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ABSTRACT:  Phocid herpesvirus-1 (PhHV-1,
subfamily Alphaherpesvirinae) was isolated
from harbor seals (Phoca vitulina vitulina) in
the Netherlands in 1985, and was subsequently
identified in Pacific harbor seals (Phoca vitulina
richardsi) from California, USA in the 1990s.
PhHV-1-associated pathology was first recog-
nized in harbor seal carcasses submitted to a
veterinary diagnostic laboratory in Abbotsford,
British Columbia, Canada in 2000, and 63 cases
were identified by 2008. A review of these cases
indicated that PhHV-1-associated disease is
widespread in harbor seals in the wild and
within rehabilitation facilities in the coastal
northeastern Pacific (including British Colum-
bia, Canada, and Washington, USA). Morbidity
and mortality occurred primarily in neonatal
and weanling seal pups, and was due to PhHV-1
alone, or in combination with other disease
processes. All cases occurred between July and
October, corresponding to the pupping and
weaning seasons in this area. Although previous
publications have described the prevalence of
antibody to PhHV-1 in harbor seals from
British Columbia, Canada and Washington,
USA this is the first study to focus on the
epidemiology and pathology of the virus in this
region.
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Phocid herpesvirus-1 (PhHV-1), sub-
family Alphaherpesvirinae, was first isolat-
ed in 1985 from harbor seals (Phoca
vitulina wvitulina) in the Netherlands
(Osterhaus et al., 1985), and was identified
in Pacific harbor seals (Phoca wvitulina
richardsi) from California, USA in the

early 1990s (Gulland et al., 1997). In the
Pacific Ocean, PhHV-1-associated lesions
have included adrenal and hepatic necro-
sis with intranuclear viral inclusions and,
occasionally, nonsuppurative meningoen-
cephalitis (Gulland et al., 1997). In
contrast, lesions in harbor seals from the
Atlantic Ocean have consisted of interstitial
pneumonia and hepatic necrosis (Oster-
haus et al., 1985; Borst et al., 1986). Phocid
herpesvirus-1 appears to be endemic in
Pacific harbor seal populations (Goldstein
et al., 2003) and disease is most common in
young pups, both free ranging and in
rehabilitation facilities (Gulland et al.,
1997; King et al., 2001; Goldstein et al.,
2004).

Other than serologic investigations
(Goldstein et al., 2003), comprehensive
reports of PhHV-1 infection in the Pacific
have been limited to seals in California,
USA (Gulland et al., 1997; King et al.,
2001; Goldstein et al., 2004, 2005). The
objective of this study was to describe
retrospectively the epidemiology and pa-
thology associated with PhHV-1 in the
northeastern Pacific (British Columbia
[BC], Canada, and Washington, USA)
through a review of harbor seal cases
submitted to a regional veterinary diag-
nostic laboratory.

Pathology reports for all harbor seal
carcasses submitted to the Animal Health
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Centre (AHC), Abbotsford, BC, Canada
from January 2000 to December 2008
were reviewed. Submitted harbor seals
were found dead in the wild or died while
at one of three rehabilitation facilities (two
in BC, Canada and one in Washington,
USA). Complete necropsies were per-
formed and multiple tissues, including
adrenal gland, liver, lung, heart, kidney,
brain, spleen, stomach, pancreas, intes-
tine, lymph node, skeletal muscle, and any
tissue with observed gross pathology were
collected and fixed in 10% neutral-buff-
ered formalin. Formalin-fixed tissues were
processed routinely, embedded in paraf-
fin, sectioned at 5 um, and stained with
hematoxylin and eosin (HE) for micro-
scopic examination. Fresh tissues, includ-
ing lung, brain, spleen, and small intestine,
were collected for routine aerobic culture.
Where indicated, specific culture for
anaerobes, Salmonella spp., or Clostridi-
um difficile was performed. When avail-
able, presubmission records regarding
geographic origin or site of stranding and
date of death or recovery of beach-cast
carcasses were reviewed.

For purposes of this study, a seal was
considered to have PhHV-1-related dis-
ease if there was adrenal or hepatic
necrosis with discernible intranuclear in-
clusion bodies in one or both of these
tissues (Gulland et al., 1997). Seals that
met these criteria are herein referred to as
PhHV-1 positive. Because the incubation
time for PhHV-1 is thought to be =10 days
(Kennedy-Stoskopf, 2001), any animal
with PhHV-1-associated lesions that had
been in a rehabilitation facility =10 days
was considered to have been infected in
the wild. Animals that had been in a
rehabilitation center >10 days could have
been infected in the wild or within the
rehabilitation facility.

