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ABSTRACT 

Barrett, T., Blixenkrone-Moller, M., Domingo, M., Harder, T., Have, P., Liess, B., Or'veil, C., Oster- 
haus, A.D.M.E., Plana, J. and Svansson, V., 1992. Round table on morbilliviruses in marine mam- 
mals. Vet. Microbiol., 33: 287-295. 

Since 1988 morbilliviruses have been increasingly recognized and held responsible for mass mor- 
tality amongst harbour seals (Phoca vitulina) and other seal species. Virus isolations and characteri- 
zation proved that morbilliviruses from seals in Northwest Europe were genetically distinct from other 
known members of this group including canine distemper virus (CDV), rinderpest virus, peste des 
petits ruminants virus and measles virus. An epidemic in Baikal seals in 1987 was apparently caused 
by a morbillivirus closely related to CDV so that two morbilliviruses have now been identified in two 
geographically distant seal populations, with only the group of isolates from Northwest Europe form- 
ing a new member of the genus morbillivirus: phocid distemper virus (PDV). Because of distemper- 
like disease, the Baikal seal morbillivirus was tentatively named PDV-2 in spite of its possible identity 
with CDV. The appearance of morbilliviruses in the Mediterranean Sea causing high mortality amongst 
dolphins should further increase the research activities on protection strategies for endangered species 
of marine mammals. 

I N T R O D U C T I O N  

Until recently morbilliviruses were thought to occur only in terrestrial 
mammals  where their severe effects have been known since antiquity. The 
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recognition of morbilliviruses as a cause of mass mortality amongst pinniped 
species in Northwestern Europe and Siberia, and the recent occurrence 
amongst cetaceans in the Mediterranean Sea emphasizes the importance of 
this virus group in marine mammals and has opened a new field of interest to 
virologists. Immediately several research groups devoted considerable efforts 
trying to elucidate aspects of morbillivirus infection in seals, porpoises and 
dolphins, such as the origin of the virus, and the relationship between marine 
mammal isolates and the known morbilliviruses causing rinderpest in rumi- 
nants, distemper in carnivores or measles in man. There was tremendous 
public interest at the beginning of the "seal plague" and this will probably 
increase again if the threat to populations of endangered species is further 
highlighted. Although public interest might be a stimulating factor, a scien- 
tific rather than emotional approach is essential in addressing the problems 
posed by investigation of disease in marine wildlife. Studies on marine mam- 
mals are hampered by their natural environment which is generally inacces- 
sible to veterinary virologists. Attempts to elucidate the aetiology, pathogen- 
esis and epidemiology, and formulate possible control measures require close 
cooperation with other biologists. The round table held at the Second Con- 
gress of the ESVV in Uppsala provided an appropriate forum to crystallize 
the problems surrounding virus infections in marine mammals. 

IDENTIFICATION AND TAXONOMY OF PHOCID DISTEMPER VIRUS 

A morbillivirus related to canine distemper virus (CDV) was identified as 
the presumed cause of an epizootic in harbour (common) and grey seals in 
Northern European waters in the summer and autumn of 1988 (Kennedy et 
al., 1988; Osterhaus and Vedder, 1988 ). Hybridization analysis using cDNA 
probes derived from the nucleocapsid genes of rinderpest virus (RPV), peste 
des petits ruminants virus, measles virus (MV) and CDV indicated the pres- 
ence in diseased seal tissues of a morbillivirus which was different from any 
previously known members of the genus (Mahy et al., 1988; Bostock et al., 
1990). The seal virus bound CDV-specific but not MV-specific monoclonal 
antibodies (Cosby et al., 1988). Immunofluorescence shown by staining of 
MDCK cell monolayers with morbillivirus-specific monoclonal antibodies 
after inoculation of virus passaged in SPF dogs was blocked by a hyperim- 
mune anti-CDV SPF dog serum (Osterhaus et al., 1988 ). Marked differences 
were detected in the virus-induced proteins of the proposed phocine distem- 
per virus (PDV) as compared with other morbilliviruses, by immunoprecip- 
itation of radiolabelled antigens with monoclonal antibodies (Rima et al., 
1990). 

