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ABSTRACT 

The application of a canine distemper virus (CDV) neutralisation test revealed that 

antibody titres of up to 11 620 were present in the sera of common seals during the epizootic 
of phocine distemper in British waters. However, during the later stages of the epizootic and 
afterwards, a surprisingly high proportion of animals were still scronegative. Titrcs of from 

90 to 183 were common in diseased animals and were probably indicative of partial im-
munosuppression. A few animals with proven phocine distemper had titres of less than 60, 

this being evidence of a more profound immunosuppression. Recovered animals tended to 
have moderate to high titres and in some cases these persisted for at least 6.5 months. By con-

trast, the administration of an inactivated CDV vaccine produced antibody which declined 
rapidly to very low levels within the same period. Infection also occurred in grey seals in 1988 
but without severe mortality. Antibody titres in this species nearly always lay in the range 
128-734 and persisted at or around this level for at least 12 months. In both common and 

grey seals, antibody was transferred by suckling from mother to pup but absorption by the 
pup seemed to take place more slowly than in domestic mammals. 
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INTRODUCTION 

The discovery that the mass mortality in common seals (Phoca vitulina) in 
coastal waters of north-west Europe was associated with a morbillivirus, 
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closely related to canine distemper virus (CDV), was partly based on the 
demonstration of CDV antibodies in the scrum of sick seals (Osterhaus and 
Vedder, 1988). That this new virus, subsequently named phocine distemper 
virus (PDV), was the primary cause of the disease was conclusively proved 
by the dpinonstration that CDV vaccines could protect seals against a lethal 
injection of PDV (Visser et al., 1989). As soon as the cross-reactive nature 
of the antibodies to the two viruses was realised, it was clear that the sensitive 
and convenient neutralisation test already in use for the measurement of 
antibody to CDV could be used to advantage in studies of PDV infection. 
The availability of this system precluded the necessity of developing a 
homologous PDV neutralisation test, a procedure which was likely to be 
lengthy, as it would require not only the isolation of PDV but also, and much 
more difficult, its adaptation to a suitable cell-culture system. 

A CDV microtitre neutralisation test, based on the one described by Appel 
and Robson (1973), has been in routine use in the Canine Infectious Diseases 
Research Unit at the University of Glasgow Veterinary School since 1981. 
Between that date and the appearance of PDV infection in British waters, 
this system had been thoroughly evaluated by the titration of over 8000 
canine sera. 

In September 1988, with mounting evidence that the phocine disease was 
now present in the seal populations of the UK, a start was made in applying 
the test to the study of both common and grey (Halichoerus grypus) seal sera. 
It was hoped that this would provide a clear guide to the prevalence and rate 
of spread of PDV, establish some serological criteria which might be useful 
in the diagnosis of the disease and assist our understanding of the role of im-
munity in determining the outcome of infection. 

MATERIALS AND METHODS 

Sources of sera 

The first samplbs to be examined were from dead or sick seals found dur-
ing the epizootic, but once the nature of the problem became apparent, sera 
taken before the outbreak and stored deep-frozen were examined. When the 
epizootic seemed to have run its course, a programme of sampling was 
undertaken to study antibody levels in surviving seals. Samples were 
gathered from both common and grey seals from a variety of sources around 
the UK coast, details of which are given below: 

I. Pre-epizootic samples 

1.1 Twelve healthy common seals were sampled in April 1988 by Dr 
P.M. Thompson in the Moray Firth. 
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1.2 Six healthy common seals were shot off the coasts of Co. Sligo and 
Co. Donegal in August 1988. 

1.3 Serum from grey seals which had been shot at the Fame Islands in 
1977 and from live grey seals from North Rona, Outer Hebrides, 
collected between 1985 and 1987, were made available by the Sea 
Mammal Research Unit (SMRU). 

