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In a cultured pikeperch (Sander lucioperca) stock the monopisthocotylean
monogenean gill parasite Ancyrocephalus paradoxus caused heavy infection and
mortalities. The gills of the affected fish specimens were infected by 50 to 800
monogenean parasites. Severe pathological changes were found in areas where
the worms attached to the gills. At the attachment sites the haptoral discs of the
worms formed a deep depression in the epithelium of the filaments, and the an-
chors pierced into and fixed themselves to the connective tissue of the cartilagi-
nous gill rays. At these attachment sites red blood cells released from injured cap-
illaries were found among the damaged epithelial cells. Around the hooks, an-
chors and body sections coming into contact with the gill filaments a proliferative
tissue developed in which only a remnant of the damaged lamellaec was found.
Due to the damage caused by the worms the tips of the heavily infected gill fila-
ments fused, formed clubs and were composed of epitheloid-type regeneration tis-
sue lacking respiratory lamellae. In the basal parts of the filaments, where most of
the worms attached to the gill, only denuded filaments deprived of lamellae were
observed among the cross-sectioned worms in histological sections.

Key words: Pikeperch, monogenean infection, histology, gills, intensive
culture

The pikeperch [Sander lucioperca (L.)] is a valuable, high-quality fresh-
water predator fish of the Hungarian fish fauna, which feeds exclusively on mov-
ing live food. Efforts have been made to culture this fish in large-volume inten-
sive systems and feed it with pelleted food (Peterka et al., 2003; Zakes$ et al.,
2006, 2013). Up to this time no reports have been published on diseases of cul-
tured pikeperch populations. However, in 2015 a heavy monogenean infection
caused by Ancyrocephalus paradoxus Creplin, 1839 was recorded in an inten-
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sively cultured pikeperch stock. Ancyrocephalus paradoxus, a specific parasite
of the pikeperch, is one of the longest known dactylogyrid monogeneans. In
Hungary, the occurrence of this species on the gills of pikeperch is well known
in Lake Balaton and in some rivers (Molnar, 1962, 1968b), and its prevalence on
the gills of pikeperch in different parts of Europe is also well documented
(Gussev, 1985). Less frequently this parasite infects the Volga pikeperch (Sander
volgensis Gmelin) as well (Gussev, 1985; Molnar and Székely, 1995). Ergens
(1966) described the rare occurrence of a morphologically similar species, Ancy-
rocephalus percae on the common perch [Perca fluviatilis (L.)]. An outbreak
caused by that species was reported to negatively impact the stock of the Eura-
sian perch in Lake Constance (Behrmann-Godel et al., 2014). Little is known
about the pathological effect of 4. paradoxus, although Starovoytkov (1989) ob-
served that this species prefers to develop in specific segments of the hemibran-
chia, namely at its curve and at the two margins where it causes local damage to
the gill filaments.

Monogeneans are well-known pathogens in cultured cyprinid fishes. The
first record of a heavy monogenean infection dates back to 1929, when dac-
tylogyrosis of common carp fry caused by Dactylogyrus vastator Nybelin was
first described in densely populated nursing ponds (Wunder, 1929). A similar
disease developed when Dactylogyrus extensus Mueller et van Cleave was intro-
duced to Europe (Bauer and Nikolskaya, 1954; Prost, 1963). Wilde (1937) re-
ported that another cyprinid fish, the tench [Tinca tinca (L.)] cultured in German
fish ponds was similarly affected by its specific parasite, Dactylogyrus macra-
canthus Wegener. Bauer et al. (1969) reported that other cyprinid fishes such as
the grasscarp, the silver carp and the bighead may also be severely affected by
their specific Dactylogyrus spp. Of these monogenean species, D. lamellatus
Achmerov infecting grasscarp fingerlings was studied in detail by Molnar (1971,
1972).

