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KN-1
FISH VACCINES – A SHORT BUT REMARKABLE JOURNEY
Smith, P.

Schering Plough Animal Health (Aquaculture), 24 – 26,Gold Street, Saffron Walden,
Essex. CB11 4JU. UK
It is now some 30 years in the US and 25 years in Europe since the first fish vaccines were
licensed and entered commercial use. The widespread use of vaccines worldwide has
produced results nothing short of dramatic, and they have played a major role in the continual
expansion of the global aquaculture industry.
While many studies on vaccine performance has concentrated on simple differences in losses
between vaccinated and control fish, it is only more recently that the financial, environmental
and animal welfare benefits have been recognised as a result of the widespread use of
vaccines in the industry and the most recent studies in this area will be described.
In addition, the spectacular success of fish vaccines has encouraged a rapid expansion in our
knowledge of fish and crustacean immunology, and the application of biotechnological
techniques to fish vaccine development is equal to and often ahead of those being used for
other veterinary and human vaccines, and these technologies will be described.
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KN-2
"IPNV: SWANSONG OR YELLOW SUBMARINE?"
Ellis, A. E.

Fisheries Research Services Marine Laboratory, Aberdeen AB11 9DB, U.K.
In the EAFP Bulletin Vol 2 (1) 1982, Paul Vestergaard Jorgensen wrote a Newsy item entitled
"IPN: Disastrous Disease or Illusion?". In this article he wrote " ...IPN virus has been isolated
from water samples taken in the Bodensee, from oysters, eel, herring, yellow submarines and
from an ever increasing row of other aquatic organisms.." . We now know that IPN disease is
associated with only certain types of IPNV, mainly Sp (A2) and Ab (A3) and that mortalities
from IPN occur in fry of most salmonid species, turbot and halibut, and recently we have
shown cod fry to be susceptible. Mortalities from IPN in post-smolt Atlantic salmon are a
serious cause of economic loss. Nevertheless, IPN was recently deregulated in the UK after
many years of it being a notifiable disease.
In this talk, information on the nature of the carrier state of IPNV and pathogenic mechanisms
will be reviewed. Its persistence in monocytes/macrophages where it apparently does not
replicate or cause any cyto-pathology, indicates that the virus forms a special relationship
with this cell type. In other cell types eg tissue culture cells and hepatocytes, the virus appears
to block endogenous apoptotic pathways, replicate, induce high level interferon expression,
block Mx expression and eventually kill the host cell. In post-smolts, the infected hepatocytes
may release large amounts of interferon which sensitize uninfected hepatocytes to viral RNAinduced apoptosis, resulting in sudden liver failure and death.
As Atlantic salmon mature, the ability to detect carriers decreases. Mature fish express high
levels of Mx protein which may be a strategy to decrease viral replication and reduce the
chances of vertical transmission by the virus entering the gonads. However, the virus
associates with vitellogenin in the plasma of maturing females, neutralizing its infectivity, but
possibly maximizing its ability to enter developing ova. IPNV might have fallen out of the
regulatory records but it is likely to persist by subverting the host’s defences for a long time.
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KN-3
AMPHIBIAN DISEASES – AN EMERGING OPPORTUNITY FOR FISH
PATHOLOGISTS?
B.J. Hill

Centre for Environment Fisheries and Aquaculture Science, Weymouth, UK.
Like fish, amphibians are susceptible to infectious diseases caused by viruses, bacteria, fungi
and protozoa. Two types of disease are of particular global importance – the fungal disease
chytridiomycosis caused by the amphibian fungus (Batrachochytrium dendrobatidis), and
viral diseases caused by ranaviruses.
Chytridiomycosis has become a pandemic disease, causing declines in wild amphibian
populations in North and South America, Australia, Europe, and Africa. Recently, the
pathogen has also been detected in Asia. The pathogen B. dendrobatidis has a low host
specificity – it has been found to infect at least 143 species of amphibians from 43 genera, 19
families and 2 orders, indicating that worldwide probably most or all species of amphibians
could be at risk. Many species are highly susceptible and when infected in the wild, severe
reductions in populations occur, resulting in an increase in their threatened species status and
even driving some species to extinction.
Ranaviruses also cause lethal diseases in susceptible amphibian species and are responsible
for epizootics in wild and captive populations. Recurrent epizootics in wild populations of
salamanders, frogs and toads have been occurring in North America and the United Kingdom
respectively. In South America, mortalities in wild populations of an endangered
leptodactylid frog species in Argentina have recently been shown to be caused most likely by
a ranavirus. In Asia, similar ranaviruses have been demonstrated to be the cause of high
mortalities in farmed frogs in China and Thailand. Recently, 100% mortalities in cultivated
tadpoles in a commercial bullfrog farm in the USA have been shown to be caused by what
appears to be a 'new' ranavirus. Similar ranavirus infections can equally cause serious disease
in reptiles, particularly the soft-shell turtle farmed extensively in China for human
consumption, and there is some evidence that the turtle virus is closely related to a virus
causing mortalities in farmed frogs in China. A ranavirus isolated from a frog in Australia has
been shown to infect fish and another ranavirus has been shown to infect both red-legged frog
and a stickleback fish species habiting the same water.
To achieve the same level of understanding we currently have for fish diseases, more research
is badly needed into the epidemiology of amphibian diseases, their pathogenesis and the
development of standardised methods for their surveillance and diagnosis. Since the research
techniques are essentially the same as those used for fish diseases, it presents a real
opportunity for fish disease specialists to apply their skills in an increasingly important area of
aquatic animal health.
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KN-4
BIVALVE PATHOLOGY: LESSONS FROM THE PAST FOR THE FUTURE
Grizel, H.

Ifremer, rue Jean Bertho, BP 60, 97822 Le Port Cedex, île de la Réunion, France.
For more than 50years, all around the world, diseases had occurred in bivalve inducing very
important losses in cultivated and wild stocks. A first interesting question is : what results
have been obtained by the research to solve these epizooties? Unfortunately, in spite of the
thousands publications, the answer is few and we are obliged to note nearly all of the major
diseases described from 1950 to 1980 are still present and continue to disturb the shellfish
activities. Obviously, finding practical solutions for the farmers is not easy regarding the
difficulties of bivalve diseases studies, but we must analyse the situation and try to get lessons
for the future to be more efficient. The submitted analysis has been realised through a double
filter my own experience as pragmatic researcher and the strong relationship established all
along my career with the farmers. This analysis take in account several parameters such as the
environmental conditions, the biological specificities of bivalve, the research context, the
great lack of applied strategy at the different level of partners concerned and the human
behaviour of researcher and farmer. Some proposals will be suggested at the European level,
as example, in order to be more efficient in the prevention scope, in the management of
established diseases and in the research of practical solutions.
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O-001
STRESS-INDUCED REVERSION TO VIRULENCE OF IPN VIRUS
Gadan K, Sandtrø A, Santi N, Evensen Ø

Section of Aquatic Medicine, Norwegian School of Veterinary Science, Oslo, Norway
Infectious pancreatic necrosis (IPN) causes disease in post-smolt after transfer to seawater.
The current understanding is that clinical disease is caused by recurrence of a persistent
infection following periods of stress (like transfer to seawater). The virulence characteristics
of IPN virus have been characterised as high, intermediate and low virulent strains on the
basis of amino acid residues 217, 221 and 247 of the VP2 protein, represented by TAT as the
high virulent variant, PAA as an intermediate and TTT and PTA as the avirulent variants. In
vitro mutation of IPNV has been well documented, resulting in attenuation of virus strains
and loss of virulence. In vivo mutation and attenuation of high virulent strains have been
observed in fish infected with cloned variants of TAT strains and fish carry TTT mutated
forms at persistent stages of infection. To what extent low virulent or avirulent variants can
revert to virulence in vivo has never been studied or documented.
In the present study fry of Atlantic salmon were infected with different recombinant and
cloned strains of IPN virus, all made by reverse genetics representing the high virulent
variant, TAT, an intermediate variant, PAA, and avirulent variants, TTT and PTA. Following
establishment of persistence as documented by virus culture, fish were followed for 6 months
and then subjected to stress over a period of 1 week. Post stress, fish were sampled at day 1,
14 and 28 and subject to analysis of expression of immune markers like cytokines,
interferons, Mx and MHC by real-time PCR. At the same time fish were examined for virus
replication by real-time PCR analysis of VP1 (polymerase) expression. Prevalence of virus in
internal organs was also determined and isolated virus was sequenced by standard methods.
Stress induced a general reduction in expression of cytokines and immune associated genes at
early time post stress that lasted over the observation period (up to day 28). The number of
virus-positive fish in the controls decreased over the 28d observation period while there was
an increased number of virus-positive fish in the stressed group. Similarly, there was an
increased expression of the virus polymerase in stressed fish, indicating increased virus
replication. Sequencing of virus from fish at different time points (post stress) showed that the
TTT strain had reverted to a virulent variant (TAT) at the end of the observation period, day
28. This is the first report to show that an avirulent variant of IPN virus can revert back to a
virulent type in vivo. This raises a number of questions in relation to disease control.
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O-002
A CHANGE IN THE INFECTIOUS PANCREATIC NECROSIS VIRUS CARRIERSTATUS OF ATLANTIC SALMON DURING MATURATION, POSSIBLE
EXPLANATIONS?
E. Munro* and A. Ellis

Fisheries Research Services, Aberdeen, Scotland, UK.
From 1990 until 2005 Fisheries Research Services (FRS) implemented an Atlantic salmon
broodstock screening programme for infectious pancreatic necrosis virus (IPNV). At the
request of aquaculture companies FRS also screened broodstock populations for IPNV prior
to maturation. A consistent finding was that the percentage IPNV positive fish in carrier
populations was higher from pre-broodstock fish compared to mature broodfish at the time of
stripping. These results indicated that a change in the IPNV carrier-status occurred during the
maturation period. This study set out to investigate potential reasons behind this apparent
reduction in IPNV during the maturation cycle.
Primarily female broodfish were studied and it was established that serum of mature female
Atlantic salmon, ovarian fluid and egg homogenate had high neutralizing ability for infectious
pancreatic necrosis virus (IPNV). These results prompted the investigation into the
neutralizing ability of vitellogenin.
Vitellogenin (Vtg) is a glycolipoprotein which is produced in the liver of non-mammalian
oviparous female vertebrates during maturation of the ovary. It is taken up by developing
oocytes and cleaved into yolk proteins. Vitellogenin from mature female Atlantic salmon
serum was purified and a neutralization assay performed. It was calculated that 1mg Vtg
could neutralize 2.09 x 104 TCID50 IPNV. Although this explained a reduction in IPNV
detection in female broodfish, other factors must be involved in the change in carrier state
within mature males.
In sheep the uterus produces the antiviral Mx protein during the oestrus cycle suggesting that
its production can be controlled by reproductive hormones. Work to monitor the production
of Mx protein from Atlantic salmon at the time of maturation was carried out. Samples were
taken from mature broodfish, at the time of stripping, and immature parr. No significant
increases in Mx were detected from kidney or liver samples. However, analysis of blood
samples showed, 9/10 broodstock males and 5/7 female broodfish produced significantly
elevated levels of Mx protein compared to the immature parr.
The increase in Mx production at the time of maturation along with the neutralizing ability of
vitellogenin may explain why IPNV apparently disappears during the maturation period.
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O-003
INVOLVEMENT OF THE LIVER IN POST SMOLT ATLANTIC SALMON, SALMO
SALAR INFECTED WITH INFECTIOUS PANCREATIC NECROSIS VIRUS (IPNV).
A RETROSPECTIVE HISTOPATHOLOGY STUDY
P.A. Noguera and D.W. Bruno

FRS Marine Laboratory, Aberdeen, Scotland
Histological changes associated with IPNV centre on the pancreatic tissue and gut, and any
involvement of the liver has been only suspected but overall poorly described. Moreover, its
relevance to the disease process and certainty that changes observed are due to the virus
infection has not been determined. The main aim of this study was to provide evidence of a
shift in the involvement of the liver as a target tissue for IPNV in post smolt Atlantic salmon.
A comprehensive histopathological description is provided as a basis for a differential
diagnosis including confirmation that changes were not associated to any other agent or
disease process. The study resulted in new findings concerning liver pathology in naturally
infected seawater Atlantic salmon post smolts with apoptosis, demonstrated by histological
and immunological techniques; described as a particular feature for the new targeted tissue.
Data, including immunohistochemical staining for IPNV-infected hepatocytes, suggest liver
apoptosis is not only the result of the virus infection itself, but triggered through the action of
the hosts innate immune response. Liver involvement contributes to the nature of infection
and therefore could be an important factor in the disease process and fish survival.
Additionally, it was established that the previously described increase in IPN prevalence, is
correlated with a new distinct pattern of outbreaks and distribution throughout the year. The
role of smolt category (i.e. S1, S1/2 or S0) hence timing of seawater transfer and consequently
time of infection, as a strong correlating factor, is discussed.
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O-004
INFECTIOUS PANCREATIC NECROSIS VIRUS ACTS AS AN INTERFERON
ANTAGONIST.
A. Skjesol*, Toril Aamo, M. Nøst Hegseth and J. B. Jørgensen

Norwegian College of Fishery Science, University of Tromsø, Tromsø, Norway
Infectious pancreas necrosis virus (IPNV) is a bi-segmented, double-stranded RNA (dsRNA)
virus of the Birnaviridae family that causes widespread disease in salmonids. Its two genomic
segments are encapsulated together with the viral RNA-dependent RNA polymerase, VP1,
and the inner structural protein, VP3, in a single-shell capsid composed of VP2. Major
aspects of the molecular biology of IPNV, such as interference with host macromolecules are
as yet poorly understood. In this study we focus on an observed antagonistic effect of IPNV
on the host defence mechanism, the interferon (IFN) system. Treatment of cells with IFN-α/β
24 h prior to IPNV infection has a strong inhibiting effect on the virus’ ability to form viral
progeny. By contrast, stimulating the cells with IFN-α/β after the viral infection has started
diminishes the effect of the IFN as seen by virus titration. By employing a cell-line (CHSEMx10) containing a luciferase reporter gene under the control of the interferon induced
rainbow trout Mx1 promoter, we can study the effect of individual viral strains and viral
proteins on this IFN induced gene. IPNV N1 strain is unable to activate this reporter gene by
itself, and addition of IFN-α/β to viral infected CHSE-Mx10 cells reduces luciferase activity
when compared to mock infected controls. The results indicate that IPNV have the ability to
circumvent IFN induced antiviral response by blocking IFN signalling. We have analysed the
effects of IFN on viral protein synthesis by adding IFN to CHSE-214 cells prior to and after
the cells have been infected using co-immunoprecipitation and autoradiography. Results from
these studies will be presented. Further studies are in progress to identify which IPNV
proteins are involved in blocking IFN signalling.
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O-005
RISK ASSESSMENT APPROACH IN THE FIELD OF FISH WELFARE
Afonso A.*, Candiani D. , Ribó O. , Aiassa E. , Correia S. , De Massis F. and Serratosa J.

Animal Health and Welfare (AHAW) Unit, European Food Safety Authority
(EFSA),Parma, Italy.

The European Food Safety Authority (EFSA) was established in 2002 by Regulation
178/2002/EC with the main objective of providing independent scientific advice and technical
support for the Community's legislation and policies in all fields which have a direct or
indirect impact on food and feed safety. The Animal Health and Animal Welfare (AHAW)
Panel of EFSA provides advice on specific risk factors related to animal diseases and welfare
of food producing animals, including fish.. EFSA provides independent assessment on all
matters within its remit by using a Risk Assessment (RA) approach.
In 2006, two Scientific Opinions on the welfare of intensively kept calves and the health and
welfare risks of the import of captive birds inside EU were adopted. A new approach on the
RA methodology for welfare issues was tentatively initiated.
Fish welfare is currently a topic with growing public interest. In order to receive an overview
of the latest scientific developments in this area the Commission requested EFSA to issue a
scientific opinion on the animal welfare aspects of husbandry systems for farmed fish. The
question to be answered is: “What are the risks for fish welfare in relation to the different
current husbandry systems?”
As no specific risk assessment methodology for animal welfare exists, the Codex
Alimentarius terminology and methodology, developed by WHO for microbiological hazards
in food, has been adapted for the development of the Scientific Opinion on Fish Welfare.
A hazard for fish welfare is a production factor with a potential to cause negative welfare
effect (adverse effect) whereas a risk can be described as a function of the probability of a
negative animal welfare effect and the severity of that effect, consequential to the exposure to
a hazard.
Several problems arise from the use of the Codex Risk Assessment guidelines such as the
clear hazards identification (in relation to farmed fish needs), the description and
quantification of adverse effects in various production systems as well as the differences
between risk characterization at individual or population level.
Several categories of factors / hazards are being evaluated on this opinion, such as
environmental conditions (abiotic and biotic factors), food and feeding, husbandry and
management, genetic, diseases and impact of disease control measures.
This paper describes the Risk Assessment approach being developed on the assessment of
welfare risks for farmed fish, comparing with existent RA guidelines and the approach being
used on other EFSA animal welfare scientific opinions.
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O-006
QUALITATIVE ASSESSMENT OF INFECTIOUS DISEASE EMERGENCE
POTENTIAL IN THE UNITED STATES SALMON AND SALTWATER SHRIMP
INDUSTRIES
J.E. Akkina*,1, V.E. Bridges1, J.L. Grannis1,2, C.L. Johnson1, K.K. Johnson1, R.A.
Johnson1, C.A. Tuszynski3
1

United States Department of Agriculture, Animal and Plant Health Inspection Service,
Veterinary Services, Fort Collins, Colorado, United States
2
currently at Crocs Footware, Niwot, Colorado, United States
3
United States Department of Agriculture, Animal and Plant Health Inspection Service,
Veterinary Services, Riverdale, Maryland, United States
Aquaculture is a growing industry in the United States (U.S.), with increasing frequency of
disease outbreaks. These outbreaks result in significant economic losses for producers and
costs to government for disease control and eradication. A qualitative tool, consisting of three
assessment elements, was developed to rank risks for infectious disease emergence and spread
within the food fish aquaculture industry. The first element focuses on factors promoting the
new appearance or evolution of pathogens. The second focuses on pathways of introduction
for a new or existing pathogen from another country (transboundary spread). The third
addresses disease spread from the location of introduction or emergence (intracountry spread).
Risk factors associated with disease emergence were chosen to include agent, host, and vector
biology; environment and climate; economics and industry; health management; politics and
regulations; and social and cultural factors. The U.S. salmon and saltwater shrimp industries
were ranked as medium and low risk, respectively, for the new appearance or evolution of a
pathogen not related to direct transboundary pathogen movement. Risk factors contributing to
the medium risk rank for the salmon industry were high reported disease burden, high risk
water source, open production system, and high level of salmon stocking in lakes and streams.
The saltwater shrimp industry risk rank was low due to low risk practices such as use of
pathogen free brood stock, low risk source water, and no stocking in lakes and streams. The
risk of introduction of a new or existing pathogen through transboundary spread was high for
both the salmon and saltwater shrimp industries. Contributing factors included large
quantities of live fish and fish product imports, increase in these imports over time, the large
geographic diversity in origin of imports, and lack of health requirements for many imports.
The risk of intracountry spread in both industries was also ranked high due to the use of open
production systems, intentional and unintentional movement of fish, and lack of treatment of
discharge water. Improved understanding and assessment of the complex factors associated
with disease emergence and spread in the aquaculture industry will allow development and
implementation of preventative measures.
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O-007
A COHORT STUDY OF PANCREAS DISEASE IN NORWEGIAN ATLANTIC
SALMON
M.D. Jansen1*, E. Brun2, T. Taksdal2, B. Gjerset2, M. Sandberg1
1
2

Norwegian School of Veterinary Science, Oslo, Norway
National Veterinary Institute, Oslo, Norway

Pancreas disease (PD) continues to affect Norwegian Atlantic salmon production, with 58
cases registered in 2006. In Norway, the disease is caused by salmonid alphavirus (SAV)
subtype 3 (Weston et al. 2005). A cohort of 2006 generation yearling Norwegian Atlantic
salmon was established in April 2006. Identified fish groups were followed from the fresh
water sites to their respective sea water sites, where they were monitored throughout the
production cycle. From a single tank, 60 fish were sampled at each of 46 fresh water sites 3
weeks prior to sea water transfer. Further samples from 30 fish were collected at 50 sea water
sites two- and eight months post sea water transfer. An additional 30 fish were sampled from
an on-site control group, which originated from a different smolt supplier where possible. A
questionnaire was completed at each sampling point. SAV status at fish group level will be
determined based on 6 pooled samples of heart- and head kidney tissue (each from 5
individual fish) using RT-PCR. Samples have also been collected for analyses by serology,
histopathology and viral culture, and all diagnostic work done on each fish will be taken into
consideration when determining fish group SAV status and level of infection.
The samples from 28 fresh water sites in the PD endemic area have been analysed, with all
these being found SAV subtype 3 negative. The two- and eight months post sea water transfer
samples are about to be processed in the laboratory. Statistical association between the site
status based on the eight month sample (outcome) and possible explanatory factors obtained
from the questionnaire will be investigated using a Poisson general linear model.
Weston, J.H., Graham, D.A., Branson, E., Rowley, H.M., Walker, I.W., Jewhurst, V.A., Jewhurst, H.L., Todd,
D. (2005) Nucleotide sequence variation in salmonid alphaviruses from outbreaks of salmon pancreas disease
and sleeping disease. Dis.Aquat.Organ, 66, 105-111.
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O-008
A QUESTIONNAIRE BASED CASE –CONTROL STUDY FOR THE
IDENTIFICATION OF RISK FACTORS BEHIND CLINICAL OUTBREAKS OF
SALMON PANCREAS DISEASE IN SCOTLAND
R.Kilburn*, A.G.Murray and D.W.Bruno

Fisheries Research Services Marine Laboratory, Aberdeen AB11 9DB, United Kingdom
Pancreas Disease (PD), a viral disease of marine stage farmed Atlantic salmon (Salmo salar),
was first recorded in Scotland in 1976 and has subsequently been reported in Ireland, Norway,
North America, France and Spain. A tri-nation (Scotland-Norway-Ireland) working group has
recently been established to coordinate research into PD in Scotland. This comes in response
to the disease causing significant economic losses in Norwegian and Irish marine salmon
farms.
A questionnaire based case-control study to investigate risk factors associated with the
development of clinical PD was developed and submitted to 230 marine Atlantic salmon sites
throughout Scotland. The questionnaire consisting of 30 questions was based on an earlier
questionnaires used to identify risk factors attributed to the development of clinical infectious
pancreatic necrosis (IPN). Information on the diagnosis of clinical PD for years 2003, 2004
and 2005, environmental factors, stock information, site management and husbandry
practices, location of fish and shellfish farms were collected from individual sites.
Information on related pathologies Cardiomyopathy Syndrome (CMS) and Heart Skeletal
Muscle Inflammation (HSMI) and other infective disease such as clinical IPN were also
asked. Sites with (Cases) and sites without (Controls) histories of clinical PD are to be
compared using “Odds Ratios” and “Generalised Linear Models” (GLM) for associated
management and environmental factors using the approach previously used to analyse
outbreaks of IPN.
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O-009
THE 2006 VIRAL HAEMMORRHAGIC SEPTICAEMIA OUTBREAK IN ENGLAND –
EPIDEMIOLOGICAL INVESTIGATION INTO THE ORIGIN OF INFECTION
B. Oidtmann*, N. Taylor, M. Thrush, S. Maidment, B. Hill

Centre for Environment, Fisheries and Aquaculture Science, Weymouth, UK
In May 2006, VHS was diagnosed for the first time in England. The only other recorded VHS
outbreak in the UK was in a land-based turbot farm in Scotland in 1994.
A thorough investigation was launched in order to identify the source of the outbreak, to
identify other farms that may have been affected by the same route of infection, prevent
further introductions, and contain the outbreak as quickly as possible.
After an initial assessment, no obvious route of introduction could be identified. Generic
scenario trees were drawn up to identify all possible routes of introduction of VHS strain 1a
into the UK. The applicability of each pathway for this particular outbreak was then
evaluated.
Pathways of relevance for the case were investigated further. Pathways investigated included
live fish movements, movements of fish products, fish waste, mechanical transmission and
other routes, such as wild fish. Due to the health status of the UK prior to the outbreak (i.e.
free from VHS), live fish of the susceptible species could not be legally be imported except
from other VHS-free areas. However, illegal live fish movements are a theoretical pathway.
Further potential pathways identified include movements of fish products and mechanical
transmission.
The source of the outbreak has not been identified to date. Increased mortalities on the
affected farm were reported to the competent authorities with some delay, which may have
impaired the chances of establishing the source. No further outbreaks have occurred,
suggesting that the introduction was via an unusual pathway.
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O-010
THE INFLUENCE OF MYXOBOLUS PSEUDODISPAR (MYXOZOA) ON THE
DYNAMICS OF ROACH (RUTILUS RUTILUS) POPULATIONS
N.G.H. Taylor*, S.W. Feist, and M. Longshaw.

