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ABSTRACT. Viruses belonging to 9 farmlies have been detected in cetaceans. We critically review the
clinical features, pathology and epidemiology of the diseases they cause. Cetacean morbillivirus (family Paramyxoviridae) induces a serious disease with a high mortality rate and persists in several population~.It may have long-term effects on the dynamics of cetacean populations either as enzoot~cinfection or recurrent epizootics. The latter presumably have the more profound impact due to removal of
sexually mature individuals. Members of the family Poxviridae infect several species of odontocetes,
resulting in ring and tattoo skin lesions. Although poxviruses apparently do not induce a high mortality,
circumstancial evidence suggests they may be lethal in young animals lacking protective immunity,
and thus may negatively affect net recruitment. Papillomaviruses (family Papovaviridae) cause genital
warts in at least 3 species of cetaceans. In 10% of male Burmeister's pal-poises Phocoena spinipinnis
from Peru, lesions were sufficiently severe to at least hamper, if not impede, copulation. Members of the
families Herpesviddae, Orthomyxoviridae and Rhabdov~ridaewere demonstrated in cetaceans suffering serious illnesses, but with the exception of a 'porpoise herpesvirus' their causative role is still
tentative. Herpes-like viruses and caliciviruses (Caliciviridae)give rise to cutaneous diseases in Monodontidae and Delphinidae. Antibodies to several serotypes of caliciviruses were found in odontocetes
and mysticetes. An unrecognized Hepadnaviridae was detected by serology in a captive Pacific whitesided dolphin Lagenorhynchus ohliquidens with chronic persistent hepatitis. Adenoviruses (Adenoviridae) were isolated from the intestinal tracts of mysticeti and a beluga Delphinapterus leucas but
were not associated with any pathologies. We discuss the potential impact of Paramysovjndae, Poxvlridae and Papovaviridae on the dynamics of several odontocete populatlons
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INTRODUCTION
Evidence is mounting that microparasites, including
viruses, bacteria, and protozoans, may constrain the
growth of wild animal populations (Anderson & May
1979, Anderson 1982, Fenner 1983, Gulland 1995).The
intensity of this effect is a function of the heightened
mortality rate and/or reduction in reproductive capacity. Thus, microparasites may increase the risk of
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extinction of small populations in combination with
other factors (May 1986, Thorne & Williams 1988,
Gulland 1995, Raga et al. 1997).
The potential of viruses to regulate, or slow, the
growth rate of cetacean populations was mostly overlooked until the advent of morbillivirus mortalities in
harbour porpoises Phocoena phocoena in the northeastern (NE) Atlantic in 1988-1990 and of a lethal epizootic of morbillivirus in striped dolphins (Stenella
coeruleoalba) in the Mediterranean in 1990-1992
(Kennedy et al. 1988, Domingo et al. 1990, Van
Bressem et al. 1991, 1993a). These mortalities have
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stimulated research on these and other virus infections
in cetaceans and stressed the need to investigate their
long-term consequences.
To date, viruses belonging to 9 families have been
detected in cetaceans (Table 1). In this paper, we
critically review the clinical features, pathology and
epidemiology of the diseases they cause (Table 1). We
discuss evidence for the potential impact of Paramyxoviridae, Poxviridae and Papovaviridae on the dynamics
of several odontocete populations. Only for these virus
families is there enough clinical and epidemiological
information to allow such speculation.

