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Phocine Distemper in Harbor Seals (Phoca vitulina) from

Long Island, New York

Padraig J. Duignan,4 Samuel Sadove,2 Jeremiah T. Saliki,3 and Joseph R. Geraci,’ ‘Department of Pathology,
Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada NIG 2W1; 2Okeanos Ocean Research
Foundation, Incorporated, 278 East Montauk Highway, Hampton Bays, New York 11946, USA; � Veterinary
Services Laboratories, Foreign Animal Disease Diagnostic Laboratory, Greenport, New York 11944, USA. 4Author for
reprint requests

ABSTRACT: The first occurrence of phocine dis-
temper (PD) disease in harbor seals (Phoca vi-
tulina) from the United States is reported. Two

seals stranded on Long Island, New York (USA)
in February 1992 with clinical signs of respi-
ratory distress, fever, and depression. Pneu-
monia and diffuse pulmonary congestion were

the most significant post mortem findings. On
histologic examination one seal had a diffuse

broncho-interstitial pneumonia with formation

of syncytia. The principal lesion in the second
animal was nonsuppurative meningoencepha-
litis. Using immunoperoxidase staining, PD viral

antigen was found in the cytoplasm of bron-

chiolar epithelium and cerebral cortex neurons.
With a differential virus neutralization test, there

were higher titers against phocine distemper vi-

rus (PDV) than against canine distemper virus.

Thus, PDV is the most likely agent responsible
for the observed lesions.

Key words: Phoca vitulina, harbor seal,
Morbillivirus, phocine distemper, broncho-in-

terstitial pneumonia, syncytia, nonsuppurative
meningoencephalitis, immunoperoxidase stain-

ing, virus neutralization titer, first case.

We report the first occurrence of clinical

phocine distemper (PD) disease in harbor

seals, Phoca vitulina, from the east coast

of the United States. Morbi!liviruses, par-

ticularly the recently discovered phocine

distemper virus (PDV), have emerged as

the most pathogenic infectious agents in

marine mammals. In 1987, a virus closely

related to canine distemper virus (CDV),

tentatively called PDV 2, killed over 10,000

baikal seals (Phoca sibirica) in Lake Bai-

kal, USSR (Grachev et a!., 1989; Visser et

a!., 1990). This epizootic was followed in

1988 by the most devastating marine

mammal mass-mortality event ever re-

corded; it claimed almost 18,000 harbor

seals and several hundred gray seals (Hali-

choerus gry pus) in northwestern Europe

(Harwood, 1989; Kennedy, 1990). Based

on monoclonal antibody cross-reactivity

(Cosby et al., 1988; Trudgett et a!., 1991;

Orvell and Sheshberadaran, 1991), DNA-

RNA hybridization (Mahy et al., 1988),

and nucleotide sequence analysis (Curran

et a!., 1990), the virus, named PDV 1, was

distinct from other members of the Mor-

billivirus genus. Based on retrospective se-

rological surveys conducted on pmnniped

populations worldwide since 1988, mor-

billivirus infection may be widespread

without necessarily causing high mortali-

ty. Serum neutralizing antibodies to CDV

were found in the sera of both Greenland

harp seals (Phoca groenlandica) and ringed

seals (Phoca hispida), collected in 1985 and

1986 (Dietz et a!., 1989), and in Antarctic

crabeater seals (Lobodon carcinophagus)

and leopard seals (Hydrurga leptonyx)

(Bengtson et a!., 1991). A high prevalence

of PDV-neutralizing antibodies also was

found in harp seals from the Barents Sea

and north of Jan Mayen (West Ice) (Mar-

kussen and Have, 1992) and in a small

sample of gray and harbor seals from Sable

Island, Nova Scotia, Canada (Ross et a!.,

1992). Serology on seals that have stranded

on the New England (USA) and New York

(USA) coasts since 1988 has shown positive

titers to CDV, or a closely related morbil-

livirus, but no evidence of clinical disease
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FIGURE 1. Bronchiole of a harbor seal with pho-

clue distemper. Epithelial hvperplasia is shown by

the mitotic figure (open arrow). Svncytia are forming

in the epithelium and shedding into the lumen (dark

arrows). H&E. Bar = 20 tam.

