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INTRODUCTION

Since 1997, several episodes of unexplained mortali-
ties of cultured Pacific oyster Crassostrea gigas have
occurred in Baja California and other localities in
northwestern Mexico (Cáceres-Martínez 2000, Correa
et al. 2004, Cáceres-Martínez et al. 2004). Studies fo-
cused on bacteria, protozoans, and metazoans as the
causal agent(s) have been reported (Cáceres-Martínez
et al. 1998, Cáceres-Martínez & Vásquez-Yeomans
2003, Vásquez-Yeomans et al. 2004a), but none of
these agents seemed to be directly related to the mor-
talities. However, gill erosions have commonly been
observed in juvenile and adult oysters from mortality

outbreak areas. These erosions were associated with
giant polymorphic cells and a virus (Cáceres-Martínez
& Vásquez-Yeomans 2003), resembling the gill necro-
sis virus disease (GNV) of C. angulata and C. gigas
caused by an irido-like virus in Europe during the
1960s (Comps 1988). Recent studies using transmission
electron microscopy (TEM) in eroded gill tissue re-
vealed the presence of a herpes-like virus, not an irido-
like virus (Vásquez-Yeomans et al. 2004b), although
giant polymorphic cells were not observed.

Herpes-like virus and herpesvirus infections associ-
ated with high mortality episodes have been reported
in larvae, spat, and juveniles of bivalve mollusks
including Crassostrea gigas (Hine et al. 1992, Nicolas
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describe the histological alterations of eroded gills and to determine whether ostreid herpesvirus 1
(OsHV-1) or a related virus was associated with them using in situ hybridization (ISH). Histology
showed that gill filaments were fused. In severe cases, deformation of the interlamellar junctions,
swelling, and the loss of water channels was observed. ISH analysis revealed the presence of 
OsHV-1 DNA or a related virus in cells of the gills. Some labeled cells were large with dark granules
inside their cytoplasm. These cells were surrounded by infiltrating hemocytes. Some cells interpreted
as hemocytes were labeled and observed in eroded and non-eroded areas of the gill. Large cells
detected by ISH were also observed by conventional histology with hematoxylin-eosin staining.
Whether the virus produces the erosions in the gills, or the erosions in the gills are produced by an
unknown condition and favor the presence of the virus, remains unresolved. It is also not clear
whether the lesions contribute to mortality.
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et al. 1992, Comps & Cochennec 1993, Renault et al.
1994a,b, Friedman et al. 2005). Descriptions of tissue
damage in C. gigas larvae indicate that the lesions are
confined to the connective tissues (Hine et al. 1992,
Nicolas et al. 1992, Renault et al. 2001a,b). Similarly,
the most evident histological alteration in C. gigas spat
is the presence of abnormal nuclei throughout the con-
nective tissue (Renault et al. 1994a,b, 2000). In juve-
niles of C. gigas infected by an oyster herpesvirus,
hemocyte degeneration characterized by nuclear pyc-
nosis and fragmentation have been reported (Fried-
man et al. 2005).

Although herpes-like viruses and herpesviruses
have also been detected in adult Crassostrea virginica
(Farley et al. 1972), Ostrea angasi (Hine & Thorne
1997), C. gigas (Arzul et al. 2002, Vásquez-Yeomans et
al. 2004b), and O. edulis (Da Silva et al. 2008), descrip-
tions of histological alterations associated with this
virus in adult oysters are lacking. Da Silva et al. (2008)
described the presence of abnormal cells in only 1
adult oyster; these cells had hypertrophied nuclei
with marginated chromatin and a characteristic large
intranuclear acidophilic inclusion and were observed
throughout the connective tissue of the visceral mass,
gills, labial palps, and mantle.

Contrary to observations made in larvae and spat,
adult oysters appear less sensitive to ostreid herpes-
virus 1 (OsHV-1; Arzul et al. 2002, Da Silva et
al. 2008). Arzul et al. (2002) detected OsHV-1 in
adult Crassostrea gigas with normal appearance,
using polymerase chain reaction (PCR),
in situ hybridization (ISH), and immu-
nochemistry using polyclonal antibod-
ies, and concluded that OsHV-1 infects
adult C. gigas with high prevalence
and that the virus may persist in the
host after primary infection. Those
authors did not mention any alteration
of gill tissue. However, histological
changes in gills of adult oysters asso-
ciated with a herpes-like virus have
been described (Cáceres-Martínez &
Vásquez-Yeomans 2003, Vásquez-Yeo-
mans et al. 2004b). Several questions
arise from this knowledge, including:
What are the characteristics of gill ero-
sions at the histological level? Are the
gill erosions found in oysters from mor-
tality outbreak areas in Mexico related
to OsHV-1 or a related virus? The
objectives of this study were to provide
a histological description of the gill ero-
sions and to determine whether those
erosions are related to OsHV-1 or to a
related virus using ISH.