PARAM YXO VIRZDAE

The porpoise and dolphin morbilliviruses (PMV and
DMV) are newly recognized members of the genus
Morbillivirus (family Paramyxoviridae) which were
isolated from harbour porpoises from northern Europe
and striped dolphins from the Mediterranean, respectively (McCullough et al. 1991, Van Bressem et al.
1991, Visser et al. 1993). PMV and DMV are antigenically and genetically very similar and probably represent different strains of the same virus species (Barrett
et al. 1993) for which the name 'cetacean morbillivirus'
has been suggested (Blixenkrone-Msller et al. 1996).
They are more closely related to the ruminant morbilliviruses and measles virus than to the distemper
viruses (Barrett et al. 1993, Visser et al. 1993, Blixenkrone-Msller et al. 1994, 1996, Bolt et al. 1994). Molecular and antigenic data suggest that DMV is closest
to the putative morbillivirus ancestor (BlixenkroneM~rlleret al. 1994, 1996), implying that it may be the
'archevirus' of the genus and may have infected
cetaceans for hundreds of thousands or even millions
of years. The wide geographic and species distribution
of cetacean morbillivirus, the occurrence of potentially
very large numbers of hosts among cetacean species
from polar waters to tropical seas for some 2 to 5 million years (Barnes et al. 1985) and the greganous
behaviour and migratory habits of many whales and
dolphins, also argue In favor of this hypothesis.
DMV-infected striped dolphins stranded on Mediterranean shores dead or moribund, while others showed
signs of disorientation, such as colliding with boats.
Most specimens were in poor body condition and
several had ulcerative stomatitis (Domingo et al. 1992,
Duignan et al. 1992). Weak sound emission as well as
muscles tremors and contractions were also reported
in a few striped dolphins (Piza 1991). In addition, a
higher prevalence of the Balanomorpha Xenobalanus
globicipifis, mainly composed of young individuals,
was observed among affected dolphins, suggesting a
period of debilitation and reduced swimming speed

(Aznar et al. 1994).The predominant lesions in the harbour porpoises and striped dolphins infected by either
DMV or PMV were bronchiolointerstitial pneumonia
and interstitial pneumonia, non-suppurative encephaLitis and lymphoid depletion in the lymph nodes and
spleen (Kennedy et al. 1991, Domingo et al. 1992,
Duignan et al. 1992).Pneumonia and lymphoid depletion in the lymph nodes, spleen and gut-associated
lymphoid tissue were also commonly observed in bottlenose dolphins Tursiops truncatus that died during a
morbillivirus epizootic in 1987-1988 (Schulman et al.
1997). A detailed review of the clinical signs, gross
pathology and histopathology of morbillivirus infection
in cetaceans is given by Kennedy (1998).Transmission
probably occurs through the inhalation of aerosolized
virus, shed by infected individuals, as in other morbilliviruses (Black 1991) and is likely favored by a gregarious behaviour.
Cetacean morbillivirus (CeMV) has infected several
species of odontocetes from the North Atlantic and
South Pacific Oceans as well as from the Mediterranean and Black Seas (Domingo et al. 1990, Van
Bressem et al. 1993a, 1998a,b,Lipscomb et al. 1994a,b,
Duignan et al. 1995a,b,Birkun et al. 1998, Reidarson et
al. 1998). It is probably enzootic in short- and longfinned pilot whales (Globicephala macrorhynchus and
G. melas) from the North Atlantic (Duignan et al.
1995a, Van Bressem et al. 1998a) as well as in dusky
dolphins Lagenorhynchus obscurus, offshore bottlenose dolphins and long- and short-beaked common
dolphins Delphinus capensis and D. delphis from the
South Pacific (Reiderson et al. 1998, Van Bressem et al.
1998b). CeMV caused epizootics in bottlenose dolphins along the Atlantic USA coast in 1982, 1987-1988
and 1993-1994 (Lipscomb et al. 1994a. Krafft et al.
1995, Duignan et al. 1996), in Mediterranean striped
dolphins in 1990-1992 (Domingo et al. 1990, Van
Bressem et al. 1991, 1993a, Aguilar & Raga 1993) and
possibly in short-beaked common dolphins Delphinus
delphis ponticus from the Black Sea in 1994 (Birkun et
al. 1998).It also likely caused the death of several harbour porpoises and a white-beaked dolphin Lagenorhynchus albirostris stranded along the coasts of northern Europe in 1988-1990 (Kennedy et al. 1988, 1991,
1992a, Visser et al. 1993, Osterhaus et al. 1995).
Mortalities were massive during the epizootics. Over
50% of the inshore bottlenose dolphins off New Jersey
and south to Canaveral National Seashore', Florida,
USA, may have died during the 1987-1988 epizootic
(Lipscomb et al. 1994a).Although no precise mortality
rates could be estimated for the Mediterranean striped
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dolphin die-off of 1990-1992, probably thousands of
animals perished (Aguilar & Raga 1993, Forcada et al.
1994). As a relative measure of the impact, the mean
school size in the epizootic's core regions significantly
decreased to less than 30% of the pre-outbreak number (Aguilar & Raga 1993, Forcada et al. 1994).
The high death rate, the persistence of CeMV in
several populations and the natural history of other
members of this genus (see Plowright 1982, May 1986,
Black 1991) indicate that CeMV may have long-term
effects on the dynamics of cetacean populations either
as enzootic infections or recurrent epizootics. When
enzootic, herd immunity exists and the disease mostly
strikes newborns and calves without protective immunity (see Nathanson 1990, Griffin & Bellini 1996).
When persisting as recurrent epizootics, different age
classes are affected, and the prevalence of the disease
varies according to the number of susceptible animals,
which in turn depends on the population size and
growth rate, duration of specific immunity (lifelong in
the case of other morbilliviruses) and elapsed time
between successive outbreaks (see Anderson & May
1979, Black 1991, Begon et al. 1996). As the rates of
increase of the size of dolphin populations appear to be
more sensitive to the noncalf survival rate than to the
calf survival rate (Reilly & Barlow 1986), recurrent
epizootics probably have a more profound impact
on population dynamics than enzootic infections. Harwood & Hall (1990) reached the same conclusion for
repeated mass mortalities in marine mammals.
No unusual massive, non-fisheries related mortalitles of striped dolphins have been detected in the
Mediterranean since 1992 (J. A. Raga unpubl. data, G.
Notarbartolo di Sciara & J. M. Bompar pers. comm. to
M.F.B., 26 April and 8 May 1998). This suggests that
either the virus has become enzootic in the population
or that it has disappeared from it. Generally, morbilliviruses require large populations of susceptible individuals (e.g. 300000 for measles virus in humans;
Black 1991) to persist enzootically since there is no
carrier state and infection confers lifelong immunity.
However, as several gregarious species may contribute
to the persistence of CeMV in an ocean province (Van
Bressem et al. 1998b), the enzootic abundance threshold for each is likely lower than the equivalent value
for morbilliviruses maintained by a single mammal
species, as in the case of measles virus. Thus, although
the estimated number of striped dolphins in the western Mediterranean Sea2 (117 880. C1 = 68 379-14 800;
Forcada et al. 1994) could be too low to support
'There is no abundance estimate available for striped dolphins in the eastern Mediterranean at the time of writing,
but it seems to be lower than in the western part (Evans
1987)

