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ABSTRACT: After substantial investments in research, the Atlantic halibut Hippoglossus hippoglos-
sus is now being cultivated commercially in Norway, Iceland, Scotland and Canada. As with other
domesticated species, disease problems have been experienced. This review summarizes the current
state of knowledge of diseases of the Atlantic halibut, and their diagnosis, prophylaxis and treatment.
In economic terms, the most important losses have been suffered at the larval and juvenile stages.
The most important infections are caused by nodaviruses, causative agents of Viral Encephalopathy
and Retinopathy (VER), which are the major reason why Norway's production of halibut fry has been
level since 1995. An aquatic birnavirus, Infectious Pancreatic Necrosis Virus, is also an important
agent of mortality. Vibrio anguillarum, Flexibacter ovolyticus and atypical Aeromonas salmonicida
are the major bacterial pathogens. The protozoan parasites recorded include Ichthyobodo sp., the
microsporidium Enterocytozoon sp., Trichodina hippoglossi, and the metazoan pathogens include
myxozoans, helminths, Entobdella hippoglossi, Lepeophtheirus hippoglossi and other parasitic cope-
pods. Experimental vaccines have been tested against V. anguillarum and atypical A. salmonicida,
with good results. A recombinant vaccine against nodaviruses is under development. A few trials
have been carried out on non-specific immunostimulants, but no such treatment is currently avail-
able. A number of efficacy and pharmacokinetic trials with various antibacterial agents have also

been published.
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INTRODUCTION

During the late 1980s and the 1990s, substantial
efforts have been made in several countries to bring
the Atlantic halibut Hippoglossus hippoglossus into
commercial aquaculture (reviewed by Mangor-Jensen
et al. 1998b). The natural habitat of the halibut is the
waters of the North Atlantic Ocean and the Norwegian
Sea (Haug 1990). It was therefore thought that the
natural conditions off the coasts of Norway, Scotland,
Iceland and Canada would be favourable for the spe-
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cies (Tilseth et al. 1990). Following the commercial
success of the salmon industry in Norway and Scot-
land, and due to its high price, well-established mar-
kets, and its natural presence in cold waters, the hali-
but seemed to be a good candidate for aquaculture in
Northern Europe and Canada.

The domestication of a new species inevitably in-
volves disease control, and there is no doubt that this
has also been experienced in halibut aquaculture, for a
number of reasons. The high host density in aquacul-
ture gives parasitic organisms a competitive ecological
advantage compared to the natural situation. Sec-
ondly, suboptimal rearing conditions resulting from at-
tempts to cultivate organisms whose biology is largely
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unknown may accidentally compromise the defence
systems of the host. Thirdly, disease conditions that
may be common among wild fish are largely unrecog-
nised by humans. However, in aquaculture systems the
fish farmer will recognise signs of disease such as
reduced growth, abnormal behaviour and increased
mortality, all of which rapidly call for attention by
veterinarians and scientists.

The main challenge experienced by halibut farms
has been to achieve adequate survival rates, particu-
larly during the early life stages. Thus, since the early
1990s, the amount of experience and knowledge of dis-
eases of viral, bacterial or parasitical etiology of the
Atlantic halibut has grown significantly. The evidence
for the importance of diseases that affect the early life
stages, such as infections by birnaviruses (Biering et al.
1994), nodaviruses (Grotmol et al. 1995, 1997), or vari-
ous opportunistic bacteria (Bergh et al. 1992b) has now
been demonstrated by different challenge experiments
(Table 1).

The parasite fauna of wild Atlantic halibut have not
been widely studied, for which reason our knowledge

Table 1. Microbial pathogens known to cause mortality in experimental
challenge studies with different developmental stages of Atlantic halibut.

IPNV: Infectious Pancreatic Necrosis Virus

of potential harmful parasites in farmed fish is limited.
Studies of parasites on wild halibut have mainly con-
centrated on describing metazoan parasites, particu-
larly helminths (e.g. Polyanskii 1955, Scott & Bray
1989). Furthermore, all these studies were performed
on larger halibut (from 29 cm length upwards) and
there are no published data on parasites on wild
halibut fry.

In aquaculture, parasites with a direct life cycle have
the greatest potential to be causative agents of dis-
eases. The low occurrence or absence in aquaculture
of intermediate hosts needed for transmission for many
groups of parasites excludes parasites with more com-
plicated life cycles. However, the production of marine
fish normally requires the use of zooplankton as start
feed. By using wild-caught zooplankton, potential in-
termediate hosts are introduced as feed for the larvae.
Several groups of common parasites are transmitted
through zooplankton, including the digenea, cestoda,
nematoda and acatocephala. Most of these parasites
show a low degree of pathogenity to larger fish but
larvae and fry are considerably more vulnerable.

The objective of this paper is to pro-
vide an overview of the various dis-
eases of Atlantic halibut, including
reports on prophylactic and therapeu-

Ontogenetic stage Pathogen Source

tic procedures used to control these
diseases.

Eggs and
yolk-sac larvae

Flexibacter ovolyticus
Vibrio anguillarum

V. salmonicida

V. splendidus

Eggs and

yolk-sac larvae salmonicida

Eggs and
yolk-sac larvae

F. ovolyticus
(3 different strains)
A. salmonicida subsp.

salmonicida

V. anguillarum
Weaned fry IPNV
(0.1, 1.0 and 3.5 g)
Yolk-sac larvae IPNV

Subadults A. salmonicida
subsp. salmonicida

Atypical A. salmonicida

Nodavirus
(halibut strain)

Yolk-sac larvae

Fry (15 g) Atypical A. salmonicida
Fry (<5 g) V. anguillarum
Fry (<5 g) V. anguillarum

Yolk-sac larvae V. anguillarum

F. ovolyticus

Nodavirus
(halibut strain)
(striped jack strain)

Yolk-sac larvae

Bergh et al. (1992b)

Aeromonas salmonicida subsp. Bergh et al. (1997)

Bergh (2000)

Biering et al. (1994)
Biering & Bergh (1996)
Bricknell et al. (1999)
Grotmol et al. (1999)

Ingilee et al. (2000)
Samuelsen (1997)
Samuelsen et al. (1997a)

Skiftesvik & Bergh (1993)

Totland et al. (2000)

COMMERCIAL HALIBUT
PRODUCTION

Apart from some pioneering experi-
ments by Rollefsen (1934), who re-
ported successful hatching of halibut
eggs in his laboratory, the first
attempts to rear Atlantic halibut, lar-
vae for aquacultural purposes were
made in Norway between 1974 and
1980 (Blaxter et al. 1983). As a result,
the first 2 metamorphosed fry were
produced in 1980 in floating plastic
bags at Flodevigen Research Station,
Arendal, Norway. This stimulated a
research programme on halibut culti-
vation in Norway, which was followed
by similar programmes in the UK, Ice-
land and Canada (Mangor-Jensen et
al. 1998b).

Trial commercial production of the
Atlantic halibut is currently underway
in these 4 countries (Fig. 1). In 1999
the total production of fry in Norway
was estimated at 346 000 individuals,
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Fig. 1. Hippoglossus hippoglossus. Annual production of indi-

viduals of juvenile Atlantic halibut in Norway, Iceland, Scot-

land and Canada 1988-2000. Data extracted from van der

Meeren (2000) and the NUMARIO programme of the Nor-
wegian Research Council

in Iceland 350000, in Scotland 170000 and Canada
48000 (van der Meeren 2000). According to informa-
tion from halibut farmers, the production in 2000
increased in Iceland to 450000 and in Canada to
90000, whereas the Norwegian and Scottish produc-
tion of juveniles decreased to 250000 and 80 000, re-
spectively. It can be assumed mortalities due to infec-
tious diseases, particularly aquatic birnaviruses and
nodaviruses, explains much of the decrease in the pro-
duction in Norway, and probably Scotland. While 14
different hatcheries were currently in operation in
Norway, efforts in the other 3 countries appear to be
more focused, with 1 major hatchery in each country.
While Norwegian fry production is still dominated
by semi-intensive technology (reviewed by van der
Meeren & Naas 1997), the other countries focus
sharply on intensive techniques. In particular, the good
results achieved by intensive techniques at the single
hatchery in Iceland, Fiskeldi Eyafjardar hf, suggest
that such production strategies will dominate in the
future. Interestingly, the major disease problems, par-
ticularly nodaviruses, that have compromised Norwe-
gian halibut production, have not yet been reported
from Iceland so far, a factor which may explain part of
the steady growth in Icelandic halibut production.

