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ABSTRACT: Cutaneous pox-like lesions are a common complication in the rehabilitation of
pinnipeds. However, the exact identity, taxonomy, and host range of pinniped parapoxviruses
remain unknown. During a poxvirus outbreak in May 2003 in California sea lions (Zalophus
californianus) at a marine mammal rehabilitation facility, multiple raised, firm, 1–3-cm skin
nodules from the head, neck, and thorax of one sea lion weanling pup that spontaneously died were
collected. Histologically, the nodules were characterized by inflammation and necrosis of the
dermis and epidermis, acanthosis, and ballooning degeneration of the stratum spinosum. Large,
coalescing eosinophilic cytoplasmic inclusions were observed in the ballooned cells. A
parapoxvirus (sea lion poxvirus 1, SLPV-1) was isolated on early passage California sea lion
kidney cells inoculated with a tissue homogenate of a skin nodule. The morphology of the virions
on electron microscopy was consistent with that of parapoxviruses. Partial sequencing of the
genomic region encoding the putative major virion envelope antigen p42K confirmed the
assignment of the sea lion poxvirus to the genus Parapoxvirus. Although SLPV-1 is most closely
related to the poxvirus of harbor seals of the European North Sea, it is significantly different from
orf virus, bovine papular stomatitis virus, pseudocowpox virus and the parapoxvirus of New
Zealand red deer.

Key words: California sea lion, isolation, pathology, pinniped, poxvirus, virus, Zalophus
californianus.

INTRODUCTION

The viral family Poxviridae consists of
large, enveloped DNA viruses that are of
veterinary and medical importance. In
humans, the most pathogenic member,
variola virus, causes smallpox (Moss 1996).
Members affecting wildlife include Nile
crocodile poxvirus, parapoxvirus, buffalo-
pox virus, squirrel parapoxvirus, monkey-
pox virus, dolphin poxvirus and the
poxvirus that causes myxomatosis in rab-
bits and hares (Moss, 1996). Parapox-
viruses cause contagious pustular derma-
titis or orf in sheep and goats, papular
stomatitis and pseudocowpox in cattle, and

skin lesions in other animals including red
deer, squirrels, reindeer, musk ox, and
camels (Reid, 1998). Poxvirus infections
have also been reported in aquatic mam-
mals, including pinnipeds. The suscepti-
bility of pinnipeds to pox infections was
first suspected in 1969 when a 1-yr-old
California sea lion (Zalophus california-
nus) was presented with pox-like lesions
(Wilson et al., 1969). The presence of
poxvirus has since been confirmed in
cutaneous and mucosal nodular lesions
from harbor seals (Phoca vitulina) (Wilson
et al., 1972), northern fur seals (Callorhi-
nus ursinus) (Hadlow et al., 1980), gray
seals (Halichoerus grypus) (Hicks and
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Worthy, 1987), northern elephant seals
(Mirounga angustirostris) (Hastings et al.,
1989), and South American sea lions
(Otaria flavescens) (Wilson and Po-
glayen-Neuwall, 1971).

Based on electron microscopy of pox
nodules in European and North American
pinnipeds, several studies have suggested
the involvement of both a parapoxvirus
(Osterhaus et al., 1994; Simpson et al.,
1994; Nettleton et al., 1995) and an
orthopoxvirus (Osterhaus et al., 1990).
Molecular investigations of the virus are
limited to one account of a poxvirus out-
break in European harbor seals, in which
the virus was classified as a new member
of the parapoxviruses (Becher et al., 2002).

Parapoxviruses and orthopoxviruses have
a common evolutionary ancestor and they
consequently share features such as size,
genome organization, and general virion
structure (Fleming et al., 1993; Moss,
1996). However, only some of the surface
antigens cross-react (Moss, 1996), and the
differing nucleic acid content of the
genomes sets them genetically apart (Flem-
ing et al., 1993). The phylogenetic classifi-
cation of the poxvirus is therefore of
importance when developing molecular
and serologic diagnostic assays. It has been
suggested that some parapoxviruses are
capable of causing persistent, recrudescing
infections (Iketani et al., 2002). The phylo-
genetic classification of poxviruses of pin-
nipeds may therefore be of importance for
future epidemiological and ecological stud-
ies as well. Molecular phylogenetic studies
to resolve identity, taxonomy, and host
range have not been performed on pox-
viruses of seals and sea lions in the United
States and elsewhere outside Europe.