2. Samples taken during the epizootic 

Samples from dead, sick and apparently healthy seals were obtained from 
many independent sources, such as veterinary surgeons in towns near af-
fected beaches, but the majority of samples were supplied by the following 
groups, with whom close liaison was maintained. 

2.1 Dr P.M. Thompson of the University of Aberdeen and Mr H.M. 
Ross of the Scottish Agricultural Colleges Veterinary Centre, 
Inverness. supplied many samples from the common seal popula-
tion of the Moray Firth. Dr Thompson had begun a research pro-
ject on these animals well before the commencement of the epizootic 
and so was in an excellent position to study the impact of the disease 
on them. 

2.2 Dr R. Munro of the Animal Diseases Research Association's 
Moredun Institute was able to provide serum samples from sick 
common seals diagnosed as having PDV infection on 
histopathological grounds. 

2.3 Mr D.D. Clarke and Mrs. Carole J. Clarke, veterinary surgeons in 
Kings Lynn, and Dr Susan J. Mayer, head of the Seal Assessment 
Unit of the Royal Society for the Prevention of Cruelty to Animals 
(RSPCA) at Docking, provided serial blood samples from over 100 
common and grey seals, together with much clinical data. 

2.4 SMRU, in particular, Dr J. Harwood, Dr P.P. Pomeroy, Ms S. 
Anderson, Ms A. Simpson and Mr S. Twiss. Ms Anderson had been 
studying grey seals on North Rona for several years, and thus was 
able to provide blood samples collected from the same individuals 
over two or more consecutive years. 

Altogether, sera from 56 animals were tested in September 1988, 87 in 
October 1988 and 44. i,n November 1988. 

3. Post-epizootic sampling 

3.1 Common seals: samples were collected by SMRU in late 1988 and 
early 1989 from 67 live common seals. The distribution of these cap-
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tures was: Blakeney and the Wash — 17; Orkney Islands — 32; 
West coast Scotland — 6; Strangford Lough — 12. 

3.2 Common seals: 10 mother-pup pairs were sampled in the Dornoch 
Firth in 1989 by Dr P.M. Thompson. 

3.3 .Grey seals: fifteen mother-pup pairs were sampled during October 
and November 1989. Some of these mothers had also been sampled 
during 1985-1988. 

Blood sampling technique. In most instances, blood was taken from the 
epidural vein of restrained seals with the assistance of plain vacutainers. 
Samples were submitted either as clotted blood or as serum separated from 
the clot within the previous 24 h. Sera were held at -20°C until required for 
assay. Those from dead seals were frequently heavily contaminated with 
bacteria and this rendered titration an impractical proposition. 

Neutralisation test. The test system has already been described in detail 
(Thompson et al., 1992) but some additional explanation may be helpful. 
Fourfold dilutions of the serum, from 1 in 16 to 1 in 16 384, are prepared 
and each is incubated with a fixed amount of CDV, following which each 
mixture is inoculated into four wells of Vero cells in a 96-well microtitre 
plate. Each set of serum dilutions is therefore distributed between 24 wells. 
Following 3 days incubation at 37°C, the wells are examined for the presence 
of the viral cytopathogenic effect (CPE) which occurs in the absence of 
neutralising antibody. The titre of the serum is taken as the reciprocal of the 
dilution at which the proportion of wells infected is reduced from four to 
two. At this dilution, some but not all of the virus has been neutralised by 
antibody. A little is left over, still free to infect cells and produce a CPE. 
These few particles could, by chance, be inoculated into only one of the four 
wells, leaving three other wells negative for CPE. Alternatively, they could 
be distributed, again by chance, into two or even three of the wells. For every 
additional two wells negative for CPE, the serum titre doubles, e.g. from 
8192 to 16 334. This may seem a large difference arithmetically but it may 
represent a very small difference in the amount of virus left unneutralised, 
perhaps only enough to produce one small, non-expanding focus of CPE in 
each of two wells. Ii comparisons between the neutralising capacity of two 
or more sera, it is therefore sometimes preferable to use a neutralisation 
index, based on the number of wells (out of 24) in which neutralisation has 
occurred, rather than the serum titre. This approach has been used in this 
paper in the preparation of Figs 4 and 5. 

