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Reports published in recent years on the increased risk in the Baltic Sea of
fish infection with larvae of nematodes potentially pathogenic to humans have
prompted a study of European smelt Osmerus eperlanus with respect to the pres-
ence of these parasites in the Vistula Lagoon. Additionally, samples of this fish
from Lake Hancza were comparatively considered. The body cavity, the surface
of internal organs, the alimentary tract and the swimbladder of fish from two envi-
ronmentally different water bodies were taken into account in the analysis. Only
the tapeworm Proteocephalus longicollis was found in the alimentary tract of the
fish from Lake Hancza. Depending on the period of study, the prevalence ranged
from 60% to 100%, and the mean intensity from 11.5 to 42.0. The helminth fauna
of smelt from the Vistula Lagoon was more diverse: Cystidicola farionis occurred
with a prevalence from 25.9 to 75.0% and a mean intensity of infection from 2.7
to 66.0%, Proteocephalus longicollis and cystacanths of Corynosoma with a
prevalence ranging in different years from 12.0 to 44.0% and from 14.8 to 50.0%,
respectively. Zoonotic parasites, such as nematode larvae of the Anisakidae fami-
ly (Contracaecum sp., Anisakis simplex), occurred in the intestine with a preva-
lence of 31%, 72% and 22% in consecutive years of the study.
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In Poland, there are large populations of European smelt Osmerus eper-
lanus in the Szczecin Lagoon, the Gulf of Gdansk and the Vistula Lagoon;
moreover, this fish species occurs in 65 lakes in the north of Poland (Brylinska,
2000), including a quite large population in Lake Hancza (Koztowski et al., 2008).

Smelt prefers cold, well-aerated waters, and is very sensitive to eutrophi-
cation and pollution. Until the second year of its life, it feeds exclusively on
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plankton, then turns to predatory feeding, largely based on cannibalism (Brylinska,
2000; Kuhn et al., 2013). Due to its diverse ecology (sedentary, anadromous and
adfluvial populations), wide tolerance range to salinity (from ocean to freshwa-
ters) and opportunistic feeding, the fish often become an intermediate or paraten-
ic host of many parasites, typical of both fresh- and seawaters (Wisniewski and
Piasecki, 2001; Rolbiecki, 2003; Kuhn et al., 2013; Gloc¢ko, 2016).

Populations of European smelt in the Baltic and North Seas and in coastal
lakes are known to be infected with larvae of Anisakidae nematodes, such as
Anisakis simplex, Pseudoterranova decipiens, Contracaecum osculatum, Hyster-
othylacium aduncum (Moller and Klatt, 1990; Obickezie et al., 1992; Wisniewski
and Piasecki, 2001; Karl, 2006; Kuhn et al., 2013; Gloc¢ko, 2016). The life cycle
of these nematodes is associated with salt water, where the planktonic and ben-
thic crustaceans are the first intermediate host, while whales (for 4. simplex) and
seals (for P. decipiens and C. osculatum) act as definitive host. According to
many parasitologists, a rapid increase in the seal population in the Baltic has a
significant effect on increasing infection of fish with these nematodes (Buch-
mann and Kania, 2012; Haarder et al., 2014; Mehrdana et al., 2014; Nadolna and
Podolska, 2014; Lunneryd et al., 2015; Strem et al., 2015). Fish are now includ-
ed in a group of paratenic hosts (Klimpel and Palm, 2011), in which larvae settle
in the body cavity after piercing through the intestinal wall. Larvae of Contra-
caecum and Anisakis spp. are usually found in the peri-intestinal adipose tissue,
visceral peritoneum, liver, intestinal wall and gonadal surface, whereas larvae of
P. decipiens are found predominantly in the muscles. Humans may become acci-
dentally infected with live larvae of Anisakis, Contracaecum or Pseudoterranova
spp. by eating raw or improperly cooked fish meat (Buchmann and Mehrdana,
2016). The disease caused by these nematodes is called anisakiosis. It was rec-
orded in many countries during the past two decades and its increased incidence
has been attributed to the increased number of fish infected and to the growing
popularity of oriental cuisine. Cases of anisakiosis caused by larvae of Contra-
caecum spp. have been described in patients who consumed fish caught in the
Baltic Sea (Mdller and Schroder, 1987) and in Japanese (Nagasawa, 2012) and
Australian waters (Shamsi and Butcher, 2011). Animals infected in the laborato-
ry (rats, rabbits) exhibited similar histopathological changes as in infections with
Anisakis and Pseudoterranova (Fagerholm, 1988; Strem et al., 2015). Cases of
allergy have been described following the consumption of fish meat containing
thermoresistant allergens produced by nematode larvae of the Anisakidae family
(Audicana et al., 2002; Carballeda-Sangiao et al., 2014).

