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Abstract Parasites were collected from 107 harbour seals
(Phoca vitulina) found on the coasts of Schleswig-Holstein,
Germany, between 1997 and 2000. The prevalence of the
parasites and their associated pathology were investigated.
Eight species of parasites, primarily nematodes, were iden-
tiWed from the examined organs: two anisakid nematodes
(Pseudoterranova decipiens (sensu lato), Contracaecum
osculatum (sensu lato)) from the stomach, Otostrongylus
circumlitus (Crenosomatidae) and ParaWlaroides gymnurus
(Filaroididae) from the respiratory tract, one Wlarioid
nematode (Acanthocheilonema spirocauda) from the
heart, two acanthocephalans, Corynosoma strumosum and
C. semerme (Polymorphidae), from the intestine and an
ectoparasite, Echinophthirius horridus (Anoplura, Insecta).
Lungworm infection was the most prominent parasitologi-
cal Wnding and secondary bacterial bronchopneumonia the
most pathogenic lesion correlated with the parasites. Heavy
nematode burdens in the respiratory tract were highly age-
related and more frequent in young seals. A positive corre-
lation was observed between high levels of pulmonary
infection and severity of bronchopneumonia. The preva-
lence of lungworms in this study was higher than in seals
that died during the 1988/1989 Phocine Distemper Virus
epidemic, and the prevalence of acanthocephalans and

heartworms had decreased compared to Wndings from the
Wrst die-oV.
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Introduction

The assessment of the health status of harbour seals (Phoca
vitulina) in German waters has been undertaken since the
seal die-oV in 1988/1989. While searching for the cause of
the epizootic in the Wadden Sea, detailed necropsies were
performed on seals for the Wrst time. It became obvious that
a thorough knowledge of the parasitism in seals was needed
to avoid misinterpretation of the necropsy Wndings. Later,
Phocine Distemper Virus (PDV) was identiWed as the cause
of the Wrst epizootic (Kennedy 1990) as well as for the sec-
ond die-oV in 2002 (Müller et al. 2002). During both epizo-
otics, the seal population in the Wadden Sea was
signiWcantly reduced by 40–60% (Härkönen et al. 2006).
Since 1989, various research projects have been established
to monitor the population dynamics and health status of
seals. Special attention has been given to parasites as major
agents of infection, but data on parasites of seals from the
Wadden Sea originate mostly from seals that died during
the 1988/1989 PDV epidemic (Borgsteede et al. 1991;
Claussen et al. 1991; Lunneryd 1992a). Neither before nor
after the Wrst epizootic have systematic investigations of the
parasitation of seals in the North Sea been performed. Para-
sitic infections in seals have been found in the respiratory
and alimentary tract, heart and on the fur (Raga 1992).
Infections with lungworms are often associated with sec-
ondary bacterial infections and are known to seriously
aVect the health of young seals (Bergeron et al. 1997). High
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intensities of lung nematodes cause obstruction of the air-
ways, impede diving ability and are a common cause of
mortality (Dailey 1970). Gastrointestinal parasites may
cause ulcers and inXammation and even perforation of the
intestinal wall (Bergmann and Olsson 1985). In this study,
special attention was paid to lesions caused by parasites.
The prevalence of parasite species (Bush et al. 1997) and
level of infection in hosts from diVerent age classes were
compared and correlated with bronchopneumonia and gas-
tritis. The aims of this study were to determine the inXu-
ence of parasites on the health status of seals unbiased by
PDV and to analyse changes in the prevalence and level of
infections over time.

Methods

Samples originated from 107 harbour seals collected along
the coasts of Schleswig-Holstein, Germany, between 1997
and 2000. Of these, 51 seals were found dead and 56 ani-
mals were killed because of serious illness by a shot to the
head by authorized national park rangers. The majority of
the carcasses were stored at ¡20°C until necropsy; Wve
were dissected while fresh. Necropsies were performed
according to standard laboratory methods, as described by
Siebert et al. (2001) for harbour porpoises and were modi-
Wed for seals. All organs were examined macroscopically
and histologically. Microbiological, serological and virolog-
ical investigations were also carried out (U. Siebert et al.
unpublished data). Parasites were collected during necrop-
sies, preserved in 70% ethanol and identiWed microscopi-
cally after preparation in lactophenol. The levels of parasite
infection and pathological lesions were evaluated separately
from each other and judged subjectively (Wünschmann
et al. 2001) during necropsies and later conWrmed by histol-
ogy. Macroscopic parasite infections were determined semi-
quantitatively: no = no parasites, mild = mild infection,
moderate = moderate infection, severe = severe infection.
Pathological lesions in organs infected with parasites
were recorded and evaluated as no = no inXammation, no
lesion, mild = focal mild inXammatory lesions, moderate
= multifocal moderate inXammatory lesions or severe =
multifocal severe inXammatory lesions (Siebert et al. 2001).
Levels of parasitic infection (no, mild, moderate and severe)
were correlated with pathological lesions (no, mild, moder-
ate and severe) in the infected organs. In 91 seals (85%), age
was determined by tooth sectioning from cementum growth
layers (MansWeld and Fisher 1960) and all seals were
divided into age classes: “age class 0” [born and deceased in
the same year (»6 months)]; “age class 1” [seal born the
previous year (up to 18 months)]; and “age class 2” (animals
>18 months). Non-parametric tests were chosen according
to Siegel and Castellan (1988). Exact tests were calculated

