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Haplosporidiosis of the Pacific Oyster, Crassostrea gigas
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Haplosporidan parasites were observed in 10/100 spat and 1/171 adult Pacific oysters, Crassos-
trea gigas, reared in Matsushima Bay, Japan. Eight of the infected spat contained mild to severe
plasmodial infections. The multinucleated plasmodia were 612 pm * 7=15 wm and were associated
with-an infiltration of hemocytes that occurred throughout the vesicular connective tissues of all
infected oysters. Two oysters, one adult and one spat, contained advanced sporogonic infections.
These were characterized by the presence of sporocysts and immature and mature operculated
spores that measured 5.6-6.0 pm = 6.0-8.0 pm and were found exclusively within the digestive
tubule epithelium. Electron microscopic examination revealed that mature spores contained a
hinged operculum, striated and layered wall, spherule, single nucleus, and haplosporosome for-
mative regions. Parasite morphology and infection pattern closely resemble that of Haplosporidium
nelsoni, a pathogen of American oysters (C. virginica). © 1991 Academic Press, Inc.
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INTRODUCTION

Haplosporidan parasites are known to in-
fect a variety of bivalve hosts including the
American oyster, Crassostrea virginica
(Farley, 1965; Krantz et al., 1972; An-
drews, 1976), the Olympia oyster, Ostrea
lurida (Mix and Sprague, 1974), the Euro-
pean flat oyster, 0. edulis (van Banning,
1977), the California sea mussel, Myrilus
californianus (Taylor, 1966), and the Pa-
cific oyster, C. gigas (Rosenfield et al.,
1966; Katkansky and Warner, 1970; Kern,
1976). Two species, Haplosporidium nel-
soni and H. costalis, are associated with
significant mortality of C. virginica along
the east coast of the United States (An-
drews, 1976). Infections of bivalves with
other haplosporidan species are not us-
ually associated with mortality (Mix and
Sprague, 1974), although Katkansky and
Warner (1970) observed a heavy haplo-
sporidan infection within the vesicular con-
nective tissues (VCT) of a moribund Pacific
oyster. Haplosporidans in Pacific oysters
from several countries, including Korea

(Kern, 1976), Taiwan (Rosenfield et al.,
1966), and the Netherlands (van Banning,
1977, 1979), have been detected during rou-
tine surveys for bivalve parasites.

We report the discovery of haplospori-
dan infections in adult and juvenile (spat)
Pacific oysters from Matsushima Bay, Ja-
pan during routine histological examina-
tions.

MATERIALS AND METHODS

Gross examination. Sixty adult and 40 ju-
venile (spat on cultch) C. gigas were col-
lected from Matsushima Bay, Japan on No-
vember 14, 1989 and were sent to the Cali-
fornia Department of Fish and Game, Fish
Disease Laboratory for a routine health ex-
amination prior to importation into Califor-
nia. The adults were examined for condi-
tion and gross signs of disease. Two addi-
tional shipments of oysters were collected
from the same location in Matsushima Bay,
Japan. Sixty adult and 40 spat oysters were
collected Januvary 10, 1990 and 51 adult and
120 spat oysters were collected February 8,
1990,
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Light microscopy. Two 4-mm cross sec-
tions, one section including the heart and a
second section posterior to the labial palps,
were removed from each oyster. Tissues
were fixed for 48 hr in Davidson's solution
(Shaw and Battle, 1957) and were pro-
cessed for routine paraffin embedding. Spat
were scraped off cultch, fixed in David-
son’s solution, decalcified with formic acid-
sodium citrate (Luna, 1968), and processed
for routine paraffin embedding. Five-
micrometer sections were stained with he-
matoxylin and eosin (Luna, 1968). Selected
sections were also stained by the Ziehl-
Neelsen acid-fast (Difco Laboratories, De-
troit, Michigan) and Wolbachs® Giemsa
methods (Luna, 1968). Parasites were mea-
sured from stained sections of affected oys-
ter tissues.

Electron microscopy. Tissues from one
oyster embedded in paraffin were examined
by electron microscopy. The tissues were
deparaffinized, rehydrated to 100% water
through a graded series of alcohol, fixed in
2.5% glutaraldehyde in 0.1 M Karnovsky
buffer (pH 7.4) for 1 hr at 22°C, and post-
fixed in 1% osmium tetroxide in 0.1 M Kar-
novsky buffer for 1 hr at 4°C. The tissues
were rinsed twice in buffer, dehydrated
through a graded series of acetone, infil-
trated, and embedded in epoxy resin. Thin
sections (10-20 nm) were stained with ura-
nyl acetate and lead citrate prior to exami-
nation with a Phillips EM 400 electron mi-
Croscope.