The aim of this study was to determine the occurrence of helminths in the
body cavity, on the surface of internal organs and in the alimentary tract and
swimbladder of European smelt from the Vistula Lagoon and in Lake Hancza,
and indicate those which are hazardous to humans.
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Materials and methods

Research area

The Vistula Lagoon (54°27'00" N, 19°45'00” E) is a part of the Gulf of
Gdansk, separated by the Vistula Spit from the Baltic Sea, with which it is con-
nected by the Strait of Pitawa. In stormy weather, seawater flowing into the La-
goon increases its salinity, which is not uniform and decreases from 5.5 to 2.2%o
with increasing distance from the strait.

Lake Hancza (54°16'18.1" N, 22°48'51.5" E), situated in the Suwatki Lake
District, is the deepest (maximal depth: 108.5 m) and one of the cleanest fresh-
water bodies in Poland. It has a deep and properly-aerated hypolimnion, which
creates favourable conditions for the growth and development of species that pre-
fer cold water and high oxygen concentrations.

Parasitological investigation

All the fish examined were caught by commercial fishing gears. The para-
sitological studies were conducted on European smelt Osmerus eperlanus caught
in Lake Hancza in 2013 and 2014 (total: 58 individuals) and in the Vistula La-
goon in 2015, 2016 and 2017 (total: 68 individuals) (Table 1). Freshly-dead fish
were examined in the laboratory on the day of sampling. The body cavity and
surface of internal organs were viewed under stereomicroscope (SMZ-U DIA
STAND, Nikon), the alimentary tract and the swimbladder were cut lengthwise,
decanted with physiological saline (0.65% NaCl) and examined either with a
compound light microscope (ECLIPSE E600W, Nikon) or a stereomicroscope.
Parasites were identified directly or after being preserved by fixation in 70% eth-
anol as described by Grabda (1971), Moravec (1994), Pojmanska (1991) and
Grabda-Kazubska and Okulewicz (2005).

Results

The tapeworm Proteocephalus longicollis was found in the intestine of
smelt from Lake Hancza. The prevalence was 100% in March 2013 and April
2014, while the mean intensity of infection ranged from 25.5 to 42.0 in that peri-
od. In November 2014, 60.0% of fish were infected with a mean intensity of 11.5
(Table 1). No other parasites were found, either on the internal organs or inside
the intestine and swimbladder of smelt from Lake Hancza.

The list of helminths in smelt caught in the Vistula Lagoon was more di-
verse. The nematode Cystidicola farionis was found in the swimbladder. The high-
est level of infection (prevalence 75%, mean intensity 66.0 + 73.3) was recorded in
2015, and larvae definitely dominated (47.5 per fish on average) (Table 1).
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The infection indices were lower in 2016 and 2017: prevalence 68.0% and
25.9%, respectively; mean intensity 5.0 = 7.9 and 2.7 + 3.3. The tapeworm Pro-
teocephalus longicollis and cystacanths of Corynosoma acanthocephalans were
found in the intestinal lumen. The prevalence of the tapeworm in consecutive
years was 25.0%, 12.0% and 44.0% with mean intensities of 16.3, 4.0 and 12.2,
respectively. Cystacanths were found in 50.0%, 20.0% and 14.8% of the fish,
depending on the study period (Table 1). Encysted 3rd stage larvae of Contra-
caecum sp. were found in the intestinal wall (Fig. 1) and 4. simplex in the intes-
tinal lumen. All detected larvae were alive, and some larvae of Contracaecum sp.
left the capsule during microscopic observations (Fig. 1b). The prevalence in
consecutive years was 31.0%, 72.0% and 22.0% with mean intensities of infec-
tion of 1.7, 2.8 and 1.0, respectively (Table 1).