endemic infection, their occasional association with
other cetaceans including the short-beaked common
dolphin (Forcada et al. 1994), Risso's dolphin Grampus
gnseus (Notarbartolo di Sciara et al. 1993), the longfinned pilot whale (R. Sagarminaga & A. Canadas pers.
comm. to J.A.R., 3 March 1997) and fin whale Balaenoptera physalus (Notarbartolo di Sciara et al. 1993)
likely enhances the chances of the virus to remain
enzootic. Interestingly, a high titer of morbillivirus
antibodies was found in a common dolphin stranded in
Sardinia at the beginning of the epizootic (Van
Bressem et al. 1993a).If CeMV is not maintained in the
Mediterranean, there is a risk of a new epizootic occurring due to contact with CeMV-infected cetaceans
from the North Atlantic, once a new generation of susceptible individuals emerges. It is worthwhile stressing
that long-finned pilot whales in the NE Atlantic were
suggested to be a source of morbillivirus infection for
other species of this ocean province as well as the
Mediterranean, and the vector of the infection to
striped dolphins in 1990 (Van Bressem et al. 1998a).
Other populations likely to have suffered long-term
consequences of morbillivirus infection are short- and
long-finned pilot whales in the North Atlantic (Duignan et al. 1995b, Van Bressem et al. 1998a),and dusky
dolphins, offshore bottlenose and long-beaked common dolphins in the SE Pacific (Van Bressem et al.
1998b). In these populations the virus is possibly
enzootic and therefore may cause mortalities among
young individuals.
The long-term impact of morbillivirus infection on
the inshore bottlenose dolphins from the NW Atlantic
and the Gulf of Mexico is more difficult to evaluate as
it is unclear whether these dolphins do or do not
belong to the same population (B. Taylor pers. commn.
to K.V.W., 2 November 1998). However, the 1982,
1987-1988 and 1993-1994 epizootics each time struck
dolphins from different areas (Lipscomb et al. 1994a,
Krafft et al. 1995, Duignan et al. 1996, N. Barros & D.
Ode11 pers. comm. to K.V.W., 3-4 March 1997) and
may be better qualified as 'progressive' than as 'recurrent' epizootics (Duignan et al. 1996).
Recent serological data indicate that immature harbour porpoises and common dolphins from the NE
Atlantic that died after 1990 did not have antibodies
against CeMV, suggesting that the virus is not maintained in these 'populations' (Van Bressem et al.
1998a).Reintroduction of the virus could result in new
mortalities.

