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Neutralizing antibodies to Phocine Distemper Virus in

Atlantic Walruses (Odobenus rosmarus rosmarus)

from Arctic Canada

P#{225}dralgJ. Dulgnan,3 Jeremiah T. Saliki,2 David J. St. Aubin,’ James A. House,2 and Joseph R. Gera.
ci, Department of Pathology, Ontario Veterinary College, University of Guelph, Guelph, Ontario N1G 2W1, Cana’

da; 2 National Veterinary Services Laboratories, Foreign Animal Diseases Diagnostic Laboratory, Greenport, New York

11944. USA; Author for reprint requests.

ABSTRACT: The first evidence of phocine dis-
temper virus (PDV) infection in At!antic wa!-
ruses (Odobenus rosmarus rosmarus) from Not-
tingham Island, Northwest Territories, Canada,
is reported. Blood samples were collected from
three male walruses killed by Inuit hunters in

the fall of 1990. Differential virus neutralization
test for each animal yielded higher titers against
PDV than against other members of the Mor-
billivirus genus including canine distemper, peste
des petits ruminants, rinderpest and measles vi-
ruses. Thus, PDV infection may be enzootic in

walruses of the eastern Canadian Arctic.

Key words: Walrus, Odobenus rosmarus,
morbi!livirus, phocine distemper virus, antibod-
ies, virus neutralizing titer, epizootic.

We report the first serological evidence

of phocine distemper virus (PDV) infec-

tion in Atlantic walruses (Odobenus ros-

rnarus rosrnarus) from the eastern Cana-

dian Arctic. Since 1987, morbillivinuses

have emerged as the most potent agents

of mass mortality in both pinnipeds and

odontocete cetaceans worldwide. The clus-

ter of epizootics began in 1987 when a

virus similar to canine distemper virus

(CDV) killed thousands of Baikal seals

(Phoca sibirica) in the Soviet Union

(Gnachev et a!., 1989). A similar, but un-

related, epizootic caused by PDV was

equally devastating to European harbor

seals (Phoca vitulina) during the 1988

breeding season (Kennedy, 1990). In con-

trast to harbor seals, morbidity in gray seals

(Halichoerus gry pus) was high but mor-

tality was negligible (Kennedy et a!., 1989;

Harwood, 1989). Related monbillivinuses

also have caused a distemper-like disease

in European harbor porpoises (Phocoena

phocoena) and Mediterranean striped do!-

phins (Stenella coeruleoalba) (Kennedy et

a!., 1988; Duignan et al., 1992).

More recently, PDV, or a closely related

morbillivirus, has emerged as a cause of

disease in North American harp seals (Pho-

ca groenlandica) and harbor seals (Daoust

et al., 1993; Duignan et a!., 1993). Based

on retrospective serology, PDV infection

may be enzootic in some populations of

pinnipeds in Atlantic Canada and along

the northeast coast of the United States

(Henderson et a!., 1992; Ross et a!., 1992;

Duignan, Saliki and Geraci, unpubl.).

Based on the high prevalence of morbil-

livirus antibodies in harp seals from Green-

land (Dietz et a!., 1989), the Barents Sea

and Jan Mayen (Mankussen and Have,

1992), and eastern Canada (Henderson et

a!., 1992), they may be the reservoir host

for PDV. Increasing harp seal populations

and unusual distribution patterns in recent

years may have been responsible for in-

troducing PDV into susceptible pinniped

populations in both Europe and North

America (Roff and Bowen, 1986; Han-

wood, 1989; Ode!!, 1991). Here we provide

the first evidence that the Atlantic walrus,

which seasonally shares part of its range

with harp seals in Baffin Bay, Davis Strait,

Foxe Basin, Hudson Bay and Hudson Strait

has been exposed to PDV.

As pant of ongoing studies by the Ca-

nadian Department of Fisheries and

Oceans, specimens are routinely collected

from marine mammals taken by Inuit

hunters throughout the Arctic. Three male

Atlantic walruses were sampled in Hudson

Strait, south of Nottingham Island

(63#{176}20’N, 77#{176}55’W), one on 26 September

1990, and two others on 1 October 1990.