In non-cyprinid fishes, monogenean infection of the sheatfish [Silurus
glanis (L.)] was studied (Molnar, 1968a, 1980). The pond culture of this highly
favoured fish species was seriously impeded by Thaparocleidus (Ancylodis-
coides) vistulensis infection causing fatal damage to the gills. The specific fea-
ture of this disease was that out of the three Thaparocleidus species [T. magnus
(Bychowsky et Nagibina), 7. siluri (Zandt) and T. vistulensis (Siwak)] common in
natural waters, only 7. vistulensis had adapted to pond culture and had become a
serious pathogen. In Japan, Ogawa and Egusa (1976) described a heavy Pseudo-
dactylogyrus infection caused by Pseudodactylogyrus anguillae (Yin et Proston)
and Pseudodactylogyrus bini (Kikuchi) in cultured Japanese eel (4dnguilla japonica
Temminck et Schlegel) stocks. At the time when intensive culture of the Euro-
pean eel (Anguilla anguilla L.) was started in Hungary, Székely and Molnar
(1987) observed pseudodactylogyrosis in this eel species. Pseudodactylogyrosis
became a permanent problem in Danish recirculation systems (Buchmann,
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1988a,b), and histopathological studies of this infection showed a similar picture
to that found in Dactylogyrus and Thaparocleidus infections (Buchmann, 2012).
Therefore, it is no surprise that in the intensive cage culture of barramundi (Lates
calcarifer Bloch) the first pathogen hampering the propagation of this fish was
precisely a monogenean species, Neobenedenia melleni (MacCallum, 1927) (De-
veney et al., 2001). Due to the rapid development of marine cage culture systems
and the intensive culture of some freshwater species, a whole series of infections
caused by different monogenean species has been reported recently (Gonzalez-
Lanza et al., 1991; Roubal, 1995; Dezfuli et al., 2007; Sitja-Bobadilla and Alva-
rez-Pellitero, 2009; Merella et al., 2009; Del Rio-Zaragoza et al., 2010; Yardimci
and Pekmezci, 2012; Jeronimo et al., 2014).

This paper reports the histological changes caused by 4. paradoxus during
a massive infection associated with mortality in an intensively cultured pikeperch
stock.

Materials and methods

In an open-air concrete basin of 150 m® volume, supplied with parasite-free
well water, one-year-old pikeperch of 90 to 110 g weight were cultured. In the
spring of 2015, an intensive infection with the monogenean Ancyrocephalus
paradoxus was unexpectedly recorded. The gills of the fish were infected by 50
to 800 specimens (Fig. 1). The infected fish stopped feeding, their gills showed a
pale colour, and about 10% of the heavily infected specimens died of the infec-
tion. Gill samples of three fish fixed in 10% buffered formalin were sent to the
laboratory for histological examination. The gills of these fish specimens were
infected by 360 to 420 worms. The larger, more heavily infected lateral hemi-
branchia close to the gill covers were selected for histology. Tissue samples were
embedded in paraffin wax, cut to 4-5 um thick sections, and stained with haema-
toxylin and eosin (HE). A long-shot picture of parasites adhering to a hemibran-
chium was taken with an Olympus C4040 camera attached to an Olympus SZX9
stereomicroscope, while histological sections were photographed with an Olym-
pus DP 20 digital camera attached to an Olympus BH2 microscope.

Results

Gill hemibranchia of pikeperch submitted for histological examination
showed a medium-severity infection with 50 to 60 worms (Fig. 1). The haptoral
disc with hooks and anchors and a small part of the bodies of these relatively
large (up to 4.5 mm) monogeneans were located in the gill tissue or between
filaments (in the inter-filamental part), while the larger part of their body pro-
truded from the filaments. At the sites where worms attached to the gill filaments
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a deep depression was formed, the gill lamellae were replaced by proliferating
epithelial cells, at the periphery of which the remnants of damaged lamellae were
still visible (Fig. 2). Proliferation of the epithelium in the gills was observed
around the short inter-filamental portion of the worms as well (Fig. 3). Due to in-
tensive proliferation of the damaged epithelium, presumably induced by the
feeding mechanism of the worms, the ends of the heavily infected gill filaments
fused, and formed clubbed structures in which only the remnants of the former
lamellae could be observed (Fig. 4). The granulation tissue of the clubbed fila-
ments was mostly built up of proliferating epithelial (epitheloid) cells, on the sur-
face of which an increased number of goblet cells was recorded. However, even
in these heavily infected hemibranchia there were areas containing uninfected
filaments with undamaged lamellae (Fig. 5). In heavily infected parts of the
hemibranchia, the worms were seen attached to the gills mostly at the basal parts
of the gill filaments. In that region, dozens of cross-sectioned worms were seen
among the filaments lacking lamellae (Fig. 6). At sites where the worms fixed to
the filaments the haptor of the worm with anchors and hooks intruded deep into
the filament tissue (Fig. 7) and the short stout anchors of A. paradoxus piercing
into the connective tissue of the gill rays could also be seen (Fig. 8). No mono-
nuclear cells were recorded in that region but the damaged epithelium was infil-
trated by red blood cells released from injured capillaries.

