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ABSTRACT: Grossly visible lesions of the ctenidia and occasional mortalities in Japanese oyster Cras- 
sostrea gigas from the Atlantic French coast were reported in 1992-1993. From August 1992 to March 
1993, 235 living oysters were collected to determine the cause of tissue lesions and mortahties. Micro- 
scopical examination of fixed, stalned sections revealed that 53 2 %  of these oysters had ctenidia and 
mantle lesions associated with irregular basophllic and Feulgen positive cytoplasmic inclusion bodies. 
Ultrastructurally, the infectious agent was a chlamydia-like organism. Indirect fluorescent and peroxi- 
dase conjugated antibody tests suggested that this agent might share common antigens with the pro- 
caryotic agent Chlamydia psittaci, strain ovis 
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INTRODUCTION Japanese oyster Crassostrea giyas collected from the 
French Atlantic coast in 1992-1993, associated with 

Various rickettsia1 and chlamydial agents occur in the detection of a chlamydia-like organism in connec- 
many species of bivalve molluscs (Comps et al. 1977a, b, tive tissues of ctenidia and mantle. 
Harshbarger et al. 1977, Buchanan 1978, Comps & 
Deltreil 1979, Meyers 1979, Joly & Comps 1980, Mor- 
rison & Shum 1982, 1983, Gulka et al. 1983, Elston & MATERIALS AND METHODS 
Peacock 1984, Couch 1985, Elston 1986, Le Gall et al. 
1988, Azevedo & Villalba 1991, Cajaraville & Angulo Source of specimens. Cultured Japanese oysters 
1991, Fries et  al. 1991, Norton et  al. 1993). Although Crassostrea gigas were collected and examined from 
these procaryotic organisms parasitize many different August 1992 to March 1993 at 4 locations (Ronce les 
species of bivalve molluscs, only a few are described Bains, Bourcefranc le Chapus, Fouras and Arcachon) 
as pathogens associated with lesions or mortalities of along the south Atlantic coast of France. A total of 
adult cultured bivalves (Buchanan 1978, Gulka et al. 235 adult oysters (1 to 3 yr old) was examined. Oysters 
1983, Elston & Peacock 1984, Elston 1986, Le Gall et from Brittany, Normandy and the Mediterranean Sea 
al. 1988, Norton et al. 1993). In hatchery-reared larval were also analysed. 
and post-metamorphic Argopecten irradians, chlamy- Light microscopy. After oysters were removed from 
diosis is apparently a n  extremely lethal epizootic dis- the shell, they were sagittally sectioned, then half was 
ease, but it is enzootic in adults (Leibovitz 1989). placed in Davidson's fixative, and the other half in 

The present study reports, for the first time, macro- Carson's fixative. Samples fixed in Davidson's fluid 
scopic ctenidia lesions and occasional mortalities of the were dehydrated using a n  ascending ethanol series, 

cleared in xylene and infiltrated with paraffin. They 
were then embedded in paraffin, sectioned at 3 or 4 pm 
thickness, stained with hematoxylin and eosin and 
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carefully checked for lesions. Macchiavello's method 
for microorganisms belonging to the genus Rickettsia 
(Culling 1974), the acridine orange stain for psittacosis 
agent (Starr et al. 1960) and the nucleal Feulgen and 
Rossenbeck reaction for DNA detection were also used 
on selected slides. Samples placed in Carson's fixative 
were held for electron microscopy. 

Electron microscopy. Ctenidia and mantle tissues 
were collected from live oysters or from those previ- 
ously placed in Carson's fixative, then fixed in 2.5% 
glutaraldehyde in 0.2 M cacodylate buffer at a pH of 
7.4 and post-fixed in 1 % osmium tetroxide in the same 
buffer for 1 h at 4°C. After dehydration by means of an 
ascending ethanol series, specimens were cleared in 
propylene oxide and embedded in Epon resin. Semi- 
thin sections for light microscopy were stained in 0.5 % 
toluidine blue in 1 % sodium borate solution. Ultrathin 
sections were collected on uncoated copper grids, 
double stained with uranyl acetate and lead citrate, 
and observed in a JEOL JEM 1200 EX transmission 
electron microscope at 60 kV. 

