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ABSTRACT: A severe case of microsporidian infection was observed in farmed Pterophyllum scalare
Curs & Valens, 1831, in 1987 and resulted in the complete destruction of the stock. Juveniles were
severely affected by the parasite; a milky degeneration of skeletal muscle was produced, in which
developmental stages of the parasite could be observed. Adult fish appeared more resistant to infection
and were only lightly infected. Light and electron microscope observations on developmental stages
and spores of the causative agent were sufficient to identify the parasite as Heterosporis finki Schubert,
1969. This parasite had already been reported in P. scalare, but this is the first time that its pathogen~city
and its clinical significance for intensive farming systems are clearly assessed.

INTRODUCTION

MATERIALS AND METHODS

Microsporidian parasites are common in ornamental
fish (Reichenbach-Klinke & Elkan 1965). Although
many species associate with different fi.sh-host tlssues
without the appearance of harmful effects, others can
produce serious infections resulting in high mortalities.
The most documented of these diseases is the neon
tetra disease caused by Pleistophora hyphessobryconis
Schaperclaus, 194 1 (Schaperclaus 194 1, van Duijn
1967), but other clinical cases due to Glugea spp. have
been recorded In a variety of fish species (Pflugfelder
1952, Cotton, quoted by van Duijn 1967). It is noteworthy that many of these pathogens primarily affect the
myoblasts.
In early 1987 a chronic condition, associated with
significant losses, occurred in young Brazilian angel
fish Pterophyllus scalare Curs & Valens, 1831, hatched
on a farm located in the south-east of France and
devoted to ornamental fish production. On several
occasions between May and December, fish samples
were collected and shipped alive to our laboratories. In
all cases microsporidian spores were observed in large
numbers in the muscles. The relevant investigations
and conclusions are reported in this paper.

Clinical observations were first performed at the farm.
Contrary to adult fish (which were kept as pairs in
aquaria individually fitted with filter systems and which
never exhibited any clinical sign) juveniles were
stocked in 150 or 300 1 glass-tanks supplied with water
from a recirculating unit. Water was heated to 26 "C and
treated by UV irradiation at the filter outlet. This precaution did not prevent the disease from spreading quickly
to the whole system, although other fish species reared
in the same system remained uninfected.
The sampled fish were generally young individuals
2 to 4 cm long a n d exhibiting clinical signs, although in
some cases, apparently healthy adults were obtained.
Fish were sacrificed in 2-phenoxy-ethanol W500 (Eastman Kodak) and examined according to routine techniques involving microscopic observation of fresh
mounts, or tissues smears and imprints stained with
toluidine blue, May-Griinwald-Giemsa, Delamater or
Prenant. Occasionally, bacteriological samples were
taken by spreading affected tissues onto trypticasesoya-agar (TSA). Isolated bacteria were identified
using API 20 E units (API System, La Balme les Grottes,
France).
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Small fish (less than 3 cm), samples of fish tissue and
organs, or xenomas carefully dissected from muscle,
were processed for histopathology. Samples were
placed into Bouin's or Carnoy's fixatives, decalcified
when required in RDO (Eurobio, France), then dehydrated with ethanol, embedded in paraffin wax, sectioned at 5 pm and stained with hematoxylin and eosln
( H & E) or Masson's trichrome.
For ultrasti-uctural studies, 2 n1m3 samples of infected
tegument and/or muscle were fixed for 2 h at 4 "C in
1.25 O/O glutaraldehyde buffered with sodium cacodylate
(0.1M , pH 7.3),then post-fixed overnight in 2 O/O osmium
tetroxide in the same buffer. After dehydrationin ethanol
and propylene oxide, samples were embedded in Epon.
Ultrathin sections (50 nm) were cut using a LKB ultrainicrotome, stained with uranyl acetate and lead citrate
according to the method of Reynolds (1963), and
observed on a Philips 300 electron n~icroscopeoperated
at 80 kV. Other samples, including Isolated xenomas,
were directly fixed in 2 % osmlum tetroxide (in Palade's
buffer, pH7.4) and further processed as indicated above.
Semithin sections for light microscopy were cut at 1 pm
and stained with methyl blue and Azur 11.

