
l 
Vol. 13: 95-101. 1992 DISEASES OF AQUATIC ORGANISMS 

Dis. aquat. Org. l Published July 23 

Electron-microscopic study of developmental 
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ABSTRACT. Merogonic and garnogonic stages of Goussia balatonica and G. pannonica,  2 intestinal 
parasites of white bream Blicca bjoerkna L., were studied by electron microscopy. G, balatonlca Molnar, 
1989 develops in the gut epithelium in nodules visible with the unaided eye.  All developmental stages 
are located in the cytoplasm, in supranuclear position, in a parasitophorous vacuole. G. pannonica 
Molnar, 1989 is a typical epicellularly developing parasite. All of its developmental stages are situated 
in an extracytoplasmatically located parasitophorous vacuole wlthin the epithelial cells. Towards the 
gut lumen the membrane of the parasitophorous vacuole is covered by a single unit membrane which is 
a continuation of the unit membrane of intestinal epithelial cell microvilli Persistence of the conold was 
a common finding for gamogonic stages of both parasites. 

INTRODUCTION 

In an  earlier paper, Molnar (1989) reported that 2 
distinct coccidium species occur regularly in the gut of 
cyprinid white bream Blicca bjoerkna L. in early spring. 
The 2 species differ in size and location within the host. 
While Goussia balatonica Molnar, 1989 forms nodules 
(aggregations of merogonic and gamogonic stages in 
the intestinal epithelium), G. pannonica Molnar, 1989 
occurs epicellularly in the apical region of intestinal 
epithelial cells, showing uniform distribution over 
larger areas. 

Electron-microscopic study of fish-parasitic coccidia 
developing in nodules is linked with the name of Lom 
(1971), who studied the oocysts of Eimeria sub- 
epithelialis and E. spleni. Of the early stages of nodule- 
forming fish coccidia, only the gamogonic stages of 
Goussia subepithelialis have been studied (Steinhagen 
et  al. 1990), though recently such coccidia have been 
found to occur in the gut of several cyprinids other than 
the common carp (Molnar 1982, 1989, Jastrzebski 
1984). 

Of epicellularly developing coccidia, Eimeria- 
(Epieimeria-) type species are better documented in the 
specialized literature. Molnar & Baska (1986) studied 
the intracellular location of different developmental 
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stages of Epieimeria anguillae parasitic in eel intestine. 
In her monograph on the coccidia of marine fishes, 
Daoudi (1987) described the ultrastructural features of 
merogonic and gamogonic stages of a further 2 species, 
Epieimena isabellae and E. puytoraci. Epicellularly 
developing coccidia belonging to the Goussia group 
have been reported on by Molnar (1986, 1989), Lands- 
berg & Paperna (1987), Kent et  al. (1988), Jastrzebski & 

Komorowsh (1990), and Lukes & Dykova (1990). 
This report describes the ultrastructural features of 

merogonic and gamogonic stages of Goussia bala- 
tonica and G. pannonica, developing in nodules and 
epicellularly, respectively, in intestine of white bream. 

MATERIALS AND METHODS 

Test material was obtained by dissecting naturally 
infected, 2- to 3-summer white bream caught from lake 
Balaton, Hungary, and examined between 1987 and 
1989. This material was the same as that examined by 
Molnar (1989) by light microscopy. In March and April, 
the time when coccidiosis was expected to occur, initial 
mucus and epithelial scrapings were taken from the 
gut. Subsequently, for electron microscopy, pieces 
several mm3 in volume were excised from the intestinal 
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epithelium in areas infected by developmental stages 
of coccidia. The tissue pieces were fixed in 5 %  
glutaraldehyde dissolved in 0.13 M sodium cacodylate 
buffer (pH 7.4) for 2 h, washed with 0.13 M sodium 
cacodylate, postfixed in 1 % Os04 ,  and embedded in 
synthetic resin (Durcupan). Sections cut with a Reichert 
OM-U2 ultramicrctome were examined in JEOL 100-S 
and Philips 201 CS electron microscopes. 

RESULTS 

Goussia balatonica 

Macrogamonts and microgamonts of Goussia bala- 
tonica were easily observable by electron microscopy 
in almost all epithelial cells in samples taken from 
nodules visible with the unaided eye (Fig. 1). Mero- 
gonic stages (Fig. 2) were detectable only in prepara- 
tions fixed in March, from sites at which massive infec- 
tion had been indicated by the presence of large 
masses of freely moving merozoites in fresh prepara- 
tions of mucus. Both the merogonic and the gamogonic 
stages were located in the cylindrical intestinal epithe- 
lial cells, apical to the nucleus, within a parasitophor- 
ous vacuole. 