We describe the isolation and the
electron microscopic appearance of a pox-
virus (SLPV-1) from California sea lions
and the associated pathologic lesions. The
nucleic acid sequence of the gene encod-
ing the p42K envelope protein of SLPV-1
is presented, which supports the classifi-
cation of the sea lion poxvirus as a member
of the genus Parapoxvirus.

MATERIALS AND METHODS

Case histories

Three California sea lions (CSL 1, CSL 2,
CSL 3) were recovered from the central
California coastline between July 2002 and
May 2003 and were transported to The Marine
Mammal Center (TMMC) in Sausalito, Cali-
fornia (37u519N, 122u319W) for rehabilitation.
All animals were group-housed in pens con-
structed of wire cyclone fencing bolted to an
epoxy-coated concrete slab. Each pen con-
tained a rough-textured fiberglass pool. The
sea lions entered the pools by climbing a sand-
textured fiberglass ramp. All pools were
emptied daily and all surfaces cleaned with
a dilute bleach solution and rinsed off with
fresh water. Sea lion CSL 1, a yearling female,
was admitted on 6 July 2002 with an abscess in
the left inguinal area. On 14 August 2002, two
raised, 1.0–2.0-cm, firm, cutaneous nodules
were observed on the nares and upper lip of
the animal, and a Dacron swab and a biopsy of
the lesion were collected. The abscess was
successfully treated and the animal was re-
leased on 24 August 2002. Sea lion CSL 2,
a subadult female, was admitted on 8 July 2002
with evidence of shark bite wounds to the
head. Several raised, firm, ulcerated cutaneous
nodules were observed on the right palpebra
and skin overlying the cranium on 15 August
2002. A swab was collected from each of two
of the lesions. The head wounds and cutane-
ous nodules gradually resolved and the sea lion
was released on 29 September 2002. On 23
May 2003, a female California sea lion pup,
CSL 3, was recovered for rehabilitation. Three
2.0–3.0-cm, raised, firm, nodular skin lesions
were noted on the head and neck during the
physical examination upon admission. Four
days later, the animal died and a necropsy was
performed.

Pathologic studies

The biopsy specimen from CSL 1 and all
three pox-like lesions of CSL 3 that were
collected on necropsy were bisected. Half of
each nodule was processed for virologic
studies (see below) and the remaining
portion was fixed in 10% neutral buffered
formalin for light microscopy. Samples from
all major organ systems of CSL 3 were
similarly fixed in 10% neutral buffered
formalin for light microscopy. Subsequently,
tissues were embedded in paraffin, sectioned
at 6 mm, stained with hematoxylin and eosin
(H & E), and examined with a light micro-
scope.
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Cell cultures

Frozen early-passage California sea lion skin
cell cultures and California sea lion kidney cell
cultures were obtained from the Wise Labo-
ratory of Environmental and Genetic Toxicol-
ogy, University of Southern Maine (Portland,
Maine, USA) and were grown to confluency in
our laboratory. Additionally, modified African
green monkey kidney cell cultures (BSC40)
were obtained from the Condit Laboratory,
University of Florida (Gainesville, Florida,
USA). The culture media consisted of 85%
(volume : volume) DMEM-F12 (Cellgro,
Herndon, Virginia, USA), 15% (volume : vo-
lume) cosmic fetal calf serum (Hyclone,
Logan, Utah, USA), 2 mM L-glutamine (Cell-
gro), 0.1 mM sodium pyruvate (Cellgro),
50 IU penicillin/ml and 50 mg streptomycin
(Cellgro). All cultures were kept at 37.0 C,
7.5% CO2, and approximately 90% relative
humidity.