when small samples required their use (Mundry and Fischer
1998), and two-tailed P-values are indicated throughout. To
interpret the results of multiple tests, two approaches were
used: Wrst, a binomial test was used to test if the number of
signiWcant P-values corresponded to chance expectation
(5%) (Cross and ChaYn 1982) and, secondly, Fisher’s
Omnibus-test was applied (Haccou and Meelis 1994) when
Mann–Whitney U-tests (MW-U) were calculated using
SPSS (11.0.1). For example, shot versus stranded and age
classes 0, 1 and 2 were factors by which the data were split
(age class 2 shot animals were excluded due to small sample
size). Tests were then calculated for each parameter (level
of lungworm infection, level of pathological lesions in the
lung, level of parasite infection in the heart, level of parasite
infection in the stomach, level of pathological lesions in the
stomach, level of parasite infection in the intestine, level of
pathological lesions in the intestine, level of ectoparasite
infection and level of infection in pulmonary blood vessels)
separately. Hence, Wve data sets (combinations of levels of
factors) times nine parameters result in 45 MW-U tests and
45 P-values. Parasite infections in the lung and in pulmo-
nary blood vessels were grouped together after these tests
(respiratory tract; see Table 2), because they consisted of the
same species. Generalized linear (GLM) and linear mixed
eVect (LME) models were performed using the statistical
platform R (2.4.1). Parasite fauna and prevalence from the
1988/1989 PDV epidemic published by Borgsteede et al.
(1991), Claussen et al. (1991), Lunneryd (1992a, 1992b)
and Strauss et al. (1991) were compared to the data from
this study.

Results

Table 1 shows the age and sex distribution of shot and dead
stranded seals. Eight species of parasites were identiWed
from the samples collected, this being the Wrst geographical
record of P. gymnurus (Filaroididae; Metastrongyloidea)
from Schleswig-Holstein (see Table 2). Five species were
nematodes: two anisakid nematodes (Pseudoterranova
decipiens and Contracaecum osculatum) from the stomach
and two nematodes (Otostrongylus circumlitus (Crenoso-
matidae) and ParaWlaroides gymnurus (Filaroididae)) from
the respiratory tract. Acanthocheilonema spirocauda (Fila-
rioidae) was found in the heart. In addition, two acantho-
cephalans (Corynosoma strumosum and Corynosoma
semerme) belonging to the Polymorphidae were found in
the intestine and one ectoparasite (Echinophthirius horri-
dus), Anoplura, was collected from the skin and fur (Fig. 1;
Table 2). Neither intestinal nor liver Xukes (Trematoda)
and no cestodes were found in this study.

No diVerences in the levels of infection and associated
pathological lesions were found between the sexes (�2 = 62.7,
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df = 90, P = 0.987), and no diVerences in the levels of
infection and associated pathological lesions between
stranded and shot seals were found (�2 = 57.7, df = 108,
P = 0.999) (Fig. 1; Table 3). So these groups were lumped
for further statistical testing. With regard to the age distri-
bution of stranded and shot seals, more age class 0 and 1
seals were shot due to serious illness (�2 = 13.6, df = 2,
P < 0.01). Older seals (age class 2) were mostly found
dead (see Table 1).

The prevalence of parasites in seals from the Wadden
Sea in the study period diVered signiWcantly (Pearson’s chi-
square test, four values P << 0.05) from Wndings pre-
sented in previous studies conducted during the Wrst PDV
epidemic in 1988/1989 (Table 5).