Despite comprehensive and systematic
necropsies of harbor seal carcasses
throughout the 1990s, PhHV-1 infection
was first detected in 2000, with a total of
63 PhHV-1-positive seals identified by
2008 (Fig. 1). Of the 61 PhHV-1-positive
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Ficure 1. Number of harbor seal carcasses from
the northeastern Pacific with PHV-l-associated
disease submitted to a veterinary diagnostic labora-
tory between 2000 and 2008.

seals for which date of mortality was
known, 7 (11%) died in July, 37 (61%)
died in August, 16 (26%) died in Septem-
ber, and 1 (2%) died in October. Cases
originated widely throughout the inland
waters of Washington, USA and BC,
Canada, with fewer coming from the outer
coast of Vancouver Island, Canada
(Fig. 2). However, variability in surveil-
lance for beach-cast and dead seals among
areas of the northeastern Pacific coast may
affect apparent geographic distribution of
cases.

Of the 53 PhHV-1-positive animals for
which data on age and sex were available,
46 (87%) were neonates (determined by
presence of an umbilicus and/or lanugo
coat, incomplete tooth eruption, and a
body weight of <25 kg) and 7 (13%) were
weanlings (determined by time of year,
complete tooth eruption, little or no
umbilical remnant, and a body weight of
<35 kg) (Cottrell et al., 2002; Ronald and
Gotts, 2003). Twenty-seven (51%) were
females and 26 (49%) were males.

Presubmission records were available
for 44 animals; 12 (27%) were found dead
in the wild, and 32 (73%) spent some time
in a rehabilitation facility prior to death.
There was no significant difference in age
(P=0.26) or sex (P=0.56) distribution
between PhHV-1-positive animals found
dead on the wild and those that died at a
rehabilitation facility (chi-square test,
STATA/IC 10.0, StatCorp Lp, College
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Ficure 2. Map of southwest British Columbia, Canada, and northwest Washington, USA, illustrating the
geographic origin of PHV-1-positive, beach-caste harbor seal carcasses and live, stranded seals distinguished

by duration of time spent in a rehabilitation facility.

Station, Texas, USA, at an alpha level of
0.05).

Time spent in rehabilitation prior to
death was available for 31 of 32 seals that
died in rehabilitation centers and ranged
from 1 to 45 days. Of these 31 seals, 12

(39%) were in rehabilitation for <10 days
prior to death and were therefore consid-
ered to have been infected in the wild
(Fig. 2), 5 (16%) were in rehabilitation for
10 days to 2 wk, 6 (19%) for 2-3 wk, 2
(6%) for 3—4 wk, and 6 (19%) for >1 mo.
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g i: attributable only to PhHV-1 infection.
g 1 Presubmission records were available for
3 : 10 of these 20, all of which were part of
£ . the cohort of 32 animals that had spent
= ; time in a rehabilitation center prior to
R EEE S fieath..]?or the remaln?ng 45.3 (68%) seals,

7 \@\0 e@,,é‘ Oqat & q@b@. \o*\ & o -\00( in addition to PhHV-1 infection, pathology
& ¢ 6\5@ Fa \@9“" o associated with other, unrelated disease
& 6&“% * %Q-\a?‘b processes was observed (Fig. 3). The most

¥ common nonPhHV-1-related lesions in-

FIGURE 3. Summary of preexisting or superven- cluded enteritis/colitis, omphalophlebitis,

ing pathology observed in PhHV-1-positive harbor
seal carcasses submitted to a veterinary diagnostic
laboratory. Seals with more than one lesion are
represented multiple times.

Of the 63 PhHV-1-positive seals, 60
(95%) had adrenal necrosis, which includ-
ed intranuclear viral inclusions in 57
(90%) cases and 26 (41%) had hepatic
necrosis, with intranuclear viral inclusions
in 14 (22%) cases. Two (3%) animals had
nonsuppurative encephalitis and 4 (6%)
had interstitial pneumonia in association
with pathology typical of PhHV-1 infection
(i.e., adrenal and hepatic necrosis) in the
absence of other disease. These lesions
may therefore have been caused by
PhHV-1 (Borst et al., 1986; Gulland et
al., 1997).

pneumonia, and dermatitis/cellulitis.

Bacteriology results were available for 55
of 63 seals, of which 39 (71%) yielded
growth on culture (Fig. 4). Isolates recov-
ered were similar to those previously
reported in harbor seals that succumb to
conditions other than fulminant PhHV-1
infection (Steiger et al., 1989; Lockwood et
al., 2006), although some may have been
the result of postmortem overgrowth.