MATERIALS AND METHODS

Oyster sampling. In September 2000, we obtained a
total of 30 cultured Pacific oysters Crassostrea gigas
(size range 100 to 120 mm) from producers in Bahía de
San Quintín, Baja California (30° 24’ to 30° 30’ N and
115° 57’ to 116° 01’ W), where mortality outbreaks had
previously been reported. This sample size was de-
pendent on the availability of oysters from producers,
and a similar number has been used in studies on her-
pesvirus detection (Arzul et al. 2002). Live oysters were
sent to the Centro de Investigación Científica y de Ed-
ucación Superior de Ensenada. All fouling organisms
were removed with a brush in a stream of seawater.
Oysters were placed in a Petri dish, opened, and each
gill was examined for the presence of erosions in the
marginal indentation of the gill (Fig. 1). Estimation of
the prevalence of gill erosion was considered as the
number of affected oysters per number of oysters ex-
amined × 100. Intensity of the erosions was evaluated
as moderate (1), medium (2), and severe (3) according
to the intensity of erosion in the marginal indentation
of the gill (Fig. 1). Oysters were separated according to
the intensity of gill erosion, and 2 individuals repre-
senting each degree of gill erosion were used for his-
tology and ISH analyses. The gills of 1 oyster without
gill erosions were used as a control.

Histopathology. Gill pieces were fixed in Davidson’s
fixative (Shaw & Battle 1957) for at least 24 h and were
embedded in paraffin wax after fixation. From each
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Fig. 1. Crassostrea gigas. Exposed gills showing the marginal indentation of the
lamellae where erosion takes place, altering its normal architecture. Gill lamel-
lae showing intensity of gill erosion: (1) moderate, (2) medium, and (3) severe

(modified from Comps 1970 and Brun et al. 1999)
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paraffin block, 2 slides were obtained. One was
stained with hematoxylin-eosin (Shaw & Battle 1957)
for conventional histology analysis and the other was
used for ISH as described below.

In situ hybridization. ISH was performed using a mod-
ification of the protocol described by Arzul et al. (2002)
designed to detect OsHV-1 DNA with the following
changes: (a) primers C2 and C6 were labeled with dig-
oxigenin-11-dUTP (Invitrogen) and were used as probes;
(b) 5 µm thick tissue sections were used; (c) the tissues
were equilibrated in buffer I and blocked with buffer I
containing 1% sterile sheep serum (Chemicon Inter-
national) at room temperature for 30 min; (d) slides were
incubated with substrate solution (370 µg µl–1 nitroblue
tetrazolium [NBT] and 188 µg µl–1 5-bromo-4-chloro-3-

indolyl phosphate [BCIP] in buffer II; Roche Diagnos-
tics) for 30 min in the dark at room temperature, and
(e) slides were mounted in resin Cytoseal™60
(Richard-Allan Scientific).

RESULTS

Histology of gill erosions. Prevalence of gill ero-
sions was 30%; of these, 30% corresponded to mod-
erate, 50% to medium, and 20% to severe erosions.
The histopathological analysis shows a series of
changes in the eroded areas, with moderate erosions
starting with fusion of the tops of the gill filaments
changing the architecture of marginal indentation
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Fig. 2. Crassostrea gigas. Histological comparison of the gill lamellae of healthy oysters (A,C) and lamellae with medium erosion
(B,D). (A) Panoramic view of 8 filaments (F) with wide water chambers (wch) and normal apices, which correspond to a uniform
marginal indentation. (B) Panoramic view of 9 filaments (F) showing shortening and torsion through the center. A hemocyte infil-
tration (hi) is shown in central filaments (3, 4 ,5). Comparison at higher magnification is shown in (C) and (D). Thin filaments, a
light hemocyte accumulation, and wide water chambers (wch) from a healthy oyster are shown in (C). In contrast to this, in (D)
shortening and thickening of the filament apices is shown. There is a fusion of filament apices and hemocyte infiltration, which
is major in filament number 1 having lost the normal apical architecture. No large cells with dark granules in cytoplasm are

