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Abstract
The present study is the first confirmed report of an epitheliocystis in fish cultured in Korea. The
prevalence of disease was 100% in red sea bream and 10% in hybrids. The diameter of the cysts
ranged from 12 to 75 µm. All the cysts exhibited the same amorphous appearance under the
light microscope. Cysts contained prokaryotic organisms; three morphological forms of patho-
gens were distinguished: primary long cells, intermediate cells, and vacuolated small cells. The
received data also have affirmed that two developmental cycles of epitheliocystis organisms
occur in Pagrus major.

Introduction
Red sea bream, Pagrus major Temminck et
Schlegel, belonging to the Sparidae is widely
distributed in coastal waters of Korea and is
a valuable aquaculture species. A variety of
parasites, bacteria and viruses are recognized
as serious pathogens of this species including
Pasteurella piscicida (Yasunaga et al., 1983),
Tenacibaculum maritimum (Wakabayashi et al.,
1984), Vibrio sp. (Yasunobu et al., 1988), and
Edwardsiella sp. (Choi, 1997). Red sea bream
iridoviral disease has caused great losses in
cultured red sea bream in Japan and this virus
has also been identified in fishes from the
coastal waters of Korea (Jung and Oh, 2000;
Kim et al., 2002). In conjunction with infective
and invasive diseases, deformities such as
body shortening, pugheadness and lordosis
seriously reduce the viability of cultivating

red sea bream (Kihara et al., 2002). In addition,
other diseases such as eye abnormality and
cataracts were found recently in cultured
Korean red sea bream and an induced hybrid
(female red sea bream Pagrus major × male
black sea bream Acanthopagrus schlegeli)
(Syasina and Park, 2003).

Epitheliocystis was first described as a benign,
chronic, infectious gill and skin disease of the
bluegill Lepomis macrochirus (Hoffman et al.,
1969). Subsequently this disease has been
observed in more than thirty-five fish species
from both the freshwater and the marine
environment (see review of Fryer and Lannan,
1994). Among the Sparidae epitheliocystis was
found in the gilthead sea bream Sparus aurata
from the Eastern Mediterranean and Red Sea
(Israel) and Mediterranean coast of France



Bull. Eur. Ass. Fish Pathol., 24(5) 2004,  261

(Paperna, 1977; Paperna et al., 1978; Paperna
and Baudin-Laurencin, 1979), the red sea
bream P. major transported to Japan from
Hong Kong (Miyazaki et al., 1986) and the
black sea bream Acanthopagrus schlegeli from
Japan (Egusa, 1987). Epitheliocystis has not
been registered before in fish cultured in
Korea.

Epitheliocystis is characterized by the
presence of hypertrophied cells containing
fine basophilic granular inclusions (Paperna,
1977). The causative agent is an intracellular
prokaryote, most probably a Chlamydia-like
organism (Paperna, 1977; Desser et al., 1988;
Nylund et al., 1998; Crespo et al., 1999).

The purpose of the present paper is to describe
epitheliocystis affecting the gill of the red sea
bream Pagrus major and a hybrid between red
sea bream and black sea bream, cultured in
Korea. An electron microscope study was
performed to morphologically identify the
epitheliocystis causative agents in red sea
bream and to compare them with those
infecting Sparidae and other fish from
different locations.

Materials and methods
The description of epitheliocystis was based
on observation in two groups of captive-bred
fish over a 6-month period from November
2002 to April 2003. The first group was
comprised of 4 tanks of captive-bred red sea
bream (n = 100) and the second group
contained 2 tanks of artificially induced
hybrid fish, Pagrus major (?) x Acanthopagrus
schlegeli (?) (n = 50). Adult artificially induced
hybrids 15 month old were received from the
National Fisheries and Development Agency,

transported to the laboratory aquarium at
Korea Maritime University and cultured for
3 months prior to study. Fish were held in 2000
L tanks, each containing about 25 fish; room
temperature was 10-12°C. The water exchange
rate was 30 L min, and tanks were illuminated
for 10 h daily. Fish were fed with a commercial
marine fish diet (Agiribrand Korea, Korea).

