
Capripoxvirus (69%), SWPV (68%) and
MYXV (65%). No DNA amplification was
obtained when the pan-parapoxvirus prim-
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FIGURE 4. Agarose gel electrophoresis of the DNA polymerase gene fragment (543-bp) of Steller sea lion
poxvirus from SSL279 PWS01 (lane 1) and SSL105 PWS00 (lane 2). Lanes 3 and 4 show the DNA topo-
isomerase gene fragments (344 bp) of Steller sea lion poxvirus from SSL279 PWS01 (lane 3) and SSL105
PWS00 (lane 4). Lanes 5 and 6 are negative PCR controls for the DNA polymerase and DNA topoisomerase
gene fragments. Lanes 7 and 8 are the DNA polymerase and DNA topoisomerase gene fragments, respectively,
amplified from the mule deer poxvirus DNA positive controls.

FIGURE 5. Comparison of the deduced amino acid sequence of the DNA polymerase gene fragment of the
Steller sea lion poxvirus (SSLpox) to homologous fragments from swinepox-, lumpy skin disease pox-, myxoma-,
monkeypox-, vaccinia-, cowpox-, smallpox-, and camelpoxvirus. Sequence from the Steller sea lion poxvirus DNA
polymerase gene fragment has been stored in the GenBank (Accession no. AY424954) and was compared with
homologous sequences derived from swinepoxvirus (Accession no. NCp003389), lumpy skin disease virus (Accession
no. NCp003027), myxomavirus (Accession no. NCp001132), monkeypoxvirus (Accession no. NCp003310), vaccinia-
virus (Accession no. U94848), cowpoxvirus (Accession no. NCp003663), smallpoxvirus (Accession no. NCp001611),
and camelpoxvirus (Accession no. NCp003391). Consensus amino acids are shown as a dot.

ers were used on total DNA extracted
from pox lesions.

DISCUSSION

The genetic analysis performed with the
deduced amino acid sequences of the
DNA polymerase and DNA topoisoimer-
ase gene fragments indicates that the Stell-
er sea lion poxvirus associated with the cu-
taneous lesions described in this paper is
a novel member of the Chordopoxvirinae

subfamily of poxviruses. The genes that
were targeted for PCR in this study code
for enzymes that are highly conserved
among the Chordopoxvirinae; thus, it is ex-
pected that high identities are obtained
with homologous genes from both highly
virulent poxviruses such as VARV and
members of the Capripoxvirus and also
with homologous genes of less invasive vi-
ruses such as VACV and SWPV.

Poxvirus lesions have been described in
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FIGURE 6. Comparison of the deduced amino acid sequence of the DNA topoisomerase gene fragment of
the Steller sea lion poxvirus (SSLpox) to homologous fragments from monkeypox-, camelpox-, smallpox-, vac-
cinia-, South Africa strain of lumpy skin disease-, Kenya strain of lumpy skin disease-, swinepox-, and myxo-
mavirus. Sequence from the Steller sea lion poxvirus DNA topoisomerase gene fragment has been stored in the
GenBank (Accession no. AY424955) and was compared with homologous sequences with accession numbers as
described in Figure 5. GenBank accession numbers for South Africa and Kenya strains of lumpy skin disease
virus were, respectively, AF409138 and NCp003027. Consensus amino acids are shown as a dot.

several species of pinniped and cetaceans.
In cetaceans, poxvirus has been demon-
strated morphologically in ‘‘ring’’ skin le-
sions (Geraci et al., 1979). Serologic stud-
ies (Van Bressem et al., 1999) and mor-
phologic evidence suggest they are most
closely related to the Orthopoxvirus genus
(Flom and Houk, 1979). Poxviruses asso-
ciated with lesions in other pinnipeds in-
cluding California sea lions (Zalophus cal-
ifornianus) (Wilson et al., 1969, 1972a,
1972b), South American sea lions (Otaria
byronia) (Wilson and Poglayen-Neuwall,
1971), harbor seals (Phoca vitulina) (Wil-
son et al., 1972b), gray seals (Halichoerus
grypus) (Hicks and Worthy, 1987), and a
northern fur seal (Callorhinus ursinus)
(Hadlow et al., 1980) have been identified
morphologically as parapoxviruses. Both
orthopoxviruses and parapoxviruses have
been isolated from lesions in gray seals
(Osterhaus et al., 1990; 1994; Nettleton et
al., 1995). A unique parapoxvirus was iden-
tified from harbor seals using PCR and nu-

cleotide sequence analyses (Becher et al.,
2002; Muller et al., 2003).

The lesions in the Steller sea lion and
those previously reported from northern
fur seal (Hadlow et al., 1980) and South
American sea lions (Wildon and Poglayen-
Neuwall, 1971) had similar histologic ap-
pearances and resembled a dermal nodule
of hyperplastic epithelial cells rather than
the raised plaquelike lesions that are de-
scribed from harbor and gray seals (Wilson
et al., 1972b; Hicks and Worthy, 1987)
These differences may relate to host re-
sponse associated with infections with vi-
ruses representing different poxvirus gen-
era and additional work is needed to fully
understand the genetic and taxonomic re-
lationship between these poxviruses.

In pinnipeds, poxviruses typically pro-
duce raised, nodular, sometimes ulcerated
skin nodules, scattered across the body, in-
cluding the head, neck, and flippers (Ken-
nedy-Stoskopf, 2001). These lesions are
most often seen in neonates, and out-
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breaks typically occur during the post-
weaning period when animals are intro-
duced into captivity; this suggests that
stress may precipitate the disease. In cap-
tive gray seals, only animals with access to
cement pools developed lesions, suggest-
ing that abrasion of the epithelial surface
may be required for infection or the de-
velopment of lesions (Hicks and Worthy,
1987). It also has been suggested that con-
current infection with Phocine distemper
virus could predispose animals to pox dis-
ease outbreaks (Osterhaus et al., 1994).
Most of the poxviruses described have
zoonotic potential and cases have occurred
in people that were in direct contact with
captive gray seals with seal pox (Hicks and
Worthy, 1987).

In Steller sea lions, the potential rela-
tionship between poxvirus and declining
populations needs to be understood. Po-
tentially adverse effects may be indirectly
associated with abnormalities in immune
function or other health parameters. Both
of the animals in this report were young
and in poor condition, and originated from
the declining western stock. Future work
will involve attempts to culture the virus
and develop serologic assays to better un-
derstand the epidemiology of this virus
within these sea lion populations.
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