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INTRODUCTION

Parasitic and symbiotic species of prokaryotic
microorganisms have been reported in a wide range of
marine animals (Bonami & Pappalardo 1980, Lauckner
1983, Sparks 1985, Fryer & Lannan 1994, Wang & Gu
2002, Nunan et al. 2003, Bower 2004). Amongst them,
rickettsiae and rickettsia-like organisms (RLOs) have
been reported infecting several aquatic animal groups,
mainly bivalves (Harshbarger et al. 1977, Buchannan
1978, Elston 1986, Comps et al. 1987, Mialhe et al.
1987, Azevedo & Villalba 1991, Renault & Cochennec

1994, Gardner et al. 1995, Wu & Pan 1999, Antonio 
et al. 2000, Hine & Diggles 2002, Hine et al. 2002,
Azevedo et al. 2005). These microorganisms are small,
pleomorphic, rod-shaped coccoid prokaryotes, most of
which are obligate intracellular Gram-positive para-
sites (Sparks 1985). Some RLOs have been associated
with diseases and mortality in molluscs (Azevedo &
Villalba 1991, Haaker et al. 1992, Wu & Pan 1999,
Moore et al. 2000, Hine et al. 2002, Hine & Diggles
2002). A lethal disease known as ‘(foot) withering syn-
drome’, characterised mainly by atrophy of the foot
muscle, has been associated with mass mortalities in
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cultured and natural populations of Haliotis spp. from
different geographic areas (Antonio et al. 2000, Fried-
man et al. 2000, Moore et al. 2000, Bower 2004).
Recently, the syndrome has been described as a severe
pathogen-caused disease associated with Ricketts-
iales-like prokaryotes (Haaker et al. 1992, Gardner et
al. 1995, Antonio et al. 2000, Moore et al. 2000, Bower
2004, Braid et al. 2005).

The purpose of this work is to document and
describe the ultrastructure of RLOs found in abalone
Haliotis tuberculata. These prokaryotic parasites may
contribute to the mortality of this commercially impor-
tant species.

MATERIALS AND METHODS

Juvenile abalone Haliotis tuberculata (Linnaeus,
1758) (Gastropoda: Haliotidae) from Ireland were
grown in barrels suspended from rafts in El Grove,
Galicia, NW of Spain (42° 29’ 20’’ N, 08° 53’ 56’’ W). Fif-
teen specimens were observed by light microscopy
(LM) during a study which aimed to identify hap-
losporidiosis. In addition to the haplosporidian para-
site, some of the specimens were also found to be par-
asitized by RLOs, mainly in the epithelial cells of the
digestive diverticulae.

Small fragments of the parasitized tissues were fixed in
3% glutaraldehyde in 0.2 M sodium cacodylate buffer
pH 7.2 for 10 h at 4°C, washed overnight in the same
buffer at 4°C, and post-fixed in buffered 2% OsO4 for 3 h
at 4°C. After dehydration in an ascendant ethanol series
followed by propylene oxide, the tissues were embedded
in Epon. Semithin sections were stained with methylene
blue-Azur II and observed under differential interfer-
ence contrast (DIC; Nomarski) microscopy. For transmis-
sion electron microscopy (TEM), the tissues were ultra-
thin-sectioned with a diamond knife, double-stained
with uranyl acetate and lead citrate and observed in a
JEOL 100CXII TEM operated at 60 kV.

RESULTS

Of the 10 specimens of the abalone Haliotis tubercu-
lata parasitized by a haplosporidian identified as Hap-
losporidium montforti (Azevedo et al. 2006), only 6
revealed a simultaneous infection by rickettsia-like
organisms (RLOs) (Fig. 1). In addition, of the 5 speci-
mens not parasitized by the haplosporidian, 3 con-
tained RLOs. In both cases, RLOs occurred within
large intracytoplasmic vacuoles (up to 8 µm in diame-
ter) in the epithelial cells of the digestive diverticulae,
where they were responsible for the formation of
spherical to ellipsoidal microcolonies (Figs. 1 to 4). By
observation of ultrathin transverse sections made at
the level of the largest vacuoles, it was possible to
count ~75 RLOs per section (Figs. 3 & 4). The total
volume of the largest vacuoles was occupied by ~280
juxtaposed RLO cells.