observed. Hematoxylin-eosin stain
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and marginal channel (Fig. 2A,B). Fusion resulted in
gill filaments losing their individuality and increased
the number of hemocytes in affected filaments
(Fig. 2B). Shortening of joined filaments produced
torsion of neighboring healthy filaments resulting in a
crack (Fig. 2B,D). The water channels in affected fila-
ments decreased in volume due to accumulation of
hemocytes (swelling) and due to the shortening of the
filaments (Fig. 2B,D). When erosion increases, hemo-
cyte accumulation also increases, causing swelling
and the entire loss of the normal architecture of the
plicas of the gill including deformation of the inter-
lamellar junctions and the loss of water channels
(Figs. 3A–D & 4). In some cases, large cells with dark
granules inside of the cytoplasm were observed
(Fig. 5A). Detailed observation shows the total loss of
the normal filament epithelia and mitotic figures
(Fig. 3A–D). No pycnosis, karyorrhexis, or Cowdry

type A viral inclusions were observed. Severely
eroded lamellae have a jagged appearance.

In situ hybridization. In all eroded gills studied (mod-
erate, medium, and severe), there was a positive label-
ing of the probe. In some eroded areas, a singular
labeled large cell with dark granules, corresponding to
those observed by classical histology mentioned above
(Fig. 5A,B), was observed. These large cells were more
abundant in severely eroded gills. In this case, they
were scattered through the connective tissue, which
was infiltrated by hemocytes (Fig. 6A). There was no
clear difference in the signal of the probe in the nucleus
and cytoplasm of large cells (Fig. 6C,D). In some cases,
labeled cells interpreted as hemocytes were detected
close to large cells. Some of these showed a weak reac-
tion to ISH (Fig. 6B). In other cases, an intense reaction
to ISH in the cytoplasm of cells was observed in fused
filaments from eroded areas or in normal filaments
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Fig. 3. Crassostrea gigas. Marginal indentation of severely eroded gill lamellae of oysters. (A) Panoramic view of 7 filaments (F)
showing the entire fusion of filaments 1, 2, 3, and 4. Apices of filaments 5, 6, and 7 are in the process of fusion. (B) Hemocyte infil-
tration (hi) and destruction of the normal architecture of the gill edge. (C) Hemocyte infiltration (swollen) and obstruction of the
hemolymphatic sinus of the filament (sh) and presence of mitotic figures (mt). (D) Swollen edge of an eroded gill with abundant

vacuoles (v). Hematoxylin-eosin stain
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(Fig. 7A,B). In non-eroded gills (negative control), no
hemocyte infiltration or labeled cells were observed
(Fig. 8A,B).

DISCUSSION

That 30% of the oysters showed gill erosions indi-
cates a high prevalence of lesions in the study area,
where mortality outbreaks may reach around 60%
according to oyster producers. On the other hand, only
2 individuals showed severe gill erosion. Future stud-
ies should be designed to better assess the prevalence
and intensity of lesions over time as well as their asso-
ciation with mortality records.

Since the description of GNV disease in the Por-
tuguese oyster Crassostrea angulata and the Pacific
oyster C. gigas by Comps (1980), few reports have

focused on the possible link between gill lesions
and viral infection. Da Silva et al. (2006) de-
scribed extensive lesions in the gills of the flat
oyster Ostrea edulis characterized by hemocytic
infiltration and loss of branchial architecture.
Abundant apoptotic hemocytes were found, but
no etiological agent was detected. Oysters did not
exhibit external signs of gill injury under macro-
scopic examination except for 1 individual that
had some indentations. Fusion of apical filaments
was not mentioned.

Records of herpes-like virus or herpesvirus as a
causal agent of mortality in Crassostrea gigas lar-
vae do not mention gill erosion (Hine et al. 1992,
Nicolas et al. 1992, Renault et al. 2001a,b, Fried-
man et al. 2005). Histological changes described
include fibroblastic-like cells exhibiting abnormal
cytoplasmic basophilia and enlarged nuclei with
marginated chromatin. Other cells, interpreted as
hemocytes, showed extensive chromatin conden-