Observations were carried out daily and
clinical signs of disease, mortalities and any
comments relevant to the appearance of fish
were recorded. Only sporadic mortalities
were detected during the period of study.
Before examination fish were anaesthetized
and killed with an overdose of lidocaine-HCl/
NaHCO3.

The second left gill arch was collected for
routine histological processing. Samples were
fixed in Bouin’s solution, processed, and
embedded in paraffin. Sections of 5 µm
thickness were stained with Mayer ’s
hematoxylin and eosin (H&E) and examined
under the light microscope. The size of any
cysts was measured using an ocular
micrometer. The prevalence of epitheliocystis
was determined as the percentage of fish
affected with the condition.

Infected gill samples were chosen for
transmission electron microscopy (TEM).
Paraffin blocks were deparaffinized in xylene
overnight prior to rehydration through a
graded ethanol series. Deparaffinized gill
samples were then fixed in 4% glutaraldehyde
buffered solution, post-fixed in 2% osmium
tetroxide, serially dehydrated in graded
ethanol, stained ‘en bloc’ with uranyl acetate
and embedded in Epon. Additionally, fresh
gills from two fish sampled for histology were
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also fixed for TEM in 2.5% glutaraldehyde in
0.1 M cacodylate buffer, postfixed in 1%
osmium tetroxide for 1 h, dehydrated and
embedded in Epon. Semithin and ultrathin
sections were cut in a LKB Nova
ultramicrotome and stained with toluidine
blue and lead citrate, respectively. Ultrathin
sections were examined on a Hitachi 7100
TEM.

Results
Some of the affected cultured red sea bream
exhibited external signs of diseases:
exophthalmoses and lens prolapse (2 cases),
opacity of the cornea and blindness (1 case)
and backbone abnormality (1 case). Gills of
diseased fish were pale. In the group of hybrid
fish, one fish displayed abnormal swimming
behaviour, two fishes had opacity of the
cornea, six fishes developed ulcers on the skin,
and the rest had no signs of disease.

The presence of basophilic intracellular
inclusions that is characteristic feature of
epitheliocystis was histologically revealed in
gills of studied fish (Figure 1). The prevalence
of epitheliocystis was 100% in cultured red

sea bream, and 10% in hybrids. Most of the
red sea breams had from one to three cysts
within the gill arch. The diameter of the cysts
ranged from 12 to 75 µm. All the cysts
exhibited the same amorphous appearance
under the light microscope and had a round
shape predominantly. The localization of cysts
in gills was different with 30% of cysts found
in the interlamellar spaces of gills, and 70%
in the middle part of the lamellae or at their
tips. The type of infected cells was difficult to
determine. In some red sea bream examined,
epitheliocystis disease was associated with the
presence in gills of ciliates, probably
trichodinids. In hybrid fish, only occasional
cysts within the gill epithelium were found,
which did not trigger any remarkable tissue
reaction.

The ultrastructural observation revealed that
intracellular inclusions contained prokaryotic
organisms (Figure 2). Their morphology on
the whole corresponded to that previously
reported in amorphous cysts in sea breams
(Paperna et al., 1981; Crespo et al., 1999) with

Figure 1. Intracellular basophilic inclusions or cysts
(arrowheads) in the gill of cultured red sea bream
Pagrus major. H&E. Bar: 50 µm. Figure 2. TEM of red sea bream cyst (arrowhead)

