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ABSTRACT: In 1988 and 1989, thousands of harbor seals (Phoca vitulina) died in the North Sea
from phocine distemper infection. The morphology of thyroid glands from 40 harbor seals found

dead on the North Sea coastlines of Schleswig-Holstemn, Federal Republic of Germany, during an
epizootic of phocine distemper, was compared with the morphology of thyroid glands from five
healthy harbor seals collected in Iceland. Thyroid glands from seven harbor porpoises (Phocoena

phocoena) found dead in 1990 on the North Sea coastlines also were evaluated. Colloid depletion
and fibrosis were found in the thyroid glands of harbor seals which died during the epizootic, but
not in animals from Iceland. Thyroid glands of the porpoises showed similar lesions, but to a lesser

degree, than those observed in the North Sea seals.
Key words: Phoca vitulina, harbor seal, Phocoena phocoena, harbor porpoise, seal mortality,

thyroid lesion.

INTRODUCTION

During the 1988 and 1989 seal epizootic,

nearly 18,000 harbor seals (Phoca vitulina)

died in the North, Irish and Baltic Seas

(Dietz et a!., 1989a). Several pathogens

were suspected as causative agents. These

include algae and their toxins (Gerlach,

1988), helminths (Breuer et al., 1988), and

viruses such as a herpesvirus (Osterhaus,

1988; Horvat et a!., 1989; Frey et a!., 1989),

canine distemper virus (CDV), or a closely

related morbillivirus (Osterhaus and Ved-

der, 1988), now called phocine distemper

virus (PDV) (Mahy et al., 1988; Cosby et

al., 1988).

Histopathologically, seals which died

during the epizootic had a distemper-like

infection (Kennedy et a!., 1989; Bergman

et a!., 1990). However, experimental in-

oculation of beagle dogs permitted sero-

logical differentiation of phocine and ca-

nine distemper virus, thus indicating that

PDV is not identical with CDV (J#{227}geret

a!., 1990). Furthermore, antibodies against

PDV were detected in seals from Green-

land before the onset of the 1984 to 1987

epizootic (Dietz et a!., 1989b). Thus, PDV

alone might not have caused the mass

deaths observed in European seals in 1988

and 1989.

The sea! epizootic had a particularly high

mortality in those areas where environ-

mental pollution was high (Heidemann,

1989); in contrast, no seal deaths were ob-

served around Iceland, where there is little

environmental pollution. Tissues from Ice-

land seals contained far lower levels of

chlorinated hydrocarbons, corn pared to

levels in animals from the North Sea

(Luckas et a!., 1990). High organochlormne

levels have been positively correlated with

a high mortality from PDV (Hal! et al.,

1992). A small number of seals investigat-

ed which died during the epizootic in 1988

and 1989 had marked colloid depletion

and fibrosis of the thyroid gland. This co!-

bid depletion has been associated with

chronic exposure to polychborinated bi-

phenyls (PCB’s) (Schumacher et a!., 1990,

1991).

Our objectives in the present study were

to compare the structure of thyroid glands

from harbor seals which died during the

1988 to 1989 epizootic, to both the thyroid
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glands of harbor seals from Iceland, as well

as to the thyroid glands from harbor por-

poises (Phocoena phocoena), which live in

the same habitats and have similar feeding

habits but did not die during the period

of the epizootic.

MATERIALS AND METHODS

Forty-four harbor seal thyroid glands were
sampled for the following study. The seals were
collected between 1988 and 1990 on the sea-
shores of Schleswig-Holstemn, Federal Republic
of Germany (53#{176}55’to 55#{176}05’N,8#{176}10’to 10#{176}55’E):
36 seals in 1988, four seals in 1989, four seals
in 1990. Thyroid glands from five healthy seals
with no antibodies against PDV and CDV were
shot on the southeast coast of Iceland (63#{176}05’to
63#{176}10’N, 15#{176}40’ to 15#{176}45’W) and were used as

controls. Absence of antibodies against PDV and

CDV were determined by the methods of Hard-
er (1990). Harbor seals with severe autolysis were
excluded from the sampling of tissue for this
study. To exclude interpretation of artifacts,
which may have arisen due to autolysis, autolysis
experiments were performed on two of the nor-
mal thyroid glands: samples were taken for up
to five days post-mortem and analyzed mor-

phologically.
Thyroid glands from seven porpoises which

died from causes other than the epizootic and
were found on Schleswig-Holstein seashores in
1990 also were evaluated.

Ages of all animals used were estimated by
counting the cementum layers of the root of the
canine tooth of the upper jaw (Laws, 1950).

Thyroid glands were fixed in 4% formalin and

prepared for wax histology by the methods of
Romeis (1968). Hematoxylin and eosin (H&E),
Goldner stains and the periodic acid Schiff (PAS)-
reaction were used (Romeis, 1968). Colloid de-
pletion was assessed in PAS-stained slides and
graded semi-quantitatively from 0 = normal
thyroid; + = grade 1, slight colloid depletion;
+ + = grade 2, marked colboid depletion; to
+ + + = grade 3, almost complete colloid de-

pletion. Goldner-stained slides were subjected
to a similar scaling ranging from 0 = no increase
in collagen fibers; + = grade 1, slight increase

in collagen fibers; + + = grade 2, moderate in-

crease in collagen fibers; + + + = gradeS, severe
increase in collagen fibers, to estimate the de-
gree of fibrosis. Animals � 1-year-old were as-
signed the age of 1, animals which were 1 to
2-yr-old the age of 2, and all animals �2 yr old
were assigned the age of 3 for the statistical
analysis.