Unclassified poxviruses (family Poxviridae) were
detected by electron microscopy (EM) in 'tattoo' and
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'ring' skin lesions from free-ranging bottlenose dolphins, an Atlantic white-sided dolphin Lagenorhynchus acutus, a killer whale Orcinus orca, dusky
dolphins, long-beaked common dolphins and Burmeister's porpoises Phocoena spinipinnis (Flom &
Houk 1979, Geraci et al. 1979, Van Bressem et al.
1993b, Van Bressem & Van Waerebeek 1996, R. Lewis
pers. comm. to M.F.B., 17 February 1998). Serological
studies in Peruvian small cetaceans have suggested
that these viruses share antigens with cowpox virus, a
member of the Orthopoxvirus genus (Van Bressem et
al. 1 9 9 8 ~ ) .
Ring lesions a r e flat or slightly raised and consist of
solitary or coalesced 0.5 to 3 cm round or elliptical
blemishes which may have a dark gray border (Geraci
et al. 1979). Tattoos are irregular, slightly in relief,
gray, black or yellowish lesions which may be localized
or generalized (Fig. 1) (Flom & Houk 1979, Geraci et

Fig. 1. (a)Tattoo lesions in a
dusky dolphin Lagenorhynchus obscurus (MFB-399)
from Peru. (b) Tattoo lesions
In a Burmeister's porpoise
Phocoena spinipinnis (MFB475) from Peru
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al. 1979, Van Bressem & Van Waerebeek 1996). Histologically, ring lesions are characterized by cytoplasmic
.i~acuolation,the presence of intracytoplasmic inclusions in cells of the stratum intermedium and a downward thickening of the stratum externum (Geraci et
al. 1979). Poxvirus infection generally does not affect
the general health though severe cases may occur
(Sweeney & Ridgway 1975, Geraci et al. 1979, Van
Bressem & Van Waerebeek 1996).
Cetacean poxvirus infection has so far been encountered in odontocetes from the North Atlantic and the
eastern Pacific (Flom & Houk 1979, Geraci et al. 1979,
Van Bressem et al. 1993b, Van Bressem & Van Waerebeek 1996, Gaspar & Van Bressem 1998; Table 1).In
addition, we recognized characteristic tattoo marks in
published photos of a short-beaked common dolphin
from northern California (see Leatherwood et al. 1982,
p. 164) and a Mediterranean striped dolphin (Arvy
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1982, p. 259) Baker (1992) and Baker & Martin (1992)
reported poxvirus infection from several NE Atlantic
odontocetes but unfortunately did not publish any photos of the lesions or virus particles to support their case.
The epidemiology of poxviruses in cetaceans is
largely unknown but their maintenance in communities and populations is probably favoured by a long
period of infectivity as suggested by the size of the
lesions and the presence of virus particles in most samples examined (Van Bressem 1997). Poxvirus infection
is likely enzootic and equivalent to a children's disease
in the long-beaked common dolphin, dusky dolphin,
bottlenose dolphin and Burmeister's porpoise from
Peruvian waters. The highest prevalence of tattoos was
found in juveniles (Delphinidae) while they were
absent in neonates and young calves (dusky dolphins
and Burmeister's porpoises) probably because protected by maternal immunity (Van Bressem & Van
Waerebeek 1996).
Clinical and epidemiological data do not indicate
that poxvirus infection induces a high mortality rate
(Sweeney & Ridgway 1975, Geraci et al. 1979, Van
Bressem et al. 199313). However, it is possible that the
infection may kill neonates and calves without protective immunity and hence affects host population
dynamics. Indeed, although more than one-third of inferred sexually mature female dusky dolphins (36.2%,
Van Bressem & Van Waerebeek unpubl, data) and
Burmeister's porpoises (35.7 %; Van Bressem & Van
Waerebeek 1996) suffered tattoo lesions in the period
1993-1994, indicating that a certain percentage of
these females (and thus their calves) were not immune
against the virus, none of the calves and neonates
examined showed skin lesions (Van Bressem & Van
Waerebeek 1996).