containing pathogens covered by multilayer
pseudocapsule. Arrows point to epithelial cells
forming the pseudocapsule. ×1500.
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elongated and coccoid cells. We were able to
distinguish three morphological forms/stages
of the pathogen inside the cysts of red sea
bream. According to the description from the
above mentioned papers they could be
identified as primary long cells, intermediate
long cells, and small cells (Table 1, Figure 3).
Primary long cells exhibited an electron-
lucent cytoplasm and were limited by a cell
wall and a cytoplasmic membrane. Their
nucleoid was a loose fibrillar aggregate.
Intermediate long cells compared to primary
long cells were shorter and had a denser
nucleoid. Small cells, round-to-oval in shape,
exhibited a denser cytoplasm and a compact,
centrally located, round nucleoid. The
cytoplasm of small cells contained from 2 to
8 translucent vacuoles of variable sizes located
close to the nucleoid. Evidence of binary
fission was observed both among the primary
long cells as well as the intermediate cells. No
single or branching chains were found.
Primary long cells, intermediate long cells,
and small cells appeared closely spaced and
randomly distributed within the inclusion.

Discussion
The present study is the first confirmed report
of an epitheliocystis in fish cultured in Korea.
The incidence of epitheliocystis in cultured
red sea bream and hybrid fish was 100% and
10%, respectively. The prevalence of this
disease reported previously for other cultured
fish varies considerably from 0% to 20% in

* RB = reticulate body; IB/RC = intermediate body/round cell; EB = elementary body; PLC = primary long cell; ILC = intermediate
long cell; SC = small cell.

Table 1. Developmental stages of epitheliocystis agents described from different host fish species belonging
to Sparidae.

Figure 3. Details of Fig. 2. Different morphological
forms of prokaryotic organisms in a cyst of red sea
bream. The arrow points to a primary long cell in
the process of binary fission, whereas the
arrowhead shows a small cell with translucent
vacuoles in the cytoplasm. Note the good state of
epithelial cells forming a pseudocapsule, which are
connected by numerous desmosomes (squares)
×10000.
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Atlantic salmon Salmo salar farmed in
Tasmania, Australia (Nowak and Clark, 1999)
up to 75% in juvenile silver perch Bidyanus
bidyanus cultured in tanks and exposed to
ammonia (Frances et al., 1997). Among
cultured sea bream, an incidence rate as high
as 70% was reported (Paperna, 1977).
Prevalence tends to be higher in stressed or
diseased cultured fish.

Although no direct effects of the infection on
survival of the examined fish was determined
in this study, epitheliocystis has been shown
to cause mortalities in cultured fish, including
red sea bream under some conditions
(Miyazaki et al., 1986). Mortality due to this
disease ranging from 4% to 100% was
reported in larvae and juveniles of cultured
sea bream S. aurata (Paperna, 1977), carp
Cyprinus carpio (Paperna and Alves de Matos,
1984), steelhead trout Oncorhynchus mykiss
(Rourke et al., 1984), and lake trout Salvelinus
namaycush (Bradley et al., 1988).
Epitheliocystis affecting the gill and the
pseudobranch of the amberjack Seriola
dumerili, cultured in sea-cages in Port
Andratx, Mallorca (Spain) was also reported
(Crespo et al., 1990). Mass mortalities
occurred in the 0+ age class that resulted in a
final mortality of 85%. Cages containing 1+
and 2+ age classes were unaffected. No
mortalities were detected in either sea bream
S. aurata or sea bass Dicentrarchus labrax from
the 0+ age class being reared in cages in the
same mariculture facilities. This would be in
agreement with data reported by Paperna et
al. (1981) and Egusa (1987) showing that most
fish affected by this infection belong to the 0+
age class. However, the condition is usually
benign.

Some of the affected fish had gross
pathological signs of illness, such as
exophthalmoses, lens prolapse, opacity of the
cornea, blindness and backbone abnormality
in the red sea bream. Ulcers of the skin,
abnormal swimming and opacity were noted
for hybrid fish. Eye abnormality of the studied
fish has been described previously (Syasina
and Park, 2003). Crespo et al. (1990) described
mass mortalities of the amberjack (85 %),
which was thought to be caused by
epitheliocystis, with all affected fish having
different gross pathological signs, including
emaciation, cutaneous lesions, depig-
mentation of fins, abnormal swimming,
presence of mucus in oro- and parabranchial
cavities, pale gills, opacity of the cornea and
blindness.