Centre for Environment, Fisheries and Aquaculture Science, Weymouth, UK
Myxobolus pseudodispar infections are common in UK roach (Rutilus rutilus) populations.
Juvenile fish are usually infected in the first few months of life via a triactinomyxon
actinospore released from tubficid worms. Following successful infection, parasite cysts
containing myxospores develop in individual muscle fibres. The parasite plasmodia increase
in size and can cause pressure on neighbouring muscle fibres. Destruction of individual
muscle fibres as a result of parasite growth and subsequent host responses can lead to
reductions in muscle function. As a consequence, it has been hypothesised that infected fish
are more prone to death or more subtle sublethal effects that may ultimately lead to death. In
order to establish the significance of such infections at the host population level, a twopronged approach was taken. Initially a 13-year longitudinal dataset was mined to establish
trends and correlations between host-parasite dynamics in five English river sites.
Subsequently a simple mechanistic model was developed in order to determine impact at the
host population level.
The primary model aimed to describe the population dynamics of roach by using estimates of
recruitment and mortality obtained through a review of available literature. The resulting
model was deterministic, age-structured and incorporated a density-dependent effect. By
using parameter estimates gained independently from those obtained through statistical
analysis of the long-term datasets, the theoretical dynamics could be compared to the
dynamics observed in the field, thus providing a method of model validation.
Preliminary results from the model predict a chaotic dynamic if it is assumed that the parasite
is absent from the system. By introducing varying levels of parasite induced mortality into
the model, the system appears to stabilise, becoming more predictable and leading to periodic
cycles. The level of parasite-induced mortality required to induce this stabilizing effect is
currently being compared to estimates gained through the statistical analysis of the long-term
datasets, in order to determine whether this is biologically plausible. If confirmed by further
study, there maybe important implications for fisheries management, as the findings suggest
that parasites play an important role in determining the persistence of wild fish populations.
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O-011
FACTORS INFLUENCING THE DISTRIBUTION OF PKD IN SWITZERLAND
T. Wahli1*, R. Knüsel1,2 and H. Schmidt-Posthaus1
1
2

Centre for Fish and Wildlife Health, University of Berne, Berne, Switzerland
Tierklinik Obergrund, Lucerne, Switzerland

Proliferative kidney disease (PKD) is suspected to have adverse effects on wild populations of
brown trout (Salmo trutta fario) in Swiss rivers. Several surveys covering all parts of the
country have shown the disease to be present in many Swiss rivers, particularly in the lowland
areas north of the Alps. In alpine regions no or only few sites harbouring infected fish were
detected. Several questions on the dissemination and consequences of this disease in rivers
arose. Some of them were addressed in two investigations in 2005 and 2006:
The detection of infected fish below but not above fish migration barriers suggests that these
barriers have an influence on the spread of the disease.
Data give evidence that from a first positive site in further downstream sites fish are also
infected. Also the prevalence is increasing in flow direction.
Differences in prevalence in the same site investigated over several years indicates that
prevalence can change from year to year.
No clear data on the influence of PKD on the development of wild trout populations are
available. However, when sampling fish at the same site at the beginning of the PKD-season
(July) and towards the end of the season (September / October) longer distances have to be
fished in October compared to July to get the same sample size suggesting a decrease in
population size. Many fish in the second sampling showed pronounced kidney alterations but
no parasites could be detected. This lead to the conclusion that at least part of the infected fish
survive the disease and parasites either leave the fish or are destroyed by the hosts immune
system.
When interpreting these results the reliability of the test methods have to be considered. The
methods used have shown to be highly specific. However, analyses of larger samples have
revealed that a sample size of 25 fish as applied in most investigations may give false
negative results for sites with a low prevalence.
These preliminary results of the survey 2005 will be completed with data from the survey
2006.
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O-012
EVIDENCE OF IMMUNE RESPONSE IN FARMED SOUTHERN BLUEFIN TUNA
NATURALLY INFECTED WITH THE BLOOD FLUKE CARDICOLA FORSTERI
HM Aiken1, MR Deveney2, CJ Hayward1, P Crosbie1, M Watts1 and BF Nowak1
1

School of Aquaculture, University of Tasmania and Aquafin CRC, Locked Bag 1-370,
Launceston, Tas, 7250, Australia; 2PIRSA Aquaculture, Department of Primary
Industries and Resources, South Australia and Aquafin CRC. GPO Box 1625, Adelaide,
SA 5001, Australia
Fish have developed protective strategies against macroparasites through immunological
responses. In this study, immune adaptive response to digeneans was investigated in farmed
southern bluefin tuna (SBT), Thunnus maccoyii, infected with Cardicola forsteri. A single
cohort of tuna was sampled at regular intervals between March 2005 and August 2006.
Another cohort of tuna captured in early 2006 was investigated in the same way and the
results were compared with the 2005 cohort. Cardicola forsteri intensity, abundance and
prevalence data were recorded from all fish and serum samples taken. Intensity and
prevalence peaked in May and then decreased to low levels. A humoral response was
detected by the ELISA and demonstrated that antibody titres and seroprevalence increased
during 2005. No significant increase or decrease was observed in antibody titres during 2006
for 2005 cohort. However, there was an increase of antibody titre in August in 2006 cohort.
This titre was significantly greater than cohort 2005 in August 2006 and either of the cohorts
in March 2006 . Parasitological and serological values from the 2005 cohort were also
compared to a freshly-captured 2006 cohort in March and August 2006 to determine if prior
infection elicited any protection against re-infection. The 2005 cohort had significantly lower
abundances (ANOVAMarch, F=11.233, P=0.011; ANOVAAugust, F=13.765, P=0.001) and
prevalences (χ²March=22.857, P<0.001; χ²August=22.857, P=0.001) than the fresh 2006 cohort.
This is one of the few studies indicating the possibility of the development of acquired
humoral resistance in fish against a parasite in an aquaculture environment under natural
infection conditions.
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CHONDRACANTHUS GOLDSMIDI AND ITS INTERACTIONS WITH ITS HOST,
THE STRIPED TRUMPETER
M. Andrews*,1, B. Nowak2, S. Battaglene1 and J. Cobcroft1
1
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Australia
The striped trumpeter (Latris lineata) is a large pelagic species that occurs in the waters
around southern Australia and New Zealand. It has excellent flesh quality and makes superb
sashimi. Increased demand and a naturally small wild population restricts market expansion.
Striped trumpeter is being developed as an alternative species to salmon for sea cage culture
in Tasmania. Research to date has focused on control of reproduction and hatchery
production. Imminent sea cage trials have refocussed attention on the identification and
control of metazoan parasites. Chondracanthus goldsmidi is a copepod parasite that occurs on
the host’s gills and operculum. No work has previously been conducted on the life cycle of
this genus and this is the first record of the genus affecting a cultured host. The adult is
sedentary with highly derived appendages, which means that it never voluntarily detaches
itself and the adult stages are in constant contact with the host. This prolonged and constant
contact has been shown to have a negative effect on the host’s tissue. Even though the
copepod is firmly attached its legs and appendages move continuously, irritating the gills. The
tissue surrounding the parasite often becomes swollen causing the entire parasite to be
engulfed with only the egg strings protruding. There was a thickening in the epithelial layer
surrounding the copepod attachment site, as well as an increase in the number of mucous
cells. This thickening was due to epithelial hyperplasia. This could lead to less effective
oxygen transfer, eventually decreasing the host ability to survive. When Chondracanthus
goldsmidi occurs in very high numbers (>30 per fish), it is likely to prove harmful to their
hosts if left untreated.
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LOW FEED RATION HAS NO EFFECT ON SUSCEPTIBILITY OF JUVENILE PINK
(ONCORHYNCHUS GORBUSCHA) AND CHUM (O. KETA) SALMON TO
INFESTATION WITH LEPEOPHTHEIRUS SALMONIS
S.R.M. Jones*1, M.D. Fast2 and S.C. Johnson3
1

Pacific Biological Station, Fisheries and Oceans Canada, Nanaimo, British Columbia,
Canada; 2 Marine Sciences Research Center, Stony Brook University, Stony Brook,
New York, USA; 3 Institute for Marine Biosciences, National Research Council, Halifax,
Nova Scotia, Canada
The salmon louse (Lepeophtheirus salmonis) is an ectoparasitic copepod that causes disease
in farmed and wild salmonids. The ability of this parasite to cause disease in Pacific salmon
(Oncorhynchus spp.) is poorly understood. The effect of a reduced feed ration on the
susceptibility and responses of 1.6g to 8.9g pink (O. gorbuscha) and chum (O. keta) salmon
to L. salmonis was tested. Body weight and condition factor in both species were
significantly reduced after 9 to 24 days on reduced ration. There was no significant effect of
L. salmonis exposure on weight. Reduced ration had no significant effect on prevalence or
abundance of L. salmonis nor was the rate of parasite development affected by ration. The
expression of the proinflammatory cytokine interleukin (IL)-8 in liver-head kidney pools was
significantly reduced in exposed pink salmon on a reduced ration 7 days post exposure (DPE)
compared with fish on a full ration. By 14 DPE, expression of IL-8 was significantly elevated
in exposed pink salmon regardless of ration level. The expression of IL-1β was significantly
reduced in pink salmon 7 DPE, whereas expression of tumour necrosis factor (TNF)α was
significantly elevated in pink salmon 14 DPE. Expression of TNFα was increased among
chum salmon on a low ration, 14 DPE. Expression of IL-8 and IL-1β in chum salmon was
significantly lower than that in pink salmon. There was no evidence that short duration
exposure of otherwise healthy juvenile pink and chum salmon to a reduced ration affected
susceptibility to L. salmonis. The results support the hypothesis that juvenile pink and chum
salmon possess an innate resistance to this parasite.
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STUDY OF INTERACTIONS BETWEEN HAEMOCYTES FROM FLAT OYSTER,
OSTREA EDULIS, AND THE PARASITE BONAMIA OSTREAE USING FLOW
CYTOMETRY AND SUBTRACTIVE AND SUPPRESSIVE HYBRIDIZATION.
B. Morga*1, I. Arzul1, N. Faury1, B. Chollet1, B. Gagnaire1 and T. Renault1.
1

Institut Français de Recherche pour l’Exploitation de la Mer (IFREMER), Laboratoire
de Génétique et Pathologie (LGP) La Tremblade, France

Bonamiosis due to the intrahaemocytic protistan parasite Bonamia ostreae is a European
endemic disease affecting flat oysters Ostrea edulis. Control of bonamiosis requires a good
knowledge of the parasite life cycle including host-parasite interactions.
In this study, we investigated interactions between parasites and haemocytes by flow
cytometry and Suppression Subtractive Hybridization (SSH). In both approaches, analyses
were performed after 2 hours of contact between haemocytes and parasites purified from
highly infected flat oysters.
Flow cytometry analyses consisted in testing haemocyte activities including esterase
activities, reactive oxygen species (ROS) production and phagocytosis after contact with live
parasites and parasites inactivated by heating at 100°C for 5 minutes. Two amounts of
parasites per haemocytes (5 per 1 and 10 per 1) were tested and haemocytes alone were used
as controls. Contact experiments were performed three times. Flow cytometry revealed a
decrease of esterase activities and an inhibition of ROS production after contact with live
parasites, while phagocytosis did not present variation in comparison with haemocytes alone.
Inactive parasites induced same modifications of haemocyte activities than live parasites but
to a lesser extent.
SSH performed between haemocytes alone and haemocytes in contact with parasites for 2
hours allowed obtaining 1104 clones among which 391 presented a differential expression
between both tested conditions. These clones were sequenced. Sequence analysis allowed the
identification of genes expressed by haemocytes and parasites during in vitro infection
including genes potentially involved in oyster defence mechanisms and in parasite survival
within haemocyte. These genes of interest will be selected for development of real time PCR
in order to follow their expression in the context of experimental infections of flat oysters by
injection of purified parasites. These results also contribute to improve knowledge of both
Ostrea edulis and Bonamia ostreae genomes for which very few data are available.
Flow cytometry as well as SSH are two interesting techniques for a better understanding of
host pathogen interactions but these in vitro approaches need to be validated in vivo.
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HOST RESPONSE IN AMOEBIC GILL DISEASE AFFECTING MARINE
SALMONIDS
R. Morrison1, A. Bridle1, B. Koop2, C. Secombes3, B. Nowak1*
1

University of Tasmania and Aquafin CRC, Launceston, Australia, 2University of
Victoria, Victoria, Canada, 3University of Aberdeen, Scotland
Neoparamoeba spp. elicits amoebic gill disease (AGD) in sea water-reared Atlantic salmon
leading to heavy mortalities, if untreated. Therefore AGD has been the focus of a significant
research effort over the past 20 years. Collectively, there have been substantial advances in
treatment, pathology, epidemiology, immunology and diagnostic methods. We initiated a
collaborative program exploring the host response to Neoparamoeba spp. infection with an
emphasis on identifying the molecular mechanisms of pathogenesis. AGD is a (multi)focal
condition affecting, at least at a cellular level, discrete areas of the gill close to parasites. Our
data show that the transcriptional response in the gills is also restricted to these lesions. Here,
proliferating cell nuclear antigen expressing cells selectively modulate pro-inflammatory gene
expression. This suggests that there may be interference in the inflammatory process, possibly
mediated by the parasite. To test this, we recently transcriptome-profiled gill lesions from
AGD-affected fish and analysis of these data led to the development of new hypotheses on
how Neoparamoeba spp. successfully avoids immune surveillance.
Morrison R.N., Zou J., Secombes C.J., Adams, M.B., Scapigliati, G., Nowak B.F., 2007. Molecular cloning and
expression analysis of tumor necrosis factor-α in amoebic gill disease (AGD)-affected Atlantic salmon (Salmo
salar L.) Fish & Shellfish Immunology (in press).
Bridle, A.R., Morrison, R.N., Cupit-Cunningham, P., Nowak, B.F., 2006. Quantitation of immune-regulatory
gene expression and cellular localisation of interleukin-1β mRNA in Atlantic salmon (Salmo salar L.) affected
by amoebic gill disease (AGD) Veterinary Immunology and Immunopathology 114(1-2), 121-134.
Morrison R.N., Cooper G.A., Koop B.F., Rise M.L., Bridle A.R., Adams M.B., Nowak B.F. 2006.
Transcriptome profiling the gills of amoebic gill disease (AGD)-affected Atlantic salmon (Salmo salar L.) - A
role for the tumor suppressor protein p53 in AGD-pathogenesis? Physiological Genomics 26, 15-34.
Morrison R.N., Koppang E.O., Hordvik I, Nowak B.F. 2006. MHC class II+ cells in the gills of Atlantic salmon
(Salmo salar L.) affected by amoebic gill disease. Veterinary Immunology and Immunopathology 109(3-4), 297303.
Bridle, A.R., Morrison, R.N., Nowak, B.F., 2006. The expression of immune regulatory genes in rainbow trout,
Oncorhynchus mykiss during amoebic gill disease (AGD). Fish and Shellfish Immunology 20(3), 346-364.
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PATHOGENICITY OF THE CILIATED PROTOZOAN TETRAHYMENA SP. IN
GUPPIES, POECILIA RETICULATA, AND ITS CORRELATION WITH THE
PARASITE’S PROTEOLYTIC ACTIVITY
M. Pimenta Leibowitz*,1, R. Ofir1 and D. Zilberg2
1

Hazeva Research and Development Center, Jacob Blaustein Institute for Desert
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Ben-Gurion, Israel.
Systemic Tetrahymenosis caused by the protozoan parasite Tetrahymena sp. constitutes a
serious problem in guppy (Poecilia reticulata) farms around the world. Currently, no
therapeutic solution is available for this disease.
Guppies severely infected with Tetrahymena sp., were imported by a commercial ornamental
fish farm and brought to our laboratory. High levels of Tetrahymena were observed on skin,
gill blood vessels, internal organs, muscles, connective tissues and in the periorbital region of
the eye. The infection was maintained in guppies in a 70L container, by constantly adding
naïve fish to replace mortalities. Tetrahymena sp. isolates, Tet-NI 1-6, were obtained from the
diseased fish and maintained in RM-9 media at 25°C. Reisolation of the parasite from fish
was periodically performed, as prolonged maintenance in culture resulted in loss of
pathogenicity. Controlled internal infection was achieved by IP and IM injections with Tet-NI
that was maintained for 3 weeks in culture, at levels of 85 and 51%, respectively. Similar
injection with Tet-NI 1 after 52 weeks in culture resulted in no infection.
The correlation between Tetrahymena pathogenicity and its proteolytic activity was studied.
Proteolysis in pathogenic (Tet-NI 4 and 5) and non-pathogenic (Tet-NI 1) Tetrahymena
isolates was analysed using electrophoresis on gelatin/SDS-page gels and by a protease
fluorescence detection kit. Electrophoretic analyses revealed at least three bands (approximate
molecular weights of 30, 70 and 250 kDa) with higher gelanolytic activity in Tet-NI 4 and 5
as compared to Tet-NI 1. Fluorescence analyses revealed similarly higher proteolytic activity
in Tet-NI 4 and 5 as compared to Tet-NI 1 (2.4, 6.9 and 11.1 µg/106 cells, respectively).
Inoculation of a fish (goldfish, Carrasius auratus) epithelial cell line with Tet-NI 4 produced
no apparent CPE, although the parasite appeared to be closely associated and feeding of the
cells. The interaction of the parasite with fish cell line is being currently investigated.
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CHARACTERISTICS OF CATHEPSIN CYSTEINE PROTEASES IN THE
SCUTICOCILIATOSIS OF OLIVE FLOUNDER, PARALICHTHYS OLIVACEUS
J.S. Seo*,1, S.U. Lim2, S.J. Ahn2, M.S. Kim2, B.Y. Jee1, J.W. Kim1, H.H. Lee2 and J.K.
Chung3
1

Pathology Division, National Fisheries Research & Development Institute, 408-1,
Sirang, Gijang, Busan 619-902, KOREA. 2Department of marine Bioengineering,
Pukyong National University, Nam-Gu, Busan, KOREA. 3Department of Aquatic life
medicine, Pukyong National University, Nam-Gu, Busan, KOREA
In Korea, Scuticociliatosis by Uronema marinum caused severely economic loss by the
several problems such as mass mortalities in culturing olive flounder, Paralichthys olivaceus.
To investigate the mechanism of mass mortalities by the ciliate, the culture methods,
morphological characteristics and enzymatic activities of the ciliates have been reported.
Nevertheless, so far little is known how the ciliates enter into the host, and how it can be
survived within the hosts. Therefore, the present study was carried out to analyze the
biochemical characteristics and functions of factors related to the host infection of
scuticociliate, U. marinum. Through biochemical characteristics of cathepsin cysteine
proteases in the scuticociliate, U. marinum, cathepsin cysteine protease played an important in
host-infection and survival of U. marinum.
Seo, J.S., Kim, M.S., Lee, S.H., Kim, K.H., Lee, H.H., Jeong, H.D. and Chung, J.K. (2005) Uronema marinum:
Identification and biochemical characterization of phosphatidylcholine-hydrolzing phospholipase C. Exp
Parasiol 110: 22-29
Lim S.U., Seo, J.S., Kim, M.S., Ahn, S.J., Jeong, H.D., Kim, K.H., Park, N.G., Kim, J.K., Chung, J.K. and Lee,
H.H. (2005) Molecular cloning and characterization of cathepsin B from a scuticociliate, Uronema marinum.
Comp Biochem Physiol B 142: 283-292
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GENE EXPRESSION PROFILE OF RED SEABREAM (PAGRUS MAJOR) AND
YELLOWTAIL (SERIOLA QUINQUERADIATA) KIDNEY CELLS STIMULATED
WITH CONCANAVALIN A AND LIPOPOLYSACCHARIDE
T. Aoki*, D. Darawiroj, H. Kondo and I. Hirono

Tokyo University of Marine Science and Technology, Tokyo, Japan
Red seabream and yellowtail are two of the most important aquaculture fish species in Japan
that has been greatly impacted by infectious diseases. Numerous studies have been undertaken
to understand the fish-pathogen relationship to help develop ways to address the diseases.
However, information about this at the molecular level is very limited. Here we report our
Expressed Sequence Tag (EST) analysis of kidney cells from Red seabream and yellowtail
stimulated with concanavalin A (ConA) and lipopolysaccharide (LPS). A total of 2,103/2,040
ESTs (from Red sebream/yellowtail) were analyzed that were classified into 8 groups; cell
defense (15%)/(8%), cell division (0.3%)/(2%), metabolism (41%)/(11%), cell structure
(1%)/(3%), gene/protein expression (23%)/(17%), cell signaling (2%)/(3%), unknown
function (9%)/(17%) and unknown (8%)/(40%). Specifically, we identified immune-related
genes for both fish species that we grouped as cytokines and cytokine receptors, antibacterial
proteins, antigen presentation, antigen recognition, signal transduction, apoptosis-related, and
protease/plasma proteins. Among the genes identified that have significant homology to
known immune-related genes include β2 macroglobulin, hepcidin-like precursor,
translationally controlled tumor protein (TCTP), complement, heptaglobin and wap65-like
protein. From the yellowtail EST data, we developed the first yellowtail microarray chip,
which has 1,007 selected genes. We used this chip to investigate the gene expression of
kidney cells kidney cells stimulated with conA and LPS at 3, 6 and 12 h post-stimulation.
Generally, immune-related genes are induced at the early period of stimulation. There were 30
immune-related genes that were up-regulated by the 2 stimulants, mostly by LPS rather than
conA. Interestingly, conA down-regulated the expression of many genes at 24 h. Overall, our
study shows that cDNA microarray is a powerful and effective tool to understand molecular
immune mechanisms in fish.
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EFFECTS OF MORITELLA VISCOSA EXTRACELLULAR PRODUCTS ON
IMMUNE GENE REGULATION IN AN ATLANTIC SALMON (SALMO SALAR)
CELL LINE (SHK-1)
B. Bjornsdottir*,1, M.D. Fast2,3, S.A. Sperker2, L.L. Brown2 and B.K. Gudmundsdottir1
1
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Moritella viscosa is the causative agent of winter ulcer disease in salmonids. The extracellular
products (ECP) from this bacterium can cause disease symptoms, even leading to lethality in
Atlantic salmon (Salmo salar). An extracellular metallopeptidase of the thermolysin family,
MvP1, has been identified in the ECP. The aim of this research was to study the effects of M.
viscosa ECP and MvP1 peptidase on expression levels of genes encoding interleukin-1β (IL1β) and interleukin-8 (IL-8) in the Atlantic salmon macrophage-like SHK-1 cell line.
ECP were isolated from bacterial cells after broth cultivation at 4°C with centrifugation and
filtration. The MvP1 peptidase was isolated from other ECP components using FPLC
chromatography. SHK-1 cells were stimulated with ECP (0.01 and 0.05 µg/ml) or MvP1 (0.1,
0.4, 0.7 and 1.0 µg/ml) for 4, 24 and 72 hours in triplicate at 20°C. Total RNA was isolated
and cDNA synthesised prior to quantitative real time PCR using SYBR Green. Cloning
vectors containing appropriate gene fragment inserts were used as standards for each gene
studied. Changes in gene expression were calculated as relative to the expression of the
elongation factor-1α (EF-1α) gene.
The results showed that IL-1β and IL-8 expression was significantly increased after 4 hours of
stimulation with the higher ECP concentration. IL-8 expression was also raised after 72 hour
stimulation with the lower ECP concentration. After stimulation with purified MvP1, IL-1β
expression increased after 4 hours with the highest peptidase concentration but only increased
after 24 hours when stimulated with the lowest MvP1 concentration. IL-8 expression
increased after stimulation with the two highest MvP1 concentrations, for 0.7 µg/ml at 24 and
72 hours and for 1.0 µg/ml at 4 and 24 hours. The M. viscosa ECP and MvP1 peptidase
stimulated increased expression of the two proinflammatory cytokines IL-1 β and IL-8 in the
SHK-1 cell line. The relationship between M. viscosa ECP/MvP1 and host inflammatory
responses will be discussed.
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EFFECTS OF GROWTH HORMONE AND CORTISOL ON THE IMMUNE
RESPONSE AFTER CHALLENGE WITH INFECTIOUS PANCREATIC NECROSIS
VIRUS IN ATLANTIC SALMON PARR (SALMO SALAR).
K. Gadan1, I. Singh Mercy 1, H. Sundh2, K. Sundell2 and Ø. Evensen1
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In intensive aquaculture, husbandry and environmental factors may cause stress. Stress in turn
can affect the immune system and increase disease susceptibility. However, knowledge about
the underlying mechanisms is scarce. There is a complex interaction between the immune
system and the endocrine system of vertebrates. In fish, cortisol (F) and growth hormone
(GH) are key hormones regulating stress responses and growth, respectively. Recent studies
have also suggested that these hormones affect the immune system. GH has been shown to
enhance some immune parameters whereas F mainly is regarded as an immunosuppressive
factor. The aim of the present study was to examine the impact of chronically elevated plasma
levels of F and GH on the immune response per se and the combination of F/GH and IPNV
challenge. Further, the effect of IPNV challenge on circulating levels of GH and IGF-I was
investigated. Atlantic salmon parr were implanted intraperitoneally with sustained-release
implants of bovine (b) GH (Posilac; 1 mg bGH g-1 body weight) and F (50 µg F g-1 bw in
implant based on vegetable lipids) or a combination of F+GH. Vehicle implanted fish were
used as control. After 45 days of treatment, the fish were sampled for plasma, liver and
kidney. Fish were then immersion challenged with IPNV (TTTY, 6.8X104 TCID50 /ml ) and
sampled for plasma and tissue after 24h, 48h, 1 week and 3 weeks. Plasma levels of GH, IGF1 was measured using radioimmunoassay and gene expression in liver and kidney was
analysed with real-time quantitative RT-PCR.
Plasma levels of GH was increased by F-implantation whereas IGF-1 levels were increased in
the GH implanted group. After IPNV challenge no major differences were observed in GH or
IGF-1 levels. The relative expression of the antiviral Mx protein and stress parameters/
markers heat shock protein 70 (HSP70), serum amyloid A (SAA) and glucocorticoid receptor
(GR) were down-regulated following F and GH implantation. Fish implanted with F and
subsequently challenged with IPNV showed up-regulation of HSP70 and GR after 48h post
challenge while no up-regulation of Mx was observed at early to late time points post
challenge. These results indicate that fish implated with cortisol show a down-regulation of
the antiviral responses (cytokine driven) while acute phase responses are seen following
IPNV challenge even under high serum cortisol levels.
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THREE DISTINCT IMMUNOGLOBULIN LIGHT CHAINS OF JAPANESE
FLOUNDER
Hirono*, Y. Suzuki, Y. Honda, H. Kondo and T. Aoki

Tokyo University of Marine Science and Technology, Tokyo, Japan
We cloned three distinct immunoglobulin light chain (IgL) cDNA (JF-IgL1, JF-IgL2, and JFIgL3) from Japanese flounder, Paralichthys olivaceus. The length of amino acid sequences of
the coding region of JF-IgL1, JF-IgL2, and JF-IgL3 were 241, 235 and 239, respectively. The
amino acid sequence identities among these three IgL clones were from 50 to 60%.
Phylogenetic analysis demonstrated that the 3 IgLs clustered in different groups. We also
screened BAC clones of these 3 IgLs. Southern blot hybridization using the BAC clones and
genomic DNA indicated that the cloned 3 IgL genes existed on the different locus of the
genome. The cloned IgLs were uniformly expressed in the kidney, PBL and spleen.
However, in the gills, intestine, ovary and skin, the gene expression patterns of these 3 IgLs
were different.
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VP2 MOTIF AND PROTECTION AGAINST IPN VIRUS INFECTION
Munang’andu HM1, Santi N1, Brudeseth B2, Gravningen K2, Evensen Ø1
1
2

Section of Aquatic Medicine, Norwegian School of Veterinary Science, Oslo, Norway;
PHARMAQ AS, Oslo, Norway