PRINCIPLES OF ATLANTIC HALIBUT
AQUACULTURE

The halibut is a multiple spawner that may release as
many as 15 batches of eggs during the spawning sea-
son (Norberg et al. 1991). Although natural spawning

may occur in captivity, the usual method entails strip-
ping eggs and milt from ripe broodstock, followed by
artificial fertilization (Mangor-Jensen et al. 1998a).
Halibut eggs are transparent and naturally buoyant at
a salinity of 32 to 34 ppt. Eggs are normally reared in
upwelling incubators, with a plankton net to prevent
them from being drained out at the overflow. The opti-
mum water temperature limits are relatively narrow
at 5 to 7°C. The eggs hatch approximately 82 day-
degrees after fertilization when incubation tempera-
tures are kept within these limits (Mangor-Jensen et
al. 1998a). Seasonally independent egg and fry pro-
duction has been achieved for halibut by the photope-
riod manipulation of broodstock (Neess et al. 1996).

At hatching, the larva is at a primitive ontogenetic
stage (Pittman et al. 1990b). The eyes are poorly devel-
oped, and electron microscopic observations have
shown that the retina does not become functional until
150 degree-days after hatching (Kvenseth et al. 1996).
Light is not a critical factor for normal morphogenesis
of the retina of halibut to the time of first feeding
(Helvik & Karlsen 1996), and yolk-sac larvae are there-
fore typically reared in darkness. The mouth and anus
are not open at hatching, and the only access from the
environment to the intestine is through the pseudo-
branches (Pitttman et al. 1990b). This is probably the
route of entry for the first bacteria that colonise the
intestine, as the halibut has a well-established intesti-
nal flora even before active feeding commences (Bergh
1995).

The duration of the yolk-sac stage, i.e. the time from
hatching until the larva has developed sufficiently to
start exogenous feeding, is extremely long for halibut,
varying from 30 to 50 d, depending on temperature.
Due to the length of the yolk-sac stage, specialised
incubators for yolk-sac larvae have been developed.
Yolk-sac larvae are typically reared as described by
Harboe et al. (1994b) in large-scale upwelling silos
ranging in volume from 5 to 10 m® in Norway, Iceland
and Canada, whereas smaller rearing tanks (0.5 to
1.5 m? in volume) have been adapted for use in the UK
(Shields et al. 1999). Temperature is typically kept at
5 to 6°C, which is consistent with the findings of
Pittman et al. (1990a) that larvae kept at 6°C had
higher survival and lower mortality rates than larvae
kept at 3 or 9°C. However, the temperature is now
often gradually increased towards the onset of feeding.
Like the eggs, the yolk-sac larvae are relatively sensi-
tive to changes in salinity, as their normal condition is
to be neutrally buoyant. It is therefore common prac-
tice to alter the salinity of the inlet water if necessary
(Mangor-Jensen et al. 1998b).

First feeding of halibut is carried out by means of
various procedures. The extensive or semi-intensive
approaches use naturally occurring zooplankton, but



60 Dis Aquat Org 48: 57-74, 2001

these have shown lack of stability and control (re-
viewed by van der Meeren & Naas 1997). Variable
weather conditions and the limited supplies of natural
zooplankton have resulted in the unpredictability of
production. Furthermore, this aquaculture concept is
only feasible in northern countries during the summer
months. In order to exploit the seasonally independent
production of fertilised halibut eggs achieved by
photoperiod-manipulated broodstock, other approaches
are necessary (Neess et al. 1996), and the development
of intensive approaches has been initiated.

Harboe et al. (1998) describe a typical tank design
for first feeding of halibut by the intensive approach.
A knowledge of larval behavioural responses to light
regimes has proved to be particularly critical. High ini-
tial larval mortality has been the normal pattern during
first feeding (Naas et al. 1992, 1995, 1996, Harboe et
al. 1994a). However, the combination of the addition of
algae to the rearing water and the use of UV-A illumi-
nation has to some extent improved this situation (Har-
boe et al. 1998). The roles of microalgae in early feed-
ing are not clearly understood, although ingestion has
been reported (Reitan et al. 1994). It was suggested by
Naas et al. (1992) that the nutritional effects of the
algae are of minor importance in comparison with their
effect on physical parameters, in particular light
regime. This hypothesis is partially supported by the
finding of Bergh et al. (1994) that the shift from a non-
fermentative towards a fermentative intestinal bacter-
ial microflora occurred faster in larvae in water to
which algae had been added than in larvae kept in
water without algal addition.

Intensive first feeding of halibut is based on Artemia
spp. as live-feed organisms. Because halibut larva are
large, rotifers are generally not used (Mangor-Jensen
et al. 1998b). The results of van der Meeren's (1995)
energy model of larval feed requirements indicate that
the early findings of poor growth among Artemia-fed
halibut larvae may have been a result of inadequate
feed levels, which probably contributed to the suscep-
tibility to disease. However, it has been demonstrated
that high survival and growth rates can be achieved
using feeding regimes based only on Artemia, pro-
vided that prey consumption rates are sufficiently high
(Gara et al. 1998, Harboe et al. 1998), although sub-
sequent problems with metamorphosis of larvae has
been frequently observed (Pittman et al. 1998).

Weaning and ongrowth of halibut take place in land-
based systems, although trials with sea cages are
promising. Apart from parasites, and an apparently
high sensitivity to solar radiation (S. Tuene & @. Bergh
unpubl. results), which could easily be dealt with by
covering the tanks or lowering the sea-cages, only
minor disease problems have been reported on
subadult and adult halibut.

AQUATIC BIRNAVIRUSES

The halibut is susceptible to infections by an aquatic
birnavirus, Infectious Pancreatic Necrosis Virus (IPNV),
and several outbreaks of disease have been reported
from Norwegian halibut hatcheries since 1989 (Mor-
tensen et al. 1990). Aquatic birnaviruses are wide-
spread in the marine environment, and IPNV is abun-
dant in Atlantic salmon Salmo salar farms in Norway
(Melby et al. 1991). Only minor sero- and genotypic
differences were found between 3 Norwegian isolates
from halibut and the N1 strain from Atlantic salmon
(Biering et al. 1997). Furthermore, isolates from sal-
monids have been found to establish an infection in
halibut (Biering 1997b), so that transfer of virus be-
tween salmon and halibut cannot be excluded. There
isreason to believe that IPNV is widespread in Norwe-
gian halibut stocks (Biering 1997b), captive as well as
wild.

On the basis of challenge experiments with halibut
fry (Biering et al. 1994) and yolk-sac larvae (Biering &
Bergh 1996) it has been concluded that the virus is the
cause of the disease. Temperature influenced mortal-
ity, as fry challenged at 15°C had significantly higher
mortality than fry challenged at 12°C (Biering et al.
1994). The authors also found that susceptibility to
IPNV was related to developmental stage, as smaller
fry tended to be more susceptible to infection. Fry with
a mean weight of 0.1 g suffered significantly higher
mortality than controls when challenged at 12°C,
whilst fry with a mean weight of 1.0 g did not suffer
mortality when infected at this temperature. However,
when challenged at 15°C, the mortality of the fry with
a mean weight of 1.0 g was high. Fry with a mean size
of 3.5 g suffered relatively low, but significant, mortal-
ity when infected at 15°C. Larger fish are probably not
severely affected by IPNV infections, but they respond
to challenge with a strong humoral immune response
(Biering 1997a).

