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PREFACE

The United States and Japanese counterpart panels on aquaculture were formed in 1969 under the
United States—Japan Cooperative Program in Natural Resources (UJNR). The panels currently in-
clude specialists drawn from the federal departments most concerned with aquaculture. Charged
with exploring and developing bilateral cooperation, the panels have focused their efforts on ex-
changing information related to aquaculture which could be of benefit to both countries.

The UJNR was begun during the Third Cabinet-Level Meeting of the Joint United States-Japan
Committee on Trade and Economic Affairs in January 1964. In addition to aquaculture, current
subjects in the program include desalination of seawater, toxic microorganisms, air pollution, energy,
forage crops, national park management, mycoplasmosis, wind and seismic effects, protein resources,
forestry, and several joint panels and committees in marine resources research, development, and
utilization.

Accomplishments include increased communication and cooperation among technical special-
ists; exchanges of information, data, and research findings; annual meetings of the panels, a policy-
coordinative body; administrative staff meetings; exchanges of equipment, materials, and samples;
several major technical conferences; and beneficial effects on international relations.

Conrad Mahnken-United States
Seiji Sakaguchi-Japan

The Natonal Marine Fisheries Service (NMFS) does not approve, rec-
ommend or endorse any proprietary product or proprietary material
mentoned in this publication. No reference shall be made to NMFS,
or to this publication furnished by NMFS, in any advertising or sales
promotion which would indicate or imply that NMFS approves, recom-
mends or endorses any proprietary product or proprietary material
mentioned herein, or which has as its purpose an intent to cause
directly or indirectly the advertised product to be used or purchased
because of this NMFS publication. The U.S.~Japan subseries of NOAA
Technical Reports on aquaculture is used to communicate preliminary
results, interim reports, and similar imely information. It is not subject
to formal peer review.
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Studies on Diseases of Cultured Juvenile Atlantic Halibut

GIVIND BERGH’, GEIR H@VIK HANSEN™, INGVAR HUSE" and ANDERS JELMERT"

* Institute of Marine Research
Austevoll Aquaculture Research Station
N-5392 Storebg, Norway

** Depariment of Microbiology and Plant Physiology
University of Bergen, Jahnebakken 5
N-5007 Bergen, Norway

ABSTRACT

Bacterial infections by Flexibacter and Vibrio species are major causes of mortalities in
Atlantic halibut (Hippoglossus hippoglossus L.) larviculture. Egg surface disinfection is a
possible prophylactic treatment. This article summarizes and reviews several experiments
concerning causes of mortality of Atlantic halibut eggs and larvae.

Introduction

Cultivation of Atlantic halibut (Hippoglossus
hippoglossus L.) is presently at the verge of a commer-
cial breakthrough in Norway. However, as is the case
with all cultivated species, there are problems emerg-
ing concerning diseases related to opportunistic
microorganisms (Bergh et al. 1992; Bergh and
Jelmert 1990; Opstad and Bergh 1990; Pittman et al.
1990). The purpose of this work is to summarize sev-
eral experiments by studying the effects of microorganisms
on mortalities of halibut eggs and yolk sac larvae,
possible prophylactic treatment procedures, and ef-
fects of some physical stressors.

Methods and Materials

Eggs from one female were artificially stripped and
fertilized with sperm from two males and reared in
250-L upstream incubators between 6 and 7° C until
further processing.

The eggs were transferred to polystyrene multiwell
dishes (NUNC, Roskilde, Denmark) for the disinfec-
tion trials and the infection experiment. Each well
contained one egg and 11 mL of sterilized seawater.
The dishes were incubated in darkness between 5
and 6° C for the duration of the experiment.

For the infection experiment, eggs were divided
into 6 groups, each containing 60 eggs. Four days
before hatching, each well of each of the 5 treatment

groups was infected with 200 pL of a suspension of
an accenic culture of one of the following bacteria:
Flexibacter sp. strains NCIMB 13128 and NCIMB
181277, (National Collection of Industrial and Ma-
rine Bacteria, Aberdeen, Scotland) which were
isolated from two different groups of halibut eggs
and otherwise seemingly identical (Hansen and
Bergh et al. 1992), Vibrio strain HI-10448 (Institute of
Marine Research, Bergen, Norway) and Vibrio
anguillarum NCMB 6 (National Collection of Marine
Bacteria, Aberdeen, Scotland); and Vibrio fischeri
strain ATCC 7744 (American Type Culture Collec-
tion, Rockville, MD). Final total counts of bacteria in
the wells were measured by staining with DAPI (Por-
ter and Feig 1980) and counting in a Nikon
epiflourescence microscope at 600X to be in the or-
der of 2-3 X 10° bacteria x mL™. One group of 60
eggs was not infected, serving as the control. Within
24 hours after hatching, visible remnants of the egg-
shell were removed along with 10 mL of the water,
and 10 mL of sterile seawater were immediately
added. Mortality was recorded until Day 37 after
hatching. For a further description of the infection
experiment, see Bergh et al. (1992).

For the disinfection experiment another egg group
was disinfected one day before hatching. The follow-
ing procedure was followed. Eggs were divided into
four groups, which were exposed to different concen-
trations of the iodophor disinfectant Buffodine
(Evans Vanodine, Preston, England): 0.5, 0.05, and
0.005%, plus one untreated control group. Applica-
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tion time was 10 minutes. Immediately following the
disinfection, the solution was carefully pipetted off
the eggs, and more sterile seawater was added. Thais
procedure was repeated three times. The control
group was washed the same way as the other groups.
Thereafter, 60 randomly chosen eggs from each
group were incubated in polystyrene multiwell dishes
as previously described. Within 24 hours after hatch-
ing, visible remnants of the eggshell were removed
along with 10 mL of water, and 10 mL of sterile sea-
water was added. Mortality was recorded until Day 37
after hatching. The remaining living larvae were ex-
amined microscopically under a dissection
microscope for developmental disorders. A further
description of this experiment is given by Bergh and
Jelmert (1990).

Results

Figure 1 shows a halibut egg with severe surface dam-
age, an appearance typical for eggs infected with
Flexibacter sp. Figure 2 demonstrates a normal egg,
without visible damage.

Scanning electron microscopy of infected eggs re-
vealed the chorion to be completely dissolved over
large areas (up to 200 wm in diameter), whereas the
zona radiata was severely damaged. Isolation of
epibiotic bacteria from this egg group revealed an
epiflora totally dominated (99% of colony-forming
units) by Flexibacter sp. (Bergh et al. 1992)

Figure 1
Halibut egg showing
large surface wounds.
This appearance is
typical of eggs in-
fected with Flexibacter
sp. Egg diameter is
approximately 3 mm.
The photograph was
taken from a Wild
zoom binocular mi-
croscope operated in
the dark field mode.
Photo by Guri Grung
and Vibeke Valkner.

The infection experiment revealed three different
types of mortality patterns:

1 The uninfected control group showed very low
mortality throughout the experiment, as only 5
out of 60 larvae died.

2 The two groups infected with Flexibacter sp.
showed high mortalities at hatching; out of 60 lar-
vae per group, 40 and 49 had died in the NCIMB
131277 and NCIMB 13128 groups, respectively. At
Day 18, these groups were terminated in order to
gain material for re-isolation of bacteria. Eighty
and 93% of the larvae were dead in Groups
NCIMB 131277 and NCIMB 13128, respectively.

3 The groups infected with V. anguillarum strains or
with V. fischeri showed an intermediate mortality
pattern. Only 1-4 larvae died per group at hatch-
ing, but high mortalities occurred throughout the
rest of the experiment. When the experiment was
terminated at Day 37, mortalities had risen to
95% in the V. anguillarum NCMB 6 group, 78% in
the V. fischeri ATCC 7744 group, and 67% in the
group infected with V. anguillarum 651.

In the disinfection experiment, 7 out of 56 remain-
ing larvae in the group treated with 0.5% Buffodine
were dead when the experiment was terminated, 9.
out of 59 were dead in the 0.05% Buffodine group,
24 out of 59 were dead in the 0.005% Buffodine
group, and 19 out of 58 in the untreated group.



The groups that were disinfected with 0.5% and
0.05% Buffodine could not be significantly distin-
guished for cumulative mortality at the end of the
experiment (P>0.05, ttest with arcus sinus transfor-
mation of proportions). The two remaining groups
were not statistically separable, but they both had sig-
nificantly higher mortalities than the two groups that
were treated with the highest Buffodine concentra-
tions (P<0.05%, ttest with arcus sinus transformation
of proportions).

With respect to developmental disorders, 5 out of
49 living larvae treated with 0.5% Buffodine were
found to posess at least one kind of disorder when
the experiment was terminated in the group. In the
other groups, scores were 16 out of 50 (0.05%
Buffodine), 22 out of 36 (0.005% Buffodine) and 23
out of 39 (control). The most common disorder was
the presence of black, probably necrotic, tissue in the
gill, heart, or frontal yolk-sac region. Work is in
progress to characterize the ultrastructural changes
associated with these kinds of disorders.

Discussion

We have presented initial results showing that bacte-
rial infections may be closely involved in the
mortality of cultured halibut eggs and yolk-sac larvae.
The infection experiment proves that Flexibacter sp. is
a causative agent of mortality at the egg stage, at
hatching, and at the early yolk-sac stage. It has earlier
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Figure 2

A normal halibut
egg. Diameter is ap-
proximately 3 mm.
The photograph is
taken from a Wild
zoom binocular mi-
croscope operated in
the dark field mode.
Photo by Guri
Grung and Vibeke
Valkner.

been shown that bacteria are able to cause at least
minor destruction to the chorion (Hansen and
Olafsen 1989), but we are not aware of other reports
showing that bacteria are able to dissolve the chorion
completely. It could not be deduced from the scan-
ning electron micrographs that the zona radiata was
completely destroyed; however, evidence of severe de-
struction was clear. This biotype is commonly isolated
from Atlantic halibut eggs and could be considered a
major problem in halibut larviculture.

With the two Vibrio species that were used in the
infection experiment, the situation is different.
These bacteria seemed to be harmless to the egg
stage, causing no significant mortality. However, the
profound mortality of the infected groups through-
out the yolk-sac stage indicates that Vibrio-infections
during the yolk-sac stage may help to explain the
high mortality rates experienced so far.

Recent observations indicate that infectious pan-
creatic necrosis virus (IPNV), serotype NI, is
prevalent in juvenile stages of the Atlantic halibut
(Mortensen et al. 1990). The IPNV is associated with
high mortalities, but it is not verified whether the
virus is the principal lethal agent. The time of infec-
tion has so far not been shown. Also, nematodes
could be present in relatively large amounts (G.
Bristow, Zoological Laboratory, University of Bergen,
pers. commun. 1991); these are probably introduced
by feeding the larvae with collected zooplankton.

The disinfection experiment demonstrated that
the bacterial epiflora on halibut eggs is at least partly
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responsible for many of the developmental disorders
commonly occuring in halibut yolk-sac larvae. Sur-
face disinfection of eggs with iodophors should be an
adequate prophylactic treatment, as they have good
pathogen/host differential of toxicity (Amend and
Pietsch 1972; Ross and Smith 1972; Amend 1974).
However, more work is needed to establish reliable
disinfection procedures.

Mortality rates could be augmented by several sub-
lethal factors (Rosenthal and Alderdice 1976).
Sublethal physical stressors might increase egg and
larvae sensitivity to infectious microorganisms, rather
than per se be the causative agent of death. The effects
of sublethal stressors to early life stages of halibut
have been investigated in several studies.

Jelmert and Naas (1990) reported that lowered O,
concentrations, exposure to HQS and exposure to
high light levels led to a higher prevalence of de-
formed yolk-sac larvae.

Sensitivity of halibut eggs to physical shocks was
investigated by Holmefjord and Bolla (1988), who
found that eggs were most sensitive before the clo-
sure of the blastopore. In a more extensive study,
eggs of halibut were compared with several other ma-
rine fishes, Opstad (I. Opstad, Austevoll Aquaculture
Research Station, pers. commun. 1991) found similar
results, with the addition that eggs during the hatch-
ing period were highly sensitive to physical stress.
Effects of water flow on yolk-sac larvae were studied
by Opstad and Bergh (1990), who concluded that
high rates of water exchange in upstream incubators
significantly increased mortality. Yolk-sac utilization
was inversely related to rate of flow.

Absence of flow, however, caused rapid increase in
the amount of bacteria in the incubators (Opstad
and Bergh 1990; Skiftesvik et al. 1990), and subse-
quent larval mortality. Thus, these two effects must
be carefully weighed against each other. Although
normally not regarded as a sublethal stressor or caus-
ative agent of diseases, extreme light regimes have
been shown to induce reduced yolk-sac utilization
and increased mortality of halibut yolk-sac larvae
(Skiftesvik et al. 1990).

Studying development and mortality of Atlantic
halibut eggs and larvae at different temperatures.
Pittman et al. (1990) concluded that 3° C is near the
lower limit for development of halibut eggs and lar-
vae. At this temperature, the larvae often showed
incomplete caudal development and suffered higher
mortality than those reared at 6°C. The groups
reared at 9° C had high egg mortality and quickly
developed abnormalities, such as small hearts and
livers, and large peritoneal and pericardial spaces,
indicating that this temperature was sublethal. No
primary cause of larval death could be identified,

although four critical periods of high mortality were
identified for aquaculture systems at temperatures
between 3 and 9° C: hatching, 10-14, 25-35, and
45-60 days after hatching. The latter was probably
due to starvation (I. Opstad and A.B. Skiftesvik,
Austevoll Aquaculture Research Station, pers.
commun. 1991). For the three other critical periods
of the yolk-sac stage, evidence presented here indi-
cates that effects of bacteria could not be ruled out.

There are not yet any data available ranking the
quantitative importance of the different causes of
death of Atlantic halibut eggs and larvae, although
early-life stage mortalities are still a major factor lim-
iting the commercial success of halibut aquaculture.
The data presented here, however, give evidence that
pathogenic or opportunistic microorganisms are
closely involved in some typical mortality and devel-
opmental disorder patterns of eggs and yolk-sac
larvae.
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Scoliosis of Fishes Caused by Tryptophan Deficiency
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ABSTRACT

Scoliosis, caused by dietary tryptophan (Trp) deficiency, has been reported mainly in
salmonids. Neither abnormality in the vertebra per se nor microscopically visible damage
in the surrounding tissues was detected in the scoliotic fish, most of which returned to
normal shape within a short period of time after restoration of Trp to the diet. There-
fore, serotonin (5-HT), which is one of the Trp metabolites and a known
neurotransmitter, was suspected as a key substance responsible for the symptom. This
paper reviews several feeding studies where purified diets containing various combina-
tions of L-Trp, 5-hydroxy-L- tryptophan (5-HTP, direct precursor of 5-HT), MK486 (local
inhibitor of 5-HT synthesis only in periphery) and DL-p-chlorophenylalanine (PCPA,
general inhibitor of 3-HT synthesis) were fed to chum salmon fry (Oncorhynchus keta).
The findings indicate that occurrence of the spinal deformity is related to depletion of 5-
HT in the central nervous system. In addition, the relationship between water

temperature during rearing period and incidence of the scoliosis is also discussed.

Introduction

Although it is known that 10 amino acids are essen-
tial for normal fish growth, all of the quantitative
requirements for essential amino acids have been
determined only for chinook salmon, Oncorhynchus
(schawytscha, coho salmon, O. kisuisch, carp,
Cyprinus carpio, channel catfish, Ictalurus punctatus,
Japanese eel, Anguilla japonica, and Nile tilapia,
Oreochromis niloticus. The author conducted a series
of dietary studies to determine the amino acid re-
quirements for the fry of chum salmon, O. keta,
which is one of the most important species in the
salmon enhancement project in Japan. In these ex-
periments, spinal deformity was observed in many
of the fish fed a tryptophan(Trp)-deficient diet
(Fig.1; Akiyama et al. 1985). Since the abnormality
was first attributed to Trp deficiency in sockeye
salmon by Halver and Shanks (1960), the same de-
ficiency symptom has been reported in rainbow
trout (Shanks et al. 1962; Kitamura 1969; Kloppel
and Post 1975; Poston and Rumsey 1983; Walton et
al. 1984) and coho salmon (Ogata and Arai 1981).
So far, the biochemical pathway resulting in the
occurrence of spinal deformity due to Trp defi-
ciency has not been elucidated.

Characteristics of Spinal Deformity

The spinal deformity caused by Trp deficiency is
mainly scoliotic or slightly lordoscoliotic, and neither
lordosis or kyphosis has been noted. Scoliosis occurs
after 1-2 weeks of feeding a Trp-deficient diet in
rainbow trout (Kitamura 1969; Kloppel and Post
1975} and chum salmon (Akiyama et al. 1986a). Most
scoliotic fish return to normal shape after restoration
of Trp to their diet; therefore, this symptom is revers-
ible. However, most spinal deformities caused by
nutrient deficiency are not reversed even by restoring
nutrients to their optimum level in the diet. For ex-
ample, ascorbic acid-deficient fish form thermally
labile underhydroxylated collagen which is dena-
tured and digested at higher temperatures; this
results in connective tissues with a low collagen con-
tent and in the development of a fragile bone
structure, which finally results in irreversible symp-
toms of scurvy, such as lordosis and scoliosis (Sato et
al. 1983; ITkeda et al. 1983). Although Kloppel and
Post (1975) observed some minor abnormalities such
as protrusions of the fibrous matrix sheath investing
the notochord of scoliotic rainbow trout that were
caused by Trp deficiency, serious lesions of the verte-
brae and microscopically visible damage in the
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surrounding tissues have not been recognized in
rainbow trout (Kitamura 1969) and chum salmon
(Akiyama et al. 1986b).

Construction of Hypothesis

Trptophan is not only an essential structural element
of protein but also the precursor of nicotinamide ad-
enine dinucleotide (NAD) and niacin in higher
vertebrates (Fig.2). Therefore, attention was focused
on the role of dietary niacin in the early studies of
Trp metabolism. Poston and Combs (1980), however,
reported that dietary Trp is not an efficient precursor
of niacin in salmonids. Moreover, Poston and Rumsey
(1983) showed that the deletion of dietary niacin did
not significantly increase the incidence of scoliosis in
rainbow trout fed a diet containing a low level of Trp.

It is possible that the symptom of scoliosis may be
induced by an abnormal and involuntary contraction
or relaxation of muscle due to a defect in the ner-

vous system. Many reports on spinal deformity caused
by a metabolic disfunction or lesion in the nervous
system are available. In mammals, scoliosis develops
in bipedal rats with brain-stem lesions (Tamura 1974)
and in rabbits whose dorsal root in the spinal cord
was removed (MacEwen 1973). In fish, yellowtail
parasitized by cysts of Myxobolus in the 4th ventricle
of the brain (Egusa 1985; Sakaguchi et al. 1987)
showed scoliosis. Vertebral deformity was reported to
occur in yellowtail whose brain was infected by beta-
hemolytic streptococcal bacterium (Shiomitsu 1982;
Kaige et al. 1984). Spinal deformities caused by an
abnormality in the peripheral nervous system are
well known in fishes exposed to pesticides such as
diazinon, which develop severe spinal curvature to-
gether with fracturing (Hirose and Kitsukawa 1976;
Hirose et al. 1979). It is speculated that these symp-

-toms are induced by excess accumulation of

acetylcholine in the neuromuscular junction. Thus,
abnormality in the nervous system is one of the most
important factors for occurrence of spinal deformity.
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Map of tryptophan metabolism.

Among the various Trp metabolites, serotonin (5-
HT) is known to function as a brain neurotransmitter
or modulator and is involved in the regulation of
sleep, body heat, sexual behavior, appetite, pain rec-
ognition, secretion of growth hormone and
prolactin, besides classical functions such as the con-
traction of smooth muscle of blood vessels, the
uterus, and the digestive tract. In addition, it is
known that torticollis and abnormal posture can be
induced by the destruction of rat midbrain in which
both serotoninergic and dopaminergic neurons are
located (Tanaka and Kimura 1984), and that 5-HT
modulates the central pattern generator for locomo-
tion in the spinal cords of the lampreys Ichthyomyzon
unicuspis and Petromyzon marinus (Harris-Warrich et
al. 1985). These reports suggest that muscular func-
tion can be partly controlled by a serotoninergic

neuron. From these facts, I hypothesized that
scoliosis caused by Trp deficiency would be induced
by an imbalance of muscular tension due to a de-
creased 5-HT level in the nervous system.

5-HT Involvement in the Occurrence
of Scoliosis

In the first experiment which tested the involvement
of 5-HT in the occurrence of scoliosis an oral admin-
istration of 5-HT to Trp-deficient chum salmon fry
decreased the incidence of scoliosis, but did not com-
pletely inhibit its occurrence (Akiyama et al. 1986a).
Therefore, we fed fry a Trp-deficient diet supple-
mented with 5-hydroxy-tryptophan (5-HTP, 100-130
mg/ 100 g diet), which is a direct precursor of 5-HT
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. Figure 3
Effects of oral administra-
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metabolites to Trp-defi-
cient or sufficient chum
salmon fry. Administra-
tion of 5-hydroxy-L-
tryptophan(5-HTP) to Trp-
deficient fish completely
prevented scoliosis, where-
as kynurenine failed to in-
hibit the occurrence.
DL-p-Chlorophenylala-

FEEDING PERIOD (WEEK)

& nine (PCPA) developed
4 scoliosis even in the fish
fed Trp-sufficient diet
(Akiyama et al. 1986b).
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and can easily pass through a blood-brain barrier in
contrast to 5-HT (Akiyama et al. 1986b, 1989). The
treatment completely prevented the occurrence of
scoliosis and increased the brain 5-HT level in Trp-
deficient fish (Fig.3). Kynurenine, a precursor of
niacin, NAD, and xanthurenic acid was fed at 120 mg
(as L-kynurenine) /100 g diet to Trp-deficient fish,
but failed to prevent scoliosis. Moreover, both
scoliosis and decreased brain 5-HT levels were ob-
served in fish fed a Trp-sufficient diet supplemented
with DL-pchlorophenylalanine (PCPA) (Akiyama et
al. 1986a; 1986b), which is an inhibitor of trypto-
phan-hydroxylase (TrpOHase) and a potent depletor
of both brain and peripheral stores of 5-HT (Fig. 4).
TrpOHase is a rate-limiting enzyme on the 5-HT
pathway. These findings indicated a relationship be-
tween the occurrence of scoliosis and 5-HT levels.
The reduced ability of orally administrated 5-HT to
inhibit the development of scoliosis compared with
complete prevention with the use of 5-HTP suggested
involvement of the serotoninergic neuron in the cen-
tral nervous system. Therefore, the author preparea
Trp-deficient diets (0.05%) containing various com-
binations of 5-HTP (10 or 50 mg/100 g diet) with or
without [-2-hydrazino-alpha-methyl-beta-(3,4-
dihydroxyphenylpropionic acid) (MK486, 1 or 5 mg/
100 g diet). MK486 functions 4s an inhibitor of aro-
matic L-amino acid decarboxylase only in periphery
and inhibits 5-HT biosynthesis from 5-HTP. Thus, it
consequently functions to promote the conversion of
exogenous 5-HTP to 5-HT in the central nervous sys-
tem. Feeding a Trp-deficient diet supplemented with
both 5-HTP and MK486 resulted in a significantly
lower incidence of scoliosis and higher levels of brain

5-HT and 5-hydroxyindoleacetic acid than did adding
5-HTP alone (Akiyama and Murai, unpubl. data).
The experiment suggests that the deficiency of 5-HT
in the central nervous system was related to the oc-
currence of scoliosis.

Effect of Temperature on the Occurrence
of Scoliosis

Scoliosis caused by Trp deficiency has been reported
only in salmonids such as sockeye salmon, rainbow
trout, coho salmon and chum salmon, although it
has also been studied in chinook salmon (Halver et
al. 1957), channel catfish (Dupree and Halver 1970),
eel (Arai et al. 1972), carp (Nose et al. 1974; Nose
1979), red sea bream, Pagrus major (Yone 1976) and
tilapia, Tilapia zillii (Mazid et al. 1978). At first I con-
sidered scoliosis to be a characteristic Trp deficiency
symptom of all salmonids except chinook salmon.
Arai et al. (1986), however, reported development of
scoliosis in Trp-deficient Ayu fish (Plecoglossidae)
reared at 16° C, although the incidence was low. I
also found one scoliotic fish' when a Trp-deficient
diet was fed to yellowtail at 20° C (Akiyama, unpubl.
data), even though the brain was not infected by
Streptococcus and not parasitized by cysts of Myxobolus.
These facts suggest that scoliosis due to Trp defi-
ciency is unlikely to be peculiar to salmonids.
Because salmonids are coldwater fish, and because
most of the fishes in which scoliosis was not observed
as a symptom of Trp deficiency are warmwater fish
(except chinook salmon), I focused my attention on
the influence of environmental temperature. It is



likely that among the fishes developing scoliosis, inci-
dences of scoliosis decrease as the optimum
temperature for each species rises. Moreover, spinal
deformity has not been observed to be an external
symptom of dietary Trp deficiency in mammals and
birds, which are warm-blooded animals. In fact, the
author presumed that the occurrence and incidence
of scoliosis might be influenced by rearing tempera-
tures, and therefore fed the Trp-deficient diet to
chum salmon fry at three different temperatures: 10,
16, and 20° C. The experiment showed that as the
rearing temperature was lowered, the incidence of
scoliotic fish increased and brain 5-HT levels de-
creased (Akiyama and Murai, unpubl. data). It is still
unknown why the brain 5-HT level in Trp-deficient
fish varied under different temperature conditions.

Conclusion

All of these findings described above indicate that
scoliosis caused by Trp deficiency is related to the
level of 5-HT in the central nervous system. In fishes,
hereafter, the central nervous system, especially the
5-HT neuron, should be considered as one of the
important factors in an occurrence of idiopathic spi-
nal deformity.
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Control of THN Virus in Alaskan Sockeye Salmon Culture

THEODORE MEYERS

Alaska Department of Fish and Game
FR.E.D. Division
PO. Box 25526
Juneau, AK 99802-5526

A recent review of trends in the prevalence and risk management of Infectious Hemato-
poietic Necrosis Virus (IHNV) in Alaskan sockeye salmon Oncorhynchus nerka culture has
been reported by Meyers et al. (1990). The reader is referred to this report for further
details, discussion, and references.

