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ABSTRACT: Concomitant sporadic high mortalities were reported in France in May 1994 among
batches of hatchery-reared larval Pacific oysters Crassostrea gigas and European flat oysters Ostrea
edulis in 2 hatcheries, and in June and July 1994 among batches of cultured spat of both species in a
shellfish nursery. Histological observation showed the presence of cellular abnormalities in moribund
animals. Transmission electron microscopy revealed the presence of herpes-like virus particles in
infected larvae and spat of both oyster species. This is the first description of a herpes-like virus infec-
tion in larval O. edulis. Viruses observed in diseased larvae and spat of both species are similar with
respect to ultrastructure and morphogenesis. They were detected simultaneously in C. gigas and O.
edulis larvae and spat, indicating possible interspecific transmission. Moreover, these viruses are
associated with high mortality rates in both oyster species. An electron microscopic examination
revealed hemocytes with condensed chromatin and extensive perinuclear fragmentation of chro-
matin. These data suggest that herpes-like viruses infecting oysters may induce apoptosis in oyster
hemocytes.
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INTRODUCTION

A herpes-like virus infection which was asssociated
with mortalities among larvae of hatchery-reared
Pacific oyster Crassostrea gigas was reported for the
first time in France during summer 1991 (Nicolas et al.
1992). Since this first description, further outbreaks of
herpes-like virus infections have been regularly noted
among Pacific oyster larvae during the summer period
each year in some French hatcheries (Renault et al.
1994a). Moreover, during summer of 1993, 1994 and
1995, sporadic high mortalities occurred in some
batches of Pacific oyster spat cultured in different
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French locations (Renault et al. 1994b, unpubl. data).
A herpes-like virus was reported in association with
mortalities among Ostrea edulis spat originating from
Brittany in France (Comps & Cochennec 1993). In aus-
tral mid-summer 1991, Hine et al. (1992) described a
herpes-like virus infection responsible for high mor-
tality of hatchery-reared C. gigas larvae in New Zea-
land. More recently, herpes-like viruses have been
observed in hemocytes of O. angasi adults in Australia
(Hine & Thorne 1997) and in larval New Zealand flat
oysters Tiostrea chilensis, resulting in high mortality
rates (Hine et al. 1998). All these viruses are similar
with respect to morphology, cellular localizations and
apparent tropism. Viruses observed in France among
Pacific oyster larvae and spat are similar in size
(Renault et al. 1994b), but they are smaller than the
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viral particles reported by Hine et al. (1992) in New
Zealand and the virus-like particles described by
Comps & Cochennec (1993) among French cultured
European flat oyster spat.

We describe for the first time a herpes-like virus
infecting European flat oyster larvae and concomitant
herpes-like virus infections associated with high mor-
talities among hatchery-reared larvae and nursery-
cultured spat of both Crassostrea gigas and Ostrea
edulis during the summer of 1994 in France. We per-
formed an ultrastructural comparative study between
both virus-like particles found respectively in Pacific
oysters and European flat oysters and compared them
to viruses belonging to the Herpesviridae family.

MATERIALS AND METHODS

Specimens. Larval Ostrea edulis and Crassostrea
gigas, 6 to 10 d old, 80 to 150 ym in size, were collected
in May 1994 from 2 hatcheries located in Bourgneuf
Bay (Vendée, France). Nursery-cultured spat of C.
gigas and O. edulis, 3 to 5 mo old, were also collected
from Bourgneuf Bay in June and July 1994.

Light microscopy. A total of 197 European flat oyster
spat and 196 Pacific oyster spat were collected for light
microscopical examination. Moribund cultured spat of
both species, 3 to 5 mo old, were removed from the
shell and, sagittally sectioned; then half of each speci-
men was fixed in Davidson's fixative for light micro-
scopic examination and the other half in Carson's fixa-
tive for transmission electron microscopic analysis.
After 48 h fixation in Davidson's fluid, samples were
dehydrated using an ascending ethanol series, cleared
in xylene and infiltrated with paraffin. They were then
embedded in paraffin and sectioned at 3 pm thick-
ness. After dewaxing, tissue sections were stained with
Hematoxylin and Eosin (HE) for routine examination,
and Feulgen's stain for DNA (Gabe 1968).

Eighteen batches of moribund larvae were directly
fixed in glutaraldehyde for light and transmission elec-
tron microscopy.