Discussion

When starting to culture a fish species, first of all after the intensification
of technology, many diseases including parasitic infections might appear.
Among the parasites, the species having a direct developmental cycle, such as
monogeneans, are usually the first pathogens to emerge in fish farming. Heavy
infections develop whenever a new fish species is selected for pond culture. To
avoid unexpected infections, efforts are made to culture these fish in parasite-free
water and to feed them with pathogen-free food; in addition, precautions are
taken to avoid the accidental introduction of pathogens with instruments. Al-
though in the case reported here all of these measures had apparently been taken,
an outbreak of ancyrocephalosis occurred, the origin of which remained un-
known.

Since Dactylogyrus vastator invasion in carp was first described by Wunder
(1929), several reports have been published on similar infections of cultured fish
species. First of all the pathology of D. vastator infection was studied further (Pa-
perna, 1964; Kollmann, 1972), but papers were published on diseases caused by
other carp parasites, such as D. extensus and D. anchoratus and Dactylogyrus spp.
of the Chinese major carps (Bauer and Nikolskaya, 1954; Prost, 1963; Bauer et al.,
1969). Paperna (1964) described that in extremely heavy infestation with D. vastator
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Fig. 1. Part of a pikeperch hemibranchium infected by Ancyrocephalus paradoxus specimens.
Bar=1.5 mm

Fig. 2. Caudal end of an Ancyrocephalus paradoxus specimen (arrow) piercing its anchors into the
gill filament. The worm is surrounded by granulation tissue (G). The remnants of the damaged la-
mellae (dl) are pushed deep into the granulation tissue. On the uninfected filaments intact lamellae
(i) are located. Histological section, haematoxylin and eosin (HE) staining; bar = 200 micrometres
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Fig. 3. Cross-section of the inter-filamental segment of an Ancyrocephalus paradoxus specimen
(arrow) inducing granulation tissue (G) formation in the neighbouring filament tissues.
dl = damaged lamellae. Histological section, HE staining; bar = 200 micrometres

Fig. 4. Clubbing and fusion of the ends of heavily infected filaments. Some damaged lamellae
(arrows) are still seen in the granulation tissue (G). An increase in the number goblet cells
(open arrow) is also common. Histological section, HE staining; bar = 200 micrometres
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Fig. 5. Uninfected regions of the filaments with undamaged lamellae. Histological section,
HE staining; bar = 40 micrometres

Fig. 6. Cross-sectioned worms (arrows) among filaments (f) denuded of lamellae, close to the base
of the filaments (b). Histological section, HE staining; bar = 200 micrometres
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Fig. 7. An Ancyrocephalus paradoxus worm fixed to the gill filament, forming a depression
(open arrow). Only the remnants of lamellae are seen in these filaments (arrows).
Histological section, HE staining; bar = 200 micrometres