The RLOs were polygonal in shape, and packed
into vacuoles with no intercellular spaces. The chro-
matin was organized into several compacted and ir-
regular patches (Figs. 3 & 4). Infected cells were hy-
pertrophied and the cytoplasm was largely replaced
by the developing RLO microcolony (Figs. 2 to 4).
In favourable longitudinal sections it was possible
to observe that the RLO vacuoles occupied a basal
position beneath the nuclei of the epithelial cells
(Fig. 4). The histopathological changes caused by the
presence of RLOs in the epithelial cells of the diges-
tive diverticulae included an increase in the volume of
the vacuole and substantial ultrastructural alterations
of the nucleus that became pycnotic. Additionally,
several vacuoles and dense bodies appeared in the
cytoplasm of the host cells (Figs. 3 & 4). The most
evident alterations were observed at the apical peri-
phery of the host cells where the luminar microvilli
disappeared (Fig. 4). Sometimes disrupted vacuoles
and free RLOs were observed among host tissues
where the cell appeared lysed and the epithelial
tissues of the host were disrupted (Fig. 1).
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Figs. 1 to 4. One photo- and 3 electronmicrographs of the rickettsia-like organisms (RLOs) found in the abalone Haliotis tubercu-
lata. Fig. 1. Semithin section of ephitelial cells of the digestive diverticulae showing intracytoplasmic vacuoles (arrows) contain-
ing RLOs near the nuclei (N) of the host cells. Some of the host cells are disrupted (*). Internally, several haplosporidian spores
can be observed. Fig. 2. Ultrastructural aspect of 2 intracytoplasmic vacuoles containing RLOs (arrows) projected towards the
lumen of the digestive diverticulae epithelial cells, where numerous microvilli (Mv) are present. In the cytoplasm of these cells
some vacuoles (*) and dense basophilic bodies (arrowheads) are observed. Fig. 3. Ultrastructural aspects of epithelial cells
containing an intracytoplasmic vacuole with RLOs (arrows). The nuclei (N) are irregularly shaped and seem to be pycnotic.
Several dense basophilic bodies (arrowheads) are present in the cytoplasm. Fig. 4. Ultrastructural aspect of the longitudinal
section of 2 epithelial cells, each containing a nucleus (N) and an elongated intracytoplasmic vacuole with RLOs (arrows). At
the apical region of the cell (*), the microvilli of the epithelial host cells have disappeared. The basal region is occupied by

numerous dense basophilic bodies (arrowheads)
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DISCUSSION

The ultrastructural morphology of the prokaryotic
microorganisms reported here is similar to that of other
RLOs previously described in several species
of aquatic fauna (Lauckner 1983, Sparks 1985, Gard-
ner et al. 1995). RLOs differ from bacteria because they
lack a true bacterial wall (Elston 1986, Azevedo & Vil-
lalba 1991, Bower 2004). These prokaryotes have been
reported from marine animals (Lauckner 1983), mainly
crustaceans (Bonami & Pappalardo 1980, Fryer & Lan-
nan 1994, Nunan et al. 2003) and bivalves (Buchannan
1978, Elston 1986, Azevedo & Villalba 1991, Gardner
et al. 1995, Hine & Diggles 2002, Hine et al. 2002,
Azevedo et al. 2005). Previous studies on bivalves
infected with rickettsia or RLOs have demonstrated
that these prokaryotes can cause important losses in
commercially farmed bivalves (Gardner et al. 1995,
Friedman et al. 2000, Hine et al. 2002, Bower 2004).

The ultrastructural organization of the compacted
chromatin of the RLOs studied in the present work dif-
fers from all the other rickettsia and RLOs previously
described in molluscs (Elston 1986, Comps et al. 1987,
Azevedo & Villalba 1991, Gardner et al. 1995, Azevedo
et al. 2005).

The RLOs described in the present paper were found
coincidentally in tissues of cultured Haliotis tuberculata
which had experienced high mortality possibly due to
the presence of a haplosporidian infection identified as
Haplosporidium montforti (Azevedo et al. 2006). During
an ultrastructural study of a recently identified hap-
losporidian found among cultured abalone Haliotis iris,
rickettsiae were also encountered and associated with
the mortality of the host (Hine et al. 2002). In addition,
epizootic mortalities associated with amyotrophia have
been observed in hatcheries of the Japanese black
abalone Nordotis discus discus (Otsu & Sasaki 1997,
Nakatsugawa et al. 2000). The appearance of RLOs in
the same hosts where a high mortality was associated
with the infection of H. montforti may indicate that RLOs
contribute to mortality of the abalone. Moribund and
dead abalones contained these 2 types of infections
simultaneously. The mortality that occurred in the
abalone H. tuberculata could not be attributed to the
RLO infection alone, because of the presence of another
pathogen (H. montforti) (Azevedo et al. 2006) in the same
samples. In spite of the fact that the abalones showed
symptoms corresponding to those caused by ‘withering
syndrome’, it was not possible to establish a definitive
connection between the presence of the RLOs and the
disease, because of the haplosporidian co-infection.
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