Validation of CD V test for seal serum. To determine the suitability of the 
CDV test for antibodies in seal serum, and to see whether results could be 
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reliably replicated, a series of common seal samples taken in the Moray Firth 
both before and during the epizootic (see 1.1 and 2.1 above) were each 
divided into two aliquots and were examined in a double blind trial. 

RESULTS 

Validation of CD V test and absence of antibody prior to the epizootic 

Samples from common seals collected in the Moray Firth prior to the 
epizootic (see 1.1 in Methods) failed to neutralise CDV, that is, they had a 
`base-line' titre of S (Table I). Those collected from healthy seals in Ireland 
(samples 1.2) similarly showed titres of <8. Furthermore, the duplicated 
samples taken in the Moray Firth showed that the results from the CDV test 
could be reliably replicated (Table 1). The titres from one set of aliquots cor-
responded closely to those obtained with the second, exactly half the samples 

TABLE 1 

Reproducibility of replicate titrations of CDV neutralising antibody in sera from common 
seals 

Serum 
number 

Date of 
sampling 

Titre of 1st 
aiiquot 

Titre of 2nd 
aliquot 

No. of wells 
difference 

1 8.4.88 <8 <8 0 
2 8.4.88 <8 <8 0 
3 8.4.88 <8 <3 0 
4 8.4.88 24 16 1 
5 8.4.88 16 32 2 
6 8.4.88 <8 <8 0 
7 11.4.88 32 <8 4 
8 12.4.88 12 <8 1 
9 12.4.88 <8 <8 0 

10 22.4.88 24 <8 3 
11 22.4.88 12 12 0 
12 22.4.88 12 12 0 
13 13.9.88 32 24 1 
14 13.9.88 90 64 I 
15 15.9.88 1024 1024 0 
16 15.9.88 2048 1453 1 
17 15.9.88 <24 16 <1 
18 15.9.88 1024 2048 2 
19 15.9.88 367 367 0 
20 15.9.88 2048 2048 0 
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giving precisely the same titre with both aliquots, while with another six sera, 
the neutralisation end-point of one aliquot differed by only one well (out of 
24) from that of the other aliquot. Occasionally, however, as with serum 
number 7, the reproducibility was not quite so good. Nevertheless, despite 
this difficulty, the difference between the geometric mean titre of the samples 
collected in April and that of those taken in September was statistically 

, highly significant (1-test, P < 0.05). This proved that the test system could 
provide a sensitive and reliable method for monitoring the spread of PDV 
infection. Moreover, the results revealed that the common seal population in 
the Moray Firth had not met PDV infection until sometime between May 
and September 1988. 

The grey seal samples from the Fame Islands collected in 1977 were all 
found to have titres of <16, and those collected from North Rona between 
1985 and 1987 also contained no detectable neutralising antibody. 

Distribution of antibody titres in sick common seals 

The first results presented here include all the common seal samples col-
lected during the epizootic, and are aimed at showing the pattern of PDV in-
fection in the UK. Of the 56 samples examined in September 1988, approx-
imately 20% (11 animals) had antibody titres of <16, these being regarded 

CDV NEUTRALISING ANTIBODY TITRE 

Fig. I. Distribution of CDV neutralising antibody in common seals September/October 1988. 
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as possessing no neutralising antibody (Fig. 1). The status of a further 25% 
was uncertain, their titres lying in the range 24-48, and not necessarily 
representing specific antibody. Seven animals had titres of 90-128 but a 
larger cluster of 16 had titres in the range 256-1024. A few 
individuals, had higher titres. 