Prior to 1980, IHNV prevented successful culture of sockeye salmon in Alaska. This led
the Fisheries Rehabilitation, Enhancement, and Development Division (FRED) of the
Alaska Department of Fish and Game to develop a policy to control the negative effects
of the virus in sockeye salmon culture. This policy included procedures for the collection
and incubation of eggs and for the rearing of fry that were based upon the known and
suspected biological characteristics of the virus-host relationship. Many of these criteria
are common sense approaches such as: use of a virusfree water supply; disinfection of
utensils, facilities, and external surfaces of broodfish; separate fertilization of eggs from
each female using 1 or 2 males; separate water hardening of each family of eggs in a 100
ppm iodine disinfectant for 1 hour; compartmentalization of families into Kitoi Box
incubators or into stacks of Nopad trays at egg densities of 250,000-300,000 (80-100
females), or into modified Bams Boxes used at one facility that are each loaded with
500,000 eggs; physical isolation of each sockeye stock and isolation of all sockeye stocks
from any nonsockeye species; and release of fry unfed or after short-term rearing (4-6
weeks) with pooling of fry in raceways or start tanks according to the date of eggtake.
These criteria nearly eliminate opportunities for horizontal virus transmission from the
parents to offspring or from the water supply. They also further reduce the rare occur-
rence of vertical transmission of the virus within the egg and allow for
compartmentalization of eggs and fry so that the occasional incubators or raceways of
fish developing IHN can be destroyed and the virus contained to protect the remaining
fish inventory. This “sockeye culture policy” has allowed Alaskan hatcheries a great mea-
sure of success in controlling IHNV at several different facilities around the state for
nearly 10 years. Based on these guidelines, an average of 2-3 million sockeye salmon eggs
can be spawned in a day and totals of 20-36 miliion eggs may be taken at certain
facilities. Although vertical transmission of the virus generally occurs in fry almost every
year at certain facilities, total losses are minimized to between 1 and 3% of the statewide
fry production. In 1990 only 1% of the sockeye fry were destroyed owing to IHN of 68
million healthy fish that were released. Production data from various Alaskan sockeye
salmon hatcheries suggest that vertical transmission of IHNV is more dependent upon
the proportion of high virus-titered female fish rather than total virus prevalence. Also,
as one would expect, the risk of vertical virus transmission increases with increasing
numbers of eggs taken from females of a high-titered stock. Hence, IHN outbreaks are
more common at the larger eggtake facilities that have greater prevalences of high-
titered broodfish.

During the past 14 years, yearly monitoring of sockeye salmon stocks by FRED has
resulted in a data base summarizing IHNV occurrence in over 96 wild and hatchery
sockeye salmon stocks in Alaska. Yearly prevalence of THNV ranges from 0 to 100% in
both ripe and postspawned females with as many as 92% within a stock having high titers
(210%). Repeated yearly sampling has shown that all anadromous sockeye salmon tested
in Alaska are positive for IHNV. The data base has been useful for examining general
trends and has shown some differences from previously reported IHNV-sockeye salmon
relationships. For example, no significant differences in mean IHNV prevalence were



14 NOAA Technical Report NMFS 111

Citation

found in ovarian fluids from postspawned female sockeye salmon vs. those from ripe
females. Furthermore there were no significant differences between geometric mean
virus titers of postspawned vs. ripe female fish, but postspawners did have a significantly
greater mean proportion of high-titered fish. The log value of 10* was selected as the
breakpoint for high virus titers owing to the tendency for bimodality of IHNV titers to
occur at this level in most stocks of Alaskan sockeye salmon. The significance of this
phenomenon needs further investigation. As found by other investigators, the mean virus
prevalence in male fish from 27 stocks of sockeye salmon was significantly less (9%) than
in female fish (40.1%).

This data base is a useful tool for examining general trends for IHNV within a geo-
graphic area or statewide. However, these trends may not always be true for certain
individual sockeye salmon stocks that may be unique due to genetic reasons, the strain
of the indigenous virus, or environmental factors affecting natural virus exposure and
transmission,

Meyers, T.R., ].B. Thomas, J.E. Follett, and R.R. Saft.

1990.

Infectious hematopoietic necrosis virus: trends in

prevalence and the risk management approach in Alaskan
sockeye salmon-culture. J. Aquat. Anim. Health 2:85-96.



Identification of a Conserved Antigenic Domain in the
Major Capsid Protein of Infectious Pancreatic Necrosis Virus

R.J. BARRIE, C.L. MASON, and J.C. LEONG*

Department of Microbiology
Oregon State University
Corvallis, Oregon 97331-3804

ABSTRACT

The gene for the major capsid protein, VP2, of the Sp serotype of infectious pancreatic
necrosis virus (IPNV) was cloned and expressed in Escherichia coli. Nonoverlapping frag-
ments of the VP2 gene were recloned in #pE fusion vectors of the pATH series and the
expressed fusion proteins were characterized for reactivity with antisera to three different
serotypes of IPNV. One clone, pB10, which contained an insert encoding amino acids 99
to 206 of the VP2 protein, produced a fusion protein recognized by antisera for all three
serotypes. In contrast, the pA43 clone, which contained an adjacent region on the VP2
gene encoding for amino acids 207 to 315, produced a fusion protein that was only
recognized by homologous antisera in Western immunoblots. A comparison of the de-
rived amino acid sequence for each clone with that reported for two other IPNV clones
indicates that the pB10 region is conserved and the pA43 region is very heterogeneous.

Introduction

Infectious pancreatic necrosis virus (IPNV) is a
birnavirus that causes one of the most serious dis-
eases in trout and salmon farms in North America,
Europe, and Asia. It can also kill a number of
nonsalmonid fish species including striped bass
(Morone saxatilis), turbot, menhaden, and eels (Wolf
1988), and it has been isolated from a variety of ma-
rine fish and molluscs. The ubiquitous nature of this
birnavirus and its ability to infect such a wide variety
of hosts make this virus important for scientific study.
Most IPNV jsolates are closely related antigenically
and yet, they exhibit marked differences in host-
range in vivo and in vitro, pathogenicity, and
temperature of replication.

The most extensive study of the antigenic relation-
ships of the aquatic birnaviruses compared 175 virus
isolates from 44 fish and shellfish species from 11
countries by reciprocal plaque reduction tests using
polyclonal sera (Hill and Way 1983). From these re-
sults, it was proposed that there are 2 major
serogroups: 1 containing 9 serotypes which includes
171 isolates from fish, and the other containing 1
serotype which includes those viruses isolated from
molluscs. These virus isolates also contain common
immunoreactive determinant(s). Other studies have

recognized only three major serotypes characterized
by the following virus isolates: VR299, a North Ameri-
can strain; Sp, a European strain which is pathogenic
for trout; and AB, a European strain which is
nonpathogenic for trout (Wolf 1988). In our paper
we review recent efforts to unravel the mechanisms
that biologically distinguish the different IPNV iso-
lates by characterizing the immunoreactive regions of
the major capsid protein of the Sp serotype of IPNV.

Methods

The viral genome is composed of two double-
stranded RNA segments, A and B. The B segment
encodes the viral RNA polymerase, VP1. The A seg-
ment encodes the virion proteins, VP2 and VP3. The
major capsid protein, VP2, is responsible for the in-
duction of neutralizing antibodies (Lipipun et al.
1989 ). In addition, there is a nonstructural protein,
NS, which is an autocatalytic protéase responsible for
cleavage of the polyprotein, VP2-NS-VP3, encoded by
the viral genome A segment (Duncan et al. 1987,
Manning et al. 1990).

*Send correspondence to this author
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Since the entire VP2 gene has been expressed in
Escherichia coli as part of a trpE fusion protein (Man-
ning and Leong 1990), it was possible to examine
different regions of the VP2 gene for immunoreactiv-
ity with a panel of rabbit antisera and monoclonal
antibodies to different serotypes of IPNV. The VP2
gene was excised from the plasmid pUC19/A+SAK
and cut with the restriction enzyme Sau3Al which
generated seven DNA fragments (Fig. 1). These frag-
ments were inserted in-frame with the trpE gene in
one of the three pATH vectors, pATH 1, pATH2, or
pATHS3, which put the resulting trpE-VP2 fusion gene
under the control of the tryptophan operator and
promoter (Dieckmann and Tzagaloff 1985). Recom-
binants expressing a portion of the VP2 gene were
detected by direct colony immunoblot with anti-
IPNV-Sp sera (Gilmore et al. 1988).
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1.5Kb
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O s sgmons
225 105 321 297 183 1 235
N
GEL ISOLATION OF
EACH FRAGMENT l
T4 DNA .
Hgase Figure 1
COLONY IMMUNOBLOT Construction of trpE-VP2 gene fusions.
The 1.5 Kb cloned insert containing
A X
ToE //////// L the IPNV-Sp VP2 gene was restricted
with Sau3Al; the fragments were puri-
fied and subcloned into the trpE
fusion expression vectors, pATH 1, 2,
or 3. Recombinants containing frag-
ments in the correct orientation and
in the appropriate reading frame were
selected by colony immunoblot as pre-
viously described (Gilmore et al. 1988).

Results and Discussion

Two recombinant plasmids were identified from the
clones derived from the pATHI vector/insert ligation
mixture, and the rpF-VP2 fusion proteins expressed by
these plasmids were characterized by Western
immunoblot analysis. The antisera used to detect the
VP2-specific protein in the bacteria had been pre-
pared against purified virions of IPNV-Sp. The
recombinant plasmid, pB10, was found to produce a
47 kDa fusion protein and the recombinant plasmid,
pA43, was found to produce a 52 kDa fusion protein
(Fig. 2). The VP2 derivation of the IPNV sequence in
the fusion proteins was verified by Western
immunoblot using anti-VP2-specific antisera prepared
against purified VP2 virion protein from the IPNV-Sp
strain (Huang et al. 1986). The cell lysate prepared
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Figure 2
Immunoblot showing reactivity of trpE-
VP2 fusion proteins with anti-IPNV-Sp
sera. E. coli cells containing the recombi-
nant plasmids (pB10 or pA43) were
grown to mid-log phase before induction
with 15 pg/ml indoleacrylic acid. The
cultures were then grown to stationary
phase before the cells were harvested by
centrifugation for protein analysis. The
cells were lysed and the proteins sepa-
rated on an SDS-polyacrylamide gel as
previously described (Gilmore et al.
1988). The proteins were transferred to
nitrocellulose and then exposed to anti-
IPNV-Sp antisera. Lane 1 contains
IPNV-Buhl infected fish tissue culture cell
lysate; lane 2, prestained low molecular

VP3a

from induced cells containing pB10 or pA43 was
found to contain protein bands that were strongly re-
active with the anti-IPNV-Sp/VP2 sera (Fig. 3).

The DNA sequence of the viral insert in pB10 and
in pA43 was determined after subcloning of the in-
sert into the MI13 sequencing vectors mpl8 and
mpl9. Sequence analysis was performed by the modi-
fied Sanger dideoxy chain termination method
(Davis et al. 1986). The pB10 insert comprised 323
nucleotides encoding 108 amino acids and mapped
to amino acid number 99 to 206 of the VP2 protein
of IPNV-Sp (Mason and Leong, unpubl. data). The
pA43 insert comprised two neighboring Sau3A frag-
ments of 297 and 27 nucleotides. This insert
probably originated from a partial cleavage product
(Fig. 1) and it was mapped to the adjacent region of
the VP2 protein at amino acid number 207 to 315 of
the VP2 protein. Although both pB10 and pA43 con-
tained inserts encoding 108 amino acids, striking
differences in the observed migration of the fusion

-4— 75kDa

Q -4+—50
-

-4— 39

56.5 kDa—@= S

IPNV
pB10
pATH1 ©
PSM
pA43

weight markers from BioRad at 75 kDa,
50 kDa, 39 kDa, 27 kDa, and 17 kDa;
lanes 3 and 4, pB10 induced bacterial cell
lysate; lane 5, pA43 induced bacterial cell
lysate; lane 6, bacterial cells containing
the pATH vector with no insert; lane 7,
bacterial cells without a plasmid; lane 8,
low molecular weight markers; and lane
9, purified IPNV-Buhl. The arrow in lane
5 indicates the position of the trpE-VP2
fusion protein encoded by the recombi-
nant plasmid, pA43. The computed
molecular weight of the pE-VP2 fusion
protein was 56.5 kDa.

proteins produced by each plasmid were noted. Care-
ful analysis of the 3' terminal sequence of both
plasmids by direct sequence analysis from the recom-
binant pATH fusion plasmids themselves (Wang et al.
1988) indicated that the translational termination
codon, TAG, was present immediately after the end
of both VP2 cDNA inserts. The calculated isoelectric
points for both fusion proteins was 6.6, and there was

Figure 3

Immunoblot of trpE-VP2 fusion proteins with antisera
to the VP2 protein of IPNV-Sp. E. coli cells containing
the recombinant plasmid, pB10 or pA43, were grown
and prepared as described in Figure 2. Lane 1 con-
tains purified [PNV:Sp; lanes 2 and 3, lysates from
uninduced and induced cells containing pB10; lane
4, lysate from uninduced cells containing the pATH1
vector without any VP2 insert; lane 5, prestained low
molecular weight markers from BioRad at 75 kDa, 50
kDa, and 39 kDa; lanes 6 and 7, lysates from
uninduced and induced cells containing pA43. The
photograph taken for lanes 6 and 7 was a lighter ex-
posure of the immunoblot and these lanes contained
five times as much bacterial lysate as that used in
lanes 2, 3, and 4.
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Figure 4
A comparison of the derived amino acid se-

N1 DLPSQRLPPVPATGTLTTLYEGNADIVNSTTVTGDINFSLAEQPANETKFDEQL
quence of IPNV-Sp, IPNV- Jasper, and IPNV-NI
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JX  QFLGLDNDVPVVTVTSSTLVTADNYRGASAKFTQS IPTEMITKPITRVKLAYQL asterisks indicate differences in amino acids.
N1 DFMGLDLDVPVVTVVSSVLATNDNYRGASAKMTQSIPTENITKPITRVKLSYKI
The IPNV-Jasper (Ja) sequence was taken from
Duncan and Dobos (1986). The IPNV-N1 se-
quence was taken from Havarstein et al. (1990).
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Immunoblots of tpE-VP2 fusion proteins with antisera to the heterologous IPNV strains, IPNV-Buhl and IPNV-EVE. E. coli
cells containing trpE-VP2 fusion proteins encoded by the recombinant plasmids, pB10 or pA43, were analyzed for reactiv-
ity with antisera prepared to purified virus of the two heterologous IPNV strains. (A) Reactivity with antisera to IPNV-Buhl.
Lanes 1 and 2 contain lysates from uninduced and induced cells containing the pATH]1 expression vector with no viral
insert; lanes 3 and 4, lysates from uninduced and induced cells containing pA43; lanes 5 and 6, lysates from uninduced
and induced cells containing pB10; lane 7, prestained low molecular weight markers from BioRad; lanes 8 and 9, lysates
from uninduced and induced cells containing pB10; lane 10, purified IPNV. (B) Reactivity with antisera to IPNV-EVE.
Lanes 1 and 2 contain lysates from uninduced and induced cells containing pB10; lanes 3 and 4, lysates from uninduced
and induced cells containing pA43.

no dramatic difference in the amino acid composi-
tion. Thus far, the only possible explanation for the
slower migration of the pA43 fusion protein might be
the series of four prolines found towards the amino
terminus of this insert (Fig. 4).

Polyclonal rabbit antisera prepared to the different
serotypes of IPNV will crossreact with the heterolo-

gous VP2 proteins in Western immunoblots (R.
Barrie and J. Leong, unpubl. data). Thus, there are
conserved linear epitopes among the IPNV strains.
When the expressed (rpE-VP2 fusion proteins were
examined for reactivity with polyclonal anti-IPNV
sera prepared to three different IPNV serotypes, only
pB10 reacted with the heterologous antisera in West-



ern immunoblots (Fig. 5, A and B). The anti-IPNV-
Buhl sera was prepared against purified virions of
the Buhl virus isolate which had been previously
characterized as a member of the IPNV-VR299 sero-
type found in rainbow trout (Oncorhynchus mykiss)
in North America (Hill and Way 1983). The IPNV-
EVE isolate was obtained from Japanese eels
(Anguilla japonica) suffering from branchio-
nephritis in Japan (Sano et al. 1981); it has been
antigenically grouped with the AB serotype of
IPNV, which is nonpathogenic for rainbow trout.
The fusion protein encoded by pA43 was com-
pletely nonreactive with the heterologous antisera.
Thus, it appears that the VP2 gene region encoded
by pBl10 contains an antigenic determinant(s)
which is conserved among the IPNV strains exam-
ined and the insert in pA43 encodes a region
which is highly variable.

A comparison of the nucleotide sequence and its
derived amino acid sequence of each insert with
that of other published sequences of the VP2 gene
showed that the pB10 region was highly conserved
at the nucleotide and amino acid level (Fig. 4;
Christie et al. 1988; Havarstein et al. 1990). There
were three amino acid differences between the Sp
and the Jasper isolate (a member of the VR299 sero-
type), and there were only two amino acid
differences between Sp and N1 isolates, the latter of
which is another IPNV isolate from the Sp serotype
(Havarstein et al. 1990). In contrast, 27 amino acid
changes between the Sp and Jasper isolates were ob-
served for the pA43 gene fragment. Only five amino
acid changes were found between isolates Sp and
NI1. The similarity between the Sp and N1 genomes
indicates that these two isolates are highly related, a
finding that is consistent with the findings of
Christie et al. (1988).

Conclusion

In summary, two immunoreactive regions of the viral
major capsid protein, VP2, have been identified. One
region from amino acids 99 to 206 contains a very
conserved epitope(s) which was recognized by neu-
tralizing antisera to three different IPNV serotypes.
Another region from amino acids 207 to 315 contains
a highly divergent epitope(s) that may encode the
serotype-specific epitope(s) of an IPNV strain. A sug-
gestion that the amino acid region from 206 to 350
encoded the serotype-specific epitope(s) of IPNV was
made by Havarstein et al. (1990) when a comparison
of the deduced amino acid sequence of IPNV-N1 and
IPNV- Jasper capsid proteins revealed that this region
was very heterogeneous.
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Cloning of Hemolysin Genes of Aeromonads
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ABSTRACT

The role of extracellular products is critical in the pathogenic mechanisms of bacterial
infections. In Aeromonas spp., hemolysins may be the most important of these products in
establishing and maintaining infections. This report reviews our knowledge of the struc-
ture and expression of hemolysin genes in Aeromonas and discusses preliminary results on
gene homology and ancestry among various Aeromonas spp.

The related species Aeromonas hydrophila (Ljungh
and Wadstrom 1982) and A. salmonicida (Titball and
Munn 1985a) produce several extracellular proteins
that are virulence factors. In the study of pathogenic
mechanisms of these bacteria, there has been interest
in the role of these extracellular substances as toxins.
A. hydrophila produces a variety of extracellular prod-
ucts, including a protease, glycerophospholipid
cholesterol acyltransferase (GCAT), cytotoxin, an en-
terotoxin, acetylcholinesterase (Nieto et al. 1991),
and hemolysins (Ljungh and Wadstrom 1982). Extra-
cellular products of A. salmonicida include hemolytic,
leukocytolytic, proteolytic, and GCAT activities (Ellis
et al. 1981, 1988). The virulence of A. hydrophila and
A. salmonicida is significantly enhanced by their abil-
ity to secrete hemolysin. Hemolysin may be the most
important of these products in causing tissue damage
and in establishing and maintaining infections with
Aeromonas.

There are many reports describing the number
and nature of hemolysins found in A. hydrophila
(Ljungh et al. 1981; Thune and Johnson 1986; Asao
et al. 1986) and A. salmonicida (Titball and Munn
1985a; Rockey et al. 1988). Asao et al. (1986) purified
and characterized two hemolysins from A. hydrophila
which were biologically similar but immunologically
distinct. Both hemolysins caused fluid accumulation
in infant mouse intestines and rabbit ileal loops and
elicited a cytotoxic effect on Vero cells. Two distinct
hemolysins have also been found in A. salmonicida.
One is a broad-spectrum hemolysin with maximum
activity against horse erythrocytes (H-lysin) (Titball
et al. 1985b), and the other is active against trout

erythrocytes (T-lysin) (Rockey et al. 1988). H-lysin
contains GCAT. Nomura et al. (1988) purified
salmolysin, an extracellular hemo lytic toxin from A.
salmonicida. Salmolysin was lethal to rainbow trout
Oncorkynchus mykiss when it was injected intramuscu-
larly.

Almost all isolates of A. hydrophila and A.
salmonicida produce aerolysin, a substance with he-
molytic activity. The level of aerolysin production is
known to vary under different growth conditions,
and individual isolates can alternate between high
and low level phases of production. When this hemo-
lysin gene is cloned into E. coli, the gene’s
characteristics can be more easily studied.

For this reason, we cloned the two hemolysin
genes from A. hydrophila and the one hemolysin
gene from A. salmonicida to study their structure
and expression (Aoki and Hirono 1991; Hirono and
Aoki 1992, a and b).

We have previously reported the cloning of two he-
molysin genes (for aerolysins AHH-1 and AHH-2)
from A. hydrophila ATCC7966 into a plasmid vector in
E. coli K-12 (Aoki and Hirono 1991; Hirono and Aoki
1991, Table 1). Open reading frames (ORF) of the
AHH-1 and AHH-2 genes were 1,734 and 981 base
pairs (bp), respectively. The sequences included the
-10 region and the —-35 region of a promoter and a
ribosome binding site (Shine-Dalgarno sequences)
upstream from the ORF. Two palindromic sequences
were found immediately following the termination
site. Analysis of the deduced amino acid sequences
indicated a highly hydrophobic N-terminal region in
the AHH-1 gene with the characteristics of a leader
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Figure 1

Nucleotide sequence and deduced
amino acid sequence of hemolysin
gene AHH-1 from Aeromonas hydrophila
ATCC7966. The deduced amino acid
sequence is given under the nucleo-
tide sequence. A putative promoter is
indicated by the areas marked -35 and
-10, and ribosome binding site is indi-
cated by SD. The palindromic structure
sequence of a terminator-like region is
also indicated downstream from the
AHH-1 coding region.



Table 1
Maximum matching comparison of amino acid se- |
quences of cloned hemolysin genes of Aeromonas
hydrophila and A. salmonicida.

AHH-1 AHH-2 ASH-1 aer
AHH-1
AHH-2 17.4%
ASH-1 17.0 17.0
aer* 17.1 16.9 18.5

* Howard and Buckley 1986.

peptide (Figure 1). However, the N-terminal region
of the AHH-2 gene was not hydrophobic.

Two aerolysin genes were also cloned from A.
hydrophila, Ah65 (Howard and Buckley 1986; Howard
et al. 1987) and AH2 (Chakraborty et al. 1986). The
nucleotide sequence of the Ah65 aerolysin gene
was 1,458 bp. There was very low homology between
the aerolysin gene from Ah65 and each of the
ATCC7966 genes, and there were no indications of
similarity in the predicted amino acid sequences
(Table 1).

We also cloned one hemolysin gene (ASH-1) from
A. salmonicida ATCC14174 (Hirono and Aoki 1992,
a and b) (Table 2) which had an ORF of 1,716 bp. It
had the -10 region and the -35 region of a putative
promoter and a ribosome-binding site up stream
from the ORF, and the termination codon and
palindromic sequences downstream from the ORF.
The N-terminal region of the ASH-1 gene was highly
hydrophobic. Comparative analysis of the fundamen-
tal molecular structures of our cloned AHH-1,
AHH-2, and ASH-1 genes, and the previously re-
ported aerolysin gene from Ah65 (Howard et al.
1987) suggests that they have not descended from a
common ancestor.

The recombinant plasmids pAHH-1, pAHH-2, and
pPASH-1 were introduced into a maxicell strain CSR603
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of E. coli and the plasmid-encoded proteins examined
by polyacrylamide gel electrophoresis (Sancar et al.
1979). Strains containing pAHH-1 and pASH-1 pro-
duced proteins of 62 kDa and 56 kDa, respectively
(Hirono and Aoki 1991, 1992a). These results are in
agreement with the size of the proteins predicted by
the DNA-sequenced ORF. However, the molecular size
of novel protein synthesized by cells harboring the
pAHH-2 plasmid was 26 kDa. The molecular size of
the protein was clearly different from the size pre-
dicted by the hemolysin AHH-2 gene sequence which
inferred a protein with a molecular weight of 37.7
kDa. The products of transcription or translation in
AHH-2 may be either greatly truncated or reduced in
quantity. As mentioned above, analysis of the deduced
amino acid sequences indicated that the N-terminal
region of the AHH-2 gene was not hydrophobic. As
yet, it is difficult to explain the difference in the mo-
lecular size of the final protein.

Hemolysin was released by the E. cofi cells contain-
ing the AHH-1 gene and those containing the ASH-1
gene. The hemolytic activity in a supernatant was in-
activated by heating to 70° C for 10 minutes.
However, the hemolysin was expressed but was not
secreted from E. coli cells carrying the recombinant
plasmid containing the AHH-2 gene. The aerolysin
cloned by Howard and Buckley (1986) similarly was
not released from the E. coli cells in which they were
cultured. The E. coli hemolysin requires four cistrons
encoded with the hemolysin structured protein for
full expression of active protein to be achieved
(Felmlee et al. 1985). These proteins are associated
with the cell envelope and are involved in transport-
ing the hemolysins out of the cells. This complex
system is unlike the one producing the extracellular
hemolysins in A. hydrophila and A. salmonicida. 1t is
very interesting that the hemolysin release mecha-
nism produced by E. coli cells containing the hemo-
lysin gene is different from Aeromonas spp.

Using colony hybridization analysis, the cloned he-
molysin genes were tested for presence of
homologous regions in isolates A. hydrophila and A.
salmonicide from humans and fish in Japan (Hirono

Table 2
Cloned hemolysin genes from Aeromonas hydrophila and A. salmonicida.