RESULTS

Gross and microscopic pathology. The
adult oysters from the first shipment ap-
peared healthy and gravid. Adults from the
second and third shipments appeared either
gravid and fat or were in early stages of
gonad resorption and appeared slightly wa-
tery. No external signs of disease were ob-
served. Histological examination of stained
sections from the first shipment revealed
the presence of an advanced haplosporidan
infection within the digestive tubule epithe-
lium and VCT of one adult (1-2 years) and
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one juvenile oyster (<6-month-old spat on
cultch). The infection was accompanied by
a diffuse infiltration of host hemocytes into
the VCT surrounding the digestive tubules.
The infected adult oyster contained multi-
nucleated plasmodial stages within the
VCT surrounding the digestive tissues that
measured 6.6 x 94 pm (N = 3; 8D = 1.7
* 1.9) with a range of 68 pm < 7-10 pm.
Numerous sporogonic stages and spores in
various stages of development were ob-
served exclusively within the digestive tu-
bule epithelium. The mature spores mea-
sured 5.1 x 6.7 pm (N = 9; SD = 0.4 x
0.6) in maximum dimensions, ranged in size
from 5.6 to 6 um x 6 to 8 pm, and stained
acid-fast by the Ziehl-Neelsen method and
bright blue by Wolbachs' Giemsa method.
Sporocysts located within the digestive tu-
bule epithelium contained up to 48 spores
with an average of 24 spores (N = 11; SD
= 11.6), measured 27.6 pm (N = 9; SD =
9.4), and ranged in size from 20.0 to 46.0
pm in maximum diameter (Fig. 1). Devel-
opment of the sporocyst resulted in lysis of
digestive tubule epithelial cells. Mature and
immature spores were found free within the
lumina of affected tubules. The infected
spat oyster contained numerous mature and
immature spores which had replaced all of
the normal digestive tubule epithelial tis-
sues.

No parasites were observed in adult oys-
ters examined in January or February. In
contrast, 5/40 spat in the January sample
had mild infections of multinucleated plas-
modia within the VCT that elicited a diffuse
infiltration of hemocytes. Four of approxi-
mately 100 spat examined in February con-
tained haplosporidan infections. Two of the
spat had severe systemic infections with
multinucleated plasmodia throughout the
VCT that measured 7.9 x 10.1 pm (N = 24;
SD = 1.6 x 1) in average size which ranged
from 6 to 12 pm x 7-15 pm (Fig. 1). A
strong inflammatory infiltrate of hemocytes
and necrosis of host tissues surrounding the
parasites characterized the systemic infec-
tions. Another 2 spat had mild infections
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Fic. 1. Haplosporidan parasites found within vesicular connective tissues (VCT) and digestive
tubules of Pacific oysters, Crassosirea gigas, from Japan. {A) Spat oyster with an infiltration of
hemocytes surrounding multinucleated plasmodia {arrows) within VCT. Bar = 200 uwm. {B) Histolog-
ical section showing the multinucleate and pleomorphic nature of the haplosporidan plasmodia (ar-
rows). Bar = 19 pum. (C) Histological section through an adult Pacific oyster with an advanced
sporogonic infection. Arrows indicate sporonts and mature spores within digestive tubule epithelium.
Bar = 200 pm. (D) Arrows point to operculated mature spores which have destroyed adjacent diges-

tive tubule epithelium. Bar = 21 pum.

within connective tissues consisting of only
a few plasmodia and hemocytes. No
sporogonic stages were observed in these
infections.

Electron microscopy. Mature spores
each possessed a hinged, operculated ori-
fice and were surrounded by an epispore
cytoplasm. The operculum originated from
and extended beyond the wall of the spore.
The spore wall appeared layered and con-
tained striations perpendicular to the axis
of the spore wall. Remnants of a spherule or
golgi complex were observed directly be-
neath the operculum. Haplosporosome for-
mative regions were observed surrounding
the nucleus which was located posterior to

the golgi complex (Fig. 2). No definite evi-
dence of spore ornamentation was dis-
cerned in these samples.