Direct virus isolation in seal kidney cell cultures and detection by typical 
cytopathic effects and peroxidase-linked antibody (PLA) assay allowed com- 
parative studies with sera collected from seals (Liess et al., 1989a; Zaghawa 



MORBILLIVIRUSES IN MARINE MAMMALS 289 

et al., 1990). Presence of antibodies was assessed by a direct neutralizing per- 
oxidase-linked antibody (NPLA) assay using a phocine morbillivirus isolate 
and CDV strain "Rockborn", respectively. Sera collected from seals during 
the 1988 epizootic showed a ten- to 30-fold greater neutralization of PDV 
than of CDV strain "Rockborn'" (Liess et al., 1989b,c). 

Further evidence that PDV is distinct from CDV resulted from genetic 
studies on PDV RNA, extracted from seal tissues or from infected tissue cul- 
ture cells using slot hybridization and the polymerase chain reaction (PCR) 
amplification assay (Mahy et al., 1988; Curran et al., 1990; Haas et al., 1991 ). 
More recently the nucleotide and deduced amino acid sequences were deter- 
mined for five PDV genes named, in analogy to the encoded structural pro- 
teins of other morbilliviruses: nucleoprotein (N),  phosphoprotein (P),  ma- 
trix (M), fusion protein (F) and haemagglutinin (H).  The PDV genome 
exhibited characteristics typical of morbillivirus. The P gene followed the 
motif of measles virus (MV) with distinct coding capacity for three proteins: 
P, V and C (Blixenkrone-Moller et al., 1992 ). Like the other morbilliviruses, 
the P gene of PDV encodes two additional non-structural proteins, C and V, 
in alternative reading frames. The C and V protein show much greater con- 
servation compared with CDV than do the corresponding P protein regions. 
This probably indicates that there is much stronger selective pressure to pre- 
serve the sequence of the non-structural proteins (Barrett et al., 1992). The 
close relationship between PDV and CDV was demonstrated by comparison 
of genomic data, as reflected in the amino acid sequence, with other morbil- 
liviruses. The genus could be subdivided into the distemper group (CDV and 
PDV ) and the rinderpest-measles group (RPV and MV). The deduced amino 
acid sequence homologies between the glycoproteins of PDV and CDV were 
74% (H) and 84% (F) (K/Svamees et al., 1991 ). The differences found be- 
tween PDV and CDV at the genomic level indicated that these are two sepa- 
rate viruses. 

Immunological investigations using monoclonal antibodies (mAbs) against 
H protein also revealed a close relationship between phocine and canine dis- 
temper virus but did not distinguish PDV from a morbillivirus isolated from 
mink (Orvell et al., 1990). In contrast, using mAbs against PDV strain 2558/ 
Han88, an analysis of antigenic differences between a number of PDV iso- 
lates and other morbilliviruses showed that a field isolate from a ferret was 
clearly distinguishable from PDV (Harder et al., 1991 ). Recent studies indi- 
cated that PDV can also infect terrestrial carnivores and caused field out- 
breaks of distemper in farmed mink in Denmark in 1989. This led to the 
question whether PDV forms a threat to terrestrial mammals (Blixenkrone- 
Moiler et al., 1990). 

A disease of high mortality in Baikal seals (Phoca sibirica) was also appar- 
ently caused by a morbillivirus closely related, or even identical, to canine 
distemper virus (Grachev et al., 1989 ). Although indistinguishable from CDV, 
this virus was called PDV-2 based on its phocid origin and because of its 
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dissimilarity to the seal virus of Northwestern Europe (now termed PDV-1 ) 
(Visser et al., 1990). In view of the close identity between PDV-2 and CDV, 
its taxonomic position remains uncertain, and only PDV-1 is considered to 
be a newly recognized member of  the genus Morbillivirus (Osterhaus et al., 
1990). 

PATHOGENESIS OF MORBILLIVIRUS IN SEALS 

In an attempt to elucidate some of the routes of CDV infection, young har- 
bour seals (Phoca vitulina) were inoculated with a CDV strain that was vir- 
ulent for dog and mink. The inoculated seals showed clinical signs which were 
somewhat similar to those observed in distemper in dogs and mink. Viral 
replication in lymphoid tissues was followed by pronounced immunosuppres- 
sion. Spread to non-lymphoid tissues could not be detected. No transmission 
to contact seals or mink could be demonstrated. These results indicated that 
harbour seals are probably not highly sensitive to infection with CDV. In con- 
trast, morbillivirus derived from diseased harbour seals produced signs of 
acute canine distemper in mink resembling the acute systemic and nervous 
form of the infection (Blixenkrone-Moller et al., 1989 ). 