In October, samples were received from a further 87 common seals and a 
somewhat similar pattern emerged (Fig. 1) though the proportion with no 
detectable antibody, almost 37%, was greater. Clusters were again present at 
Litres of 90-128 (15 animals) and 256-734 (20 animals) but only a few in-
dividuals had higher titres. By mid-November, the epidemic had passed its 
peak and samples from only 44 animals were received that month. No fewer 
than 14 of them contained no detectable antibody while the titres of the re-
maining 30 ranged from 32 to 11 620, nine of these reaching or exceeding 
1024. The clustering observed in the preceding 2 months was not apparent. 

The second analysis includes only those seals which were dead or mori-
bund when sampled (Fig. 2). This shows the same features that were present 
in the analysis just described, namely: 

1. Nine animals with no detectable antibody. 
2. A cluster of 22 animals with titres in the range 90-183. 
3. A smaller cluster of 12 animals in the range 367-734. 
4. A few individuals with higher titres, 2048-8192. 

<8 18 32 64 128 258 512 1024 2048 4098 8192 

CDV NEUTRALISING ANTIBODY TITRE 

Fig. 2. Distribution of CDV'neutralising antibody titres in moribund common seals. 
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TABLE 2 

CDV neutralising antibody titrcs in common seals severely ill with proven PDV infection 

Titre Number of seals 

<16 0 
24 
37 2 
64 3 
90 

128 6 
183 
256 0 
367 
512 1 
734 

1024 0 
1453 1 
2048 

>2048 0 

The third analysis is restricted to those dead or moribund seals which were 
shown to be infected with PDV by the demonstration of rising antibody titres 
or by virus isolation. immunofluorescence or histopathology (Table 2). From 
this it can be seen that some animals failed to develop significant amounts 
of neutralising antibody. Three others had titres greater than 1024 but most 
of the remainder lay in the intermediate range, with nine between 90 and 183 
and five between 367 and 734. 

TABLE 3 

Distribution of CDV neutralising antibody in grey seals on North Rona. 1988 

Serum titre Number of seals 

16 

 

128 8 
183 5 
256 4 

367 4 

512 8 
734 5 

1024 2 
1453 1 
4096 1 
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TABLE 4 

Persistence of CDV neutralising antibody in grey seals on North Rona. The figures refer to 
the number of animals with a changed or unchanged serological titre over two consecutive 
years. Thus two individuals with a titre of 512 in 1988 had the same titrc in 1989 whereas, 
in a third, it.hud fallen to 183 

Titre 1988 Titre 1989 

     

128 183 256 367 512 734 

123 1 3 2 

 

1 

 

183 

 

1 1 

 

I 

 

367 

 

2 1 

 

1 

 

512 

 

' 1 

  

2 

 

734 

      

1024 

   

1 1 

 

4096 . 

     

Antibody titres in healthy grey seals, 1988-89 

The number of grey seals which died during the epizootic was very small 
compared with common seal mortality, but results showed that they too had 
been exposed to the virus. All but one of the grey seals sampled in October 
1988 possessed antibodies in the range 128-734 (Table 3). A similar result 
was found from grey seals from the Isle of May (Firth of Forth) sampled in 
November 1988 when 18 out of 20 healthy animals were found to be 
seropositive. This range seems to be characteristic of PDV infection in the 
grey seal and is not associated with overt disease in the species. 

In 1989, two out of 45 animals sampled on North Rona were still 
seronegative, all but three of the remainder having titres in the above range 
(Table 4). 

Distribution of antibody titres in healthy common seals during and after the 
epizootic 

The pattern of results from healthy common seals sampled during the 
epizootic and after it had run its course was quite different from that of 
diseased animals. 