Statistical analysis of the data (unpaired f-test,

one-way analysis of variance differences ex-
amined by t-test using the pooled standard de-
viation) was carried out using an in-house sta-
tistical package (Norman Version 1.05, by Dr.
S. Lawrie, Clinical Pharmacology, University of
Southampton, England). The significance level
was set at a = 0.05.

RESULTS

The five control harbor seals from Ice-

land had very narrow connective tissue

strands between the thyroid follicles (Fig.

1). Their follicles were regular in size and

well filled with colboid. In the autolysis

experiments no collapse of the follicles or

fibrosis was seen.

Seven of the forty seals collected during

the 1988 to 1989 epizootic had no signs of

colboid depletion, eleven had grade 1, six-

teen had grade 2, and six had grade 3

colboid depletion (Fig. 2). Colboid droplets

could be seen in the apical part of the

thyroid follicular cells (Fig. 3). In this

group, eight animals had no signs of an

increased collagen content, ten animals had

a grade 1, eighteen animals had a grade 2

and four animals had a grade 3 increase,

indicating various degrees of fibrosis (Figs.

3, 4). Although the amount of collagen

deposited varied among different animals,

the nature of the collagen was the same in

all animals: mature collagen fibrils. No

capillaries were found between the fibrils.

One of the four animals collected in

Sch!eswig-Holstein during 1990 had a cob-

bid depletion of grade 1, two had grade

2 and the remaining animal showed no

signs of colboid depletion. In this group

only one animal showed signs of increased

collagen content in the thyroid glands.

There were no significant differences in

degree of colboid depletion or collagen

content by sex or age of the harbor seals.

Three of the seven porpoises had no cob-

bid depletion and no fibrosis, while four

had a grade 1 colboid depletion. Five por-

poises had no increase in collagen content

and two animals had a grade 2 increase in

collagen content. Again, only mature col-

lagen fibrils were observed.
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FIGURE 1. Normal thyroid gland from a harbor

seal shot on the coast of Iceland. H&E. Scale bar =

10 sam.

DISCUSSION

Healthy seals from Iceland had thyroid

glands with no signs of colboid depletion

or an increase in collagen content. In con-

trast, the thyroid glands of many seals

which died during the 1988 to 1989 epi-

zootic had both cobboid depletion and an

increase in interfobbicubar collagen content.

Some seals which died in 1990 also had

colboid depletion but no fibrosis, when

compared with the seals from Iceland.

There was a distinct fibrosis of the ma-

jority of the thyroid glands from those har-

bor seals which died during the epizootic.

Thyroid glands in southern elephant seals

(Mirounga leonina) have no remodelling

of the connective tissue within the gland

during normal adaptational processes (Lit-

tle, 1991). Assuming that the thyroid glands

of the elephant seals are comparable to

those of harbor seals, the fibrosis in the

harbor sea! probably was a long-standing

FIGURE 2. Colloid depletion in the thyroid gland

from a harbor seal, which died during the 1988 to

1989 epizootic. H&E. Scale bar = 10 sm.

process not attributed to an acute process

such as the PDV infection since the fibrosis

occurred in the absence of any blood ves-

sels. The process of collagen deposition and

reduction of the initial vascubarization in

the newly formed scar tissue is a process

which takes weeks to months (Martinez-

Hernandez, 1988). Since no morphological

signs of an increase in the collagen content

occurred in our autobysis experiments, ar-

tifactuab swelling of the connective tissue

due to autolysis can be excluded; this is

similar to findings on autolysis in the hu-

man thyroid gland (Schumacher et a!.,

1991).

From the present morphological study

alone it is difficult to determine whether

the fibrosis is due to PCB’s. However, the

levels of PCB’s in seals which died during

the epizootic on the German shores were

analyzed and were quite high (Luckas et

a!., 1990). That changes in thyroid func-

tion and morphology can be induced by
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FIGURE 4. Severe fibrosis and colloid depletion in

the thyroid gland of a harbor seal which died during

the 1988 to 1989 epizootic. Note the abundance of

collagen fibrils and the collapse of the follicles. H&E.

Scale bar = 10 �m.
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FIGL�RE 3. Fibrosis and colloid depletion in the

thyroid gland of a seal, which died during the 1988

to 1989 epizootic. Note the intracytoplasmic granules

(arrows), which indicate a colloid resorption. Goldner

stain. Scale bar = 10 �sm.

PCB’s has been shown under experimental

conditions in rats (Bryne et a!., 1987) and

seals (Brouwer et a!., 1989). That the action

of the PCB’s is directly on the thyroid is

supported by the fact that colboid droplets

similar to those found in our samples (Fig.

3) were a characteristic morphological fea-

ture of the glandular epithelia in rats fed

with PCB’s (Collins et a!., 1977). Further-

more, feeding harbor seals with PCB-con-

tam mated fish resulted in a decrease of the

thyroid hormones as well (Brouwer et a!.,

1989), indicating that the mode of action

on the thyroid gland of PCB’s in both spe-

cies is the same. Therefore it is possible

that the colboid depletion of the thyroid

follicles and fibrosis of the thyroid gland

we observed were caused by chronic PCB

intoxication in seals.

The finding that the changes in the thy-

roid gland of North Sea porpoises were

similar to the lesions of North Sea seals

supports the hypothesis that factors com-

mon to both species contributed to the al-

terations observed. Seals and porpoises

share the same habitat and food (Corbet

and Southern, 1977). Thus, it seems likely

that the changes in the morphology of the

thyroid gland can be attributed to envi-

ronmental factors. Since porpoises are more

vagrant animals than seals, which may have

come from the Atlantic, their diet may

have been different, which could account

for the bower incidence of thyroid lesions

within this group. Another explanation for

the higher incidence of thyroid lesions in

the seals might be that a select population

of seals, namely those which died during

the epizootic, was investigated.
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