Hemolysin Open reading Predicted molecular size Molecular size

genes Sources frame (bp) from DNA sequences (Da) from Maxicell (kDa)
AHH-1 A. hydrophila 1,734 63,658 62 (Hirono and Aoki 1991)
AHH-2 A. hydrophila 981 37,797 26 (Aoki and Hirono 1991)
ASH-1 A. salmonicida 1,716 64,780 56 (Hirono and Aoki 1992a)
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and Aoki 1992, a and b). Ten of 15 strains of A.
hydrophila isolated from humans and 14 of 33 strains
from fish possessed sequences homologous to the he-
molysin gene of AHH-1 (Table 3). The AHH-1 gene
was detected in all 38 strains of A. salmonicida. The
AHH-2 gene was detected only in the original strain
ATCC7966 and not in the other strains of A.
hydrophila and A. salmonicida tested. The ASH-1 gene
was detected in two strains of A. hydrophila from fish
and the original ATCC14174 strain. We used strains

of A. hydrophila and A. salmonicida isolated in the
United States for cloning the hemolysin gene and
tested for homology with strains isolated in Japan.
Homology of the tested strains with the cloned hemo-
lysin was low. We shall attempt to survey the
distribution of our cloned hemolysin genes in more
isolates of aeromonads. The presented data, however,
indicate that the hemolysin genes having different
structures occur in A. hydrophila and A. salmonicida
isolates from different geographical locations.

colony hybridization. (Hirono and Aoki 1991, 1992b.;

. Table 3
Detection of DNA sequences homologous to the hemolysin genes from Aeromonas hydrophila and A. salmonicida by

Strains Sources AHH-1 AHH-2 ASH-1

A. hydrophila Human ) 10/15* 0/4 0/15
Fish 14/33 0/5 2/33
ATCC7966 1/1 1/1 0/1

A. salmonicida Fish 38/38 0/19 0/38
ATCC14174 1/1 0/1 1/1

cloned into plasmid vectors in E. coli K-12.

* Number of strains containing hemolysin genes/Number of tested strains.
Hemolysin genes of the AHH-1 and AHH-2 of A. hydrophila ATCC7966 and the ASH-1 gene of A. salmonicida ATCC14174 were
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Harmful Red Tides of Heterosigma akashiwo

TSUNEO HONJO
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Ohno, Saeki, Hiroshima 739-04, Japan

ABSTRACT

The raphidophyte Heterosigma akashiwo is one of several species of flagellates that
cause harmful red tides. This paper reviews the distribution of H. akashiwo, the relation-
ship between eutrophication and the occurrence of red tides in the Seto Inland Sea, and
environmental and biological features of red tide development (life cycle, growth dy-

namics, and allelopathy).

Introduction

The raphidophyte Heterosigma akashiwo is one of sev-
eral species of flagellates causing prodigious red
tides. The total damage by H. akashiwo red tides has
amounted to about 2 billion yen over a period of 16
years (1972-87) in the Seto Inland Sea of Japan.
Most of this damage affected fish culture operations.
This paper seeks to advance research on red tides by
reviewing the known ecological features of Hetero-
sigma red tides.

Morphology

The cells of Heterosigma akashiwo (HADA) Hara et
Chihara are yellow-brown and ovoid, and slightly
compressed dorso-ventrally. The cell size is 8-25 X
6-15 pm. This organism is thought to lack a cell
wall and be limited only by a single membrane. The
delicate structure of the cell has hindered the study
of its surface morphology, although the existence of
an external structure, the glycocalyx, has been dem-
onstrated (Yokote et al. 1985). In Japan, H. akashiwo
has been referred to as Entomosigma sp. and H.
inlandica; in many other countries it has been con-
fused with the chrysophyte Olisthodiscus luteus
CARTER. Recently, Hara and Chihara (1987) re-
ported that Entomosigma sp. and H. inlandica are
synonymous with H. akashiwo, and that most red
tides ascribed to O. [luteus actually involve H.
akashiwo.

Distribution

Heterosigma akashiwo occurs in the temperate and sub-
tropical embayments in Japan (Hara and Chihara
1987), Singapore (Taylor 1990), New Zealand (Taylor
1990), England (Lackey and Lackey 1963), and Bel-
gium (Conrad and Kufferath 1954), and in the
eastern (Tomas 1982) and western areas (Lackey and
Clendenning 1965; Taylor 1990) of North America,
Bermuda (Tomas 1982), and Chile (Taylor 1990)
(Fig. 1). Damages to fish have been recorded for the
Seto Inland Sea (yellowtail, Seriola quinqueradiata and
red sea bream, Pagrus major), New Zealand (salmon),
British Columbia (salmon), and Chile (salmon) (Tay-
lor 1990).

Eutrophication and Red Tides

In the Seto Inland Sea, nitrate, inorganic nitrogen
(ammonia + nitrite + nitrate), and phosphorous con-
centrations have increased rapidly since the
mid-1960s (Fig. 2). Nutrient concentrations reached
a maximum in the mid-1970s then gradually de-
creased thereafter. The total number of red tide
occurrences in the Seto Inland Sea before 1965 was
less than 50 cases per year. Beginning in 1968, the
number increased year by year, reaching a peak of
299 cases in 1976. After 1976, the number decreased
to 160-170 cases per year. The increase in the 1970s
coincided with a rapid development in the Japanese
economy, with a time lag of 2-3 years. The decrease
in frequency after the first oil shock (1973-1974) cor-
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Figure 1
Distribution of Heterosigma akashiwo red tide (dotted areas). Fish indicate places where cultured fish have sustained damage.
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Figure 3
Schematic diagram of ecological features during the period of red tide development.

responds with the switchover of the Japanese economy
to a lower rate of development. The patterns of
change in the total number of tides and the number
of Helerosigma red tides were similar to that of nutrient
concentrations. Thus, the frequency of red tide occur-
rences is closely related to eutrophication.

Environmental Features During the Period
of Red Tide Development

Temperatures suitable for the growth of H. akashiwo
have been reported from culture experiments to be
in the range of 15-30° C (Tomas 1978a; Mori et al.
1982; Yamochi 1989). This helps to explain why
Heterosigma red tides tend to occur in coastal waters
from May through late June. However, the range of
suitable salinity differs among culture strains: 30%eo
for a Fukuyama strain (Iwasaki et al. 1968); 10%o for
a Gokasho strain (Iwasaki and Sasada 1969); 27-28 %o
for a Hakata strain (Honjo and Hanaoka 1973); 12—
40%o for a Narragansett strain (Tomas 1978a); and
12-28%0 for a Tanigawa strain (Mori et al. 1982).
This suggests that these strains have developed a
physiological acclimation to the range of salinity in
each habitat.

Growth of H. akashiwo is usually initiated in early
summer when a pycnocline is formed in the

middle layer (Fig. 3). Oxygen concentrations in
bottom water decrease rapidly after the formation
of the pycnocline. The pH of the anoxic bottom
water decreases to about 7. As a result, nutritive
substances (inorganic nutrients, metals, and or-
ganic constituents including growth-promoting
substances) are released from the bottom sedi-
ments and these substances accumulate to high
levels in anoxic bottom waters (Honjo 1974). The
Heterosigma population has access to these sub-
stances in the bottom water through diurnal
vertical migration at night.

The Development of Heterosigma
Red Tides

Growth originates from cell stocks that overwintered
as motile forms (Yamochi 1989) and/or that germi-
nated from resting cells (Imai et al. Nansei National
Fisheries Research Institute pers. commun. 15 Octo-
ber, 1990). Tomas (1978b) and Yamochi (1989)
found that motile cells aggregate and change to
nonmotile cells. Population growth can be divided
into two phases: rapid and exponential (Fig. 3; Honjo
and Tabata 1985). The rapid phase is defined as the
period when cells increase more than four-fold each
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day and the exponential phase as that period when
the correlation coefficient between log cell number
and time is greater than or equal to 0.95 and there
is an obvious increase in the number of cells for
more than 4 days. The duration of Heterosigma red
tides is shorter than for other flagellates. The
abrupt disappearance of Heterosigma cells requires
further study.

Growth Rate and Division Periodicity

Blooms of this organism develop so rapidly and dra-
matically that many workers have studied the growth
of H. akashiwo in vitro and in situ as an approach to
understanding the enigma of red tide formation.
Their results, however, have conflicted (Honjo and
Hanaoka 1973; Tomas 1978a).

Honjo and Tabata (1985) studied Heterosigma
growth dynamics and division periodicity in outdoor
tanks. They found that H. akashiwo has a potential for
high growth rates (2-5 divisions per day). There was
a strong tendency for large cells to dominate at the
beginning of this fast growth phase and to be re-
placed by small cells toward the end of the phase.
During culture experiments, a portion of a H.
akashiwo patch in a tank was cultured in a l-liter volu-
metric flask hung in the tank. The growth rate in this
experiment was 2.3 divisions per day. Other H.
akashiwo cells were collected from the tank and indi-
vidually cultured in small tissue chambers. In these
chambers the highest growth rate was 3.3 divisions
per day; the growth rates of large cells inoculated
into these chambers were much higher than those of
small cells.

In the tank environment, H. akashiwo prefers dark-
associated cell division. Cell division first occurred a
little before sunset and continued through the night
until the next morning. Similarly, in the small cham-
bers cell division began just before the onset of the
dark period and continued for 4-5 hours into the
next light period. Seven of 24 H. akashiwo cells di-
vided three times during the night in the small
chambers, with a cell division interval of about 6
hours. Puiseux-Dao (1981) comprehensively reviewed
the events of the cell cycle and Chisholm (1981) de-
scribed the chronobiology of cell division in
unicellular algae. In their reviews, the cell division
cycle was discussed in terms of the length of the cir-
cadian period (1 division per day), but no
consideration was given to the rapid division cycles of
H. akashiwo.

Allelopathy

The study of allelopathy is important for elucidating
the mechanisms of temporal succession of phyto-
plankton and of monospecific bloom events.
Allelopathic interactions in which organic metabo-
lites of one plant or microorganism suppress or
enhance the growth of other plants or microorgan-
isms are different from competitive interactions
which involve the removal or reduction of certain fac-
tors such as water, minerals, foods, and light. The
interactions among marine and freshwater phyto-
plankton have been well studied and have been
reviewed by Smayda (1980), Maestrini and Bonin
(1981), and Rice (1984). Some of the most dramatic
changes of species composition in marine phyto-
plankton have been observed during Heterosigma red
tide blooms, and allelopathic interactions have been
observed between H. akashiwo and the centric diatom
Skeletonema costatum during in vitro experiments
(Pratt 1966; Honjo et al. 1978). Their studies imply
that an allelopathic relationship between these or-
ganisms occurs during high cell densities of H.
akashiwo. Stuart (1972) and Sakshaug (1977) exam-
ined physical features of the allelopathic substances
but experienced difficulty in determining their mo-
lecular weight.

Recently Honjo et al. (unpubl. data) investigated
the biological and chemical features of allelopathic
substances from H. akashiwo (Fig. 4). During a bloom
of H. akashiwo in an outdoor tank, an abrupt de-
crease in cell numbers of centric diatoms (dominant
species, S. costatum) and an increase in the dinophyte
Prorocentrum triestinum occurred when high concen-
trations of dissolved carbohydrates were detected in
the water. Crude polysaccharide extracts from
Heterosigma cells and from filtrates of the bloom sea-
water were both separated into two main fractions by
gel chromatography. In bioassay experiments, a mac-
romolecular fraction from Heterosigma cells greatly
suppressed the growth of S. costatum at concentra-
tions above 1.0 pg glucose per mL, whereas this same
fraction enhanced the growth of P triestinum and
H. akashiwo and had no effect on the growth of
Phaeodactylum sp. The other fraction caused moder-
ate suppression of S. costatum growth. Results of
bioassays using S. costatum and the two fractions from
H. akashiwo bloom water were similar to those using
the fractions from Heterosigma cells. Histochemical
analysis of the crude polysaccharide extracts from
Heterosigma cells indicated a polysaccharide-protein
complex with features analogous to the glycocalyx on
the cell surface of the organism. Results suggest that
a polysaccharide-protein complex exfoliated from
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Figure 4
General scheme of allelopathic relationships between Heterosigma akashiwo and other phytoplankton.

and/or excreted by H. akashiwo is a species-specific
allelopathic substance and plays an important role in
causing dramatic changes in cell numbers of other
phytoplankton during Heterosigma blooms.
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ABSTRACT

Columbia River Basin salmonids are exposed to the parasite Ceratomyxa shasta during
both their seaward and return migrations. The impact of ceratomyxosis on the survival of
migrating fish is difficult to assess because there are few data on causes of fish mortality
once they are released from the hatchery. This study examines the impact of this disease
on juvenile salmonids by 1) sampling the downstream migrants to determine what per-
cent of fish leaving the basin are infected with the parasite and by 2) determining the
effects of entering salt water on the progress of the infection. Results of comparisons of
methods for diagnosing a C. shasta infection indicate that serological techniques using
monoclonal antibodies are more sensitive than techniques for examination of spores.

Introduction

The Columbia River Basin has long supported an im-
portant Pacific salmon fishery for Oregon,
Washington, and Idaho. However, the resource has
steadily declined even with supplementation of fish
from hatcheries. As research efforts are directed to-
ward determining the causes behind the depletion of
Columbia River Basin salmonid stocks, the impact of
diseases must be considered. One disease that is enzo-
otic to the basin is caused by the myxosporean parasite
Ceratomyxa shasta. Although this parasite has devas-
tated certain hatchery productions, it is not normally a
disease of hatchery fish; therefore, its impact on sur-
vival of fish in the wild is difficult to evaluate. The
parasite first infects and multiplies in the intestinal
tract of the fish and from that site spreads to other
tissues. The infection results in tissue necrosis accom-
panied by a severe host inflammatory reaction. Signs
of infection may include lethargy, darkening of the
body surface, abdominal distension, and hemorrhag-
ing in the area of the vent (Bartholomew et al. 1989a).
In addition, the disease has a prolonged incubation
period and current diagnostic methods (Amos 1985)
detect the parasite only in heavily infected fish.
Assessing the impact of ceratomyxosis requires ex-
amining a variety of factors. Studies of geographic
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distribution (Johnson et al. 1979; Hoffmaster et al.
1988) indicate that the parasite has spread within the
Columbia River Basin, but the extent and cause of
expansion is not yet known. The degree of resistance
to infection among salmonid fish within the basin has
also been examined and compared with resistance
among fish populations from watersheds where the
parasite is not found (Zinn et al. 1977; Buchanan et
al. 1983). All groups of fish tested from the Columbia
River Basin were relatively resistant. However, the
ability of many wild and upriver stocks to resist infec-
tion has not been examined.

Further investigations of the impact of
ceratomyxosis on migrating Columbia River salmo-
nids were designed to answer 1) how many Columbia
River salmonids become infected during their down-
stream migration, 2) how the disease progresses after
the fish enter salt water, and 3) how effective are the
methods currently used to diagnose ceratomyxosis.

Materials and Methods

Examination of Downstream Migrants for
Infection

To estimate how many salmonids become infected
during their downstream migration, outmigrants
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Figure 1
Jones Beach sampling site. The beach and purse seining areas are indicated by the two asterisks on the main map. From

Dawley et al. (1984a).

were collected just prior to entering the estuary and
were maintained in fresh water to monitor disease
development. Outmigrating juvenile salmonids of dif-
ferent species and year classes were obtained by
beach and purse seine from a collection facility oper-
ated by the National Marine Fisheries Service at
Jones Beach (75 river km, measured upstream from
the mouth of the Columbia River) on the Oregon
side of the Columbia River (Fig. 1). Seining proce-
dures were those described by Dawley et al. (1984a).
A purse seine 206 m long and 11 m deep with a mesh
of 1-2 cm was used in water about 9 m deep. The
seine was set drifting with the current, then towed
upstream for 5 minutes before closing and pursing.
Beach seining with a net 95 m long, 5 m deep, with a
mesh of 1-2 cm, was done in water about 6 m deep at
the outer end of the net sweep. Fish were collected
on 12 occasions between 20 May and 8 September in
1983 and on six occasions between 5 July and 20 Sep-

tember in 1984. In 1984, fish were collected by beach
seine only. All fish were transported to the Round
Butte Hatchery Isolation Facility on the Deschutes
River, a facility operated by the Oregon Department
of Fish and Wildlife. Holding tanks were 1-m
circulars with a 375-L capacity. The water supply was
free of pathogens and the water temperature was
10° C. All groups of fish were fed an Oregon Moist
Pellet diet containing 3% terramycin in the form of
TM,, (Pfizer) as a prophylactic measure against bac-
terial fish pathogens (Udey et al. 1975). Groups were
held for at least 150 days and observed for develop-
ment of ceratomyxosis. Fish deaths occurring within
10 days after transportation were attributed to han-
dling mortality and were not included in the results.
In all experiments, dead fish were collected daily,
and either immediately necropsied or frozen for later
examination. All fish held in tanks that remained at
the end of the observation period were killed and



examined for C. shasta. Wet mounts of intestinal tract
scrapings were examined microscopically (as detailed
later) for up to 5 minutes, and samples containing
spores of C. shasta were considered infected.

Determining Saltwater Effects

Three strains of salmonid smolts were used to deter-
mine the effects of salt water on the progress of
ceratomyxosis. Big Creek coho salmon
(Oncorhynchus kisutch) were from Big Creek Hatch-
ery located on the lower Columbia River and Round
Butte chinook salmon (O. tshawytscha) were from
the Round Butte Hatchery on the Deschutes River, a
Columbia River tributary. Both strains migrate
through waters enzootic for C. shasta and are rela-
tively resistant to the parasite (Zinn et al. 1977;
Johnson et al. 1979). Alsea steelhead trout (O.
mykiss) were taken from the Alsea Hatchery. The
Alsea River empties directly into the Pacific Ocean
and does not harbor the infectious stage of C.
shasta. Salmonids from this system have not devel-
oped resistance. All fish were held at the Oregon
State University-Fish Disease Laboratory (OSU-FDL)
in 1-m diameter tanks of 375 L capacity and were
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supplied with 12° C pathogen-free water until they
reached smolt stage. Fish were exposed to the infec-
tious stage of C. shasta in the Willamette River at
Corvallis, Oregon, on three occasions. On the first
occasion, two groups of 50 Alsea steelhead trout
were exposed: one group for 3 days and the other
for 5 days. On the second occasion, groups of 50
Alsea steelhead trout and 50 Big Creek coho salmon
were held for 5 days. On the third occasion, 100
Alsea steelhead trout and 100 Round Butte chinook
salmon were exposed for 3 days. Control groups of
an equal number of each species were not exposed
in the river. After exposure, the groups were divided
and half of the fish were transported to freshwater
holding facilities at the OSU-FDL and the other half
to ultraviolet-treated saltwater facilities at the Mark
O. Hatfield Marine Science Center in Newport, Or-
egon. The fish were fed Oregon Moist Pellets
containing 3% terramycin in the form of TM,,
(Pfizer). All groups were held for at least 100 days.

Comparison of Detection Methods

The sensitivity of the standard detection method of
examining wet mounts of materjal from the lower

Table 1
Prevalence of Ceratomyxa shasta in chinook salmon smolts beach seined from the Columbia River at Jones Beach,
Oregon.
Percent of
Date Mortalities fish collected
collected Number Holding infected with infected with
(1983) collected® mortalities C. shasta C. shasta
May 20 91 3 3 3
27 81 6 1 1
June 3 75 8 2 3
10 53 1 1 2
17 65 36 3 5
24 130 21 3 2
July 1 113 24 17 15
15 141 46 17 12
29 68 33 2 3
Aug. 12 109 36 13 12
26 34 20 8 24
Sept. 8 112 39 25 22
Total 1072 278 95 9
“Number collected minus holding mortality during the first 10 days.
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Table 2
Prevalence of Ceratomyxa shasta in chinook salmon smolts purse seined from the Columbia River at Jones Beach,
Oregon.
Percent of
Date Mortalities fish collected
collected Number Holding infected with infected with
(1983) collected® mortalities C. shasta C. shasia
May 20 9 5 3 33
27 37 6 2 5
June 10 58 17 0 0
17 47 18 4 9
24 98 25 8 8
July 1 128 46 21 16
15 43 38 5 12
29 47 33 - 11 23
Aug. 12 47 45 4 9
26 21 18 1 5
Sept. 8 14 12 2 14
Total 549 263 61 11

“Number collected minus holding mortality during the first 10 days.

Table 3
Prevalence of Ceratomyxa shasta in coho salmon smolts purse seined from the Columbia River at Jones Beach, Oregon.

Percent of

Date Mortalities fish collected
collected Number Holding infected with infected with
(1983) collected® mortalities C. shasia C. shasta
May 20 82 13 4 5

27 38 4 3 8
June 3 23 1 0 0

10 5 4 1 20

17 1 2 0 0

24 12 2 1 8
July 1 1 0 0 0

15 1 0 0 0
Aug. 26 2 0 0 0
Total 179 26 9 5

@ Number collected minus holding mortality during the first 10 days.

intestinal wall (Amos 1985) was compared with detec-
tion of C. shasta by serological methods (Bartholo-
mew et al. 1989b). The lower portion of the intestine
was excised from 121 adult salmon that had died
prior to spawning. Two smears were made from each

fish. The first smear was examined for spores as a
wet mount at 400X magnification for a maximum of
5 minutes. The second smear was air-dried, fixed in
1:1 acetone:xylene solution, and incubated for 15
minutes with a monoclonal antibody specific for
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Table 4
Prevalence of Ceratomyxa shasta in steelhead trout smolts purse seined from the Columbia River at Jones Beach,
Oregon.
Percent of
Date Mortalities fish collected
collected Number Holding infected with infected with
(1983) collected” mortalities C. shasta C. shasta
May 20 11 5 2 18
27 13 4 0 0
June 3 45 13 6 13
10 4 2 0
24 1 1 1 100
July 1 1 1 0 0
Total 75 26 9 12

* Number collected minus holding mortality during the first 10 days.

Table 5
Prevalence of Ceratomyxa shasta in chinook salmon smolts beach seined from the Columbia River at Jones Beach,
Oregon.
Percent of
Date Mortalities fish collected
collected Number Holding infected with infected with
(1984) collected” mortalities C. shasta C. shasta
July 5 88 76 6 7
26 75 22 12 16
31 . 84 31 14 17
Aug. 16 82 34 11 13
23 87 74 13 15
Sept. 20 47 29 9 19
Total 463 266 65 14

* Number collected minus holding mortality during the first 10 days.

prespore stages of C. shasta. Specific antibodies were
detected using biotinylated horse anti-mouse IgG
and fluorescein-conjugated avidin D (Vector Labora-
tories, Burlingame, CA). Methyl green dye (1% in
distilled water) was used as a counterstain. Smears
were examined with a Zeiss standard microscope
containing an IV epifluorescence condensor at
250X magnification until prespore or spore stages
of C. shasta were detected or for three minutes. All
microscopic examinations were made by the same
individual.

Results

Infections in Downstream Migrants

Chinook salmon were the largest group collected in
1983; 1072 subyearling smolts were captured in
beach seines and 549 yearling chinook salmon were
taken in purse seines. Smaller numbers of coho
salmon (179) and steelhead trout (75) were also cap-
tured in purse seines. Ceratomyxa shasta was present in
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Table 6
Effects of salt water on steelhead trout and coho and chinook salmon exposed to the infectious stage of Ceratomyxa
shasta.
Fresh water Salt water
Exposure
length No. of fish No. of fish Percent No. of fish No. of fish Percent
Salmonid (days) recovered?® infected infected recovered® infected infected
Alsea steelhead trout 3¢ 21 21 100 6 3 50
3¢ 24 24 100 37 37 100
control? 25 0 0 11 0 0
50 23 23 100 13 7 54
5¢ 18 18 100 9 8 89
control? 25 0 0 16 0 0
Big Creek coho salmon 5% 25 1 4 25 0 0
control* 25 0 0 25 0 0
Round Butte 3¢ 27 0 0 30 0 0
chinook salmon control* 25 0 0 27 0 0
“Number of fish exposed minus number of fish that died before spores were detected.
® Fifty fish exposed; 25 were transferred to fresh water and 25 to salt water.
¢One hundred fish exposed; 50 were transferred to fresh water and 50 to salt water.
¢ Control fish were not exposed to the infectious stage of C. shasta .

1-24% of the individuals of the chinook salmon
groups caught by beach seine (Table 1). The preva-
lence of infection was between 1-3% in groups
collected from May through June but increased to
12-24% from July to the final sample period in Sep-
teber. The prevalence of infection among yearling,
purse-seined chinook salmon also showed a tendency
to increase during the later collection periods (Table
2). Among the yearling chinook salmon, the preva-
lence of infection in groups collected from May
through June was generally less than 10%, except for
a 20 May collection where three of nine fish devel-
oped ceratomyxosis. Infection incidence after July
averaged 15%. The total incidence of C. shasta infec-
tion among chinook salmon was 9% for beach-seined
groups and 11% for purse-seined groups. Smaller
numbers of coho salmon and steelhead trout were
collected in May and early June, during the peak of
their migration. The prevalence of infection for these
species was 5 and 12%, respectively (Tables 3 and 4).

In 1984, 463 chinook salmon smolts were caught in
beach seines between 5 July and 20 September. Infec-
tion incidence among these subyearling salmon
averaged 14% (Table 5).

Effects of Salt Water

All Alsea steelhead trout held in fresh water after ex-
posure to C. shasta died from ceratomyxosis (Table
6). In groups of Alsea trout transferred to salt water,
between 26 and 76% of the fish died prior to devel-
opment of the disease; losses of 36 to 56% of
unexposed, control fish held in salt water indicated
that these deaths were caused by inability of the fish
to adjust to saltwater conditions. The prevalence of
infection among fish surviving the prepatent losses in
salt water was lower in two of the four groups than
among fish transferred to fresh water. Big Creek
coho and Round Butte chinook salmon were resis-
tant to infection when held in either fresh or salt
water after exposure to C. shasta.

Sensitivity of Detection Methods

Detection of C. shasta infections by standard wet
mount examination of intestinal tract scrapings was
less sensitive than detection by indirect fluorescent
antibody techniques (IFATs) in which a monoclonal
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Table 7
Comparison of detection sensitivity between wet mount examination for spores and indirect fluorescent antibody
techniques (IFAT) using monoclonal antibodies against Ceratomyxa shasta prespore stages.
Wet mount IFAT

Sample origin® No. samples No. positive % positive No. positive % positive
Spring chinook salmon

Willamette Hatchery 20 8 40 19 95

Clackamas Hatchery 27 16 59 25 93
Fall chinook salmon

Bonneville Hatchery 40 7 17 14 35
Coho salmon

Big Creek Hatchery 14 14 100 14 100

Cascade Hatchery 20 17 85 20 100
Total 121 62 51 92 76
7 Adult prespawning mortalities.

antibody was used. Of 121 intestinal samples exam-
ined where both methods were used, 51% of the
samples were diagnosed as positive for the presence
of spores by the wet mount technique and 76% were
diagnosed positive for the presence of prespore and
spore stages using IFATs (Table 7).