The pattern was characterised by very low and very high titres and an 
absence of clustering in the medium range (Table 5). Of the seals sampled in 
East Anglia between 20th October and 30th November 1988, 50% were 
seronegative. Similarly, six of the Orcadian sera contained no demonstrable 
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TABLE 5 

Distribution of CDV neutralising antibody titres in healthy common seals during and after 
the epizootic 

Titre • Number of seals 

   

E. Anglia Orkneys W. Highlands Strangford Loch Total 

<8 7 1  _ 0 0 9 
12 I 2 0 0 3 
16 1 2 0 0 3 
24 0 2 1 2 5 
32 0 5 3 1 9 
48 0 2 0 0 2 
64 0 0 0 1 1 
90 0 0 0 I I 

128 0 / 0 1 3 
183 0 0 0 0 0 
256 0 0 0 0 0 
367 2 2 0 0 4 
512 I 0 1 / 4 
734 1 , 1 0 1  4 

1024 1 3 0 1 5 
1453 1 2 0 0 3 
2048 1 2 0 1 4 
2884 0 i 3 0 0 3 
4096 0 1 0 0 1 
5813 0 1 1 0 2 
8192 1 0 0 0 1 

antibody despite the fact that they were not taken until February 1989. Con-
versely, the 37.5% of animals with titres of 1024 or more was higher than 
among clinically-affected animals and was consistent with a longer interval 
since exposure. The samples from the Scottish and Irish animals were col-
lected in March and April 1989, respectively, well after the epizootic ap-
peared to be over, and although none of them completely failed to neutralise, 
some neutralised only at a low or relatively low dilution. Low titres were also 
a characteristic of the Orcadian group but, equally striking, was the absence 
from any of the groups of any evidence of the clustering at titres of 90-183 
and 367-734 found among the diseased animals. 

Persistence of antibody in recovered animals 

The opportunity of following the serological response of individual 



PERSISTENCE OF ANTIBODY TO CDV 

78 Ian tv' 

89 Arnold a---e. 

20 

/ - "..45 - --o2048 
..„.„... 

10 6 
367 

Vacc 
1 1 32 N

E
U

T
R

A
L

IS
A

TI
O

N
 (w

el
ls
 n

e
ga

ti
ve

 f
or

 C
P
E

) 
PIIOCINE DISTEMPER VIRUS AS MEASURED UV A CANINE DISTEMPER VIRUS NEUTRALISATION TEST 109 
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Fig. 3. Persistence of antibody to CDV. Comparison of vaccinated and naturally-infected in-
dividuals. 

animals was provided by the Seal Assessment Unit of the RSPCA in Dock-
ing, Norfolk, though the interpretation of results was later complicated by 
the policy of vaccination applied to incoming animals. Figure 3 compares the 
persistence of antibody following natural PDV infection with the generally-
rapid decline occurring after the response to two doses of inactivated CDV 
vaccine (Duphar iD). 

Following vaccination of number 89 'Arnold' on the first and the 15th 
December, the titre reached a peak of 367 on the 20th January but then fell 
rapidly to 64 early in February and fluctuated at around this level (32-90) 
for a further 12 weeks. By contrast, number 76 'Ian' was never vaccinated, 
having developed fits within 2 days of his arrival when his titre was 256. Over 
the next 5 months, 11 further blood samples were collected from him and his 
titre persisted at around 2048 for the whole of this period. 

Figure 4 compares the serological profile of two other seals, both vac-
cinated, although at least one of them was also naturally infected. By the 
time that number 58 'James' received his second dose of vaccine, his titre had 
already reached 8192. An additional 15 blood samples were obtained from 
him over the next 7 months and titration revealed that his titre fell to around 
512-1024 over a 10-week period but then hovered around 1024 for a further 
4.5 months. This animal was ill on arrival and remained so for 2 months or 
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PERSISTENCE OF ANDOODY TO CDV 
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Fig. 4. Persistence of antibody to CDV. Difficulty of interpretation when natural infection oc-
curs around the time of vaccination. 