PAPOVAVZRIDAE

Immunohistochemistry and molecular studies have
recently demonstrated that papillomaviruses (family
Papovaviridae, subfamily PapiUomavirinae) are the
etiological agents of genital tumours in Burmeister's

porpoises and dusky dolphins from Peru as well as of
cutaneous warts in a harbour porpoise of the North Sea
(Cassonnet et al. 1998, Van Bressem et al. 1999; Table
1). In addition, macroscopic and microscopic features
of genital warts of sperm whales Physeter macrocephalus from Icelandic waters and of bottlenose and
long-beaked common dolphins from Peru have suggested papillomaviruses (PVs) are the etiological
agents of these lesions (Lambertsen et al. 1987, Van
Bressem et al. 1996).
The genital warts in the Burmeister's porpoise and
dusky dolphin were observed on the skin bordering
the genital slit, and on the mucosae inside the genital
slit, on the penis (Fig. 2) and on the vagina (Van
Bressem et al. 1996). Histologically, the lesions were
characterized by hyperplasia of the stratum spinosum
and koilocytosis (large perinuclear cavitation with irregular edges surrounded by a dense cytoplasm)
(Van Bressem et al. 1996). In the harbour porpoise
the cutaneous warts were scattered on the left side
(Fig. 3 ) , belly and on the dorsal portion of the tail
fluke (Van Bressem et al. 1999).The main histological
features of one of these lesions included elongated
dermal papillae, a marked epidermal hyperplasia
and an abnormal terminal cell differentiation (Van
Bressem et al. 1999).
The genital location of the warts and their high
prevalence suggested that the disease is venereally
transmitted in the Burmeister's porpoise and the dusky
dolphin (Van Bressem et al. 1996). The high rate of
sexual activity and its central role in play and social
ordering of schools among many small cetaceans including the dusky dolphin (Brown et al. 1966, Wursig
& Wiirsig 1978, Norris & Doh1 1980, Wells et al. 1987,
Morris & Lockyer 1988) may favour the maintenance of
the virus in these dolphin and porpoise populations
(Van Bressem 1997). As 2 of 20 male (10%) Burmeister's porpoises suffered genital lesions of sufficient
severity that may impede, or at least, hamper copulation (Van Bressem et al. 1996, Van Bressem 1997), we
believe PVs (especially if non-randomly distributed)
may exert an indirect impact on the dynamics of this
population.
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Fig. 2. Genital warts on the
penis of a Burmeister's porpoise Phocoena spinipinnis
(MFB-495) from Peru with
seaweed lodaed between the
penis and its sheath
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Fig. 3. Cutaneous warts (arrows) on the side and belly
of a harbour porpoise ~ h o c ~ ena phocoena stranded in
Germany

HERPESVIRIDAE

Herpesviruses and herpes-like viruses have been
detected in Phocoenidae, Monodontidae and
Delphinidae. A herpesvirus antigenically related to
pseudorabies virus, human hei-pesvirus 1 and bovine
herpesvirus 1 (subfamily Alphaherpesvirinae) was
demonstrated by immunohistochemistry and electron
microscopy in cerebral cortical neurons of a female
harbour porpoise found dead on the west coast of Sweden in 1988 (Kennedy et al. 199213). Herpes-like virus
particles were observed by EM in epithelial cells from
skin lesions of free-ranging and captive beluga whales
Delphjnapterus Ieucas from the St. Lawrence estuary
and the Churchill river, respectively (Martineau et al.
1988, Barr et al. 1989) and of 2 dusky dolphins caught
off Peru (Fig. 4 ) (Van Bressem et al. 1994).
The harbour porpoise was lean, suffered encephalitis, and had several other pathologies which could not
be linked to the herpesvirus infection (Kennedy e t al.
1992b). Microscopically, the encephalitis was characterized by the presence in the cerebral cortex of large,