In SPF beagle puppies PDV strain 2558/HanS8 proved to be non-patho- 
genic with no clinical signs or temperature rise during a 13-week observation 
period. Neutralizing antibody titres against the homologous virus developed 
after primary inoculation with PDV and were consistently higher than against 
CDV strain "Rockborn" even after challenge 3 months later (J~iger et al., 
1990). 

Transmission experiments using the same, low dose of strain 2558/HanS8 
in eight harbour seals (Phoca vitulina), two of  them seronegative, six sero- 
positive to the homologous PDV strain, resulted in clinical signs in the two 
seronegatives, resembling those seen in the 1988 seal disease epidemic. One 
of the seals succumbed to the infection while the seropositive animals were 
protected from clinical disease. A seropositive grey seal (Halichoerus grypus ) 
inoculated intranasally with the same dose and strain of  PDV did not develop 
any signs of  disease (Harder et al., 1990). This transmission trial agrees with 
observations in British waters where grey seals are more common than hat- 
bout seals and where the latter were predominantly affected with the disease 
(Carter et al., 1989). It is well known from other morbillivirus infections that 
not only are pathogenicity and virulence of the virus important factors, but 
that host species and even breed might account for differences in the course 
of the disease, as seen in rinderpest and canine distemper (reviewed by Appel 
et al., 1981). 

In the public view, environmental pol lut ion--among other factors--was 
thought to play an important role in the development of  mass mortality of  
seals in 1989. Uncertainty remains, especially concerning the role of poly- 
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chlorinated biphenyls (PCB), because of their immunosuppressive potential 
in laboratory animals. In order to assess the significance of PCBs in PDV 
infections of seals, clinically healthy harbour seals were orally exposed for 
several weeks to a mixture of PCB-congeneres found ila fish from the North 
Sea, then inoculated with culture-adapted PDV strain 2558/Han88. 

Ten PDV-seronegative subadult harbour seals developed severe signs of 
"seal plague" within 7 days post inoculation (p.i.). Six of the seals died from 
the infection within I l to 16 days p.i. Systemic infection and spread of the 
inoculated virus were confirmed by the presence of cell-associated viraemia, 
detection of antigen in tissues of fatally infected seals by use of PDV-induced 
monoclonal antibodies as well as detection of PDV-RNA in peripheral mono- 
nuclear blood cells and various tissues by PCR/Southern blotting. A specific 
humoral immune response was demonstrated in the survivors. 

With regard to the clinical course, including mortality rates, duration of 
viraemia, antigen distribution in tissues and humoral immune response in 
convalescent seals, no significant differences were detectable between the 
groups of PCB-conditioned and unconditioned seals. Although the amount of 
PCBs accumulating in conditioned seals was considerably lower than that 
found in free-ranging seals of the same age-group, the development and course 
of the disease in unconditioned animals provided evidence that PCBs are not 
an important aggravating factor in PDV infections of harbour seals (Harder 
et al., 1992). 

EPIZOOTIOLOGY 

The existence of an epizootiological link between mass mortality in Lake 
Baikal seals a year earlier, and the PDV infections in other pinniped species 
in Northwestern Europe remained questionable (reviewed by Osterhaus et 
al., 1990). Although detection of CDV-neutralizing antibodies has been re- 
ported among seals in Europe, Siberia, Greenland and the Antarctic, no firm 
conclusions can be drawn as to the origin of infections (Dietz et al., 1989; 
Have et al., 1989; Osterhaus et al., 1989; Bengtson et al., 1991 ). 

After the identification of phocid morbilliviruses (PDV-1 and PDV-2) as 
the primary cause of serious outbreaks of distemper among seals in North- 
western Europe in 1988 and in Siberia in 1987, the presence of morbillivi- 
ruses was demonstrated in several other marine mammal species. A world- 
wide serological survey indicated that morbillivirus infections are indeed quite 
common in pinnipeds and cetaceans. Among aquatic mammals morbillivi- 
ruses have also been isolated from porpoises (Kennedy et al., 1988 ) and more 
recently from striped dolphins in the Mediterranean Sea showing that the ep- 
izootiology of morbillivirus infections in marine mammals involves not just 
pinnipeds but cetaceans too (Domingo et al., 1990). 
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MORBILLIVIRUS IN CETACEANS 