Indirect immunofluorescence and immunoperoxi- 
dase. Five pretitered anti-Chlamydiapsittaci, strain ovis 
monoclonal antibodies and sheep anti-chlamydial serum 
(kindly provided by Dr A. Rodolakis, Institut National de 
la Recherche Agronomique, Laboratoire de Pathologie 
Infectieuse et Immunologie, Nouzilly, France), having a 
complement fixation titer of 1:2000 against C, psittaci, 
strain ovis, which causes sheep abortions, were used 
for indirect testing with pretitered, fluorescein isothio- 
cyanate or peroxidase conjugated goat anti-mouse 
(Institut Pasteur) and donkey anti-sheep immunoglobu- 
lins (Sigma). Tissue sections from samples fixed in 
Carson's and Davidson's fixatives were cut at 3 or 4 pm 
thickness. After dewaxing and hydration, they were 
overlaid with a solution of 3 % (w/v) powdered milk in 
phosphate-buffered saline (PBS, pH 7.4) for 30 min, to 
block nonspecific binding sites. After this 

was performed with a methanol bath supplemented with 
0.3 % hydrogen peroxide for 30 min. 

The specificity of indirect tests was monitored by 
processing known Chlamydia psittaci, strain ovis posi- 
tive controls in parallel with the oyster sections. These 
controls were performed on McCoy cell cultures 
infected by C. psittaci, strain ovis and fixed in acetone. 
Uninfected cell cultures were also included as nega- 
tive controls. Sections of uninfected Japanese oysters 
originating from Brittany (Etel), Normandy (Gouville) 
and the Mediterranean Sea (Etang de Thau) and 
healthy European flat oysters Ostreae edulis from 
Brittany (La Trinite) were used as negative controls. 

An antibody negative control consisting of anti- 
Bonamia ostreae monoclonal antibodies was tested on 
infected Japanese oysters sections. 

RESULTS 

Gross appearance and prevalence of ctenidia lesions 

Ctenidia lesions appeared as indentations in lamellae 
(Fig. 1). Most affected oysters showed one to several in- 
dentations. When the infection was heavy, the whole 
lamella was affected and very reduced in size. 

We only recorded mortality levels (30 %) for 2 yr old 
Japanese oysters originating from Ronce les Bains, col- 
lected in August 1992 and December 1993. 

Histopathology of ctenidia and mantle lesions 

Paraffin sections of affected oysters stained with hema- 
toxylin and eosin showed irregular cytoplasmic inclusion 
bodies in connective tissue cells of ctenidia and mantle 
(Fig. 2). These inclusions were very basophilic and 

first step, the histological slides were again - 
overlaid with monoclonal antibodies or anti- 
chlamydial serum diluted from 1: 100 to 
1 : 10 000 in PBS with supplemented 0.5 % 
milk powder. After a 45 min incubation at 
37°C in a moist chamber, tissue sections were 
washed with PBS and then overlaid with 
fluorescein isothiocyanate or peroxidase con- 
jugated goat anti-mouse or donkey anti-sheep 
diluted in PBS supplemented with 0.01 % 
Evans blue for indirect immunofluorescence. 
Slides were again incubated in a moist 
chamber for 1 h and then washed in the same 
buffer. They were examined for light green 
fluorescent or brown-stained intracellular pro- 
car~otic  agents. For the ~eroxidase assays, an Fig 1. Crassostrea gigas. Pacific oyster with marginal indentations 
inhibition of endogenous peroxidase activities (arrows) in the ctenidia lamellae 
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Fig. 2. Crassostrea gigas. Light micrograph of mantle tissues. 
Irregular basophilic and intracytoplasrnic inclusions (arrows) 
and pyknotic nuclei (arrowheads) are  seen in mantle con- 
nective tissues. In this zone, mantle epithelium (E) is normal. 

Hematoxylin and eosin. x800 

varied in size and distribution, but were never very 
large. They did not stain positively with the modified 
Macchiavello's stain for rickettsias, but were Feulgen 
positive. No I-esult was obtained on infected oyster 
sections with acridine orange stain and ultraviolet 
illumination. When the infection was heavy, hemocytic 
cellular infiltration and cell necrosis of gill and mantle 
connective tissues were visible and extensive. Nuclei in 
infected connective tissues gradually became pycnotic 
(Fig. 2 ) ,  and the cytoplasm became disintegrated. Cell 
necrosis of gill and mantle epithelia was also seen. 