Fig. 4 . Herpesvirus-like
skin lesions in a dusky
dolphin Lagenorhynchus
obscurus caught off central Peru

acidophilic intranuclear inclusions in neurons, necrotic
neurons and a mild diffuse microgliosis (Kennedy et al.
1992b).The skin lesions in the belugas were paler than
the normal skin, were circular or elliptical and slightly
in relief (Martineau et al. 1988, Barr et al. 1989). In the
St. Lawrence estuary individual the marks showed a
dark small center surrounded by a narrow ill-defined
dark rim (Martineau et al. 1988). They were either
numerous, generalized and up to 2 cm in diameter
(St. Lawrence beluga), or few, localized and up to
20-30 cm in diameter (Churchill river's individual).
The Infection did not seem to have affected the general
body condition of the captive beluga (Barr et al. 1989).
Histologically, the lesions were characterized by
epithelial necrosis and intranuclear inclusions. Intracellular oedema with microvesicle formation in superficial epithelium was also observed in the captive beluga (Martineau et al. 1988, Barr et al. 1989). In the
dusky dolphins, black dots, perceptible by the touch,
were present on the beak. The infection did not seem
to be more than mildly pathogenic (Van Bressem et al.
1994).

Dis Aquat Org

60

A second beluga from the St. Lawrence estuary and
2 other Peruvian dusky dolphins showed skin marks
similar to those previously described but herpesvirus
particles could not be detected in these animals (Martineau e t al. 1988, Van Bressem et al. 1994). Herpesvirus-like skin lesions were seen on several belugas captured and released in the Churchill River in
1984 (Barr et al. 1989) and were commonly encountered in dusky dolphins (Fig. 4) landed in Peruvian
fishing ports in 1993-1994 (M,-F. Van Bressem, K.
Ontbn, J . Alfaro-Shigueto & K. Van Waerebeek unpubl. data). Finally, serum antibodies against a virus
closely related to bovine herpes virus 1 were detected
by a virus neutralization (VN) test in 6 of 13 belugas
found dead along the shores of the St. Lawrence
Estuary between 1995 and 1997, suggesting that exposure to a virus of the subfamily Alphaherpesvirinae occurred in this population (Mikaelian et al. 1999).After
infection herpesviruses become latent and are excreted periodically or continuously during the host's
entire lifetime (Roizman et al. 1995).

ORTHOMYXO VZRIDAE

Two influenza A viruses, A/whale/Maine/l/84
(H13N9) and A/whale/Maine/2/84 (H13N2) were isolated from the lung and hilar node of a sick long-finned
pilot whale caught off the coast of Maine, USA, in
October 1984 (Hinshaw et al. 1986, J. Geraci pers.
comm. to M.F.B., 26 June 1998). A third strain
of influenza A virus designated A/whale/P0/19/76
(HlN3) was isolated from the lungs and liver of
unspecified rorquals (Balaenoptendae) caught in the
South Pacific in 1975-1976 (Lvov et al. 1978, Murphy
& Webster 1996). The pilot whale was extremely emaciated and swam with difficulty. Necropsy revealed
hemorrhagic lungs, a small and friable liver and a
greatly enlarged hilar node (Hinsha~vet al. 1986).Lvov
et al. (1978) did not report a.ny lesion for the infected
rorquals.
The antigenic, genetic and biological properties
indicated that the pilot whale and the rorqual viruses
are closely related to influenza A viruses isolated from
gulls Larus sp. and a n unidentified tern from the
Caspian sea, respectively, yet are different from
known seal influenza viruses also of avian origin (Hinshaw et a1 1986, Mandler et al. 1990, Callan et al.
1995). Avian influenza A viruses are the ultimate
source of influenza A viruses of mammals and the
largest number of ,these viruses has been isolated from
domestic avian species and feral aquatic birds including shearwaters, terns and gulls (Fenner et al. 1993,
Murphy & Webster 1996). Associations beween seabirds and cetaceans are very common and, in the

North Atlantic, some species like the minke whale
Balaenoptera acutorostrata and the long-finned pilot
whale are found associated with more bird species
(including shearwaters and gulls) and more regularly
than others (Evans 1982). Such a behaviour could
favour virus transmission.