Virus isolation

All three swabs (from CSL 1 and CSL 2)
and the portion of each of the four nodules
(from CSL 1 and CSL 3) for virologic studies
were kept frozen at 220 C before overnight
shipment to the University of Florida. For
virus isolation, swabs were placed in 500 ml of
phosphate-buffered saline (PBS) containing
500 IU/ml penicillin and 500 mg/ml strepto-
mycin (Cellgro). The swabs were pulse-vor-
texed for 30 sec, after which the swab was
removed and the swab extract was filtered
using a 0.450-mm syringe filter (Fisher Scien-
tific, Pittsburgh, Pennsylvania, USA). Approx-
imately 75 mg of a tissue sample from both
CSL 1 and CSL 3 was homogenized using
a Dounce homogenizer in 500 ml PBS contain-
ing 500 IU/ml penicillin and 500 mg/ml strep-
tomycin (Cellgro). The homogenate was
centrifuged at 2,000 rpm for 20 min in a stan-
dard benchtop centrifuge, and the supernatant
was filtered using a 0.450-mm syringe filter
(Fisher Scientific). Next, 50-ml aliquots of each
of the filtrates were diluted to a total volume of
500 ml in PBS for inoculation of the cell
cultures. The swab filtrates and biopsy ho-
mogenate (CSL 1) were each used to inoculate
two BSC40 cultures and four early-passage
California sea lion skin cell cultures. Two
BSC40 cultures, four early-passage California
sea lion skin cell cultures, and four early-
passage California sea lion kidney cell cultures
were inoculated with the pox lesion homoge-
nate of CSL 3. After incubation for 3 hr at
37 C, the cultures were washed and the tissue
homogenate replaced by culture medium. All
cultures were checked daily for cytopathic

changes. For passaging, the cells were har-
vested using a scraper, and the cell suspension
was centrifuged at 1,800 3 G for 5 min. A cell
concentrate containing approximately 25% of
the cell pellet and 2.5% of the supernatant was
freeze-thawed two times at 270 C, sonicated
for 2 min (Sonics VibraCell, Danbury, Con-
necticut, USA), and used to inoculate the next
passage. All cultures were blind passaged at
least three times. Each second passage was
tested for the presence of poxviral DNA using
the polymerase chain reaction (PCR) protocol
described below.

Virus morphology

After four passages, two cell cultures dis-
playing a cytopathic effect were processed for
transmission electron microscopy 6 days post-
inoculation. Monolayers were washed twice
using PBS at room temperature and then fixed
using a solution of 2.5% glutaraldehyde in
0.1 M cacodylate buffer, pH 7.2 while the cells
were adhered to the culture dish. Fixed cells
were scraped, washed in 0.1 M cacodylate
buffer, and then postfixed for 60 min at 4 C
in a solution of 1% osmium tetroxide in 0.1 M
cacodylate buffer and submitted to the Univer-
sity of Florida Interdisciplinary Center for
Biotechnology Research (UF-ICBR) Electron
Microscopy Core laboratory for transmission
electron microscopy. Intracellular mature vir-
ions (IMV) were purified as described pre-
viously for orf virus (Robinson et al., 1982) from
lysates of infected cells by high-speed centrifu-
gation through a 40% sucrose cushion followed
by banding of the IMV on a 25–50% sodium
diatrizoate density gradient. The virus was
resuspended in 10 mM Tris. An aliquot of the
purified virus was fixed in 2% formaldehyde
solution and submitted to the Electron Micros-
copy Core of the UF-ICBR for negative-
staining electron microscopy.