The proportions of infected oysters in the different 
sampling groups from the French Atlantic coast varied 
from 30 to 66.6% and are reported in Table 1. Among 
the 235 oysters examined, 125 were found infected 
(prevalence 53.2 %). 

No abnormality was detected in oysters originating 
from Brittany, Normandy or the Mediterranean Sea. 

Table 1. Crassostrea gjgas. Prevalence of abnormalities (P) in 
samples examined by histology (August 1992 to March 1993). 

S: sample size 

Origin of samples Date S P 

Ronce Aug 1992 
Ronce Dec 1992 
Fouras Feb 1993 
Arcachon Mar 1993 
Arcachon Mar 1993 
Ronce Mar 1993 
Le Chapus Mar 1993 

Etel Mar 1993 
Gouville Mar 1993 
Etang de  Thau Mar 1993 

Total 

Ultrastructure of infected oysters 

Semithin sections of Japanese oysters revealed 
inclusion bodies staining deep blue in cells of ctenidia 
and mantle connective tissues. In addition, hypertro- 
phied cells, up to 25 pm in size, with cytoplasmic 
inclusions or a granular cytoplasm were observed in 
affected areas (Fig. 3). 

Thin sections of ctenidia and mantle tissue samples 
from 13 infected Japanese oysters were observed by 
transmission electron microscopy. All contained dif- 
ferent stages of a procaryotic organism in the cyto- 
plasm of connective tissue cells. Reticulate bodies, 
intermediate condensing forms and elementary bod- 
ies were clearly distinguished. The earliest noted 
alteration of ctenidia and mantle connective tissue 
was the presence of individual intracytoplasmic vac- 
uoles containing some elementary bodies, intermedi- 
ate forms and reticulate bodies (Fig. 4). As the devel- 
oping intermediate bodies increased in size, they 
became less electron dense. These intermediate bod- 
ies became further enlarged, vacuolated and trans- 
formed into pleomorphic reticulate bodies. The reticu- 
late bodies had a clear central area, containing fine 
filaments, and were peripherally filled with electron 
dense material (Fig. 5). The shape of the reticulate 
bodies, although pleomorphic, tended to be irregu- 
larly round or oval, and they measured approximately 
500 nm to 1.5 pm in diameter (Fig. 5). Intermediate 
bodies were also pleomorphic with a size of approxi- 
mately 300 to 500 nm (Figs. 6a, b) .  Both types of body 
were double membrane bound or exhibited a penta- 
laminar structure (Figs. 5 & 6).  The double membrane 
was best observed in samples directly fixed in glutar- 
aldehyde (Fig. 5). Mature elementary bodies were 
oval to fusiform in shape and ranged in size from 80 to 

Fig. 3. Crassostrea gigas. Semithin section stained with tolui- 
dine blue. Hypertrophied cells (arrow) with cytoplasmic 
inclusions or a granular cytoplasm are  observed in connective 

tissues of gills. x800 
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Figs. 4 to 9 Crassostrea glgas. Transmission electron micrographs ot g111 tlssues flxed dlrectly in glutaraldehyde or after preservation In 
Carson's flxatlve. Fig 4 lndlvldual ~ntracytoplasrnic vacuoles containing some intermediate condensing forms and reticulate bodies 
(arrows]. Flg Detail of reticulate bodies In tlssues dlrectly fixed in glutaraldehyde Intracytoplasmic reticulate bodies show a clear central 
area and a penphery fllled with electron dense matenal Note the double membrane (arrows). F e  Detail of intermediate condensing bod- 
les Note the double membrane around the mlcroorganlsms [arrows) Electron dense, round to fusiform elementary bodies. Note the 
central electron dense reglon separated from the membrane by an electron transparent spdce -. lntracytoplasrnic vacuoles containing 
chlamydla-llke organlsms and llmlted by dn ~ncluslon membrane (arrows). Fig Ultrastructural modifications of cells infected by chlamydia- 

l ~ k e  organlsms (arrows) Note pycnotlc nuclel (arrowheads) and vesiculation of cellular organelles 
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160 nm (Fig. 7). The central electron dense 
region was usually separated from the exter- 
nal membrane by an  electron lucent space 
(Fig. 7). 