RESULTS
Clinical observation

Few fish exhibited clinical signs, but most young
indi\iiduals appeared in poor condition and displayed
some degree of emaciation. Skin lesions, starting as
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discoloured or greyish spots, were noticed on the flank of
some. In the most severe cases these extended and
produced necrotlc areas of ca 5 mm diam, and were filled
with soft white friable tissue. Ragged fins and small
haemorrhages at the pectoral fin girdle were sometimes
observed, but were presumably caused by secondary
bacterialinvasionln seriously debilitated flsh. In fact, the
most typical leslon was found when dissecting fish: the
whole musculature had altered to a milky white tissue of
creamy texture (Fig. l ) ,which strongly contrasted with
the seemingly normal appearance of internal organs.
Fresh preparations and smears of muscle tissue
stained with toluidine blue revealed the typical picture
of a niicrosporidial infection, wlth large numbers of
egg-shaped elements, 8 X 3 to 5 pm, loosely scattered
through the field or associated in small clusters (Fig. 2 ) .
These spores were found in all fish tested, even when
clinical signs were lacking. They could also b e recognized in adult flsh, but in slgnlficantly less numbers.
Histological sections obtained from heavily infected
flsh confirmed that, although the viscera had retained
their normal structure, striated muscles were extensively destroyed and filled with cystic formations of
different sizes and stages of maturation (Fig. 3). These
xenomas, or parasitophorous vacuoles, developed
~ n s i d edegenerated muscular fibers which could rupture, dispersing their contents (Figs. 4 to 6).
Bacteria belonging mainly to Aeromonas hydrophila
and Citrobacter groups were isolated, but none were
consistantly found associated with the disease, and
their appearance as secondary invaders seems likely.
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L Ultrathln sectlon of the contact between a normal lnyocyte ( N ) and a degenerated myocyte
(D) containing a xenoma, or paras~tophorousvacuole (PV] FlgUltrath~nsectlon showlng the structural connections (arrow)
whlch seem to e x ~ s between
t
wall of the xenoma a n d infected myocyst Scale bars in pm
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removed and isolated, relationships seem to exist with
the surrounding disorganized myofibrillae (Fig. ?), and
suggest that some components of the host tissues could
participate in wall formation. The degeneration of
myofibrils could also mean that soluble components are
released around the xenomas.

Merogony
Typical meronts showing a diplocaryon and 2 cell
membranes could not b e observed adequately, but
undoubtedly exist as diplocaryons could b e visualized
in more advanced stages (Fig. 9). It is assumed that
plasmodial merogonic forms may appear during the
preceding cell multiplication. During conversion of the
meront into a sporont, the 2 nuclei split, and a characteristic reorganization of the membranes occurred. The
active transformation of the outer membrane led to the
formation of the thick sporophorous vesicle wall. At the
same time, a cytoplasmic substance was dscharged
through the inner membrane and accumulated in the
space between the 2 membranes, producing small
spheres which merged readily a n d lined the sporophorous vesicle wall (Figs. 8 to 10).

Sporogony
Two nuclear divisions occurred in young sporonts,
resulting in sporogonial plasmodia which contained 8
nuclei. Then, the plasmodia completed their division,
producing uninucleate sporoblasts (Fig. 11) each
resulting in a spore (Fig. 12). Spores were generally
grouped in 8 (Figs. 13 to 15),were ovoid in shape, 8 to
9 X 3 to 5 pm, and possessed a very long polar filament
(130 to 150 pm) which formed 30 to 33 whorls when
coiled in the spore (Fig. 12). Surprisingly, the nuclear
material was not stained by Delamater's method, which
generally reacts positively with other Microsporidia.