The most characteristic clinical signs of disease in
challenged fish are a distended stomach, uncoordi-
nated swimming and trailing, and white faecal casts
(Biering et al. 1994). The symptoms were most promi-
nent in small fry, but were also observed in larger indi-
viduals. Pathological findings included focal necroses
of the liver, kidney and intestine, but the pancreatic
tissue was unaffected. Affected hepatocytes were usu-
ally hypertrophic, with a large nucleus with condensed
chromatin. Sloughing, degeneration and necrosis of
the epithelial cells were observed throughout the gut.
In the kidney, areas of degeneration and necrosis of
the haematopoietic tissue were frequently observed.
Immunostaining with a polychlonal anti-IPNV rabbit
antiserum revealed viral antigens in the livers of chal-
lenged individuals. In the kidney, some large mono-
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nuclear cells, possibly macrophages, were also antigen
positive, whereas the pancreatic tissue was negative.
The absence of pathological findings in pancreatic tis-
sue of challenged fish reported by Biering et al. (1994)
was in disagreement with the findings from naturally
infected halibut fry (Mortensen et al. 1990), who found
severe necrosis of the pancreatic acinar cells, together
with nuclear pyknosis.

The intestine may be the primary organ for virus
entry and replication, as suggested by the simultane-
ous observation of necrosis of the intestinal mucosa
with positive immunostaining, and a negative or only
slightly positive liver and kidney in several individuals
in a challenge experiment with yolk-sac larvae (Bier-
ing & Bergh 1996). However, these authors also pointed
out that there are differences in pathology and suscep-
tibility to IPNV infection at different developmental
stages. As IPNV by definition causes necrosis of the
pancreas, which is a condition not always found in
affected halibut, the term aquatic birnavirus is proba-
bly more correct (Biering et al. 1994).

NODAVIRUSES

Nodaviruses, a family of neuropathogenic viruses
first described from insects, are known to cause infec-
tions and disease in more than 19 marine fish species
in many parts of the world (reviewed by Munday &
Nakai 1997). The disease, now termed Viral Ence-
phalopathy and Retinopathy (VER), was first recorded
in halibut in the summer of 1995, when 2 major hatch-
eries in Western Norway were severely affected (Grot-
mol et al. 1995, 1997). Most larvae died in the period of
early metamorphosis, approximately 60 to 70 d post-
hatch. The pattern of mortality was typical of an acute
outbreak and most fish died within a week of the onset
of mortality.

As described by Grotmol et al. (1997), the clinical
signs of VER first seen in the larvae were reduced skin
pigmentation and empty, transparent intestines result-
ing from reduced food intake. In juvenile fish, darken-
ing of the skin was seen. Abnormal behaviour such as
spiral swimming and looping was observed in the early
stages of a disease outbreak. Severely diseased larvae
and juveniles became lethargic, often lying upside
down on the bottom. Occasionally, tonic spasms of the
myotomal musculature could be observed, resulting in
temporary flexion of the body. Light microscopy exam-
ination revealed lesions in the retina, brain and spinal
cord, and in ganglia of the peripheral nervous system,
with no lesions detected in other organs. Large vac-
uoles were exclusively located in the amacrine cells
within the bipolar nuclear layer and in the neurons of
the ganglionic layer. Specific immunostaining was

obtained in affected organs. Electron microscopy
revealed both extra- and intracellular virus particles in
affected tissues.

The nodavirus strain from halibut is able to replicate
and cause VER in halibut yolk-sac larvae following
experimental challenge (Grotmol et al. 1999). Monitor-
ing the progression of the infection following chal-
lenge suggested that the portal of entry into the larvae
may have been the intestinal epithelium, while the
route of infection to the central nervous system (CNS)
may have been axonal transport to the brain stem
through cranial nerves such as the vagus nerves. Later
in the infection, lesions became more severe and wide-
spread and were also found throughout the epithe-
lium, gills and pectoral fins.

Nodaviruses recovered from different fish species
have been shown to possess genetic differences (Nishi-
zawa et al. 1997). Comparing the pathogenicity of a
strain from halibut (AH95NorA) and a strain from
striped jack Pseudocaranx dentex, Totland et al. (2000)
found that the halibut strain, which caused high mor-
tality in halibut larvae, was unable to replicate or cause
disease in striped jack larvae, and vice versa. It could
not be determined, however, whether this difference
was the result of host specificity or of the difference in
rearing temperature (6°C for halibut and 20°C for
striped jack). On the basis of sequencing of the capsid
protein gene, Grotmol et al. (2000) demonstrated that
nodavirus strains that affect cold-water species are
closely related, belonging to a separate clade, whereas
nodavirus strains that affect temperate fish species,
including the striped jack strain (SJ92Nag), belonged
to other clades.

The diagnosis of nodavirus infections in halibut has
so far been dependent on histological and immuno-
staining procedures (Grotmol et al. 1997 1999). An
RT-PCR assay based on the capsid protein nucleotide
sequence of the halibut nodavirus strain has been
developed (Grotmol et al. 2000). Using an optimised
RT-PCR technique, Nerland et al. (A. Nerland, Institute
of Marine Research Norway, pers. comm.) have de-
monstrated the potential for horizontal transmission of
nodavirus during an outbreak, by detecting presence
of the virus in the rearing water. However, vertical
transmission also occurs, and may be blocked by ozone
disinfection of eggs (Grotmol & Totland 2000).

VER may be the most important disease problem in
halibut aquaculture today. The outbreak in Norway
coincides with a decline in halibut fry production, and
is probably the most important reason why Norway's
production of halibut fry has been level since 1995. No
vaccine is currently available, although the develop-
ment of a vaccine has been initiated using the turbot
Scophthalmus maximus as an animal model (Husgard
et al. 2001). Outbreaks of VER in halibut, however,
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tend to occur at relatively early ontogenetic stages and
before vaccination would be possible. Therefore, it has
been suggested that immunization of the female
broodstock fish with subsequent transfer of antibodies
to the yolk of the eggs may have to be adopted as a
prophylactic measure in the future. At present, we are
left with traditional prophylactic countermeasures,
such as egg surface disinfection and improved hygiene.

BACTERIAL DISEASES

As in other marine fish, the early life stages of the hal-
ibut are susceptible to opportunistic bacteria. The mu-
cosal surfaces of eggs and larvae are colonised by bac-
teria, some of which are pathogens. From field studies,
Vibrio spp. are frequently isolated (Bolinches & Egidius
198%). Isolates of V. anguillarum from marine fish with
vibriosis, including halibut, were found to be free of
plasmids, strongly indicating that their virulence prop-
erties were chromosome-mediated (Wiik et al. 1989).

Bacteria are found in large numbers on the surface
of halibut eggs. This epiflora seems to be dominated
by members of the Cytophaga/Flavobacterium/Flexi-
bacter group, whereas Vibrio spp. are less frequent
(Hansen & Olafsen 1989, Bergh 1995). The composi-
tion of the intestinal bacterial flora associated with
yolk-sac larvae resembles the egg epiflora, whereas a
shift in the intestinal microflora from a generally non-
fermentative towards a fermentative flora dominated
by the Vibrio/Aeromonas group coincides with the onset
of exogenous feeding (Bergh et al. 1994, Bergh 1995).

The psychrophilic bacterium Flexibacter ovolyticus
was isolated from halibut eggs that had suffered high
mortality rates (Hansen et al. 1992). It resembles the
fish pathogen Flexibacter maritimus, but differs from
the latter in a number of biochemical and physiological
characteristics. Challenge experiments confirmed that
this bacterium is capable of causing mortality in halibut
eggs and yolk-sac larvae by penetrating the eggshell
(Bergh et al. 1992b). It has not been found on hosts
other than halibut, despite its ability to cause mortality
in the eggs and larvae of cod Gadus morhua (Bergh
2000). It should be noted that F. ovolyticus, according to
16SrRNA similarities, belongs to a cluster of marine iso-
lates that includes F. maritimus, and that it has been
suggested by Bernardet et al. (1996) that the entire
group has been wrongly classified. However, the spe-
cies name Flexibacter ovolyticus is still currently used.