Recent information has shown that certain amino acid motifs of the IPNV protein VP2 are
associated with viral virulence. As these amino acids appear to be located at an exposed
position of the viral surface, it is anticipated that they are targeted by the adaptive immune
response. The objective of this study was to explore the role that virus genotypes play in
determining the specificity of the immune response towards IPNV strains. Atlantic salmon
parr were vaccinated with four inactivated, oil-based emulsion (water-in-oil) vaccines derived
from a highly virulent Norwegian IPNV strain NVI-015 made by reverse genetics plus two
experimental vaccines from a commercial supplier. The reverse genetic based, inactivated
vaccines were of genotypes identified by 3 amino acid residues in VP2 representing TAT,
TTT, PTA and PAA in positions 217, 221, and 247. The fish were subjected to a light regime
to induce smoltification and following approximately 900 degree days of immune
development, three parallels were challenged with a virulent (TAT) IPN virus strain by
cohabitation challenge. One parallel was subject to “half challenge dose” by reducing the
number of injection fish being introduced to the cohabitants. Mortalities in cohabitants
commenced around day 10 (for all parallels) and the average mortality in controls in 3 parallel
tanks were 79% (±11; 95% CI). Protection expressed as relative percentage survival (RPS)
varied from 45 to 63, the highest level of protection being attained in TAT-vaccinated fish
(homologous challenge), the lowest in the PAA group, however differences between groups
were not statistically significant. Fish were sampled at 4 and 10 weeks post challenge to
examine to what extent vaccinated fish will be protected from becoming infected (sterilizing
immunity vs. protection against clinical disease). Differences were found between vaccine
groups and between challenge doses, and homologous vaccine groups (TAT) were found with
a lower number of virus positive fish (out of 12 or 18 fish) compared to heterologous vaccines
(TTT, PAA or PTA). By 10 weeks post challenge, no virus infected fish were found in the
low dose challenge while for non-vaccinated controls 5 of 6 were virus positive. From the
survival data, there is no significant difference between vaccine groups although there is a
trend that homology between vaccine strain and challenge strain will confer slightly better
protection. From the virus re-isolation data the indications are that a high virulent vaccine
strain will strengthen the ability to prevent fish from becoming infected while the most
“distant” vaccine strain – PTA – proves less able to prevent infection. At low-dose challenge
immunized fish have mounted a sterilizing immunity or an ability to clear the infection,
possibly with influence on establishment of a persistent infection..
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BATH VACCINATION OF RAINBOW TROUT AGAINST YERSINIOSIS – WHEN
AND HOW DOES IT WORK?
M.K. Raida, K. Buchmann

University of Copenhagen, Frederiksberg, Denmark
Studies have been conducted on the temperature-dependent effect of bath vaccination of
rainbow trout against Yersinia ruckeri O1. Protection of rainbow trout fry against challenge,
following bath vaccination with a bacterin of Yersinia ruckeri O1, the bacterial pathogen
causing enteric red mouth disease (ERM), was investigated at 5, 15 and 25° C. Rainbow trout
fry were kept at controlled temperatures for two month before they were immersed in a
commercial Yersinia ruckeri O1 bacterin for 10 minutes. Control groups were sham
vaccinated using pure water. Fish were challenged with Yersinia ruckeri O1 one and two
month post vaccination at the three temperatures. Protection of vaccinated fish was seen one
and two month post vaccination in rainbow trout reared at 15° C. There was no effect of
vaccination in rainbow trout reared at 5 and 25° C. Spleen tissue was sampled from 5
vaccinated and 5 control fish at each rearing temperature: 0, 8, 24 and 72 hours post
vaccination in order to analyse immune gene transcript profiles with real-time RT-PCR (qRTPCR). Expression of the pro-inflammatory cytokines IL-1β, INF-γ and TNF-α, and the acute
phase protein precerebellin, were up-regulated at all samplings post vaccination in fish reared
at 25° C. The study has shown that bath vaccination offers protection at 15° C and not at 5
and 25° C. The implications for practical fish farming will be discussed.
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RECOMBINANT FSPA, A SURFACE ANTIGEN FROM FLAVOBACTERIUM
PSYCHROPHILUM, INDUCES PROTECTIVE ANTIBODY RESPONSES IN
RAINBOW TROUT
Y-A. Zhang1, S.E. LaPatra2*, and J.O. Sunyer1
1
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Flavobacterium psychrophilum is the causative agent of bacterial cold water disease (CWD)
and rainbow trout fry syndrome (RTFS). Coldwater disease is a rapidly growing concern in
salmonid aquaculture worldwide. In the United States, CWD and RTFS are prevalent in the
Pacific Northwest where coho salmon, rainbow trout and steelhead trout from commercial and
conservation hatcheries suffer the greatest losses. Control and prevention of the disease is
currently being addressed with the use of antibiotics. At present, no vaccines exist against F.
psychrophilum and up until very recently nothing was known about F. psychrophilum antigen
candidates that could be used as subunit vaccines. Here we have produced recombinant FspA,
a surface F. psychrophilum antigen, and tested its ability to induce protective antibody
responses in passive immunization studies. A fragment of FspA encoding for a 195 amino
acid protein was expressed in E. coli. The recombinant protein was refolded and injected
intraperitoneally into fish (10 ug/fish) with Freunds Complete Adjuvant (FCA). Antiserum
from immunized fish contained high anti - FspA antibody titers (3200-25600) and recognized
both the recombinant protein as well as the surface of F. psychrophilum bacterium. Passive
immunization studies (n = 125/per group) showed that antiserum from immunized fish
protected animals challenged with F. psychrophilum (strain, CSF 259-93). Thus, antiserum
containing the highest anti - FspA titers (25,600) induced the highest protection (~67%
relative percentage survival [RPS]). In contrast, animals passively immunized with nonimmune sera suffered 66-82% mortality. These results strongly suggest that recombinant
FspA induces a good antibody response that is responsible for conferring immunity to
infected animals. This is the first time that a recombinantly produced F. psychrophilum
antigen is shown to induce protective antibodies. Our results suggest that FspA is a good
antigen candidate that may be used in the future as subunit vaccine.
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INFLUENCE OF DISEASES ON THE WILD EEL STOCK: THE CASE OF LAKE
ALBUFERA (VALENCIA, SPAIN)
C. Esteve* and E. Alcaide
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The European eel (Anguilla anguilla) is a fish that occurs in fresh and brackish waters in
almost all of Europe (including the Baltic and the Mediterranean) and in Northern Africa, as
well as in marine waters of the North Atlantic. The species migrates throughout the Atlantic
and adjacent seas to continental waters where it lives but returns again to the sea to reproduce.
At present, wild eel stocks dangerously close to collapse; they are exploited in most European
countries and are involved in re-stocking and aquaculture practices. In addition, an animal
health dimension is supposed, but little data exist on wild eel diseases as potential causes for
the decline in populations.
This study reports on the bacterial and parasitic diseases suffered by wild eel individuals
caught in the lake Albufera, which is a RAMSAR wetland. Eels are caught in the lagoon
using traditional fishing procedures and then briefly stocked in concrete ponds supplied with
well freshwater until sold. Along a 3-years period, 122 eels were randomly chosen and
analysed, among them some individuals showed pathological signs such as haemorrhagic fins,
petechiae on the belly and skin damage. In addition, this collection of individuals included
eels of different growth stages. Bacteria isolation was by culture on TSA agar plates of skin,
kidney and liver samples. Identification and virulence assessing of strains were made
according to Esteve et al. (1993). In addition, swim-bladder nematode parasites were collected
and weighted.
Incidence of acute bacterial diseases produced by highly virulent bacteria, such as
Edwardsiella tarda [LD50 104.85 to 106.83 cfu/fish] and Vibrio vulnificus biotipe 2 serovar A
[LD50 100.36 to 103.82 cfu/fish] was significantly higher among the youngest eels. In contrast,
chronic and mixed infections caused by weakly virulent Aeromonas sp. and Pseudomonas sp.
strains [LD50 106.85 to >108.3 cfu/fish] along with the parasite Anguillicola crassus were
significantly presented in silver stage individuals (silver eels).
The results of our study highlight two facts: 1) youngest eels could suffer high mortality rates
in the natural habitat, and 2) low quality of mature adults could reduce their survival along the
downstream migration to the sea.

35

O-027
CHARACTERISATION OF A ROSETTE AGENT (SPHAEROTHECUM
DESTRUENS) FROM SUNBLEAK (LEUCASPIUS DELINEATUS) IN THE UK
R. Paley*1, D. Andreou2, P.Martin1, D. Stone1, K. Bateman1, S. Irving1 and S. Feist1
1

Centre for Environment, Fisheries and Aquaculture Science, Weymouth, UK, 2Cardiff
University, Cardiff, UK
Sunbleak (Leucaspius delineatus), a cyprinid fish native to continental Europe is experiencing
population decline which appears to be linked to the spread of the invasive Asian cyprinid
(Pseudorasbora parva). Species interaction studies showed inhibition of spawning, wasting
then death in L. delineatus cohabited with P. parva, or exposed to their holding water (Gozlan
et al. 2005). Histological examination lead to the identification of an intracellular parasite,
similar to the freshwater Mesomycetozoean parasite, Rosette agent (Sphaerothecum
destruens) that infects salmonids in the USA. Subsequent PCR and sequence analysis of a
partial 18S rRNA gene demonstrated 100% homology. S. destruens is capable of survival in
fish in the marine environment and has been associated with sporadic severe infectious
disease (occasionally mortalities up to 90%) of cage-reared Chinook salmon (Oncorhynchus
tshawytscha) in North America (Elston et al. 1986; Arkush et al. 1998) and in farmed Atlantic
salmon (Salmo salar) in freshwater in California (Hedrick et al. 1989). In the US the disease
is usually chronic and does not appear to impair spawning of infected fish. Information on
the impact on wild stocks is extremely limited. This is the first identification of this parasite
in the UK and from a cyprinid. Given the potential for causing severe disease we have
developed cell-culture of the sunbleak rosette agent for use in pathogenicity studies.
Sunbleak rosette agent spores are infective to EPC, CHSE and FHM cells replicating most
rapidly in EPC cells. Spores can be induced to zoosporulate in water forming motile uniflagellated zoospores in a temperature dependant manner. Challenge experiments with spores
and zoospores in salmon and sunbleak are ongoing; characterisation and initial pathogenicity
studies will be described.
Arkush, K.D., Frasca, S. (Jr) and Hedrick R.P. (1998) Pathology associated with the Rosette agent, a systemic
protest infecting salmonid fishes. J. Aquat. Anim. Health. 10:1-11
Elston R.A., Harrell, L. and Wilkinson M.T. (1986) Isolation and in vitro characterization of Chinook Salmon
(Oncorhynchus tshawytscha) Rosette agent. Aquaculture. 56:1-21
Gozlan, R.E., St-Hilaire, S., Feist, S.W., Martin, P. and Kent, M.L. (2005) Biodiversity: disease threat to
European fish. Nature. 2005 435(7045):1046.
Hedrick, R.P., Friedman, C.S. and Modin, J. (1989) Systemic infection in Atlantic Salmon Salmo salar with a
Dermocystidium-like species. Dis. Aquat. Org. 7:171-177
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EXPERIMENTAL CHALLENGE OF TWO AMPHIBIAN SPECIES WITH
RANAVIRUSES ISOLATED FROM FISH AND FROGS
A. Bayley and B. Hill*

Centre for Environment Fisheries and Aquaculture Science, Weymouth, UK.
Ranaviruses (family Iridoviridae) have been found to cause heavy mortalities amongst farmed
and wild populations of fish and amphibians in Australia, Europe, Asia and the Americas.
These viruses are increasingly being recognised as a serious threat to fish and amphibian
populations, and some appear to be capable of cross-infecting animals in these different
taxonomic classes, suggesting that amphibians may be a reservoir for fish viruses and/or fish
for amphibian viruses. More information on the infectivity and pathogenicity of ranaviruses
for fish and amphibians is needed to assess the potential for their spread between different
species and host types, and the impact these viruses may have within aquatic ecosystems.
Infection experiments were carried out to assess the susceptibility of common frog (Rana
temporaria) and common toad (Bufo bufo) to 8 ranaviruses isolated from amphibians
(northern leopard frog (FV3), ornate burrowing frog (BIV) and green frog (REV-like virus))
and fish (redfin perch (EHNV), European catfish (ECV), doctor fish (DFV), guppy (GV6) and
New Zealand eel (NZIV)). The frogs and toads, at the tadpole stage of their lifecycle, were
challenged by bath immersion at three temperatures, 10°C, 15°C and 20°C. Additional
infection trial experiments were carried out to determine the pathogenicity of the three
amphibian ranaviruses for post-metamorph common toads. At 20°C, Rana temporaria and
Bufo bufo tadpoles were highly susceptible to FV3 and REV-like virus but not to BIV.
Cumulative mortality was between 90% and 100% and high viral titres of up to 2.8 x 108
TCID50/gram were recovered from dead animals. Both species were less susceptible to these
viruses at 10°C and 15°C. Bufo bufo post-metamorphs were also highly susceptible to FV3
and REV-like virus but were not susceptible to BIV. Tadpoles of both species were not
susceptible to any of the fish ranaviruses tested.
Our studies extend the evidence that some ranaviruses from amphibians are highly virulent for
different amphibian species at both the tadpole and post-metamorph life-stages, but so far do
not provide supporting evidence that ranaviruses from fish can be pathogenic for amphibian
species. Studies are underway to investigate this further, and together with other workers to
determine whether amphibian ranaviruses can be pathogenic for fish.
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RISK ASSESSMENT AND MANAGEMENT OF NON-NATIVE PARASITE
INVASIONS TO FRESHWATER FISHERIES IN ENGLAND AND WALES.
C.F.Williams*1 and J.F. Turnbull2
1

Environment Agency, Brampton, Huntingdon, England, UK. 2 Institute of
Aquaculture, University of Stirling, Stirling, Scotland, UK.;
*
chris.williams@environment-agency.gov.uk
Non-native parasites pose a significant threat to aquatic bio-diversity and fishery
development. Many non-native parasites have been introduced into the British Isles,
facilitated by growing demands for imported fish to stock fisheries, illegal fish movements,
spread of exotic fish species and a continued drive for free-trade. Identifying the effects of
these parasites and the importance of any changes to wild fish populations represents a
considerable problem for the Environment Agency - the primary statutory authority for
freshwater fisheries in England and Wales. In order for the Environment Agency to identify
future disease threats, effectively manage resources and implement practical and sustainable
control measures, the risks posed by these parasites must be better understood.
A structured, risk-assessment process for non-native freshwater parasites is proposed. This
approach includes procedures for hazard identification, impact assessment, risk management
and communication. A quantitative approach to hazard identification provides an initial
prediction of impact at the time of introduction to inform decision-making and guide
preliminary control measures. This is followed by a more comprehensive framework for
impact assessment that promotes understanding of changes at host, population and fishery
levels. These are placed into context with the economic and ecological value of native
resources. An independent ‘non-native parasite review group’ has been convened to ensure
consistency of policy decisions and clear communication of disease risks to interested bodies.
It is intended that this approach will help identify and prioritise future disease threats to
fisheries and provide a scientifically robust foundation on which to base proportionate control
measures.
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DIFFERENCES IN NON-SELF RECOGNITION PROTEINS IN DIFFERENT LINES
OF SYDNEY ROCK OYSTERS, SACCOSTREA GLOMERATA
T. Green*1, R. Adlard2 & A. Barnes1.

1
2

Centre for Marine Studies, University of Queensland, Brisbane, Australia.
Biodiversity Program, Queensland Museum, Brisbane, Australia.

The Sydney rock oyster industry is currently worth $33.2 million to Regional NSW and
Southern Queensland, Australia. The most significant threat to the industry is QX disease
caused by the protozoan parasite Marteilia sydneyi, which infects oysters in late summer and
autumn (Wesche et al., 1999). The majority of oysters die (up to 98%) 6 to 8 weeks later due
to the large number of parasites directly blocking the digestive gland and effectively starving
the oyster to death (Wolf, 1972). There is no treatment for the disease and current disease
management and prevention practices are failing. The long term commercial viability of the
industry relies on the development of disease resistant stock. Identification of an
immunological marker that can be used to assess the level of resistance of Sydney rock
oysters to QX disease would rapidly speed up the process of producing resistant oysters
(Berthe et al., 2003). NSW DPI began a selective breeding program for QX resistant stock in
1994 by inbreeding successive generations of oysters that survived infection. This line of
oysters has also been shown to be resistant to another un-identified disease in the Pimpama
River, Queensland (Green, unpublished data). However the mechanism for resistance to
disease is still unexplained.
The first step in the immune response is the recognition of pathogens as non-self. Oysters
achieve this by using pattern recognition receptors (PRRs) to recognise specific pathogenassociated molecular patterns (PAMPS) on the cell surface of invading organisms. Once
specific PRRs are activated by the appropriate PAMP, signaling cascades are triggered for
either the destruction or eventual removal of the pathogen from the host. The aim of this
study was to identify differences between QX resistant and non-selected oyster PRRs to a
range of microbial pathogens. Proteins in cell-free hemolymph from oysters were labelled
with biotin and then incubated with a range of pathogenic and non-pathogenic bacteria, fungi
and yeast. The micro-organisms were then thoroughly washed and PRRs were eluted from
the microbes and analysed by native and SDS-Page. A number of pathogen binding
molecules were identified, including mannose binding lectins, superoxide dismutases,
peroxidase and phenoloxidase and differences in binding patterns between selected and nonselected oysters were determined. Preferential binding by certain classes of PRRs in QX
resistant oysters may have potential as markers for further, more targeted selective breeding in
future commercial programs.
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ATLANTIC COD GENOMICS: THE DEVELOPMENT OF MOLECULAR TOOLS
FOR STUDYING THE IMMUNE SYSTEM OF ATLANTIC COD (GADUS MORHUA).
S. C. Johnson*,1, S. Bowman2, S. Hubert2 , K. C. Park1, J. R. Hall3, and M. L. Rise3
1

Institute for Marine Biosciences, National Research Council Canada, Halifax, Nova
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Sciences Centre, Memorial University of Newfoundland, St. John’s, Newfoundland,
Canada
Declines in wild populations of Atlantic cod worldwide have resulted in a significant increase
in farming of this species. In support of Canadian cod aquaculture, a substantial investment
has been made by Genome Canada and other partners to fund the Atlantic Cod Genomics and
Broodstock Development Program (www.codgene.ca). Within this program we are
developing large-scale genomic resources for Atlantic cod. These resources include large
numbers of expressed sequence tags (EST’s) and full-length cDNA sequences, which includes
sequences that are being generated from immune related tissues following stimulation with
viral-like and bacterial antigens. Our goal is to identify key genes involved in both the innate
and adaptive immune system of Atlantic cod and to use these genes to examine: 1) the
immune responses to viral pathogens (i.e. betanodavirus) and 2) the effects of environmental
stressors on these responses.
This presentation focuses on our use of subtractive libraries to identify genes involved in the
response to viral-like antigens. Reciprocal suppression subtractive hybridization (SSH)
cDNA libraries were constructed for different immune-relevant tissues (e.g. hematopoietic
kidney, spleen) collected from polyI:C-stimulated and control juvenile Atlantic cod. Fish
were stimulated by intravenous or intraperitoneal injections of polyI:C and tissue samples
were taken at various time points ranging from 2 hours to 1 week post-injection. Sequencing
of these libraries, supplemented with some sequences obtained from the normalized libraries,
has allowed us to identify homologues of many of the key genes involved in the interferon
response. These genes include: toll-like receptors, interferon regulatory factors, interferoninducible helicase (LPG2) and several forms of RNA-dependent protein kinase (PKR). Using
Real Time PCR we have examined the transcriptional response of these genes in immune
tissues following polyI:C stimulation. For a complete list of project partners and research
activities please visit (www.codgene.ca)
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TRANSCRIPTIONAL CONTROL OF ACUTE PHASE PROTEIN GENES IN
JAPANESE FLOUNDER PARALICHTHYS OLIVACEUS LIVER AFTER
TREATMENT WITH FORMALIN-KILLED BACTERIAL CELLS
H. Kondo, G.Y.T. Andrew, I. Hirono, T. Aoki

Laboratory of genome science, Tokyo University of Marine Science and Technology,
Tokyo, Japan.
Acute phase response occurs as a result of tissue injury, infection, and trauma, which involves
the induction of inflammatory cytokines such as interleukin (IL)-1, tumor necrosis factor and
IL-6. These cytokines induce gene expression and secretion of acute phase proteins (APPs) in
liver. APPs are well characterized in mammals because of their importance in host defense.
We have performed EST analysis on Japanese flounder Paralichthys olivaceus liver and
identified homologous genes encoding acute phase proteins. Further identification of these
APPs using microarray revealed that the transcripts encoding complement component C7,
haptoglobin, hepcidin 1, and wap65-like protein apparently increased on 3 days posttreatment with formalin-killed cell (FKC) of Edwardsiella tarda. Among the genes, hepcidin
1 was the most significantly induced after treatment. However, the gene encoding for the
serum amyloid A and C reactive protein, which is the most well characterized APP in other
vertebrates, have not been identified in this study. Hence, to identify more genes that are
induced by FKC of E. tarda as well as the other bacteria, cDNA subtraction analyses are now
being conducted.
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FUSION PROTEIN VACCINE AGAINST IPN BASED ON VP2-BACTERIAL
EXOTOXIN IMPROVES SURVIVAL IN ATLANTIC SALMON
I. Singh Mercy1, TY Kuo2 and Ø. Evensen1
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National I-Lan University,

Infectious Pancreatic Necrosis (IPN) in salmonid fish is caused by Infectious Pancreatic
Necrosis Virus (IPNV). IPNV causes high mortality and is a threat to the fish health and
incurs economical losses to the fish farmers.
The IPNV virus is a well-characterized birnavirus (Bi-RNA virus) that contains two doublestranded RNA segments, encapsulated by a nonenveloped capsid (60nm). The capsid is
thought to contain VP2 and VP3, with VP2 protein being exposed on the surface of the virus.
The virulence of the virus has been shown to be determined by certain amino acids at specific
positions in the VP-2 protein. Many of the antibodies found in fish against IPNV are found to
be mounted against the VP2.
Vaccines against IPNV have only been moderately successful and none of the available
vaccines gives a satisfactory level of protection. In this study we have immunised Atlantic
salmon parr with a subunit of the VP2 protein fused to a biological adjuvans/booster protein,
the exotoxin of Pseudomonas aeruginosa (PE) in the form of a sub-domain III deletion (∆III)
variant combined with KDEL, a signal for intracellular routing. This fusion protein is shown
to induce both CD8 and CD4 responses in higher vertebrates, thus increasing CD8 and CD4
responses (1).
Monovalent vaccines containing either the fusion-protein (VP2-PE∆III-KDEL) or the subunit
VP2 only were formulated as a water-in-oil emulsion and administered by intraperitoneal
injection (ip). 12-18 fish were bled and various tissue samples were taken after 6, 10, 14 and
20 weeks. Challenge was carried out at approx. 900 degree days and average control mortality
was 79%. The level of survival in the VP2-only group was not significantly different from the
control group while the VP2-PE∆III-KDEL immunised fish had an RPS of 23% and
significantly improved level of protection compared to controls.
1) Liao CW, Chen CA, Lee CN, Su YN, Chang MC, Syu MH, Hsieh CY, Cheng WF. Fusion protein vaccine by
domains of bacterial exotoxin linked with a tumor antigen generates potent immunologic responses and
antitumor effects. Cancer Res. 65(19):9089-9098, 2005.
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TEMPERATURE-DEPENDENT EXPRESSION OF IMMUNE-RELEVANT GENES IN
RAINBOW TROUT FOLLOWING YERSINIA RUCKERI I.P. VACCINATION
M.K. Raida* and K. Buchmann

University of Copenhagen, Frederiksberg, Denmark
The immune response in rainbow trout against a bacterin of Yersinia ruckeri, a bacterial
pathogen causing enteric red mouth disease (ERM), was investigated at 5, 15 and 25° C.
Rainbow trout were immunized by i.p. injection of a Y. ruckeri (serotype O1) water based
bacterin and compared to control groups injected with phosphate buffered saline (PBS).
Blood and tissue samples (spleen and head-kidney) were taken for subsequent analysis using
solid phase enzyme-linked immunosorbent assay (ELISA) and real-time PCR (RQ-PCR),
respectively. The up-regulation of cytokine genes was generally faster and higher at high
water temperature with major expression at 25° C. The pro-inflammatory cytokine IL-1β and
INFγ was significantly up-regulated in all immunized groups whereas the cytokine IL-10 was
merely up-regulated in fish kept at 15 and 25° C. The gene encoding the C5a (anaphylatoxin)
receptor was expressed at a significantly increased level in both head-kidney and spleen of
immunized fish. The secreted IgM encoding gene was significantly up-regulated in the headkidney of immunized trout reared at 25° C, and a positive correlation (r: 0.663) was found
between gene expression of secreted IgM in the head-kidney and Y. ruckeri specific
antibodies in plasma measured by ELISA. However, no regulation of the teleost specific
immunoglobulin IgT, which was generally expressed at a much lower level than IgM, could
be detected. The study indicated that both innate and specific adaptive immune response
factors are highly temperature-dependent in rainbow trout.
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COMPLEXITY IN TELEOSTEAN IL6-CYTOKINE SUBFAMILY
M.D. Santos*, J.Y. Hwang, M. Yasuike, H. Kondo, I. Hirono and T. Aoki

Tokyo University of Marine Science and Technology, Tokyo, Japan

IL6-cytokine subfamily is a group of cytokines with a four α-helical bundle motif that utilizes
a common signal transducing receptor component, glycoprotein 130 (gp130). These cytokines
are involved in numerous physiological functions such as development, hematopoiesis, host
defense, immunity among others, and includes Interleukin 6 (IL6), Interleukin 11 (IL11),
ciliary neutrophic factor (CNTF), leukemia inhibiting factor (LIF), oncostatin M (OSM),
cardiotrophin 1 (CT-1), cardiotrophin 2 (CT-2) and cardiotrophin-like cytokine (CLC). In
teleost fish, only IL6, IL11 orthologue (in duplicate form) and a novel M17 gene has been
cloned and analyzed thus far. Here, we studied two genes from Japanese flounder that we
have established to belong to the IL6-cytokine subfamily. While highly homologous with its
duplicate counterpart, we found that IL11 type b protein have some structural difference with
IL11 type a. This observed difference was further seen in expression data where there was
apparent opposite and complementing expression of both genes, constitutively and in
response to bacterial and viral agents in vitro and in vivo. We found another gene that is
homologous to fish M17 and thus named as M17 homologue (MSH), which we suggest to be
a novel gene based on its difference with M17 in comparative synteny and constitutive gene
expression. MSH, like IL11b and other IL6-cytokines, is regulated by bacterial and viral
agents. Both cytokine genes represent increasing evidence of the variation and complexity of
fish IL6-cytokine subfamily and have far reaching implications on the immune system and
other physiological processes of teleost fish.
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OPSONISATION, PHAGOCYTOSIS AND KILLING OF STREPTOCOCCUS INIAE
BY PERITONEAL LEUCOCYTES FROM BARRAMUNDI, LATES CALCARIFER
Reiny A Tumbol, Justice Baiano and Andrew C Barnes