Some of the studied red sea bream affected
by epitheliocystis were parasitized by ciliates,
probably trichodinids. Previously, epi-
theliocystis in association with several
parasites has been described in cultured sea
bass D. labrax  and sea bream S. aurata
(Paperna and Baudin-Laurencin, 1979). Mixed
epitheliocystis-trichodinae infection and the
presence of a Sanquinicola-like parasite were
observed in cultured amberjack S. dumerili
(Crespo et al., 1990). The epitheliocystis-
monogenean infection caused severe
mortalities of sea bream from Spanish
mariculture facilities in winter 1994 (Álvarez-
Pellitero and Crespo, 1995; Padrós and
Crespo, 1995). Co-infection of the mono-
genetic trematodes of the genus Microcotyle
and Lamellodiscus ignoratus, the protozoan
Trichodina and the presence of epitheliocystis,
Vibrio alginolyticus and V. vulvificus was
reported in cultured sea bream in Portugal
(Cruz e Silva et al., 1997).
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The morbidity caused by epitheliocystis in
hybrid fish was much lower compared to that
of red sea bream and only one filament in the
gill arch was affected. This is consistent with
a very low infection level. In spite of the fact
that these two fish species were contained in
aquaria under the same conditions and for an
identical time, the level of infection was
essentially different, since it was much higher
in red sea bream. Studied hybrids are
apparently susceptible to epitheliocystis to a
lesser degree than the red sea bream, but other
aspects were more relevant for hybrids since
some of them developed ulcers on the skin.

Miyazaki et al. (1986) have found that cysts
ranged in diameter from 15 to 55 µm in
diseased juvenile red sea bream imported
from Hong Kong. The sizes of cysts
established in the present study were within
the limits of 12 and 75 µm. These values are a
little bit more than those established
previously for fish of this species. However,
more adult fish were investigated in our case.
Probably, the difference in the size of cysts is
connected with discrepancies in the age of
diseased fish.

At the present time, the occurrence of 6 stages/
types of cells of the epitheliocystis agent are
described for fish (Table 1) and pleomorphic
developmental cycles are a characteristic
feature of epitheliocystis (Paperna et al., 1981;
Crespo et al., 1999). Cycle I includes three
developmental stages: the reticulate body, the
intermediate body/round cell, and the
elementary body; cycle II includes three stages
too: the primary long cell, the intermediate
long cell, and the small cell. Previously, only
the round cell, a developmental stage

belonging to cycle I, was found in red sea
bream (Miyazaki et al., 1986). In the present
study we observed three stages of cycle II,
particularly, the primary long cells, the
intermediate long cells, and the vacuolated
small cells. This confirmed the former
observation that two developmental cycles
occur in the same fish species. Among
Sparidae fish, developmental stages of both
cycle I and cycle II were found in gilthead sea
bream (Paperna et al., 1981; Padrós and
Crespo, 1995; Crespo et al., 1999). Now it is
evident both cycles occur in red sea bream too.

For sea breams, two types of cysts in the gills
of epitheliocystis infected S. aurata were
observed: amorphous and granular. They
differed in their staining affinities, the
morphology of their ‘capsule’, location in fish
tissues, the reaction they elicited in the host,
and the appearance in relation to the age of
fish. Fingerlings of S. aurata exhibited only the
granular type of cyst, whereas juvenile sea
bream carried both kinds of inclusions, and
the oldest sea bream only exhibited
amorphous cysts. This observation con-
cerning the age of fish may be an additional
explanation for the fact that adult red sea
bream only had amorphous cysts and
developmental stages of cycle II, while
Miyazaki et al. (1986), studying juvenile
individuals, detected only the round cells
inherent in the cycle I. Morphologically, the
observed forms of epitheliocystis resembled
the description of the causative agent in
amorphous cysts of other sea breams.
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