Several species of Vibrio cause mortality in yolk-sac
larvae. V. anguillarum, V. splendidus and a V. salmoni-
cida-like strain were tested in a challenge experiment
by Bergh et al. (1992b). The strain resembling V. sal-
monicida was shown by 16SrRNA analysis to be closely
related to V. salmonicida strains isolated from Atlantic

salmon suffering from cold-water vibriosis (Wiik et
al. 1995). Unlike F. ovolyticus, the Vibrio spp. did not
result in egg mortality, but infected the larvae post-
hatch, causing mortality during the yolk-sac stage. Of
these species, V. anguillarum, serotypes O1 and O2a
were the most virulent, whereas the others must be
present in relatively large numbers in order to cause
significant mortality (Bergh unpubl. results). Chal-
lenge experiments with V. anguillarum serotype O1 on
weaned halibut fry confirm that this bacterium is also
pathogenic to later life stages of halibut (Samuelsen
1997, Samuelsen et al. 1997a)

Opportunistic bacteria affecting yolk-sac larvae typi-
cally induce changes in larval behaviour, reducing the
ability of the larva to initiate exogenous feeding, and
decreasing the buoyancy of the larva (Skiftesvik &
Bergh 1993). Thus, even though the opportunists may
not kill the larva directly, the probability of survival to
the first feeding period may be reduced. In an up-
welling incubator as described by Harboe et al. (1994b),
a larva with decreased buoyancy would inevitably sink;
thus, the inlet seawater will pass through a zone of
moribound larvae before it reaches the healthy larvae.

The causative agent of furunculosis in Atlantic sal-
mon, Aeromonas salmonicida subsp. salmonicida is for
most practical purposes avirulent to halibut. In a field
survey during a major outbreak of furunculosis in the
Atlantic salmon stock at the Austevoll Aquaculture
Research Station in 1990, all dead halibut at the station
were subjected to investigation (Hjeltnes et al. 1995),
but no indications of a transfer of the bacterium were
found. An experimental challenge with typical A. sal-
monicida subsp. salmonicida administered to yolk-sac
larvae had more complex results (Bergh et al. 1997).
Although there was significant mortality, this probably
resulted from the production of extracellular toxins
produced by the bacterium, as histological and im-
munostaining examinations of the larvae revealed no
evidence of bacteria in affected tissues.

In contrast to the Aeromonas salmonicida subsp. sal-
monicida, which comprises a homogeneous group of
strains, atypical A. salmonicida strains are heteroge-
neous with respect to serological and biochemical
characteristics (Wiklund & Dalsgaard 1998). However,
atypical strains of A. salmonicida are occasionally
isolated from diseased halibut suffering from septi-
caemia, but the possibility cannot be ruled out that
some of these infections may be secondary. Recently,
however, Ingilee et al. (2000) reported significant mor-
tality in a challenge experiment with an atypical strain
isolated from halibut and administered to halibut of
approximately 15 g.

Comparing the pathogenicity of one atypical and
one typical strain of Aeromonas salmonicida to sub-
adult halibut (weight range 154 to 254 g), Bricknell et
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al. (1999) found no mortality as a result of bath chal-
lenge. Minimum lethal doses per halibut after intra-
peritoneal injection of bacterium were 10° (typical A.
salmonicida) and 107 (atypical A. salmonicida). A stress
test of the survivors following the challenge showed
that while 9 of the 87 halibut died, all were culture
negative for A. salmonicida, suggesting that no carrier
state had been established.

MICROSPORIDIA

Microsporidia are obligate intracellular parasites that
are known from a wide range of host taxa (Canning &
Lom 1986). Fish are a common host group and a wide
range of species has been described (Canning & Lom
1986). Most species of microsporidia in fish are be-
lieved to be transmitted directly from host to host,
although this remains to be experimentally demon-
strated for many species. Their intracellular nature and
direct transmission route turn microsporidia into harm-
ful pathogens in aquaculture. To date, 2 species of
microsporidia have been reported from farmed
Atlantic halibut (Nilsen & Bristow 1994, Nilsen et al.
1995). Nilsen & Bristow found infections by a
microsporidium in the muscle of halibut larvae. In
heavily infected larvae the infections appeared sys-
temic and spores were observed in various internal
organs. As the main target tissue was skeletal muscle
they suggested that the species involved might belong
to the Pleistophora, as this is the main target tissue for
these species. However, Nilsen et al. (1998) have
recently obtained genetic evidence that muscle-infect-
ing microsporidia in fishes are a polyphyletic group
and the generic position of the species reported by
Nilsen & Bristow (1994) thus remains uncertain.

Nilsen et al. (1995) reported an intranuclear micro-
sporidium from lymphoblasts of farmed Atlantic hali-
but. Infected cells were found in the anterior kidney
and in heavy infections more than 50 % of the lymphoid
cells contained the intranuclear microsporidium (see
Fig. 2). Infected fish had an enlarged and swollen pos-
terior kidney and splenomegaly. Histological changes
included degeneration of tubules and eaematopoietic
tissue. On the basis of morphology and ultrastructure
Nilsen et al. (1995) identified the species in halibut as
belonging to Enterocytozoon. A similar intranuclear
microsporidium, Nucleospora salmonis, has been re-
ported from Oncorhynchus spp. (Hedrick et al. 1990,
Chilmonczyk et al. 1991). This species was originally
classified as E. salmonis but Docker et al. (1997) stated
that the correct generic name is Nucleospora. Further-
more, genetic data support the view that the fish mi-
crosporidium is sufficiently genetically distant from the
type species of Enterocytozoon (i.e. E. bieneusi from the

human intestine) for it to be placed in a separate genus
(Docker et al. 1997 Nilsen 2000). N. salmonis and the
intranuclear microsporidia from Atlantic halibut are
morphologically very similar, and recent studies com-
paring ribosomal genes suggest that the microsporid-
ium found in halibut is most likely to be a Nucleospora
species (Gresoviac et al. 2000). No data concerning the
mode of infection exist for the Nucleospora species
from halibut. Studies on N. salmonis in chinook salmon
have demonstrated that this species is transmitted di-
rectly from fish to fish (Baxa Antonio et al. 1992). In
vitro studies have also provided evidence for immuno-
depression of both the B- and T-cell functions of N.
salmonis-infected lymphocytes from chinook salmon
(Wongtavatchai et al. 1995). More studies are needed in
order to determine whether the Nucleospora species
that infects Atlantic halibut has similar effects.

TRICHODINIDS

One of the most common groups of ectoparasites
comprises species belonging to the family Tricho-
dinidae. Trichodinids have a direct lifecycle and high
host densities in fish farms facilitate transmission. Tri-
chodina spp. are found on the skin and gills of a wide
range of fish species (Lom & Dykova 1992). Infection
levels are normally low in wild fish and trichodinids
are often regarded as harmless commensals. However,
under farming conditions high levels of infection can
occur, with subsequent mortality if they are left un-
treated. Nilsen (1995) described Trichodina hippo-
glossi from the skin of farmed Atlantic halibut fry. The
species is large, with a clear central circle in silver-
stained specimens. High infection levels occurred
when the temperature was raised to 15°C and above.
Infections occur regularly in farms and treatment with
formalin is required.

ICHTHYOBODO SP.