Discussion

Evaluating the impact of ceratomyxosis on salmonid
populations requires consideration of a variety of fac-
tors. Two of these, geographic distribution of the
parasite and resistance to infection of resident salmo-
nids, have been examined in previous studies (Zinn
etal. 1977; Johnson et al. 1979; Buchanan et al. 1983;
Hoffmaster et al. 1988). Past studies have demon-
strated the presence of the infectious stage of C.
shasta in the mainstem of the Columbia and Snake
Rivers and have shown that parasite presence and
concentration vary between locations. There is also
evidence that its distribution has increased within the
basin. Because all salmonids migrating in the Colum-
bia River Basin are exposed to C. shasta, native strains
have developed some resistance to infection. How-
ever, resistance is not complete in the fish
populations studied and little is known about the sus-
ceptibility of feral and upper Columbia and Snake
River salmonids to infection by C. shasta.

The prevalence of infection among outmigrating
fish was higher than the incidence predicted from
susceptibility studies. In studies by Zinn et al. (1977)
and Buchanan et al. (1983), the infection incidence

among Columbia River strains of chinook salmon
and steelhead trout was generally less than 5%, even
when fish were exposed to the infectious stage for
120 days. However, of 2084 chinook salmon smolts
collected at Jones Beach during 1983-84, 221 fish or
10.6% died from ceratomyxosis. The number of fish
infected did not vary significantly between year
classes, as the prevalence in yearling purse-seined
chinook salmon paralleled that of the subyearling
chinook salmon collected in beach seines. The preva-
lence also did not vary significantly between the 2
years of this study, although the number and type of
samples collected were limited during 1984, but
there was a trend toward increasing numbers of in-
fected fish from the later collection dates.

The dates of peak migration at Jones Beach were
determined by Dawley et al. (1984b) for each species.
Coho salmon and yearling chinook salmon and steel-
head trout migrated through the lower Columbia
River during May and early June. Migration of
subyearling chinook salmon past Jones Beach began
to increase during May but reached its peak from
early June to mid-July. This means that the majority
of subyearling chinook salmon were migrating dur-
ing periods of increasing water temperature when
the impact from C. shasta is greater (Udey et al.
1975). Dawley et al. (1984b) also determined that
migration rates were 22, 18, 17, and 35 km/day for
subyearling chinook, yearling chinook and coho
salmon, and steelhead trout, respectively. Therefore,
the duration of exposure to C. shasta for subyearling
and yearling salmon and steelhead trout migrating
from Oxbow Dam on the Snake River, a distance of
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over 1000 river miles from the Columbia Estuary,
could be as long as 43, 53, and 27 days, respectively.
Coho salmon originate from the lower Columbia
River and therefore have a shorter time of exposure
to the parasite. Long periods of exposure to C. shasta
combined with the stress of migration and
smoltification may explain why the numbers of
chinook salmon and steelhead trout infected in our
study are higher than numbers predicted from sus-
ceptibility studies. Also, it was not possible in this
study to determine the strain origin of the infected
fish so their resistance status cannot be assumed.
Studies by Ratliff (1981) and Ching and Munday
(1984) demonstrate that fish originating from rivers
enzootic for the parasite can still be highly suscep-
tible to infection. Ching and Munday exposed
chinook salmon representing six stocks from the
Fraser River, British Columbia, to the infectious stage
of C. shasta in the lower Fraser River. Between 87 and
100% of the fish in each group died from
ceratomyxosis. Ratliff (1981) further demonstrated
that prevalence of infection may increase with in-
creasing length of exposure to C. shasta and he
calculated that 50-70% of all chinook salmon re-
leased into the Deschutes River may become
infected. Prior to changes in the Columbia River Ba-
sin that resulted from the building of dams, upriver
salmonids may also have avoided ceratomyxosis by
migrating through infectious areas before parasite
concentrations were high. However, the presence of
dams and reservoirs has impeded outmigration,
raised water temperatures (Raymond 1979) and may
have created conditions favorable for proliferation of
C. shasta (Ratliff 1981). These changes may have
caused the range and numbers of the parasite to in-
crease more rapidly in the upper portions of the
basin than fish could adapt by developing resistance
or avoidance strategies. Therefore, strains of salmo-
nids from the upper Columbia and Snake Rivers may
have lower or more variable levels of resistance than
the strains that have been examined.

Because ceratomyxosis has a long incubation pe-
riod, most salmonids that become infected during
their downstream migration enter the ocean before
the disease results in death. Acute ceratomyxosis has
been reported in juvenile chum salmon (O. keta) cap-
tured off the coast of British Columbia (Margolis and
Evelyn 1975). This finding indicates that the disease
is not attenuated when fish enter salt water. To dem-
onstrate this under laboratory conditions, Ching and
Munday (1984) exposed chinook salmon to the infec-
tious stage of C. shasta for 10 days, then held the fish
in either fresh or salt water. They found that mortal-

ity was 100% in both groups. Similar experiments
were conducted in this study using shorter exposure
lengths and both susceptible and resistant strains of
salmonids. Although survival was poor, in C. shasta-
susceptible steelhead trout transferred to salt water
after exposure, two of four groups had a lower inci-
dence of infection than groups transferred to fresh
water. It appears that migration to salt water may re-
duce the progress of ceratomyxosis if the fish are not
overwhelmed by a large infectious dose. Entry into
salt water did not impair the ability of resistant fish to
block the infection.

While all of the studies described here show the
impact of ceratomyxosis on captured fish held under
laboratory conditions, many field studies rely on sam-
pling fish prior to overt signs of ceratomyxosis.
Reports by Yasutake et al. (1986) and Bartholomew et
al. (1989a) indicate that spores do not form until late
in the infection and that, in cases of acute
ceratomyxosis, fish may die before spore develop-
ment. Therefore, diagnosis made on the basis of
identifying spores is likely to underestimate the
prevalence of the parasite. To demonstrate this, an

" IFAT utilizing monoclonal antibodies specific for

prespore stages of C. shasta was compared with ex-
amination by standard wet mount procedures. When
both methods were used to examine samples col-
lected from prespawning adult salmon mortalities,
there was a 25% increase in the number of infections
detected by using the serological method. An even
greater increase in sensitivity could be expected
when techniques are developed which can detect the
earlier stages of C. shasta infection. Monoclonal anti-
bodies and DNA probes that specifically recognize all
life stages of the parasite are necessary for an accu-
rate evaluation of the numbers of fish infected with
C. shasta.
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Viral Infections of Cultured Fish in Japan
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ABSTRACT

Since infectious pancreatic necrosis virus and infectious hematopoietic necrosis virus
were first isolated in the 1970s, more than 20 fish viruses have been isolated and at least 5
viruses have been observed by electron microscopy. Viral diseases are major problems
and cause economic losses among cultured fishes in Japan and other countries. This
paper reports our current understanding of the extent of viral infection in the cultured

fishes of Japan.

Introduction

A virological study of cultured fishes in Japan was
initiated when an unknown disease occurred among
rainbow trout Oncorhynchus mykiss in the 1960s. The
causative agent was identified as infectious pancreatic
necrosis virus (IPNV) (Sano 1971). Subsequently, in-
fectious hematopoietic necrosis virus (IHNV) was
isolated from kokanee salmon O. nerka (Kimura and
Awakura 1977). Since then, various viral infections
of fish have been reported. At present, more than 20
fish viruses have been isolated and at least 5 viruses
have been observed by electron microscopy studies
(Table 1).

Viral Diseases of Salmonid Fishes

Infectious Pancreatic Necrosis

Infectious pancreatic necrosis is an acute systemic
disease affecting the fry and fingerlings of rainbow
trout. Its occurrence is widespread in Japan. Suscep-
tibility of fish to IPNV depends on body weight;
smaller fry are more susceptible. The signs of this
disease are darkening of body coloring, moderate
exophthalmia, and abdominal distention. Internally,
the spleen, heart, liver, and kidneys are pale and the
digestive tract is almost always devoid of food. Rain-
bow trout is the fish most affected by IPNV, but the
virus has also been isolated from amago (O. rhodurus)

and masu salmon (0. masou). Recently, the fry of
rainbow trout were observed to be less susceptible to
IPNV and, consequently, damage attributed to IPN
has decreased (Okamoto et al. 1987).

Infectious Hematopoietic Necrosis

Infectious hematopoietic necrosis is an acute sys-
temic disease which mainly affects the fry of rainbow
trout and masu and kokanee salmon but which has
also been isolated from moribund ayu Plecoglossus
altivelis (Yoshimizu et al. 1987¢). The characteristic
sign of IHNV infection is V-shaped hemorrhages
located in muscle tissue. Recently, a large rainbow
trout, with a body weight of 50~80 g was found to be
infected with IHNV and subsequently died (Mori et
al. 1987). In this case, petechiae were observed in the
fatty tissues and on the wall of the body cavity. This
virus is widespread and especially prevalent in the
central part of Honshu, the Japanese mainland (Sano
et al. 1977). In several districts, river waters have
been contaminated with IHNV and are now unsuit-
able for rainbow trout culture. Although the vertical
transmission of THNV is doubtful (Yoshimizu et al.
1988, a and b), it can be controlled by disinfecting
eggs with iodine during the early eyed stage. Fish at
the fry stage are very.susceptible to IHNV. They
should be reared in either well water or ultra-violet
irradiated river water. When fish are past this sensi-
tive stage, they can be transferred to the usual
rearing ponds.
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Table 1
Viral infection in cultured fishes in Japan.

Isolated virus Host

DNA virus
Nerkavirus in Towada Lake,
Aomori and Akita
Prefecture (NeVTA)
Oncorhynchus masou virus (OMV)
Yamame tumor virus (YI'V)
Icosahedral cytoplasmic
deoxyribovirus (ICDV)

Kokanee salmon
Masu salmon
Yamame (masu salmon)

Japanese eel

Herpesvirus cyprini Fancy carp
Herpesvirus Japanese eel
Unidentified small virus Tiger puffer
RNA virus

Infectious pancreatic necrosis

virus (IPNV) Salmonid fish
Infectious hematopoietic

necrosis virus (IHNV) Salmonid fish
Chum salmon virus (CSV) Masu salmon
Yellowtail ascitic virus (YAV) Yellowtail

Rhabdovirus olivaceus (HRV) Various marine fish
Eel virus from European eel (EVE) European eel
Eel virus of America (EVA) American eel
Eel virus of Europe X (EVEX) European eel

Papovavirus Japanese eel
Birnavirus Yellowtail
Birnavirus Japanese flounder
Birnavirus Red sea bream

Coronavirus cyprini virus (CACV)
Picornavirus
Reovirus
Reovirus

Observed by electron microscopy
Viral erythrocytic necrosis virus
Lymphocystis virus
Paramyxovirus
Herpesvirus
Picornavirus

Common carp
Japanese eel
Common carp
Japanese eel

Various marine fish
Various marine fish
Black rockfish
Japanese flounder
Ishidai

Herpesvirus Infection

A herpesvirus, nerkavirus in Towada Lake Akita and
Aomori Prefecture (NeVTA), was first isolated from
diseased kokanee salmon in Towada Lake (Sano
1976). In 1978, another herpesvirus was isolated
from the ovarian fluid of apparently normal mature
masu salmon (Kimura et al. 1980). This virus was
named Oncorhynchus masou virus (OMV) from the sci-
entific name of the host fish. Oncorhynchus masou
virus was found to be pathogenic and significantly
more oncogenic in young masu salmon and several
other salmonid fish (Kimura et al. 1981, a and b;
Yoshimizu et al. 1987a). In 1983, a similar herpesvi-
rus were isolated from tumor tissue . of yamame
(landlocked O. masou) and was named yamame tu-
mor virus (Sano et al. 1983). Subsequent study

showed that OMV is enzootic in the northern part of
Japan (Yoshimizu et al. 1988b) and that the charac-
teristics of these three herpesviruses are similar
except that NeVTA lacks oncogenicity (Hedrick et al.
1987; Sano et al. 1988). In 1983, we recommended
the disinfection of fish eggs with iodine at the early
eyed stage in Hokkaido. Now OMV cannot be de-
tected in most of the hatcheries in this area
(Yoshimizu et al. 1988b). Although the host species
of this virus is primarily masu salmon, OMV has also
been isolated from the tumor tissues of pen-cultured
coho salmon, O. kisutch.

Chum Salmon Virus Infection

In 1978, a reovirus was isolated from an apparently
normal adult chum salmon, O. keta returning to its
hatchery in Hokkaido (Winton et al. 1981). After ini-
tial isolation and characterization, it was named
chum salmon virus (CSV). This virus was not ob-
served again until 1986, during an episode of mass
mortalities of masu salmon fry for which it was re-
sponsible. Since then, the virus has been detected in
stocks of adult masu salmon at new locations in
Hokkaido (Yoshimizu 1988). Artificial infection stud-
ies of this virus showed no significant mortality in
several species of salmonid fishes (Winton et al.
1989).

Viral Erythrocytic Necrosis

Inclusion bodies stained with Giemsa were observed
in the erythrocytes of chum and pink salmon, O.
gorbuscha, collected in Okhotsuku and along the
north Pacific coast of Hokkaido. The causative agent
of viral erythrocytic necrosis (VEN), an iridovirus,
was subsequently observed by electron microscopy
(Yoshimizu et al. 1988b).

Viral Infections of Eels

Many viruses have been isolated from cultured eels
(Anguilla anguilla, A. japonicus, and A. rostrata) by
Sano (1976) and Sano and Fukuda (1987). They in-
clude a birnavirus, eel virus from the European eel
(EVE); the rhabdoviruses, eel virus of America (EVA)
and eel virus of Europe X (EVEX); papovavirus; her-
pesvirus; picornavirus; and a reovirus. These viruses
are not recognized as pathogenic against eel except
for EVE (Nishimura et al. 1981). Sorimachi (1982,
1984) reported having isolated icosahedral cytoplas-
mic deoxyribovirus (ICDV) from a diseased eel. This



virus was shown to be pathogenic against Japanese
eels following artificial infection. Mortality was 40-
75% at water temperatures of 14.5-18.5°C, 15% at
22.8°C, and 0% at 24.1° C. Infected fish showed
signs of decoloration; congestion of the anal, pecto-
ral, and dorsal fins; and an increase of mucus on the
body surface.

Viral Infections of Carp

Herpesuvirus cyprini was isolated from papilloma tissue
of cultured fancy carp (Cyprinus carpio, also called
common or asagi carp) and confirmed as the agent
of infection by induction of epithelial tumors by arti-
ficial infection (Sano et al. 1985). Coronavirus cyprin:,
carp coronavirus (CACV), was isolated from diseased
common carp raised in the laboratory. Fish infected
with CACV showed acute mortality showing no exter-
nal signs except erythematous skin on the abdomen.
Experimentally, CACV was virulent for carp fry at
20° C. Cumulative mortality for 3-week-old fry was
72.5%. The affected fish manifested swollen and
hemorrhagic abdomens filled with ascites and even-
tually died. Reovirus was also isolated from common
carp (Sano and Fukuda 1987).

Viral Infection of Other Marine Fishes

Viral Pancreatic-Hepatic Necrosis of Yellowtail

A yellowtail ascites virus (a birnavirus) was isolated
from the fry of yellowtail Seriola quinqueradiata
(Sorimachi and Hara 1985). This epizootic is an
acute viral infection of both naturally grown and
hatchery-raised fry. The epizootic period occurs from
May to June at water temperatures of 18 to 22°C.
The moribund fry typically show anemic gills, hemor-
rhaging in the liver, and ascites and petechiae in the
pyloric caea. The disease name, viral pancreatic-he-
patic necrosis, was proposed by Egusa and Sorimachi
(1986).

Rhabdovirus Infection of Japanese Flounder

The rhabdovirus, Rhabdovirus olivaceus—also referred
to as hirame rhabdovirus (HRV)—was isolated from
diseased hirame (Japanese flounder), Paralichthys
olivaceus, and black sea bream, Milio macrocephalus
(Gorie et al. 1985; Kimura et al. 1986). This virus is
pathogenic for marine fish such as hirame, black sea
bream, red sea bream Pagrus major and black rockfish
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Sebastes inermis, and also for salmonid species, espe-
cially rainbow trout and masu salmon (Yoshimizu et
al. 1987b). Signs of HRV infection are gonadal con-
gestion, focal hemorrhage of skeletal muscle and
fins, and accumulation of ascitic fluid, Hirame rhab-
dovirus is distributed widely from Hokkaido to
Honshu in Japan.

Kuchishiroshou of Tiger Puffer

From cultured tiger puffer, Fugu rubripes, an uniden-
tified, small virus was isolated (Inoue et al. 1986).
The epizootic period is from May to June during wa-
ter temperatures of 18-22° C. Moribund fish had
necrosis around the mouth and had been observed
to be fighting with each other. From the signs of this
infection, the disease was named “Kuchishiroshou”,
from the Japanese words “kuchi”, meaning mouth,
“shiro”, meaning white, and “shou”, meaning disease.
Viral particles were observed in the brain by electron
microscopy. Kuchichiroshou occurs in southwest Ja-
pan where tiger puffer are cultured.

Epidermal Hyperplasia of Japanese Flounder.

Outbreaks of a disease resulting in mass mortalities
of larval and juvenile Japanese flounder was reported
by Iida et al. (1989). Once the disease occurs in a
pond, the resident fish populations usually become
extinct within one month. Affected fish are character-
ized by opaque fins. Histopathologically, hyperplasia
is observed in the epidermal layer of the fins and
skin. In the epidermal tissues of infected fish, hex-
agonal virus particles were observed by electron
microscopy. Japanese flounder larvae experimentally
exposed to the filtrate of infected tissue homogenate
suffered 18-50% mortalities with 93-100% of the sur-
vivors exhibiting epidermal hyperplasia. This virus
has not been isolated in any of the 33 fish cell lines in
which culture has been attempted, including that of
the host species.

Birnaviruses were also isolated from Japanese
flounder and red sea bream (Yoshimizu and Kimura,
unpubl. data). These viruses were neutralized with
antibody against IPNV; the pathogenicities of these
birnaviruses have not been clarified.

Lymphocystis Disease
In several species of marine fishes, suzuki, Lateolabrax

japonicus, yellowtail, red sea bream, Japanese
flounder, and others, lymphocystis disease was re-
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ported and iridovirus was observed by electron mi-
croscopy (Matsusato 1975; Miyazaki and Egusa 1972;
Tanaka et al. 1984). Seasonal variation in the preva-
lence of lymphocystis was noted with increased
prevalence in summer. Lymphocystis cells were ob-
served mainly on the fins or body sur:ace. The virus
particles were polyhedral, presenting hexagonal or
pentagonal profiles in tissue sections. They may be
seen in a crystalline array and are always located in
the cytoplasm.

Other Diseases

Yoshikoshi and Inoue (1988) reported picornavirus
in moribund fry of ishidai, Oplegnathus fasciatus, and
Miyazaki et al. (1989) reported herpesvirus in the
epidermal necrosis of Japanese flounder and
paramyxovirus in the epithelial necrosis of black sea
bream. To date, these viruses have not been isolated.
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Some Important Infectious Diseases of Kuruma Shrimp,
Penaeus japonicus, in Japan
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ABSTRACT

The kuruma shrimp, Penaeus japonicus, is the most widely cultured crustacean in Japan.
Shrimp farming operations for this species have been greatly affected by several infec-
tious diseases including baculoviral midgut gland necrosis (BMN), vibriosis, and black
gill disease. This paper discusses our knowledge of the BMN virus in detail, and brieflly
reviews the latter two diseases with respect to the culture of crustaceans.

Introduction

It may safely be said that kuruma shrimp, Penaeus
japonicus, is the only crustacean species cultured on an
industrial scale in Japan. About six to seven hundred
million post-larval kuruma shrimp are produced at
public and private hatcheries every year for stocking
and farming (Japan Sea Farming Assoc. 1990). Annual
production of cultured kuruma shrimp reached 3,020
metric tons in 1988 (DSI 1990).

The infectious diseases responsible for high mortali-
ties to cultured kuruma shrimp in Japan are baculoviral
midgut gland necrosis (BMN), vibriosis, and black gill
disease. Baculoviral midgut gland necrosis is a very se-
vere viral disease that occurs during the seed
production process which usually causes 90% or higher
mortalities in the population of the rearing tank. Re-
cently, the frequency of BMN outbreaks has decreased
greatly, probably because of the preventive measures ex-
ecuted at hatcheries. Vibriosis is a bacterial disease
affecting the lymphoid organ that has been responsible
for a great deal of damage to the shrimp farming indus-
try over the past several years. Black gill disease is
caused by Fusarium solani, a ubiquitous pathogen of
shrimp and lobster, invading the gills, appendages, and
various parts of the exoskeleton.

In the present paper BMN is discussed in detail, and
vibriosis and black gill disease are touched briefly.

Baculoviral Midgut Gland Necrosis

To date, four baculoviruses have been recorded in
penaeid shrimp worldwide (Lightner 1985; Lester et

al. 1987; Johnson and Lightner 1988). They exhibit
higher pathogenicity to larval or postlarval shrimp
than to adults. Baculoviral midgut gland necrosis was
first noticed in 1971, and since then it has often
caused mortalities of over 90% during the mass pro-
duction of kuruma shrimp larvae in Japan
(Momoyama 1981; Sano et al. 1981). Heavy losses
due to baculovirus infection during the larval pro-
duction of P. aztecus (Couch 1978) and P. monodon
(Lightner et al. 1983) have also been reported in
other countries.

The results of our histological and epizootiological
studies on BMN in kuruma shrimp are summarized
as follows. :

Histopathology

Midgut glands of diseased shrimp become soft and
develop a white turbid appearance at the advanced
stage of infection, whereas those of healthy
postlarvae appear brown or colorless during the early
developmental stages (Momoyama 1981). From histo-
logical examinations, it was confirmed that only the
midgut gland and the intestine are affected by the
disease. Disarrangement and exfoliation of epithelial
cells are remarkable in the midgut gland of the dis-
eased shrimp. Nuclear hypertrophy and chroma-
tolysis of infected epithelial cells are the most
characteristic cytopathological changes in BMN
(Momoyama 1981). In contrast with other penaeid
shrimp baculovirus infections, no inclusion bodies
are present in the hypertrophied nuclei (Lightner
1985; Lester et al. 1987; Johnson and Lightner 1988).
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Electron microscopy observations of the hypertro-
phied nuclei and the midgut gland lumen have
revealed many rod-shaped particles having outer and
inner envelopes, which represent virions of the
baculovirus group. The average length and diameter
of the virions are 310 nm and 72 nm, respectively
(Sano et al. 1981).

Baculoviral midgut gland necrosis can be diag-
nosed by detecting the hypertrophied nuclei of
affected midgut gland epithelial cells in both fresh
and stained squash preparations. In stained squash
preparations homogeneous hypertrophied nuclei
about 20 to 30 wm in diameter appear among the
smaller normal ones which are about 10 pm in diam-
eter. The Feulgen reaction makes the difference
clearer between hypertrophied and normal nuclei.
The diagnostic technique of using a dark field micro-
scope with a wet-type condenser has the advantages
of precision and rapidity. Hypertrophied nuclei are
clearly seen as white bodies of 10 to 30 pm diameter
in fresh squash preparations from diseased samples
under the dark field microscope. The reason why the
infected nuclei appear white is thought to result from
an increased number of reflected or diffracted rays
due to the numerous virus particles in the nucleus
(Momoyama 1983). :

Source of Infection

Epizootiological investigations indicate that mature
female kuruma shrimp spawners with latent BMN-vi-
rus infections and cultured young kuruma shrimp
that have recovered from infection with the virus are
the main source of infection in hatchery epizootics
(Momoyama 1988). Histological examinations reveal
nuclear hypertrophy of the midgut gland epithelial
cells in both spawners and young cultured survivors
of the disease. Fluorescent antibody techniques have
been used to reveal the presence of BMN-specific vi-
rus antigen in the hypertrophied nuclei of spawners
{(Momoyama 1988).

The Effect of Developmental Stage of the Host
on the Susceptibility to BMN Virus

The susceptibility of kuruma shrimp to BMN virus by
waterborne infection (Momoyama and Sano 1988)
was determined for fertilized eggs, nauplii, zoeae,
mysis larvae, and postlarvae (2, 4, 6, 8, and 10 day
old) (Momoyama and Sano 1989). When the fertil-
ized eggs and nauplii were exposed to the virus, they
showed no evidence of infection. But when the

zoeae, mysis larvae, and postlarvae were exposed,
some or all of the shrimp were diagnosed to be in-
fected on the final day of the test period (6 to 16
days). Susceptibility to infection tended to decrease
with the advance in developmental stages from zoea
to P-10 (10-day-old postlarva). Cumulative mortalities
decreased from 100% in zoeal stage larvae to 0% in
P-6 larvae. The growth rates of test shrimp inoculated
at stages P-2 through P-6 were lower than those of
controls, but there were no differences in mortality
or growth rates between test shrimp and controls in-
oculated at stages P-8 and P-10. These results indicate
that kuruma shrimp from the zoeal to the P-6 stage
are highly susceptible to BMN virus, but stage P-8 or
older postlarvae become refractory to this disease.

The route of baculovirus infection in shrimp has
generally been considered to be by oral ingestion of
virus contaminated sediments or by cannibalism of
diseased shrimp (Lightner et al. 1983; Couch 1974).
In the previously mentioned study on waterborne sus-
ceptibility, kuruma shrimp were not administered any
food during the inoculation period. However, peri-
staltic movements were frequently observed in the
oesophageal part of the shrimp, suggesting that test
shrimp ingest the seawater containing the virus par-
ticles through the mouth. This hypothesis was
supported by an observation that azocarmine G accu-
mulated in the stomach and midgut gland lumen of
shrimp when they were dipped in seawater contain-
ing this dye (Momoyama and Sano 1989).