TABLE 6 

Relationship between the CDV neutralising antibody titres of mothers and their pups 

Seal Species Mother's Pup's d as percentage Age of pup 
number 

 

titre D titre d of D 

 

32142 Common 512 16 3 Newborn. placenta present 
32130 Common 12S 16 12 Umbilicus fleshy 
32136 Common 367 16 4 Umbilicus fleshy 
32128 Common 367 90 25 Umbilicus fleshy 
32141 Common 1024 367 35 Umbilicus fleshy 
32143 Common 512 128 25 Umbilicus shrivelled 
32137 Common 5813 256 4 Umbilicus shrivelled 
32144 Common 32 12 — No. umbilicus 
52139 Common 512 256 50 No umbilicus 
32140 Common 256 183 71 No umbilicus 
3A Grey 367 24 6 > 11 days 
R7 Grey 512 90 IS 45 days 
VO Grey 367 64 18 35 days 
W1 Grey 367 64 18 >18 days 
4A Grey 256 48 18 12 days 
V2 Grey 183 32 . • 18 5 days 
B! Grey 512 128 25 9 days 
B7 Grey 512 128 25 33 days 
85 Grey 734 256 35 7 days 
RI Grey 256 128 50 45 days 
5A Grey 367 256 71 15 days 
2A Grey 256 183 71 16 days 
W6 Grey 48 32 71 4 days 
W7 Grey <8 <12 — 16 days 
OA Grey 12 12 — 16 days 
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more, the first 6 weeks of the illness coinciding with the rapid increase in 
antibody titre from <8 to 11 620. Comparison of this animal's profile with 
that of number 6 'Paul' reveals some remarkable similarities as well as major 
differences. The condition of this second animal was initially good, despite 
the fact that its titre ranged from 32 to 64, rather than the expected <8. Vac-
cination apparently produced a marked response, the titre rapidly rising to 
11 620. Thereafter. and for the next 14 weeks approximately, the titre fell, 
the pattern of decline being strikingly similar to that of 'James'. Although 
the animal showed some clinical signs during this period, the clinical picture 
was not typical of PDV infection. Moreover, whereas 'James's' titre stabilis-
ed at around 1024 from February onwards, that of 'Paul' continued to 
decline until it bottomed out at 48 during May. A third dose of vaccine ad-
ministered at this time produced an anamnestic rise to 23 240. 

Maternally-derived antibody 

In 1989, an antibody titre of 734 was found in the serum of an orphan pup 
thought to have been about 7 days of age. Since the immune response is in-
sufficiently rapid to produce a titre of that magnitude in as short an interval 
as 7 days, post-natal infection was ruled out. Although the possibility of in-
fection in utero remained, transfer of maternal antibody seemed to be a more 
plausible explanation. To investigate this possibility, serum samples were 
taken from 10 pairs (mother and pup) of common seals from the Dornoch 
Firth. The youngest of these pups was new-born, the placenta still being pres-
ent. The oldest was judged to be about 7 days of age; the exact ages were 
unknown, though they could be estimated from the condition of the um-
bilicus. An additional 15 pairs of grey seals from North Rona were similarly 
blood-sampled. Again, the pups varied in age, the youngest being 4 days old 
and the eldest 45 days. The results are shown in Table 6 from which it will 
be seen that the youngest common seal pups possessed little or no antibody, 
whereas the older ones had titres approaching those of their mothers. Anti-
body was also transferred to the grey seal pups, though to a widely varying 
degree. 

DISCUSSION 

Although analysis with monoclonal antibodies has shown that some 
epitopes on the H-glycoprotein (against which neutralising antibody is form-
ed) of PDV differ from those of CDV (Cosby et al., 1988), the two viruses 
are sufficiently close antigenically to permit the detection of antibody to 
PDV by means of a CDV assay system (Osterhaus and Vedder, 1988). The 
most sensitive methods available for the measurement of CDV antibody are 
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based on the use of the Busse11 variant (Busse11 and Karzon, 1965) of the egg-
adapted Onderstepoort strain of CDV (Appel and Robson, 1973). 