The ectoparasitic flagellate Ichthyobodo necator
(=Costia necatrix) has long been known to be a
pathogen of freshwater fish (e.g. Lom & Dykova 1992).
Infections on marine fishes with a similar flagellate
(Ichthyobodo sp.) have recently been reviewed by
Urawa et al. (1998). According to Urawa et al. (1998)
Ichthyobodo have been found in 25 species of marine
fish, including Atlantic halibut. Redseth (1995) was the
first to report Ichthyobodo infections in farmed Atlantic
halibut. Later, unverified reports from farmers and
veterinarians have been communicated, and we have
recently obtained histological samples from farmed
halibut infected by Ichthyobodo (Fig. 2). Infections are
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Fig. 2. Hippoglossus hippoglossus. (A) Section through halibut gill showing Ichthyobodo sp. (arrows) attached to the secondary
lamellas. (B) Histological section through head kidney of Atlantic halibut infected with Nucleospora sp. Intranuclear inclusions
with pre-sporogonic developmental stages and spores (arrows) in the lymphoblasts. More than 50 % of the cells are infected by
Nucleospora sp. (C) Histological section from the skeletal muscle of halibut larvae showing large amounts of microsporidium
spores. Note the prominent posterior vacuole. (D) Section from the kidney of juvenile Atlantic halibut. Chloromyxum-like myxo-
sporidium spores are evident in the tubular lumen (arrow) and developmental stages occurred between the tubular cells (arrow)

normally identified by loss of appetite, changes in
behaviour and the appearance of a greyish skin colour.
Generally, marine forms of Ichthyobodo have a prefer-
ence for the gills, while I. necator typically parasitises
the skin and fins. The parasite is transmitted directly
from host to host, and aquaculture conditions, with
their high host densities, facilitate transmission. Infec-
tions with Ichthyobodo spp. normally require treat-
ment and formalin has been widely used.

MYXOZOA

The myxosporidia are multicellular microparasites
that mainly infect fish (Lom & Dykova 1992). Experi-
mental studies have shown that this group of parasites
requires an intermediate host, normally an annelid,
to complete its lifecycle. It has recently been shown
that bryozoa act as an intermediate host for certain
myxozoans (Anderson et al. 1999). Several species are
known to produce severe diseases in both wild and

famed fish (see Lom & Dykova 1992). Different species
of myxosporidia infect a wide range of host tissues and
pathogenicity seems to be related to tissue tropism.
Lom & Dykova (1992) listed 3 species of myxosporidia
that have been recorded in Atlantic halibut. Cerato-
myxa drepanopsettae, Leptotheca sp. and Myxidium
sphaericum all infect the gall bladder. Morrison et al.
(1996) recorded C. drepanopsettaein 7 of 8 wild-caught
Atlantic halibut. Histological study did not reveal any
particular pathology associated with the infections.
There are no published records of myxosporidia from
farmed Alantic halibut. However, histological examina-
tion of kidneys of farmed juvenile halibut has revealed
the occurrence of a Chloromyxum-like myxosporidian
in the kidney tubules (see Fig. 2).

HELMINTH INFECTIONS

With the exception of monogenetic trematodes, all
helminths have an indirect lifecycle that requires one
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or more intermediate hosts. The ecology of wild
Atlantic halibut results in a broad parasitic fauna, par-
ticularly of endoparasitic helminths (F. Nilsen pers.
obs.). However, these parasites have to be introduced
to the halibut through an intermediate host. Under
farming conditions, this can be controlled to a large
extent by avoiding infected food organisms such as
natural zooplankton. In the early days of halibut farm-
ing, wild zooplankton was widely used as a start food,
leading to infections by various helminth species (Bris-
tow 1990). The use of Artemia as the sole or dominant
live-feed organisms in many hatcheries has reduced or
eliminated the problem of food-introduced parasites,
although it has also increased problems of malpigmen-
tation (Neess & Lie 1998).

The particular species that may be introduced by
wild zooplankton seems to vary from farm to farm,
depending on the parasite fauna in the local zoo-
plankton. A study of helminth parasites from a Nor-
wegian Atlantic halibut hatchery revealed 3 different
species (F. Nilsen unpubl. data). Two digenean
(Hemiurus luehei and Derogenes varicus) and one
nematode (Hysterothylacium aduncum) species were
frequently recorded in halibut larvae and fry (unpubl.
data). The 2 digenean species occurred in the stom-
ach and intestine while the nematode species was
typically found in the viscera. The most frequent spe-
cies was H. luehei, of which up to 6 specimens were
recorded in a single larvae. The significance of infec-
tions by H. luehei is unclear but high infection levels
will probably result in impaired digestion and clog-
ging of the intestine, followed by lower survival rates.
Survival of halibut larva in the different start-feeding
batches was also related to the number of helminths
recorded and the batch with the highest infection pro-
duced an unexpectedly low number of metamor-
phosed fry.

The nematode Hysterothylacium aduncum occurred
as L-3 larvae in the viscera of halibut larvae and fry.
This species uses fish as both second intermediate host
and final host (Keie 1993). Typically, in small fish it
occurs in the form of 3rd stage larvae in the buccal
cavity. In the study mentioned above, a striking ob-
servation was that we never recorded more than one
specimen of H. aduncum in individual halibut fry or
larvae and there was also a higher frequency of this
species in the dead fish. The number of fish examined
fish was high (over 600 specimens) and if H. aduncum
occurred by chance one would expect that infections
with more than one larva would occur at a low fre-
quency. A possible explanation is that infections by
more than one H. aduncum were lethal for the halibut
at this stage and, hence, that halibut with double infec-
tions died and were removed undiscovered from the
population.

Bristow (1990) found 4 different helminth parasites
in halibut larvae and fry. In addition to the species
mentioned above, Bristow recorded a cestod larva
(plerocercoides) in the intestine. Bristow claimed that
these helminths were responsible for up to 80 % of the
mortality of halibut larvae and fry.

MONOGENIC TREMATODES

This group of helminths generally act as ectopara-
sites on fish. A typical feature is a very high degree of
host specificity, and most species infect only one host
species. All have a direct lifecycle, a feature which
increases their potential as pathogens under aquacul-
ture conditions. The majority of species produce eggs
that are released to the seabed. The ciliated oncomir-
racidium larva is infectious for the fish. Entobdella
hippoglossi is specific for Atlantic halibut, in which it
infects the fins and skin. E. hippoglossi has been
recorded on farmed Atlantic halibut, mainly on larger
specimens, where it can cause harm if concentrations
are sufficiently high. Treatment is necessary in order
to remove the parasite efficiently. Svendsen & Haug
(1991) tested the effecacy of formalin, benzocain and
hypo- and hypersalinity on E. hippoglossi adults and
eggs. Adult worms survived formalin treatment
(200 ppm). Exposure to 80 ppm benzocain resulted in a
rapid detachment of the parasite and parasites were
also effectively killed by exposure to hypersaline (4 %)
and freshwater. In practice, only benzocain is useful,
but only if the detached parasites are removed after
treatment. The eggs are very resistant to treatment
and they may attach to the tank after they are released
from the females. Hot freshwater decreased the pro-
portion of hatching eggs but some eggs hatched under
all the tested conditions (Svendsen & Haug 1991). The
recommended procedure to remove the parasite from
an infected tank is to conduct repeated treatments
before the second generation of E. hippoglossi has
started to produce eggs.

PARASITIC CRUSTACEA

A large number of parasitic copepods have been de-
scribed from marine fish by Kabata (1979), who listed
6 species of parasitic copepods recorded on Atlantic
halibut (Caligus curtus, C. minimus, Hatschekia hippo-
glossi, Lepeophtheirus hippoglossi, L. pectoralis and
Neobrachiella rostrata), of which two were uncertain
records (C. minimus and L. pectoralis). Parasitic cope-
pods are potentially important pathogens in fish farms
due to their direct lifecycle, without the need of an
intermediate host.
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Lepeophtheirus hippoglossi

The primary host for Lepeophtheirus hippoglossi is
Atlantic halibut and there are only a few reports from
other host species (Kabata 1979). This species is easily
distinguished from other Lepeophtheirus spp. by its
sternal furca with bifid tines (Kabata 1979). Schram &
Haug (1988) examined wild-caught Atlantic halibut
(size range 35 to 250 cm) for ectoparasites. The only
copepod species they recorded was L. hippoglossi.
They found a clear correlation between host size and
occurrence of L. hippoglossi, where the largest hosts
had the highest prevalence and intensity. The lifecycle
of L. hippoglossi has recently been elucidated (Arm-
strong et al. 1999); it is similar to the salmon louse L.
salmonis. The lifecycle is comprised of 3 free-living
stages (2 nauplius stages and 1 copepodite stage) 4
chalimus stages and pre-adult and adult stages. Its gen-
eration time at 7 to 8°C was approximately 8 wk. Arm-
strong et al. (1999) found that adult females survived for
up to 71 d and produced up to 7 pairs of egg strings,
with an average of 134 eggs pair!. Large haemorrhagic
lesions were found on the experimentally infected hali-
but. The intensity of the parasite was as low as 25 pre-
adults per halibut (fish size approximately 1 kg). This
report indicates that L. hippoglossi is a potentially
important pathogen in Atlantic halibut farms.