Inactivation and Survival of BMN Virus

The effects of disinfectants, heating, and ultraviolet
irradiation on BMN virus, and the survival time of
the virus in seawater at different temperatures were
examined by waterborne infectivity experiments us-
ing larval and postlarval kuruma shrimp. The virus
was inactivated by 10-minute exposure at 25° C to any
of the following chemicals: 5 ppm chlorine, 25 ppm
iodine, 100 ppm benzalkonium chloride and
benzethonium chloride, 30% ethyl alcohol, and 0.5%
formalin (Momoyama 1989a). The virus was still ac-
tive after 2 hours of heat treatment at 35 and 40° C,
but was inactivated within 2 hours at 45° C, 30 min-
utes at 50 and 55°C, and 5 minutes at 60°C
(Momoyama 1989b). The virus was also inactivated
within 20 minutes by ultraviolet irradiation with a 15-
watt ultraviolet lamp at a distance of 30 cm
(Momoyama 1989b). In seawater, the virus could not
survive longer than 4 days at 30° C, 7 days at 25° C,
12 days at 20° C, and 20 days at 15° C (Momoyama
1989c¢).



Prevention

The following two preventive measures are now used
against this epizootic in some hatcheries. One pre-
vents vertical infection from spawners by rinsing the
fertilized eggs with virus-free seawater then transfer-
ring them to a disinfected rearing tank. The other
prevents horizontal infection by adding chlorine in
the rearing tank to kill infected populations. Since
1985, the measure to prevent vertical infection has
been carried out on an industrial scale, and BMN has
never occurred in the hatcheries where this treat-
ment has been practiced.

Vibriosis

Vibriosis has caused a great deal of damage to the
shrimp farming industry over the last several years.

Although some dead shrimp infected with vibriosis
develop white turbid muscle at the 6th abdominal
segment, shrimp suffering from this disease do not
usually show any specific external clinical signs.

The lymphoid organ (Oka 1969) is intensively in-
vaded by the causative bacterium resulting in
extensive necrosis and nodule formation (Egusa et
al. 1988). The nodules are seen by the unassisted eye
as very small black spots and are composed of a bac-
terial colony in the center, a melanized zone around
the bacterial colony, and multiple layers of hemocytes
encapsulating the melanized zone. Small nodules are
also frequently observed in other organs such as the
gills, heart, midgut gland, and abdominal muscula-
ture, but extensive necrotic lesions can not be found
in these organs.

The Vibrio sp. isolated from kuruma shrimp has
been identified as a new species (Takahashi et al.
1985a), and was tentatively named Vibrio sp. P] (P] is
the abbreviation of the scientific name of kuruma
shrimp Penaeus japonicus). Vibrio sp. PJ] has very high
pathogenicity to kuruma shrimp. LD, values ob-
tained by intramascular injection were about 20 to
100 cells/g body weight of shrimp.

Now, two antibiotics, oxytetracycline (Takahashi et
al. 1985b) and oxolinic acid, are on the market with
the government’s approval. Although mortalities are
decreased significantly by administering these antibi-
otics, disease often returns shortly after treatment.

Black Gill Disease

Black gill disease often occurs in the intensive culture
systems in the Okinawa and Kagoshima districts, but
rarely in those of the Chugoku district.
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Black gill disease is caused by Fusarium solani,
which is a member of the imperfect fungi. This fun-
gus is a ubiquitous pathogen and infects penaeid
shrimp (Cook 1971; Lightner 1975) as well as lobster
(Lightner and Fontaine 1975; Alderman 1981) and
freshwater shrimp (Burns et al. 1979). The fungus
usually invades the gills, appendages, and various
parts of the exoskeleton.

In kuruma shrimp, gills are most susceptible to the
fungus and infected gills always become black
(Ishikawa 1968; Bian and Egusa 1981). In the degen-
erating gill filaments, hemal channels are found
extremely congested with hemocytes, encapsulated
hyphae, and tissue debris. The fungus also often pen-
etrates into the thoracic central nerve and sometimes
into the ventral thoracic artery (Momoyama 1987).
Tissue destruction, cellular inflammation, and
hyphae encapsulated by multiple layers of hemocytes
are always observed in the lesion. Failure to ex-
change gas in the gills and damage to the central
nerve and ventral thoracic artery are thought to be
responsible for death.

As blackening of the gills in shrimp is often in-
duced by various causes, detection of macro- and
micro-conidiospores is necessary for diagnosis of this
disease (Egusa and Ueda 1972).
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ABSTRACT

Traditionally, the detection of most fish viruses, including infectious hematopoietic
necrosis virus (IHNV), has relied upon isolation of the virus in cell culture and identifi-
cation by serum neutralization or fluorescent antibody assays using polyclonal rabbit
antisera. In recent years, the techniques of molecular biology have provided new strate-
gies for rapid and sensitive detection of antigens, antibodies, and nucleic acids. This
paper reviews the application of these powerful new methods for the detection of IHNV.
Included, are discussions on the creation of monoclonal antibodies specific for viral
proteins, development of enzyme-linked immunoassays for detection of viral antigens
and antibodies, electrophoretic identification of radiolabeled viral proteins, a nonradio-
active DNA probe specific for the nucleoprotein (N) gene messenger RNA of IHNV, and
a polymerase chain reaction (PCR) based mcthod for amplification of genomic or mes-
senger RNA of the virus. As these methods become more widely accepted, they will result
in significant improvements in the speed, precision, and sensitivity of IHNV detection.

Introduction

Infectious hematopoietic necrosis (IHN) is the most
important viral disease of trout and salmon in west-
ern North America. Depending upon the species,
stock, and size of the fish, strain of the virus, and
environmental conditions such as temperature, an
outbreak of IHN may result in losses approaching
100% when fish are infected at a small size. Among
groups of larger fish, mortality is reduced, often be-
coming chronic, with a typical loss of 25% or less
(Wolf 1988). Presently, no control measure for IHN is
available other than avoidance of exposure to the
causative rhabdovirus, infectious hematopoietic ne-
crosis virus (IHNV). This has not proven practical at
many large hatcheries with open water supplies or at
commercial trout operations where production of
fish occurs on a continuous basis. The chemical,
physical, and serological characteristics of IHNV, es-
sential features of the biology of the virus, and a
description of the host and geographic range, have
been extensively reviewed (McAllister 1979; Pilcher
and Fryer 1980; Nicholson 1982; Wolf 1988).

Virological examinations are regularly conducted
on stocks of trout and salmon. These include routine
health checks, diagnostic examinations to identify
causes of mortality, and pathogen-free certification
examinations, which are required prior to moving
fish from one location to another. Traditional meth-
ods for isolation and identification of IHNV rely
upon cell cultures for recovering the virus and serum
neutralization or fluorescent antibody assays to iden-
tify the agent, a time-consuming and expensive
process (Amos 1985). Recently, new techniques from
molecular biology utilizing monoclonal antibodies,
enzyme-linked immunosorbent assays, nonradioactive
DNA probes, and the polymerase chain reaction,
promise to provide new tools for detection and iden-
tification of THNV that are more rapid, sensitive,
specific, and cost-effective.

Electrophoresis of Structural Proteins

Leong et al. (1981) described a method for identifi-
cation of different strains of IHNV using
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polyacrylamide gel electrophoresis (PAGE) and auto-
radiography of the virion structural proteins that had
been radioactively labeled with **S-methionine. The
method required approximately 48 hours and pro-
vided a type of fingerprint that would not only
confirm the presence of IHNV, but yielded data
about the strain of the virus, giving researchers addi-
tional epizootiological information. Hsu and Leong
(1985) compared this electrophoretic method with
two immunoblotting techniques using either '®I-la-
beled Protein A or peroxidase to detect the rabbit
anti-IHNV serum bound to structural proteins sepa-
rated by PAGE and transferred to nitrocellulose
membranes. When used to detect and confirm the
presence of IHNV, the direct electrophoretic method
was the most sensitive and rapid of the three. Al-
though the need to use radioactive materials has
limited the field application of this method, it has
proven useful in analyzing the structural proteins of
THNV (Hsu et al. 1985) and in identifying strains of
the virus (Hsu et al. 1986). This electropherotypic
analysis (based upon variation in the molecular
weights of structural proteins) has become widely
used in various epizootiological studies of IHNV.

Monoclonal Antibodies

Monoclonal antibodies (MAbs) are useful for both
research and diagnostic applications as they are
highly reactive, very consistent, and do not cross-re-
act with other antigens to any significant extent
(Harlow and Lane 1988). The first monoclonal anti-
body against IHNV was developed by Schultz et al.
(1985). While the antibody lacked neutralizing activ-
ity, it could be biotinylated and used to develop an
immunoblot assay for IHNV (Schultz et al. 1989). For
maximum sensitivity, the assay required initial ampli-
fication of the virus in cell culture where as few as
100 plaque forming units of IHNV could provide a
positive diagnosis of IHNV as early as 36 hours after
infection.

A monoclonal antibody was compared with
polyclonal rabbit serum in a rapid fluorescent antibody
test (FAT) for IHNV by LaPatra et al. (1989). The FAT
used fish cell cultures grown on coverslips and infected
with THNV for approximately 48 hours at which time
the test approached the plaque assay in sensitivity and
offered a significant improvement in speed. One advan-
tage of the MAb over the polyclonal serum was that it
did not require extensive adsorption before use.
Arnzen et al. (1991) used a monoclonal antibody that
was conjugated with fluorescein isothiocyanate to pro-
duce a direct FAT that detected IHNV antigens in cell
cultures within 6-8 hours after infection.

Another application of monoclonal antibodies for
detection of IHNV includes an immunohistochemical
staining method developed by Yamamoto et al.
(1989). The method proved useful for in situ detec-
tion of fish cells initially infected with THNV
following waterborne exposure to the virus
(Yamamoto et al. 1990). Monoclonal antibodies have
also been use to detect neutralization variants among
strains of JHNV (Winton et al. 1988) and in deter-
mining important epizootiological information about
the distribution of IHNV strains (Ristow and Arnzen
1989).

Enzyme-Linked Immunosorbent Assay

The enzyme-linked immunosorbent assay (ELISA) is
an important tool for the rapid and sensitive detec-
tion of antigens. An ELISA was used to detect IHNV
antigens present in infected cell cultures and fish tis-
sues (Dixon and Hill 1984; Way and Dixon 1988).
Because the assays used polyclonal antisera, low level
cross-reactions were observed with other fish rhab-
doviruses and with uninfected fish cell cultures or
fish tissue extracts. While differences between anti-
sera affected the results, the IHNV ELISA appeared
to be quite specific and could detect infections in cell
culture as early as 48 hours after infection at the time
that cytopathic effect was first noted. The assay was
also used to detect IHNV in acutely infected fry.

A modification of the ELISA, the dot blot, where
IHNV antigens were spotted onto nitrocellulose pa-
per and detected by labeled antisera, was reported by
McAllister and Schill (1986). This assay was rapid and
required no special instrumentation, but the
polyclonal THNV antiserum required extensive ad-
sorption with both uninfected cells and fetal bovine
serum to remove cross-reacting antibodies before
use. While the assay was not suitable for use with tis-
sues or fluids because the filter matrix became
clogged, it was able to detect IHNV in cell culture
supernatant fluids at concentrations of 10° to 108
plaque forming units (PFU)/mL when initial cyto-
pathic effect was observed.

Although fish lack the complex immune system of
the higher vertebrates, it is possible to confirm past
infection with IHNV using methods that detect the
presence of antibodies in serum. Amend and Smith
(1974) reported that rainbow trout Oncorhynchus
mykiss developed good titers of neutralizing antibod-
les that could be detected at least 90 days after
immunization with live virus. Techniques that have
been used to assay for antibodies to ITHNV in fish
serum include neutralization, FAT, and ELISA
(Amend and Smith 1974; Hattenberger-Baudouy et
al. 1989; Jorgensen et al. 1991). Of these, the ELISA



appeared to have the best combination of sensitivity
and ease of processing the numerous samples needed
for serological screening of fish populations.

Nonradioactive DNA Probe

A biotinylated DNA probe for rapid detection of
IHNV was developed by Deering et al. (1991). This
probe was designed to detect the nucleoprotein (N)
gene messenger RNA (mRNA) of IHNV because this
molecule is synthesized early and in high abundance
during viral replication. A 30 nucleotide target site
for the probe was chosen by computer search of the
published sequence of the N gene of IHNV (Gilmore
and Leong 1988). A synthetic oligonucleotide,
complementary to this sequence, was made by auto-
mated chemical synthesis, coupled with biotin, and
detected with a streptavidin-peroxidase conjugate.
The probe was shown to be specific for IHNV mRNA
and detected as little as one picogram of target se-
quence. It did not react with mRNA of.viral
hemorrhagic septicemia virus or hirame rhabdovirus,
but it did recognize strains of IHNV representing
each of the electropherotypes described by Hsu et al.
(1986). The method required initial amplification of
the virus mRNA in fish cell cultures, but at high mul-
tiplicities of infection, detectable levels of mRNA
could be extracted from these cells after less than 24
hours yielding a positive diagnosis in less than 48
hours.

Polymerase Chain Reaction

The polymerase chain reaction (PCR) uses two DNA
primers and repeated cycles of DNA synthesis per-
formed by a thermostable polymerase to amplify low
copy numbers of a specific nucleic acid sequence to
levels that can be easily detected (Erlich 1989; Innis
et al. 1990). Arakawa et al. (1990) used PCR to am-
plify a 252 nucleotide portion of the N gene of IHNV
that included the site for the DNA probe used by
Deering et al. (1991). The primers directed the syn-
thesis of large amounts of DNA from all strains of
IHNV tested. The DNA produced was confirmed to
be of the appropriate sequence by Southern and dot
blot assays. Sufficient messenger RNA for ¢cDNA syn-
thesis using reverse transcriptase and subsequent
PCR amplification could be extracted from cell cul-
tures infected for as little as 24 hours. The PCR was
able to amplify target sequences from IH:V-infected
rainbow trout to levels that were easily detected with
a biotinylated probe. Recent tests using clinical mate-
rial from IHNV-infected fish revealed that the
method approached cell culture in sensitivity and was
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able to detect IHNV infections in rainbow trout for
up to 32 weeks post-infection.

Discussion

Control of IHNV continues to rest upon avoidance of
the virus through use of virus-free fish reared in vi-
rus-free water supplies (Wolf 1988). Currently,
assurance of the virus-free status of salmonid fish re-
quires a series of time-consuming, expensive, and
labor-intensive procedures (Amos 1985). Many of the
methods reviewed in this paper will be important im-
provements in the speed, sensitivity, and precision of
these assays. These novel assays and procedures will
find increasing use in examination of fish and fish
eggs to be moved to new locations and in providing
early diagnosis of IHNV outbreaks allowing prompt
management actions.

One area of concern has been the ability to trans-
fer these new methods to field stations where much
of the fish diagnostic work is being performed. In
this regard, the use of radioactive material, expensive
equipment, or technically demanding procedures
have not proven attractive. While it seems likely that
improvements in speed and sensitivity of diagnostic
methods are still possible, they must be developed
with these limitations in mind.

In the future, additional methods will become
available for control of IHNV. These include the use
of antiviral drugs (Hasobe and Saneyoshi 1985;
Kimura et al. 1990), chemicals (Batts et al. 1991), or
modern vaccines based upon recombinant DNA tech-
nology (Leong et al. 1988). The combination of
newer detection methods and improved control strat-
egies promises to provide substantial reduction in the
losses caused by this important virus.
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ABSTRACT

In Japan, seed production techniques have been developed for about 40 species of
marine fishes; however, mass mortalities due to infectious and noninfectious diseases
have often occurred. Among these problems are the bacterial and viral diseases reviewed
in the present paper. Vibriosis and other bacterial diseases have occurred in various
marine fishes during their juvenile stage. These diseases have essentially the same pathol-
ogy in both juvenile and adult fish in their tendency to terminate in systemic infection,
except for Flexibacter infections. On the other hand, larvae most frequently develop intes-
tinal infections, such as bacterial enteritis with Vibrio sp. INFL in Japanese flounder. It
has been suspected that live diets contaminated with pathogenic bacteria serve as an
important source of these intestinal infections. Recently, some new viral infections, such
as viral epidermal hyperplasia and viral nervous necrosis, have been reported in larval
and juvenile marine fishes. Although isolation of the causative viruses in cultured cells
has not been successful, except for yellowtail ascites virus (YAV), these diseases were
confirmed to occur only in the larval, or larval and juvenile, stages by infection experi-

ments and epidemiological surveys.

Introduction

In Japan, demand for coastal fisheries and aquacul-
ture products has been increasing drastically over the
past few decades, especially since the establishment
of the 200-mile economic zone. Consequently, gov-
ernmental programs have concentrated on the
improvement and development of coastal fisheries
stocks, including mass release programs for impor-
tant species. At present, more than 100 million
juveniles of about 40 marine finfish species are pro-
duced annually at national, prefectural, and private
hatcheries. Red seabream (Pagrus major), Japanese
flounder (Paralichthys olivaceus), and black seabream
(Acanthopagrus schlegeli) are the representative species
produced in southern Japan. Fish production tech-
niques, particularly for the three species mentioned
above, are apparently well established (Fukuhara
1987). However, during fish production, difficulties
are often encountered in. controlling diseases of
known and unknown etiology. The present paper will
review bacterial and viral diseases of marine fishes in
the course of seed production in Japan.

Bacterial Diseases

A wide range of pathogenic bacteria have been iso-
lated from cultured fishes during their juvenile stage
(Table 1). Vibrio anguillarum infection has been re-
ported in red seabream. tiger puffer (Takifugu
rubripes), and Japanese flounder (Muroga and Tatani
1982; Muroga et al. 1987b ; and Yamanoi et al. 1988;
respectively) and Vibrio ordalii infection has been ob-
served in juvenile rockfish (Sebastes schlegeli) (Muroga
et al. 1986). Pasteurella piscicida was isolated from ju-
veniles of black seabream and red grouper
(Epinephelus akaara) as a disease agent (Muroga et al.
1977; Ueki et al. 1990; respectively). Flexibacter
maritimus infection has been reported in red
seabream, black seabream, and flounder (Waka-
bayashi et al. 1984, 1986; Baxa et al. 1986). Except
for Flexibacter infections, these bacterial infections ter-
minate in septicemia, or systemic infection in
juvenile fishes as they do in adult fishes. On the other
hand, these systemic infections have rarely been re-
ported during the larval stage. Instead, high
mortalities during the larval stage are usually assoei-
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Table 1
Bacterial diseases in larval and juvenile marine fishes.

Stage Name of disease

Pathogen Host fish

Larval stage Abdominal swelling

Bacterial enteritis

Juvenile stage Vibriosis

Pasteurellosis

Flextbacter infection

Vibrio alginolyticus
Other pathogenic organisms

Red seabream
Black seabream

Vibrio sp. INFL Japanese flounder
Vibrio anguillarum Red seabream
Japanese flounder
Tiger puffer
Vibrio ordalii Rockfish®
Pasteurella piscicida Black seabream

Red grouper
Flexibacter maritimus Red seabream
Black seabream
Japanese flounder

L “Sebastes schlegeli.

ated with intestinal infections. These intestinal infec-
tions occur in the larvae of various marine fishes.

Abdominal swelling (“Fukubu-boman-sho” in Japa-
nese) occurs in red and black seabreams (Iwata et al.
1978; Kusuda et al. 1986; respectively). Vibrio
alginolyticus has been reported to be the causative
agent or to be associated with the disease in both fish
species. In an investigation of this disease in red
seabream reared in extensive nursery ponds, various
species of the genus Vibrio, including V. alginolyticus
and V. vuinificus, were the predominant isolates from
different batches of diseased larvae. The role of these
vibrios was not made clear, however, because signifi-
cant mortality or abdominal swelling could not be
produced by oral challenge in red seabream larvae
with these isolates (Yasunobu et al. 1988). A marine
turbellarian (Allostoma sp.) was also reported to be
associated with abdominal swelling of black seabream
(Yamaguti 1987). At present, abdominal swelling of
seabreams can only be interpreted as being a syn-
drome caused by ingesting some pathogenic or
toxicogenic organisms.

A disease called “Chokan-hakudaku-sho” in Japa-
nese, which means a disease condition characterized
by opaque intestine, occurs in larval Japanese
flounder. The causative agent is thought to be a Vibrio
species isolated from an affected intestine (Murata
1987). According to Murata (1987), this disease oc-
curs in 14 to 30- or 40-day-old larval flounder;
symptoms include darkening of body color and
opaqueness and shrinkage of the intestine. Mortali-
ties sometimes reach 90% or higher, especially when
it occurs in younger fish. The causative bacterium is a

gram-negative, short rod, which is motile by its single
polar flagellum. It grows well on ZoBell’s 2216¢ agar
and heart infusion or brain heart infusion agar with
3% NaCl, forming small, circular, gray-colored colo-
nies. Based on biochemical characteristics and GC
(guanine and cytosine) value (44.1 mol%) of DNA,
the organism was placed in the genus Vibrio. How-
ever, the characteristics of this pathogen differ from
those of previously described fish-pathogenic Vibrio
species. The pathogen was tentatively named Vibrio
sp. INFL after the disease it causes: intestinal necrosis
of flounder larvae (Masumura et al. 1989b).

Infection experiments using Vibrio sp. INFL were
carried out by oral administration via rotifers
(Brachionus plicatilisy and brine shrimp (Artemia
salina) nauplii, by addition to rearing tanks, and by
intraperitoneal injection (Masumura et al. 1989b).
The disease was reproduced in flounder larvae only
by oral challenge. On the contrary, V. anguillarum,
which was used for comparison, killed flounder juve-
niles by intraperitoneal injection, but did not kill
flounder larvae by oral challenge. The pathogenicity
of Vibrio sp. INFL therefore seems to be quite differ-
ent from that of V. anguillarum.

Six different age groups of flounder (11, 16, 17,
27, 41, and 60 day olds) were submitted to an oral
challenge test with Vibrio sp. INFL (Muroga et al.
1990). The bacteria were incorporated into brine
shrimp nauplii or rotifers and were given for three
days. As a result, mortality of the test groups was sig-
pificantly higher than that of the respective controls
in the groups of 16, 17, and 27-day-old fish. The char-
acteristic clinical sign of the disease, an opaque



intestine, occurred and subsequently Vibrio sp. INFL
was Isolated from the intestine in these test groups.
In the older fish groups (41- and 60-day olds), no
apparent changes were observed in either the test
groups or the controls. Based on these results and
the before-mentioned epidemiological data on natu-
ral outbreaks of the disease, it was concluded that
this bacterial enteritis is confined to the larval stage
of flounder. Histopathological and electron micro-
scopic examinations revealed that pathogen
multiplication and resultant pathological changes oc-
curred only in the intestine (Miyazaki et al. 1990;
Muroga et al. 1990). Although pili-like structures
were not observed on the cells of the pathogen, an
adhesive property was demonstrated on a chinook
salmon embryo (CHSE-214) cell line. These findings
led us to the conclusion that the necrotic enteritis
caused by Vzbrio sp. INFL in flounder larvae is similar
to enteric colibacillosis of young mammals (Muroga
et al. 1990).

Investigations of the intestinal bacterial flora of lar-
val and juvenile marine fishes seem to be essential to
elucidate the pathogenesis of the above-mentioned
intestinal infections in larval fishes. A method for iso-
lating and enumerating the aerobic intestinal
bacteria of larval and juvenile fish was devised by
Muroga et al. (1987a); the intestinal bacterial flora of
seabreams, flounder, and other fishes was subse-
quently investigated (Tanasomwang and Muroga
1988, 1989a). The compositions of the intestinal
flora of these marine fishes were characterized by two
predominating groups, Vibrio and Pseudomonas, which
were thought to be derived from the diets of live roti-
fers and brine shrimp nauplii. The same genera,
Vibrio and Pseudomonas, were most frequently isolated
from these live diets (Tanasomwang and Muroga
1990). Sodium nifurstyrenate bath proved effective in
reducing bacterial contamination of rotifers (Hayashi
et al. 1976; Yamanoi and Sugiyama 1987; Tanasomwang
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and Muroga 1989b), and recently, it was also re-
ported that the bacterial contamination of rotifers
and brine shrimp was significantly reduced by frecz-
ing at -15° C for 1 month (Yamanoi and Katayama
1989).

Viral Diseases

Recently, several viral diseases have been reported in
the larvae and juveniles of marine fishes (Table 2).
These include viral ascites of yellowtail (Seriola
quinqueradiata), viral epidermal hyperplasia of Japa-
nese flounder, viral epithelial necrosis of black
seabream, and viral nervous necrosis of Japanese
parrotfish (Oplegnathus fasciatus), red grouper and
striped jack (Pseudocaranx dentex). Except for the first
virus mentioned, the causative agents have not been
isolated in cultured cells.

In 1983, an acute disease characterized by ascites
occurred among yellowtail juveniles cultured in a
hatchery, and an IPNV (infectious pancreatic necro-
sis virus) -like virus, which was named YAV (yellowtail
ascites virus), was isolated in several cell lines includ-
ing RTG-2 and CHSE-214. It was confirmed by an
immersion challenge that the disease could be repro-
duced in yellowtail juveniles and that the mortality
was higher in smaller fish (Sorimachi and Hara 1985;
Sorimachi and Egusa 1986). The same disease oc-
curred among wild juveniles of yellowtail which were
caught as seedlings for net cage culture (Isshiki et al.
1989). Histopathological observations of naturally

" and experimentally infected fish suggest that acinous

tissues of the pancreas and parenchymal tissue of the
liver are the primary tissues involved in YAV infection
(Egusa and Sorimachi 1986).

Since 1985, outbreaks of a disease resulting in mass
mortalities have occurred in larvae and juveniles of
the Japanese flounder cultured at several hatcheries.

Table 2
Viral diseases in larval and juvenile marine fishes.

Stage Name of disease

Pathogen Host fish

Larval stage Viral epidermal hyperplasia
(Viral epidermal necrosis)
Viral epithelial necrosis

Viral nervous necrosis

Juvenile stage Viral ascites

Herpesvirus Japanese flounder
Black seabream
Japanese parrotfish
Red grouper
Striped jack
Seabass®

Yellowtail

Paramyxovirus-like virus
Picornavirus-like virus

YAV (Yellowtail ascites
virus=IPNV-like)

“Lates calcarifer.
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The disease occurred in 10- to 30-day-old fish reared
at 18-20° C, and mortality usually reached 80-90% in
a few weeks. The affected fish had opaque fins and a
hyperplastic epidermis on the fins and skin. Electron
microscopy revealed hexagonal virus particles in the
nucleus and cytoplasm (diameter in enveloped state:
200 nm) of the affected epidermal cells. Although
isolation of the causative agent by the use of several
fish-cell cultures was not successful, the disease was
transmitted to healthy larval flounder by exposing
them to a 0.45 pm fltrate of diseased fish
homogenate. Morphological and physiological char-
acteristics of the virus indicate that the agent is a
herpesvirus (lida et al. 1989). When immersion chal-
lenge tests of flounder larvae were made at three
different temperatures (15, 20, and 25° C), the dis-
ease progress was apparently delayed at the lowest
temperature (15° C), though the cumulative mortal-
ity was the same for all three temperatures. Larvae
younger than 20 days old (smaller than 9.5 mm in
total length) were highly susceptible, but the suscep-
tibility was significantly decreased in fish 23 days old
or older (larger than 11.0 mm). Therefore, this dis-
ease proved specific to the larval stage of flounder
(Masumura et al. 1989a). A similar disease was re-
ported in Japanese flounder larvae and juveniles
under a name of viral epidermal necrosis (Miyazaki
et al. 1989); however, a precise comparison of these
herpesvirus infections has not been made owing to
the unsuccessful in-vitro culture of the agents. An-
other epithelial necrosis due to a paramyxovirus-like
virus was reported from larval black seabream
(Miyazaki et al. 1989).