DISCUSSION

The haplosporidan parasite of C. gigas
from Matsushima Bay, Japan resembles H.
nelsoni of C. virginica in tissue specificity,
morphology, and size of plasmodial and
sporogonic stages (Perkins, 1968: Kern,
1976). Infections with these two haplospori-
dans are characterized in early systemic
phases by the presence of multinucleated
plasmodia throughout the oyster's VCT
(e.g., gill, gonad, and digestive tissues)
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Fig. 2. Photomicrograph of
rounded by extraspore cytoplasm. Bar = 6.7 pm. (B) A mature spore showing a layered, striated wall
(w), a hinged operculum (o), remnants of a spherule or golgi complex (g), a nucleus (n); and a
haplosporosome formative region (h). Bar = 1.4 pm.

(Andrews, 1979). Plasmodial stages elicit a
strong hemic response. In later infections,
plasmodia may be observed within or adja-
cent to the epithelium of digestive tubules.
Developing sporonts and sporocysts con-
taining immature or mature sSpores are
found exclusively within digestive tubule
epithelia in advanced infections. Plasmodia
and sporogonic stages in various stages of
development may be present in the same
oyster. Sporulation, therefore, appears to
be asynchronous in contrast to infections
with H. costalis in which synchronous
sporulation occurs throughout the VCT
(Andrews, 1979). Both H. nelsoni and the
parasites observed in our study had a mul-
tinucleated plasmodial stage which ranged
in size from approximately 5 to 15 pm and
uninucleated spore stages of approximately
3~6.4 pm x 6-8.4 pm (van Banning, 1977;
Andrews, 1979, Sprague, 1982).

Electron microscopic examination of
parasitized Pacific oyster tissues revealed

spores with similar morphology to those de-
scribed by van Banning (1979) and McGov-
ern and Burreson (1990) for various mem-
bers of the Haplosporidiidae. These re-
searchers relied upon accurate description
of the nature and origin of spore ornamen-
tation to distinguish between the genera
Haplosporidium and Minchinia in the Hap-
losporidiidae. Members of the genus Hap-
losporidium contain spores ornamented
with filaments that are extensions of the
spore wall and persist after lysis of the epi-
spore cytoplasm. Two species, H. nelsoni
and H. cosralis, contain spore wrappings
that Perkins (1968, 1979) described as dis-
tinct structures that develop within the
epispore cytoplasm and subsequently be-
come attached to the spore wall as the epi-
spore cytoplasm degrades. In contrast,
members of the genus Minchinia are orna-
mented with tails that are extensions of
epispore cytoplasm and form as a result of
cytoplasmic degradation and concentration
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of microtubule-like structures during spore
maturation (McGovern and Burreson,
1990). These structures are never in contact
with the spore wall and have been observed
to be shed upon incubation for 7 days in sea
water (McGovern and Burreson, 1990).

The inability to observe spore ornamen-
tation in our samples may be due to several
causes, The haplosporidan from Japanese
C. gigas may lack ornamentation or the fil-
aments or wrappings may have been de-
stroyed due to the harsh treatment of the
tissues during processing. Perkins (1988,
1989) suggested that operculated spores
with extraspore extensions visible by light
microscopy belong in the genus Minchinia
and those without such easily observable
filaments or tails belong in the genus Hap-
losporidium. Based on these data, the par-
asite observed in Pacific oysters from Japan
appears to belong in the genus Haplo-
sporidium. Electron microscopic examina-
tion of fresh material will be pursued to de-
termine the presence and origin of spore
ornamentation of this haplosporidan.

Whether this parasite causes mortality of
Pacific oysters is not known. Oyster mor-
tality has occurred annually in Japan since
1945 concurrent with the advent of the
hanging method of oyster culture (Kogan-
ezawa, 1974). Mortality has been attributed
to reproductive acceleration and physiolog-
ical stress due to elevated water tempera-
tures and nutrient levels (Imai et al., 1965;
Tamate et al., 1965). No haplosporidans or
other parasites were observed in conjunc-
tion with these oyster mortalities.

A majority of haplosporidan infections of
Pacific oysters (Kern, 1976) and sporulated
stages of H. nelsoni in American oysters
(Andrews, 1976) have been observed in
spat oysters. Whether the haplosporidan
parasite of Pacific oysters is pathogenic for
spat and/or adult oysters awaits further ex-
perimentation. Speciation of the Haplo-
sporidium sp. observed in our study and its
relationship to other members of the genus
Haplosporidium will require further mor-

phological, antigenic, and/or nucleic acid
analysis of freshly attained parasites.
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