Electron microscopy. For transmission electron mi-
croscopy, fresh infected larvae or gill, mantle and
digestive gland fragments of diseased spat previously
fixed in Carson's fluid were transferred in cold 2.5%
glutaraldehyde in 0.2 M cacodylate buffer at pH 7.2
for 1 h. Specimens taken from tissues stored in
Carson's fixative were rinsed for 48 h in 0.2 M caco-
dylate buffer at 4°C before fixation in glutaraldehyde.
Samples were then post-fixed in 1% osmium tetrox-
ide in the same buffer at 4°C. Larval samples were
dehydrated by serial ethanol baths (70 to 100 %), par-
tially rehyrated by two 10 min baths in cacodylate
buffer and de-calcified with a 2% ethylene-tetra-

acetic acid (EDTA) solution in 0.2 M cacodylate buffer
overnight at 4°C. After fixation and post-fixation,
larvae and spat specimens were washed in 0.2 M
cacodylate buffer, dehydrated by means of an as-
cending ethanol series (70 to 100%), cleared twice
for 15 min in propylene oxide and infiltrated for 1 h
in 50:50 propylene oxide:Epon resin. After 1 h infil-
tration in pure Epon resin, they were embedded in
resin and cured for 48 h at 60°C. Sections (1 pm) for
light microscopic examination were stained in 0.5%
toluidine blue in 1% sodium borate solution. Ultra-
thin sections were stained in 5% uranyl acetate in
50% ethanol for 20 min and in 5% lead citrate in
fresh boiled distilled water for 3 min. They were
examined in a JEOL JEM 1200 EX transmission elec-
tron microscope at 80 kV.

RESULTS
Course of the disease

A few days after being spawned, larvae of both Cras-
sostrea gigas and Ostrea edulis showed a reduction in
feeding and swimming activities in batches from 2
French hatcheries (Bourgneuf Bay, Vendée, France).
High mortality occurred, at the beginning of May 1994,
by Day 6, with total mortality by Days 8 to 10. Mori-
bund larvae swam weakly in circles with their vela
noticeably less extended than in healthy larvae. They
exhibited velar lesions and some free pieces of velum
were also observed in the tank water. Moribund larvae
measured 80 to 150 pm. Mortalities were first observed
in European flat oyster larvae and a few days after-
ward in Pacific oysters in both hatcheries.

For spat of both species Crassostrea gigas and Ostrea
edulis, mortalities occurred at the beginning of June
1994 in a nursery from the Bay of Bourgneuf (Vendée,
France). Sudden and high mortalities occurred first in
some batches of Pacific oyster spat and reached 70 %
within 5 d. High mortalities (50 %) also occurred in the
same nursery among some batches of European flat
oyster spat. They occurred 1 wk after the mortalities in
C. gigas spat. After 1 mo, all batches of both species
were affected and mortalities reached 90 to 95 %.

Histological examination

Changes were noted in semi-thin sections of dis-
eased larvae for all examined batches in both oyster
species. Histologically, the lesions appeared to be
confined to connective tissue. Fibroblastic-like cells
exhibited an abnormal cytoplasmic basophilia and
enlarged nuclei with marginated chromatin; other
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cells believed to be hemocytes showed extensive chro-
matin condensation (Fig. 1).

The main histological change in spat of both oyster
species was the presence of abnormal nuclei through-
out connective tissue, especially in the mantle, labial
palps and digestive gland connective tissue. There was
no noticeable difference in the appearence of affected
tissues between infected European flat oysters and
infected Pacific oysters or between larvae and spat
of both oyster species. Abnormalities consisted of en-
larged nuclei associated with abnormal marginated
chromatin in fibroblastic-like cells and highly con-
densed nuclei in ovoid cells interpreted as hemocytes.
Some nuclei showed peculiar patterns of chromatin
with a characteristic ring-shape or crescent-shape.
This type of chromatin abnormality was more rarely
seen in infected Japanese oysters than in infected
European flat oysters. Feulgen's stain confirmed the
presence of DNA in nuclear abnormalities from Cras-
sostrea gigas and Ostrea edulis. These abnormalities
in both oyster species were not associated with a mas-
sive inflammatory reaction. Necrosis of the neighbour-
ing digestive tubule, mantle and labial palp epithelia
was rarely detected. Ninety-two European flat oysters
(47 %) and 119 Japanese oysters (61%) examined
showed abnormal nuclei in the connective tissue of var-
ious organs (mantle, labial palps and digestive gland).