Aquatic Animal Health Laboratory, Centre for Marine Studies, University of
Queensland, Brisbane, Australia
Streptococcus iniae is the major bacterial disease affecting culture of barramundi in Australia
and recent attempts at vaccination have met with limited success. A recent commercial
autogenous vaccine used at a farm in Northern Territories Australia did not protect fish from
subsequent re-infection and mortality from S. iniae. In order to better understand why
vaccination against S .iniae was unsuccessful, the interaction of pre and post-vaccination
isolates of S .iniae with peritoneal macrophages from barramundi was investigated. Flow
cytometric analysis indicated that peritoneal macrophages were able to phagocytose FITClabelled S.iniae isolates. Moreover, 80% of the bacteria were killed by macrophages after 2
hours, determined by gentamycin protection assay followed by viable counting on solid
medium. Antisera were raised in barramundi against a formalinised bacterin prepared from
the isolate of S. iniae used in the commercial autogenous bacterin. Antisera were then used in
opsonophagocytosis assays based on ability to induce luminol chemiluminescence in
barramundi macrophages to determine whether they were able to cross opsonise pre and post
vaccine strains. The vaccine strain when pre-incubated with the homologous antiserum
induced a strong chemiluminescence response following 30 min incubation with
macrophages. However, when a post vaccine isolate was pre-incubated with antisera raised
against the vaccine strain, the chemiluminescence response was significantly lower, and not
significantly different to the response induced when incubated with normal barramundi
serum. Our data suggest that, whilst barramundi macrophages are capable of phagocytosing
and killing S .iniae, antibodies produced by barramundi in response to the strain used in the
vaccine do not sufficiently cross-opsonise the strain isolated from mortalities that occurred
post vaccination on the farm and this may be the reason the vaccine did not protect the fish
from subsequent infection.
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RAINBOW TROUT FARMS WITH A HIGH DEGREE OF RECIRCULATION:
PATHOGENIC BACTERIA AND ANTIMICROBIAL RESISTANCE
M. S. Bruun*, L. Madsen and I. Dalsgaard
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Denmark
Fish farming in Denmark is going through changes to manage an increased production of
rainbow trout (Oncorhynchus mykiss) and simultaneously reducing environmental impact.
Eight traditional flow-through farms have been redesigned to “model farms” based on
recirculation technology. The farms only take in well-/borehole-water and the amount of
water used is very low due to a high degree of recirculation. One part of the project is Best
Veterinary Practice concerning optimal veterinary routines and handling of diseased fish –
including preventive measures, and monitoring of fish pathogens at the farms. Bacterial
diseases giving rise to problems at traditional freshwater farms in Denmark are caused by
Flavobacterium psychrophilum and Yersinia ruckeri, whereas Aeromonas salmonicida and
other pathogens are occasionally isolated. Bacteriological examinations of 20 fish (of
different sizes) were done on each model farm quarterly. Samples were taken from skin, gills,
spleen, kidney, brain and pathological changes if present, and inoculated on 2 different agar
plates, blood agar (for the isolation of Y. ruckeri and A. salmonicida) and tryptone yeast
extract salts (TYES) agar for the isolation of F. psychrophilum. Samples from skin and gills
were also inoculated on TYES agar added sulfadiazin and trimethoprim, antibiotics
suppressing the natural water flora but supporting growth of F. psychrophilum. It was
possible to isolate all three bacterial species (sometimes all three species in the same fish),
both from fish with and without disease symptoms. F. psychrophilum was isolated from all
eight farms, Y. ruckeri from seven of the eight farms, whereas A. salmonicida was only
isolated from three farms. The antimicrobial susceptibility/resistance pattern of the isolated
bacteria is presented, and the importance of the isolated bacteria is discussed. So far, our
results show that pathogenic bacteria can be found at the “model farms”; however, it seems
that disease outbreaks caused by bacterial infections are reduced in comparison to traditional
fish farms with earth ponds.
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FIRST DETERMINATION OF TRANSFERABLE ANTIMICROBIAL RESISTANCE
PLASMIDS (R PLASMIDS) IN EDWARDSIELLA ICTALURI ISOLATED FROM
DISEASED FRESHWATER CATFISH, PANGASIUS HYPOPHTHALMUS
(SAUVAGE), IN VIETNAM
L.T. Dang*,1, D.T. Tu2, H. Kondo1, I. Hirono1 and T. Aoki1
1
2
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The spread of antimicrobial-resistance plasmids (R plasmids) within fish pathogenic bacteria
appears to contribute to the extensive occurrence of antimicrobial resistance that has become a
major concern in many countries. In the present study, therefore, a total of 46 Edwardsiella
ictaluri strains isolated from diseased freshwater catfish in Vietnam was re-confirmed by PCR
assay and tested for the presence of R plasmids. Thirty-nine (39) strains (84.8%) were
determined to harbour transferable R plasmids that were successfully transferred to E. coli
RC85nal and E. coli BH101Strr recipients, and were examined for susceptibility to 10
antimicrobial agents. All were highly susceptible to cefazolin (CEZ), enoxacin (ENX) and
colistin (CL); moderately susceptible to kanamycin (KM); and highly resistant to tetracycline
(TC) and sulfamonomethoxine (SMMX). However, slight differences in
susceptibility/resistance to some antibiotics (e.g., ampicillin (ABPC), combination of
sulfamethoxazole (SMX)/trimethoprim (TMP), chloramphenicol (CP) and streptomycin
(SM)) seemed to cluster the R plasmids into 3 possible different groups. The first group
referred as pVNEict-01 (34 of 39 isolates) was resistant to TC, SMMX, SMX/TMP and SM;
the second group referred as pVNEict-02 (3 of 39 isolates) was resistant to TC, and the last
group referred as pVNEict-03 (2 of 39 isolates) was resistant to TC, SMMX, SMX/TMP, SM,
ABPC and CP. Plasmid DNA extracted from E.coli BH101Strr recipients conjugating
pVNEict-01, pVNEict-02 and pVNEict-03 also showed differences among 3 groups in
digestion with BglII, PstI, and EcoRI restriction endonucleases. As far as tetracycline
resistance (tet) was concerned, both chromosomal DNA and plasmid DNA of each group
were analysed by PCR assay for tet determinants of classes A-E. All groups contained two
determinants tetA and tetB, but negative for tetC, tetD and tetE. The study describes the first
database concerning susceptibility/resistance pattern of E. ictaluri to a number of common
antibiotics, which can be applied to treat the disease, and further cautions that E. ictaluri is a
real threat not only as a source of disease but also as a source from which transferable R
plasmids can easily be spread to other pathogens in the environment.
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INSIGHTS IN THE NATURAL HISTORY AND VIRULENCE OF STREPTOCOCCUS
AGALACTIAE INFECTIONS IN NILE TILAPIA.
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In the present study we describe the phenotypical characterization, virulence and experimental
transmission of S. agalactiae to Nile tilapia in Brazil. In the 2003-2006 period, 23 strains of S.
agalactiae were isolated from Nile tilapia. These isolates were obtained from eight different
farms, one from a hatchery, raceway system and six from cage culture systems. The farms
were located in five distinct Brazilian states: Minas Gerais, Bahia, São Paulo, Espírito Santo
and Paraná. The strains were isolated from brain and/or kidney in blood agar and the
phenotypical profile and Lancefield group determined by API-20 STREP and Slidex-Strepto
Kit, respectively. The virulence of representative strains, LD50 determination (by i.p route)
and transmission studies were done by in vivo assays with healthy Nile tilapia, in glass
aquaria, under controlled conditions. S . agalactiae were isolated from fish with a weigh
ranging from 53 to 500 grams. All outbreaks of disease were associated to clinical signs of
exophthalmia and encephalitis, with erratic swimming and whirling. These outbreaks
occurred in summer seasons, water temperature above 27 0C. All identified strains were non
hemolytic, and belonged Lancefileld group B. Two distinct phenotypes of S. agalactiae were
observed among the analyzed strains, with an unique phenotype isolated from a farm in Bahia
state. Five bacterial strains were selected to studies of infectivity, transmission and LD50
determination. All strains (at a dose of 106 CFU/fish, by i.p. route) induced high mortality in
Nile tilapia, with typical signs of the natural disease. The disease was reproduced in fish with
weigh ranging from 20 to 300 grams. In co-habitation studies it was demonstrated the
transmission of the disease from infected to healthy fish by water. To four strains the LD50
were inferior to 100 cells and the strain ST 20-06 showed the LD50 of 6.4 x 101.17 CFU/fish
showing the high virulence of S. agalactiae. We conclude that Nile tilapia is strongly
susceptible to S. agalactiae infections and that the virulence of the analyzed strains was
homogeneous for different geographic origins in Brazil.
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NOVEL CHLAMYDIAE FROM SALMONID FISH
M. Karlsen1*, A. Nylund1, K. Watanabe1, J. V. Helvik2, S. Nylund1 and H. Plarre1
1
2

Department of Biology, University of Bergen, N-5020 Bergen, Norway
Department of Molecular Biology, University of Bergen, N-5020 Bergen, Norway

The phylum Chlamydiae contains obligate intracellular bacteria, several of which cause
disease in their hosts. Morphological studies have suggested that this group of bacteria may
be pathogens of fish, causing cysts in epithelial tissue - epitheliocystis. Recently, the first
genetic evidence of a chlamydial ethiology of this disease in seawater reared Atlantic salmon
from Norway and Ireland was presented, and the agent was given the name ‘Candidatus
Piscichlamydia salmonis’. In this paper we present molecular evidence for the existence of a
novel Chlamydiae that also may cause epitheliocystis in Norwegian salmonids. This novel
Chlamydiae has been found in salmonid fish from freshwater, and based on its 16S rRNA
gene, it may constitute a third genus in the family Chlamydiaceae, or a closely related sister
family. By using whole-mount RNA-RNA hybridization we demonstrate how infected cells
are distributed in a patchy manner on a gill arch. The morphology of the novel Chlamydiae
includes the characteristic head-and-tail cells that have been described earlier from salmonid
fish suffering from epitheliocystis.
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O-041
PREVALENCE OF FLAVOBACTERIUM PSYCHROPHILUM BY NESTED PCR
AND BACTERIOLOGY IN FOUR POPULATIONS FROM A COMMERCIAL
RAINBOW TROUT HATCHERY
F. Manji*, J. F. Turnbull, K. D. Thompson and A. Adams

Institute of Aquaculture, University of Stirling, Scotland.

There is limited information available about the source of Flavobacterium psycrophilum
infection leading to Rainbow Trout Fry Syndrome (RTFS) in aquaculture systems. The aim of
the study was to follow the infection with F. psychrophilum over time in commercial farm
systems, to monitor changes in prevalence over time and identify possible sources of
infection. Sampling started at the point of arrival of fertilized eggs onto the farm predisinfection and finished at the point where the fry left the farm. Due to the large size of
population under study, it was important to use sensitive tests and large sample sizes. The
tests used for identification of the infection were bacteriology and nested PCR. For eggs, 300
were sampled and pooled into batches of 6. For the fry, 50 were sampled individually with
kidney and spleen smears taken for bacteriology and these were also analysed by PCR for the
presence of F. psychrophilum. A total of 600 fry from four different egg sources were tested
in the study.
PCR was found to be more sensitive than bacteriology, due to either detecting lower levels of
infection or picking up non-viable bacteria. A range of differences were found between the
techniques depending on the choice of organ sampled.
The results show with more than 95% confidence that all sources of eggs brought into the
farm were infected with F. psychrophilum. They also showed that the prevalence of infection
increased over time for all populations sampled with no significant difference between the
prevalence in the populations derived from the 4 egg sources.
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O-042
OCCURENCE OF FRANCISELLA IN WILD POPULATIONS OF ATLANTIC COD
(GADUS MORHUA) IN NORWAY
K. F. Ottem*, A. Nylund, E. Karlsbakk

Department of Biology, University of Bergen, Norway
Infections in farmed fish with bacteria belonging to genus Francisella cause problems in
Asia, South-America and in Europe. In Norway farmed Atlantic cod (G. morhua) are heavily
affected by a Francisella sp., but the bacterium has also been detected in farmed Atlantic
salmon (Salmo salar). The bacterium has been found in farmed cod from the counties of
Rogaland, Hordaland, Møre og Romsdal and Nordland. No records of Francisella sp.
infections as of yet are present from the counties of Sogn og Fjordane, Sør-Trøndelag and
Nord-Trøndelag. Knowledge regarding natural reservoirs and occurrence of the bacterium in
the wild is still scarce. However, from different wild species (fish and evertebrates) collected
nearby farming locations suffering from infections with Francisella, small amounts of the
bacterium have been detected. This may indicate that the bacterium is naturally present in the
wild species or that these have become infected due to close contact with Francisella infected
cod-farms. Natural infected wild species may act as reservoirs for transmission of the
bacterium to farmed cod.
To find out more about the natural reservoirs and occurrence of Francisella, wild populations
of Atlantic cod were collected from the counties of Vest-Agder, Aust-Agder, Rogaland,
Hordland, Møre og Romsdal and Nordland in 2006-2007. The cod was collected from areas in
the counties were cod-farming is scarce or absent. Samples were analyzed for the presence of
the bacterium using real-time PCR. So far small amounts of Francisella sp., have been
detected in wild Atlantic cod (G. morhua) collected from the county of Hordaland. Further
results will be presented.
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O-043
DYNAMICS OF PREVALENCE OF BACTERIAL KIDNEY DISEASE (BKD) IN
SCOTTISH TROUT FARMS
I.S. Wallace, A. Gregory, A.G. Murray, L. Munro, R.S. Raynard

Fisheries Research Services Marine Laboratory, Aberdeen AB11 9DB, United Kingdom
Bacterial Kidney Disease (BKD) is caused by Renibacterium salmoninarum (Rs) in cultured
Atlantic salmon (Salmo salar L) and rainbow trout (Oncorhynchus mykiss W). BKD does not
cause relatively significant economic losses in the Scottish trout industry, but can cause
substantial losses to farmed Atlantic salmon, especially as it affects larger sea-grown fish.
Effective surveillance and control of BKD requires information on the transmission of Rs and
the rate of development of the prevalence in populations. A study was carried out to generate
such information at three BKD infected freshwater rainbow trout farms. These sites were restocked with batches of fish that tested negative for Rs at the source sites. Nine separate input
cohorts were sampled for Rs over their production cycles and tested using the technique of
real time PCR (qPCR). From these nine input cohorts, a total of 56 samples, usually
consisting of 600 fish, were tested in pools of 10 and all nine cohorts eventually tested
positive for Rs within the time scale of one week to four months. The initial prevalence of Rs
in all but one cohort was below detectable limits but increased significantly with time on site.
There were also significant effects of local water temperature and site-level differences on
prevalence estimations by a Generalised Linear Model. Possible effects of grading and
interactions with other diseases were also noted. A wider prevalence survey on one farm
illustrated infection to be widespread within the various stocks on site. A total of 472 wild
fish from close to one farm were tested for the presence of Rs and all were negative. The
evidence obtained indicates that BKD is transmitted between stocks of fish in open cage
culture as practiced at the study sites. Improved biosecurity between the stocks in cages could
be investigated for their effects in preventing transmission of BKD.
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O-044
DISEASES OF EUROPEAN EDIBLE CRAB (CANCER PAGURUS) FROM THE
ENGLISH CHANNEL FISHERY
G.D. Stentiford, K.S. Bateman and S.W. Feist

Centre for Environment, Fisheries and Aquaculture Science (Cefas), Weymouth
Laboratory, Weymouth, Dorset DT4 8UB, UK
Edible crabs (Cancer pagurus) are a key fisheries resource in the European maritime area and
are fished all around the UK coastline. The English Channel fishery is the most important of
these with landings exceeding four thousand tonnes (>Euro 17m) in 2006. A lack of
knowledge on diseases in this commercially important species has recently been highlighted
by the discovery of the globally significant pathogen Hematodinium sp. in English Channel
stocks. This parasite has previously caused devastating effects in the blue crab, tanner crab
and snow crab fisheries in the USA and Canada and in the Nephrops fisheries of Scotland.
Our laboratory carried out a histopatholgical and ultrastructural survey of C. pagurus landed
by the fishing fleet in Weymouth on the English Channel. In addition to the redescription of
Hematodinium sp., we also discovered a new genus of intranuclear microsporidian
(Enterospora canceri) infecting the hepatopancreas and a new species of Paramarteilia-like
organism infecting connective tissues of the hepatopancreas, heart, gonad, nerve and other
organs. Enterospora canceri is placed within the family Enterocytozoonidae (with close
affinities to the human pathogen Enterocytozoon bieneusi). The Paramarteilia-like pathogen
is only the second description within this genus (the type species being Paramarteilia
orchestiae from amphipods) and has close affinities to the molluscan pathogen genus
Marteilia. Although the apparent prevalence of both pathogens is low in the Channel fishery,
only samples from the legal fishery were obtained. No data is available on the prevalence of
these pathogens in the sub-legal size stock and as such, more extensive surveys are required to
assess the potential impact of these two new pathogens on stock size and structure. The
current study has significantly advanced our knowledge of pathogens of this important crab
species and highlights the relative dearth of knowledge on pathogens of the Crustacea.
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A NOVEL DISEASE OF THE EUROPEAN SHORE CRAB, CARCINUS MAENAS –
MOLECULAR PATHOLOGY AND EPIDEMIOLOGY.
Fiona Eddy1, Adam Powell1, Simon Gregory1, Linda M. Nunan2, Donald V. Lightner2,
Paul J. Dyson3, Andrew F. Rowley1 and Robin J. Shields1.
1

Centre for Sustainable Aquaculture Research, Department of Biological Sciences,
Swansea University, Singleton Park, Swansea, SA2 8pp, UK. 2Department of Vetinary
Sciences and Microbiology, University of Arizona, Tucson, Arizona 85712, USA
3
School of Medicine, Swansea University, Singleton Park, Swansea, SA2 8PP, UK
Several rickettsia-like diseases have been reported in arthropods (insects and crustaceans)
some of which result in significant losses of economically important species such as shrimp
and crabs. This study reports on the molecular pathology of a recently emerged disease of the
European shore crab, Carcinus maenas, termed milky disease; named as a result of the
unusual milky appearance of the haemolymph (blood). This disease was more prevalent
(>26%) during summer months when the water temperature in a pilot crab farm was ca. 19
°C. The causative agent of the disease was a Gram negative bacterium that could not be
cultured on a range of agar-based growth media. Diseased crabs showed significant reductions
in free blood cell numbers, total serum protein and raised levels of glucose and ammonium in
blood. Ultrastructural and in situ hybridisation studies revealed that the causative agent
associated with milky disease multiplied in the fixed phagocytes of the hepatopancreas
(digestive gland) ultimately to be released into the haemolymph where the circulating blood
cells showed little response to the presence of these agents. Attempts to induce the infection
by short-term temperature stress failed as did transmission experiments where healthy crabs
were fed infected tissues from milky disease affected individuals. Sequence analysis of the
16S rRNA gene from the milky disease bacteria indicated that they are a previously
undescribed species of α-proteobacteria with little phylogenetic similarity to members of the
order Rickettsiales.
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O-046
CHANGES IN MICROBIOTA OF BLACK TIGER PRAWN (PENAEUS MONODON)
LARVAE DURING A FAILED HATCHERY PRODUCTION RUN.
J.E. Hill*, J.J. Holgate, G. Viera, J. Baiano and A.C. Barnes

Aquatic Animal Health Laboratory, Centre for Marine Studies, University of
Queensland, Brisbane, Australia
A commercial scale trial was run to evaluate the effects of potential probiotics on the gut
microbiota of Penaeus monodon larvae throughout their development. Unexpectedly, during
the trial the hatchery faced a mass mortality at mysis II, approximately two weeks short of
completion. The trial tanks (10 tonnes each) were stocked with newly hatched prawn larvae
and samples (100 larvae each) were taken at all larval development stages, zoae I, zoae II,
zoae III, mysis I and mysis II. Gut microbiota were analyzed by viable counting surfacedisinfected larval homogenates onto plate count agar and thiosulphate citrate bile sucrose
(TCBS) agar. Bacterial content was also analyzed using fluorescence in situ hybridization, to
assess where bacteria first colonize within the larvae and potential locations for pathogenic
infection. Total bacterial counts remained similar in both test and control tanks throughout the
duration of the trial. Isolated bacteria were identified to species level by sequencing the
complete 16s rDNA of each colony type. As the trial progressed, there was an increase of
non-introduced bacterial species including marine vibrios, Photobacterium and Pseudomonas.
Probiotic bacteria were present in the treated tanks from the outset, but not detected in the
control tank until day 8, probably reflecting aerosol cross-contamination within the hatchery
building. The trial was terminated on day 10 when all larvae in the hatchery died. From the
present study we conclude that whilst the Bacillus species included in the present probiotic
preparation are able to persist within the larval gut and can inhibit some marine vibrios in
vitro, they did not influence mortality on this occasion. The cause of the simultaneous
mortality of prawn larvae in all tanks at Mysis II is still not conclusive, and may not be of
bacterial origin. However, a previously unidentified Vibrio sp. appeared immediately prior to
the mortality event.

55

O-047
VARIATION IN VIRULENCE BETWEEN CRAYFISH PLAGUE (APHANOMYCES
ASTACI) STRAINS
S. Viljamaa-Dirks*, H. Torssonen and S. Heinikainen

Finnish Food Safety Authority Evira, Department of Animal Diseases and Food Safety
Research, Kuopio Research Unit, Kuopio, Finland
Crayfish plague, caused by the oomycete organism Aphanomyces astaci, is the most serious
crustacean disease in Europe. Crayfish plague originates from North-America, and initial
introduction to Europe occurred in the end of 19th century. European crayfish species
appeared highly susceptible, and infection was reported to lead to a total mortality of the
population. Later resistant North-American crayfish species were introduced to Europe to
improve crayfish fishery. With these introductions, new genotypes of A. astaci were imported.
In Finland, two genotypes are found: the signal crayfish type (PsI) carried by the NorthAmerican signal crayfish (Pacifastacus leniusculus) and the earlier introduced type (noble
crayfish type, As) still causing epidemics in noble crayfish (Astacus astacus) populations in
some parts of Finland (Viljamaa-Dirks and Heinikainen, 2003).
The expected total mortality of the population made it feasible to restock a plague-stricken
water body soon after the disappearance of the crayfish. However, in Sweden the reintroductions of noble crayfish were reported mainly to fail through a new outbreak of
crayfish plague (Fürst 1995). Also in Finland a phenomenon called a chronic crayfish plague
was recognised, meaning a continuous reappearance of crayfish plague in the large lake-areas.
Recently, we have verified the persistent presence of an As-type A. astaci in a small lake
(Viljamaa-Dirks and Heinikainen 2006). These findings may point to variable virulence
between the genotypes.
We performed an infection trial using noble crayfish as susceptible host. Two PsI- type strains
and two As-type strains were chosen, based on the radial growth rate differences. Significant
differences were seen in the development of mortality in test groups. The representatives of
PsI- type caused total mortality in the expected time span. As-type strains were found to be
much less virulent. Although total mortality was achieved in this trial, it took more than half a
year to develop with a less virulent strain. It can not be excluded, that in natural
circumstances, where the infection dose can be much lower and the water temperature less
favourable for the growth of A. astaci, a low-virulent strain can survive for prolonged periods
carried by a susceptible host, thus preventing successful re-introductions of noble crayfish.
Fürst, M. (1995) On the recovery of Astacus astacus L. populations after an epizootic of the crayfish plague
(Aphanomyces astaci Schikora). Freshwater crayfish 8, 565-576
Viljamaa-Dirks, S. and Heinikainen, S. (2003) .Genotypes of Aphanomyces astaci from Finnish crayfish plague
epizootia. 6th International Meeting of Microbial Epidemiological Markers, August 27-30, 2003, Les Diablerets,
Switzerland
Viljamaa-Dirks, S. and Heinikainen, S. (2006) Clinical evidence of a chronic crayfish plague (Aphanomyces
astaci) infection in noble crayfish (Astacus astacus) populations. 16th Symposium of the International
Association of Astacology, July 30-August 4, 2006, The Gold Coast, Queensland, Australia
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IMPORTED SHRIMP USED AS BAIT AND DISEASE RISK.
G. Grossel*1, L. West2 and R. Heard1
1
2

Biosecurity Australia, Canberra, Australia.
Kewegama Research, Noosaville, Australia.

Importation of shrimp for use as bait is currently not permitted in Australia. Shrimp are
imported for human consumption and potentially may be diverted for use as bait. Bait use is a
potential pathway for exposure of crustaceans to disease agents. Australia conducted two
surveys to assess the use of imported shrimp as bait by recreational fishers in 2002 and 2006,
a period during which, shrimp imports doubled in volume. Both surveys detected the use of
potentially imported shrimp as bait at relatively low levels. The results have been considered
in a risk assessment.
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CRUSTACEAN DISEASES - THE EU PERSPECTIVE
Grant D. Stentiford*

Centre for Environment, Fisheries and Aquaculture Science (Cefas), Weymouth
Laboratory, Weymouth, Dorset DT4 8UB, UK
Despite the commercial and ecological importance of crustacean populations from European
marine, estuarine and freshwater environments, studies on their diseases are a deficit
discipline compared to those molluscsan and finfish host groups. The relative lack of
crustacean aquaculture with the European area has no doubt contributed to this deficit in
research effort. In addition to capture production from native stocks, European states are
major importers of cultured crustaceans (mainly tropical shrimp) from third countries, with
imported cultured product becoming an increasingly significant component of the European
seafood diet as domestic fisheries become fully exploited. In contrast to the European area,
crustacean disease research in third countries (particularly in Asia and the Americas) has
majored on virus diseases of tropical shrimp, several of which have caused devastating losses
within the industry over the past decade. Diseases caused by pathogens such as White Spot
Virus (WSV), Yellowhead virus (YHV) and Taura syndrome virus (TSV) have caused
pandemics in production ponds for Penaeid shrimp across the globe and recent evidence has
suggested that native crustacean stocks adjacent to production zones may also be at significant
risk from these diseases. WSD in particular appears to have a wide host range with all
decapods acting at least as carriers. Due to the significant import of cultured crustacean
products into Europe and the importance of the standing crustacean stock within the European
aquatic environment, the EC Fish Health Directive (2006/88/EC) to be applied from August
2008 has, for the first time, listed WSV, YHV and TSV as exotic pathogens of concern.
Inclusion of these diseases in the Directive is aimed to address the threat of their importation
on marine and freshwater commercial and non-commercial crustacean populations within the
European area. Here, I will provide a summary of these new list diseases and assess the risk
posed to European crustaceans from imported products and of transporting live crustaceans
within the European area.