Fig. 1. Third-stage larvae of Contracaecum sp. in European smelt from the Vistula Lagoon; a) lar-
vae encapsulated in the intestinal wall; b) larval excapsulation; d) free larvae, the middle part of
body; p) pharynx; v) ventriculus; va) ventricular appendix; i) intestine; ic) intestinal caecum
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Discussion

The tapeworm P. longicollis occurred in the majority of fish in Lake
Hancza and in the Vistula Lagoon (Table 1). It is a common parasite of the ali-
mentary tract of smelt, which occurs especially in Osmeridae and also in salmonid
fish (Coregonidae, Salmonidae) in the whole Palearctic region (Scholz et al.,
2007; Gtocko, 2016). Planktonic crustaceans (numerous Copepoda species of the
Diaptomidae and Cyclopidae families) are intermediate hosts of this tapeworm
(Scholz, 1999). A number of them occur in Lake Hancza, including the Siberian
species Eurytemora gracilis (Tunowski, 2008), which is also the potential first
host of Proteocephalus genera (Scholz, 1999). Different planktivorous fish are
the definitive hosts of P. longicollis (Pojmanska, 1991; Pojmanska et al., 2007).
The tapeworm occurs in smelt in fresh, brackish and sea waters. Quite high in-
fection indices were determined for smelt in Lake Dabie and in two lakes in the
Drawsko Lake District — Zerdno and Pile, with prevalences of 36.6%, 34.7% and
86.0%, and maximum intensities of infection of 146, 16 and 84 parasites per fish,
respectively (Wisniewski and Piasecki, 2001; Gto¢ko, 2016). In anadromous
populations in Ireland, Doherty and McCarthy (2004) observed the highest infec-
tion level in June (prevalence 59.3%, intensity 42.0). In the study conducted by
Anikieva (1998) on fish from Lakes Ladoga and Onega the infection was much
lower (prevalence 3.3% and 13.3%, respectively), while in the Gulf of Bothnia
the prevalence reached 30%.

Considering the above data, the infection level of smelt in Lake Hancza
was relatively high (Table 1). This can be attributed to the favourable character-
istics of water in the lake studied, such as temperature, aeration or the absence of
pollutants, which may support copepod populations (Hanzelova and Gerdeaux,
2003). The life cycle of P. longicollis can also include paratenic hosts, which are
reservoirs of the parasite and a source of infection for larger predatory fish
(Scholz, 1999; Moravec, 2001). Such a role in Lake Baikal is played by fish of
the Cottidae family (Rusinek and Pronin, 1991). Lake Hancza is a specific eco-
system; with fish species typical of cold waters of the north and mountain
streams, including the burbot Lota lota and bullheads Cottus gobio and C. poeci-
lopus (Wziatek and Poczyczynski, 2008). The European bullhead is regarded as
the paratenic host for this tapeworm in Europe (Moravec, 2001). Juvenile and
adult tapeworms of the genus Proteocephallus can also be transmitted horizon-
tally through the cannibalism of fish hosts. In view of the limited population den-
sity of zooplankton (Tunowski, 2008), typical of low-trophy water bodies, the
high level of smelt infection in Lake Hancza can be attributed to acquiring the
parasite by cannibalism and to the occurrence of the paratenic hosts mentioned
above, which — although not prey to smelt — can support the parasite population
in the water body studied.
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Composition of the helminth fauna found in fish caught in the Vistula La-
goon was more diverse and the level of infection with P. longicollis was consid-
erably lower than in Lake Hancza (Table 1). This could be attributed to the com-
position of crustacean plankton: species mentioned as the first intermediate hosts
of the tapeworm were rare and not abundant in the Lagoon (Paturej et al., 2012);
in addition, paratenic hosts have not been detected to date.

The highly pathogenic nematode Cystidicola farionis was frequent in
smelt from the Lagoon. It is a common parasite of salmonid fish, located in the
swimbladder. Its prevalence depends on the age of fish, the feeding strategy and
the season of the year (Valtonen, 1978; Giaever et al., 1991; Knudsen et al.,
2002). Amphipoda are intermediate hosts of this nematode. Since younger fish
usually prey in the profundic and pelagic zones, where these crustaceans do not
occur, the intensity of infection in younger fish is usually much lower than in
older ones, like those examined in the Lagoon (mean length ranging from 15.6 to
17.4 cm) (Table 1). The nematode was first found in the smelt in Lake Dabie
(prevalence 61.0%, mean intensity 196.0) (Wisniewski and Piasecki, 2001).
Smelt as open-bladder fish (Physoclisti) is susceptible to parasite invasion
throughout its life. A high level of infection, attributable to the long duration of
nematode life and the lack of the host’s immunity to reinvasions, may cause
anaemia and swimbladder inflammations, which can hinder the filling of that or-
gan and, as a consequence, impair its hydrostatic and respiratory functions. In ex-
treme cases, this can lead to the destruction of the swimbladder walls and to the
death of fish (Lankester and Smith, 1980; Willers et al., 1991). Infected fish
swim more slowly and their escape capability is limited, which makes them vul-
nerable to predator pressure (Sprengel and Liichtenberg, 1991). An increased
mortality of fish as a result of infection with the nematode was observed espe-
cially in the autumn, when amphipods (intermediate host) availability as a food
item for fish was increased (Giaever et al., 1991; Knudsen et al., 2002). Cusack
and Cone (1986) emphasised the role of C. farionis as a transmitter of many bac-
terial diseases. There are no reports in the literature on the pathogenicity of this
nematode to other animals or to humans.