(Duignan and Geraci, unpubl.; Early, pers.

comm.; Sadove and Saliki, unpubl.).

In February and March 1992, an in-

crease was noted in the number of pin-

nipeds stranded on Long Island, New York.

Two of these animals were juvenile (<2

yr old) female harbor seals found in Feb-

ruary on Fire Island (40#{176}44’N, 72#{176}49’W;

40#{176}38’N, 73#{176}08’W) showing signs of fever,

depression, and respiratory distress. Both

seals were taken to the Okeanos rehabili-

tation facility, Hampton Bays, New York,

where a whole blood sample was collected

from the extra-dural vein for serology. The

first seal died after 4 days in captivity and

the second after a week. On post mortem

examination the principal finding was pul-

monary congestion, edema, and interstitial

emphysema with focal areas of consoli-

dation in all lung lobes. Tissue samples

from the respiratory, nervous, gastrointes-

tinal, lymphoreticular, and urinary sys-

tems were fixed in 10% neutral buffered

formalin, treated with alcohol and xylene,

and embedded in paraffin. Sections were

cut at 5 �m and stained with hematoxylmn

and eosin (H&E) for light microscopy.

In the first seal, the most significant his-

tological lesion was subacute diffuse bron-

cho-interstitial pneumonia characterized

by hyperplasia and dysplasia of bronchi-

o!ar epithelium with formation of syncytia

(Fig. 1). Peribronchiolar glands were ec-

tatic, containing mucus, neutrophils, and

necrotic debris, and often lined by focally

necrotic or attenuated epithelium. Prolif-

eration of type II pneumocytes and for-

mation of syncytia were evident in many

lobules and there was a peribronchiolar

infiltration of lymphocytes. Lung lesions

in the second seal consisted of lobular pyo-

granulomatous pneumonia associated with

a nematode tentatively identified as Oto-

strongylus circumlitus. In this animal the

most significant lesion was nonsuppurative

meningoencephalitis of the cerebrum.

There was multifocal or laminar necrosis

of neurons with gliosis and hypertrophy of

capillary endothelium in the subpial grey

matter. Necrotic neurons were shrunken

and rounded with pyknotic nuclei and

neuronophagic nodules were common.

Small discrete eosinophilic intracyto-

plasmic and intranuclear inclusion bodies

were observed in some neurons and glial

cells. Perivascular and meningeal cell in-

filtrate consisted of lymphocytes, plasma

cells, macrophages, and some neutrophils.

An avidin biotin complex (ABC) im-

m unoperoxidase staining technique was

used to test for the presence of morbilli-

virus antigen in formalin-fixed paraffin-

embedded tissues (Duignan et a!., 1992;

Daoust et a!., 1993). Monoclonal antibodies

(mAb’s) to epitopes of the hemagglutinin

(H) protein of PDV (clones 1.3, 2.80, and

2.1) were used as the primary antibody.

The other reagents used were part of a

commercially available kit (Vectastain#{174},

Elite ABC kit, Vector Laboratories, Bur-
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FIGURE 2. Cerebral cortex of a harbor seal with
phocine distemper. Immunoperoxidase staining of

morbillivirus antigen in neuronal cytoplasm (arrows).