Electron microscopical examination

The basophilic fibroblastic-like cells in infected larvae
showed hypertrophied nuclei and marginated chromatin
in both oyster species (Fig. 2). The previously described

Table 1. Morphological characteristics of herpes-like virus
particles observed in both Crassostrea gigas and Ostrea
edulis at several developmental stages

Host species Size (in nm) (n = 25)

Capsids Nucleocapsids Enveloped virions

C. gigas larvae 81 +5 75+4 117+ 5
C. gigas spat 84 +3 77+ 3 116 +5
O. edulis larvae 85+ 5 76 +4 118 +8
O. edulis spat 85+3 75+ 3 109 + 8

patterns of chromatin were observed by electron micro-
scopy in affected Crassostrea gigas and Ostrea edulis
spat (Fig. 3). Some nuclei were electron dense and
showed crescent-shaped condensation of the chromatin
(Fig. 4). This type of abnormality was more often ob-
served in infected O. edulis oysters than in C. gigas oys-
ters. Cell shrinkage was associated with large amounts
of condensed chromatin in the hemocytes (Fig. 5) and
highly condensed electron-dense cytoplasm (Fig. 5).
Fibroblastic-like cells in larvae and spat of both oys-
ter species contained intranuclear virus-like particles
(Fig. 6). The nuclear particles were circular or poly-
gonal in shape, 71 to 80 nm in diameter in infected
Japanese oysters and 72 to 80 nm in diameter in
infected European flat oysters (Table 1). In both spe-
cies, some nuclear particles appeared empty and were
interpreted as being capsids, others contained an
electron-dense toroidal or brick-shaped core and were
presumed to be nucleocapsids (Fig. 6). Capsids and
nucleocapsids were scattered throughout the nucleus
of infected cells (Fig. 6). Nucleoid acquisition was ob-
served in infected nuclei of C. gigas and O. edulis spat

AR B

Fig. 1. Semithin sections stained with toluidine blue showing abnormal cells with condensed nuclei (arrows) and chromatin
margination (arrowheads). Scale bars = 10 pm. (a) Larval Crassostrea gigas. (b) Larval Ostrea edulis
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Fig. 2. Transmission electron micrographs of connective tissue showing condensed nuclei (arrows) and chromatin margination
(arrowheads). (a) Crassostrea gigas larva, scale bar = 1 nm. (b) Ostrea edulis larva, scale bar = 1 pm

Fig. 3. Transmission electron micrographs of mantle connective tissue showing condensed nuclei, chromatin margination and ab-
normal nuclei with a ring-shaped chromatin pattern (arrows). (a) Crassostrea gigas spat, scale bar = 2 pm. (b) Ostrea edulis spat,
scale bar =2 pm
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Fig. 4. Abnormal nuclei with a crescent-shaped condensation of the chromatin. (a) Ostrea edulis larvae, scale bar = 500 nm.
(b) Ostrea edulis spat, scale bar = 200 nm

in association to fibril structures (Fig. 7). Enveloped
single virions or groups of virus particles were fre-
quently observed in cytoplasmic vesicles. These intra-
cytoplasmic particles possessed an envelop formed by
a trilaminar unit-membrane. They contained identi-
cally shaped and sized elements, with the same struc-
tures as the nuclear particles. Envelope and capsid
were separated by an electron-lucent gap of approxi-
mately 5 nm with fine fibrils spanning the lucent-space

Fig. 5. Condensed nuclei in oyster

hemocytes. (a) Crassostrea gigas lar-

vae, scale bar = 1 pm. (b) Crassostrea
gigas spat, scale bar = 2 pm

from core to capsid. Naked nucleocapsids were also
observed free in the cytoplasm of infected cells. Extra-
cellular viruses were usually enveloped and mea-
sured 100 to 130 nm in diameter in both oyster species
(Table 1). No or a reduced tegument was observed
between the outer membrane and the capsid shell of
enveloped particles in both infected oyster species
(Fig. 8). Nucleocapsids also occurred in myocytes
(Fig. 9) and a few hemocytes contained viral particles.
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Fig. 6. Nuclei of infected fibroblastic-like cells containing empty capsids (arrows) and nucleocapsids (arrowheads). (a) Cras-
sostrea gigas larva, scale bar = 500 nm. (b) Crassostrea gigas spat, scale bar = 200 nm. (c) Ostrea edulis larva, scale bar = 100 nm.
(d) Ostrea edulis spat, scale bar = 100 nm

Abnormal accumulations of granular endoplasmic
reticulum were often observed in affected tissues
among infected Crassostrea gigas and more rarely
among diseased Ostrea edulis spat (Fig. 10). The occa-
sional occurrence of nuclear tubular structures 45 to