sation. These cells were present throughout the con-
nective tissues, especially in the mantle, labial palps,
gills, and digestive gland of the spat (Renault et al.
1994a,b, 2000). Friedman et al. (2005) described hemo-
cytosis, diapedesis, and hemocyte degeneration char-
acterized by nuclear pycnosis and fragmentation in
juvenile C. gigas infected with an oyster herpesvirus.
In adult C. gigas infected by OsHV-1, there was no no-
ticeable tissue alteration, suggesting that infected
adults could be asymptomatic carriers (Arzul et al.
2002, Renault & Novoa 2004). Furthermore, the her-
pesvirus was not detected in hemocytes of adult C. gi-
gas (Arzul et al. 2002). In contrast, our results showed
OsHV-1 or a related virus in large cells of eroded areas
of the gills and in cells, interpreted as hemocytes, from
eroded and non-eroded gill tissue in adult C. gigas.
This finding agrees with Hine & Thorne (1997), who
found a herpes-like virus present in hemocytes of adult
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Fig. 4. Crassostrea gigas. Transversal cut of an eroded filament where
normal (n) and fusionate (f) plicas are shown in the apical area of the
filament. Hemocyte infiltration (hi) is shown. Interlamellar junctions
are deformed (dij). The water chambers (wch) in the eroded edge
have disappeared or have been reduced, while in the normal area
there are wide water chambers (wch) and the interlamellar junctions

are normal (nij). Hematoxylin-eosin stain

Fig. 5. Crassostrea gigas. (A) Large cell in connective tissue of the gill stained with hematoxylin-eosin. (B) Large cell in connective
tissue of the gill positive by in situ hybridization
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Fig. 6. Crassostrea gigas. In situ hybridization results characterized by purple precipitates indicating a positive reaction to 
OsHV-1 or a related virus. (A) General view of inflammation in the connective tissue of an eroded gill showing several labeled
large cells (arrows). (B) Close-up of framed area showing cells interpreted as hemocytes with a weak signal to OsHV-1 or a re-
lated virus in the cytoplasm. (C) Large cell with positive staining in the cytoplasm and apparently in the nucleus. (D) Large cell

with positive labeling in the cytoplasm

Fig. 7. Crassostrea gigas. In situ hybridization of eroded and non-eroded areas of the gill. (A) Cell interpreted as a hemocyte
showing a clear positive reaction to OsHV-1 or a related virus in the cytoplasm from the epithelial tissue of fused gill filaments in
the marginal indentation of the eroded gill. (B) Cell interpreted as a hemocyte showing a clear positive reaction to OsHV-1 or a

related virus in the cytoplasm from a normal gill filament
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Ostrea angasi. Although we could successfully detect
OsHV-1 or a related virus by targeting a single ge-
nome area, the use of more genome areas could
improve the detection of this virus.

Detection of labeled cells in the connective tissue of
the eroded gills agrees with the presence of OsHV-1 or
a related virus in the connective tissue of larvae, spat,
and juveniles of Crassostrea gigas as mentioned
above. ISH-positive results have been observed in dif-
ferent organs such as gills of OsHV-1-infected C. gigas
spat (Lipart & Renault 2002). Descriptions of infections
in larvae, spat, and juveniles do not mention large cells
with dark granules inside the cytoplasm, which we
observed in adults. However, the presence of yellowish
material has been documented in juveniles (Webb et
al. 2007). Voyles (2002) associated this kind of cell
alteration with a process of destruction of the host cell
by the viruses. In our study, the positive signal of the
probe observed more clearly in the cytoplasm than in
the nucleus may correspond to viral DNA from
degraded virus particles after internalization by hemo-
cytes; in such cases, the hemocytes are not infected.
This also allows us to hypothesize that adult oysters
have mechanisms for destroying the virus, which seem
not to occur in larvae, spat, and juvenile oysters, and is
in agreement with findings for adult oysters that seem
to be less sensitive to OsHV-1 (Arzul et al. 2002, Da
Silva et al. 2008).

Why were the signs of eroded gills not observed in
other areas where this virus has been studied? It could
be related to the strain of virus, to the interaction of the
herpesvirus and host in a particular environment, sus-
ceptibility of the host, and other unknown causes.
Additionally, there is no complete evidence about

OsHV-1 or a related virus being directly responsible
for gill erosion, or that gill erosion caused by unknown
environmental or biological agents favors the presence
of the virus.

Observed gill erosions are limited to the area close to
the marginal indentation, which suggests that the func-
tion of the gill could be not entirely damaged. Addi-
tional studies are necessary to determine whether
OsHV-1 or a related virus reaches the connective tis-
sue of the host in other parts of its body, which would
suggest major potential damage that could result in
mortality of the host. Other questions arising include:
Are the gill erosions of oysters the cause of mortality
outbreaks? Or, are they common non-lethal lesions in
apparently healthy carriers? Further studies are neces-
sary to answer these questions.
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