RHABDOVZRZDAE

Osterhaus et al. (1993) isolated a rhabdo-like virus
from the lungs and kidneys of a white-beaked dolphin
which stranded alive on the Dutch coast in the spring
of 1992 and died after 2 d of intensive care with signs
of severe dyspnea. Neutralization and immunofluorescence tests showed that the virus is antigenically different from members of the 3 recognized genera of animal rhabdoviruses, i.e. rabies virus (genus Lyssavirus),
bovine ephemeral fever virus (genus Ephemerovirus)
and vesicular stomatitis virus (genus Vesiculovirus).
Subsequently, this team found neutralizing antibodies to the 'dolphin rhabdovirus-like virus' (DRV) in
striped dolphins, common dolphins, long-finned pilot
whales, white-beaked dolphins and harbour porpoises
stranded on the coasts of Northwestern Europe and the
Mediterranean Sea (precise origin for individuals not
given) in 1988-1992, as well as in presumably captive
false killer whales Pseudorca crassidens and bottlenose dolphins. VN antibodies were also detected in a
harbour seal Phoca vitulina and grey seals Halichoerus
grypus sampled in NW Europe during the same period
(Osterhaus et al. 1993). It is noteworthy that several
animal rhabdoviruses have a broad host range, extending from nearly all mammals to arthropods (Dietzchold et al. 1996).Arthropods, especially biting insects,
play a n important role in the life cycle of several rhabdoviruses (Shope & Tesh 1987). The arthropods infesting cetaceans include 2 groups of crustaceans, but no
insects (Raga 1994). Cyamids (Amphipoda) and pennellids (Copepoda) feed on the skin and blood of their
hosts, respectively (Raga 1994).

C ALICIVZRIDAE

Several caliciviruses (family Calicivin'dae) have
been demonstrated in cetaceans. Most are serotypes of
the San Miguel sea lion, virus (SMSV)and the vesicular
exanthema of swine virus (VESV),which belong to the
same virus species (Smith & Boyt 1990, Fenner et al.
1993). Cetacean calicivirus (CCV Tur-l) was isolated
from vesicular skin lesions which developed on a tattoo
and old scars in 2 Atlantic bottlenose dolphins. The
vesiculae quickly eroded, leaving shallow ulcers in one
of the dolphins (Fig. 5; Smith et al. 1983). SMSV-9

Van Bressem et al.: Virus infections of cetaceans

serotype, initially recovered from a California sea lion
pup, was subsequently isolated from a Pacific bottlenose dolphin (Smith & Boyt 1990).
Neutralizing antibodies to several SMSV and VESV
serotypes as well as the walrus calicivirus and the
mink calicivirus were detected by serology in gray
whales Eschrichtius robustus, fin whales, sei whales
Balaenoptera borealis and sperm whales from the
North Pacific (Smith & Latham 1978, Smith & Boyt
1990), in bowhead whales Balaena mysticetus caught
off Barrow. Alaska (Smith et al. 1987, O'Hara et al.
1998), and in bottlenose dolphins (Smith & Boyt 1990).
SMSV and VESV serotypes have a wide range of
phylogenetically unrelated host species, from a liver
fluke Zalophotrema sp. to marine and terrestrial mammals including humans and they may persist in their
host (Smith et al. 1980a,b, 1983, Gelberg et al. 1982,
Smith & Boyt 1990). California sea lions and one of
their prey, the opaleye fish Cirella nigricans (Dailey
1970),may be primarily involved in the maintenance of
the viruses in the North Pacific Ocean (Smith et al.
1980a, Smith & Boyt 1990).Transmission of the virus to
other marine mammals is probably linked to contacts
between species, migratory pathways and vectors
(Smith et al. 1980a,b, Smith & Boyt 1990). Metazoan
parasites like Zalophotrema sp. and Parafilaroides
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decorus may act as mechanical vectors (Smith et al.
1980a,b).

HEPADNAVIRIDAE

Hepatitis B virus (HBV) DNA and antibodies to the
core and surface antigens of HBV were detected in the
serum of a captive Pacific white-sided dolphin Lagenorhynchus obliquidens with chronic persistent hepatitis
(Bossart et al. 1990). As these antigens cross-react
among mammalian hepadnaviruses (Robinson 1990)
and Hepadnaviridae have a restricted host range (Lanford et al. 1998),these findings strongly suggest that an
unrecognized member of this family may infect Delphinidae. The dolphin had a cyclical pattern of icterus,
lethargy, inappetance, skin lesions as well as of
increased concentrations of serum alanine and aspartate aminotransferases (indicators of hepatocellular
damage) and y-glutamyl transferase (Bossart et al.
1990, Hollinger 1990).
Another Pacific white-sided dolphin which had
shared the pool of the hepadnavirus infected dolphin
had died 5 yr before of chronic-active hepatitis of
unknown origin (Bossart et al. 1990). A killer whale
housed in the same facility may have been infected by
the virus, as it had antibodies against HBV surface
antigen though not against HBV core antigen (Bossart
et al. 1990). No serological evidence of hepadnavirus
infection was found in 10 captive Atlantic bottlenose
dolphins from the same dolfinarium (but different
pools) as the infected Pacific white-sided dolphin or
from other dolfinaria, nor in 2 stranded Atlantic bottlenose dolphins (Bossart et al. 1990).