Parasites in the respiratory tract

A total of 81 seals (76%) exhibited a parasitic infection of
the respiratory tract with metastrongyloid nematodes
(Table 2). Infections of O. circumlitus and P. gymnurus
were often mixed and both species were grouped together
for the correlation analysis. When pooling all age classes

and sexes, both shot and stranded seals, a highly signiWcant
positive correlation (P << 0.05) was found between levels
of lungworm infection and severity of bronchopneumonia
(GLM: r2 = 0.41). Bronchopneumonia, as a secondary
bacterial infection associated with lungworms, was found
to be the cause of death or severe illness leading to death in
56 seals (Table 4). The type of bronchopneumonia associ-
ated with lungworms varied between suppurative, suppura-
tive-necrotizing and granulomatous bronchopneumonia
with or without abscesses. Age class 0 (n = 43) and age
class 1 (n = 45) seals showed a high prevalence (77 and
93%) of lungworm infections. As to the levels of parasitic
infection in the respiratory tract of seals from diVerent age
classes, age class 0 and age class 1 seals were more
severely infected than age class 2 seals (Fig. 2) (8 Kruskal–
Wallis H-tests, separately for each combination of sex and
shot/stranded. �2 = 60.7, df = 16, P < 0.0001). Only one
seal from age class 2 suVered from a moderate lungworm
infection and four animals from a mild infection. Consider-
ing the levels of pulmonary nematode infection and associ-
ated lesions in shot and stranded animals, no clear
diVerence between shot and stranded animals was observed
(�2 = 27.5, df = 24, P = 0.28).

Parasites in the heart

A total of 13 seals (12%) were infected with nematodes in
the heart and pulmonary arteries: three animals were
severely infected, two moderately and eight mildly. Six
harboured Acanthocheilonema spirocauda, two of them
being severely infected in the right chamber and atrium.
One stranded seal was severely infected in the right atrium
and had a perforation (2 £ 3 mm2) of the atrium and 15 ml

Table 1 Age and sex distribution of 51 stranded and 56 shot seals

a Shot seals from age class 2 were not included in some statistical tests
due to small sample size

Age class Shot Stranded Total

Male Female Male Female

0 17 11 7 8 43

1 14 11 13 7 45

2 2a 1a 10 6 19

Table 2 Parasite species, location and prevalence in 51 stranded and 56 shot seals

ne not estimated
a Was not attempted, because not all individuals were recovered from lungs and digestive tract

Parasites Distribution Prevalence % (n)

Stranded Shot Total

NEMATODA

Otostrongylus circumlitus Bronchi, pulmonary blood vessels, heart 67 (34) 84 (47) 76 (81)
ParaWlaroides gymnurus Bronchioles, lung tissue, nodules nea nea nea

Pseudoterranova decipiens Stomach 65 (33) 68 (38) 66 (71)

Contracaecum osculatum Stomach nea nea nea

Acanthocheilonema spirocauda Right chamber, right atrium, heart 6 (3) 5 (3) 6 (6)

ACANTHOCEPHALA

Corynosoma semerme Intestine 2 (1) 0 (0) 1 (1)

Corynosoma strumosum Intestine 27 (14) 20 (11) 23 (25)

INSECTA

Echinophthirius horridus Skin, fur 8 (4) 0 (0) 4 (4)
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of coagulated blood in the pericardium. This condition was
determined to have been the cause of death. One animal
was moderately infected with A. spirocauda in the right
chamber, two showed a mild infection in the right chamber
and one of them additionally in the right atrium. Eight seals
had mild O. circumlitus infections in the heart. All of those
exhibited an additional infection with lungworms in the
respiratory tract and/or pulmonary blood vessels. One seal
had a mixed and mild infection of A. spirocauda and O. cir-
cumlitus in the heart. Animals infected with A. spirocauda
were from age class 0 (n = 2) or age class 1 (n = 4).

Parasites in the stomach

A total of 71 seals (66%) were infected with stomach
worms. The majority (55 individuals) had a mild infection.
Thirteen animals were infected moderately, only three ani-
mals showed a severe infection. Stomach parasites were
primarily Pseudoterranova decipiens (sensu lato), although
some adult specimens of Contracaecum osculatum (sensu
lato) were found. In this study, 18 seals showed gastritis, 17
of them being infected with stomach worms. The character
of gastritis in animals with stomach nematodes was in most
cases diVuse catarrhalic and lymphocytic gastritis. Only
one dead stranded female had a 1 cm ulcer in the stomach
associated with stomach worms. A weak positive correla-
tion between the level of stomach infection and gastritis
was shown (all eight correlation coeYcients positive, sign
test < 0.008).