This is not only more sensitive than tests utilising strains of virus grown 
in homologous cell-cultures but also more convenient since results can be 
read after only 3 days incubation. Since the antibody in seal sera is produced 
against PDV, not CDV, this system may be less sensitive to the heterologous 
than it is to the homologous antibody. Nevertheless, because of the lack of 
sensitivity likely to be inherent in a system based on the use of PDV in seal 
cell-cultures (by analogy with CDV; Appel and Gillespie, 1972), serum anti-
body titres to PDV are likely to be at least as high in the CDV-Bussell system 
as they would be in a homologous seal cell-virus neutralisation test. The flex-
ibility of the former system was demonstrated by the results of the present 
investigation; serum collected prior to the epizootic contained little or no 
detectable antibody whereas titres of up to 11 620 were demonstrable during 
and after the outbreak. 

The only weakness apparent in the CDV-Bussell system lies in the 
dependence of viral cytopathogenic effect (CPE) on the condition of the cells; 
if any degree of non-specific degeneration is present, the CPE may not be 
manifest. Some seal sera produced degenerative effects at low dilution and 
it may have been this effect, rather than specific virus neutralisation, which 
was responsible for some of those titres which lay in the range 24-48. This 
is a potentially important problem in epizootiological and diagnostic work 
as the difference between titres of 32 and 8 may represent the difference be-
tween exposure and non-exposure to the virus. However, having said that, 
it must be emphasised that not all low titres can be explained on the above 
basis. Some were undoubtedly due to the presence of small amounts of anti-
body as the cells remained in reasonable condition and partial neutralisation 
occurred at a fourfold higher serum dilution. 

Low titres were occasionally found in clinically-normal animals. It is pro-
bable that at least some of these were due to non-specific effects of the type 
described above. An alternative explanation is that they may have 
represented the response to another morbillivirus, one less closely related to 
CDV so that antibody to it is only poorly cross-reactive with the latter. 
Because some sera collected before the epizootic were positive on both CDV 
and rinderpest virus-antibody ELISA tests, though remaining negative in the 
corresponding neutralisation tests, Osterhaus et al. (1989) have already sug-
gested that morbillivirus infection existed in common and grey seals prior to 
the mass mortality in 1988. However, these workers clearly believe that this 
putative virus was the progenitor of PDV, not a more distantly-related virus. 
In fact, all of these serological findings could be explained on the basis of 
chance infection of a few seals with a morbillivirus from some other family 
of marine mammal, i.e. with a virus which is possibly closely related an-
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tigenically to PDV but which does not replicate well in seals and therefore 
gives rise to only small amounts of antibody in them. A possible candidate 
might be the virus isolated from porpoises (Plzocaena phocaena) by Kennedy 
et al. (1988). 

Although it would be absurd to claim that all of the dead or moribund 
seals with antibody to CDV had died as a result of PDV infection, the sudden 
development of antibody in an epizootic situation makes it likely that, in 
many cases, the virus was indeed the primary cause of the mortality. The 
most conspicuous serological finding within this group was the cluster of 22 
animals with titres of 90-183. This is very reminiscent of the situation in the 
dog, many animals with clinical distemper having titres between 64 and 128 
(Cornwell, unpublished observations). Among the dead or moribund seals, 
there was, however, a group with titres of 24-48. Titres of this order of 
magnitude were also found in some of the dead seals in which a diagnosis 
of PDV infection was made by other laboratory methods. Clearly, therefore, 
some of these animals had been unable to mount a full immune response. 
Whether this was due to the virus itself or to some other factor is unknown, 
but it must be remembered that morbilliviruses are potentially potent im-
munosuppressive agents. This has been well documented for canine 
distemper, not only in terms of antibody production (Krakowka et al., 1975) 
but also lymphoid depletion (McCullough et al., 1974), lymphocyte respon-
siveness (Mangi et al., 1976) and lymphocyte-mediated immune cytotoxicity 
(Appel et al., 1982). This immunosuppression is selective in that, although 
fatally infected dogs failed to develop antibody to the H-glycoprotein of 
CDV, i.e. neutralising antibody, they did produce antibodies to several of the 
internal viral antigens not involved in immunity (Miele and Krakowka, 
1983). Similarly, Rima et al. (1990) have reported that the humoral immune 
response of moribund and dead seals to PDV is restricted to some of the in-
ternal antigens of that virus. The findings of the present investigation, 
however, have shown that the suppression of neutralising antibody forma-
tion is often not absolute and that, as in the case of dogs with distemper, 
many severely affected animals have titres which can be regarded as in-
dicative of a partial' immunosuppression. Thus the cluster of titres in the 
range 90-183 was a feature associated with the dead or moribund seals but 
not with healthy animals. That immunosuppression was not absolute was 
also shown by the small proportion of dead seals which did have relatively 
high antibody titres, though it is possible that these animals died because of 
secondary complications or even entirely unrelated factors. 

