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ABSTRACT: The fine structure of a n apicomplexan parasite oocyst found in gill tissues of 2 bivalve
molluscs (Cerastoderme edule and Ruditapes decussatus) from Portugal is described. Monozoic oocysts,
composed of a dense ellipsoidal wall with 0.35 ,um thickness containing a single vermiform uninucleated
sporozoite, were 13.3 X 4.5 pm The apical zone of the wall contained a circular micropyle covered by a
conical operculum. Externally the wall was surrounded by numerous thick and long microfibrils
attached to the wall and connected to the host cell. The sporozoite occupied the internal oocyst lumen
amidst fine granular material. Subsequently, the gradual disappearance of the attached microfibrils of
the oocyst wall concomitantly with the degenerat~onand disintegration of the host cells was interpreted
as a sign that thls apicomplexan species was pathogenic to these host specles. Lacking observation of
different life cycle stages and other hosts. identif~cationof the species of t h ~ apicomplexan
s
gregarine of
genus Nematopsis was not possible.

INTRODUCTION

MATERIAL AND METHODS

A considerable number of publications on the life
cycle of apicomplexan parasites of marine bivalve
species has appeared over several years (see reviews
by Theodondes 1962, Sprague 1970, Lauckner 1983).
However, few works describe ultrastructure of the
apicomplexan. Among the apicomplexan parasites, the
gregarine species are one of the most important bivalve
pathogens. Sprague (1970),restored the 2 distinct gregarine genera, Nematopsis and Porospora, in consideration of significant differences between them. Later,
Vivares (1971), studying several Mediterranean
species of these 2 genera, noted that it was difficult
to distinguish between them. The controversial taxonomic position among some species of the order Eugregarinida was reported by Desportes et al. (1977),
who considered the genus Nematopsis a synonym of
Porospora.
The aim of the present work is to contribute a better
knowledge of the ultrastructure of a part of the life
cycle of Nematopsis sp., a n apicomplexan species
described for the first time in 2 marine bivalve molluscs
from Portugal. Additionally, the ultrastructural disorganization and disintegration of host cells containing
the oocysts is observed a n d discussed.

Several parasitized specimens of the cockle Cerastodelme edule (Mollusca, Bivalvia) obtained in the
estuarine region of southern Portugal between June
and September from populations with high mortalities
were used for light (LM) and transmission electron
microscopy (TEM). For TEM, small pieces of the heavily infected gills were fixed in 3 O/o glutaraldehyde in
0.2 M sodium cacodylate buffer (pH 7.6) for 3 h at 4 'C,
washed for 2 h at 4 "C in the same buffer a n d post-fixed
in buffered 2 % OsO, for 2 h at 4 "C. All pieces were
dehydrated by a graded series of ethanol a n d embedded in Epon. After double-staining with uranyl acetate
and lead citrate, the ultrathin sections were observed in
a JEOL lOOCXII TEM operated at 60 kV.
A similar study on the clam Ruditapes decussatus
(Mollusca, Bivalvia), obtained in the same estuarine
region, was made during the same months.
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RESULTS
A parasitic form existing in the gill connective tissue
of the 2 bivalves was observed by light microscopy (Fig.
1). This parasite occurs mainly during the months of
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J u n e to September with prevalences as high a s 82 %
in Cerastoderme edule. The infection seemed more
intense in larger specimens. The prevalence of oocysts
in Ruditapes decussatus was very low (8 %,). The parasite was represented by numerous dense oocysts distributed irregularly in the gill connective tissue (Figs. 1 &
2). Each oocyst was contained within a parasitophorous
vacuole of irregular outline and bound by a single
thickened membrane (Figs. 2 & 3) The surrounding
cytoplasm of the host cell contained a distinct endoplasmic reticulum just beneath the parasitophorous
membrane (Fig. 3). The oocyst was 13.3 pm long and
4.5 pm wide (n = 25) as measured in LM (Fig. 1)
sections and in ultrathin serial sections. Each oocyst
wall contained a single vermiform uninucleated
sporozoite accommodated in the oocyst lumen, presenting a n irregular outline and a dense cytoplasm
(Figs. 2 & 3). The space of the oocyst lumen contained
an electron-lucent material of moderate density (Figs. 3
to 7). The oocyst wall was 0.35 pm thick and limited by
2 homogeneous layers. The polar end, where the circular micropyle was located, was thinner and composed
only of 1 layer of dense material. The external layer
was less dense than the inner one, which was in contact
with the oocyst lumen containing the sporozoite (Fig.
7). The conical operculum that covered the micropyle
was formed by the same material as the internal layer
of the wall (Figs. 4 & 5 ) . The external zone of the oocyst
wall was surrounded by short microfibrils projected
parallel to the external zone of the wall forming a
regular thin layer (ca 5 0 nm thick) (Figs. 5 to 7 ) .Numerous microfibrils projected towards the parasitophorous
vacuole and directly contacted the membrane of the
host cell vacuole (Fig. 3). In more advanced lysed
stages of the host cells the parasitophorous membrane
disappeared and some aspects of lysis were observed
in the host cell cytoplasm (Figs. G & 7). In this case, the
host cytoplasm was in direct contact with the parasitophorous matrix where the microfibrils were still
well evident (Figs. G & 7).
After 10 to 15 d of incubation in filtered sea water the
oocyst wall was devoid of the surrounding microfibrils.
The ultrastructural organization of the sporozoites was
also more visible. The sporozoite cell showed a multilaminar membrane just beneath the plasmalemma and
numerous glycogen particles were evident (Fig. 9).
Some oocysts were devoid of sporozoites and the wall
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showed a well-organized structure formed externally
by a laminated layer and internally by a dense and
homogeneous layer (Fig. 10). Sometimes free opercula
(Fig. 10) and sporozoites were observed among free
oocysts. No ultrastructural differences were found in
the oocysts parasitizing the 2 bivalve species of Cerasfoderme edule and Ruditapes decussatus from southern Portugal.
DISCUSSION