Caligus spp.

Like most of the Lepeophtheirus spp., Caligus spp.
infect the skin and fins of marine fish species. The most
extensively studied species is C. elongatus, a species
with a broad range of hosts, which has been reported
from more than 80 different species (Kabata 1979). The
lifecycle of C. elongatus is similar to L. salmonis with
the exception that C. elongatus lacks the pre-adult
stages (Piaseki & McKinnon 1995). Kabata (1979) listed
Atlantic halibut as one of the hosts for C. curtus but,
so far, this species has not been recorded on farmed
halibut. However, C. elongatus has been recorded on
farmed Atlantic halibut with high intensity (F. Nilsen
pers. obs.). Halibut (approximately 500 g) were reared
in net pens and during the summer they were heavily
infected by C. elongatus (more than 100 specimens
halibut™!). Most of the parasites were located in the
head region, causing severe lesions. Treatment with
organophosphates removed the parasites efficiently.

Hatschekia hippoglossi

Hatschekia hippoglossi is specific to Atlantic halibut
(Kabata 1979), where it is attached to the gills.

According to Kabata, this species is most frequently
recorded on small halibut, and he found a prevalence
of 26.9% on Atlantic halibut from 29 to 63 cm (age 2
to 5 yr). The morphology of Hatschekia shows a spe-
cialisation to a parasitic lifestyle with a reduction in
the number of body segments and appendages
(Kabata 1979). Very little is known about its lifecycle
and to the best of the authors' knowledge no experi-
mental studies on the lifecycle have been published.
There are no reports on this species from farmed
Atlantic halibut.

Neobrachiella rostrata

This species is also specific to the Atlantic halibut,
where it is reported to infect the gills and also the
pseudobranch (Kabata 1979). Very little is known
about the biology of this species and there are no
reports on it from farmed halibut.

GAPING JAW

The gaping jaw syndrome has been described by
Pittman et al. (1990b). In larvae with this condition, the
oral membrane is missing, and the cartilages of the
jaws appear to be locked open, so that the mouth can-
not be closed voluntarily. The consequence is an
inability to feed, inevitably leading to death when the
absorption of the yolk sac is complete.

In an extensive morphological study Morrison &
MacDonald (1995) demonstrated that the jaws of these
larvae were not disarticulated, but the anterior parts of
the ethmoid and Meckel's cartilages were bent apart.
These authors suggested that the development of gap-
ing jaws appears to be related to abrasion of the skin of
the head through contact with the rearing container,
and to penetration of the eroded tissues by opportunis-
tic organisms present in the water. This could partly
explain the observation by Harboe et al. (1994a) that
the larval groups from disinfected egg batches had a
significantly higher frequency of feeding larvae than
non-disinfected groups. In general, the incidence of
gaping-jaw larvae increases with increasing tempera-
ture (Pittman et al. 1989, 1990a), an environmental
factor that might cause increased bacterial activity and
increase larval swimming activity. However, it should
be noted that the gaping jaw condition is not related
to the total number of bacteria in the rearing water
(Opstad & Bergh 1993). Likewise, an increased inci-
dence of gaping jaw has not been the result of experi-
mental challenge by known bacterial pathogens such
as Vibria anguillarum, V. spendidus, V. salmonicida,
Flexibacter ovolyticus or Aeromonas salmonicida
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subsp. salmonicida (Bergh et al. 1992b, 1997). The
exact nature of the gaping jaw syndrome remains
unresolved.

VACCINATION AND NON-SPECIFIC
IMMUNOSTIMULATION

Studies of vaccination, immunisation or immunostim-
ulation of halibut are few and far between. Recently,
Ingilee et al. (2000) demonstrated protection in chal-
lenge experiments of halibut vaccinated intraperi-
toneally with oil-emulsified vaccines against atypical
Aeromonas salmonicida. High antibody titres were pro-
duced and the major antibody response was against the
A-layer of the bacterium. Bath and aqueous-based in-
jection vaccines failed to protect the fish against the
disease when they were bath-challenged 10 wk post-
vaccination. As in the case of salmon, however, there
are indications that adjuvants appear to induce poten-
tially detrimental adhesions (Bowden et al. 2000).

Many of the important diseases of Atlantic halibut,
such as VER and infections with Flexibacter ovolyticus,
primarily affect relatively early life stages. Vaccination
of fish larvae at immunologically immature ontoge-
netic stages may induce immunosuppression rather
than protection (Joosten et al. 1995), and can therefore
not be recommended. Recent data indicate that the
lymphoid organs, i.e. the thymus and kidney, develop,
and immunoglobulin-bearing cells proliferate, around
the time of first feeding (Bergh et al. unpubl.), whereas
the spleen could not be found before well into exoge-
nous feeding. Vaccination before this stage may there-
fore be impossible. However, there are indications that
weaned halibut at a size of 0.1 g can be vaccinated
against vibriosis (. Bergh unpubl. data).

Stimulation of the non-specific immune system is an
alternative method, which could be suitable for earlier
ontogenetic stages. Vadstein et al. (1993) exposed
yolk-sac larvae to the macrophage stimulator FMI
(alginate rich in mannuronic acid) in a small-scale
experiment. They observed survival rates of 31 to 79 %
and 0 to 29% respectively, for the groups with and
without addition of FMI, but no attempts were made to
verify that stimulation of the macrophage system was
the reason for the differences observed. It must also
be noted that survival rates in all groups could be
regarded as poor. Another immunomodulator, lami-
naran (B(l,B)-glucan), was administered via water to
halibut yolk-sac larvae by Strand & Dalmo (1997), who
demonstrated that uptake was limited to the epithelial
layers of the intestine and skin. However, a laboratory
study demonstrated that the addition of laminaran did
not improve survival throughout the yolk-sac stage
(Dalmo et al. 2000), the authors explaining the results

in terms of the bacterial degradation of laminaran. The
search for an effective immunostimulant which would
be more resistant to bacterial degradation led Dalmo
et al. (1998, 2000) to the bacterial lipopolysaccharide,
LPS, obtained from cultures of Aeromonas salmonicida
subsp. salmonicida. LPS is an interesting candidate as
an immunostimulant, since it is an important con-
stituent of vaccines based on killed bacteria, and has
been shown to activate fish macrophages and B-cells
in vitro and in vivo after injection. LPS was taken up by
the larvae, but confined to intestinal epithelial cells,
the lumen of the excretory duct and numerous cells in
the epidermal layer. Groups of larvae were exposed to
12.5, 25, 50 and 100 ug LPS ml~% Survival was signifi-
cantly improved in comparison with untreated larvae
in the groups with the 2 highest LPS concentrations
(Dalmo et al. 2000). Although the results are promis-
ing, development of a protocol for immunostimulation
of early developmental stages of halibut suitable for
the production scale must still be regarded as being in
an early phase.

PROBIOTICS

The application of so-called probiotic bacteria, i.e.
live microbial food additives that improve the com-
position of the intestinal microflora (Fuller 1989) has
gained increased attention in aquaculture in recent
years (reviewed by Gatesoupe 1999). Bergh (1995)
demonstrated the presence of bacteria in the intestine
of halibut with the ability to inhibit growth of a patho-
genic Vibrio sp. Using Artemia franciscana as a vector,
we were able to demonstrate uptake of such strains in
the intestine of halibut larvae by means of immuno-
histochemical staining (. Bergh unpubl. data). How-
ever, it must be noted that the growth inhibiting capa-
bility of the intestinal strains is unstable in culture
(S. Jensen & . Bergh unpubl. results).