Meronts containing at least 8 but at most 16 
merozoites proved to be the youngest stages seen by us 
(Fig. 2). Their exact number could not be  determined. 
Parasitophorous vacuoles containing banana-shaped 
merozoites were surrounded by a narrow cytoplasmic 
band of the host cell. In the parasitophorous vacuole, 
among the merozoites, large numbers of membrane- 
bound spherical bodies 40 to 260 nm in size occurred. 
The merozoites were bordered by a 30 to 45 nm thick 
pellicle. Their cytoplasm was densely filled with free 
nbosomes, granular endoplasmic reticula and, prob- 
ably due to a fixing error, large (410 to 830 nm) vac- 
uole-like mitochondria (Fig. 2). The heterochromatic 
nucleus of the merozoite was located centrally in the 
body, with a distinct central nucleolus and electron- 
dense chromatin aggregations on the cell membrane. 
At the anterior end of the merozoites large numbers of 
micronemes could be found; in certain specimens 
(Fig. 2) the conoid was also distinct. From the nucleus 
towards the conoid 4 to 6 highly electron-dense rhop- 
tries were seen. 

It was not possible to study young microgamonts 
containing only a few nuclei. In more mature micro- 
gamonts 14-18 X 10-14 pm in size, 8 to 30 nuclei were 
seen in the plane of sectioning in the marginal part of 
the cytoplasm (Fig. 3) .  The microgamont was sur- 
rounded by a unit membrane and separated from the 
host cell by a parasitophorous vacuole. Certain micro- 
gamonts contained remnants of the conoid, situated 

close to the membrane, even at this late stage (Fig. 4). 
The nucleoplasm of nuclei drawn towards the 
periphery was divided into an electron-dense external 
and a less electron-dense internal part (Fig. 5). The 
former constituted the head part of the forming micro- 
gametes, while the latter was retained in the residual 
part of the microgamont. Above nuclei that had drawn 
towards the surface, electron-dense material appeared 
on the cell membrane of the gamont, at the location of 
the future perforatorium (Fig. 5). Carrying the nuclear 
substance of the gametes with it, this material rose 
above the surface (Fig. 6). In the mature microgamonts, 
the transected heads of the microgametes and flagella 
that had formed were seen surrounding the residual 
material (Fig. 7). 

Macrogamonts 14-17 X 12-16 pm in size (Fig. 8) 
were situated mthin the parasitophorous vacuole. 
They contained a central electron-opaque nucleus 
which enclosed a round electron-dense nucleolus. In 
the cytoplasm of the macrogamont, large electron- 
dense formations, amylopectin and lipid inclusion 
bodies occurred together with innumerable free 
ribosomes (Fig. 8). The membrane of the gamont could 
not be studied in more detail under the magnification 
applied. 

Goussia pannonica 

All developmental stages of Goussia pannonica 
observed by us were located in the epiplasm of epithe- 
lial cells (Fig. 9). The parasites protruded from the 
epithelial surface and microvilli into the gut lumen. The 
parasitophorous vacuole surrounding them was com- 
posed of a unit membrane organized from host-cell 
plasma membranes. Towards the gut lumen this unit 
membrane was closely associated with the membrane 
of microvilli, as similarly described by Molnar & Baska 
(1986), Daoudi (1987), and Paperna & Landsberg (1987) 
(Figs. 9 to 13). Basally the membrane of the para- 
sitophorous vacuole joined the host-cell cytoplasm at a 
single smooth surface; however, in the marginal parts 
and towards the microvilli the vacuole showed numer- 
ous protrusions (Figs. 10 & 11). 

The youngest stages found were meronts containing 
4 to 8 merozoites (Fig. 11) around which the para- 
sitophorous vacuole sent out numerous protrusions 
among the microvilli. The banana-shaped merozoites 
occurred freely in the parasltophorous vacuole; among 
them, membrane-bound corpuscles were located 
freely. 

Young trophozoites, probably macrogamonts (Figs. 9 
& 10), had a large nucleus and micronemes located 
peripherally in the plasm. Young multinucleated micro- 
gamonts contained 5 to 16 nuclei (Fig. 12). The nuclei 
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were gradually pushed towards the periphery during 
microgamont development and multiplied. Unfortu- 
nately, no mature microgamonts could be studied. 

In infected areas, the majorlty of coccidia were con- 
stituted by developing macrogamonts (Figs. 13 & 14) 
situated within a relatively narrow parasitophorous 
vacuole. Laterally the membrane of the vacuole formed 
characteristic protrusions while basally it displayed a 
uniform surface (Fig. 13). 

Besides the centrally located nucleus, we observed 
amylopectin, lipid and electron-dense granules in the 
developing macrogamonts. The rnacrogamonts were 
rich in endoplasmic reticulum exhibiting a fingerprint- 
like arrangement, and in free ribosomes (Figs. 13 & 14). 
It was striking to note that the young macrogamonts 
contained remnants of the conoid and comma-shaped 
micronemes surrounding them (Fig. 13). In older ma- 
crogamonts the remnants of micronemes were situated 
in the ectoplasm, along the cell membrane. 

DISCUSSION 

As had already been indicated by the light micro- 
scopic studies (Molnar 1989), electron microscopy 
demonstrated that white bream Blicca bjoerkna have 2 
similar coccidian species, well distinguishable by their 
location within the host. 