One of the animals (OrN9O-16) was of ma-

ture body size (370 cm total length), and
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a second (OrN9O-15) was a subadult (280

cm); no measurements were obtained on

the third (OrN9O-13). Blood was collected

from the heart 30 to 40 mm after death,

and kept on ice for 4 to 5 hr before cen-

trifugation to collect serum. Serum sam-

pies were held on ice for 1 to 2 days, then

stored at -20 C until tested for virus neu-

traiizing activity against a panel of mor-

billiviruses. The following viruses were

used in the virus neutralizing (VN) test;

CDV, Onderstepoort strain, and measles

virus (MV), Edmonston strain (kindly pro-

vided by Dr. Max Appel, Cornell Univer-

sity); peste des petits ruminants (PPRV)

Nigeria 75/1 attenuated strain (Diallo et

al., 1989); phocine distemper virus (PDV)

provided by Dr. A. D. M. E. Osterhaus,

National Institute of Public Health, The

Netherlands; and nindenpest virus (RPV)

RBOK vaccine strain from the Foreign

Animal Disease Diagnostic Laboratory re-

pository. All viruses were adapted to grow

in Veno cells (Culture # CCL 81, Ameri-

can Type Culture Collection, Rockville,

Maryland, USA). For preparation of virus

stocks for VN test, Vero cells grown in

minimum essential medium supplement-

ed with 5% bovine fetal serum (Rossiter et

a!., 1985) were infected in suspension at a

multiplicity of infection (MOl) of 0.01 tis-

sue culture infective doses (TCID50/cell)

and allowed to form monolayers. Virus was

harvested when cytopathic effects (CPE)

were seen in over 80% of the cell mono-

layer, clarified by centnifugation at 1000

x g for 10 mm, and stoned in 1.8 ml au-
quots at -70 C. Virus infectivity titer was

determined by the Reed and Muench

method (Reed and Muench, 1937).

The VN test was performed using the

following modification of the micrometh-

od described for RPV and PPRV (Rossiter

et a!., 1985). Briefly, two-fold dilutions of

sera were made in triplicate in wells of 96-

well microtiter plates using minimum es-

sential medium with Earle’s salts (EM EM)

supplemented with 5% fetal bovine serum

(Rossiter et al., 1985). An equal volume

(50 �l) of virus containing approximately

.L! I

PPRV

MORBILLI VIRUS

I OrN9O 13 #{149}OrN9O 15 O�N9O 16

FIGuRE 1. Distribution of serum virus neutral-

izing titers in three Atlantic walruses (OrN9O-13,

OrN9O-15, OrN9O-16) against PDV, CDV (Onder-

stepoort strain), PPRV (Nigeria 75/1, attenuated

strain), RPV (RBOK vaccine), MV (Edmonston strain).

Titers are expressed as log� of the reciprocal of the

highest dilution of serum that completely neutralized

CPE in two of two wells. Titers �3 are regarded as

negative.

100 TCID50 was added to two wells of each

triplicate while the third well received an

equal volume of EMEM as serum control.

Plates were incubated at 20 C for 2 hr;

Veno cells (100 �l, 10� cells) then were add-

ed to each well and the plates incubated

at 37 C in 5% carbon dioxide. The test was

read on day 4 (for CDV), day 7 (for MV,

PPRV and RPV) or day 8 (for PDV) by

examining cell monolayers for virus-spe-

cific 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

neutralizing titers against PDV were 6 for

three walruses, at least one log dilution less

against CDV while titers against PPRV,

RPV and MV were either low (one animal)

or negative (Fig. 1).