Mass mortalities of hatchery-reared Japanese
parrotfish larvae and juveniles have occurred in
Nagasaki Prefecture, the westernmost part of Japan.
Light and electron microscopic examinations re-
vealed an extensive necrosis of the nervous system in
the spinal cord, spinal ganglia, and brain. Numerous
nonenveloped virus particles, icosahedral in mor-
phology and measuring 34 nm in diameter, were
found in the cytoplasm of the affected neurones and
glial cells. The disease was named viral nervous ne-
crosis (Yoshikoshi and Inoue 1990). A similar disease
was found in red grouper larvae in 1989 and striped
jack larvae in 1990 (Yoshikoshi 1990). Similar
picorna-like viral particles were observed in degen-
erative areas of the brain and retina in seabass (Lates
calcarifer) larvae cultured in Australia (Glazebrook et
al. 1990). A comparative study on these new disease
agents is a matter of great interest because traffic of
live fishes has been increasing among south and
southeast Asian countries. The frequent occurrences
of these new viral diseases remind us of the necessity
of rapid improvement in the current seed production

system for marine fishes from the standpoints of
quarantine and hygiene, both of which have almost
been established for salmon hatcheries.
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An Ecological Study of the Parasitic Nematode
Hysterothylacium haze in the Japanese Common Goby
Acanthogobius flavimanus, in a Brackish Inlet
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National Research Institute of Fisheries Science
Kachidoki, Chou-ku
Tokyo 104, Japan

ABSTRACT

The unique life cycle of the parasitic nematode Hysterothylacium haze in the Japanese
common goby Acanthogobius flavimanus is presented. It is a direct cycle in which the fish
become infected by ingesting fully developed eggs or hatched larvae of the nematode or
by ingesting invertebrates that can act as transport hosts. Infections by the nematode
were investigated monthly in a wild population of common goby in a brackish inlet over
a period of five years. Seasonally, the rate of infection in the body cavity peaked in
November in fish age 0+ and in May in fish age 1+. Annually, the infection rate declined
during the investigation period. The intensity of infection in individual fish tended to
fluctuate with the population’s overall infection rate for both age 0+ and age 1+ fish. The
influence of the infection on the host population is briefly discussed.

Introduction

Mass mortalities of the Japanese common goby
Acanthogobius flavimanus (yellowfin goby) occurred in
the inner part of Tokyo Bay every summer from 1973
to 1975. The body cavities of the dead fish were
heavily infected with the eggs, larvae, and adults of a
nematode; visceral adhesions were often noted
(Takahashi et al. 1976; Takahashi et al. 1977).
Takahashi et al. (1977) demonstrated that the heavily
infected fish were intolerant of low dissolved oxygen
concentrations and concluded that the mass mortali-
ties of the goby were caused by the nematode
infections in combination with the scarcity of dis-
solved oxygen. The nematode was identified as a new
anisakid, Thynnascaris haze, by Machida et al. (1978)
and later assigned to the genus Hysterothylacium as H.
haze, a new combination by Deardorff and Overstreet
(1981).

This nematode possesses unique features among
the anisakid nematodes. Adult worms and eggs of H.
haze were found in the body cavity of the host fish,
whereas the adults of other anisakid nematodes har-
bor and deposit their eggs in the digestive tract of
their definitive hosts. It also appears that H. haze has
a unique life cycle and that infection is apparently

harmful to the host goby, heavy infections causing
the deaths of some hosts. There is no other known
case in which an anisakid nematode infection is so
harmful as to kill the host fish. From the extensive
damage observed in heavily infected fish, parasitism
by the nematode may even reduce the host popula-
tion size.

A previous study of the biology of H. haze has al-
ready elucidated its peculiar life cycle (Yoshinaga et
al. 1989). An ecological investigation was made for
five years. In this paper, the seasonal and annual
changes in H. haze infections in goby inhabiting a
brackish inlet and the life cycle of this parasite are
described. In addition, the influence of its infection
on the population of the host is discussed briefly.

Life Cycle

In general, nematodes molt four times prior to be-
coming adults. The first-stage larvae are worms
before the first molting. Following the first, second,
and third moltings, the worms are called the second,
third, and fourth-stage larvae, respectively, and after
the fourth molting (the fifth stage), they are adults.

It was reported by Yoshinaga et al. (1988) that all
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Figure 1
Life cycle of Hysterothylacium haze. L, L,, L,, and L, repre-
sent the first-, second-, third-, and fourth-stage larvae,
respectively. The development from L, to L, in the body
cavity of the Japanese common goby (dofted arrow) is un-
certain. (From Yoshinaga et al. 1989.)

stages of H. haze are harbored in the body cavity of
heavily infected fish; this is an exceptional feature
among anisakid nematodes. Detailed observations of
H. haze infections in goby and experiments with in-
fected goby and invertebrates resulted in the
elucidation of the H. haze life cycle (Yoshinaga et al.
1989). It is summarized as follows (Fig. 1): when a
goby eats fully developed worm eggs, second-stage
larvae in the eggs hatch and penetrate the digestive
tract wall of the fish. The fish may also become in-
fected by eating invertebrate transport hosts
containing second-stage larvae in their body cavities;
various invertebrates (e.g., polychaetes, amphipods,
and mysids) can act as transport hosts. Second-stage
larvae develop to the third stage in the tissue of the
goby’s digestive tract wall, then migrate into the body
cavity. In the body cavity, third-stage larvae develop
through the fourth stage to become adults, that ma-
ture and deposit eggs in the body cavity of the host.
These eggs are released into the water after the death
of heavily infected goby. It should be noted that the
deaths of heavily infected goby are essential for egg
dispersion and subsequent invasion of new hosts. The
eggs hatch in the body cavity of the host. Although it
is uncertain whether the second-stage larvae can de-
velop to third-stage larvae in the body cavity, it seems
that a large number of larvae are harmful to the host
and contribute to its death even when the host is
infected with only a small number of adults.

Ecological Study

An ecological study of H. haze was carried out in
Lake Shonai, a brackish inlet of Lake Hamana, an
estuary located on the Pacific coast of central Ja-
pan (Fig. 2). The Japanese common goby has a life
span of one year and spawns in the spring
(Miyazaki 1940); however, some fish do not be-
come fully mature during the spawning season,
probably because of delayed growth. These fish sur-
vive to become age 1+ in some areas. Thus, the
goby population in Lake Shonai consists of two
year classes from late spring to autumn.
Hysterothylacium haze infections in the Japanese
common goby were investigated monthly from June
1981 to November 1982 and from December 1983 to
September 1986. Fish captured commercially by trap
net were sampled. They were examined for H. haze
infection in the body cavity or in the digestive tract
wall, or both, after age determination by scale read-
ings. Infections in the body cavity were examined

R. Hana

i The Pacifici

R. Isaji

R. Shin

Figure 2
Map of Lake Hamana (A) and Lake Shonai (B).
Lake Shonai is a brackish water inlet of Lake
Hamana, an estuary located on the Pacific Coast in
Shizuoka Prefecture, Honshu.
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with a stereomicroscope during the entire investiga-
tion period. Infections in the digestive tract wall were
examined microscopically by compressing the tract
between glass slides.

Seasonal Changes

Infections in the body cavities occurred in a clear
seasonal pattern, although there were slight differ-
ences in the pattern between years (Fig. 3).
Infections in age 0+ fish were first noticed in early
summer. The incidence of infected fish peaked in
November and subsequently declined to a minimum
level between January and March. A second peak oc-
curred in May in age 1+ fish that had survived after
their spawning season, and then the peak declined.
When the prevalence of the nematode was high,
heavily infected fish containing worm eggs in the
body cavity were frequently found.

Although infection of the digestive tract walls was
investigated for only two years, it was observed that
the year when the infection level in the body cavity
was lower and showed a less clear seasonal pattern, a
seasonal pattern was still discernible in the incidence
in the two sites of infection (Fig. 4). Characteristi-
cally, infection in the digestive tract wall preceded
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Figure 4

Monthly changes in the incidence of infection with
Hysterothylacium haze in the two infection sites in the
1984-86 year classes of the Japanese common goby.
Blank, semidark, and dark areas represent fish in-
fected only in the body cavity (BC), both in the body
cavity and digestive tract wall (BC+DTW), and only
in the digestive tract wall (DTW), respectively.
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Hysterothylacium haze infection in the body
cavities of the Japanese common goby by year
class from 1980 to 1986. Asterisks indicate
months when sample sizes were less than 30.
ID = intensity index determined by macro-
scopical observation; ID 1 = lightly infected
with 1-9 worms: ID 2 = moderately infected
with 10-99 worms; ID 3 = heavily infected
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that in the body cavity. Infection in the digestive tract
wall began in June or July prior to or in the same
month as the infection in the body cavity. The inci-
dence of nematode infection in the digestive tract
walls peaked in August and declined to its lowest lev-
els in November and December (1985 year class)
when the incidence of infection in the body cavities
began to peak. The incidence of nematodes in the
digestive tract walls continued to rise until April and
declined in May, when it reached a second peak in
the body cavity.

Age of

the goby 0+ . 1+

Invasion to
the digestive
tract wall

Migration to
the body cavity

Deposition of
the eggs

Infection level
in the body cavity

[ S S G TR T

M J JASON

MAMI

DIJF

Figure 5
A diagram of the seasonal pattern of Hysterothylacium
haze infection in the japanese common goby in Lake
Shonai.

The seasonal pattern of H. haze infection is summa-
rized from these results as follows (Fig. 5):
second-stage larvae invade the digestive tract wall of
age 0+ goby in summer and develop to the third
stage there. They migrate to the body cavity from
summer to autumn, develop to the adult stage, ma-
ture, and then deposit their eggs there in late
autumn through early winter when the infection level
in the body cavity in the body cavity first peaks. Be-
tween December and March, new invasions into the
digestive tract wall occur again and the infection
level in the body cavity reaches a second peak in May
in age 1+ fish.

Hysterothylacium haze has never been reported to oc-
cur in any fish other than the Japanese common
goby; therefore it appears that the biology of the
goby is closely related to the biology of the nema-
tode. It is also apparent, from the seasonal pattern
above, that the transmission of the nematode from

age 1+ to age O+ fish occurred in summer, suggesting
that the survival of part of the goby population after
the spawning season is indispensable to the nema-
tode life cycle.

Annual Changes

During this 5-year investigation, the prevalence and
intensities of H. haze infection in goby body cavities
showed sharp annual declines when infection peaks
were observed (Fig. 6). The declines were observed
over the whole life span of the goby (Fig. 3). Also the
beginning of the invasion of the body cavity was de-
layed to July in 1985 and to August in 1986, whereas
it first occurred in June in the 1982 and 1984 year
classes.
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Figure 6

Annual changes in the level of Hysterothylacium haze in the
body cavities of the Japanese common goby by year class
from 1981 to 1985. The incidence and mean intensity in-
dex (total intensity indexes/number of fish examined) are
shown for the first and second peaks in age 0+ and age 1+
goby, respectively. See Figure 3 caption for definition of
intensity index. Vertical bars are 95% confidence limits.

If H. haze infection had regulated the host popula-
tion size, some relationship would have been found
between the levels of the host population and the
nematode population. Figure 7 shows that the goby
catch in Lake Shonai from 1982 to 1986 (data from
the Shirasu Branch, Hamana Fisheries Cooperation).
Though the total catch of goby showed considerable
annual fluctuation, there was no apparent relation-
ship between the infection levels and catch. It seems
likely that the H. haze infection has little influence
upon the population’s size, despite the lethal damage
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Changes in the catch (metric tons) of the Japanese common
goby in Lake Shonai from 1982 to 1986 (based on data from
Shirasu Branch, Hamana Fisheries Cooperation). Blank and
dark areas represent age 0+ and age 1+ fish respectively. In
the semidark area, age was not determined.

to heavily infected hosts. This is probably due to the
fact that the Japanese common goby has a life span of
only 1 year and the influence of the infection does
not accumulate year by year, and because the goby
population is regulated more by environmental fac-
tors than by the population size of the previous
generation (Tokyo Metropolitan Fisheries Experi-
mental Station 1981).
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Another question arose from the annual decline of
the H. haze infection level. Why did the nematode
population decrease during the investigation? Al-
though there were no data available to interpret it,
two possible reasons may be assumed from the biol-
ogy of the nematode: one is that the populations of
the invertebrate transport hosts may have decreased,
and another is that the biological conditions of the
Japanese common goby in Lake Shonai (e.g., spawn-
ing season, survival after the spawning season, and
growth) may have changed. Nevertheless, some eco-
logical changes should have occurred in Lake
Shonai, based on Price’s (1980) contention that para-
sites generally exist in nonequilibrium states, where
the departure of any one element in the patch may
render the population inviable.
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Epidemiology of Marine Fish Diseases
in the Warm Waters Along the Kuroshio Current
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ABSTRACT

In Japan, epidemiological studies have been carried out on the diseases of marine fish
for many years. From 1981 to 1989, daily clinical record cards were used in every prefec-
ture to obtain information on the outbreak of diseases in cultured marine fish.
Observations were recorded on a standard form, translated into codes, and stored on a
data base. During the analysis of this data, fish diseases were classified into six groups
according to the causal agent: bacterial, viral, fungal, parasitic, nutritional, or unidenti-
fied disease. The most frequently reported group was bacterial disease, while the least
common one was fungal disease. This paper describes the species-specific features and
seasonal variations in outbreaks of these disease groups and discusses the relationship
between fish size and diseases. Also, the relationship between locality and diseases are
analyzed for yellowtail, Seriola quinqueradiata. From this epidemiological examination, it is
clear that disease outbreaks by bacteria that are normally nonvirulent, such as strepto-
cocci and gliding bacteria, suggest that fish cultivation itself disturbs the natural
relationship between fish and the environment. In other words, deteriorated environ-
mental quality and poor fish health led to a beneficial situation for the growth of

pathogens.

Introduction

Japan is surrounded by two major oceanic currents:
the Kuroshio (Japan) Current and the Oyashio
(Okhotsk) Current. The Kuroshio Current is warmer
and its surface temperature varies from about 10° C
in winter to about 30° C in summer (Fig. 1). Most
marine fish cultures in Japan are carried out in the
coastal waters along this current. The marine envi-
ronment in these coastal waters is suitable for marine
fish cultivation because of its warmer temperature,
milder weather, abundant sunlight, and lower chlo-
rinity. Nitrogenous and phosphorous nutrients
supplied by many rivers make this area highly fertile.
These factors support the high production of phyto-
plankton and zooplankton, which in turn assure food
for fish and shelifish larvae. Also, the rias coastline is
well suited for the culturing of marine fish because
culture equipment can remain set up throughout the
year and the daily work routine of fish culturing can
be easily performed in the small gulfs and bays.

Fish species chosen for cultivation must be 1)
adaptable to the culture environment, 2) easily cul-

tured, 3) produce readily available seedlings, and 4)
must be commercially valuable as sashimi (raw fish).

Among the 30 species now being cultured in Japan
are Seriola quinqueradiata (yellowtail), Pagrus major
(red sea bream), Paralichthys olivaceus (Japanese
flounder), and Takifugu rubripes (tiger puffer). Yel-
lowtail is the most popular and familiar species
among these and accounts for about 70% of the total
production of cultured marine fish.

The production of marine fish by artificial cultures
and traditional methods is shown for the period
1976-86 in Figure 2 (SID 1981-90). Recently, the an-
nual catch by marine fisheries (excluding shellfish
and seaweeds) has amounted to about 10 million
metric tons (t) yielding a gross income of about 210
billion yen. The harvest from marine cultivation has
totaled about 0.2 million t valued at 20 billion yen.
Although the net production of fish both by tradi-
tional marine fisheries (A) and marine cultures (B)
has increased slightly since the early 1980s, the ratio
between them (B/A) has remained fairly constant at
about the 2% level. In contrast, the ratio of gross
income (b/a, Fig. 2) has steadily increased and
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Currents around Japan.

amounted to about 10% in 1986. This suggests that
the market not only demands cultured fish as a pro-
tein source but also holds their species-specific
quality and freshness in high regard.

Because of the importance of cultured marine
fishes to the Japanese economy, an epidemiological
study of the fish diseases affecting the industry was
undertaken. Data compiled by the various prefectural
fisheries institutes from 1981 to 1989 were examined
to establish trends in disease outbreaks and relation-
ships between fish, their culture environment, and
disease organisms.

Marine Fish Cultivation:
Technical Features

The techniques used to culture marine fishes in Ja-
pan vary little between species and localities. In the
popular case of yellowtail, fry or seed fish migrating
with drifting algae in the surface of the Kuroshio
Current are captured by a small purse seine. The fish
are transferred to floating net pens located in a bay

and are fed nonliving raw food, such as minced sand
eels.

In the case of fish species such as red sea breams,
where seedling production is done mainly in land-
based ponds, fertilized eggs are collected by net and
then transferred into a rearing tank. After hatching,
fish are fed with live feed suitable for their size, such
as oyster eggs, rotifers, brine shrimp, and zooplank-
ton, which are collected from the sea. As they
develop, they are eventually fed nonliving feed such
as minced raw fish, chopped shrimp, or shellfish until
development to the young fish stage is almost com-
pleted.

Intensive rearing in the marine net pen is then
carried out for about 1 or 2 years until the fish grow
to a marketable size. During this rearing period, fish
are fed principally with sliced or cut, raw or frozen
fish meat.

Intensive culture techniques have an adverse effect
not only on fish health, but also on the conditions of
the surrounding environment. Food containing high
levels of protein and fat, such as raw fish meat, is
supplied in large amounts in expectation of more
rapid growth. The leftover food and fish excrement
deposited on the sea bottom cause a deterioration of
water quality, which is believed to be a cause of red
tides and diseases. In addition, excessive feeding and
restricted activity in the limited confines of the rear-
ing pens also make fish fatty.

Investigating Disease Outbreak

At the request of an aquaculturist fish diseases are
diagnosed at the prefectural experimental stations,
where daily clinical records are maintained. Diagnos-
tic data are recorded on a standard form (Table 1),
translated into codes, and stored in data bases of ma-
rine fish diseases at the Nansei National Fisheries
Research Institute. These data can then be entered
into a personal computer (NEC 9801) and be statisti-
cally sorted and calculated using DATA BASE IV
software (Nihon Integrated Software Co., Ltd.). The
program for compiling, sorting, calculating, and
printing disease case data was previously reported
(Umezawa and Ishioka 1988). The data base of the
present study represents diagnoses conducted by 20
prefectures during the period from 1981 to 1989.
The standard form consists of five parts, as shown
in Table 1. The first part includes information essen-
tial for registering one diagnostic case: fish species
name, region where the disease occurred, name of
the fish farm or fish culturist, diagnosis date, and the
disease name. Diagnosis relies upon physical observa-
tions, parasitology, and bacteriology of the diseased
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fish. Because fish are cultured in a group, one disease
is defined as one diagnostic case of one species in
one fish culture establishment in a region.

The second part of the form contains specific in-
formation on the diseased fish; date of observation of
unusual behavior or other abnormal symptoms, such
as body color change or appetite loss; date of appear-
ance of mortality; number of dead fish per pen;
whether the progress towards death was sudden or
prolonged; fish size (body length, and weight); and
any treatment administrated to the diseased fish.

The third part details cultivation conditions such
as food type and species, region of food production,
size of healthy fish in the pen, the basic information
necessary for calculating fish density, pen type, and
seed information.

The fourth part contains environmental informa-
tion on the cultivation area, that is, water depth,
weather, degree of rain, temperature conditions,
number of years the area was used as a fish farm, and

years of fish cultivation experience accumulated by
the aquaculturist.

The fifth part is a memorandum for recording
other information, such as the results of bacterial
checks, symptoms of unidentified diseases, or infor-
mation on the occurrence of red tide.

Results

Number of diseases reported

The rate of fish farms requesting disease diagnosis in
each prefecture was calculated by summing the total
number of establishments requesting diagnosis by using
the standard forms for that prefecture and dividing it
by the total number of marine fish culture establish-
ments quoted from governmental statistics (SID
1981-90). While both the number of disease cases re-
ported and the diagnostic rate differed from one
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Table 1
Standard data form used to compile disease diagnosis
information.
Category Content
Essential Species name

Information Region

Name of fish farm

Date of investigation

Name of disease

Information Date abnormality was detected

on the Date dead fish was observed

diseased fish Number of dead fish per pen

Was death sudden or prolonged?

Size of dead fish (cm)

Weight of dead fish (g)

Treatment used

Food type

Region of food production

Age of the fish

Size of healthy fish (cm)

Weight of healthy fish (g)

Number of the fish per pen

Square measure of the pen(m?)

Length of the pen (m)

Pen type

Days after pen renewing

Place of seed production

Age of seed introduced

Date of the seed supplied

Information Water depth (m)

on the Weather

cultivation Degree of rain

environment Temperature conditions

Period the area was applied
for fish cultivation (years)

Length of experience of
aquaculturist

Other information such as
bacterial checks, symptoms
of unidentified diseases,
occurrence of red tide, etc . . .

Information on
cultivation
conditions

Memorandum

prefecture to another, a considerably high correlation
was calculated between the numbers of disease cases
and numbers of marine fish culture establishments in
each prefecture. Spearman’s rank correlation coeffi-
cient between number of establishments requesting
diagnoses by their prefectural experimental station and
the total number of establishments in each prefecture
was about 0.9 for yellowtail, and 0.7 for red sea bream
in 1985. These results may suggest that collected data
represent the trend of disease outbreaks in the fish of
the warm current on a smaller scale. Mean diagnostic
rates were about 20% for yellowtail, about 8% for red
sea bream, and about 15% for total marine fishes cul-
tured. Based on these values red sea breams appear to
be less sensitive to disease than yellowtail.

During the 9 years from 1981 to 1989, 56 species
fish were reported to be diseased and over 20,000
disease cases were registered in 20 prefectures. About
three quarters of these cases involved yellowtail. Gov-
ernmental statistics (SID 1981-90) indicate an
increased number of fish species in marine cultiva-
tion. This increase in cultivation may contribute to
the increased number of fish with disease; an espe-
cially high incidence of disease originated from the
recent increase in the culture of Japanese flounder.

Disease Diversity

Fish disease was classified into six groups according
to the causal agent: bacteria, parasite, virus, nutri-

UNIDENTIFIED OTHERS
(8.4 %) \ (0.6%)
NUTRITIONAL\

(6.5%)

BACTERIAL
(78.5%)

PARASITIC
(8.3 %)

Figure 3
Disease groups observed in marine fish cultures located
along the Kuroshio Current.

tion, fungus, and unidentified disease. When the dis-
eases occurred simultaneously, the causal agents were
classified into both partitions, so the total amount of
relative frequencies were over 100%. Bacterial dis-
eases were most frequently reported, accounting for
approximately 80% of all disease cases (Fig. 3). Para-
sttic (8.3%), viral (3.9%), nutritional (6.5%), and
unidentified (8.4%) diseases were less frequent. The
partitioning of these values seems to be closely re-
lated to the fact that diagnoses were made during the
advanced levels of disease progression. The number
of dead fish recorded in diagnostic cards suggests
that the diagnoses had been performed after a con-
siderable number of dead fish were noticed.

Species-specificity of diseases

The relative frequencies of the six disease groups var-
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Composition of disease variet-

ied with fish species (Fig. 4). Over 90% of the dis-
eased yellowtail experienced bacterial disease. In red
sea bream, a high rate (22.1%) of parasitic disease
resulted from parasitism by Bivagina tai on the gill, by
Longicollum pagrosom in the rectum, and
by other parasites. The high rate (33.4%) of nutri-
tional disease involves yellow fat disease and peroxi-
dative lipid intoxication caused by lipid metabolism
disorders.

In tiger puffer, several serious parasitic diseases

(Heterobothrium tetradonis, Trichodina sp., and
Cryptocaryon irritans) break out frequently (39.2%).
The specific viral disease (9.0%), named kuchi-jiro
sho (white mouth symptom) is often reported; its

ies in each species.

pathogen has not yet identified officially. The rate of
unidentified disease was highest among the 13 fish
species listed in Figure 4.

In Japanese flounder, bacterial disease accounted
for about 67% of all the cases registered, while the
rate of parasitic disease, mainly due to a Trichodina
sp. and Cryptocaryon irritans, was 17%.

The relative frequency of the six disease groups
was not related to any taxonomical order nor to the
ecological habitat of the cultured fish species.

The relative frequency of diseases caused by differ-
ent pathogenic bacteria, are shown in Figure 5 for 13
fish species. Yellowtail, purple yellowtail (Seriola
aureovittata), and gold striped yellowtail (Seriola



74 NOAA Technical Report NMFS 111

ORDER

Perciformes Tetradontiformes
SUBORDER Percoidei
FAMILY Carangidae Percichthyidae Pleuronecti formes
Oplegrathidae Sparidae Scor‘paeniforllles
SUBFAMILY
Seriola Oplegnathus
GENUS |——‘ ’—‘—]
1207
110
% 100 §Q§
g %] % \
§ 80 \S N \§\
§701 \ \\ \\\
9 T
o 607 8 0% % § % e
>
D 507 \
a8 \
o 407 \
x
307 \ \
20 E
10 ;
0 : | |
= m ) n n 0 =g w - n
§ 7 38 8 £ 3 3% & 3 3
i 2 ¢ % ¢ 55 2015 b o
~ 5 8. bl jal & 8 £ 2 £ = i)
s o° 5 &8 : & i % § ¢ § 5
E 3 5 9 2 2 g5 3 & § & o4
o 1 @ 2 ? Z 2 £ £ 2 ) e
s f e 5 ¢ % 2 = 9§ FR I
s & 5 £ x § & 3 i B 5
0 o 8 g o ) 2 & =
o
C & ° § § % % & £
Ly
O vibriesis Pseudotuberculosis Streptococcosis '
Edwardsiellosis . Gliding bacterial Disease Flg e5

Composition of bacterial

dumerili), showed higher rates of pseudotuberculosis
and streptococcosis diagnoses, whereas jack mackerel
(Trachurus japonicus), taxonomically closely related to
yellowtail, had high rates of vibriosis and
streptococcosis.