In the case of Goussia balatonica, the development of 
nodules protruding from the surface of the gut 
epithelium, visible with the unaided eye, could be 
explained by the fact that during gamogony the 
developmental stages were restricted to a given seg- 
ment of the gut epithelium where they infected almost 
all epithelia1 cells. The merogonic stages show practi- 
cally the same structure as  described by Paterson & 
Desser (1981a) and Hawkins et  al. (1984) for Eirnena 
iroquoina and Calyptospora funduli respectively. The 
corpuscles occurring freely in the parasitophorous vac- 
uole among the merozoites probably correspond to 
residual bodies remaining from the meront. The macro- 
gamonts were primarily characterized by the presence 
of large numbers of llpid and amylopectin granules; 
however, granules termed electron-dense inclusions, 
identified by some investigators (Hawkins et al. 1984, 
Morrison & Hawkins 1984, Paperna 1990) with the 
wall-forming bodies of oocysts and sporocysts, were 
also demonstrated. In contrast, Paterson & Desser 
( 1 9 8 1 ~ ) .  Desser & Li [1984), and Morrison & Poynton 
(1989) considered them identical with the refractile 
granule of the sporoblast and sporozoite. We hold the 
view that G. balatonica, which has extremely thin 
oocyst and sporocyst walls, does not need as much 
wall-forming m.ateria1 as is accumulated in these dense 
inclusions. Therefore, similarly to Jastrzebskl & 

Komorowski (1990), we have our doubts about the 
wall-forming function. Besides the granules mentioned 
above, the presence of small electron-dense granules 
along the periphery is highly typical, primarily of 
young macrogamonts. In our opinion, these derive from 
the micronemes of merozoites and are not identical 
with the much larger, mostly centrally located dense 
forms. We risk the assumption that it is these latter 
granules which take part in the formation of the oocyst 
and sporocyst wall. 

The course of microgamogony and the structure of 
microgametes in the 2 species studied essentially cor- 
respond to the description of Paterson & Desser 
(1981b). It is surprising, however, that in some micro- 
gamonts the remnants of the conoid can be observed 
even at an advanced stage of gamogony. Persistence of 
the conoid in fish coccidia was reported by Jastrzebski 
& Komorowski (1990). The almost identical size of mi- 
crogamonts and macrogamonts is also striking, since in 
the case of the closely related Goussia subepithelialis 
Steinhagen e t  al. (1990) found the microgamonts much 
larger than the macrogamonts. 

Goussia pannonica is a typical epicellular parasite. 
Previously, the only parasites known to develop epi- 
cellularly were Eimeria anguillae and E. pigra. Based 
upon its typical location, Dykova & Lom (1981) created 
for E. anguillae a new genus, Epieimena, to which they 
also assigned Epieimeria isabellae and E. puytoraci in 
addition to the above species. At the same time, Gous- 
sia (Eimeria) pigra and other, subsequently described 
goussias exhibiting similar epicellular location but hav- 
ing a typical Goussia structure (G.  acipenseris, G. girel- 
lae, G. zarnowskii) remained in the genus Goussia. G. 
pannonica, which differs only slightly in location from 
E. anguillae (also studied by us; Molnar & Baska 1986), 
also belongs to this latter group. Similarly to all 
Epieimeria and 'Epigoussia' species, G. pannonica is 
located in the host-cell ectoplasm, in a vacuole formed 
by the membrane of microvilli, which is only basally 
contiguous with the host-cell cytoplasm. In the case of 
known epicellular parasites, however, this contact var- 
ies among species. While in E. anguillae and E. isabel- 
lae close contact is maintained through protrusions of 
the parasitophorous vacuole into the host-cell cyto- 
plasm (Molnar & Baska 1986, Daoudi 1987), in Eimeria 
(Goussia) vanasi the relationship of the parasitophor- 
ous vacuole to the host cell is somewhat different. 
According to Paperna & Landsberg (1987), in this 
species long, tubular formations extend from the para- 
sitophorous vacuole into the host-cell cytoplasm. In 
Jastrzebski & Komorowski's (1990) view, the protru- 
sions of the parasitophorous vacuole of G. zarnowskii 
above all resemble those observed for E. anguillae; the 
latter, however, contain numerous electron-dense 
granules which, according to Jastrzebski & Komo- 
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rowski,  m a y  se rve  for excretion. In the  case of G. 
pannonica ,  t h e  connect ion b e t w e e n  t h e  parasitophor- 

o u s  vacuole  a n d  t h e  epithelia1 cell  cytoplasm is con-  
spicuously smooth,  f ree  of protrusions. However ,  from 

s o m e  par t s  of t h e  vacuole  cont iguous with  t h e  microvilli 

long  projections ex tend  towards  t h e  cytoplasm. Similar 

observations h a v e  b e e n  m a d e  by  Daoudi  (1987) for E. 
puytoraci.  

T h e  conoid a n d  masses  of micronemes persisting in 

t h e  macrogamonts  of Goussja pannonica  a r e  especially 

striking. T h e s e  formations c a n  b e  found e v e n  i n  g a m -  

onts  a t  an a d v a n c e d  s t age  of maturation. 
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