58

O-050
DIFFERENTIAL GENE EXPRESSION AND PROTEOMICS OF AEROMONAS
SALMONICIDA GROWN UNDER LOW IRON AND IN VIVO CONDITIONS
L. Brown1*, W. Findlay2, D. Pinto1, S. Sperker1, J. Williams1, K. Chisholm1, R. Singh1, J.
Nash2
1
2

NRC Institute for Marine Biosciences, Halifax, Canada
NRC Institute for Biological Sciences, Ottawa, Canada

Aeromonas salmonicida, the causative agent of furunculosis, is one of the most studied
bacterial pathogens of fish. An amplicon-based DNA microarray was constructed using a
subset of 2068 genes from the draft genome sequence of an A. salmonicida wild-type strain.
The microarray, with genes for known virulence-associated factors in A. salmonicida, was
used to examine the differential gene expression of A. salmonicida grown under low iron
conditions, and within in vivo implants. We identified 57 genes that were significantly upregulated under low iron conditions and none that appeared to be down-regulated. Most of the
genes observed to be up-regulated by growth in low iron are involved in iron acquisition,
including iron-siderophore synthesis and transport, ferrous ion transport and heme binding
and utilization, and Fe(III) dicitrate transport. Other up-regulated genes are involved in heme
synthesis, contain iron-sulphur clusters, or are iron-regulated, e.g., the colicin receptor.
Complementary proteomics studies of the same A. salmonicida samples indicated that the
levels of >60 proteins increased or decreased by at least 50% in low iron medium. Many of
the up-regulated proteins are involved in iron homeostasis, and several match genes upregulated in our low iron microarray experiments.
We have tested our hypothesis: that genes and proteins associated with iron regulation will be
differentially expressed in A. salmonicida grown under low-iron in vitro culture, and inside in
vivo implants, as compared to under iron-replete in vitro conditions. We have also identified
additional genes and proteins, not associated with iron regulation which are differentially
expressed under in vivo implant growth conditions. We are correlating these results with data
from other studies from our laboratories to determine molecular mechanisms of A.
salmonicida pathogenicity. For example, we had made knock-out mutants of several ironassociated genes and have conducted virulence and protection assays with them. By
increasing our knowledge of virulence factors and their regulation, we will be able to target
candidates for anti-A. salmonicida vaccine and other immunomodulatory developments.
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TYPE III SECRETION DEPENDENT VIRULENCE MECHANISMS OF FISHPATHOGENIC AEROMONAS SPECIES
J. Frey*,1, Sarah Burr1 and Thomas Wahli2

Institute of Veterinary Bacteriology, Universität Bern, Switzerland. 2 Centre for Fish
and Wildlife Health, Institute of Animal Pathology, Universität Bern, Switzerland
Pathogenic Aeromonas salmonicida subsp. salmonicida and also atypical Aeromonas
salmonicida isolates as well as other pathogenic Aeromonas species such as Aeromonas
hydrophila and Aeromonas sobria have been shown to harbor genes encoding a type III
secretion system, while non-pathogenic strains were devoid of type III secretion genes. Such
secretion systems are virulence mechanisms, common among pathogenic Gram-negative
bacteria, that enable the secretion and translocation of effector proteins, produced in the
bacterial cytoplasm, directly into the cytosol of target eukaryotic cells. Once within the
eukaryotic cytosol, effector proteins are able to disrupt the cytoskeleton or interfere with cell
signalling cascades.
Studies carried out with a typical A. salmonicida isolate, strain JF2267, have found that the
type III secretion system is responsible for the translocation of two important effector
proteins, the ADP-ribosylating toxin, AexT and activator protein AopP, into target fish cells.
AexT is a bifunctional toxin. It possesses i) ADP-ribosylating activity that ribosylates
muscular and in particular non muscular actin of fish cells and ii) a GTPase activity (GAP),
displaying GAP activity against monomeric GTPases of the Rho family, specifically Rho, Rac
and Cdc42. Transfection of fish cells with wild type AexT resulted in depolymerization of the
actin cytoskeleton and cell rounding. Point mutations within either the GAP or the ADPribosylating active sites of AexT abolish enzymatic activity, yet do not prevent actin filament
depolymerization. However, inactivation of the two catalytic sites simultaneously results in
loss of actin filament depolymerszation and hence in loss of cytotoxicity. AopP was found to
inhibit specific cell signalling cascades, specifically it inhibits the NF-κB signalling pathway
downstream of IκB phosphorylation, but does not affect MAPK signalling. In this way, AopP
is able to block cytokine production and promote apoptosis in the target host cell. Structural
type III secretion genes as well as genes of effector proteins AexT, AopP, AopO and AopH
have been found in both typical A. salmonicida subsp. salmonicida and atypical Aeromonas
salmonicida. By translocating efficient and highly toxic proteins directly into the host-cell
cytosol, the type III secretion system plays a central role in the molecular mechanism of
pathogenicity of Aeromonas species. Antigens of type III secretion systems have a high
potential as protective antigens for the development of novel vaccines against infectious fish
diseases such as furunculosis caused by pathogenic Aeromonas species.
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STUDY OF AEROMONAS SALMONICIDA SUBSP. ACHROMOGENES QUORUM
SENSING SIGNAL MOLECULES AND THE EFFECT OF THEIR INHIBITON ON
VIRULENCE FACTOR EXPRESSION
B. K. Gudmundsdóttir*,1, K. F. Nielsen2, V. G. Kastbjerg3 and L. Gram3
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Quorum sensing (QS) through diffusible signal molecules termed N-acyl homoserine lactones
(AHLs) is used by many Gram-negative bacteria. QS controls many bacterial phenotypes,
such as expression of virulence factors. The QS signals N-butanoyl-L-homoserine lactone (C4HSL), N-hexanoyl-L-homoserine lactone (C6-HSL), N-decanoyl-L-homoserine lactone (C10HSL) and N-3-oxo-hexanoyl-L-homoserine lactone (oxo-C6-HSL) have been detected in
typical Aeromonas salmonicida (subsp. salmonicida) [1]. Quorum sensing inhibitors (QSI)
can inhibit production of a serine protease in typical A. salmonicida, without affecting
bacterial growth [2] indicating that the protease could be QS regulated. The aim of this study
was to isolate and analyze QS signals of A. salmonicida subsp. achromogenes (Asa) and study
the effect of three QSIs on the production of AsaP1, which is a lethal toxic metallopeptidase
secreted by Asa.
AHLs were extracted from two strains of Asa, a wild type strain and its isogenic AsaP1
negative mutant, with acidic ethyl acetate. The extracts were analysed by high performance
liquid chromatography-positive electrospray ionization high-resolution mass spectrometry
(HPLC-HR-MS) on an LCT orthogonal Time of Flight mass spectrometer [1]. The strains
were cultivated on a rotary shaker at 15 °C in brain heart infusion broth with or without the
addition of a QSI and samples taken at different time points for 85h. The QSI used in the
concentration 10µM were: N-(propylsulfanylacetyl)- L-homoserine lactone; N(pentylsulfanylacetyl)- L-homoserine lactone; and N-(heptylsulfanylacetyl)- L-homoserine
lactone, dissolved in dimethylsulfoxide (DMSO). Growth was determined as colony forming
units and caseinolytic activity by a spectrophotometric azo-casein assay.
C4-HSL was the only known AHL produced by both strains. The addition of QSI did not
affect bacterial growth. Caseinolytic activity was not detected in any sample from the AsaP1
negative Asa mutant, but was produced from late exponential phase by the wild type strain.
All the QSI compounds inhibited production of AsaP1 significantly, but N(heptylsulfanylacetyl)- L-homoserine lactone was the most effective one resulting in 1.7 fold
reduction of AsaP1 production. The results indicate that expression of the AsaP1 exotoxin
could be QS regulated.
1. Bruhn JB, Dalsgaard I, Nielsen KF, Buchholtz C, Larsen JL and Gram L. Quorum sensing signal molecules
(acylated homoserine lactones) in Gram-negative fish pathogenic bacteria. Dis Aquat Org 2005;65:43
2. Rasch M, Kastbjerg VG, Bruhn JB, Dalsgaard I, Givskov, M and Gram L. Quorum sensing signals are
produced by both typical and atypical Aeromonas salmonicida and quorum sensing inhibitors can reduce of
potential virulence factors. Dis Aquat Org, in press.
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MUCUS AND ITS IMPORTANCE TO FLAVOBACTERIUM PSYCHROPHILUM
INFECTION
A.L. Morgan*, K.D. Thompson, N.A. Auchinachie and A. Adams

Institute of Aquaculture, University of Stirling, Stirling, Scotland, FK9 4LA
*alm2@stir.ac.uk
The ability of Flavobacterium psychrophilum (Fp) to adhere to filtered skin mucus, and the
chemotactic response of five isolates of F. psychrophilum (ARF ’06, Japanese, LPAA
PO1/88, MOF 25, 259-93P and B97026P2) to mucus obtained from different tissues (skin,
intestine, gill) of a traditional host for Fp, rainbow trout (Oncorhynchus mykiss) were
examined .
Mucus was collected from intestine, gill and skin, by scraping the tissue with the back of a
scalpel, and this was diluted 50:50 (v/v) in PBS and heated for 1 h at 60°C to kill any bacteria
present. For the adhesion experiment, 20 µl of filtered skin mucus (0.22 µm) was dropped
onto duplicate ethanol-cleaned microscope slides. These were placed in a 140 mm Ø sterile
Petri-dish and covered with 80 ml of each of the isolates cultured in TSE-free broth. The dish
was sealed with Nescofilm and gently rocked for 1 h at 20°C. The slides were washed and
fixed in 100 % methanol and Gram stained. The number of bacteria per 10 mm2 was then
calculated. To determine the level of chemotaxis by the bacteria, duplicate capillary tubes
were filled with one of the mucus solutions, and one end of the tube was sealed. Control
tubes contained PBS. The tubes were placed upright in a 500 µl suspension of each isolate,
and incubated for 24 h at 15°C. CFU counts were performed on the tube contents.
Significant chemotaxis (RChe>2) was observed for each of the isolates, in all mucus solutions.
However, significant differences were observed in the levels of chemotaxis between isolates
and towards the different mucus solutions. Highly virulent isolate B97026P2 had a very high
RChe of 34.8 and poorly virulent isolate LPAA PO1/88 had a low RChe of 2.2 towards
intestinal mucus. The majority of isolates exhibited no adhesion to filtered epithelial mucus,
with the exception of virulent isolate B97026P2.
Virulence may affect the chemotactic ability of F. psychrophilum as the highest levels of
chemotaxis were observed in isolates that had been recently passaged through fish, i.e.
B97026P2 and 259-93P. Chemotactic responses of Fp to mucus from different parts of the
body may assist in elucidating the portal of entry for this pathogen. Further research is clearly
required to determine the chemoattractants within the host mucus.
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VIRULENCE OF YERSINIA RUCKERI FOR RAINBOW TROUT
(ONCORHYNCHUS MYKISS) DOES NOT SEEM TO CORRELATE WITH IN VITRO
INVASIVENESS IN CELL LINES
E. Tobback*, K. Hermans, A. Decostere, L. Duchateau, F. Haesebrouck, K. Chiers

Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium

Yersinia ruckeri is the causative agent of enteric redmouth disease leading to significant
losses in salmonid aquaculture worldwide. Despite the significance of the disease, little
information is available on the pathogenesis. In this study, the outcome of an experimental
infection in rainbow trout and the in vitro behaviour in cell lines were examined for different
Y. ruckeri strains.
The virulence of six Y. ruckeri strains was compared after contact challenge. In a first
experiment, groups of 25 rainbow trout weighing approximately 30g were immersed for 1h at
16°C in a bacterial suspension containing approximately 107 CFU ml-1. In a second
experiment, groups of 20 rainbow trout weighing approximately 10g were immersed with a 23 times higher concentration of bacteria for 1h at 23°C. The outcome of the infection did not
significantly differ between the two experiments. Only two strains, Y. ruckeri 5 and 9,
induced disease signs and/or mortality within two weeks post infection, with high numbers of
bacteria being reisolated from gills, liver, gut, kidney and spleen. In these organs, numerous
bacteria were also detected using immunohistochemistry. Trout inoculated with the other
strains never showed the presence of Y. ruckeri in their organs at euthanasia, two weeks after
infection.
The six Y. ruckeri strains were also tested for the ability to invade Chinook salmon embryo
cell line (CHSE-214), fathead minnow epithelial cell line (FHM) and rainbow trout liver cell
line (R1). All the isolates were invasive in the three cell lines. Remarkably, a significantly
higher number of viable bacteria was recovered from cell line R1 whereas the recovery of
viable bacteria was similar for CHSE-214 and FHM. One strain, which did not cause disease
in vivo, was highly invasive in the three cell lines. The Y. ruckeri 5 and 9 strains appeared to
be moderately invasive.
In conclusion, these results demonstrate that differences in virulence exist between Y. ruckeri
strains. A higher in vivo virulence was, however, not reflected in a higher capacity to invade
cell lines in vitro.
This study was supported by The Research Fund of Ghent University, Belgium, grant n° 01110505
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DISTRIBUTION OF TYPE III SECRETION GENES IN MOTILE AEROMONADS
ISOLATED FROM MARINE FISHES
G. Vivekanandhan∗, H. Kondo, I. Hirono and T. Aoki

Tokyo University of Marine Science and Technology, Minato, Tokyo, Japan
Motile aeromonads are ubiquitous in the environment and some of the strains are pathogenic
to fish and human. In fish, motile aeromonads can cause hemorrhagic septicemia. The
pathogenicity of Aeromonas spp. in fish is mainly caused by a number of extracellular
proteins it secrets into infected host cells. Recently, the type III secretion system (TTSS)
machinery has been proven to play a pivotal role in Aeromonas pathogenesis. In this study we
have analyzed the biochemical characteristics and determined the 16S rRNA sequence of 33
motile aeromonads isolated from body surface, gill and intestines of marine fishes. The
frequency of isolation was higher in intestines than gill and body surface of fish. Colony
hybridization was carried out to detect the TTSS genes. Twenty-five percent of the strains
screened were found to conserve the ascR, ascD, ascH, ascN, ascU, ascV and aopB genes,
while 56% of the strains were positive for the ADP ribosylating effectors proteins (aexT)
gene. In addition to TTSS genes, the aerolysin gene (aer) was found to be conserved in 64%
of strains. The amino acid sequence of aexT shows 95% identity to Aeromonas veronii and
77% identity to Aeromonas hydrophila. The cytotoxic ability was determined in EPC cells.
Aeromonas strains carrying TTSS genes produced cytotoxicity in EPC cells and caused 60%
mortality in gold fish at three days post-infection, whereas the strains lacking these genes did
not show cytotoxicity or mortality in fish. The results reveal that although the strains carry
the aexT gene, it may not be able to deliver the toxin into the host cell as they lack the TTSS
apparatus genes. As TTSS is required for pathogenicity, presence of these genes in
Aeromonas should be considered for determining pathogenic strains.
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RELATIONSHIP AMONG HEAVY METALS ACCUMULATION, GROWTH STAGE,
AND INFECTIOUS DISEASES IN WILD EELS FROM LAKE ALBUFERA
(VALENCIA, SPAIN)
E. Alcaide and C. Esteve*
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Eels (Anguilla anguilla) are particularly sensitive to the bioaccumulation of lipophilic
contaminants such as heavy metals, because they are long-living, slow-growing and
semelparous fish. The species reproduction success is heavily dependent on the quality of
lipids stored during its life in continental waters, due to lipids are catabolized in silver eels
(migration stage) to provide the energy necessary for migration to the Sargasso Sea, gonad
maturation and spawning. Thus, there is an increasing interest on the effect that these
persistent pollutants might have on both, the survival and the quality of silver eels that support
the spawning stock.
This study reports on the heavy metals bioaccumulation in wild eel individuals caught in the
lake Albufera, which is a RAMSAR wetland. Despite being a protected natural area, it
receives industrial, urban, and agricultural wastewater, and so it has been reported high
concentrations of some heavy metals in water (Boluda et al., 2002) and sediments (Requena,
2001) from this lagoon. Along a 2-years period, 49 wild eels caught in the lake Albufera were
randomly chosen, among them some individuals showed pathological signs and others
seemed to be healthy. In addition, this collection of individuals included eels of different
growth stages according to the criteria of Durif et al. (2005): 17 undifferentiated eels [Lenght
<35cm and body Weight <67g]; 18 yellow plus silver (males) eels [L= 35 to <49cm and W=
73 to 180g]; and 14 silver (females) eels [L >49cm and W >180g]. Wet liver tissue samples
obtained from freshly sacrificed individuals, were used for heavy metals determination by
ICP-Mass. In addition, samples of similar weight of certified reference material obtained from
the NRCC (Ottawa) were used as control.
Discussions are made on the basis of the results obtained, which are: 1) Cd, Hg, Cu and Zn
accumulation is increased with the age of individuals (p < 0.01), and eel females presented the
highest levels of heavy metals in liver tissue; 2) Cr bioaccumulation is significantly higher in
individuals which suffered from bacterial diseases (p< 0.05); and 3) Mn bioaccumulation is
significantly higher in individuals which suffered from parasitic diseases (p< 0.01).
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SHOULD SPECIATION BE INCORPORATED INTO BIOMONITORING STUDIES
UTILISING MUSSELS?
J.P. Bignell, M.J. Dodge, S.W. Feist, B. Lyons, P.D. Martin, N.G.H. Taylor, D. Stone, L.
Travalent, G.D. Stentiford

Centre for Environment, Fisheries and Aquaculture Science, Weymouth, UK

Mussels have been utilised for assessing the biological effects of aquatic contaminants for
many years. Historically, a large proportion of published studies have utilised mussel
populations believed to be composed of individuals of the species Mytilus edulis. However,
detailed studies have shown that mussel populations along the west coast of the UK consist of
a complex of M. edulis, M. galloprovincialis and a hybrid of the two. To this end, we have
investigated the potential for species status to affect the accurate interpretation of
histopathological data: i.e. can different species collected from the same site be discriminated
based upon histopathological criteria?
Seasonal histological changes were assessed in mussels sampled from Southampton Water,
Hampshire, UK and the River Exe, Devon, UK between November 2004 and October 2005.
Mussels were sampled monthly and assessed for numerous physiological, reproductive and
pathological changes. Attempts were made to address the effect of species status on the
prevalence of these health index parameters. Mytilus edulis, Mytilus galloprovincialis and
their hybrids were identified using the Glu-5’ gene and the ME15 and ME16 primer sets.
Although no overall annual differences were observed between species with respect to median
levels of adipogranular (ADG) tissue and reproductive status, differences in reproductive
status were observed between species following the reproductive nadir during. Principal
Component Analysis (PCA) revealed no overall differences between species throughout the
year with respect to disease and pathology. However, larger differences were observed
between species during autumn and winter than during spring and summer indicating that
species differences may be exacerbated by season.
This study highlights how species may affect histological health index parameters and asks
the questions (1) should speciation be considered during bio-monitoring programmes utilising
mussels and (2) is the expression of other biomarkers in mussels affected by the species
profile within a site.
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HIGH FREQUENCY OF INTESTINAL CARCINOMAS IN NORWEGIAN FARMED
ATLANTIC SALMON AND RAINBOW TROUT BROODFISH
O.B. Dale*1, B Törud2, A Kvellestad1
1

National Veterinary Institute, Oslo, Norway. 2 Aakvik Settefisk AS, Halsanaustan,
Norway
This presentation describes a new cancerous problem in three farms with salmonid broodfish
on the Western coast of Norway. Tumours have until this very rarely been observed in
Norwegian farmed Atlantic salmon (Salmo salar) and rainbow trout (Oncorhynchus mykiss).
Intestinal tumours were observed in 5 to 20% of the fish on routine autopsy after stripping in
2005, and even higher frequencies were found 2006. About 1-3% of these fish had metastases
to other organs. The tumours were seen in the mucosa and were whitish and the size was from
microscopic to 2-3 cm in diameter. The larger intestinal tumours frequently had a navel like
depressed centre. Histologically the tumours were dominated by cells that appeared to
originate from intestinal epithelium, but they was to a large degree undifferentiated. Some
differentiation to a goblet cell type was found, both in primary tumours and metastases.
The carcinomas were initially detected in August 2005 in a few Atlantic salmon that died
shortly after transfer from seawater to freshwater before stripping of eggs. The cause of death
was haemorrhages after liver ruptures, and in some of these livers metastases were found. The
same phenomenon repeated itself in 2006. Also in the rainbow trout some unusual
hemorrhagic and vascular disorders have been found. The possible relationship between these
conditions will be discussed. Otherwise no mortality directly due to the intestinal tumours has
been observed. The feed used for on growth in the sea water phase was a common factor in
the affected populations. The exact aetiology is still undetermined.
The issue of consumer safety has been addressed by the Norwegian Food Safety Authority
and the conclusion was that this is a disease problem limited to fish. Also a broader survey of
the prevalence of intestinal tumour in Norwegian brood fish farms has been undertaken and
these findings are presented elsewhere at this conference.
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FEATURES OF THE INFLAMMATORY RESPONSE IN HEART AND SKELETAL
MUSCLE INFLAMMATION (HSMI) IN ATLANTIC SALMON SALMO SALAR
R.T. Kongtorp1*, T. Taksdal1, K. Falk1, E.O. Koppang2

1

National Veterinary Institute, Oslo, Norway;
Science, Oslo, Norway

2

Norwegian School of Veterinary

Heart and skeletal muscle inflammation (HSMI) is a serious disease in farmed Atlantic
salmon, Salmo salar, in Norway. Since its discovery in 1999, HSMI appears to have spread
rapidly along the coastline, and the number of reported outbreaks is increasing. As mortality
appears to be related to stress, it is suspected that the disease may be greatly underdiagnosed.
HSMI is experimentally transmissible to healthy Atlantic salmon, and it is thought that the
cause is viral. The characterisation of the suspected virus is ongoing. HSMI is characterised
by inflammation and necrosis of the epi-, endo- and myocardium, as well as red skeletal
muscle of affected fish. The host inflammatory response appears to dominate in the HSMI
pathology, and may be surprisingly severe in both moribund and apparently healthy fish. The
characteristics of the inflammation and the cells involved have not yet been described. In the
present study heart and skeletal muscle from Atlantic salmon with HSMI were examined by
histology, immunohistochemistry, enzyme histochemistry and electron microscopy. Sections
from peritoneum and fatty tissue showing inflammatory responses to vaccine were used as
controls. In the tested heart and somatic muscle samples, a few cells were positive to alkaline
phosphatase, but no cells were positive to acid phosphatase. There was also no reaction to
myeloperoxidase. Myocardium and red muscle cells were strongly positive when testing for
unspecific esterase. A small number of inflammatory cells reacted positive to
immunohistochemistry tests for MCH II and salmon Ig. On histology and electron
microscopy the inflammation was dominated by mononuclear cells, mainly lymphocytes and
macrophages. There was little change in the population of inflammatory cells over time,
however, the number of macrophages increased relative to the lymphocyte population as the
disease progressed. In late stages some eosinophilic granular cells were present in the
myocardium. Relatively early in the disease process there was a mild to moderate fibrosis in
cardiac tissue, which increased as the initial inflammation ceased. In the late stages of the
disease, however, the myocardium appeared to clear both the inflammatory cells and the
fibrotic tissue, indicating that the heart may undergo almost complete regeneration.
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CHARACTERISATION OF THE “PETEQUIAL RASH” A NOVEL SKIN DISEASE IN
GILTHEAD SEABREAM SPARUS AURATA
F. Padrós*1 and C. Zarza2
1

Servei de Diagnostic en Peixos. Facultat de Veterinaria. Universitat Autonoma de
Barcelona. Bellaterra. Catalonia. Spain. 22 Fish Health Service Skretting. Cojobar.
Spain.
In recent years, a novel disease has been described in cultured gilthead seabream in Spain.
The disease is characterised by the presence of several haemorrhagic and ulcerative areas in
different parts of the body and also in the fins. During the early stages, these areas are noticed
as small red spots (the disease is also known by farmers as ‘punto rojo’ or ‘red spot’) that
progresses into larger areas, with scale loss and in some cases can turn into superficial ulcers.
Only in the most severe cases these ulcers become infected with opportunistic bacteria and
can develop into deeper ulcers. Histopathological studies on affected fish show that the
lesions have strong inflammatory characteristics. The epidermis displays a severe
hyperplasia, usually with acantholysis of the epithelial cells of medium and upper layers and
frequently with infiltration by inflammatory cells (lymphocytes and granular cells). The
dermis shows a dramatic inflammatory response, with presence of large number of
inflammatory cells (mainly granulocytes), haemorrhages and in more advanced stages, a
significant increase of the presence of blood capillaries. The lesion is usually limited to the
spongy dermal layer and only in the most severe cases, the compact dermal layer or the
hypodermis can be affected. In the surrounding areas, perivascular cuffs of granulocytes and
lymphocytes are always observed. Inflammation is particularly important in the scale poaches
and in the affected area scales are progressively degraded by osteoclast-like cells. After 2-3
months, these lesions heal spontaneously if the lesion has no secondary infections. Sometimes
granulomas are found associated to the deeper layers of the lesions, but normally these
granulomas are only found in the most advanced ulcers. No parasites or bacteria have been
observed in the lesions.
No mortality is usually noticed with the outbreaks of this disease. The epidemiological data
obtained from the different outbreaks indicates that this disease has a clear seasonal influence,
appearing only in winter or early spring (November-May). The disease seems to affect only
seabream (although sometimes wild sparids can also be affected) and the disease has only
been observed in fish cultured in cages. The outbreaks can affect up to 60-70 of the fish stock.
Only large fish (250-500 or even larger) are affected by the disease. The main problem due to
petequial rash is when the problem is expressed in fish ready to be sold, making them
unmarketable due to the external aspect. Although there are some indications that the disease
seems to be associated with an infectious origin, until now the different attempts to isolate an
infectious pathogen have been unsuccessful or not conclusive. Some limited isolations of
Vibrionaceae as well as Mycobacteria from the affected fish have been described and also in
some cases wide-spectrum antibiotic treatments has been found to be useful to reduce the
number of fish affected and the recovery period. Other causes, such as microalgal blooms, a
toxin produced by the intestinal organisms or intolerance-allergic reaction against a certain
product have also been claimed to be involved in the pathogenesis of the disease. Surprisingly
this novel disease shares some similarities with salmon skin diseases (winter ulcer) and
mainly with trout skin diseases (strawberry disease and red mark).
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HISTOPATHOLOGY AND CURRENT STATUS OF RED MARK SYNDROME
(RMS) IN SCOTLAND
D.J. Pendrey, P. Noguera, A. McIntosh, M. Norris and D.W. Bruno