Multiplication of the reticulate bodies 
took place within an  expanding membrane- 
bound vacuole, or inclusion, an extension in 
which the parent elementary body was 
brought into the host cell. However, most of 
these reticulate bodies were in the nondivid- 
ing stage and figures indicative of binary 
fission were rarely observed. An inclusion 
membrane was observed around oyster 
procaryotic organism inclusions, separating 
microorganisms from host cell components 
until disintegration during the late stages of 
infection (Fig. 8).  Vesicles containing micro- 
organisms varied in size and development. 

General vesiculation and eventual lysis of 
cellular organelles were observable. Mito- 
chondria collected around inclusions and 
became swollen. Some nuclei were pycnotic 
(Fig. 9). A consequence of this intense reac- 
tion was a drastic change of the normal gill 
architecture a t  the affected areas. In addition, 
fusion of filaments was also observed. 

Thin sections of ctenidia and mantle tissue 
samples of 8 uninfected Japanese oysters 
from the French Atlantic coast and 10 unin- Figs. 10 & 11. Crassostrea gigas. Fig. 10. Indirect fluorescent mono- 
fected oysters originating from Brittany, Nor- clonal antibody (ADSA8, 1:1000) test on infected Japanese oyster 
mandy and the ~ ~ d i t ~ ~ ~ ~ ~ ~ ~ ~  sea did not connecti\~e tissues showing specific fluorescence of chlamydia-like 

organisms Fig. 11. Indlrect immunoperoxidase rnonoclonal antlbody reveal the presence of the microorganism. (AD5A8, 1:1000) test on infected J a ~ a n e s e  ovster connective tissues 
showing specific reactivity of chlamydia-like organisms 

Indirect irnmunofluorescence and imrnunoperoxidase 

Sections of 12 heavily infected oysters, originating 
from the French Atlantic coast, fixed in Carson's 
and Davidson's fixatives, were examined by indirect 
immunofluorescence and immunoperoxidase. With 2 
anti-Chlamydia psittaci, strain ovjs monoclonal anti- 
bodies (AD5A8 and LClBl l ) ,  diluted 1:1000 and 
1.10 000, all the samples showed specific reactivity 
within the areas of glll and mantle lesions (Figs. 10 & 11) 
for both fixatives. Samples of the 12 fluorescent and  
peroxidase positive oysters were observed by trans- 
mission electron microscopy. Intracellular procaryotic 
agents were observed in ctenidia and mantle connec- 
tive tissues in all examined oysters. 

For the other anti-Chlamydia psittaci monoclonal 
antibodies and sheep anti-chlamydial serum, no reac- 
tivity was found in ctenidia or mantle of the same 
heavily infected oysters. 

Sections of 8 uninfected Japanese oysters originating 
from the French Atlantic coast, 10 uninfected animals 

from Brittany, Normandy and Mediterranean and 20 
European flat oysters Ostrea edulis were always nega- 
tive. No reactivity was observed with anti-Bonamia 
ostreae monoclonal antibodies on sections of the 12 
heavily infected oysters. 

Positive controls of cell cultures infected with 
Chlamydia psittaci, strain ovis always exhibited strong 
reactivity. 

DISCUSSION 

Since the first reports of Harshbarger e t  al. (1977) 
and Otto et  al. (1979), chlamydia-like procaryotes 
have been described in various bivalves (see Elston 
& Peacock 1984 and Grizel 1987 for reviews). 

The presence of reticulate, intermediate and ele- 
mentary bodies in the ctenidia and  mantle connective 
tissues of the Japanese oyster Crassostrea gigas indi- 
cates that the procaryotic agent is more similar to 
chlamydiales than rickettsiales, which possess a single 
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form throughout their life cycle. The different stages 
of this procaryotic organism appear enclosed within 
vesicles: the presence of a membrane separating 
microorganisms from host cell components until dis- 
integration during late stages of infection is compatible 
with the description for other chlamydial infections 
(Todd et al. 1976, Ladany & Sarov 1985, Moulder 
1991). 

The morphology of the elementary bodies is oval to 
fusiform as described in other bivalves (Morrison & 
Shum 1982, Carajaville & Angulo 1991). The inter- 
mediate condensing forms have similarities with other 
intermediate bodies reported in mussels (Cajaraville & 
Angulo 1991). These chlamydial bodies become fur- 
ther enlarged, vacuolated and transformed into pleo- 
morphic reticulate bodies as described for chlamydia 
(Higashi et  al. 1962, Mitsui et al. 1962, Moulder 1986). 
Because of the developmental cycle of the microorgan- 
ism which we have described here, we have identified 
this procaryotic agent as a chlamydia-like organism. 