The taxonomic and systematic states of gregarine
species infecting crustacean and molluscan hosts seem
poorly understood because of a lack of studies on their
ultrastructure and life cycle history (Levine 1982). The
ultrastructural morphology of the oocysts described in
this work corresponds to a life cycle stage of an eugreganne species belonging to the family Porosporidae
(Levine 1982).
These 2 parasite oocysts, which appear In 2 different
host molluscan species, seem to present the same morphology and size. The oocysts, mainly their wall, conical operculum and opening as well a s the uninucleated
sporozoite observed in ultrathin serial sections, showed
no ultrastructural differences.
On the other hand, the ultrathin serial sections show
that each oocyst ('spore' as it is also named) (Cheng
1967) contains 1 sporozoite which enabled us to ]dentify the genus Nematopsis. The lytic aspect observed in
the host cells seems to be the result of the parasite
activity which causes complete destruction of the gill
cells in the immediate area in contact with the oocyst
microfibrils. Dead and degenerating host cells occurring around the parasitophorous were easily recognized by their lysed appearance. Evident ultrastructural disruption of the plasmalemma that directly contacts the parasitophorous vacuole was frequently
observed in advanced lysed cells. These data suggest
that the high mortality seen in these bivalves, particularly Cerastoderme edule, is due to Nematopsis sp.
Most of these apicomplexan parasites were found to be
pathogenic to their hosts causing disintegration of cellular organization (Lauckner 1983). In these taxonomic
groups, several species of gregarines have life cycle
stages in different tissues of marine bivalves. The parasite described here may contribute to the previously
described mortality d u e to the presence of Perkinsus

Figs. 1 to 5. Nematopsis sp. All aspects shown in LM and TEM were obtained in the host gill of Cerastoderrne edule. FigLiving
groups of oocysts of Nematopsis sp (*) in host gill X 1130. Flq Ultrathin section of oocysts within the parasitophorous vacuoles
(PV) in direct contact \nth the host cytoplasm ( H C ) . X 5760 Fig. 3. Ultrastructural aspect of a parasitophorous vacuole (PV)
containing a n oocyst (00)
with some sections of the same sporozoite (Sz). Nearby, the nucleus (Nu) of the host cells (HC) can be
seen. X 8600. Fiqs. 4 & 5. Two aspects of longitudinal ultrathin sections of the apical zone showing the operculum (Op),wall (Wa)
and irradiating microfibrils projected to the parasitophorous vacuole ($). X 39 000 a n d 44 000 respectively
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Figs. 6 to 10. Nematopsis sp. All aspects shown in LM a n d TEM were obtained in the host gill of Cerastoderme edule.
Ultrathin section of a n oocyst within the parasitophorous vacuole (*) that directly contacts the hyaloplasm of the host cell (HC).
T h e latter shows some signs of lysis where the vacuole membrane disappears (arrows). X 12 700. Flg Detail of the wall (Wa) a n d
attached microfibrils projected to the parasitophorous vacuole (*). T h e lnternal sporozoite presents high electron density
X 49 000. m18:
D e t a ~ lof a n ultrastructural aspect of the apical reglon of a n oocyst where the operculum (Op), observed at the
final phase of oocyst excystment, is well evident. The wall is d e v o ~ dof microfibrillar layers. X 35000. Fig. 9. Detail of the
sporozoitr (Sz) a n d wall (Wa) ultrastructures The [Sz) shows some dense vesicles a n d several glycogen particles (arrows).
X 85 000.
Ultrastructural detail of the wall (t'i!a) and a free operculum (Op) observed after sporozoite excystment. X 35 000
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(Azevedo 1989a), C r .y.p t o s.p o r i d i u m sp.
(Hzevedo 1989b), endonucleobiotic bacteria (Azevedo
1989c) and Mjnchlnla sp, (Azevedo & Corral 1989) in
R u d i t a p e s d e c u s s a t u s from the same geographical
area.
The lack of a c o m ~ l e t elife cvcle,
'
. includina the intermediate host, prevents the identification of the species
that seems associated with cockle and clam mortalities
in Portugal. Further detailed observations are needed
to explain the complete life cycle and, consequently,
the possible existence of other intermediate host
species.
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