Molecular characterization of the virus

DNA was extracted from all three pox lesion
swabs (CSL 1, CSL 2), from a 25-mg fragment
of all four tissue samples (CSL 1, CSL 3) and
from each second passage of the virus cultures,
using a DNeasy Tissue Kit (Qiagen, Valencia,
California, USA), following the manufacturer’s
guidelines. A universal parapox primer pair
(GenBank accession number U06671: sense
59-39 GTCGTCCACGATGAGCAGCT and
antisense 59-39: TACGTGGGAAGCGCCTC-
GCT) was used to amplify part of the genomic
region encoding the putative virion envelope
antigen (p42K) of parapoxviruses (Sullivan et
al., 1994; Inoshima et al., 2000). An aliquot of
15 ml of the extracted DNA was used in 100-ml
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amplification reactions containing 103 PCR
buffer, 1 mM MgCl2, 200 mM of each dNTP,
1 mM of each primer, and two units of Taq
polymerase (Roche Diagnostics Corporation,
Indianapolis, Indiana, USA). DNA from wild-
type orf virus was included as positive control
for the PCR reaction. Reactions containing no
DNA and vaccinia DNA (Vac-WR), respec-
tively, served as negative controls. Amplifica-
tion conditions were as follows: incubation at
94 C for 2.5 min, 30 cycles of denaturation at
94 C for 30 sec, annealing at 57 C, and
extension at 72 C for 40 sec, followed by
incubation at 72 C for 10 min. All amplicons
(controls and unknown samples) were purified
using a High Pure PCR Product Purification
Kit (Roche Diagnostics Corporation) following
the manufacturers instructions, and submitted
to the Sequencing Core of the UF-ICBR for
nucleotide sequencing. Each nucleotide posi-
tion was sequenced at least three times in each
direction. Vector NTI software (Informax,
Frederick, Maryland, USA) was used to
perform the analysis of the sequences. The
ClustalX software was used to generate the
multiple-sequence alignment of the deduced
amino acid sequence and to construct a phylo-
genetic tree according to the maximum likeli-
hood method. The robustness of the phyloge-
netic analysis and significance of the branch
order were determined by bootstrap analysis
carried out on 100 replicates using the
PHYLIP software.

RESULTS

Pathologic studies

At necropsy, sea lion CSL 3 was 81 cm in
length and weighed 12.5 kg. Blubber thick-
ness measured at the level of the sternum
was 13 mm. Three raised cutaneous no-
dules, measuring between 2.0 and 3.0 cm
in diameter, were noted on the forehead
and left abdomen of the sea lion. On
section, the nodules were firm, congested,
and focally ulcerated and the epidermis
appeared thickened. Internally, severe at-
rophy of the renal and cardiac fat depots
and a diffuse, moderate hemorrhagic gas-
tritis was observed. No evidence of clini-
cally significant viral, bacterial, or parasitic
infections was found. Based on the animal’s
low body weight and the fat atrophy, death
was attributed to malnutrition.

On histologic section, diffuse necrosis of

the outer layers of the epidermis was
observed throughout the skin nodule
(Fig. 1). There was acanthosis and bal-
looning degeneration of epidermal cells
within the stratum spinosum. With H & E
staining, many of the ballooned cells were
found to contain large, coalescing eosino-
philic intracytoplasmic inclusions. In one
area, there was ulceration of the epidermis
with an accumulation of overlying necrotic
cellular debris containing large numbers
of bacterial colonies. In the dermis, there
were focal areas of necrosis. The dermis
contained diffuse infiltrates of mixed in-
flammatory cells, including small round
cells and neutrophils that subtended the
epidermal basement membrane and, in
some areas, infiltrated epidermal follicular
and rete pegs.

Virus isolation

All attempts to isolate the virus onto
BSC40 African green monkey kidney cell
cultures or in the early-passage California
sea lion skin cell cultures were unsuccess-
ful. Cytopathic changes suggestive of
a poxvirus infection developed within
24 hr of inoculation in all four early-
passage California sea lion kidney cell
cultures. Cytopathic changes consisted of
generalized, diffuse rounding of the cells.
No cell lysis or plaque formation was
observed. Lysates of the infected cell
cultures were passaged seven times and
portions of each passage were stored at
280 C.

Virus morphology

Positive staining transmission electron
microscopy revealed the presence of
poxvirus particles in the sea lion kidney
cell cultures (Fig. 2). Mature virions,
immature virus particles, crescents, and
viroplasm were observed. Mature virions
were brick-shaped, although somewhat
elongated. The virions had a length and
width of approximately 300 nm and
170 nm, respectively. The structure of
the mature virions consisted of an elec-
tron-dense core surrounded by the viral

26 JOURNAL OF WILDLIFE DISEASES, VOL. 42, NO. 1, JANUARY 2006

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



envelope. The cores of mature virions
were ovoid to lanceolate and only occa-
sionally dumbbell shaped.

On the negative-stained preparation
(Fig. 3), the virus particles appeared oval
or cylindrical with convex ends. The
negative staining also revealed a regularly
arranged surface tubule pattern. No
smooth, capsular-type virions were ob-
served. Some smaller, rounded virions that
did not show the typical parapox surface
morphology were also present.