Parasites in the intestine

A total of 25 seals (23%) were infected with acanthocepha-
lans in the intestine. Corynosoma strumosum was found in
all seals, but C. semerme occurred only rarely (one animal)

and in a mixed infection. Twenty seals exhibited a mild
infection, four a moderate and only one a severe infection.
Of the animals studied, 16 had enteritis, but only 8 of them
were infected with acanthocephalans. The nature of the
enteritis, when coinciding with acanthocephalans, was
mostly a mild diVuse catarrhalic, lymphocytic plasmacellu-
lar enteritis. From 1997 to 2000, a signiWcant increase in
the level of the infection in the intestine was observed
(LME: random factor: age group: P(time) << 0.05).

Ectoparasites

Four stranded seals were infected with Echinophthirius
horridus, the seal louse, belonging to the Anoplura, Insecta.
In two animals, the infestation was severe, one seal was
moderately infested and one animal mildly infested. None
of the infested seals were infected with Acanthocheilonema
spirocauda, for which E. horridus is believed to be an inter-
mediate host (Geraci et al. 1981). One infected seal was age
class 2 and three were age class 1. One severely infested
seal (1 year old) was found to have died of anaemia.

Discussion

Infections with metastrongyloid lungworms were the most
prominent parasitological Wnding in this study. Lungworm
infection and associated secondary bacterial infections
leading to bronchopneumonia were also major pathological
Wndings leading to death (natural or by shooting) in more
than half of the seals (Table 4). The lesions produced by
nematodes can obviously enable the entry of bacteria or
fungi (Wünschmann et al. 1999).

Our data show that shot seals were diseased and eventu-
ally would have died shortly after from natural causes, if
they had not been shot. The absence of Xukes and cestodes
in this study suggests a shift in either prey species or a
change in immune status of seals in the Wadden Sea.

Lungworm infection in seals in this study was highly age
related, seals from age classes 0 and 1 were especially
aVected by heavy burdens of nematodes in the respiratory
tract. In contrast, the harbour porpoise (Phocoena phoco-
ena) calving in the same habitat does not exhibit strong
age-dependent lungworm infections (Lehnert et al. 2005),
although lungworm species of harbour porpoises and har-
bour seals are quite closely related (Carreno and Nadler
2003) and the lifecycles therefore may be similar (K. Lehn-
ert et al. unpublished data). The diVerences might be due to
the longer lactation period of porpoises of about 8 months
(Møhl-Hansen 1954). Harbour seal pups, weaned after
»4 weeks (Ross et al. 1994), may have a suppressed or still
not completely developed immune system (Lalancette et al.
2003), which could result in pups being more susceptible to

Fig. 1 Phoca vitulina. Prevalence of parasitic infections in respiratory
tract, heart, stomach, intestine and fur in stranded (n = 51) and shot
(n = 56) seals from the German Wadden Sea between 1997 and 2000.
Numbers in columns are the exact numbers of the shot and stranded
seals infected in diVerent organs
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infective larvae from prey items. We conclude that some
uninfected pups from age class 0 were probably not
infected because they died before they were weaned. DiVer-
ent feeding habits of the diVerent age classes could also
account for higher infection rates in young seals. The stim-
ulation of immunity seems to be responsible for the statisti-
cally signiWcant higher infection of lungworms in young
age classes compared to adults (Claussen et al. 1991). It is
known that repeated infections with lungworms in cattle
stimulate a highly protective immunity (PXugfelder 1977).

The high prevalence of parasitic infection in the respira-
tory tract (76%) recorded in this study was not found during
the 1988/1989 epidemic by Claussen et al. (1991), who
recorded a prevalence of 26% in seals from Lower Saxony,
and by Borgsteede et al. (1991), who only found a preva-
lence of 6% in waters around The Netherlands.

In this study, A. spirocauda was predominantly found in
young seals and did not impact their health, which supports
the observation by Lunneryd (1992a), who reported its
presence mainly in young animals without aVecting their

condition. Compared to Wndings from the Wrst PDV epi-
demic (25% prevalence found by Borgsteede et al. 1991
and 32% prevalence found by Claussen et al. 1991), the
occurrence of A. spirocauda in seals from the Wadden Sea
has decreased. Otostrongylus circumlitus presumably
migrates to the heart via the bloodstream through pulmo-
nary blood vessels or via a postmortem migration before
the carcasses were frozen. The prevalence of parasitic
infection in the stomach (66%) diVered from that found by
other authors during the Wrst PDV epidemic in 1988 (88%
found by Claussen et al. 1991, 59% found by Borgsteede
et al. 1991, 64–100% by Lunneryd 1992b and 36–98%
found by Lick 1991). P. decipiens is clearly more abundant
in harbour seals than C. osculatum, as found by Lick
(1991).