55 nm in diameter with a helical substructure was
reported (Fig. 11). Transverse sections of tubular struc-
tures showed a tube within a tube arrangement similar
in appearance to capsids with lucent cores, which were
usually abundant near tubular structures.
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Fig. 7. Entry of nucleoids into capsids (arrows) with fibrils apparently extending into and out of the capsids. (a) Crassostrea gigas
spat, scale bar = 500 nm. (b) Ostrea edulis spat, scale bar = 200 nm

DISCUSSION

The virus particles described herein in Crassostrea
gigas and Ostrea edulis oysters resemble vertebrate
herpesviruses in size, in capsid genesis and in the fact
that they possess a regular icosahedral capsid, toroidal
core and envelope (Roizman 1982, 1990, Roizman &
Baines 1991). The observation of Feulgen's stain posi-
tive cytoplasmic and nuclear components in the in-
fected cells is in accordance with herpesviral infec-
tions. In addition, the fibrils running from the inner
surface of the capsid to the nucleoid are similar to the
arrangement in herpes virions (Furlong et al. 1972,
Roizman 1990). However, nucleocapsids of oyster vi-
ruses described in this study are not surrounded by a
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developed tegument, contrary to most viruses belong-
ing to the Herpesviridae family. This difference may be
due to sample preparation (Valicek & Smid 1976).
Moreover, teguments are known to vary in size for dif-
ferent members of the Herpeviridae family (Roizman &
Furlong 1974, O'Callaghan & Randall 1976, Spear &
Roizman 1980).

In thin-tissue sections of infected larvae and spat of
both oyster species, nucleocapsids occur in a variety
of morphological forms. Essentially, 2 classes of cap-
sid types are seen in herpes-like virus infected oyster
cells. Some capsids can be referred to as empty
because they exhibit no internal ultrastructure and
lack an electron-dense core. The second class of
nucleocapsids contains some type of internal struc-

Fig. 8. Extracellular enveloped virus particles (arrows). (a) Crassostrea gigas larva, scale bar = 200 nm. (b) Crassostrea gigas spat,
scale bar = 200 nm. (c) Ostrea edulis larva, scale bar = 200 nm. (d) Ostrea edulis spat, scale bar = 200 nm
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ture and include a variety of capsid types: toroidal
core containing capsids, capsids with an electron-
lucent, cross-shaped internal structure and capsids
that appear as 2 concentric ring structures; other
forms may reflect different angles of sectioning
through a maturing capsid. Electron microscopical
examinations of infected cells in both Crassostrea
gigas and Ostrea edulis suggest that empty capsids
accept the virus DNA molecule and that DNA is
packaged into a toroidal structure, thereby forming a
mature capsid. Empty capsids are also a frequent
finding, which may reflect a discrepancy between the
production of virus DNA and structural proteins
(Klussmann et al. 1997).

Fig. 9. Infected myocytes show-
ing intranuclear nucleocapsids
(arrows). (a) Crassosirea gigas
spat, scale bar = 500 nm. (b) Ostrea
edulis spat, scale bar = 500 nm

After replication of the virus, the assembled nucleo-
capsids of herpesviruses acquire envelopes from the
inner lamella of the nuclear, cytoplasmic or cell mem-
branes. Two mechanisms have been described for the
envelopment process of herpesvirus capsids (Roizman
1982). One mechanism is the budding of mature nuc-
leocapsids through modified areas of the inner lamella
of the nucleus membrane (Fong et al. 1973). This bud-
ding process is rarely observed for herpes-like virus in
infected cells of both Crassostrea gigas and Ostrea
edulis. The rarity of virions in the perinuclear space
may reflect either a rapid passage of particles from the
nucleus to cytoplasm or low-grade virus replication.
The second mechanism involves the apparent prolifer-

Fig. 10. Abnormal accumulation and reduplication of granular endoplasmic reticulum (arrows). (a) Crassostrea gigas spat, scale
bar = 500 nm. (b) Ostrea edulis spat, scale bar = 500 nm
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Fig. 11. Tubular structures (arrows). (a) Crassostrea gigas larva, scale bar = 200 nm. (b) C. gigas spat, scale bar = 200 nm. (c) Ostrea
edulis larva, scale bar = 500 nm. (d) O. edulis spat, scale bar = 100 nm

ation of the nuclear membranes that react with and
thereby envelop mature nucleocapsids (Dargan 1986,
Nii 1992, Klussmann et al. 1997). Convoluted endo-
plasmic reticulum and perinuclear membranes are
prominent in the cytoplasm of virus-infected cells in
C. gigas and O. edulis spat. Budding of nucleocap-
sids into vesicles may be supported by vesicular and
nuclear membrane reduplication, increasing the chance
of virus particle attachment to vesicular membranes.
Vesicles can serve as carriers for virus particles to the
cell membrane, where after fusion of vesicular and
cytoplasmic membranes mature virions are released.
Accumulations of naked nucleocapsids in the stroma of
infected oyster cell cytoplasm were reported in both
oyster species in larvae and spat and can be inter-
preted as advanced stages of cytopathic changes
(Friedmann et al. 1976, Tralka et al. 1977). Extracellu-
lar naked nucleocapsids were also observed in both
oyster species and may derive from lysed infected
nuclei.