Red sea bream were frequently infected with Vibrio
spp., Edwardsiella tarda, and gliding bacteria (mainly
Flexibacter sp.), but less so with Streptococcus spp. and
Pasteurella piscicida. No edwardsiellosis was reported
from black sea bream (Acanthopagrus schlegeli), which
are related to red sea bream.

Japanese flounder were seriously infected with
Edwardsiella tarda and suffered heavy damage; the
relative frequency of edwardsiellosis in Japanese
flounder amounted to 41.8% of all bacterial disease
cases. They were affected to a lesser extent by gliding

diseases in each species.

bacteria and Streptococcus spp.

Tiger puffer suffered mainly from vibriosis and
gliding bacteria infections.

With some exceptions, the relative frequency of
bacterial disease seems to be related to the host by
the host’s ecological niche and related physiological
characteristics. As shown in Figure 5, pelagic or mi-
gratory fish species such as yellowtail were more
susceptible to Pasteurella piscicida, while bottom fishes
like tiger puffer, Japanese flounder, and Japanese
rockfish (Sebastes schlegeli), were more susceptible to
gliding bacteria. Other species in Figure 5 fell be-
tween these two extremes.

A species’ ecological habits are closely related to its
anatomical, physiological, and biochemical character-
istics. Pelagic and migratory fishes have a typical
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spindle shape suitable for swimming, developed cer-
ebellum and vascular system, abundant superficial
dark muscle, and an abundance of myoglobin in
their ordinary muscle. On the other hand, the bot-
tom fishes of coastal areas, such as Japanese flounder,
rockfish, puffers, and sea breams have flat or
rounded shapes, less-developed cerebellums, and
characteristics that indicate that these fishes are gen-
erally less active. Their white ordinary muscle has less
myoglobin and hemoglobin, and their superficial
dark muscle is not as developed.

Because Pasteurella piscicida, a causative bacterium for
pseudotuberculosis, migrates in the bloodstream of in-
fected fish, active fish, with well-developed vascular
systems, may be more likely to reach an exhausted state.

Infections by gliding bacteria tended to break out
in benthic fish or fish living near the beach. Because
these fish are less active than the pelagic species and
may have a susceptible body surface, gliding bacteria,
which move by means of surface mucus, may have an
advantage in expanding their living area. Also, be-
cause these fish are more likely to come into contact
with other individuals via their body surface, new in-
fections and propagation of gliding bacteria are
prevalent.

It is believed that the accumulation and integra-
tion of information on fish species and pathogens
(such as cell or tissue susceptibility to pathogens; ana-
tomical, histological, and physiological aspects of
fish; environmental conditions; and characteristics of

the pathogen) are very important to understand the
phenomenon or mechanism of bacterial disease out-
break.

Seasonal Variations of Disease Outbreaks

Monthly variation in the relative frequency of disease
cases reported is shown in Figure 6, for four fish spe-
cies: over 900 cases for each species were reported
during the 9-year period 1981-89.

The highest evidence of disease occurred during
July for yellowtail (30%) and tiger puffer (17%), dur-
ing August for Japanese flounder (15.5%), and
during September for red sea bream (13%). Reports
of disease for the latter three species peaked in the
summer from June through September when the wa-
ter temperature is higher than 20° C. These peaks
were not as steep as that of yellowtail, yet the summer
peaks suggest that fish under cultivation are exposed
to physiological and environmental conditions favor-
able to infection by pathogens, in spite of possible
efforts to promote the defensive activities of fish,
such as immunological resistance.

In yellowtail, viral and bacterial diseases, especially
pseudotuberculosis, show significantly sharp seasonal
changes (Fig. 7). Since the official identification
(Sorimachi and Hara 1985) of the viral disease viral
ascites (VA), the rate of this viral disease has in-
creased. VA disease breaks out in late May, reaches a
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Figure 8
Seasonal changes in diseases of red sea bream.

peak in June, and ends in mid-July. The rate of VA
disease diagnoses was very low and account for only
1% of yellowtail disease reported in June; its occur-
rence fluctuates yearly. The rate at which the major
bacterial diseases were reported showed similar sea-
sonal variations. Vibriosis accounted for about 10%
of all the bacterial diseases reported and the number
of cases peaked in June. Cases of pseudotuberculosis
peaked sharply in July (see Fig. 11), and strepto-
coccosis epidemics seem to occur between July and
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Figure 9
Seasonal changes in diseases of Japanese flounder.

October. Parasitic, nutritional, and unidentified dis-
eases showed gentle seasonal changes in their
occurrence. Parasitic and unidentified diseases broke
out during summer, and the level of nutritional dis-
eases peaked in autumn.

In red sea bream, viral diseases represented only
3.6% of the total disease cases reported (Fig. 8), and
for the most part were observed as lymphocystis dis-
ease every month of the year. Parasitic diseases were
reported least in February and March and most fre-
quently between May and December. Nutritional
disease outbreaks appeared between May and Sep-
tember, indicating that they are chronic in nature.
Half of the bacterial disease cases reported were
vibriosis (53.2%), which occurs all year round with a
peak at winter (see Fig. 14). Gliding bacterial disease
also occurred all year round but the higher rates
were found in January and from May through July
(see Fig. 15). Edwardsiellosis accounted for about
10% of all disease cases in red sea bream and was
prevalent between July and November (see Fig. 13).

Since the successful development of seedling pro-
duction methods, production of the Japanese
flounder has gradually increased. The main viral dis-
ease observed in cultural flounder was epidermal
necrosis, which occurred in spring during the fry
stage and accounted for only 0.8% of all disease cases
(Fig. 9). Japanese flounder suffered from parasitism
by protozoa such as Cryptocaryon spp., Trichodina spp.,
and other Ciliata. Because there are no effective
treatments for these parasites, infected fish are left
untreated, resulting in a great deal of infection and
death. A trial is now being conducted to see if condi-
tions leading to infection can be effectively removed



by increasing the water supply to rearing areas. It is
unknown why nutritional diseases are rare in Japa-
nese flounder. Bacterial diseases are serious for this
fish accounting for about 67% of all disease cases
reported. The most virulent, edwardsiellosis,
amounts to about 28% of all disease cases.
Edwardsiellosis is most prevalent during the summer,
from June through October, with the number of re-
ports peaking in August. Streptococcosis is most
prevalent from July to October and vibriosis and glid-
ing bacterial disease are both most prevalent between
April and August. Unidentified disease accounts for
16% of all disease cases reported.
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Figure 10
Seasonal changes in diseases of tiger puffer.

In tiger puffer (Fig. 10), kuchi-jiro sho was regis-
tered often throughout the year. Parasitic disease
amounted to about 39% of all disease cases (Fig. 10).
Fatal parasites included a Trichodina spp., a protozoa
which was prevalent between April and October, and
Heterobothrium tetrodonis, a monogenea prevalent
mainly from April through August. Nutritional dis-
ease was also prevalent from spring through autumn.
Higher levels of bacterial diseases were diagnosed
from June to September: most were cases of vibriosis
and gliding bacterial disease.

Pasteurella piscicida was a virulent pathogen for
pseudotuberculosis in yellowtail and to a less extent
in other cultured fish species (Fig. 11). This disease
broke out seasonally, appearing during warmer
months in all fish species.

Streptococcus sp. was most common in yellowtail and
Japanese flounder and occurred less frequently in
red sea bream and tiger puffer, showing similar sea-
sonal variation patterns that peaked in September
(Fig. 12). Edwardsiella tarda was virulent for Japanese
flounder and red sea bream and most prevalent from
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Seasonal changes in pseudotuberculosis for each species.

RELATIVE FREQUENCY (%}

0 T prassnscnst AU PO T 1 T T
JAN FEB MAR APR MAY JUN JLY AUG SEP OCT NOV DEC

MONTH

—YELLOWTAIL----- RED SEA BREAM "= JAPANESE ——TIGER PUFFER
FLOUNDER

Figure 12
Seasonal changes in streptococco-sis for each species.

June through October; the level of reported cases
peaked during August in Japanese flounder and
showed a plateau from July to November in red sea
bream (Fig. 13). The optimal water temperature
ranges from 15 to 24° C for Japanese flounder and is
slightly broader from 13 to 28°C for red sea bream.
Cultured Japanese flounder suffer from exposure to
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Seasonal changes in vibriosis for each species.
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Seasonal changes in gliding bacterial diseases for each
species.

high temperatures above 25° C in summer and become
more susceptible to bacterial infection. On the other
hand, red sea bream grow well during summer and suf-
fer from nutritional disorders in autumn. Because
Edwardsiella tarda can multiply more actively during the
summer season, Japanese flounder, which are less toler-
ant of higher temperatures, are more susceptible to this
pathogen. Conversely, red sea bream, which are more
tolerant of higher temperatures, are less susceptible to
this pathogen than Japanese flounder.

Seasonal variations in the relative frequency of
vibriosis are complicated and differ according to fish
species (Fig. 14). This complexity may result not only
from the difference in susceptibility of each fish spe-
cies but also from the presence of different varieties of
Vibrio. Vibrio anguillarum is known to have varied sero-
types. Susceptibility of fish to this pathogen would vary
with the serotype and fish species involved.

The term “gliding bacteria” implies several bacte-
rial species. The gliding bacteria resulting in marine
fish diseases are mostly Flexibacter, Cytophaga, and
Sporocytophaga spp. The unique characteristics of each
gliding bacterium may contribute to the complicated
patterns of seasonal variations in reported infection
among the different fish species (Fig.15).

Fish size and disease

The variation in relative frequency of disease cases
reported in yellowtail is illustrated according to fish
size (body weight) in Figure 16. For this analysis, rela-
tive frequency was calculated by dividing the total
number of reports for each disease in the defined
size class by the total number of disease cases with
body weight (bw) data for each species. Viral disease
was more frequent in younger fish (<50g bw), while
nutritional diseases were more prevalent in older fish
(>250g bw) and season also an influencing factor. Oc-
currence of bacterial disease appears closely related
to body weight. Yellowtail seemed to be successively
attacked by VA virus first, then Vibrio and Pasteurella
piscicida, and finally Streptococcus. This sequence of in-
fection suggests that susceptibility of yellowtail to
different pathogens varies with body weight or
growth. This may imply not only the development of
defense mechanisms to the pathogens but may also
represent the changes in the overall physiology of the
fish under cultivation.

In red sea bream, parasitic diseases occurred more
frequently in fish between 50 and 250 g bw while
reports of nutritional disease increased in fish over
250 g bw (Fig. 17). The rate of gliding bacteria diag-
noses was highest in young fish below 10 g bw and
that of vibriosis was highest in fish between 50 and
100 g bw. The diagnostic rate of edwardsiellosis was
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Figure 16
Relationship between fish size and disease
outbreaks in yellowtail.

Figure 17
Relationship between fish size and disease
outbreaks in red sea bream.
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higher in larger fish, especially those over 250 g bw.

All ages of Japanese flounder experienced out-
breaks of parasitic diseases, while viral diseases were
found only in fish below 10 g bw (usually herpes vi-
rus) (Fig. 18). Vibriosis and gliding bacterial disease
outbreaks were more common in younger fish
(<50g). Although streptococcosis and edwardsiellosis
were both more prevalent in larger fish (>250 g),
edwardsiellosis was more common than streptococcosis
in the fish of 50-100 g bw.

In tiger puffer, a unique feature was found: fish
250 to 500 g bw appear to be most susceptible to
pathogens (Fig. 19). This may be dependent on the
method used to culture this species. Though this
species is in great demand by the market, its cultiva-
tion from the egg through the spawning stage is
very difficult. The eggs for seedling production are
generally raised by the public sector and are in most
cases supplied from the natural resource by
fisheries, which also provides some large sized seed-
lings. Because the aquaculturist cultures mainly
large-size seedlings, diagnoses may concentrate on
the larger sized fish.

In all species, nutritional disease tended to occur
in larger fish, probably as a result of prolonged nutri-
tional treatment. Outbreaks of edwardsiellosis and

streptococcosis were synchronized with nutritional
disorders.

Locality and Disease

As shown in Figure 20, for yellowtail in 1986, some
characteristics are common to all the prefectures
listed. Although the relative frequency of bacterial
disease was about 80% in all prefectures, the compo-
sitions of different bacterial diseases were to some
extent different by locality. Mie Prefecture is the
most northern of all the prefectures listed in Figure
20, while Kagoshima Prefecture is located in most
southern part of Japan. Interprefectural analysis sug-
gests that the composition of different bacterial
diseases seems not to be related to geographical lo-
cality. A possible similarity exists between the
composition of bacterial infections observed and the
type of cultivation management used in some prefec-
tures. There are two types of management:
cultivation of large seedlings and production of fish
of marketable size. Streptococcosis tended to be re-
ported at a higher rate in the prefectures managing
the larger fish (2-year-olds) of marketable size.

No characteristic difference in seasonal outbreak
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of virulent disease was found according to geographi-
cal location. In the example of 1986 shown in Figure
21, pseudotuberculosis broke out earlier in warmer
areas. This disease was reported to occur at a higher
rate in June and July in Kagoshima, Miyazaki, and
Kochi Prefectures, while the rates were higher in July
and August in other prefectures. Because the optimal
range (20 to 25° C) for multiplication of Pasteurella
piscicida is strict, the location of outbreaks of this dis-
ease could be determined by calendar and locality or
latitude.

As a whole, no characteristic local feature was ob-
served that could explain particular disease
outbreaks in the area surrounded by warm oceanic
current, except perhaps slight differences. This sug-

in each prefecture in 1986.

gests that all fish culture fields along the warm cur-
rent are in an area favorable to the multiplication
and propagation of pathogens.

Discussions

From this epidemiological examination, it is clear
that the natural and delicate relationship between
fish and their environment is disturbed on a local
basis by fish cultivation in coastal areas and induces
the propagation of pathogens and the outbreak of
disease in the cultured animals. As shown in Figure
22, the means and methods of fish culture affect not
only fish health but also water quality and pathogen
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Figure 22
Disease outbreak flowchart for marine fish cultured in the
Kuroshio Current.

distribution; major factors include fish density in a
pen, location of the pen, pen density, handling, ex-
cess food supply, food quality, sanitary treatment of
nets, type of food and other materials, and treatment
of dead fish. Supplying unsuitable or unsanitary food
induces the degeneration of fat in fish, whereas sup-
plying excessive food makes them generate fat.
Unsuitable handling techniques injure the body sur-
face, especially in younger fish, and allows pathogens
to invade. Fish are also susceptible to pathogens un-
der some nutritional conditions and during certain
developmental stages. Culturing fish under high den-
sity adds additional stress.

A high density of pens interrupts the water current
and causes water quality to deteriorate. As excess
food and fish excrement are deposited on the bot-
tom and dissolve into seawater, the quality of water in
the cultivation area degrades. These changes in envi-
ronmental conditions are beneficial for pathogen
multiplication, which, in turn, lead to infection of
the fish and to outbreak of disease.

As previously described, the seasonal changes of
disease cases are very remarkable, and it is thought
that temperature is the most influential environmen-
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tal factor. Higher temperature is beneficial in activat-
ing various physiological functions, including
immunological processes in healthy fish. But this fac-
tor can also be a harmful to unhealthy fish under
poor environmental conditions.

The results of this study help us to direct future
study and research in this field. Unidentified diseases
must be clarified as soon as possible, especially in
new fish species introduced for cultivation. In this
type of research, it is most important to have a thor-
ough knowledge of the anatomy, physiology, ecology,
pathology, and immunology of the fish and patho-
gens. This may lead to the development of improved
cultivation techniques.

Effective methods to diagnose fish health should
be developed, not only to prevent mass mortality by
pathogens that are generally nonvirulent, but also to
regulate cultivation techniques. A large amount of
research is needed in this area, for example: physi-
ological studies on poikilothermal fish, pathological
studies that clarify the mode of action of pathogen
within their hosts during infection, and immunologi-
cal studies to explain fish defense mechanisms
against pathogens.

Epidemiological research in a small area such as
one bay unit or a fisheries cooperative association
unit should be carried out in detail to clarify the di-
rect relationships among disease outbreaks,
environmental factors, and cultivation techniques.
Such research could provide knowledge for a more
successful cultivation of healthy fish.
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ABSTRACT

A leukemia-like disease, variously termed hemic, hematopoietic, or hematic neoplasia,
(HN) has been detected in bivalves from diverse geographic locales. The wide geo-
graphic range of the disease, coupled with mortalities due putatively to HN, makes it
important to determine the nature of the abnormal cells characteristic of the disease.
The studies reported here determined certain biochemical and genomic characteristics
of HN in the softshell clam Mya arenaria. No significant difference in the total amount of
lipid of normal and abnormal hemocytes was noted. Fatty acids of the omega 3 and
omega 6 families were elevated in clams with the highest HN intensities. Similarly, in
vitro incorporation of acetate into phospholipids and neutral lipids by normal lympho-
cytes was significantly different from HN hemocytes but unlike the pattern seen in
mammalian leukemias. Examination of the DNA content of normal and HN cells by flow
cytometry indicated a high degree of aneuploidy in the HN cells. This consisted of clams
with hyperdiploid DNA content of 1.6 to 2.0 times normal, and a hypodiploid population
with DNA 0.85 times normal. Hyperdiploid cells had significantly higher DNA synthesis
than diploid cells. In this respect, HN cells are similar to true leukemias of mammals, but
the combination of hypodiploid and hyperdiploid cells in one individual is uncharacter-
istic of mammalian neoplasia. In summary, hemocytes of M. arenaria affected with HN
have some features coincident with mammalian leukemias but also several unique char-
acteristics.

Introduction

The harvest of bivalves from commercial and cul-
tured sources is of considerable economic im-
portance on both worldwide and national scales. Dis-
ease affects natural as well as artificially propagated
populations. Unfortunately, our knowledge of dis-
eases in bivalves is quite restricted in comparison to
the information base available for finfish. It is impor-
tant that we establish a more detailed database for

diseases of cultured and feral bivalves in order to pre-
dict sustainable harvests of this significant marine
resource accurately.

Among the most widespread diseases of bivalves
are the putative neoplastic diseases which have been
detected in a wide variety of commercially important
species and from a geographically disparate range
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(Couch 1969; Farley 1969; Brown et al. 1977). The
primary tissue distribution of these diseases ap-
pears to be gonadal (“germinomas”) (Yevich and
Barszcz 1976, 1977) and hematic (variously termed
hematopoietic neoplasms, hematic neoplasms, or
hemic neoplasms). Hematic neoplasia (HN) has
been associated with elevated levels of mortality in
field and laboratory studies with the softshell clam
Mpya arenaria (Appeldoorn and Oprandy 1980; Coo-
per et al. 1982) and the edible oyster Ostrea edulis
(Alderman et al. 1977). The prevalence rates for
HN in M. arenaria range from 0.02 to 84% , and
intensities of HN in individuals span the range
from less than 0.01% to greater than 99% of hemo-
cytes affected (Couch 1969; Mix 1986; Reno,
unpubl. observations). The pervasive nature of this
disease and its potential for killing feral and cul-
tured bivalves makes it essential to understand the
nature of the disease and its etiology. The results
reported here reflect an initial attempt to define
more clearly the nature of the disease in M.
arenaria.

Hematic neoplasia is characterized by its prolif-
erative nature and the resulting cytological mor-
phological abnormalities assessed by microscopic
examination of either unstained, or fixed and
stained cells (Couch 1969; Farley 1969; Cooper et
al. 1982). These criteria, however, are not adequate
for accurately defining HN in bivalves as neoplastic
because these invertebrates are evolutionarily dis-
tant from the mammals, the phylum on which
virtually all definitive work has been done on the
characteristics of neoplasia. This lack of definition is
noted in two prominent reviews of presumed neo-
plasms of bivalves: “Some of the neoplasms may be
of questionable validity . . . and little is known about
the exact nature of the cells involved but, in gen-
eral, they are considered neoplastic” (Mix 1986);
and “In spite of intensive study, the true nature of
these neoplastic cells is not yet quite clear.”
(Lauckner 1983). There are scores of structural,
biochemical, immunological, and genomic alter-
ations in mammalian cells associated with the
transformed or neoplastic state (reviewed in Wood
1972; Marchesi 1976; Vasiliev and Gelfand 1981;
Heim and Mitelman 1987; Iversen 1988). Among

the most well characterized biochemical alterations’

that occur in transformed cells are those occurring
in two fundamental classes of molecules: the nucleic
acids and the lipids. The present work was designed
to monitor potential differences between normal
hemocytes and HN cells from M. arenaria compared
by flow cytometric analysis and in vivo and in vitro
lipid constitution.

Materials and Methods

Sample Collection, Evaluation of HN, and
Animal Maintenence

Softshelled clams ranging in size from 45 to 120-mm
valve length were collected from Long Cove,
Searsport, Maine, during the summer, placed on ice,
and returned to the laboratory for evaluation of HN
levels. When necessary, animals were held in the wet
laboratory at the University of Maine in a re-
circulating artificial seawater system at 14° C until
needed. Animals were generally evaluated within 1
week of collection. Evaluation of HN was performed
by a modification of the method of Cooper (1982).
Approximately 100 pL of hemolymph was removed
from the cardiac or anterior adductor sinus, 50 pL
was placed in one well of a 96-well, flat-bottomed
microtitration plate, and hemocytes were allowed to
adhere for 20 to 30 minutes. Samples were then
evaluated for the levels of HN by microscopic exami-
nation under phase optics at 200X with an inverted
cell culture microscope. The number of nonadherant
or loosely adherant, rounded cells in the hemolymph
(HN cells) was compared to the number of fully ad-
herent spreading normal hemocytes by counting 500
to 1000 cells and converting the proportion to
percentages.

Lipid Analysis

The major lipids that are altered in neoplasia are the
fatty acids, the neutral lipids, and the phospholipids.
Several methods were used to evaluate lipid changes
in HN cells, including gravimetric total lipid content,
fatty acid methyl ester (FAME) profiles, and in vitro
incorporation of radiolabelled acetate into neutral
lipids and phospholipids.

Gravimetric analysis was carried out on washed he-
mocytes from normal and abnormal clams using the
method of Sasaki and Capuzzo (1984). This involved
a modified Folch procedure employing several ex-
traction cycles with chloroform:methanol. Total lipid
by weight was obtained using an ultramicrobalance
(Cahn model 25 automatic electrobalance). Fatty ac-
ids were esterified to fatty acid methyl esters (FAMEs)
to stabilize them prior to analysis, which was carried
out on hemocytes from clams with various levels of
HN and clams with no evidence of HN. Fatty acid
separation was carried out using the modified Bligh
and Dyer (1959) method of Jerkofsky and DeSiervo
(1986). Washed, pelleted hemocytes were extracted
with chloroform:methanol followed by a saline phase



separation, and final suspension in chloroform. A
known quantity of a 19-carbon fatty acid was added to
the cell pellet prior to extraction to serve as an inter-
nal standard for the extraction process. Samples were
transesterified with a methanolic base reagent fol-
lowed by methylene chloride and final suspension in
hexane. Esterified samples were then applied to a gas
chromatograph (Hewlett Packard model HP5890A)
equipped with a 30 m DB carbowax capillary column.
Peak areas were calculated with a disc integrator, and
retention times were compared with known standard
FAME:s.

In vitro assimilation of radiolabelled acetate into
neutral and polar lipids was carried out using hemo-
cytes that were removed from the clams within 8
hours of capture. To each of four replicate tubes con-
taining the hemocytes, an equal volume of 0.45
pm-filtered sterile seawater containing 10 wCi of C-
acetate was added. The cell-acetate mixture was
incubated at 15° C for 24 hours and extracted as de-
scribed for FAMEs, except that, in order to improve
the precipitation of labelled lipid, non-labelled car-
rier lipid was added. The carrier lipid was prepared
from two shucked clams by removing the digestive
diverticula and skin of the siphons, blending them in
a blender, and extracting as previously described.
The lipid extract was weighed and resuspended in
chloroform to a concentration of 300 mg/mL; 30 mg
of carrier lipid was added to each sample. A final
suspension in solvent was divided into 2 aliquots
which were then evaluated for either neutral lipids by
one-dimensional silicic acid paper chromatography
(Wuthier 1966) or for polar lipids by two-dimen-
sional silicic acid paper chromatography, followed by
autoradiography (Jerkofsky and DeSiervo 1986).

Flow Cytometric Analysis

In order to determine the configuration of the DNA
in the genome of HN cells versus normal hemocytes,
flow cytometric analysis of the total DNA content of
the cells as well as the cell cycle status of the cells was
carried out. Preliminary experiments were per-
formed to determine whether live or fixed hemocytes
were optimal for flow cytometric analysis. Fixation of
HN hemocytes in either 2% formalin-seawater or 2%
glutaraldehyde-seawater led to reduced resolution of
DNA peaks compared to unfixed materials sus-
pended in the anticoagulant 0.01 M cysteine in
seawater. Consequently, fresh, unfixed, washed hemo-
cytes were used for the flow cytometric analysis in all
further studies. The processing of hemocytes for flow
cytometric analysis of DNA followed standard meth-
ods used in human clinical oncology (Raber 1988).
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Cells were washed in buffered saline with 0.1% bo-
vine serum albumin, counted, and suspended in a
solution of 1 wg/mL RNAse and 0.01% NP-40 deter-
gent to increase membrane permeability. This was
followed by the addition of propidium iodide
fluorochrome at the ratio of 10png/108 cells in a solu-
tion of NP-40 and 0.1% polyethylene glycol 8000 at
pH 5.0. Examination of the cells under a ultraviolet
light microscope confirmed that nuclear morphology
was normal and that no artifacts were present. The
cells were examined in a flow cytometer (Becton-
Dickinson, EPICS model CS) and the relative
fluorescence (DNA content) and cell cycle analysis
was performed using a Modfit analysis program (Ver-
ity Software Corp.), which integrated the area under
the various peaks and estimated the percentage of
total area for each peak, as well as their coefficients
of variation.