The studies at Docking showed a clear contrast between the serological 
response of seals to natural PDV infection and their response to an inac-
tivated CDV vaccine. Whereas the antibody stimulated by vaccination large-
ly disappeared within a few months, that produced following natural 
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exposure, though falling somewhat from peak values, persisted for many 
months at a moderate to high titre. There is therefore good reason to believe 
that seals which have recovered from natural PDV infection are likely to re-
main immune for long periods of time, probably at least until middle-age, as 
with morbillivirus infections of man and his domestic animals. Another dif-
ference between the vaccinated and the naturally-infected seals lay in their 
responsiveness, or lack of responsiveness, to further doses of vaccine. Under 
appropriate conditions, anamnestic responses could be produced in 
previously vaccinated seals but when the same inactivated vaccine was in-
oculated into recovered seals, the response, if anything, was small and of a 
transient nature only (data not presented here). It is unlikely, therefore, that 
immunity in recovered animals and hence in the existing seal population will 
be maintained by their re-exposure to the virus. These animals are likely to 
remain immune, those which have escaped infection will remain non-immune 
and, as animals die for one reason or another, the proportion of non-immune 
animals will grow until a state of complete herd susceptibility is again reach-
ed. This, of course. assumes that the virus has disappeared because insuffi-
cient susceptible animals remain to support it. In this regard, it is perhaps 
significant that some of the common seals sampled in the Orkney islands as 
late as March 1989 remained seronegative. Moreover, several of the grey 
seals from North Rona were still seronegative more than a year after the 
majority of their fellows had seroconverted. 

There is some evidence that the ability of juvenile seals to mount an effec-
tive immune response is not as good as that of adults (Harwood et al., 1989; 
Carter et al., 1990; Thompson et al., 1992). Transfer of maternally-derived 
antibody to produce a passive immunity in the pups does, however, seem to 
occur, probably in essentially the same way as in terrestrial carnivores. In a 
study of maternal immunity in the dog, Baker et al. (1959) showed that the 
serum of new-born puppies contains antibody at around 3% of the bitch's 
titre. Following the uptake of colostrum, however, the puppies' titres reach 
80% of the mother's titre before declining at a constant rate, best expressed 
in terms of a half-life of about 8.5 days. In the present investigation, the new-
born common seal pup had a titre of only 16, against the 512 of its mother; 
transplacental transfer of immunoglobulins had clearly not occurred. In 
those pups with a fleshy umbilicus, titres were likewise sometimes low, but 
where the umbilicus was shrivelled or had disappeared, maternal antibody 
was clearly present. These results suggest that the gut of the neonatal seal 
may remain patent to globulins for appreciably longer than that of the 
neonatal dog. Clearly, much work remains to be done on this important fac-
tor as well as on the kinetics of antibody secretion by the mammary gland 
and on the half-life of the antibody itself. In the meantime, it can be con-
fidently stated that maternal antibody is transferred to the seal pup and that 
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its demonstration in a dead pup therefore provides no grounds for believing 
that the animal has died of PDV infection. 
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