Mayers hematoxylin counterstain. Bar = 20 jim.

lingame, California, USA). Tissues from a

harp seal with a known morbillivirus in-

fection and a normal harbor seal were used

respectively as positive and negative con-

trols (Daoust et a!., 1993). Test sections

were also stained without a primary an-

tibody and using irrelevant primary anti-

bodies. All sections were lightly counter-

stained in Mayer’s hematoxylin prior to

mounting (Luna, 1968). Specificity of the

mAbs was confirmed by using tissues from

a CDV-infected raccoon (Proc yon lotor)

as a control. Clone 1.3 binds to both CDV

and PDV whereas clones 2.80 and 2.1 are

PDV-specific (Trudgett et al., 1991). Pos-

itive staining of morbillivirus antigen was

observed with all mAbs, but clone 1.3 gave

the strongest response. Canine distemper

virus antigen in raccoon tissue stained only

when clone 1.3 was used as primary an-

tibody and no staining was observed in the

-I,,” �

-p’s

FIGURE 3. Cerebral cortex; harbor seal with pho-
cine distemper. Immunoperoxidase staining of mor-

billivirus antigen in neuronal cytoplasm and processes

(arrows). Mayers hematoxylin counterstain. Bar = 20

tim.

negative-control seal tissue or with irrel-

evant primary antibodies. Phocine dis-

temper virus antigen was detected in the

cytoplasm of peribronchiolar gland epi-

thelium from the first seal. In the second

seal individual neurons throughout the ce-

rebrum and groups of neurons, often ar-

ranged in a laminar pattern, stained pos-

itively (Fig. 2). Staining was largely

confined to the peripheral cytoplasm of

neurons and frequently extended along ax-

ons and dendrites (Fig. 3).

Serum from both seals was tested for

neutralizing activity with CDV (Onder-

stepoort strain) and PDV 1 (PDV 1-2-6A)

using a micromethod described for other

morbilliviruses (Rossiter et a!., 1985). Brief-

ly, two-fold dilutions of sera were made

in minimum essential medium supple-

mented with 5% fetal bovine serum and
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dispensed in duplicate into wells of 96-well

microtiter plates. An equal volume (50 �!)

of virus containing approximately 100 tis-

sue culture infective doses (TCID�) was

added to each well and the plates incu-

bated at 37 C for 1 hr. One hundred �l

containing 10� Vero cells (American Type

Culture Collection, Rockville, Maryland,

USA) then were added to each well and

the plates were incubated at 37 C in 5%

carbon dioxide. After both 3 and 8 days

the Vero cell monolayers were examined

for cytopathic effects (CPE). Titers were

expressed as log2 of the reciprocal of the

highest dilution of serum that completely

neutralized CPE in duplicate wells. Virus

neutralization titers against PDV were 4

and 7 for the first and second seals, re-

spectively, while corresponding titers

against CDV were 2 and 4.

Based on immunohistochemistry and dif-

ferential virus neutralization, these harbor

seals were infected by a morbillivirus sim-

ilar, if not identical, to PDV 1. This is the

first report of clinical disease caused by

this virus in North American harbor seals

and it follows recent confirmation of clin-

ical morbillivirus infection in a harp seal

from eastern Canada (Daoust et a!., 1993).

We do not know how the harbor seals con-

tracted PDV infection. The virus may have

been transmitted directly, or indirectly,

from harp seals in which the infection is

thought to be enzootic and largely sub-

clinical (Dietz et al., 1989; Markussen and

Have, 1992). Now that populations of Arc-

tic pinnipeds are expanding (Roff and

Bowen, 1986; Bowen et al., 1987), such

transfer of viruses is becoming increasing-

ly plausible. Furthermore, greater num-

bers of juvenile animals are dispersing

southward each year, a trend that is re-

flected in pinniped stranding records from

New England, Long Island, New York, and

Florida (USA) (Ode!!, 1991).

Further discussion on the origin, rela-

tionships, and significance of morbillivirus

in North American pinnipeds is specula-

tive without more extensive studies. The

relationship of the morbi!livirus in the

western Atlantic to PDV 1 is not yet known;

however, characterization of an isolate is

underway. We currently are conducting a

multidisciplinary epidemiological investi-

gation, in conjunction with government

agencies in the United States and Canada

and marine mamma! stranding networks,

to determine prevalence, host range, and

significance of infection on the Atlantic

coast.
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