PHARMACOKINETICS

In combination with minimum inhibitory concentra-
tion (MIC) examinations and clinical efficacy investi-
gations, the study of the pharmacokinetic properties of
drugs is an important tool for the establishment of opti-
mal dosage regimes, and thus the promotion of their
correct use in treatments. Furthermore, in fish species
destined for human food species, the establishment of
correct withdrawal times is based on knowledge of the
elimination rate of the drugs from tissues. As the phar-
macokinetic properties of antibacterial agents may
vary significantly from species to species, the disposi-
tion of a drug should be investigated in the particular
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species in which it is intended to be used (Kleinow et
al. 1994, Martinsen et al. 1994, van der Heiden 1994).

The range of antibacterial agents available to fish
farmers is limited. At present, 6 antibacterial agents
are used in aquaculture in Norway; the quinolones
flumequine and oxolinic acid, the tetracycline deriva-
tive oxytetracycline, the potentiated sulphonamide
Tribrissen (trimetoprim + sulphadiazine) and florfeni-
col which is an amphenicol derivative. Antibacterial
agents are usually administered as medicated food
pellets, with the antibacterial either coated on the sur-
face of the pellets using a small quantity of oil or incor-
porated into the pellet. In some circumstances, anti-
bacterials may be administered by bath or by intraperi-
toneal injection.

A number of studies have addressed the pharmaco-
kinetics of antibacterial agents in Atlantic salmon held
in seawater (Rogstad et al. 1993, Elema et al. 1994,
1995, Martinsen & Horsberg 1995), whereas pharma-
cokinetic information on antibacterials in Atlantic hali-
but is limited.

Using bath treatment for 72 h, the absorption and
excretion of the quinolones flumequine and oxolinic
acid, 4 sulphonamides and trimethoprim were studied
in small (<5 g) Atlantic halibut (Samuelsen & Lunestad
1996, Samuelsen et al. 1997a). The temperature in the
baths was 12°C. Sulphadimidine obtained the highest
tissue concentrations of the 4 sulphonamides and was
therefore chosen as the companion sulphonamide to
trimetoprim. It was suggested that the difference in
sulphonamide concentrations was primarily due to
variations in the ability of Atlantic halibut to meta-
bolise the sulphonamides to the N-4 acetylated deriva-
tive, and less importantly, to differences in absorption.
Using a combination of 500 mg 1! sulphadimidine and
100 mg 1! trimethoprim in the bath, peak muscle and
liver concentrations of 262 and 312 pg g~! were ob-
tained for sulphadimidine and 32.8 and 83.6 ug g* for
trimethoprim (Samuelsen et al. 1997a). In muscle the
elimination half-lives were 98 and 35 h respectively for
trimethoprim and sulphadimidine, with corresponding
values of 116 and 48 h in liver. Bath treatment using
150 mg I"! of flumequine and 200 mg 1-! of oxolinic acid
produced flumequine concentrations of 14.2 ng g~! in
muscle and 85.4 pg g~! in an abdominal organ homo-
genate. Corresponding values for oxolinic acid were
9.4 and 72.6 ng g~ !. The excretion of both antibacteri-
als was rapid and characterised by elimination half-
lives (t1,P) of 10 and 15.6 h respectively for flumequine
and oxolinic acid in muscle and 9.8 and 15.0 h respec-
tively in the abdominal organ homogenate.

Pharmacokinetic examinations in large Atlantic hali-
but include single-dose studies of orally (p.o.), intra-
peritoneally (i.p.) and intravenously (i.v.) administered
oxolinic acid and oral administration of an oxolinic acid

ester (vetoquinol). The fish varied in weight from 1.5 to
3 kg and the studies were performed in seawater at
9°C (Samuelsen & Ervik 1999). Bioavailability after i.p.
injection was 92 versus 15% after administration of
oxolinic acid as medicated feed (p.o.). Oral administra-
tion of oxolinic acid in the form of the carbitol ester
(vetoquinol) raised the bioavailability of oxolinic acid
from 15 to 64 % and the total bioavailability (oxolinic
acid + vetoquinol) to 82 %. Peak plasma concentration
(Cuax) of oxolinic acid increased from 2.1 to 6.7 pg ml™*
while time to peak plasma concentration (Tp,.,) fell
from 21.5 to 6.3 h following administration of veto-
quinol compared to oxolinic acid. A distribution vol-
ume, V4, of 3.0 1 kg~! suggests wide distribution of
oxolinic acid through the tissues. Unexpected results
were the large bioavailability (92%) and prolonged
Thax value (80 h) following i.p.-injection of the drug.
Elimination half-lives (t;,,f3) of oxolinic acid in plasma
were not influenced by the administration route and
were calculated at 52, 48, 42 and 50 h respectively fol-
lowing i.v., p.o (given as oxolinic acid), p.o. (given as
vetoquinol) or i.p. administrations. The authors con-
cluded that oral administration of oxolinic acid pro-
duced lower bioavailability in Atlantic halibut than in
Atlantic salmon and that vetoquinol enhanced phar-
macokinetic properties such as Cyay, Thnax and bio-
availability compared to administration of oxolinic
acid. Therefore, improved clinical efficacy following
the administration of vetoquinol should be expected.
Flumequine was studied in Atlantic halibut follow-
ing p.o. administration using medicated feed (25 mg
kg!) and i.p. (25 mg kg!) and i.v. (10 mg kg™}) injec-
tions (Samuelsen & Ervik 1997). The fish varied in
weight from 1.5 to 2.5 kg and the temperature was 9°C.
Bioavailabilities of 31% (p.o.) and 69% (i.p.) were
obtained. The oral administered group had a C,x of
2.7 ng ml™! at T, 20 h whereas the i.p.-injected group
had a Cp, of 6.1 pg ml™* at T, 10 h. The plasma t;,,f
was calculated to be 43 h for the i.v.-injected group.
The distribution volume, Vj, of 2.3 1 kg™! is slightly
lower than that of oxolinic acid. Despite a lower
p.o. bioavailability, the authors concluded that the
pharmacokinetic properties of flumequine in Atlantic
halibut were not dramatically different from those in
Atlantic salmon. They also commented on the large
difference in elimination half-lives calculated for large
and small Atlantic halibut and suggested that pharma-
cokinetic data obtained using small fish cannot be
directly extrapolated to larger fish (Samuelsen &
Lunestad 1996, Samuelsen & Ervik 1997). Less than
10 ng ml! of the metabolite 7-hydroxy-flumequine
was found in the plasma samples of Atlantic halibut.
This is in agreement with the results of van der Heiden
et al. (1994), who found only traces of this metabolite
in plasma samples of common carp Cyprinus carpio,
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African catfish Clarias gariepinus and European eel
Anguilla anguilla.

Atlantic halibut with a mean weight of 89 + 15 g,
held in seawater at 10.3°C were dosed with flume-
quine by intravenous injection and via oral administra-
tion in feed (10 mg kg™') (Hansen & Horsberg 1999).
Bioavailability following oral administration was 56 %
and plasma t;,,3 values were 32 and 43 h respectively,
following i.v. and p.o. administration. The p.o. group
reached a Cp.y of 1.4 ng ml™! at a Tj., of 7 h. The dis-
tribution volume was 2.99 1 kgL,

Employing bath treatment for 2 h and a concentra-
tion of 10 mg 1! of flumequine in the bath, the mean
plasma concentration was calculated to be 0.08 ng ml™*
and bioavailability to be 5 % (Hansen & Horsberg 1999).
The authors concluded that a higher concentration of
the drug in the bath and a prolonged treatment regime
are needed to obtain therapeutic concentrations.