FRS Marine Laboratory, Aberdeen, Scotland, UK

A new condition termed ‘red mark syndrome’(RMS) was described in freshwater-reared
rainbow trout. Affected fish are generally over 100g, show a chronic, typically non-lethal skin
condition with single to multiple lesions, particular over the flanks occurs. A light coloured to
a well demarcated petechial haemorrhagic reaction, with central scale displacement. Bilateral
exophthalmia and spinal and body deformity are also recorded. Histologically, a chronic
dermatitis is observed, with infiltration primarily involving the basement membrane and scale
pockets. Ellipsoid dilatation, renal haemorrhage and degenerative lesions and liver focal
necrosis are observed. An acute necrotizing myocarditis has been also seen in the younger
fish.
Since the initial report during the autumn of 2003 approximately 25 farms have reported as
being affected by RMS. Direct mortality is not reported however, lesions may affect the
carcass quality and lower their market value.
Despite efforts by several laboratories, no virus, parasite or fungal agent has been isolated.
The spread of the condition and apparent response to antibiotic treatment suggests a bacterial
infection is involved, and indeed some bacteria are isolated though showing no dominant
organism.
Analysis of clinical, pathological and bacteriological information suggests RMS could be a
multi-factorial condition associated with a chronic infection of F. psychrophilum and related
species. Certain farming and production practices contribute toward fish being compromised,
and when combined with a sub-lethal chronic bacterial infection this leads to an
immunological hypersensitivity reaction in the skin.
Analysis of archived information from some affected farms gives support to the hypothesis.
Several sites reporting RMS have a history of isolation of the bacterium from kidney and in
some cases changes in the sensitivity profile have been recorded. As isolation of F.
psychrophilum is often problematic, its real prevalence might be under diagnosed, especially
in sub-clinical stocks. More sensitive techniques are being developed in attempt early
detection of compromised fish.
Data regarding the relationship between RMS and Flavobacterium psychrophilum will be
presented.
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PHYSIOLOGICAL COSTS OF SKELETAL DEFORMITY IN TASMANIAN
TRIPLOID ATLANTIC SALMON SALMO SALAR (L.)
M.D. Powell*1,2, M. Lijalad1 and M. Jones1
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Skeletal deformities in salmonids occur as a function of the intensive rearing pressures of
aquaculture. Although the structural manifestation of skeletal deformities has been well
described and in some cases even potential causes of the deformities have been ascribed, little
is known about the physiological impact of deformity with regard to fish performance in
particular swimming capacity and metabolic rate. In Tasmania, according to some salmon
hatcheries, a relatively high proportion (up to 30% in some batches) of triploid Atlantic
salmon smolts develop a progressive ankylosis of the lower jaw as well as spinal scoliosis and
lordosis. Diploid and triploid Atlantic salmon smolts with a varying degree of lower jaw
deformity from the same cohort were swum to exhaustion so determining critical swimming
speed (Ucrit) in a Brett-type swim tunnel respirometer. Fish were allowed to recover for 45
min then re-swum to determine a second Ucrit. There were no differences in the critical
swimming speed attain for any of the three groups although the ratio of Ucrit21/Ucrit1 was
significantly reduced for triploids with a lower jaw deformity. Routine and maximal oxygen
consumption was also determined for the same three groups of fish where no significant
effects of neither polidy nor deformity were seen. However, when examining the excess postexercise oxygen consumption (EPOC) for the three groups fish with lower jaw deformities
had a lower EPOC and short time to recovery compared with normal tripod or diploid fish. In
a second series of experiments 4 triploid fish with skeletal scoliosis and 4 fish with a spinal
compression deformity were subjected to the same swim tests as described above. Although
deformed fish generally failed to attain the same critical swimming speed of normal fish and
had a lower recovery ratio, the biggest difference was seen in EPOC. The greater the degree
of deformity, the smaller the EPOC and shorter the time to recovery. These results suggest
that with both jaw and spinal deformities, although critical swimming speed may be
compromised depending upon the degree of deformity, the biggest effect is in the EPOC and
recovery of an oxygen debt. Since these fish recover their “oxygen debt” more readily than
normal fish it is possible that they do not accrue the same magnitude of debt compared to
normal fish and are unable to undertake anaerobic exercise to the same capacity as nondeformed fish.
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FIRST OCCURRENCE OF VIRAL NERVOUS NECROSIS (VNN) IN FARMED COD
(GADUS MORHUA L.) IN NORWAY – PATHOLOGY, PATHOGEN AND
POSSIBILITY OF VERTICAL TRANSMISSION
H. Hellberg*1, H. Sindre1, A. Kvellestad1, G. Bornø1, R.N. Haldorsen1, F.T. Vik-Mo2, K.
Ottesen3 and K.M. Bjerkestrand4
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Viral nervous necrosis (VNN) is caused by a nodavirus and mainly occurs in larvae and
young juveniles of marine finfish (1). In Norway, VNN has been recorded in halibut
(Hippoglossus hippoglossus L.) and turbot (Scophthalmus maximus L.) (2, 3). Production of
farmed Atlantic cod in Norway has increased from 169 t in 2000 to 7410 t in 2005. VNN has
been diagnosed in cod (Gadus morhua L.) in Canada and Scotland (4, 5). In 2006, VNN was
diagnosed in three Norwegian cod farms with increased mortality. This study reports on the
pathology of the outbreaks and the characteristics of the virus isolates from these outbreaks.
Diagnosis was based on clinical signs, histopathology, immunohistochemistry, reverse
transcription polymerase chain reaction (RT-PCR) and virus isolation in the SSN-1 cell line
(3, 6). PCR-product was sequenced and phylogenetic tree constructed using Maximum
Likelihood method. Sequencing of RT-PCR product showed > 96% homology with nodavirus
isolated from halibut. Phylogenetic analysis of the nodavirus sequences was performed using
Maximum likelihood method. The present virus isolates belong in the Barfin flounder nervous
necrosis virus (BFNNV) group along with other coldwater species isolates. Premature sexual
maturation and spawning in farmed cod occurs frequently. The possibility of reactivation and
shedding of virus in connection with spawning will be discussed.
1. Munday, B. L., J. Kwang, and N. Moody. (2002) Betanodavirus infections of teleost fish: a review. J Fish Dis
25: 127-42.
2. Grotmol, S. et al. (1995) Mass mortality of larval and juvenile hatchery-reared halibut (Hippoglossus
hippoglossus L.) associated with the presence of virus-like particles in vacuolated lesions in the central nervous
system and retina. Bull Eur Ass Fish Pathol 15:, 176-180.
3. Johansen, R. et al. (2004) Characterization of nodavirus and viral encephalopathy and retinopathy in farmed
turbot, Scophthalmus maximus (L.). J Fish Dis 27:, 591-601.
4. Starkey, W. et al. (2001) Nodavirus infection in Atlantic cod and Dover sole in the UK. Vet Rec 149: 179-181.
5. Johnson, C. J. et al. (2002) Identification and characterization of a piscine neuropathy and nodavirus from
juvenile Atlantic cod from the Atlantic coast of North America. J Aquatic Animal Health 14: 124-133.
6. Dannevig, B. H. et al. (2000) Isolation in cell culture of nodavirus from farmed Atlantic Halibut Hippoglossus
hippoglossus in Norway. Dis. Aquat. Org. 43, 183-89.
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NODAVIRUS INFECTIONS IN FARMED AND WILD ATLANTIC COD (GADUS
MORHUA L.) IN NORWAY
T. E. Isaksen*, S. Nylund, A. Nylund, E. Karlsbakk, L. Andersen
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Nodavirus are causative agents for the disease viral nervous necrosis (VNN) in fish. In
Norway, nodavirus (NNV) infections have caused severe mortalities in hatchery reared
Atlantic halibut (Hippoglossus hippoglossus) and turbot (Scopthalmus maximus).
Phylogenetic studies have demonstrated different genotypes of nodaviruses infecting fish, and
those infecting halibut and turbot in Norwegian fish farms belongs to two distinct. More
recently, the presence of a new nodavirus, cod nervous necrosis virus (CNNV), has been
reported from wild Atlantic cod (Gadus morhua) in Norway.
The growing cod culture in Norway might affect the prevalence and genotypes of nodaviruses
in wild fish, even favouring and disseminating more virulent types. Ongoing research projects
exam the prevalence of nodavirus and other diseases agents in wild cod in Norway. In our
study, farmed and wild fish have been collected and screened for presence of nodavirus
during the period 2004-2007. Tissue samples from CNS (medulla oblongata) and kidney have
been analysed for the presence of nodavirus using a real time RT PCR assay. When possible,
virus isolates from positive samples have been sequenced and genotyped. A total of 558
Atlantic cod from 5 different counties in Norway have so far been tested for nodavirus RNA.
The farmed fish have been collected from Atlantic cod farms with and without clinical signs
of VNN.
Wild Atlantic cod (N=114) have been collected from coastal areas reaching from southern to
northern parts of Norway. In addition to cod, we have also detected nodavirus in 7 other wild
marine fish Species from W Norway.
Our results show that nodavirus infections are common in farmed and wild marine fish in
Norway. Still, nodaviruses from marine fish species in different geographical regions need to
be isolated and sequenced to aid. We have so far detected two different nodavirus genotypes
in Atlantic cod in Norway. Further work will reveal the geographical distribution of different
genotypes and increase our knowledge regarding their host range.
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VIRULENCE OF NODAVIRUS ISOLATES IN ATLANTIC COD AND CARRIER
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Nodavirus causes high mortality in hatchery-reared larvae and juveniles of several marine
fishes, and is a worldwide problem affecting over 40 marine species. Its presence has
hindered many cultures of marine fishes in the last decade. In Atlantic provinces of Canada,
piscine nodavirus was found for the first time in 2000 in wild winter flounder, and
subsequently in cultured cod, and in cultured haddock . Nodaviruses were isolated from these
fishes and characterized at the genomic level. Molecular datas showed that all Atlantic strains
were closely related to each other, and distinct from the European strains sequenced so far.
Sequences obtained demonstrate a geographic links between these strains in Atlantic Canada.
No significant difference at the protein level had been found so far. However, in 2004,
nodavirus was isolated from a striped bass (Morone saxatilis) in the province of New
Brunswick, and sequencing of the virus showed it to differ from previous findings in the area.
Atlantic cods were challenged by i.m. injections with this isolate and an isolate found
previously in haddock. Fish were collected monthly for a year after the initial challenge. Fish
injected with the striped bass isolate survived, although the virus was detected in various
organs over the year, whereas fish injected with the haddock isolate died over the first few
weeks after challenge. Phylogenetic analysis of the isolates and detection of nodavirus by
culture and RT-PCR in various organs (eye, brain, kidney, blood, spleen) will be presented.
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EFFECTS OF PALLID STURGEON IRIDOVIRUS ON FISH GROWTH AND
EPIDERMAL SENSORY CELLS
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The recovery plan for the endangered pallid sturgeon, Scaphirhynchus albus, includes an
artificial propagation component for population enhancement throughout the species range.
The ultimate goal of the program is to produce cultured sturgeon with optimal health for reintroduction into the natural environment. Culture conditions can facilitate pathogen
transmission often resulting in higher pathogen prevalence and infection severity than found
among wild populations. Since 1999, pallid sturgeon iridovirus (PSIV) has been especially
problematic. Resource managers have declined to stock PSIV positive fish because of the
potential negative impact on wild fish. Cellular changes seen in tissue sections of PSIV
positive fish are similar to those described in other species of sturgeon with iridoviral
infections. The compromise of sensory cells in the epidermis, critical for feeding in the
natural environment, could have devastating effects on survival and growth. To follow the
progression of iridoviral infections and characterize changes in fish health from onset to
recovery, young-of-the-year pallid sturgeon were monitored monthly throughout the rearing
period. Growth rate, virus prevalence and severity, and sensory cells were measured monthly
in groups of naturally exposed and laboratory challenged sturgeon. The effects of PSIV on
fish growth and epidermal sensory cells will be reported.
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PROFILING OF THE LOCAL IMMUNE RESPONSE IN THE HEART OF ATLANTIC
SALMON BY REAL TIME PCR FOLLOWING EXPERIMENTAL INFECTION WITH
HEART AND SKELETAL INFLAMMATION VIRUS
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Heart and skeletal muscle inflammation (HSMI) is a disease on Atlantic salmon first recorded
in a Norwegian fish farm in 1999. Since this first description, outbreaks have been recorded at
increasing frequency and the disease seems to be spreading. In 2005, the disease was
diagnosed on seawater salmon at 83 farms and it has during the years been seen along the
coast from south-west to north of Norway. The disease has up to recently been restricted to
Norwegian farms. In 2005 an outbreak resembling HSMI was reported in Scotland. HSMI is
considered as a significant disease problem and the Norwegian Food Safety authority has
recommended that it should be classified and handled as a group B disease.
Infected fish exhibit cardiac lesions characterized by an intense infiltration of lymphocyte-like
cells in the compact layer of the heart accompanied by myocardial degeneration. Lesions are
also observed in the red skeletal muscle and sometimes extend in to adjacent white muscle
fibres. The nature of these changes are not known and the lesions take 6-8 week to develop
following experimental challenge pointing to immune-mediated responses be involved.
The infectious nature of HSMI is fairly well documented and the first isolation of the virus
was reported by PHARMAQ AS. In this study a virus inoculum was prepared from infected
cells and used to infect Atlantic salmon smolt in seawater. From this experiment heart tissue
was sampled for histology (formalin-fixed) and on RNAlater at various time intervals after
challenge for more detailed profiling of the cells involved in the inflammatory and immunemediated changes.
By histology initial changes characterised by infiltration of lymphocytic cells were observed
at 6 weeks post challenge and from real-time studies it was found that both CD8+ and CD4+
cells are involved in local immune responses in the heart of HSMI virus infected salmon and
that the response commence at approximately 6-8 weeks after infection. Combined findings
from histological examination and real time PCR studies favour the interpretation that the
local immune responses in heart tissue to HSMI virus infection is of cytotoxic nature Studies
aiming at characterising the cytokine profile in inflamed areas (IL-2, IFNγ etc.) plus
functional aspects of cytotoxic T cell responses (granzyme B) are ongoing.
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PRELIMINARY STUDIES OF A VIRUS PARTICLE-LIKE INFECTION IN
EUROPEAN EEL (ANGUILLA ANGUILA)
E. Sanjuan1*, A. Montesinos1, M. Karlsen2, A. Nylund2, R. Barrera3 and C. Amaro1.
1
3

University of Valencia, Valencia, Spain. 2University of Bergen, Bergen, Norway.
Valenciana de Acuicultura, S.A., Puzol, Valencia, Spain.

In the last decade, epizootics of a suspected viral disease have been affecting glass eels during
quarantine after arriving to the eel farms. The bacterial isolation was negative and no parasites
were detected suggesting a viral infection. Herpesvirus and/or neorabdovirus had been
suggested as causative agents. Our results indicate that other virus is the real cause of the
infection although double infection could be possible. The infection could reach 100% of
morbidity and near of 20% of mortalities. Affected fishes show swollen head and gall bladder
and haemorrhagic gills, and sometimes haemorrhagic intestines. In some cases, abnormal
swimming behaviour was observed. Virus was isolated from gill homogenates of infected eels
following inoculation of EPC or CHSE-24 cell. Glass eels were infected by bath infection
with infected cell culture medium and identical pathological effects than naturally infected
eels were observed. The results of molecular, biochemical and morphological studies done to
identify the aetiological agent of the infection are present in this work.
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MORPHOGENESIS OF A NEW POXVIRUS (SALMONID GILL POXVIRUS SGPV)
ASSOCIATED WITH PROLIFERATIVE GILL INFLAMMATION (PGI) IN ATLANTIC
SALMON IN NORWAY.
Nylund A, Nylund S, Karlsen M, Watanabe K, Karlsbakk E, Sæther PA, Arnesen CE

Department of Biology, University of Bergen, Norway; are.nylund@bio.uib.no

Proliferative gill inflammation (PGI) is a major problem for salmon farming in Norway.
Several agents (viruses, bacteria and parasites) are associated with PGI, but our studies of the
disease indicate that the focuses should be on the following agents associated with disease and
high mortality (Viruses: Atlantic salmon paramyxovirus – ASPV, Salmonid Gill Poxvirus –
SGPV, Bacteria: Piscichlamydia salmonis, Parasites: Ichthyobodos spp., Neoparamoeba sp,
(Fungei: Exophiala sp.)). The present study focuses on the SPG virus. The SGP virus was
first found in Atlantic salmon suffering from PGI in fresh water in Nothern Norway,
associated with 20 % mortality. No other agents were found. Later this virus have been found
in salmon suffering from PGI in sea water and mortalities close to 80 % have been registered
in these farms. The target cells for the SGP virus are gill epithelial cells and infection leads to
a shut down of the nucleus. The morphogenesis is similar to that of other vertebrate
poxviruses, but the morphology of the virion is slightly different. The SGP virion has only
one lateral body as opposed to two in the vertebrate pox viruses.
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A NOVEL TECHNIQUE FOR AGE DETERMINATION IN FREE-SWIMMING
LARVAE OF THE SALMON LOUSE, LEPEOPHTHEIRUS SALMONIS, THROUGH
MEASUREMENT OF STORAGE LIPID VOLUME.
P. Cook*1, J. Bron2, S. McBeath1 and I. Bricknell1
1

FRS Marine Laboratory, Aberdeen, Scotland, UK. 2 Institute of Aquaculture,
University of Stirling, Stirling, Scotland, UK. *E-mail cookp@marlab.ac.uk
The copepodid larva is the major infective stage of the salmon louse, Lepeophtheirus
salmonis. If copepodid ages were known, and parameters such as temperature, tidal
excursion, currents and wind effects could be established for a given water body, these data
would allow modelling of spatial origin and infectivity of larvae. The free-swimming larval
stages are dependent for energy upon maternally derived lipid reserves (i.e. they are
lecithotrophic). It is hypothesised that if this lipid is the principal larval energy source, then
the quantity of lipid in a larva must be a function of initial reserves, age, and physical
environment e.g. temperature. The novel method described here allows construction of
standard curves for copepodid lipid reserves against time. Such curves would permit lipid
volume in animals of unknown age to be compared and the age, infectivity and spatial source
of origin to be estimated.
Stained lipid volumes in individual sibling animals, were estimated using a combination of
confocal microscopy, image processing and computer-assisted 3D reconstruction. The mean
volume of vesicular lipid in a standardised region of the copepodid gut showed a 4-fold
increase between 7 and 10 days post hatch. From day 12 to day 20 a downward trend in lipid
volume was observed. By day 16 the volume of lipid had declined 20-fold with respect to the
volume at 12 days. By 20 days there had been a 100-fold drop with respect to day 12.
This simple and straight-forward method, applicable to fixed material, has been developed to
analyse lipids from individual animals. Excellent visualisation and measurement of the
volume of vesicles in the copepodid gut has been achieved. This study discriminates three
copepodid groups: (i) early copepodids, often showing a large undifferentiated lipid mass; (ii)
mid-life copepodids, showing lipid partitioned in gut cells, which may be the most active /
infective animals; (iii) late copepodids with low lipid reserves, which may not be highly
infective. The variability of individual larvae and the parameters determining initial reserves
and metabolism, mean that further development of these techniques is necessary before they
can be applied with precision to wild-sampled individuals.
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BONAMIA EPIDEMIOLOGICAL INVESTIGATIONS IN WEST SCOTLAND
D. I. Fraser, A. Warwick, M. Breen and D.W. Bruno

FRS Marine Laboratory, 375 Victoria Road, Aberdeen AB11 9DB, Scotland
Bonamia ostreae has been detected for the first time in Scottish waters in April 2006,
following examination by histology of a routine sample of 30 Ostrea edulis from an
aquaculture site in Loch Sunart. The community Reference Laboratory confirmed
identification of the parasite by in situ hybridisation. Action has been taken under the Fish
Health Regulations 1997, controlling all movements of molluscs from the site to prohibit
relaying or re-immersion in farms or in the aquatic environment. In addition, to help prevent
the spread of disease, a temporary control zone has been established, containing the waters of
Loch Sunart. The UK State Veterinary Service provided an outline of the situation to the
OIE, EU Commission and the Community Reference Laboratory for mollusc diseases. There
are no known extant oyster beds within Loch Sunart. The nearest shellfish site situated out
with Loch Sunart, holding Ostrea edulis was subjected to a 150 test by histology and results
proved negative.
An epizootic investigation is being undertaken including:
• Surveillance of all farm sites within Loch Sunart to confirm the absence of susceptible
species
• Inspection of mortality and site movement records, seeking evidence of clinical signs
of disease, shell abnormality and low meat yields
• Inspection of the infected site, including sub littoral survey by diver, to assess its
clearance, possible dispersion from seeded areas and evidence of recruitment of
Ostrea edulis. Disease prevalence is to be assessed
• Clarification of Ostrea edulis movements on/off site and amongst any non registered
sites within and out with the loch
• Shore and diver surveillance of areas historically seeded with Ostrea edulis for the
presence of survivors, testing animals found
• Surveillance within Loch Sunart for the presence of wild populations, recruitment to
them and possible presence of disease
• Advice on biosecurity to minimise disease transmission
Following an adequate fallow period, sentinels animals may be deposited on the infected site
and tested to show that they do not contract the disease. It is intended to demonstrate
eradication from the infected site and to re-establish Approved Zone status for Bonamia
within Loch Sunart.
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IDENTIFICATION, DISTRIBUTION AND FUNCTIONAL ABILITY OF GILL CELLS
FROM AGD-AFFECTED ATLANTIC SALMON (SALMO SALAR L.)
K.A. Gross*, B.F. Nowak and R.N. Morrison

Tasmanian Aquaculture and Fisheries Institute, University of Tasmania and AQUAFIN
CRC, Launceston, Tasmania, Australia.
Neoparamoeba spp. are the causative agent of amoebic gill disease (AGD) in cultured
salmonids. This protozoan infection is the most significant disease affecting the production of
Atlantic salmon (Salmo salar L.) in Tasmania, Australia (Nowak et al., 2002). Gill cells
(GCs) would certainly play a role in the immune response of AGD-affected fish due to their
proximity to the pathogen and the resulting host responses such as gill leucocytic infiltrates
(Adams & Nowak 2001) and changes in gill cytokine profiles (Bridle et al., 2006) during
disease. Here, we characterised the GC functional responses and leucocytic lineages during
AGD. Atlantic salmon were infected with Neoparamoeba spp. (100 cells L-1) to induce AGD.
Fish were sampled 0, 8, 16, 24 and 32 days post-exposure and the gills taken for
immunohistochemical studies. Three antibodies that reportedly bind salmonid
immunoglobulin (Ig), lysozyme and iNOS (inducible nitric oxide synthase) were
characterised and optimised. However, only the anti-Ig antibody bound the target antigen in
Atlantic salmon. We report the presence of Ig-bearing cells in the gills of AGD-affected and
unaffected Atlantic salmon. However, there was no change in their temporo-spatial
distribution during infection (P > 0.05). In further studies, the ability of GCs isolated from
AGD-affected fish to chemotactically migrate, actively phagocytose and produce reactive
oxygen species was investigated. There was no significant respiratory burst response
produced by GCs (P > 0.05), nor was there significant directional chemotactic movement by
GCs (P > 0.05). GCs engulfed yeast cells but the rate of phagocytosis was not influenced by
exposure to Neoparamoeba spp. (P > 0.05). These results suggest the gill may not be a
primary site for the production of specific anti-Neoparamoeba spp. antibodies and that whilst
the isolation of viable GCs with phagocytic capacity is achievable, it remains unclear if GCs
are capable of producing super oxide anion or chemotactic migration.
Adams M.B. & Nowak B.F. (2001) Distribution and structure of lesions in the gills of Atlantic salmon, Salmo
salar L., affected with amoebic gill disease. J. Fish Dis. 24, 535-542.
Bridle A.R., Morrison R.N., Cupit Cunningham P.M. & Nowak B.F. (2006a) Quantitation of immune-regulatory
gene expression and cellular localisation of interleukin-1ß mRNA in Atlantic salmon, Salmo salar L., affected
by amoebic gill disease (AGD). Vet. Immunol. Immunopath. 114,121-34
Nowak, B.F., Carson, J., Powell, M.D., and Dykova, I. (2002). Amoebic gill Disease in the marine environment.
Bull. Eur. Assoc. Fish Pathol. 22, 144-147.
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COMPARATIVE STUDIES OF THE PARASITE FAUNA OF FARMED AND WILD
COD ALONG THE NORTH NORWEGIAN COAST
P.A. Jansen, P. A. Bjørn, P. Haugen, W. Hemmingsen, P.A. Heuch, K. MacKenzie, E.
Sterud

National Veterinary Institute, PO Box 8156 Dep, 0033 Oslo, Norway

Farming cod is a rapidly developing enterprise in Norwegian aquaculture. At present,
however, the volume of farmed cod that is produced is still small compared to the production
of salmonids and in comparison to the wild stocks. As cod farming grows there is concern
about possible effects of farmed cod on wild cod stocks, and vice versa. Exchange of parasites
may potentially represent such a problem. The aim of the present study is to work up a
reference database on parasites in farmed and wild cod in the early stages of the development
of cod farming in Norway.
All organs of freshly killed cod are screened for protozoan and metazoan parasites after a
standardized protocol. Comparative samples from farmed and wild cod are sampled from all
sampling locations and times. Farmed cod are represented by hatchery reared cod and wild
caught cod on grown in farms. From each location a spring and an autumn sample is screened.
Until present, cod from three locations in North Norway have been sampled.
Preliminary results show that all parasites that are known to be transmitted to cod through
food are, with few exceptions, non-existing in hatchery reared cod. Many of the directly
transmitted ecto-parasites, such as gyrodactylids on the gills, are comparatively abundant on
farmed cod. Ectoparasitic crustaceans do not seem to vary significantly between farmed and
wild cod. This study compiles a large database on parasites found on farmed and wild cod,
and which will serve as an important future reference to the levels of parasitic infections in
cod.
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THE EFFECT OF AMOEBIC GILL DISEASE AND FEED DEPRIVATION ON THE
METABOLIC RATE OF ATLANTIC SALMON
1

1

Jones, M.A.,1,2Powell, M.D., 1,3Becker, J. 1Carter, C.G.