Molecular characterization of the virus

The TBLASTX results of the 594–base-
pair nucleotide sequence showed the
highest score with the harbor seal pox-
virus from Northern Europe (SPV,
AF414182.1). At the nucleotide level, the
sea lion parapoxvirus sequence was 96.6%

and 81% identical to the corresponding

sequence of SPV and to orf virus OV-
SA200 (ORFV-SA200, AY386264.1), re-
spectively. The nucleotide sequence de-
rived from the sea lion poxvirus corre-
sponds to nucleotide positions 11606–
11022 of the orf virus genome (strain
OV-SA200). A multiple sequence align-
ment of the deduced amino acid sequence
of the sea lion parapoxvirus with the
known sequences of other parapoxviruses
is presented in Fig. 4. At the amino acid
level, the sea lion poxvirus sequence was
97.3% and 76.1% identical to the harbor
seal poxvirus from Northern Europe and
to orf virus OV-SA200, respectively. Fur-
ther, the sea lion poxvirus amino acid
sequence was 77% identical to the corre-
sponding amino acid sequences of bovine
papular stomatitis virus strain BV-AR02
(BPSV, AY386265.1) and pseudocowpox
virus (PCPV, AY424972.1), and 76%

FIGURE 1. Photomicrograph of a pox lesion (H & E stain, 43). Diffuse necrosis is present in the outer
layers of the epidermis. The dermis contains focal areas of necrosis and diffuse infiltrates of mixed
inflammatory cells. Inset (H & E stain, 403): Ballooning degeneration of epidermal cells within the stratum
spinosum. Many ballooned cells contained large, coalescing eosinophilic intracytoplasmic
inclusions (arrowheads).
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identical to the amino acid sequences of
the red deer parapoxvirus (PVNZ,
AB044794.1) and the orf virus strains
IA82 (ORFV-I82, AY386263.1) and NZ2
(ORFV-NZ2, OVU06671). The evolution-
ary relationship of the sea lion poxvirus
with the other parapoxviruses and with the
prototypal member of the other genera of
chordopoxviruses is depicted using a phy-
logenetic tree (Fig. 5). The phylogenetic
analysis of the 184 translated amino acids
of the putative major envelope antigen of
parapoxviruses shows that the sea lion
poxvirus is most closely related to the
harbor seal poxvirus from Europe. Al-
though the poxvirus of the California sea
lions and the European sealpox virus are
most closely related to the members of the
genus Parapoxvirus, they do make up
a distinct phylogenetic subgroup within
the parapoxviruses (Fig. 5).

Nucleotide sequence accession number

The nucleotide sequence of SLPV-1
from this study was deposited in the
GenBank data library under accession
number DQ163058.

DISCUSSION

In this study, we report on California
sea lions at a rehabilitation facility; three

FIGURE 2. Transmission electron micrographs of
infected sea lion kidney cell cultures. Mature virions
(M), immature virus particles (I), crescents (C), and
viroplasm (VP) of the California sea lion poxvirus can
be observed. The cores of mature virions are ovoid to
lanceolate and only occasionally dumbbell shaped.

FIGURE 3. Negative-stain transmission electron micrograph. The virus particles are oval or cylindrical with
convex ends. Negative staining also reveals the regularly arranged surface tubule spiral that is consistent with
parapoxvirus morphology (mulberry type).
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sea lions studied were found to have
cutaneous nodules, from which a parapox-
virus was isolated and shown to have
morphologic characteristics of parapox-
viruses by electron microscopy. A partial
sequence of the gene encoding the viral
major envelope protein confirmed the
assignment to the subgroup of parapox-
viruses and showed that the sea lion
parapoxvirus was most closely related to
a parapoxvirus of harbor seals of the North
Sea.