The prevalence of acanthocephalans (23%) was low
compared to 95% in seals from waters of Lower Saxony in
1988/1989 (Strauss et al. 1991) and 70% in seals from the
Dutch coast during 1988 (Borgsteede et al. 1991). An
increasing trend in acanthocephalan infection levels was
found during the study period. Gastrointestinal parasite spe-
cies did not pose a serious health threat to seals in the Wad-
den Sea and seldom occurred in high levels of infection. No
clear age-related increase in infections was seen, contrary
to Wndings by Strauss et al. (1991) and no strong correlation
between parasites and gastrointestinal inXammation was
found.

E. horridus prevalence (4%) on harbour seals was very
low compared to the 39% found by Thompson et al. (1998)
in the Moray Firth, oV Scotland. However, in studies from
The Netherlands (Borgsteede et al. 1991), Lower Saxony
(Claussen et al. 1991; Strauss et al. 1991) and the Kattegat-
Skagerrak (Lunneryd 1992a), no ectoparasites have been
reported at all. Although specimens can be washed oV after
the death of their host and might have been missed during
necropsy, the last record from the Wadden Sea was men-
tioned by Zimmermann and Nebel (1975), indicating that

Table 3 Distribution of para-
sites and associated pathological 
Wndings between 51 stranded 
and 56 shot seals

Findings Prevalence in aVected seals % (n)

Stranded Shot Total

Pulmonary nematodiasis 67 (34) 84 (47) 76 (81)

Suppurative, or suppurative-necrotizing 
bronchopneumonia

69 (35) 79 (44) 74 (79)

Cardiac luminal nematodiasis 8 (4) 16 (9) 12 (13)

Perforation of the pericard 2 (1) 0 (0) 1 (1)

Gastric nematodiasis 65 (33) 68 (38) 66 (71)

Gastritis 16 (8) 18 (10) 17 (18)

Intestinal parasitosis 27 (14) 20 (11) 23 (25)

Enteritis 18 (9) 13 (7) 15 (16)

Skin 8 (4) 0 (0) 4 (4)

Table 4 Causes of death in 51 stranded seals and severe illness lead-
ing to death in 56 shot seals

a Include single cases of: dystocia, trauma, keratitis, myositis and
sepsis

Fatal conditions Prevalence in aVected seals % (n)

Lesion Stranded Shot Total

Endoparasitosis 6 (3) 9 (5) 7 (8)

Bronchopneumonia 43 (22) 61 (34) 52 (56)

Intestinal dislocation 10 (5) 0 (0) 5 (5)

Dermatitis 2 (1) 4 (2) 3 (3)

Anaemia 2 (1) 0 (0) 1 (1)

Perforation of atrium 2 (1) 0 (0) 1 (1)

Not diagnosed 22 (11) 9 (5) 15 (16)

Othersa 10 (5) 9 (5) 18 (10)
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the prevalence of E. horridus has strongly decreased over
recent decades. E. horridus probably carries low intensities
of larval stages of A. spirocauda, which would account for
the lack of A. spirocauda infection in seals infested with
E. horridus (Conlogue and Ogden 1980). No lice and no
A. spirocauda were found in 1999, which might underline
the fact that they normally occur together (Table 5).

The considerable variations in earlier data indicate a
high spatial, individual or method-based heterogeneity.
Repeated parasitological surveys are needed to evaluate the
fauna and prevalence over periods of time and in relation to
the health status of harbour seals.

Conclusions

Metastrongyloid nematodes in the respiratory tract play a
major role in causing disease and mortality in the Wadden
Sea seal population, contrary to all other parasite species
that were not found to be a major health threat to the seals.

The parasite fauna and their prevalence diVered signiW-
cantly from data recorded during the Wrst epizootic. While a
much higher lungworm prevalence was found in this study,
there are decreasing trends observed in the prevalences of
acanthocephalan and heartworm infections in comparison
with studies from the 1988/1989 epizootic, as well as an
increase in the intestinal parasitation over the study period.
Evaluating data from seals that died during the second PDV
epidemic in 2002 in the Wadden Sea might show if the ani-
mal’s immune system is suppressed by the virus and if it
has any inXuence on the susceptibility of harbour seals to
parasites.
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