Tubular structures were described from herpes-like
virus infections of adult Crassostrea virginica (Farley et
al. 1972), in the larval stages of the flat oyster Tiostrea
chilensis (Hine et al. 1998) and in ranid herpesvirus
1 infections (Stackpole & Mizell 1968). The tubular
structures were composed of an outer tubule that was
45 to 55 nm in diameter containing a tubular core
25 nm in diameter and have been observed in both
larvae and spat Crassostrea gigas and Ostrea edulis.
Hine et al. (1998) described the presence of the tubular
structures in order to contrast virogenesis in T. chilen-
sis from herpes-like infections of other oyster species.
The observation of these structures in herpes-like virus
infections of C. gigas and O. edulis in France suggest
that tubule presence or absence is not different de-
pending on the host species.

Cell shrinkage and distinctive condensation of the
chromatin in some nuclei are observed in infected
oyster hemocytes belonging to both Crassostrea gigas
and Ostrea edulis. These changes are typical morpho-
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logical characteristics of cells undergoing apoptosis in
vertebrates and invertebrates (Ellis & Horvitz 1986,
Arends & Wyllie 1991, Feldmann 1995). Increasing evi-
dence indicates that apoptosis may occur during sev-
eral viral infections, including those caused by mem-
bers of the Herpesviridae family (Krueger et al. 1995,
Hanon et al. 1996, Koyoma & Miwa 1997, Mastino et al.
1997, Wilson et al. 1997). However, herpesviruses have
been shown to induce as well as block apoptosis with
the outcomes depending on the target cell type and the
infection conditions (Chou & Roizman 1992, Kieff &
Sherik 1998). Apoptosis may also occur during herpes-
like virus infections in oysters and play a role in mech-
anisms involved in virus infection restriction or latency
as has been described in several viral infections in ver-
tebrates (Sadzot-Delvaux et al. 1995).

The herpes-like viruses associated with mortalities
among hatchery-reared and nursery-cultured spat in
both Crassostrea gigas and Ostrea edulis appear to be
morphologically related. They have the same struc-
tural characteristics, the same cellular localizations with
a high tropism for fibroblastic-like cells and compara-
ble sizes (Table 1). The observation of mortality in
association with the detection of virus particles first in
one oyster species and a few days later in the other one
underlines the assumption that the herpes-like viruses
described in C. gigas and O. edulis may be the same
one. Interspecific transmission may occur efficiently
under hatchery and nursery rearing conditions. This
possible interspecific transmission was previously in-
vestigated by Le Deuff (1995), who reported the trans-
mission of herpes-like virus infection to healthy axenic
C. gigas larvae using infectious material obtained from
diseased European flat oyster larvae.

We describe for the first time, in this study, the pres-
ence of a herpes-like virus in French European flat
oyster larvae associated with high mortality rates. The
morphological characteristics of viruses observed sim-
ultaneously in larvae and spat of both species Cras-
sostrea gigas and Ostrea edulis are close to those of the
viruses detected among oysters belonging to different
species. The nucleocapsids are similar in dimension to
those detected in Pacific oyster larvae in French hatch-
eries (Nicolas et al. 1992), in French Pacific oyster spat
(Renault et al. 1994a), in European flat oyster spat
(Comps & Cochennec 1993) and in adult Eastern oys-
ters (Farley et al. 1972). Mature virions described in
this study are similar in size to those detected in Pacific
oyster larvae in New Zealand (Hine et al. 1992) and in
France among Pacific oyster spat and larvae (Renault
et al. 1994a,b).

Virus purification and virus DNA extraction are nec-
essary to develop specific molecular probes and to
identify the viruses detected in different oyster spe-
cies. The recent herpes-like purification and virus

DNA extraction (Le Deuff & Renault 1999) will permit
determination of the genome structure and restriction
enzyme maps in order to compare together viruses
observed in different oyster species.
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