In the summer of 1990 an epidemic affected a population of striped dol- 
phins (Stenella coeruleoalba) in the Spanish Mediterranean Sea killing 400 
of them. The epizootic extended to the French and Western Italian coasts and 
to the Mediterranean coast of Africa. The viral agent was isolated in cell cul- 
tures from brain and lungs of moribund or dead dolphins. Infected cell cul- 
tures gave positive reactions with a polyclonal antiserum to CDV using im- 
munoenzymatic techniques. The disease reappeared in 1991, with mortality 
lower on Spanish coasts, but high along the Italian coasts with 58 stranded 
dolphins being necropsied. Bronchiolo-interstitial pneumonia ( 72% ) and non- 
suppurative encephalitis (69%) were the most frequent histopathological le- 
sions. Pneumonia was characterized by hyperplasia of alveolar epithelial type 
II cells and formation of multinucleate cells/syncytia in alveolar and bron- 
chiolar lumina. Lymphoid depletion and formation of multinucleate cells/ 
syncytia in the cortex of lymph nodes were also prominent lesions. The dis- 
tribution of morbillivirus-related antigen was investigated in 23 dolphins us- 
ing a monoclonal antibody against the H glycoprotein of PDV. Positive im- 
munostaining was found in brain (77%), lung (70%), and in mesenteric 
(61%), mediastinal (47%) and prescapular (45%) lymph nodes. The rela- 
tionship between the morbilliviruses isolated from dolphin, seal, and por- 
poise is under investigation (Domingo et al., 1992 ). To date at least two mor- 
billiviruses have been isolated and characterized from cetacean species which 
proved to be quite distinct from the phocid distemper viruses, PDV-I and 
PDV-2, on the basis of their antigen and other biological properties (Oster- 
haus et al., 1992). 

THE NEED FOR FURTHER RESEARCH 

The finding of morbilliviruses in marine mammals opened a new field of 
interest for veterinary virology and poses some intriguing questions: 
( l ) What is the origin of the various morbilliviruses found so far in marine 
mammals? 
(2) How closely related to each other are the various morbilliviruses isolated 
from marine mammals? 
(3) Why did a morbillivirus suddenly gain high virulence for some seal spe- 
cies, or was the devastating effect purely a result of virus introduction into a 
virgin population of a particular seal species? 
(4) Is the PDV isolated from seals in Northwestern Europe solely responsible 
for mass mortality among seals, or does it need some extraneous co-factors? 
(5) Can pinnipeds and other marine mammals in rehabilitation centres be 
protected against morbilliviruses by vaccination? 
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VACCINATION 

While some of the above questions can be answered only inadequately at 
present, indicating the need for continued collection of data from various parts 
of the world, including the Arctic and Antarctic, the final point demands ur- 
gent attention to ensure that pinnipeds and other wild marine mammals in 
rehabilitation centres develop a protective immune response following vac- 
cination before their reintroduction to the wild. 

A subunit morbillivirus vaccine based on the iscom matrix was shown to 
provide adequate protection against phocid distemper. The efficacy and safety 
of a candidate iscom CDV vaccine as well as a whole-virus CDV vaccine have 
been reported recently (Osterhaus et al., 1990). It would be interesting to 
know which proteins of CDV or PDV are responsible for the development of 
immunity in the mammals in question. The vaccines described by Osterhaus 
et al. (1990) induced CDV-neutralizing antibody titres of 1/300 to 1/1000 
and the vaccinated seals were protected against challenge with organ suspen- 
sion material that had produced a humoral immune response in 16 moribund 
seals. Rima et al. (1990) found the response to PDV, like CDV, restricted to 
nucleocapsid and phosphoproteins. Only a few sera precipitated the external 
glycoprotein antigens of both viruses. The frequent absence of antibodies to 
the viral glycoproteins in advanced stages of distemper encephalitis stresses 
the need for antibody response to the external proteins in vaccinated seals. 
Neutralizing antibodies did develop in seals inoculated with PDV no matter 
whether they survived or succumbed (Harder et al., 1992). As in canine dis- 
temper, neutralizing antibody titres up to 2.2 log~o NDso were found in ex- 
tracted organ tissues of dead seals. In convalescent seals maximum titres of 
3.8 loglo NDso were reached in the fourth week post inoculation. The figures 
suggest that, following vaccination, neutralizing titres must be well above 1 / 
100 in order to correlate with immunity. However, further investigations are 
of paramount importance including the investigation of morbillivirus infec- 
tions in a wide range of marine mammal species. 
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