DISCUSSION
The parasite observed in diseased Pterophyllurn scalare was easily ascribed to the class Microsporidia, and
the regular observation of sporogonous vesicles containing groups of 8 spores seemed to relate this form to
the genus Thelohania. However, Schubert (1969a, b)
had described a similar organism in P. scalare, which
he named Heterosporis finki derived from the observation that spores of small size, called microspores, were
occasionally observed. Although Schubert did not give
any indication of the possible pathogenicity of H. finki,
which appeared as a casual discovery and was only
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associated with the oesophageal walls of some fish, the
microspondian species described in the present work
appeared similar to H. finki. The structure and size of
spores, the characteristics of the polar filament, the
organization of the sporophorous vesicle wall, and the
host species involved were found to comply with the
descriptions of Schubert (1969a, b) - although the rare
microspores described by this author (1969a) were not
observed. The muscular site and intensity of infection
were previously unreported and demonstrate the
pathogenic potential of this parasite.
It was not possible to fulfil Koch's postulates. Healthy
Pterophyllum scalare were unavailable because fish
remaining on the farm were considered potential carriers, and during outbreaks of the disease there was a
dramatic reduction in the trade of this species - seemingly d u e to different pathological problems. Nevertheless, the microsporidian aetiology of the condition was
confirmed by the consistent presence of microsporidian
spores and developnlental stages associated, and by
the fact that no other pathogen was consistantly identified from diseased P. scalare. It was noticeable that
other fish species present in the same rearing unit
remained healthy a n d that spores were found in all
clinically normal angel fish checked. Therefore H. finki
appears to b e a specific and significant threat for P.
scalare reared in a confined environment.
The origin of infection remains conjectural. Although
fish were reared under controlled conditions, fresh food
consisting of zooplankton of wild origin had been fed at
several times during the year prior the occurrence of
the disease. However, it was not possible to demonstrate the presence of any type of Mlcrosporidia in
plankton and the comparison of our data with those of
Schubert (1969a, b) suggests the exotic origin of a
parasite species specifically hosted by Pterophyllum
scalare - in such a case adult fish could have been
introduced as carriers. Their apparent resistance and
low level of infection could be explained by their a g e
and by optimal conditions of maintenance (2 fish
tank-'). However, such conditions could not avoid the
spores being shed at low level, leading to infection of
progeny. Attempts to detect spores in ovaries, as for
neon tetra disease caused by Pleistophora hyphessobryconis, were unfortunately negative. Once infection
had been introduced into the recirculating unit, the
parasite could logically thrive and amplify its effects.
This report provides a n additional observation to the
already flourishing list of Microsporidia in ornamental
fish. Now, Heterosporis finki appears a s a potential
pathogen. As expected from previous work by Loubes
(19?9b), different development stages of the parasite
were observed in parasitophorous vacuoles and were
allowed to con~pletetheir life-cycle. Merogony was
characterized by diplocaryons which split at the be-
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ginning of sporogony, as observed in other species
(Loubes 1979a). Meiotic chromosomes were not
observed, but it is likely that each diploid nucleus can
produce 4 haploid nuclei, resulting in an octosporous
pansporoblast a s described by Loubes (1979a) in other
genera. In contrast to Schubert (1969131, nuclei did not
disappear during sporogony and were difficult to
visualize in mature spores.
According to Canning & Lom (1986) the parasite could
be closely related to the genus Pleistophora. However, on
the basis of the haploid mononucleate octospores, Sprague (1977) included it in the genus Heterosporis
Schubert, 1969, family Thelohaniidae (which mainly
comprises parasites of invertebrates). Compared to
related genera, Heterosporis is characterized by the
thickness of its sporophorous vesicle wall. It must be
noted that thick walls have been described in other Microsporidia, namely the insect parasite Vavraia Weiser,
1977 (Canning & Hazard 1982, Malone et al. 1987),and
the fish parasite Pleistophora Gurley, 1893 (Lom &
Corliss 1967, Canning & Nicholas 1980). The possible
taxonomic value of this wall has still to be assessed.
Another striking feature that Heterosporis seems to
share with some representatives of the genera Pleistophora and Thelohania is its tropism for muscular cells,
and indeed, the muscular lesions observed in
Pterophyllum scalare resembled what is classically
seen in porcelain disease of crayfish. It is assumed that,
under natural conditions, fish can tolerate a mild parasitism The enhanced infectivity of Microsporidia in
restricted or overcrowded conditions make them a significant threat to intensive fish farming
The clinical severity and usually fatal prognosis of such
infections are heightened by the current lack of effective
therapy. We did not have the opportunity to check the
efficacy of Fumagillin, an antibiotic which has been
proved effective against nosemosis of bees and tried in
eel microsporidiosis (Kano et al. 1982).This was because
fish stocked on the farm were destroyed after the diagnosis was made, and the whole rearing facility redesigned to prevent the spread of further similar infections.
In future, the construction of special rearing facilities for
ornamentalfish will have to take into account the prevention of microsporidian infections, namely by paying
attention to the organization of strict quarantine systems.
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