School of Aquaculture, Tasmanian Aquaculture and Fisheries Institute, University of
Tasmania and Aquafin CRC University of Tasmania, Launceston Tasmania, Australia.
2
Present address: Department of Fisheries and Natural Sciences, Bodø University
College, Bodø, Norway
3
Present address: Department of Veterinary Sciences, University of Sydney, Sydney,
Australia.
The objective of this study was to determine the effect of Neoparamoeba spp., the causative
agent of amoebic gill disease, on the metabolic rate of Atlantic salmon. Furthermore, the
effect of starvation on disease progression and the subsequent effect on metabolic rate were
also investigated. Two treatments, fed and starved, were maintained over a two week period,
fish were individually tagged to allow repeated measures on each animal. Fourteen days after
being placed into the tanks routine and maximum metabolic rates (MR) were measured and
metabolic scope determined. Fish were infected by adding isolated amoeba into the
recirculation system at a density of 300 cells L-1. Metabolic rates were determined at 0, 10 and
20 days post inoculation. The fed infected group had a mean (± SEM) reduction in relative
metabolic scope of 1.20 ± 0.5 kJ.kg-1. h-1 from day 0 to day 20, whilst the all other groups
defended metabolic scope. Both infected groups had significantly increased routine metabolic
rates, fed fish had an increase in Mo2 rout of 1.35 ± 0.1 kJ.kg-1. h-1whilst unfed infected fish
had an increase of 1.23 ± 0.3 kJ.kg-1. h-1. Increased routine metabolic rates corresponded to a
significantly increased infection level. Interestingly, the fed infected group defended
maximum metabolic rate whilst all other groups increased maximum metabolic rate. Increases
in metabolic rate during disease may lead to a decrease in feeding efficiencies and a decrease
in the energy available for other functions such as osmoregulation and reproduction. The
effect of AGD on the swimming performance and recovery in Atlantic salmon was also
investigated. Fish were swum at increasing water velocities to determine the critical
swimming speed (Ucrit 1), they were then allowed to recover for 45 min, after which they
were subjected to a second swimming performance test (Ucrit 2). Recovery ratio’s were
determined by dividing Ucrit2 by Ucrit1. Fish with AGD were placed into three categories, no
infection, light infection and heavy infection. Fish with a heavy infection had significantly
reduced recovery ratio’s when compared to those of fish without AGD. Furthermore, Ucrit1
and Ucrit2 were also significantly lower in fish with light and heavy infections when
compared to those without AGD. These results suggest that fish with AGD have a limited
ability to swim at high velocities and to recovery after exhaustive exercise, even at light
infection loads.
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INTRA-RENAL DEVELOPMENT AND SPOROGONY OF TETRACAPSULOIDES
BRYOSALMONAE (MYXOZOA) IN THE BROWN TROUT SALMO TRUTTA
D.J. Morris* and A. Adams

University of Stirling, Stirling. United Kingdom
Tetracapsuloides bryosalmonae is the myxozoan parasite that causes proliferative kidney
disease (PKD) of cultured salmonids. Recently we have demonstrated that these fish are
integral to the parasite’s life cycle (Morris and Adams 2006). While the development of T.
bryosalmonae has been documented in the invertebrate host, many aspects remain unknown
regarding parasite development within the fish. The study presented here combines TEM,
immunohistochemistry and confocal microscopy to examine this parasite in the brown trout.
Kidney samples were obtained for analysis from experimentally infected fish. They were
fixed in either, gluteraldehyde, formalin or cryopreserved and processed using established
protocols. Examination of these tissues allowed for a sequential developmental pathway to be
established for the parasite.
The initial stages of parasite development noted were the extrasporogonic PKX stages present
in the kidney interstitium. These were composed of a primary cell with at least one secondary
cell within it. The secondary cells divided prior to the division of the primary cell so that the
typical myxozoan cell within cell phenomena was maintained during the interstitial
proliferation of the parasite. Entry and migration of the parasites through the kidney tubules
was observed. Once within the tubules the primary cell of the PKX stage attached onto the
tubular epithelia, resulting in the microvilli of the tubules becoming excessively
hypertrophied, effectively sandwiching the developing spore in place. The primary cell of the
parasite transformed into a pericyte, initially possessing two secondary cells, one with a
tertiary cell within it. The single secondary cell divided to form four valvogenic cells, while
the other cell transformed into two capsulogenic cells and one sporoplasm. Capsulogenesis
was observed with the mature polar capsule possessing six turns of the polar filament. The
valvogenic cells reorganised to form valve cells with typical malacosporean cell junctions
between them. These cells enclosed the sporoplasm and the capsulogenic cells, but not the
exit points of the polar capsules. Release of the spore from the fish is hypothesised to occur
with the breakdown of the pericyte and shedding of the tubular epithelium.
This study represents the first description of intra-piscine sporogenesis by a member of the
myxozoan class Malacosporea.
Morris, D.J. and Adams, A. (2006) Transmission of Tetracapsuloides bryosalmonae (Myxozoa: Malacosporea),
the causative organism of salmonid proliferative kidney disease, to the freshwater bryozoan Fredericella sultana.
Parasitology 133: 701-709.
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THE MICROSPORIDIAN PARASITE OVIPLEISTOPHORA OVARIAE IS
VERTICALLY TRANSMITTED WITHIN THE EGGS OF THE CYPRINID FISH,
NOTEMIGONUS CRYSOLEUCAS
N. B. D. Phelps and A. E. Goodwin*
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USA
Microsporidia are important parasites of many fish species. They are obligate intracellular
parasites characterized by simple life cycles and a resistant spore stage. Horizontal
transmission of microsporidia is common, but little is known about the frequency and
mechanisms of vertical transmission. This question is especially interesting for microsporidia
that infect the ovaries of fish and thus have the potential to be vertically transmitted within
eggs rather than just on egg surfaces. In our work, we have developed a quantitative PCR
assay that detects approximately 0.14 spores (10 genomic copies) of the ovarian parasite
Ovipleistophora ovariae per reaction and have used it to look at vertical transmission in
golden shiners (Notemigonus crysoleucas). Fertilized eggs were collected from a group of
broodfish carrying 4.44 x 101 to 7.91 x 106 copies of the O. ovariae genome per µg host ovary
DNA. Some eggs were treated with 150 mg/l formalin and/or 1.5 % sodium sulfite (to detach
eggs from spawning substrates) and hatched, others were untreated. All eggs and fry tested
positive for O. ovariae with fry infection levels ranging from 1.82 x 103 to 4.35 x 106 genomic
copies per µg host DNA. There were no significant differences by treatment. This
demonstrates successful egg associated vertical transmission, even in treated eggs. Additional
fertilized eggs were bathed in 10% bleach or a commercial DNA denaturant, to remove
external spores, and then immediately homogenized and tested by PCR. These treatments did
not reduce the number of egg associated O. ovariae. We believe that this is because the
spores are within the eggs, not on their surface. Histology of the ovaries of infected golden
shiners reveals mature spores in the ooplasm of many eggs. This provides further
confirmation of vertical transmission within eggs. No spores are seen in fry that test strongly
positive by PCR but the spores may germinate in fry and thus are undetectable by histology.
Vertical transmission within eggs provides great difficulties for hatchery managers wishing to
control this parasite and drug treatment of fry before mature spores develop, may be the only
practical method to produce parasite free broodstock.
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BROWN RING DISEASE AND VIBRIO TAPETIS IN THE MANILA CLAM
RUDITAPES PHILIPPINARUM IN IRELAND: AN HISTORICAL PERSPECTIVE
L. Drummond1, M.F. Mulcahy1, S.C. Culloty1* and C. Paillard2
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In Ireland, commercial cultivation of the Manila clam, Ruditapes philippinarum, began in the
late 1980s and continued successfully until the late 1990s when a number of incidents of high
mortalities occurred. A preliminary study undertaken in 1997 and 1998 revealed that clam
stocks in Sligo and Donegal, the main production areas for Manila clams in Ireland, and in
other bays along the west coast, were affected by Brown Ring Disease (BRD): the aetiological
agent of the disease, Vibrio tapetis, was also detected in clam stocks in Sligo. Over the
ensuing years, high mortalities of clams continued to occur, although they were not usually
associated with BRD and V. tapetis. The occurrence of these unexplained high mortalities in
conjunction with the discovery of BRD lead to a loss of confidence and a significant decline
in the Irish Manila clam cultivation sector. A study initiated in 2002 aimed to examine the
health and disease status of the Manila clam in Ireland and to assess if BRD and V. tapetis
were still present, and if so, to what extent they may be responsible for Manila clam
mortalities. Results indicated that there appeared to be two types of mortality in clams, the
first caused by BRD; and the second by environmental or physiological factors, specifically,
the occurrence of algal blooms; low salinities due to excessive rainfall; and insufficient food
availability in the Spring months. Currently, BRD appears to be relatively rare in Ireland and
has been associated with imported Manila clam seed: native-produced clams have not
suffered mortalities due to BRD. On the other hand, V. tapetis is prevalent in clam stocks
from a number of cultivation sites. Consequently, the possible future development of BRD in
Ireland cannot be ruled out.
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PATHOLOGY OF OEDEMA DISEASE IN PEARL OYSTERS (PINCTADA MAXIMA)
– A GENERAL BIVALVE PROBLEM?
J.B. Jones*, J Creeper and F. Stephens

Department of Fisheries, Perth, Australia
In October 2006 severe mortalities were reported in production pearl oyster (Pinctada
maxima) farms from the Exmouth Gulf, Western Australia. Only P. maxima were affected,
other bivalves including P. margaratifera (black pearl oysters) were healthy. Initial
investigations indicated that the mortality was due to an infectious process. Gross appearance
of affected oysters showed mild oedema, retraction of the mantle, weakness and death.
Histology revealed no inflammatory response, and a very subtle lesion involving tissue
oedema and oedematous separation of epithelial tissues from underlying stroma. To date no
disease agent has been identified. The question remains as to whether this previously
unreported lesion occurs in other molluscs suffering oedema, and what might be the cause of
oedema in molluscs that are normally iso-osmotic with seawater.
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VIRULENCE FACTORS AND HOST SPECIFICITY OF VIBRIO TAPETIS,
PATHOGEN OF CLAMS AND WRASSES.
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Vibrio tapetis has been associated with Brown Ring Disease (BRD) in four different species
of clams (Ruditapes philippinarum, R. decussatus, Venerupis aurea, Dosinia exoleta)
throughout Europe and Asia (Paillard, 2004; Park et al. 2006) with the highest virulence for
R. philippinarum, a strong tropism rather unusual for Vibrio species. However, recently, V.
tapetis strains have also been detected in vertebrate species, in the wrasse, Symphodus melops
in Norway and the halibut, Hippoglossus hippoglossus in Scotland (Jensen et al. 2003; Reid et
al, 2003). Isolated strains where subjected to genetic characterization by sequencing partial
sections of 16S rDNA, GyrB and DNA/DNA hybridization techniques. Cross infection have
been realized and indicated that different Vibrio strains are pathogenic for clams and fish
respectively. Moreover, the pathogenic strain of Vibrio tapetis, LP2, isolated from the fish
Symphodus melops, is unable to induce BRD in Ruditapes phillipinarum. Subtractive
hybridization between CECT4600 reference strain isolated in Manila clam and the LP2 strain
is currently being carried out. Preliminary analysis of the results of the SSH indicates
potential differences in the siderophores, haemolysin and pili produced by the two strains.
This suggests a potential different evolution of the two strains related to virulence
mechanisms.
Paillard C. Review of brown ring disease, a vibriosis affecting clams. 2004. Aquat. Living Ress. (“Special issue
on diseases” 17. 467-475.
Kyung-Il P., Paillard C., Le Chevalier P. and Choi K.S. 2006. Report on the Occurrence Brown Ring Disease
(BRD) in the Manila clam Ruditapes philippinarum on the West Coast of Korea. Aquaculture. 255. 610-613.
Jensen S., Samuelsen O. B, Andersen K., Torkildsen L., Lambert C., Choquet G., Paillard C. and Bergh O. 2003.
Characterization of strains of Vibrio splendidus and Vibrio tapetis isolated from corkwing wrasse (symphodus
melops) suffering vibriosis. Dis. Aquat.Org. 53(1). 25-31.
Reid, H. I., Duncan, H. I., Laidler, A., Hunter, D., Birkbeck, T. H. 2003. Isolation of Vibrio tapetis from
cultivated Atlantic halibut (Hipoglossus hipoglossus L.). Aquaculture. 221, 65-74.
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MOLECULAR PHYLOGENETICS OF PERKINSUS SPP.: SPECIES
IDENTIFICATIONS AND DETERMINATION OF HOST AND GEOGRAPHIC RANGES
Kimberly S. Reece*
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Perkinsus species are destructive parasites of commercially important molluscs around the
world. Appropriate identification and discrimination of Perkinsus species has been
problematic, as historically Perkinsus species descriptions have relied largely on differences
in geographic and host range. Although slight variations in morphology have been observed
among some species, it is difficult to discriminate among Perkinsus species based on
morphological characters alone. Advanced DNA sequencing technology has facilitated a rapid
increase in the molecular database for Perkinsus spp., and this molecular information is being
used to recognize currently described species in new hosts and geographic locales, and for
identification of new Perkinsus species. Even with molecular data, however, there can be
problems recognizing species if an insufficient number of isolates from various host and
geographic sources or DNA clone sequences are examined. DNA sequences from loci
targeted for use in phylogenetic studies or for development of molecular diagnostics are
needed from closely related taxa, and the intra- as well as inter-specific sequence variation
needs to be examined and adequately characterized. Sequences from multiple clones from
multiple isolates across a wide geographic and/or host range, if applicable, are necessary to be
assured that species are adequately identified and discriminated. Molecular phylogenetic
analyses based on DNA sequence information has brought into question some previous
species designations and provided evidence for several new species, resulting in a better
understanding of potential pathogen transports that have occurred with host species around
the world and in possible disease impacts on various host species. Analyses based on
sequences from the internal transcribed spacer (ITS) region, the LSU rRNA gene and actin
genes support recent synonymizations of P. atlanticus with P. olseni, and of P. andrewsi with
P. chesapeaki. In addition, molecular data have provided key supporting evidence for the
recent descriptions of P. mediterraneus in Europe and P. honshuensis in Japan, as well as the
identification of another new Perkinsus species found in several oyster species in southern
China.
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CHALLENGE MODEL FOR EFFICACY TESTING OF PANCREAS DISEASE
VACCINES FOR ATLANTIC SALMON
Christie, K.E.1, Villoing, S.1, McLoughlin, M.2, Gabestad, I.1 and Knappskog, D.H.1
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Experimental infection in Atlantic salmon (Salmo salar L.) with salmonid alpha virus (SAV)
usually induces no mortality. Development and registration of vaccines against pancreas
disease (PD) have been hampered by the lack of a reproducible challenge model for PD.
Intraperitoneal injection (i.p.) of Atlantic salmon with new virulent SAV isolates has induced
severe histopathological lesions in heart tissue.
Based on these findings a challenge model using three different test parameters after
challenge by i.p. injection with a SAV 3 isolate has been developed. The methods used are
detection of viral RNA (real time PCR) and live virus (titration in cell culture and specific
verification by ELISA) and examination and scoring of histopathological lesions in heart
tissue. Efficacy testing of inactivated whole virus PD vaccine showed significantly lower
concentration of viral RNA and live virus in serum post challenge for the vaccinated group
compared to the non-vaccinated group. Very few fish with PD-related histopathological
lesions in heart tissue were detected post challenge for the vaccinated group while moderate
to severe lesions were observed for all fish tested in the non-vaccinated group. The challenge
model is a useful tool in further development of vaccines against PD.
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DURATION OF PROTECTION AGAINST VIBRIO ANGUILLARUM IN RAINBOW
TROUT (ONCORHYNCHUS MYKISS) VACCINATED BY INTRAPERITONEAL
INJECTION WITH A WATER-BASED VACCINE
K.A Gross* and J. Carson

Department of Primary Industries and Water, Launceston, Tasmania, Australia
In the southern regions of Tasmania, Australia salmonids have been successfully immersion
vaccinated against vibriosis caused by Vibrio anguillarum since the early 1980's using the
registered, water-based vaccine Anguillvac-C®. However, since the start of commercial-scale
salmonid production in the Macquarie Harbour region of Tasmania, rainbow trout
(Oncorhynchus mykiss) have been susceptible to vibriosis despite vaccination. It has been
suggested that the strain of V. anguillarum in Macquarie Harbour is different from that used
to produce the vaccine and therefore the vaccine does not confer suitable immunity.
However, we report that morphologically and biochemically the vaccine and Macquarie
Harbour strains are not different. This suggests that the sub-optimal protection conferred by
Anguillvac-C® in the Macquarie Harbour region may be due to external influences such as
environmental factors or vaccination and husbandry practices. Due to production schedules
and financial considerations rainbow trout may be immersion vaccinated at the hatchery up to
18 months prior to transfer to Macquarie Harbour, suggesting a vaccine with longer duration
of immunity, such as an oil-adjuvanted and/or injection delivered vaccine, may prevent
outbreaks. Here we report the efficacy and duration of immunity associated with
unadjuvented Anguillvac-C® delivered via intraperitoneal injection. 1000 rainbow trout were
vaccinated via intraperitoneal injection with Anguillvac-C® and together with 1000
unvaccinated fish were maintained at a commercial freshwater hatchery. Sub-populations of
fish were challenged with a previously determined LD60 dose of V. anguillarum at varying
time intervals over 1 year. Fish were challenged at 3.7, 5.6, and 9.0 months post-vaccination,
with a 12 months post-vaccination challenge scheduled. Up to 9 months post-vaccination
there was no decline in immunity. The relative percent survival (RPS) of the groups was 74,
74 and 97% at 3.7, 5.6 and 9 months post-vaccination respectively. These results demonstrate
intraperitoneal injection delivery of unadjuvented Anguillvac-C® may be an appropriate
method for protecting rainbow trout against vibriosis in Macquarie Harbour given their long
production schedule. The use of Anguillvac-C® unadjuvented removes the need to use an oiladjuvant, which has numerous side effects and OH&S issues associated with it.
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IMMERSION VACCINATION OF NEWLY HATCHED AND SEX REVERSED NILE
TILAPIA (OREOCHROMIS NILOTICUS) USING A STREPTOCOCCUS INIAE
VACCINE
P.H. Klesius1, C.A. Shoemaker1 and J.J. Evans2

United States Department of Agriculture Auburn, AL1, USA and Chestertown, MD2,
USA.
The objective of this investigation was to assess immersion Streptococcus iniae vaccination of
newly hatched and sex reversed Nile tilapia fry against S. iniae. Nile tilapia (Oreochromis
niloticus; 0.01 g wet weight; 160,000 fish/1500 L) were immunized by bath immersion using
a 1/500 dilution of modified S. iniae vaccine for 2 min with aeration at a Florida tilapia
hatchery. The fish were sex reversed with oral administration of 17-beta-methyltestosterone
(MT) in their starter feed for 28 d and then shipped (0.3-0.4 g wet weight) to a Minnesota
tilapia producer. The male fish (about 90%) were immersion boostered with the vaccine
using a 1/500 dilution for 2 min at 35 d post vaccination. The fish (15 g) were again boostered
34 d later. After 7 d post secondary booster, 150 fish (23 g) were shipped to the USDA
laboratory in Alabama and stocked into 57 L aquaria. No mortality was reported during the
immunizations and transport.
After 7 d acclimation, 20 immunized fish were cohabitated with 20 TSB-immunized calceinmarked fish in 4 separate 57 L aquarium (Klesius et al. 2006. Fish and Shellfish Immunol.
20:20-28) and challenged with 1 x 106 or 1 x 107 CFU S. iniae/fish in duplicate aquaria. The
S. iniae vaccine relative percent survival (RPS)14 d post challenge was 68.2 and 47.4 when
challenged with 1 x 106 CFU/fish and 78.5 and 91.7 when challenged with 1 x 107 CFU/fish.
Streptococcus iniae was cultured from 34% of 50 immunized fish sampled from the farm.
Aeromonas hydrophia was obtained from 40% of the 50 sampled fish. No bacteria were
cultured from 18% of the fish. The farm reported healthy and actively feeding fish with
greatly reduced mortality from S. iniae.
A specific antibody response was measured following vaccinations and appeared to be
directly related to the protective immune response against S. iniae. The results indicate that
immersion immunization using diluted S. iniae vaccine in newly hatched tilapia followed by
sex reversal and immersion boosters was efficacious against S. iniae.
Efficacy of Streptococcus iniae vaccine in Nile tilapia following immersion immunizations of
newly hatched and sex reversed fry and fingerlings.
Aquarium

1a
2a
3b
4b
1

CFU/Fish
challenge1
1 x 106
1 x 106
1 x 107
1 x 107

Cumulative mortality in
vaccinates/controls
6/19
10/19
3/14
1/12

RPS

68.2
47.4
78.5
91.7

20 vaccinates and 20 control (TSB immunized) were cohabitated in a single aquarium and challenge with S.
iniae by IP injection.
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HETEROLOGOUS PRIME-BOOST VACCINATION INCREASES SPECIFIC
ANTIBODY RESPONSE BUT NOT PROTECTION IN ATLANTIC SALMON
CHALLENGED WITH AEROMONAS SALMONICIDA
D. Plouffe*, A. Dacanay, R. Richards, J.C. Achenbach, K. Haussler, K. Soanes, and
K.V. Ewart

National Research Council-Institute for Marine Biosciences, Halifax, Canada.

Immunization protocols that involve DNA vaccination to ‘prime’ the immune system
followed by a boost with proteins or attenuated strains have been shown to improve protection
of vertebrates to pathogens by stimulating both cellular and humoral immune responses.
While very effective DNA vaccines have been engineered for viral diseases affecting
salmonids, only partial protection against bacterial pathogens has been achieved. In an effort
to improve the efficacy of vaccines used to prevent Aeromonas salmonicida infections in
Atlantic salmon (Salmo salar), a DNA vaccine encoding a salmon signal sequence fused to A.
salmonicida OmpK40 was constructed. Intramuscular vaccination of salmon with 100µg of
this construct (pcDNA-SPOmpK40) resulted in 43% survival following bacterial challenge
when compared to fish that were likewise injected with phosphate-buffered saline (PBS) or
empty vector (EV). Protection of the fish did not appear to be related to the levels of specific
antibody prior to the challenge, since ELISA results revealed no difference between the
pcDNA-SPOmpK40 vaccinated fish and the control groups. To augment the protection
conferred by DNA vaccination, a subsequent experiment was performed in which pcDNASPOmpK40-vaccinated fish were boosted after 4 weeks with recombinant OmpK40
(500µg/kg). In agreement with previous results, the antibody response following DNA
vaccination was negligible; however, up to a 10-fold increase in serum antibody levels was
detected in the sera of animals boosted with protein, prior to bacterial challenge. The
antibody levels were elevated regardless of whether the primary injection was with PBS, EV,
or pcDNA-SPOmpK40. Despite the higher levels of anti-OmpK40 antibodies in proteinvaccinated fish, survival was dramatically reduced following challenge with A. salmonicida.
Our results suggest that the generation of specific antibodies recognizing OmpK40 does not
correlate with protection and raise the possibility that generation of an effective cell-mediated
immune response might be more important for the protection of Atlantic salmon from A.
salmonicida.
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PRODUCTION AND EFFICACY TESTING OF AN AEROMONAS HYDROPHILA
RECOMBINANT PROTEIN VACCINE
S. Poobalane*,1, I. Hirono2, K. D. Thompson1, L. Ardo3, H. J. Han2, N. Verjan2, G.
Jeney3, Z. Jeney3, T. Aoki2 and A. Adams1
1

Institute of Aquaculture, University of Stirling, Stirling, FK9 4LA, Scotland, UK.
Laboratory of Genome Science, Graduate School of Marine Science and Technology,
Tokyo University of Marine Science and Technology, Konan 4-5-7, Minato, Tokyo, 1088477, Japan. 3Research Institute for Fisheries, Aquaculture and Irrigation, Anna liget
8, Szarvas, 5540, Hungary.
2

Aeromonas hydrophila is an opportunistic pathogen that causes a wide range of symptoms
and diseases in fish (Roberts, 1993). Development of a commercial vaccine has been
problematic due to the heterogenicity between isolates of A. hydrophila (Chandran et al.,
2002). A new approach using immunoproteomics was used in this study to try to develop a
vaccine that would protect against a wide range of A. hydrophila strains.
The protein profiles of different preparations such as whole cell (WC), outer membrane
protein (OMP) and extracellular products (ECP) of 14 isolates of A. hydrophila cultured in
vitro in tryptic soy broth, and in vivo in dialysis tubing placed within the peritoneal cavity of
common carp (Cyprinus carpio) were screened by Western blot using antibodies from carp
artificially infected with different isolates of A. hydrophila to identify potential vaccine
candidates. One particular protein of A. hydrophila was found to be the most immunogenic
molecule in WC and OMP of bacteria grown both in vitro and in vivo. The protection efficacy
of this protein was initially determined in goldfish by vaccinating fish with electro-eluted
protein then challenging the fish with A. hydrophila. The relative percentage survival (RPS)
was 67 % in the vaccination trial.
The protein was identified using matrix-assisted laser desorption ionisation time-of-flight
mass spectrometry (MALDI-TOF MS). Recombinant protein was then produced and the
cross-protection efficacy of this protein against six virulent isolates of A. hydrophila was
confirmed in a large scale vaccination trial using carp. The RPS value for the 6 isolates of A.
hydrophila ranged from between 56 and 87 %. The results of this study suggest that this
immunogenic protein of A. hydrophila could be used as a common antigen to protect fish
against infection by different isolates of this pathogenic bacterium.
Chandran, M.R., Aruna, B.V., Logambal, S.M. and Michael, R.D. (2002) Field immunization of Indian major
carps against Aeromonas hydrophila by immersion. J. Aquac. Trop. 17: 311-318.
Roberts, R.J. (1993) Motile Aeromonad Septicaemia. In: Bacterial diseases of fish (Ed. by Inglis, V., Roberts,
R.J. and Bromage, N.R.), Blackwell Scientific Publications, Oxford pp. 143-155.
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EFFECT OF GENETIC SELECTION AND VACCINATION ON THE SURVIVAL OF
ATLANTIC SALMON SMOLTS EXPERIMENTALLY CHALLENGED WITH
INFECTIOUS PANCREATIC NECROSIS (IPN) VIRUS
A. Ramstad* and P. J. Midtlyng

VESO Vikan, N-7800 Namsos, Norway
During the development of bath- and cohabitant challenge models for IPN, we have
experienced a rather unpredictable variation with cumulative mortality rates ranking from
virtually none to above 80%. Based upon results suggesting that genetics was the dominant
factor responsible for this variation, a vaccination-and-challenge experiment involving three
groups of pre-smolts tentatively differing in their genetic resistance to IPN was initiated.
Three groups of eyed eggs of Atlantic salmon were obtained. Hatching was synchronised, and
growth to S1/2 pre-smolts took place under identical conditions in VESO Vikan hatchery.
Following a 6-week winter photoperiod regime, fish from each genetic group was randomly
allocated to the IPN vaccine, reference vaccine or saline control group, and marked before
being adjoined (3x3 groups) into 3 parallel tanks assigned for batch challenge or 2 parallel
tanks assigned for cohabitant challenge. During the immunisation period of 6 weeks, a 24-h
light regime was imposed to induce smoltification. On the day following sea transfer, the fish
were challenged with live IPN virus by a standardised bathing procedure, or via the
introduction of IPNV-inoculated challenger fish. Mortality due to IPN commenced after 9-10
days (bath challenge) or 13-15 days (cohabitant challenge). The mortality curves showed a
consistent pattern. One group of fish originating from allegedly IPNV-susceptible parents
consistently showed the highest cumulative mortality among unvaccinated controls (>75%)
whereas a group of wild salmon origin proved slightly more resistant (63-70% cumulative
control mortality). Only 26-35% control fish died in the third group of smolts, which derived
from parents that had undergone selection for IPN resistance (“AquaGen “Standard”). The
IPN vaccinated fish experienced significantly improved survival vs. the fish immunised with
reference vaccine, with RPS values above 75% in the IPN susceptible strain. In the
“Standard” strain, the protection outcomes were variable and in part non-significant. The
results show that both genetic selection and vaccination are powerful preventive strategies to
control IPN in Atlantic salmon smolts, and that vaccination is capable of providing additional
protection even in fish that are partially resistant to the disease.
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VACCINATION OF ATLANTIC SALMON (SALMO SALAR L.) AGAINST THE
CAUSATIVE AGENT OF MARINE FLEXIBACTERIOSIS, TENACIBACULUM
MARITIMUM.
R. van Gelderen*,1, J. Carson2 and B. Nowak1
1

