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Abstract
Ichthyophonus hoferi spores were diagnosed in kidney samples from brown trout (Salmo trutta)
originating from a small river in Switzerland. Fifteen per cent of sampled fish (n=20) showed a
granulomatous nephritis with intralesional Ichthyophonus parasites. This is the first report of an
Ichthyophonus infection in feral fish in Switzerland.

Ichthyophonus hoferi, in earlier days addressed
as a fungus, is now considered to be a mem-
ber of the kingdom Protozoa (Cavalier-Smith,
1998). It has a broad host range and is known
to infect more than 80 marine and freshwater
fish species (Spanggaard et al., 1994). How-
ever, the pathogenicity varies significantly be-
tween species (McVicar, 1982). Species such
as plaice and herring are highly susceptible,
haddock and rainbow trout show an interme-
diate susceptibility while other species (e.g.
goldfish, guppy, catfish) show a high level of
resistance (McVicar, 1999). Ichthyophonus has
led to serious epizootics in herring
(Sindermann, 1990; Marty et al., 1998) but
epizootic outbreaks of the disease in freshwa-
ter wild fish populations are rare. In tissue
sections, the most common characteristics of
the infection are multinucleate spherical cells
(resting spores) with a double wall. Shortly
after death of the host hyphae start to pro-
trude through the outer spore wall (McVicar,
1999).

In Switzerland a large biomonitoring project
was initiated to determine the possible role

of diseases in the decline of brown trout
populations postulated in many rivers in re-
cent years (Pedroli et al., 1991; Frick et al.,
1998). As Proliferative Kidney Disease (PKD)
has caused serious problems in several Swiss
rivers before the main focus of the project was
on the distribution of PKD in Switzerland. But
on the same occasion kidneys were also in-
vestigated for alterations due to other reasons
than infection with Tetracapsula bryosalmonae.
Thereby a group of fish from the river
Leewasser showed an infection with the para-
site Ichthyophonus hoferi. This is the first report
on this parasite from feral fish in Switzerland.

Twenty brown trout were caught  in the river
Leewasser at the end of September 2000. The
river Leewasser is located in a mountain re-
gion in Central Switzerland. In this river the
trout population status is stable. Sizes of cap-
tured fish ranged from 8 to 31 cm and weight
was  from 6 to 350 g. The trout were in good
body condition (Fulton’s condition index 0.9
to 1.3). Sexes were equally distributed. Kid-
ney samples were fixed in 4% buffered for-
malin for 48 hours, routinely processed for
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histology and stained with haematoxylin and
eosin (HE), periodic acid schiff (PAS) and a
silver staining (Grocott). For electron micros-
copy samples were treated as described by
Burkhardt-Holm et al. (1997). Ultrathin sec-

tions were stained with alkaline lead citrate
and examined with an electron microscope
(Zeiss EM 902).

None of the 20 fish showed any external gross
signs. But by histological evaluation of the
kidney  in three out of the 20 examined ani-
mals signs of an Ichthyophonus hoferi infection
were found. All infected fish were adult
males. A multifocal severe granulomatous ne-
phritis with intralesional parasite spores was
seen. The spores were of varying size, up to
160 µm, they showed a multinucleated cyto-
plasm and stained PAS and silver positive,
particularly the double wall. The parasites
were surrounded by an intense granuloma-
tous reaction characterised by inner layers of
epithelioid cells with few interfered
lymphocytes and multinucleated giant cells
of foreign body and Langhans types and an
outer small fibrous layer (Fig.1a). Many spores
showed signs of degeneration indicated by
loss of integrity of spore wall and vacuola-
tion and fragmentation of the cytoplasm (Fig.
1b). In few spores germination through the
outer wall was visible with formation of thick
pseudohyphae (Fig. 1c) which occasionally
bifurcated in short distance from the original
outer wall. This is reported as the post-
mortem type of pseudohyphae formation
(Rahimian, 1998). Electron microscopically,
the cytoplasm consisted of a finely granulated
matrix which contained several spherical to
oval nuclei with one central nucloelus each
(Fig. 2a). In the cytoplasm numerous globu-
lar electron-lucent bodies were visible (PAS
positive in histology). These globules are con-
sistent with carbohydrate storage substance
(Paperna, 1986). Electron-dense lipid droplets,
spherical mitochondria and endoplasmic re-
ticulum were present in the cytoplasm. The

Figure 1: (a) Ichthyophonus spore surrounded by
epithelioid cells (E), few lymphocytes and
multinucleated giant cells (G) and by an outer small
fibrous layer (magnification: x 165). (b)
Degenerating spore with vacuolation and
fragmentation of the cytoplasm (magnification: x
330). (c) Spore germination through the outer spore
wall (arrow) with formation of thick pseudohyphae
(arrowhead) (magnification: x 330). Multinucleated
giant cell (G).
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spore wall was multilayered consisting of lon-
gitudinally compressed microfibrils. The
outer layer was covered by a layer of dense
amorphous material which sometimes con-
tained remnants of the host cells. Inflamma-
tory cells attached to  this material (Fig.2b).

McVicar and McLay (1985) described compa-
rable tissue reactions in rainbow trout infected

with Ichthyophonus hoferi. They discussed that
the fibrosis around the spores may assist in
restricting the spread of parasite bodies from
the site of infection and control the disease.
Although 15% of fish were infected in the
described case it did not seem to cause an in-
creased mortality in the affected fish popula-
tion. Also the fish were in a good body condi-
tion. This is in contrast to findings in some
rainbow trout farms where the disease has led
to heavy mortalities (Rucker & Gustafson,
1953), while in other occasions only a limited
effect was found (McVicar, 1982). In our moni-
toring project fish from 113 river systems were
examined but only fish from one river showed
the Ichthyophonus infection. Therefore, this
parasite does not appear to play a role in the
population decline in Switzerland.

As this is the first case of an Ichthyophonus in-
fection in feral fish in Switzerland the ques-
tion arises how the wild trout in the river be-
came infected. Transmission is thought to oc-
cur by ingestion of the resting spores with in-
fected food particles (McVicar, 1999). One pos-
sibility of spreading is a fish farm which is
located above the sampling point in the river.
Escaped infected rainbow trout from this farm
could have transmitted the disease. But in this
farm no infected fish were recorded until now.
All together, in Swiss fish farms Ichthyophonus

infections were very rare reflected by one sin-
gle case in 1991.
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Figure 2: (a) Ichthyophonus spore with multiple
nuclei (N), globular electron-lucent bodies (G),
electron-dense lipid droplets (L), spore wall (W)
and amorphous material (A) (magnification: x
4400). (b) Macrophages (M) and fibrocytes
surrounding a multinucleated spore. Nucleus (N).
The multilayered spore wall (W) is covered by a
dense layer of amorphous material (A)
(magnification: x 4400).
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