Fig. 8. An Ancyrocephalus paradoxus worm (w) piercing its anchors (arrows) deep into the
connective tissue (ct) of the cartilaginous gill ray (gr). Histological section, HE staining;
bar = 50 micrometres
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carp fry died of damage of the respiratory epithelium before the lesions charac-
teristic of dactylogyrosis could have appeared. A similar phenomenon was found
in D. lamellatus infection of the grasscarp, when highly intensive infection re-
sulted in desquamation of the lamellar epithelium and death of the affected fish
(Molnér, 1972). Paperna (1964) and Molnar (1972) agreed that in less acute
cases a host response with hyperplasia of the epithelial cells accompanied by
massive proliferation of goblet cells took place, the gills were covered by an
abundant amount of thick mucus only partially originating from the increased
number of goblet cells but mainly from the cytoplasm of disrupted cells and the
destroyed vascular network. Due to intensive proliferation of the interlamellar
epithelium, the lamellae were overgrown by the proliferating epithelial cells, and
the remnants of damaged capillaries were seen deep inside this regeneration tis-
sue. The neighbouring filaments fused and formed projections denuded of lamel-
lae, a process generally known as clubbing. Although this host reaction elimi-
nated most of the parasites, many fish died of suffocation. A similar pattern of
infection was found in cultured sheatfish fingerlings with Thaparocleidus (Ancy-
lodiscoides) infection. This latter differed, however, from Dactylogyrus infection
in that most of the worms survived and could be found on and within the clubbed
filaments. When studying infection of the European eel with Pseudodactylogyrus
anguillae and P. bini, Buchmann (2012) found similar pathological host re-
sponses. He found hyperplasia of mucous cells and gill epithelial cells with ex-
cess production of mucus and fusion of the gill lamellae and primary filaments,
which led to clubbing and fusion of the neighbouring filaments. Specialists
studying the infection of freshwater fishes with monopisthocotylean monogene-
ans (Paperna, 1964; Molnar, 1972, 1980; Buchmann, 2012) agreed that these se-
vere degenerative and proliferative changes were mostly restricted to the gill epi-
thelium. However, authors studying blood-feeding polyopisthocotylean monoge-
neans in marine fishes reported more complex host reactions. Ogawa (2012) de-
scribed that Heterobothrium hirame Ogawa infection of the olive flounder re-
sulted in the development of severe anaemia and, in addition to inflammation,
hyperplasia, necrosis in the buccal cavity wall and a dense granular cell infiltrate
with monocytes and granulocytes were observed. Other authors (Gonzalez-Lanza
et al., 1991; Roubal, 1995; Dezfuli et al., 2007; Sitja-Bobadilla and Alvarez-
Pellitero, 2009; Merella et al., 2009; Yardimci and Pekmezci, 2012) reporting on
infections of marine fishes found only local changes at the attachment sites of the
worms with haemorrhages, mucoid exudates, erosion of the lamellar epithelium,
and local hyperplasia on the filaments. Clubbing of filaments was not observed
but all of the above authors reported fusion of the secondary lamellae besides
degenerative changes at the attachment points of monogeneans. Although in the
above cases severe damage of the gills was reported, these infections can be as-
signed to the category of local damage rather than disease. In a similar way, in-
fections of the marine fish Lutjanus guttatus with Haliotrema spp. and of the
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freshwater fish Piaractus mesopotamicus with the monopisthocotylid Anacan-
thorus penilabiatus (Del Rio-Zaragoza et al., 2010; Jerénimo et al., 2014) are re-
garded as conditions causing partial damage to the gill filaments, despite the fact
that the above authors also found marked haematological changes with elevated
percentages of thrombocytes, granulocytes, neutrophils, and eosinophils.

In general, the histological picture of Ancyrocephalus infection of the
pikeperch showed a pattern very similar to that of Thaparocleidus infection of
the sheatfish and Pseudodactylogyrus infection of the eel. In all cases, the an-
chors of the worms were located in deep impressions inside the filaments. The
lamellae were damaged and overgrown by proliferation tissue in areas where the
worms attached to the filaments. In more heavily infected filaments no lamellae
were found anymore and the ends of the filaments fused (‘clubbing’), which is
also characteristic of Dactylogyrus and Thaparocleidus infections. The changes
found in Ancyrocephalus infection corresponded to those seen in monogenean
infections of freshwater fishes and differed from such infections of marine spe-
cies in which only local changes have been found until now. These preliminary
data do not allow us to draw conclusions on the pathogenicity of this parasite;
however, the mortalities found and the severe gill damage caused by the parasite
indicate that ancyrocephalosis might become a permanent threat in the prospec-
tive culture of this fish species in intensive systems.
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