Samuelsen & Lunestad (1996) and Samuelsen et al.
(1997a) present data on the elimination times of
antibacterial agents in Atlantic halibut. The elimina-
tion time (E)) is defined as the time for the intercept of
the regression line and the Maximum Residue Limit
(MRL) concentration of the drugs. The MRL values for
trimethoprim and sulphadimidine in fish are 0.05 and
0.1 pg g7!, respectively. Calculated E, values for tri-
methoprim and sulphadimidine were 49 and 22 d
respectively in liver and 34 and 15 d respectively in
muscle. The authors concluded that although the cal-
culations were derived from data obtained using small
Atlantic halibut and direct extrapolation must be made
with caution, the results indicated withdrawal times for
sulphadimidine and trimethoprim in Atlantic halibut in
general agreement with the suggested withdrawal
times for Atlantic salmon.

Calculated E; values were 6.5 and 8 d respectively
for flumequine and oxolinic acid in muscle and 7.5 and
9 d respectively in abdominal organ homogenate when
a maximum residue concentration of 0.05 pg g-* was
employed for both drugs. No elimination times for drug
residues have been determined for large Atlantic
halibut.

EFFICACY

Injection into the intraperitoneal cavity or muscle is
the most effective and accurate method of administer-
ing an antibacterial agent to individual fish. However,
individual injection is very time-consuming and is
mainly used to treat valuable broodstock fish. Admin-
istration of antibacterials via bath treatment is inde-
pendent of the feeding behaviour of the fish and may
be an alternative means of treating small fish in a
limited volume of water.

The treatment of fish with antibacterial agents incor-
porated in feed is intended to control the level of infec-
tion in the group rather than infections in individual
fish. Since loss of appetite is frequently observed in
those fish that are suffering from a bacterial disease,
oral treatment of a population will mainly deliver the
drug to those individuals that are still relatively
healthy. The treatment may therefore be considered
prophylactic rather than therapeutic inasmuch as it
aims to prevent further amplification and spread of an
existing infection.

Several papers on the efficacy of antibacterials in
treating bacterial infections in Atlantic salmon have
been published (Michel et al. 1980, Austin et al. 1983,
Stoffregen et al. 1993, Elston et al. 1995, Samuelsen et
al. 1997b, Nordmo et al. 1998). Only a few, however,
deal with this topic in Atlantic halibut. In vivo efficacy
of the quinolones oxolinic acid and flumequine and
of a combination of sulphadimidine and trimethoprim
were demonstrated against experimentally induced
vibriosis (Vibrio anguillarum) in small Atlantic hali-
but maintained at 12°C and bath-treated for 72 h
(Samuelsen 1997, Samuelsen et al. 1997a). The con-
centrations in the baths were 100 mg I'! (trimetho-
prim), 150 mg 1! (flumequine), 200 mg 1! (oxolinic
acid) and 500 mg 1! (sulphadimidine). Initiating treat-
ment with the antibacterials at Day 1 postchallenge
resulted in 13% cumulative mortality in both the
quinolone-treated groups, 40% cumulative mortality
in the potentiated sulphonamide group and 93 %
cumulative mortality in the unmedicated control
groups. When the initiation of medication (flumequine)
was postponed to Day 2, 3 or 5 postchallenge, final
cumulative mortality rates were 46, 60 and 66 %
respectively compared to a cumulative mortality of
80% in the unmedicated control group. The authors
point out the importance of starting medication as
early as possible. This treatment is not suitable for use
in sea cages.

SURFACE DISINFECTION OF EGGS

Prophylactic treatment of eggs with a disinfectant
has been shown to improve both egg survival rates and
to decrease the percentage of deformed larvae (Bergh
etal. 1991, 1992a, Harboe et al. 19944, Bergh & Jelmert
1996, Salvesen et al. 1997). In principle, this prophy-
lactic treatment establishes a hygiene barrier between
the rearing water of the broodstock fish, including
ovarian fluid, and the rearing water of the larvae, by
killing extraovulary organisms. Epibiotic bacteria grow
on the surface of halibut eggs (Hansen & Olafsen
1989), and some of them may be pathogens (Bergh et
al. 1992b, Hansen et al. 1992). By killing the epiflora,
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their ability to accumulate to a level which may be
harmful to the eggs is blocked, and the possibility that
certain species of epiflora may infect the larvae post-
hatch is avoided.

Evaluating various chemicals as egg surface disin-
fectants on 3 marine fish species, including halibut,
Salvesen & Vadstein (1995) concluded that glutaralde-
hyde at concentrations of 400 to 600 mg 1! and with
contact times of 5 to 10 min had good bactericidal
effects without any documented negative effects on
eggs and larvae. Using concentrations of 400 and
800 mg 1! of glutaraldehyde in the baths and a treat-
ment regime for the eggs of 10 min at 400 mg 1! or
2.5 min at 800 mg I"!, Harboe et al. (1994a) found no
significant difference in survival or number of de-
formed larvae between the groups in the yolk-sac
period. However, a significant higher survival rate was
found during start feeding in the groups of larvae orig-
inating from eggs exposed to 400 mg 1! of the disin-
fectant for 10 min. In an investigation by Salvesen et al.
(1997), Atlantic halibut eggs were treated with glutar-
aldehyde at concentrations of 400 to 1200 mg 1! and
contact times of 2.5, 5 and 10 min. The best effects on
the viability of the yolk-sac larvae were obtained with
concentrations between 400 and 800 mg 1! and con-
tact times of 5 and 10 min. Furthermore, better syn-
chronised hatching was observed in the treated than
in the untreated groups. The positive effect was most
pronounced on egg batches of poor quality.

Bergh & Jelmert (1996) treated eggs and larvae of
Atlantic halibut with various concentrations of the
iodophor Buffodine for 10 min and at different de-
velopmental stages (4 h to 12 d) following fertilisation.
Both the stage at which the eggs were treated and the
concentration of the disinfectant were found to have an
effect on survival. The highest numbers of normal lar-
vae were obtained when the eggs were disinfected
using a 1% Buffodine solution on Day 9 after fertilisa-
tion. However, the increase in the number of normal
larvae relative to untreated controls varied among
the different egg batches. The authors therefore con-
cluded that due to variations in the presence of patho-
genic micro-organisms among egg batches, surface
disinfection with Buffodine is an adequate procedure
but divergences in the effect of the treatment must be
expected.

Due to severe outbreaks of VER in Norwegian hali-
but farms, the development of hygiene barriers that
are effective against this pathogen is regarded as vital
by some researchers and fish farmers. From Japanese
studies it is known that disinfection of seawater by
ozonation is efficient against nodaviruses and other
marine viruses, including IPNV, whereas aldehydes
have low efficacy against viral pathogens (Arimoto et
al. 1996). In a recent experimental study, Grotmol &

Totland (2000) exposed eggs to nodavirus and then to
ozonated seawater 4 d before hatching. None of the
larvae from virus-exposed eggs washed with ozonated
seawater developed VER, which was detected in all
the dead larvae from eggs exposed to nodavirus but
not washed with ozonated seawater. In the untreated
control group about 20 % of the dead larvae had devel-
oped VER, indicating that the large-scale facility from
which the halibut eggs were taken was already conta-
minated with nodavirus. The egg groups treated with
4 mg O3 I for 0.5 min or with lower total ozone expo-
sures had a higher survival rate, and no adverse effects
on the development of the larvae after hatching were
observed. However, although a slight delay in hatch-
ing was observed, after 2 d the cumulated hatching
had normalized. In egg groups with higher total expo-
sures (4 mg O I"! for 1 min or higher total ozone expo-
sures) a pronounced negative effect on hatching was
observed. The results are promising, indicating that
ozone disinfection can be an efficient hygiene barrier
in halibut aquaculture, and several fish farms have
adopted the method. In a recent study using ozone, the
disinfection of inlet water with subsequent detoxifica-
tion by thiosulfate was included. Tentative results indi-
cate improved survival of eggs, yolk-sac larvae and fry
(G. Totland pers. comm. 2000).
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