Although a poxvirus infection in a pin-
niped was first described in 1969 (Wilson
et al., 1969) and several cases have been
reported since, reports on the exact nature
of the etiologic agents have been conflict-
ing. In most instances the poxvirus was
classified as a parapoxvirus (Wilson and
Sweeney, 1970; Wilson et al., 1972; Hicks

and Worthy, 1987; Osterhaus et al., 1994;
Simpson et al., 1994; Nettleton et al.,
1995; Muller et al., 2003). In one case,
a mixed infection of a parapoxvirus and an
orthopoxvirus was reported (Osterhaus et
al., 1990). The classification of the pox-
viruses in these cases was based on virus
surface morphology with negative-staining
electron microscopy. However, the viral
surface tubules are an artifact that results
from nonisotropic drying during sample
preparation for electron microscopy
(Moss, 1996). Even though an underlying
structure must contribute to the acquisi-
tion of the characteristic surface appear-
ance of the virions, sequencing of viral
genes is the current method of choice for
classifying poxviruses. Only in one poxvi-
rus outbreak in harbor seals from the
North Sea was the poxvirus classified as

FIGURE 4. Multiple sequence alignment of the deduced amino acid sequence of part of the putative virion
envelope antigen (p42K). The sequence from the sea lion parapoxvirus (SLPV-1) is compared to the
corresponding sequence of the following published parapoxviruses: Orf virus strains SA200 (ORFV-SA00),
IA82 (ORFV-I82), NZ2 (ORFV-NZ2), bovine papular stomatitis virus strain BV-AR02 (BPSV), pseudocowpox
virus (PCPV), red deer parapoxvirus (PVNZ) and the European harbor seal poxvirus (SPV). This sequence
alignment was generated using the ClustalX software. Sequence differences are indicated with an asterisk.
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a parapoxvirus based on sequence data
that were obtained directly from the pox
lesion (Becher et al., 2002).

The difficulty in isolating marine mam-
mal poxviruses has been one of the
greatest impediments for the character-

ization of these viruses. These viruses have
only been isolated on early-passage kidney
cell cultures derived from pinnipeds
(Osterhaus et al., 1990; Osterhaus et al.,
1994; Nettleton et al., 1995); attempts to
isolate poxviruses from pinnipeds using
primary rabbit kidney cells, canine kidney
cells, and African green monkey kidney
cells (Vero) have failed (Osterhaus et al.,
1990). Similarly, our attempts to isolate
the poxvirus from California sea lions in
modified African green monkey kidney
cells (BSC40) failed, but virus isolation
was successfully carried out using early-
passage California sea lion kidney cells.

Our study is the first to provide DNA
sequences for a pinniped poxvirus that has
been isolated. The sequence analysis data
were complemented by positive- and
negative-staining electron microscopic
findings. On the negative-stained prepa-
ration, the regularly arranged surface
tubule structure, a hallmark feature of
parapox virions (Moss, 1996), was visible.
The phylogenetic analysis of the amino
acid sequence of the putative major
envelope antigen p42K confirmed that
the SLPV-1 is most closely related to the
parapoxviruses. All observed virions were
of the structured mulberry type (Wilson
and Sweeney, 1970). Some shorter, more
rounded virions were also observed in the
negative-stain preparation, in addition to
those with the more typical parapox
morphology. These atypical viral particles
were observed in other studies (Simpson
et al., 1994) and are considered either
immature or disrupted virions.

Based on part of the open reading
frame of the p42K surface protein,
SLPV-1 is most closely related to the
European harbor seal poxvirus. However,
they are only 97.3% identical at the amino
acid level and thus are distinct. The
phylogenetic analysis of the amino acid
sequence of SLPV-1 indicated that the
European harbor seal poxvirus and SLPV-
1 should be classified within the genus
Parapoxvirus. The degree of identity
between the amino acid chain translated