This study was the first to find encysted third-stage larvae of Contracae-
cum sp. and third-stage larvae of Anisakis simplex in smelt from the Vistula La-
goon. Larvae of these nematodes were found in other fish species in the Lagoon,
such as pikeperch Sander lucioperca, lumpfish Cyclopterus lumpus and Atlantic
herring Clupea herengus (Rolbiecki and Rokicki, 2000, 2002, 2008; Rolbiecki,
2003). These nematodes occur in the sea environment, where intermediate (Eu-
phausiacea) and definitive (Cetacea) hosts occur, but there have been increasing-
ly frequent reports on their occurrence in fish in brackish waters and freshwaters
in coastal lakes (Rolbiecki, 2006, 2010).

Third-stage larvae of Anisakis simplex and Contracaecum sp. were first
found in Poland in the round goby Neogobius melanostomus (Rolbiecki, 2006)
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and in the perch in coastal lakes (Lake Zarnowieckie and Lake Radunskie Dolne)
(Rolbiecki, 2010). In recent years, a distinct increase in infection with larvae of
Contracaecum has been observed in fish in the Baltic Sea, especially in the cod
(Gadus morhua) (Haarder et al., 2014; Mehrdana et al., 2014; Nadolna and Po-
dolska, 2014; Lunneryd et al., 2015). There have been fewer reports on the oc-
currence of these larvae in other fish species (Unger et al., 2014). The majority of
authors have attributed this phenomenon to the constant increase in the number
of seals in the Baltic Sea (Haarder et al., 2014). Harbour seal Phoca vitulina,
ringed seal Phoca hispida and grey seal Halichoerus grypus are common along
the Polish coast, especially in the Gulf of Gdansk, the Gulf of Puck, in the Vistu-
la estuary and near the Hel Peninsula (on the side of the open sea) (HELCOM,
2015).

With an increase in the number of potential definitive hosts, one can ex-
pect an increase in the emission of nematode eggs to the environment and, in
consequence, an increase in the level of fish infections. Occurrence of larvae of
Contracaecum in smelt from the Vistula Lagoon (Table 1) can be connected with
the nearby presence of seals. Apart from sea mammals, fish-eating birds also
contribute significantly to the propagation of nematodes of the Anisakidae fami-
ly. Parasitological examinations of cormorants from various colonies have shown
that, along with larvae of Contracaecum rudolphii (prevalence 100%), larvae of
A. simplex have often been found in these birds (Kanarek and Rolbiecki, 2006;
Stocka et al., 2017). The largest colony of cormorants in this part of Europe, in
Katy Rybackie on the Vistula Spit, may significantly affect the fish parasite as-
semblage in the Vistula Lagoon. According to Rolbiecki (2010), the presence of
larvae of A. simplex and Contracaecum sp. (typical of salt waters) in fish in Lake
Zarnowieckie and Radunskie Duze is most probably caused by the river link of
these lakes with the Baltic Sea and by the fact that cormorants and other fish-
eating birds prey on Baltic Sea waters.

Parasitological studies of smelt caught in the estuaries of the Elbe and in
the North Sea have shown that the prevalence of P. decipiens often exceeds 40%
(Moller and Klatt, 1990; Obickezie et al., 1992; Karl, 2006; Kuhn et al., 2013).
They have usually been found in muscles, where they settle after a fish dies,
abandoning the intestinal walls and the body cavity. In the present study, P. de-
cipiens was not found but larvae of Anisakis spp. and Contracaecum sp. poten-
tially pathogenic for humans were present in the intestinal wall of freshly dead
fish. According to the authors cited above, this is a serious zoonotic threat, be-
cause baked or fried fish, without gutting, are served in many restaurants in
Germany as local delicacies. A similar issue can also be faced by consumers in
Poland, because restaurants more and more often tend to serve whole cooked
smelt.
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