ADENOVIRIDAE

. .-

Fig. 5. Calicivirus-associated vesicular lesion in a captive
bottlenose dolphin Tursiops truncatus. From Smith et al.
(1983), with permission

Adenoviruses were isolated from rectal swabs of a
sei whale taken in the Antarctic (Smith & Skilling
1979), from colon samples of 2 bowhead whales harvested at Barrow, Alaska (Smith et al. 1987) and from
the intestines of a beluga from the St. Lawrence estuary (De Guise et al. 1995). The relationships between
the 4 cetacean isolates have not been investigated. The
bowhead whale isolates were not neutralized by antisera to bovine adenovirus serotypes 1-8 nor by antisera to a n adenovirus isolate from gazelles and other
hoofed species (Smith et al. 1987). The taxonomic
status of the whale adenoviruses within the family
remains to be elucidated.
No macro- or n~icroscopiclesions were reported in
the individuals from which the viruses were isolated
and they probably did not cause serious diseases. In
other mammals adenoviruses cause mild or subclinical
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gastroenteric diseases among other symptoms (Fenner
et al. 1993, Horwitz 1996). All infections with adenoviruses are associated with long periods of latency
and adenoviruses can be recovered from apparently
healthy animals (Fenner et al. 1993).

OTHER VIRUSES

Viruses were isolated from rectal swabs from 2 California gray whales caught by whalers (Watkins et al.
1969). They were classified as analogous to echoviruses (family Picornavindae) on the basis of their
physical properties but were not neutralized by antisera to several echoviruses (Watkins et al. 1969). Without further information on these isolates we consider
their classification as tentative.

CONCLUSIONS

Until now viruses of at least 9 families have been
detected in cetaceans. Some of these (cetacean morbillivirus and a 'porpoise herpesvirus') cause serious
lethal diseases while the health consequences of infections by influenza-, rhabdo-, and adeno-viruses
remain unknown. Infection by an unrecognized
hepadnavirus was associated with chronic persistent
hepatitis. Viruses of the families Poxviridae, Papovaviridae, Herpesvindae and Calicivindae cause epithelial lesions of the skin and/or genital tract.
Some viruses appear to be species- (e.g. papillomaviruses) or order- (e.g. morbillivirus) specific, while
others (influenza-, rhabdo- and caliciviruses) have a
broader host range including animals from different
classes and/or phyla. Many factors, including the
infectiousness, duration of infectiousness and immunity, lifespan of infective stage and pathogenicity (see
Anderson & May 1979), but also host range, host
biology and population characteristics (e.g. rate of
increase) will CO-determinewhether each of these
viruses persist and their degree of maintenance.
Extrinsic anthropogenic factors including fisheries
interactions, pollution and habitat loss and degradation (see Reeves & Leatherwood 1994) possibly may
not only exacerbate the consequences of viral infections on the health of a particular individual, but also
operate at the population level. By reducing the number of animals in a population, and hence the number
of susceptible individuals, fisheries may prevent the
establishment of enzootic morbillivirus infections and
favour recurrent epizootics which will further deplete
the population (Van Bressem 1997). The contributing
role of pollutants in virus-induced mass mortalities in
marine mammals was recently reviewed by Ross et al.

(1996). Slmmonds 81 Mayer (1997) have discussed the
part environmental factors may have played in these
mortalities.
At least 3 distinct virus families (Paramyxovindae,
Poxviridae and Papovaviridae) have the potential to
exert a negative impact on the population dynamics of
cetaceans, by increasing natural mortality and/or by
negatively affecting reproduction. In the course of time
they could also have influenced the actual distribution
of some cetacean stocks, as rinderpest virus did of
some feral African artiodactyls (Anderson 1995).While
morbilliviruses are the more conspicuous because of
the massive die-offs they cause, both papillomaviruses
and poxviruses deserve further attention.
We recommend to systematically include at least
serological, pathological and epidemiological studies
of viral diseases in all advanced biological research
programmes of cetaceans, and to account for the
potential impact of microparasites when constructing
population dynamics models.
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