The presence of DNA has been reported in different 
stages of micoorganisms belonging to the genus 
Chlamydia (Starr et al. 1960, Pollard & Tanami 1962, 
Moulder 1986). Thus the Feulgen reaction could be 
useful for distinguishing the chlamydia-like organism 
inclusions in infected oysters. Moreover, detection of 
RNA is possible in the different forms of C. psittaci and 
C,  trachomatjs, particu1,arly in reticulate bodies (Starr 
et al. 1960, Pollard & Tanami 1962, Moulder 1986). In 
this case, the acridine orange stain could be a good 
method for detection of these microorganisms. How- 
ever, in our study, this technique did not give good 
results because of the pH of fixatives. 

Our study involved formalin-fixed oyster tissue, and 
the monoclonal antibodies we  selected were reactive 
to the vertebrate pathogen, Chlamydia psittaci, strain 
ovis. Nevertheless, 2 of these monoclonal antibodies 
that were specific to lipopolysaccharide antigens 
(LPS) were cross-reactive with our microorganism. 
Our method, in which fixed tissues and not frozen 
sections were used, has been d.escribed earlier (Lund- 
mose et al. 1989). If indirect immunofluorescence is 
carried out with monoclonal antibodies specific to 
LPS, using Evans blue and powdered milk, high-qual- 
ity results are obtained. This technique is easily per- 
formed; moreover, it can be used to detect micro- 
organisms in old formalin-fixed samples (Lundmose 
et al. 1989). A specific reactivity with 1:1000 and 
1: 10000 dilutions of the 2 monoclonal antibodies was 
easily observable, which suggests that our chlamydia- 
like agent might share antigens with C. psittaci, strain 
ovis, although our microorganism has a greater 
number of specific characters than the vertebrate 
chlamydial agents. The lack of reactivity for sheep 
anti-chlamydial serum and the other 3 monoclonal 

antibodies could have been due to the destruction of 
chlamydia-like organism antigens in fixed tissues or 
to a lack of cross-reactivity, 

In contrast to rickettsia-like organisms, which ap- 
pear in digestive, renal, or branchial epithelium and in 
connective tissues of bivalves (Meyers 1979, Otto et al. 
1979, Morrison & Shum 1983, Elston & Peacock 1984, 
Elston 1986, Villalba et al. 1993), chlamydia-like or- 
ganisms have been reported only in digestive tissues of 
bivalves. Thus, our report is the first ultrastructural 
description of a chlamydia-like organism affecting 
ctenidia and mantle connective tissues of bivalve 
molluscs. 

Heavy host reactions such as lysis of affecting cells 
(Morrison & Shum 1982, Elston & Peacock 1984), sub- 
sequent disappearance of the normal architecture of 
oysters gill and mantle tissues and hemocyte infiltra- 
tion of infected areas were observed in the present 
study. Similarly, ultrastructural alterations were visible 
in affected ctenidia and mantle cells. Ultrastructural 
changes were related to the presence of the chlamy- 
dia-like organisms in Japanese oyster ctenidia and 
mantle tissues. General vesiculation and lysis of cellu- 
lar organelles or swollen mitochondna were apparent. 
These ultrastructural modifications were best observed 
in apparent late stages of infection and were compati- 
ble with these described for other chlamydial infec- 
tions (Todd et al. 1976, Moulder 1991). Thus, the 
chlamydia-like organisms descr~bed in this study 
induce gill and mantle lesions. Although these results 
are compatible with those described for vertebrate 
chlamydial infections (Todd et al. 1976, Moulder 1991), 
in other bivalves infected with chlamydia or rickettsia- 
like organisms, lack of response has often been 
reported (Meyers 1979, Otto et al. 1979, Joly & Comps 
1980, Elston & Peacock 1984, Elston 1986, Cajaraville 
& Angulo 1991). Lesion intensity and high prevalence 
of this chlamydia-like organism in oysters from the 
south French Atlantic coast, associated with occasional 
mortalities, indicate that this procaryotic agent repre- 
sents a potential pathogen for the species Crassostrea 
gigas. 

However, study of experimental ~nfection is needed 
to demonstrate the pathogenicity of this chlamydia- 
like agent. Isolation and purification of this procaryotic 
agent could also more accurately establish the precise 
taxonomic status of the microorganism. 
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