Titration of the sera against all five mor-

billiviruses was warranted l)y the fact that

the viruses cross-react serologically, titers

being highest against the homologous virus

(Imagawa, 1968; Visser et al., 1990). Based

on differential virus neutralization, these

walruses were infected by a morbillivinus

similar, if not identical, to PDV. The vari-

ations in VN titers between the walruses

most likely reflects the stage of the im-
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mune response during which the sera were

collected rather than a difference in viral

strains. Following infection, monbillivinus

antibody titers rise, stabilize, and decline

steadily oven a period of years (Appel et

a!., 1981). Furthermore, as all monbillivi-

nuses consist of only one senotype (Appel

et al., 1981), the static VN test used here

may not be used to differentiate between

strains.

We cannot ascertain when or how pho-

cine distemper virus was introduced into

this population. Atlantic walruses season-

ally share the same range as harp, ringed

(Phoca hispida) and bearded seals (Erig-

nathus barbatus), and occasionally harbor

seals (Mansfield, 1958). Opportunities for

casual contact between walruses and these

other species of pinnipeds are considered

rare, since under most circumstances seals

avoid walruses because of their large size,

aggressiveness, and infrequent habit of

preying on smaller seals (Mansfield, 1958).

Nevertheless, we propose three alternative

interpretations of the data. First, PDV may

be an enzootic infection in Atlantic wa!-

nuses with a high level of immunity in the

population and low mortality. Second, a

PDV epizootic may have spread through

this population at some time in the past

causing little mortality but inducing per-

sistent virus neutralizing titers in affected

animals. Third, walruses are dead-end

hosts, supporting sufficient virus replica-

tion to elicit neutralizing antibody follow-

ing exposure from an undetermined source,

but without sufficient virus shedding to

permit transmission. Further sampling of

walruses in the Canadian Arctic will be

required to determine which is the more

likely senanio.

The risk of an epizootic in any pinniped

species depends on introduction of the vi-

rus, social organization, probability of con-

tact with infective individuals, suscepti-

bility and, possibly, environmental factors

(Harwood and Gnenfell, 1990). Walruses

are highly gregarious and tend to form

large, dense aggregations at haul-out sites

on ice on land, a behavior that would fa-

cilitate virus transmission (Fay, 1981; Han-

wood and Grenfel!, 1990). In a late-ma-

tuning, low-fertility species such as the

walrus a phocine distemper epizootic caus-

ing high mortality could be devastating

(McLanen, 1990), not only for the species

but also to the economy of the Inuit (Mans-

field, 1958).

Sporadic mass mortality has occurred in

Pacific walruses (Odobenus rosmarus di-

vergens) and the most recent event, in

1978, resulted in the death of approxi-

mately 1,000 animals on St. Lawrence Is-

land in the Bering Sea (Fay and Kelly,

1980). On initial investigation, the cause

of death was identified as trauma due to

overcrowding at haul-out sites; however,

the authors noted that 15% of the carcasses

were aborted fetuses and did not rule out

the possibility of an infectious agent (Fay

and Kelly, 1980). In a recent survey of 158

Pacific walruses sampled prior to 1988 in

the east and west Bering Sea, Osterhaus et

a!. (1988) found no CDV neutralizing an-

tibodies. Virus neutralizing antibodies

against PDV were not measured in that

study. Thus, the Pacific walrus population,

estimated at 160,000 animals (Estes and

Gol’tsev, 1984) appears to be immunolog-

ically-naive with respect to morbillivirus-

es. Consequently, the potential for a pho-

cine distemper epizootic in the western

Arctic would appear to be much greater

than in the east.

The significance of PDV infection as a

cause of natural mortality in Atlantic wa!-

nuses is not known. Currently the walrus

population in the Canadian Arctic is esti-

mated to be at least 10,000 animals (Rich-

ard and Campbell, 1988) and an increase

in natural mortality has not been noted in

recent years. Perhaps the epizootiology of

phocine distemper infection in this species

is similar to that in North American harbor

and harp seals in which sporadic mortality

occurs in juvenile animals (Daoust et a!.,

1993; Duignan et a!., 1993). More exten-

sive serological surveys and continuous

monitoring of natural mortality in Arctic

pinnipeds will be required to determine
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the prevalence, and significance, of pho-

cine distemper infection in this ecosystem.
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