In this study, all PhHV-1-positive seals
were neonates or weanlings, which is
consistent with previous reports (Gulland
et al., 1997; Goldstein et al., 2005). There
was marked temporal clustering of cases,
all of which occurred between July and
October (with peak submissions in Au-
gust). Although observer bias related to
increased surveillance of seal haulout sites

35
w
@ 30
w
G s
k]
2 20
a
£ 15 1
E]
2 10
s A
04
® : 2 5 g i ] 7 o S o . g Y ~ o .
& Ff F 0@" CURF U S &‘} '(_?o P L & PR
« & ® é‘s: eQ‘\ S & & & é,}- @\,ﬁ & 69\ & & £ é\a 3 & é,\\0 &
£ & & F F & & & E K K & %
\)bo l?\t‘P "}0" ‘gg.d:-& 0\9" 60(9&\‘_\% ‘@0" \\°Q° ¢ \&o \\'F e}é’ ‘!p':b t.@ooé?‘) e.\\” ¥ (\.;o .)“b\
& § A £ & ¢ & <5 0 & &
< &8 o aqi"(\ & v <« & o
¥ & q®
FIGURE 4. Summary of bacterial species isolated from PHV-1—positive harbor seal carcasses submitted to
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a veterinary diagnostic laboratory. Seals in which more than one species was isolated are represented
multiple times.
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in the summer and fall may partially explain
this result, it is more likely a reflection of
the harbor seal pupping season in BC,
Canada and Washington, USA, which takes
place between June and September and is
followed by weaning and breeding 4-6 wk
later (Cottrell et al., 2002; Ronald and
Gotts, 2003). During this period the
greatest number of PhHV-1-susceptible
seals (i.e., young of the year) are present
within the population and adults are likely
to be shedding virus, leading to increased
PhHV-1 transmission and disease (Gulland
et al., 1997; King et al., 2001). Rehabilita-
tion centers receive large numbers of seal
pups at this time of year (Himsworth,
unpubl.), which can result in the introduc-
tion and subsequent transmission of the
virus within these facilities. Cases of PhHV-
l-associated disease in BC, Canada and
Washington, USA appeared to occur later
in the year than in California, USA, which
is likely a result of geographic variation in
the harbor seal pupping season (Gulland et
al., 1997; King et al., 2001; Cottrell et al.,
2002; Ronald and Gotts, 2003; Goldstein et
al., 2004).

Mortality can occur as a result of PhHV-
1 infection alone (Gulland et al., 1997), as
was observed in this study. However,
similar to previously reports (Gulland et
al., 1997; King et al., 2001; Goldstein et al.,
2005), the majority of PhHV-1-infected
animals presented with other preexisting
or supervening disease processes. In these
cases, it is difficult to determine the role of
PhHV-1 in seal morbidity and mortality, as
PhHV-1 could predispose a pup to sec-
ondary infections and other diseases that
may increase the pathogenicity of PhHV-
1. Additionally, young seals may be
immunocompromised for other reasons,
including malnutrition and waning mater-
nal immunity, and thus be more prone to
opportunistic infections.

In BC, Canada and Washington, USA,
as in California, USA, PhHV-1 appears to
be enzootic in free-ranging seal popula-
tions, with transmission also occurring in
rehabilitation centers, presumably subse-
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quent to admission of PhHV-1l-infected
wild harbor seals (Gulland et al., 1997;
King et al., 2001; Goldstein et al., 2004).
In this study, all seals that appeared to
suffer mortality due to PhHV-1 infection
alone had spent some time in a rehabili-
tation facility prior to death. Outbreaks of
PhHV-1-associated disease and mortality
have been observed in rehabilitation
facilities on the Atlantic and Pacific coasts
(Borst et al., 1986; Gulland et al., 1997;
King et al., 2001). The increased incidence
and severity of PhHV-1-related disease in
these facilities is likely a consequence of
some combination of crowding, physiolog-
ic compromise, waning maternal immuni-
ty, and psychologic stress associated with
human intervention.

Overall, it appears that the epidemiology
and pathology associated with PhHV-1 in
the northeastern Pacific is most similar to
that reported in California, USA. Infection
is likely widespread in harbor seal popula-
tions throughout the coasts of BC, Canada
and Washington, USA, with morbidity and
mortality occurring primarily in young seals
and due to PhHV-1 alone or in concert with
other disease processes.
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