FIGURE 5. Phylogram depicting the relationship
of the sea lion poxvirus (SLPV-1) to the published
members of the genus Parapoxvirus: orf virus strain
NZ2 (ORFV-NZ2), bovine papular stomatitis virus
strain BV-AR02 (BPSV), pseudocowpox virus
(PCPV), red deer parapoxvirus (PVNZ), and the
European harbor seal poxvirus (Sealpox). Also in-
cluded are the protypal viruses of all other Chordo-
pox genera: genus Orthopoxvirus: vaccinia virus
strain WR, (VACV-WR, AY243312.1), squirrel
parapoxvirus (SQPV, AY340985.1); genus Suipox-
virus: swinepox virus isolate 17077-99 (SWPV,
AF410153.1); genus Capripoxvirus: sheeppox virus
strain A (SHPV, AY077833.1); genus Molluscipox-
virus: molluscum contagiosum virus subtype 1
(MCV, U60315.1); genus Leporipoxvirus: myxoma
virus strain Lausanne (MYXV, AF170726.2); genus
Yatapoxvirus: Yaba monkey tumor virus (YABA,
AY386371.1); and genus Avipoxvirus: fowlpox virus
(FWLPV, AF198100.1). This phylogenetic tree is
based on the 184 translated amino acids of the
putative sea lion p42K fragment and homologous
regions from the other poxviruses, and was generated
according to the maximum likelihood method using
ClustalX software. Branch lengths are proportional to
genetic distances. Numbers indicate the percentage
of 1,000 bootstrap replicates that support each
interior branch.
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from the target gene between two orf virus
strains and between SLPV-1 and the
harbor seal poxvirus from Northern Eur-
ope was 97% in both cases. To determine
whether SLPV-1 is a novel parapoxvirus
species, a more extensive study of the
SLPV-1 genome sequence was initiated
and is ongoing. In the absence of the
complete viral genome sequence, host
range is one of the main criteria for
provisionally defining virus species within
the genus Parapoxvirus (Moyer et al.,
2000). The natural host range of this
poxvirus of California sea lions is at
present unknown. Guadalupe fur seals
(Arctocephalus townsendi), northern fur
seals, northern or Steller sea lions (Eu-
metopias jubatus), Pacific harbor seals (P.
vitulina richardsii), and northern elephant
seals frequent the California coast as well
and poxvirus infections have been re-
ported in several of these species (Hadlow
et al., 1980; Hastings et al., 1989). To date
we have been unable to obtain pox lesion
samples from these sympatric pinniped
species for molecular studies. Pacific
harbor seals, northern elephant seals,
and California sea lions are often housed
in the rehabilitation center at the same
time. A previous report of a poxvirus
outbreak in this facility did suggest trans-
mission of the same poxvirus from harbor
seals to California sea lions and northern
elephant seals (Hastings et al., 1989). The
transmission of the poxvirus between
species during that outbreak was, howev-
er, unconfirmed, as no electron microsco-
py images were obtained from the pox-
virus(es) of either the affected California
sea lions or the northern elephant seals,
and no viral sequence was generated to
confirm that the same strain of poxvirus
was affecting all three species.

The high degree of amino acid se-
quence conservation between the Euro-
pean harbor seal poxvirus and the novel
California sea lion poxvirus was notewor-
thy. Not only are the two poxvirus strains
apparently geographically isolated, but
Atlantic harbor seals (P. vitulina vitulina)

and California sea lions, respectively,
belong to the families Phocidae and
Otariidae, and they are therefore taxo-
nomically very distinct hosts. If the para-
poxviruses of pinnipeds are able to infect
multiple host species, viruses circulating in
the Atlantic basin may be able to enter the
Pacific (and vice versa) via infection of the
Arctic ice seals (harp seal [Phoca groen-
landica], hooded seal [Cystophora cris-
tada]). As a result, the sea lion and harbor
seal parapoxvirus strains may have more
recently diverged, which would account
for the high degree of genetic identity
between the two viruses.

Differences were seen in the nature and
distribution of the lesions caused by the
poxviruses in Atlantic harbor seals and
California sea lions, whereas the histolog-
ical appearance was very similar. SLPV-1
of California sea lions was associated with
nodular skin lesions of head and neck that
were occasionally focally ulcerated. The
most obvious pathology observed during
the poxvirus outbreak in harbor seals were
ulcerating to verrucose oral lesions and
ulcerated cutaneous lesions of flippers,
chest, neck, and perineum (Muller et al.,
2003). This divergent clinical presentation
may be because of different virus–host
interactions or because of the use of
different husbandry procedures. Muller
et al. (2003) suggested that the parapox-
virus may have been transmitted between
the harbor seals via contaminated feeding
tubes, leading to oral and mucosal lesions,
whereas the source of infection for the
California sea lions was unknown.
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