Results

Lipid Analysis

Comparison of hemocytes from HN-affected and nor-
mal clams by gravimetric analysis indicated that there
was no significant difference between the total ex-
tractable lipid in the cells (normal cells = 15.97+8.51
pg lipid/cell; HN cells = 23.21£11.88 pg lipid/cell,
P =10.223). In order to more fully define any differ-
ences that might exist between the two cell types,
both the basic fatty acid components, as well as the
complex lipid moieties derived from them were ana-
lyzed.

Gas chromatographic analysis of FAMEs from he-
mocytes taken from HN-affected clams was compared
with that of normal clams as well as with the pattern
found in normal and SV40 virus-transformed WI-38
cells (human diploid fibroblasts) (Table 1). When
compared to normal clams, only clams with rates of
HN in excess of 90% abnormal cells exhibited signifi-
cant alterations in FAME composition. The saturated
class of FAMEs remained stable in affected clams,
with the exception of a decrease in palmitic acid and
in stearic acid. Abnormal cells had significantly lower
levels of monounsaturated fatty acids, as well as sig-
nificantly higher levels of the longer chain fatty acids
(20 and 22 carbon polyunsaturated groups). The
changes found in the FAME profiles of HN cells were
opposite in direction from those found in SV40-trans-
formed human cells.

Evaluation of the in vitro incorporation of lipid
precursors (acetate) into the more complex lipids
also indicated significant changes in hemocytes from
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Table 1
A summary comparison of lipid composition of normal and SV40-virus transformed mamrmalian cells and normal
and HN cells from Mya arenaria. Levels of HN ranged from 5 to >95%.
SV-40
infected Normal HN
Lipid class WI-38% WI-382 hemocytes hemocytes
Total lipid/cell (pg) 65.0 59.0 16.0 23.2 (P=0.223)
Neutral lipids (% of total cpm) 29.0 41.0* 5.0 8.0 (P<0.05)
Triacylglycerides (% of neutral) 27.0 25.0% 40.0 62.0 (P<0.003)
Free fatty acids (% of neutral) 21.0 26.0* 36.0 22.0 (P<0.01)
Cholesterol (% of neutral) 35.0 35.0 6.2 4.2 (P<0.05)
Cholesterol esters (% of neutral) 5.0 4.0 18.0 8.0 (P<0.05)
Phospholipids (% of total cpm) 71.0 59.0* 95.0 92.0 (P<0.001)
Cardiolipin (% of phospholipids) 6.1 2.7% 6.0 2.0 (P<0.001)
Phosphotidylethanolamine 12.0 13.0 75.0 71.0 (P<0.001)
(% of phospholipids)
Phosphotidylinositol 13.0 10.0* 1.0 2.0 (P<0.001)
(% of phospholipids) '
Phosphotidylcholine 57.0 57.0 2.0 8.0 (P<0.005)
(% of phospholipids)
Fatty acid methyl esters i
Palmitic acid (16:0) (% of FAME) 44.0 50.0% - 70.0 59.0 (P<0.01)
Stearic acid (18:0 ) (% of FAME) 37.0 30.0* 20.0 25.0 (P<0.03)
18:1 Fatty acids (% of FAME) 63.0 78.0* 25.6 22.5 (P<0.05)
20:4 Fatty acids (% of FAME) 37.0 17.5% 1.2 4.0 (P<0.01)
2 Data from Howard et al. 1977.
*Significant difference between WI-38 and SV40-transformed WI-38.

diseased clams relative to normal ones. The percent-
age of labelled acetate incorporated into the total
neutral lipid fraction of the HN cells was significantly
higher, especially the triacylglycerols (P<0.005), the
primary storage form of lipids (Table 1). In fact,
while the level of the other classes of neutral lipids
evaluated, including free fatty acids, cholesterol, and
cholesterol esters, decreased significantly, the eleva-
tion in triacylglycerides masked the depressed
synthesis of these compounds in the total neutral
lipid fraction. Oil red O staining, which preferen-
tially stains triacylglycerols (Luna 1986), specifically
stained the vacuoles or “droplets” seen in HN cells by
phase contrast microscopy; these droplets are not ap-
parent in normal hemocytes.

As with the neutral lipids, there were also signifi-
cant changes in the incorporation of acetate into the
polar lipids, which consist almost entirely of the
membrane-associated phospholipids. The overall
level of incorporation into the total phospholipid
class decreased significantly (P<0.001). Likewise, de-
creases occurred in the amount of labelled
phosphatidylglycerol and cardiolipin, which is de-
rived from phosphatidylglycerol {P<0.001) (Table 1).
By contrast, there were significant increases in the
levels of incorporation into the phosphotidylinositols

and the phosphotidylcholines(P<0.001 and P<0.05 re-
spectively). Many of the changes occurring in the
lipids of HN hemocytes differ with those documented
in mammalian neoplastic cells (Howard et al. 1973).

Flow Cytometric Analysis

Preliminary experiments indicated that using forma-
lin or glutaraldehyde fixatives for flow cytometric
analysis of hemocytes altered the chromosomal mate-
rial and resulted in poor separation of the normal
diploid and aneuploid peaks in HN-positive clams.
Therefore, for all of the experiments reported here,
unfixed hemocytes were rapidly (within 5 minutes of
removal from the clam) processed for flow
cytometric analysis. This resulted in a clear separa-
tion of DNA peaks in the cells.

Flow cytometric analysis indicated that the DNA
content of the abnormal hemocytes was distinctly
aneupoid. As shown in Figure I, there was a strong
positive linear correlation (r = 0.95) between the ab-
normal microscopic appearance of the nonadherent
cells and abnormal DNA content as detected by flow
cytometry. Two forms of aneuploid cells were de-
tected: those with a hypodiploid DNA content and



those with a hyperdiploid DNA content. Examples of
the DNA contents of normal and abnormal hemo-
cytes are shown in Figure 2. The amount of DNA in
diploid clam hemocytes was approximately 3.2 pg,
compared with 6.8 pg in a human lymphocyte stan-
dard. In contrast to diploid clam hemocytes, DNA
profiles of cells from abnormal clams invariably had a
population of cells containing hyperdiploid DNA
comparable in number to the percentage of abnor-
mal cells as assessed by microscopic observation. The
DNA index (DI)—the quantity of aneuploid DNA
relative to the DNA content of the normal diploid
hemocyte—of clams showing hyperdiploidy varied
from 1.6 to 2.0 in 12 HN-positive individuals. In most,
but not all clams that were HN-positive, a hypodip-
loid cell population also occurred which comprised
between 0.5 and 10% of the cells (Fig. 2). The DI of
the hypodiploid cell population, ranging from 0.82
to 0.86, was more constant than the DI of the
hyperdiploid population. This hypodiploid peak was
not noted in the hemocytes of normal clams.

One of the hallmarks of neoplastic transformation
is the proliferative nature of the cells. Cell cycle
analysis of hemocytes from HN-positive clams indi-
cated that this was indeed the case for this particular
malady. Normal cells showed some indication of pro-
liferative activity; 2 to 5% (mean = 4.4%) were in the
S (DNA synthesis) phase and an approximately equal
percentage were in the G,/M (premitotic and mi-
totic) phases of the cell cycle. Hemocytes from clams
that were aneuploid, however, had a significantly
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higher (mean = 16.4%, P = 0.0001) proportion of
cells which were either undergoing DNA synthesis, in
preparation for mitosis, or actually in the process of
mitosis (Fig. 3). The proportion of HN cells in some
phase of replicative activity ranged from 10 to 25%;
most of this activity was in the hyperdiploid popula-
tion, but the hypodiploid and even the diploid
populations also were undergoing more extensive
multiplication than normal.

Discussion

The present study was designed to help characterize
the abnormal hemocytes in M. arenaria with hematic
neoplasia. This disease, and similar diseases in a vari-
ety of other bivalves, have attracted much attention
in the scientific community for two reasons. In the
marine community, they can cause significant mor-
talities in the affected animals (Cooper et al. 1982;
Brousseau and Baglivo 1991; Reno, Leavitt, and
Capuzzo, unpubl. observations). In addition, these
diseases have become the focus of epidemiological
investigations assessing the potential causal interac-
tion between anthropogenic pollutants in marine
environments and the generation of neoplasia, and
the potential for using HN disease in bivalves as
sentinals in appraising the potential carcinogenic ac-
tivity of these pollutants in humans. While the
rationale of the first reason still holds true irrespec-
tive of the true nature of the disease, the assumption

y = 1.1029 + 0.91207x RA2 = 0.907

% Aneuploid

% HN (microscopy)

Figure 1
Relationship between the percentage of HN
by microscopic evaluation and the percent-

age of DNA aneuploidy by flow cytometry.
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on which the second is based is subject to invalida-
tion if the disease is not a true neoplasm, but is
rather a hyperplastic or anaplastic disease—or even
due to an exogenous source such as a protozooan
parasite.

Information is readily available in the literature
with respect to the characteristics of neoplasia and
transformed cells in mammals and birds. Relatively
little is present that deals stringently with the disease
and nature of the altered cell in poikilothermic verte-
brates; virtually none is available with respect to the
“diseased cell” in invertebrates. Mix's comprehensive
review (1986) of the nature of the interaction be-
tween anthropogenic pollutants and “neoplastic”
diseases in aquatic vertebrates and invertebrates rep-
resents the most critical analysis of the extant data.
The author, as well as others (Harshbarger et al.

1979; Lauckner 1983), prudently note that the crite-
ria presently used to determine the nature of the
disease are inadequate when compared with the
manifold criteria that are demonstrable in mammals,
and that it may be premature or unwarranted to de-
scribe the leukemia-like disease in bivalves as a true
neoplasm without further investigations into the na-
ture of the disease.

Mammalian and avian neoplastic cells derived from
tumor tissue or transformed by biological, physical,
or chemical agents have several dozen characteristics
in common that differ significantly from normal
cells. These characteristics are most readily evaluated
when the cells are separated from their normal resi-
dence in vivo and are cultured in vitro, if only for
short periods. This process removes the major con-
founding factor of the large number and wide variety
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Figure 3
Percent of diploid and aneuploid cells in various phases of
the cell cycle. (A) diploid cells; (B) hypodiploid cells;
(C) hyperdiploid cells. % S = cells in DNA synthesis phase
of cell cycle; G,/M = cells in premitotic and mitotic phases
of the cell cycle; G,/G, = cells in the resting stages of the
cell cycle.
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of normal cells that are present in tumor tissue in
vivo. Affected cells of the circulatory system are most
readily divested of these contaminants by simply
drawing off hematic fluids which contain the abnor-_
mal cells and placing them in culture for further
analysis. This is the approach taken in the current
investigations.

Lipids are the major constituents of cellular mem-
branes, as well as a source of stored energy, and the
specific lipid components that are present have a
marked effect on the properties of the membrane
(Wood 1972; Shinitzky 1984). Because a wide variety
of the alterations occurring in neoplastically trans-
formed cells are associated with the plasma
membrane surface, it is not surprising that many al-
terations in the lipid composition of neoplastic cells
have been documented in mammalian systems. Wood
(1972) and others have published a variety of papers
dealing with the alterations in lipid metabolism and
biochemistry in mammalian neoplasia (e.g., Awad
and Spector 1976; Yau et al. 1976; Montaudon et al.
1981; Schroeder and Gardiner 1984; Kier et al. 1988;
Calorini et al. 1989). The SV40-induced transforma-
tion of human WI-38 lung fibroblast cells (Howard et
al. 1973; Perkins and Scott 1978) is an in vitro system
resembling HN of M. arenaria because transforma-
tion by viruses produces a homogeneous population
of altered cells, as is found with HN hemocytes, and
because it has been indicated that HN in M. arenaria
is also viral-induced (Oprandy et al. 1981).

There are significant alterations in more than one
half of the lipid moieties examined in the SV40-WI-38
cells in culture. With the essential building blocks of
lipids, the fatty acids, there are increases in the levels
of the saturated fatty acid palmitic acid (16:0), the
monounsaturated fatty acid oleic acid (18:1A9), and
the diunsaturated fatty acid linoleic acid (18:246). In
contrast, in M. arenaria HN cells show a decrease in
palmitic acid but a similar increase in the two unsat-
urated fatty acids. In the virally transformed WI-38
cells, a significant decrease occurs in the levels of
stearic (18:0), palmitoleic (16:1A7), linolenic
(18:3A3), and arachidonic (20:4A6) acids. In M.
arenaria HN, however, there is a marked increase in
the levels of stearic acid in conjunction with de-
creases in the levels of 16:1A7, 18:3A3, and 20:4A6
fatty acids. The changes seen in mammalian and bi-
valve cells are at variance in their levels of two major
essential fatty acids derived from de novo sources:
palmitic and stearic acids. These variations may re-
flect a difference in the process of synthesis of the
fatty acids in invertebrates compared with mammals
or may reflect a basic difference in the nature of the
abnormal HN cell and the transformed WI-38 cell.
With respect to the more complex lipids, a significant
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increase is seen in the levels of cholesterol in both
virally transformed WI-38 and in murine hepatoma
cells (Steele and Jenkin 1977). Cholesterol is one of
the most important lipids in the cellular membrane
and contributes much to the attributes of the cell
surface. In studies with transformed mammalian cells
there is a significant increase in the levels of choles-
terol in the cytoplasmic membrane (Howard et al.
1973). In our study, the incorporation of labelled ac-
etate into cholesterol, and its derivatives, the
cholesterol esters, of HN cells was significantly lower
than the levels of incorporation seen in normal he-
mocytes. This is in contrast to uptake observed in
mammalian neoplastic cells. Likewise, the changes in
another class of neutral lipids, the free fatty acids,
remained unchanged while in mammalian cells there
is an increase in free fatty acids. Taken together,
these major differences between the lipid biochemis-
try of HN cells and that of neoplastically transformed
mammalian cells indicate that it would be
presumptious to declare HN cells neoplastic on the
basis of their lipid biochemistry.

A fundamental change that occurs in neoplastically
transformed cells is the alteration of the genome of
the cell, which is heritable and leads to the initiation
and progression of tumors. These alterations may be
considerable, such as heteroploidy, which can be eas-
ily detected by flow cytometric analysis, or more
subtle, such as chromosomal rearrangements or alter-
ations in specific gene sequences which must be
detected by karyotyping or molecular DNA analysis.
In this study, flow cytometric analysis was used to de-
termine the potential lesions in the DNA content of
HN cells and also to assess the proliferative potential
of the disease. It was found that HN cells were dis-
tinctly aneuploid in nature and that the most
consistent change in the DNA content in HN cells
was to a hyperdiploid state. The level of this
hyperdiploid population correlated well with the pro-
portion of cells which appeared abnormal by
microscopic examination. There was significant varia-
tion, however, in the amount of aberrant DNA in the
cells, which ranged from 1.6 to 2.0 times normal.
This would be consistent with the clonal develop-
ment of the transformed cell (Iversen 1988).
However, it was also found that most of the clams that
were HN positive had a second, markedly stable hy-
podiploid population of cells, a finding that is
inconsistent with the clonal development of trans-
formed cells. This finding is problematic if one is
making the assumption that HN in M. arenaria is a
true neoplastic disease because it is unlikely that a
stable hypodiploid population would coexist with a
more variable hyperdiploid population in the same
animal if this were true.

The available data on the etiology of HN in
bivalves is scant. There is evidence that the abnormal
hemocytes of HN clams possess unique surface anti-
gens as detected with both polyclonal and
monoclonal antibodies (Reinish et al. 1983; Miosky et
al. 1989). In Smolowitz et al. (1989), this same group
has also produced a monoclonal antibody that reacts
both with a subpopulation of cells in the gut of nor-
mal clams and with HN cells, indicating an internal
source for HN cells. However, with the well-known
possibility of epitopic crossreactivity, or even with ac-
tive mimicry of epitopes by parasites, the reaction of
a single monoclonal antibody with a subpopulation
of M. arenaria hemocytes is insufficient to confirm
the endogenous source of the HN cells. As men-
tioned above, several authors have noted that the
available information on the origin of the HN cell in
clams does not preclude the possibility that the cells
are parasitic rather than neoplastic in nature
(Lauckner 1983; Mix 1986). Unfortunately, the data
presented here does not alleviate this problem be-
cause, for example, the heteroploid cells may be
parasitic protozooans or even algae, which would
have a considerably different chromosomal makeup
than clam hemocytes. Further work on genetic analy-
sis of these cells using cytogenetic techniques, as well
as molecular biological techniques, must be carried
out before the resolution of this problem can be
achieved.
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Kinetics of Bovine Serum Albumin Administered by the Immersion
Method in Fishes Acclimatized to Seawater and to Fresh Water
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ABSTRACT

To clarify plasma BSA kinetics in marine fish after hyperosmotic infiltration (HI) treat-
ment, chum salmon (Oncorkynchus keta) and blue tilapia (Tilapia aurea) were acclimatized
to seawater or to fresh water, and were administered bovine serum albumin (BSA) by HI
treatment or intravenous injection. First, by using a least squares program, regression
curves were computed from the plasma BSA levels of fish injected with BSA to obtain the
clearance rate of BSA from plasma. Then, by using a deconvolution method, the BSA
release rate from the organ of BSA entry to plasma after HI treatment was calculated from
plasma BSA levels after HI treatment and the clearance rate. The results showed that the
clearance rates of both fishes acclimatized to seawater were higher than those of the fish
acclimatized to fresh water. On the other hand, the release rates of both fishes acclimatized
to seawater were much lower than those of the respective fish acclimatized to fresh water.
Thus, it is quite plausible that the high clearance rates and low release rates of fish in
seawater work synergistically, resulting in lower plasma BSA levels of fish in seawater com-

pared with fish in fresh water after HI treatment.

Introduction

The immersion method, first reported by Amend and
Fender (1976), is a useful method for mass immuni-
zation in aquaculture. Many papers have shown the
effectiveness of this method on freshwater fish (Ellis
1988). On the other hand, there is a little knowledge
as to the immersion method’s effectiveness on ma-
rine fish. In a preliminary study (unpubl. data), the
authors used hyperosmotic infiltration (HI) treat-
ment to administer bovine serum albumin (BSA) to
yellowtail Seriola quinqueradiata, which is the most im-
portant aquaculture species in Japan, and rainbow
trout Oncorhynchus mykiss, and then measured the
BSA levels in their plasma. We found that plasma BSA
levels were much lower in yellowtail than in rainbow
trout after HI treatment. This difference may have
been caused by two factors: species specificity and the
type of environmental water—fresh water or seawater.
To analyze this difference it is necessary to compare
the kinetics of BSA in the plasma of several species of
fish that can reside in both seawater and fresh water.
Thus, in the present study, chum salmon (O. keta)
and blue tilapia (Tilapia aurea) were acclimatized to
seawater or to fresh water, and then administered
BSA by HI treatment or injection. By using the

plasma BSA levels of these animals, the rate of BSA
release into plasma and BSA clearance from the
plasma were calculated.

Materials and Methods

Experimental Animals

Six-month-old chum saimon, 16 £ 1 g (mean % stan-
dard deviation) in body weight, and 1-year-old blue
tilapia, 157 + 20 g in body weight, were used in this
experiment. Tilapia were fed commercial floating dry
pellets in a I-ton tank supplied with running fresh
water at 25° C, whereas chum salmon were kept in a
l-ton tank supplied with running fresh water at
15° G, and fed commercial dry pellets for rainbow
trout. These tanks were kept indoors.

Acclimatization to Seawater

Before the administration of BSA, one half of the
tilapia and chum salmon were acclimatized to seawa-
ter, and the other half were kept in running fresh
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water throughout the experiment. Fish were acclima-
tized to seawater (salinity: 34 ppt) by increasing the
proportion of seawater day by day to 50% on the first
day, 75% on the second day, 87.5% on the third day,
and 100% on the fourth day. Afterwards the fish were
kept in the tank supplied with running seawater for 3
weeks before the experiment. During the acclimatiz-
ing period, no fish died or showed abnormal
behavior. Experiments were carried out with four
groups of fishes: chum salmon in fresh water (fresh-
water salmon); chum salmon acclimatized to seawater
(seawater salmon); tilapia in fresh water (freshwater
tilapia); and tilapia acclimatized to seawater (seawa-
ter tilapia). Water temperature was maintained at
15° C for freshwater or seawater salmon and at 25° C
for freshwater or seawater tilapia.

Administration of BSA by HI Treatment

Fifty fish of each group were administered BSA (frac-
tion V, Sigma Co.) by the two-step hyperosmotic
infiltration technique according to the method of
Amend and Fender (1976) with slight modification.
Distilled water was used to prepare the two bath solu-
tions; 5.3% NaCl solution and 2% BSA solution. Fish
were immersed in 5.3% NaCl solution for 3 minutes
and then placed directly into 2% BSA solution for 3
minutes. After the bath treatment, the treated fish
were placed in tanks supplied with either running
seawater or fresh water for 3 minutes. Afterwards
they were returned to their original tanks. Blood
samples were taken 0.5, 1, 2, 4, and 8 hours after the
bath treatment. At each sampling time six fish were
sacrificed and the blood was withdrawn from the cau-
dal blood vessels using heparinized syringes.

Administration of BSA by Injection

Fifty fish of each group were administered BSA by
intravenous injection. Bovine serum albumin was dis-
solved with sterilized 0.85% NaCl solution to 2 mg/
mL and then injected into fish via the caudal blood
vessels at the dose of 1 mg/kg body weight. Blood
samples were taken 0.5, 1, 2, 4, 8, and 24 hours after
the administration by the same method as mentioned
above.

Immunoelectrophoresis
Bovine serum albumin content in the plasma was

quantitatively assayed by rocket immunoelectro-
phoresis (Laurell 1966; Wallenborg and Andersson

1978). The gel plate was run at 1 V/mm and 15°C
for 3 hours. The exact amounts of BSA in normal fish
plasma were run in parallel with all tests for standard
reference.

Calculations

Plasma BSA Clearance—By means of an unweighted
least squares program, the plasma BSA levels Cp™(s)
at each time ¢ after injection were fitted to following
exponential equations:

Cp™i(t) = a, - exp(=b,1); or
Cpin](t) - a] . exp(_bl.l) + a2 . exp(_bz‘l)'

For the index of BSA clearance from plasma, the
mean residence time (MRT) of each experimental
group was given by

MRT = l/bl;or

MRT=1/b,+1/b,- (a,+a,))/(a,  b,+a, b).

2 2

The BSA distribution volume V of each experimental
group was calculated by

V=D/Cp™(0),

where D is the amount of BSA administered by injec-
tion (1 mg/kg body weight).

BSA Release into Plasma—The BSA release rate into
the plasma U(?) at each time ¢ was given by

Cp(t) = [UCY) - Cp™i(t-m) - d,

where Cp'(t) is the plasma BSA level after the HI
treatment and T is the time constant. The gross BSA
release into the plasma after the HI treatment was
calculated from U(?) by integration.

Statistics

Data were analyzed using the F test, and then by the
Student’s ¢ test to detect significant differences.

Results

Plasma BSA Levels After the HI Treatment

Concentration of plasma BSA in the freshwater
salmon increased until 4 hours after the HI treatment
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Figure 1
Changes in plasma concentrations of
bovine serum albumin (BSA) after
hyperosmotic infiltration treatment in
freshwater-acclimatized fish (A) and
seawater-acclimatized fish (B). Key:
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and reached a maximum of 90.6 £ 6.5 ug/mL (mean
standard error), and then decreased gradually (Fig.
1A). On the other hand, plasma BSA levels of the sea-
water salmon (Fig. 1B) were always significantly lower
(P<0.01) than those of freshwater salmon. A maximum
plasma BSA level of 18.8 £ 2.6 ng/mL was observed in
the seawater salmon 2 hours after the bath; from then
on, plasma BSA stayed at a rather constant level of 11—
19 pg/mL. The plasma BSA level of freshwater tilapia
increased until 4 hours following the bath when it
reached a maximum of 119.0 * 8.1 pg/mL and subse-
quently decreased to 64.1 * 2.8 png/mL 8 hours after
the treatment (Fig. 1A). In contrast, plasma BSA levels
of seawater tilapia (Fig. 1B) were always significantly
lower (P<0.001) than those of freshwater tilapia. A low
level of BSA (0.09-1.1 ng/mL) was detected in the
plasma of the seawater tilapia for the initial 2 hours,
but no BSA was detected in the plasma after 4 hours
(minimum detectable level, 0.01 wg/mL).

Plasma BSA Levels After the Injection

Following BSA injection, the plasma BSA levels were
always lower in seawater salmon than in freshwater
salmon, and the difference was significant (P<0.01)
0.5, 1, 2, 8, and 24 hours after the injection (Fig. 2A).
The difference between seawater and freshwater ac-
climatized fish was more distinct in tilapia than in
salmon, and the plasma BSA levels of seawater tilapia
were always significantly lower (P<0.001) than those
of freshwater tilapia (Fig. 2B).

Plasma BSA Clearance

The regression equation

Cp™i(t) = a, - exp(~b, ) + a, exp(—b, 1)

was adopted for express plasma BSA concentration
for freshwater salmon after injection. On the other
hand,

Cp™(t) = a, - exp(-b, )

was adopted as the regression equation for seawater
salmon, freshwater tilapia, and seawater tilapia
(Fig. 2). The MRT and the distribution volume of
BSA after the injection are shown in Table 1. Both in

A

Cp"=31.0-exp(-1 -201)+26.9-exp(-0.027-1)

Cp"'=29.3-exp(~0.088

BSA (ug/mi)

Cp"'=26.9-exp(-0.9641)

p"=36.6-exp(-0.145)

0 o
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12
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Figure 2

Changes in plasma concentrations of bovine serum
albumin (BSA) after injection of BSA into chum
salmon (A) and tilapia (B). Open circles indicate the
fish in fresh water and closed circles indicate the fish
acclimatized to seawater. Data are presented as
means + standard errors. Regression equations were
calculated with a least squares program.
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Table 1
Kinetics of plasma BSA administered by hyperosmoticinfiltration treatment.
Experimental Maximum BSA Mean residence Gross release Distribution
group level in plasma time (MRT) into plasma volume
(png/mL) (hours) (png/mL) (mL/100g b.w.)*
Freshwater salmon 84 36 167 1.7
(37)" (95)" (3.10°
Seawater salmon 19 11 24 3.4
Freshwater tilapia 119 6 146 2.7
Seawater t