Tasmanian Aquaculture and Fisheries Institute, School of Aquaculture, University of
Tasmania, Launceston, Tasmania, Australia; 2Fish Health Laboratory, Department of
Primary Industries and Water, Launceston, Tasmania, Australia.
Tenacibaculum maritimum is a well-established fish pathogen worldwide. It is a marine
bacterium that causes necrotic lesions on the body, head, fins and gills, with erosive lesions
on the external surface as the prominent clinical sign. Apart from a major outbreak in
1988/89, it has been a relatively minor yet persistent problem in the Tasmanian salmonid
aquaculture industry. However, in order to prevent future unforseen outbreaks from occurring,
development of a safe and effective vaccine against T. maritimum in salmonids is the focus of
this study. Recently, promising results for an injectable vaccine for species of sole (Solea
solea and S. senegalensis) in Spain were reported (Romalde et al. 2005). However, an
effective vaccine for the Tasmanian salmonid aquaculture industry will likely need to be
based on local strains of T. maritimum affecting local Atlantic salmon (Salmo salar) stocks.
A vaccination trail was undertaken using 4 treatment groups: Controls, IP Controls, Vaccine,
and Vaccine + Adjuvant. Within the challenge period of 27 days, significant protection was
demonstrated in fish injected with the Vaccine + Adjuvant compared to all other treatments.
RPS values were calculated at 79.6% and 78.0%. The vaccine without adjuvant did show
lower mortalities than control treatments, however, it was not significantly different from both
control treatments. Low RPS values at 27.7% and 22.0% indicate that the vaccine without
adjuvant could not provide sufficient protection from a moderate challenge of T. maritimum.
Side effects of the oil based adjuvant, Freund’s incomplete adjuvant (FIA) were noted. All
fish injected with the Vaccine + Adjuvant had black/brown pigment associated with the
stomach, which did not appear in any of the other treatments of fish. Histological examination
revealed this material to be black/brown pigmentation most likely caused by melanin. An
inflammatory response was noted around this material with the formations of granulomas and
cysts.
It is apparent that a vaccine for Atlantic salmon against marine flexibacteriosis requires the
use of an adjuvant to provide protection. Further work is required to validate the initial results
reported here and explore other alternative adjuvants to minimise side-effects.
Romalde, J.L., Ravelo, C., Lopez-Romalde, R., Avendano-Herrera, R., Magarinos, B., Toranzo, A.E., 2005.
Vaccination strategies to prevent emerging diseases for Spanish aquaculture. In: Midtlyng, P.J. (Ed.), Progress in
Fish Vaccinology. Basel, Karger, pp. 85-89.
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APOPTOSIS DETECTION DURING A SALMON ALPHAVIRUS (SAV) IN VIVO
STUDY
J. Z. Costa*, J.B. Bron, K.D. Thompson, A. Adams, I. R. Bricknel and H. Ferguson

Institute of Aquaculture, University of Stirling, Stirling, Scotland;
janina.costa@stir.ac.uk

Since 2002, salmon alphavirus (SAV) has re-emerged as the aetiological agent responsible for
high economic losses in farmed Atlantic salmon. The cellular immune response mechanisms
against this pathogen are barely known. During viral infections, apoptosis has been identified
as one of the host cellular immune responses. By promoting the early death of an infected cell
through the apoptotic pathway, the immune system prevents the virus from using the cell
mechanisms for replication and restricts viral spread. During apoptosis the cell demonstrates
characteristic changes like chromatin condensation, DNA fragmentation and lost of plasma
membrane symmetry. In this study we investigated the role of apoptosis during an SAV
infection. In order to achieve this aim DNA fragmentation was detected by terminal
deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) staining, and the
loss of plasma membrane symmetry was studied using Annexin V by flow cytometry. Sixty
fish were injected intraperitoneally with an Irish isolate of SAV (F93-125) and 60 fish were
injected with CHSE-214 cell line, to act as control fish. During a period of 10 days, 6 control
fish and 6 infected fish were sampled daily. Internal organs and skeletal muscle were formalin
fixed and peripheral blood cells (PBC) and head kidney cells (HKC) were isolated using 51%
Percoll gradients. Fragmentation of DNA was detected in PBC, HKC and formalin fixed
tissue, while the loss of plasma membrane symmetry was detected in fresh PBC and HKC.
DNA fragmentation revealed a peak of apoptotic PBC on day 5 and 6 post-infection, fading
away on day 7 and practically non-existent on day 10 post-infection. The presence of
apoptotic cells in the head kidney also reached a peak on day 5 and started to disappear on
day 6. These data revealed a higher number of apoptotic cells in the peripheral blood than in
the head kidney and their presence can be detected for longer in the blood. Results for the loss
in plasma membrane symmetry are less clear, however these will be discussed in conjunction
with DNA fragmentation results. These results will be analysed and discussed in relation to
what is known about SAV and the importance for future studies.
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EVALUATION OF CHALLENGE MODELS FOR PANCREAS DISEASE (PD).
K. Hodneland1*, I. Sævareid1, K.E. Christie1, M.F. McLoughlin2, C. Lyngøy3, O. Breck3,
G. Ritchie3, D. Knappskog1
1

Intervet Norbio, Thormøhlensgate 55, N-5008 Bergen, Norway. 2 Aquatic Veterinary
Services, Belfast, Northern Ireland. 3 Marine Harvest Norway AS, N-5035 Bergen,
Norway

Salmonid alphavirus (SAV) is the causative agent for pancreas disease (PD) and sleeping
disease (SD), and causes major economical losses in salmonid farming in Europe. In Norway
in particular, there has been a dramatic increase during the last 2-3 years in the number of
diagnosed PD cases, and this viral disease is now considered as one of the biggest threats to
the salmon farming industry.
At present there is no treatment against this viral disease, but a vaccine has been developed
and is used as a prophylactic measurement. To study the efficacy of a vaccine it is desirable to
establish a challenge model that gives a well-defined and reproducible effect, preferably based
on mortality. The existing challenge model for PD in Atlantic salmon (Salmo salar) does not
result in mortality, which has complicated the development of vaccines. As a consequence,
alternative disease parameters are evaluated, such as histopathological lesions in heart tissue
and virus-titre in serum.
As an attempt to improve the current challenge model, which is based on intraperitoneal (I.P)
injection of virus to salmon in freshwater, a set of new experimental protocols were
performed. Fish were infected with a low-passage SAV strain isolated from Atlantic salmon
in Norway. The impact of different rearing conditions (i.e. water qualities) and administration
routes (intraperitoneal injection vs. cohabitant challenge) on the development of the disease
were monitored over a period of 7 weeks. In addition to mortality registration, scoring of the
histopathology in heart, virus titres, and Real-Time RT-PCR data were recorded at each
sample point.
No mortality was observed during the experimental period, although the prevalence of
infection was near 100% in all groups. However, the preliminary data show that there are
differences between the cohabitant groups, with a generally higher histopathology score and
relative virus load in the freshwater fish compared to the brackish- and seawater groups.
When comparing the cohabitant groups with their respective I.P groups, the
histopathology/virus-loads were slightly more pronounced in the cohabitant fish. The results
from these experimental infection trials will form a basis for improvement and further
development of the existing PD challenge model.

98

O-90
EXPERIMENTAL STUDIES OF RANA-VIRUS INFECTION IN REDFIN PERCH
(PERCA FLUVIATILIS) AND PIKEPERCH (STIZOSTEDION LUCIOPERCA) .
B. B. Jensen* and E. Ariel.

National Veterinary Institute, Technical University of Denmark, Århus, Denmark.
Systemic ranaviruses have been associated with the decline of amphibians and both wild and
farmed freshwater fish species in Australia, Asia, North America and Europe. Several virus
isolates associated with mortalities have been found, posing a possible threat to the
aquaculture industry. It is speculated that amphibians may act as vectors and propagate the
spread of ranaviruses between separate fish habitats. In order to make a proper assessment of
the risks associated with the emergence of ranaviruses, more knowledge about the viruses and
their characteristics are needed. Especially, it is important to identify susceptible species and
investigate the pathogenesis of the virus infections.
In this study, Redfin Perch (Perca fluviatilis) and Pikeperch (Stizostedion lucioperca) were
selected and subjected to infection trials with different ranavirus isolates, since these species
represent ecologically important wildliving and farmed freshwater fish species. The
ranaviruses used had been isolated from Pikeperch (Stizostedion lucioperca), European
Catfish (Ictalurus melas), European Sheatfish (Siluris glanis), Redfin Perch (Perca
fluviatilis), Shortfin Eel (Anguilla australis) and Leopard frog (Rana pipiens). The pikeperch
were tested at two different ages (8 and 16 weeks) and the perch at 12 weeks. All experiments
were carried out as immersion trials at two different temperatures (12˚C and 22˚C), consistent
with natural temperature ranges in European freshwater.
None of the viruses were pathogenic to Perch, suggesting varying susceptibilities within the
species. For Pikeperch, high mortalities were found in the youngest agegroup when infected
with Epizootic Heamorrhagic Necrosis Virus (83% at 12oC and 98% at 22oC) and European
Sheatfish Virus (58% at 12oC), compared with 41% and 56% in the cold and warm water,
respectively. The older agegroup were not susceptible to any isolates in a replication trial. No
virus-reisolation was possible in the infected perch, whereas results from re-isolation and
immunohistochemistry from pikeperch will be presented.
The study was performed under the EU-funded RANA-projekt: “Risk assessment of new and
emerging systemic iridoviral diseases for European fish and aquatic ecosystems”
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AN IN VITRO STUDY OF THE POTENTIAL FUNCTION OF SEGMENT 8
PROTEINS OF INFECTIOUS SALMON ANAEMIA VIRUS
A. McBeath1*, B. Collet1, C. Secombes2 and M. Snow1
1

FRS Marine Laboratory, Aberdeen, Scotland, UK 2 Scottish Fish Immunology
Research Centre, University of Aberdeen, Aberdeen, Scotland, UK
Infectious salmon anaemia virus (ISAV) is an orthomyxovirus which possesses eight genomic
segments coding for ten viral proteins. Previous studies have indicated that the protein from
the first open reading frame (ORF) of segment 7 functions as an interferon (IFN) antagonist.
Some viruses possess multiple proteins capable of interfering with the immune system. This
study focused on the two proteins encoded by segment 8 (including the putative matrix
protein) to look for a similar function. TO cells were transfected with the pGFPturbo-seg8i, seg8ii and pGFPturbo control constructs. GFP-positive cells were sorted by FACS, stimulated
with dsRNA or recInterferon (IFN). The ability to respond to IFN was analysed by real-time
PCR using Taqman probes. Results showing the effect of the segment 8 proteins on Mx and
type I IFN expression in transfected cells will be presented. This work contributes to the
understanding of the replication cycle of ISAV in a commercially important aquaculture
species.
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THE COMPLETE GENOME SEQUENCE OF THE ATLANTIC SALMON
PARAMYXOVIRUS (ASPV)
S. Nylund*, M. Karlsen, A. Nylund

Department of Biology, University of Bergen, N- 5020 Bergen, Norway
Proliferative gill inflammation (PGI) is a disease causing significant losses in farmed Atlantic
salmon Salmo salar L. in Norway, and the frequency of outbreaks seems to have increased in
the past years. PGI is associated with an array of pathogens, including ´Candidatus
Piscichlamydia salmonis´, Atlantic salmon paramyxovirus (ASPV), Neoparamoeba sp. and,
recently, a novel salmon poxvirus. The role of the different pathogens in causing the disease
is, as of yet, unclear.
In this study, the complete genome of the Atlantic salmon paramyxovirus (ASPV), isolated
from Atlantic salmon suffering from PGI, has been determined. The genome is approximately
18.000 nucleotides in length and consists of several non- overlapping genes in the order 3´N- P/C/V- M- F– HN- L - 5´, coding for the nucleocapsid, phospho-, matrix, fusion,
hemaglutinin-neuraminidase and large polymerase proteins, respectively. The genome
contains highly conserved regions found in other Paramyxoviridiae and seems to have a gene
expression strategy similar to the Respiroviruses. Phylogenetic analysis of all deduced ASPV
protein sequences with homologous sequences from other Paramyxoviridae indicate that
ASPV resides in the genus of Respiroviruses.
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THE ROLE OF THE TRANSMEMBRANE REGION OF THE IHNV GLYCOPROTEIN
(G) IN PROMOTING EARLY AND SPECIFIC ANTI-VIRAL DEFENSE
MECHANISMS
Y-A. Zhang1, S.E. LaPatra2* and J.O. Sunyer1
1

University of Pennsylvania School of Veterinary Medicine, Philadelphia, Pennsylvania,
USA. 2Clear Springs Foods, Inc.Buhl, Idaho USA

Infectious hematopoietic necrosis virus (IHNV) is a rhabdovirus that causes significant
economic losses in farmed salmonids worldwide. Considerable efforts have been made to
develop vaccines against IHNV. It has been shown clearly that glycoprotein G is the only
protein of the virus that is capable of eliciting both neutralizing antibodies and protection. A
DNA vaccine encoding the entire portion of the G antigen has been shown to induce
consistent protection for a long duration at nanogram doses. It has been shown that in addition
to inducing a specific anti-viral response (SAVR), this vaccine elicits a protective innate
immune response as early as one week post- vaccination. The immune mechanisms involved
in providing this early anti-viral response (EAVR) are thus far unknown. It has been
hypothesized that the effectiveness of this vaccine relies on the ability of fish muscle cells to
express the G protein on their surface. To test the potential requirement of the G protein being
expressed on the external surface of cells a vaccine construct was generated encoding for the
soluble portion of the G antigen in which the G transmembrane domain has been deleted. To
our surprise, this vaccine construct induced both high neutralization antibody titers as well
long duration protective responses. Contrary to what has been hypothesized, these data
implies that anchorage of the G antigen to host cells through the transmembrane domain is not
essential for eliciting SAVR. We are now in the process of analyzing whether deletion of the
transmembrane portion of the G, will have an effect on the EAVR that has been previously
demonstrated with the vaccine construct expressing the entire G antigen. The results derived
from this study will enable us to clarify the requirement of the transmembrane domain of the
G antigen in providing both the EAVR and/or the SAVR against IHNV.
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FATE OF KOI HERPESVIRUS (KHV) IN SURVIVING FISH POST INFECTION. - IS
THE BRAIN THE FINAL HABITAT FOR THE VIRUS?
K. Yuasa, *,1, M. Kawana1, T. Ito1, M. Sano1 and T. Iida1
1

National Research Institute of Aquaculture, Fisheries Research Agency, Mie, Japan

There are few descriptions on the fate of KHV in survivors of the disease in previous reports.
Gilad et al. (2004) described the kinetics in experimentally infected fish with KHV until 2
months post infection, although they did not find tissues for which the virus had particularly
strong affinity. On the other hand, a possibility that the survivors become carriers of KHV is
suggested from past KHV outbreaks in wild carp populations in Japan, but it has not been
proven yet.
In this study, young common carp of two strains were experimentally infected with KHV
isolated in Japan (NRIA0308). The fish were reared at 23 0C for a year to detect the genome
of KHV from various organs after different periods post infection using PCR or TaqMan
PCR. At the same time, each sample was homogenized, filtered, and injected to healthy carp
to detect infectious virus. Additionally, we tried to detect mRNA of KHV in the samples by a
newly developed RT-PCR.
KHV genome was detected from every organ of affected or recovered fish within a month,
but not detected after 3 months post infection except for the brain. The KHV genome existed
in the brain throughout the experimental period of one year. The olfactory bulb and olfactory
lobe harbored the genome for longer period than the other part of the brain. On the other
hand, neither infectious virus nor KHVmRNA was detected from the brain homogenate of
survivors after 3 months post infection. In addition, the KHV mRNA was not detected from
the brain homogenate of survivors.
In conclusion, there are cases in which the KHV genome exists in the brain of survivors for a
long period post infection, even after the virus become apparently inactive. This may suggest
that latent infection of KHV can be established in the brain.
Gilad, O., S. Yun, F. J. Zagmutt-Vergara, C. M. Leutenegger, H. Bercovier, R. P. Hedrick (2004) Concentration
of a Koi herpesvirus (KHV) in tissues of experimentally infected Cyprinus carpio koi as assessed by real-time
TaqMan PCR. Dis Aquat Org 60: 179-187.
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THE VARIATION OF EMAMECTIN IN PLASMA IN RANDOMLY SELECTED
GROUPS OF CAGED SALMON AFTER ORAL TREATMENT
A.G.T. Berg*1, T.E. Horsberg 2
1
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The paper presents a longitudinal cohort study. Two fish farms with postsmolt set at sea in the
fall were included. At fall and in spring, an oral treatment of emamectin benzoate (SliceTM)
against sea lice was given (50 µg emamectin benzoate per kilogram bodyweight for seven
consecutive days) on both locations.
Blood samples from 25 randomly selected fish in three randomly selected cages at each
location and sampling time were collected on the day after the last medication. The samples
were assayed by an HPLC method with fluorescence detection. The avermectin doramectin
was used as an internal standard.
The results demonstrated up to a four-fold difference in the average plasma concentrations of
emamectin benzoate between cages from the same farm.
The results point to treatment errors as an important cause of treatment failures with
emamectin benzoate.
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EFFICACY OF BITHIONOL AS AN ORAL TREATMENT FOR AMOEBIC GILL
DISEASE IN ATLANTIC SALMON SALMO SALAR (L.)
R. L. Florent, J. A. Becker, M. D. Powell

Tasmanian Aquaculture and Fisheries Institute, University of Tasmania and AQUAFIN
CRC, Launceston, Tasmania, Australia.
These studies examined the efficacy of bithionol as an oral treatment for Atlantic salmon
Salmo salar affected by amoebic gill disease (AGD). The current commercial management
strategy of AGD is a costly 3 h freshwater bath; hence there is an effort to identify alternative
treatments.
The efficacy of bithionol as an oral treatment for AGD was examined by feeding AGDaffected Atlantic salmon either twice daily to satiation (study 1) or daily at a fixed ration of
1% bodyweight (study 2) with bithionol at 25 mg kg feed-1. Three seawater (35‰, 17ºC) recirculation systems were used, each consisting of three tanks containing either 32 or 44
Atlantic salmon smolts with an average (± SEM) mass of 90.4 g (± 5.2, Study 1) or 130.6 g (±
9.8, Study 2), respectively. Three feeds were examined in the trial including bithionol
prophylactic and therapeutic, plain commercial control and oil coated commercial control.
Feeding commenced 2 weeks prior to exposure to Neoparamoeba spp. at 300 cells L-1 and
continued for 28 or 49 days post-exposure for study 1 and 2, respectively. Efficacy was
determined by examining gross gill score and identifying percent lesioned gill filaments
weekly for the experiment duration.
Bithionol when fed as a two week prophylactic or a therapeutic treatment at 25 mg kg feed-1
delayed the onset of AGD pathology and reduced the percent lesioned gill filaments by 53%
after 28 days post-exposure and the gross gill score by 1 when compared with both the plain
and oil controls during an experimental challenge. There was no problem with palatability,
with mean feed intake of bithionol over the trial duration being higher for the bithionol diet
compared to both the oil and plain controls.
This study demonstrated that bithionol at 25 mg kg feed-1, when fed as a two week
prophylactic or a therapeutic treatment for Neoparamoeba spp. exposure, delayed and reduced
the incidence of AGD lesions, and warrants further investigation as an alternative to the
current freshwater bath treatment for AGD-affected Atlantic salmon.
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INHIBITORY EFFECT OF RIBAVIRIN AND EICAR AGAINST THE REPLICATION
OF BETANODAVIRUS
E. Galletti*, S. Ciulli, A. Scagliarini, S. Prosperi

Alma Mater Studiorum, University of Bologna, Italy.
In a previous work we tested the antiviral activity of two antiviral agents, ribavirin and its
analogue, eicar, in vitro against a RNA virus, the Betanodavirus, that causes the viral
encephalopathy and retinopathy, disease with heavy mortalities in several fish species.
The toxicity, the antiviral activity and the selectivity index (SI) of the compounds were tested
on SSN-1, a permissive cell line to the replication of Betanodavirus.
The SI of ribavirin and eicar resulted >21,7 and >9,5 respectively and the antiviral activity of
the compounds was confirmed by the inhibition of the virus yield at 24, 48 and 72 hs post
infection (p.i).
In order to test if the effect of ribavirin and eicar is specific against the Betanodavirus and/or
against the replication of the retrovirus C-type that co-infected the SSN-1 cell line, a Real
time PCR (qPCR) was performed to quantify the retrovirus in the monolayers of treated cells
with ribavirin and eicar at 24, 48 and 72 hs p.i. compared to control cells. The quantification
of the DNA of the retrovirus C-type was the same at the three different time points
demonstrating that the activity of ribavirin and eicar is not directed to the retrovirus C-type
and then that the compounds are specific against Betanodavirus.
In order to identify the phase of the replicative cycle of Betanodavirus in which the
compounds act and the mechanism of action of the antiviral agents, an assay of time of
addition was performed. 0,3 mg/ml of eicar was added to confluent monolayers of SSN-1 at
2,6,8,9,18,20,24 hs p.i. with Betanodavirus. The monolayers were collected when the
cytopathic effect of the virus controls reached the 100%. The quantification of Betanodavirus
DNA by qPCR, showed a reduction at 2, 6 and 8 hs p.i whereas after the 9th hs p.i. the
antiviral activity of eicar was minimized.
In conclusion these compounds proved to have a specific activity against Betanodavirus with
a high SI. Furthermore, the time of addition test showed that their mechanisms of action are
directed to the early phase of the virus replication.
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MONITORING OF ALBENDAZOLE CONCENTRATION IN BLOOD AND MUSCLE
TISSUE OF COMMON CARP CYPRINUS CARPIO (CYPRINIDAE)

Kazarnikova A.V.*1 Shin E.F.1, Zimakov D.V.1, Sarvilina I.V.1, Strigakova T.V.2
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Heminthosis, caused by cestodas Bothriocehalus opsariichthydis, B. acheilognathi, Khawia
sinensis, are the great problem for Russian fish farms. The most epizootic significance those
disease have for common carp (Cyrinus carpio), silver (Carassius auratus gibelio) and gold
(Carassius carassius) crucian, grass carp (Ctenopharyngodon idella). Different drugs are
used now for dehelminthesation of fish in aquaculture. Albendazole is a broad spectrum
anthelmintic widely used in human and veterinary medicine, but is not currently approved for
use in aquaculture in Russia.
Albendazole (Albendazolum, ([Methyl 5-(propylthio)-2-benzimidazolecarbamate] C12-H15N3-O2-S. It characterized by low level of absolute absorption, and in alive organism
metabolized in albendazole sulfoxide, which was present in plasma and tissues at high
concentrations.
The treating of carp by albendazole was hold twice, 40 mg/kg body weight. Carps were held
13 each in portioned 60-l tank. Samples of muscle and blood were collected at 3, 6, 12, 24,
48, 72, 96, 120, 144, 168 h postdose from carp kept at 18 – 24 ◦C. The samples were
homogenized in dry ice and subjected to extraction and cleanup procedures. Concentrations
of albendazole in blood and muscle tissues were analysed using high-performance liquid
chromatography with fluorescence detection (SURVEYOR LC/SURVEYOR MSQ
“THERMO FINNIGAN”, USA).
The analyses of albendazole dynamic showed that it concentration in blood was higher then in
muscle tissue. The highest concentration was detected after 3 h in blood, and after 6 h in
muscle tissue. The lowest concentration was detected after 168 h for both.
The data about experimental treatment of fish with albendazole in ponds will be present.
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INFLUENCE OF MICROBIAL TREATMENTS ON SURVIVAL, DEVELOPMENT
AND MICROBIOTA OF ATLANTIC COD (GADUS MORHUA) LARVAE
H.L. Lauzon*,1, S. Gudmundsdóttir2, A. Steinarsson3, E. Reynisson1 and B.K.
Gudmundsdóttir2
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3
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2

High mortality rate at early larval stage of cod is common but not fully explained.
Environmental factors, including biological and chemical balance, play an important role and
opportunistic microorganisms may establish themselves to high numbers, inducing mortality.
This study presents the evolvement of cod microbiota at pre- and post-hatching stages and
how different microbial treatments affected its composition, as well as larval development and
survival.
In one trial, a mixture of 3 bacterial strains was used to bath cod ova on days 1-4-7 postfertilization (pf) and larvae on days 2-5-8-13-20 post-hatching (ph) in 2 silos, which was
compared to untreated (control) silos for 13 pfd and 27 phd. In another trial the combined use
of two bacterial strains and Levucell SB 20 during rotifers’ enrichment and their effect on
larvae fed between days 3-26 (ph) was assessed. Most of these bacteria had been isolated
earlier from this cod rearing environment. Microbiological analysis of ova, larvae and rearing
water was performed quantitatively (total viable counts (TVC), counts of presumptive vibrios
and lactic acid bacteria) on a regular basis and qualitatively (phenotypic and genotypic
methods) for selected samples. After final sampling (27 phd) of duplicate treatments, larvae
were counted and 50 individuals randomly obtained from each silo for length and dry weight
evaluation.
The results show that bacterial bathing contributed to a slightly higher ova survival and lower
TVC (11 pfd) with adherence of added bacteria onto ova (11 pfd) and larvae (2 phd).
Different larval survival levels were observed within treatments, explained by variations in
microbiota composition and the presence of undesirable bacteria. Nevertheless one bacteriabathed silo had significantly heavier larvae with highest survival and low levels of vibrios,
revealing intestinal adherence of added bacteria a week following treatment. Larvae fed
enriched rotifers supplemented with the microbial mixture survived poorly, coinciding with a
high level of hemolytic vibrios (20 phd). These vibrios were also isolated from ova (11 pfd)
and larvae (2 and 27 phd), mainly from control silos.
The results of the study indicate that bacteria used for bathing had probiotic properties in vivo
and contributed to larval development.
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SPECIFICS AND NON-SPECIFICS OF USING SMALL INTERFERING RNAS IN
RAINBOW TROUT AND FISH CELLS.
B. D. Schyth1*, N. Lorenzen1 & F. S. Pedersen2
1
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The eukaryotic cell contains a mechanism called RNA interference (RNAi), which allows it to
reduce expression of specific exogenous or endogenous genes. By this mechanism the cell
uses small double-stranded RNAs to program a large protein complex called the RNAinduced silencing complex (RISC) for finding and inhibiting gene expression. In doing so
RISC uses one of the small RNA strands to pair to a complementary or nearly complementary
mRNA in the cytoplasm. Subsequently either cleavage of the target mRNA or translational
repression follows. In gene functional studies in invertebrates and in cells of higher
vertebrates RNAi is used to down regulate the expression of specific genes, by delivering
dsRNAs designed to have one strand complementary to an mRNA target. Here we describe
the usage of small dsRNAs called siRNAs in juvenile rainbow trout and in fish cells. We have
aimed for the specific inhibition of replication of the fish pathogenic rhabdovirus Viral
Haemorrhagic Septicaemia Virus (VHSV) through siRNA-mediated reduction of viral gene
expression.
Initially it was found that some in vitro transcribed VHSV-specific siRNAs inhibited
replication of VHSV as well as other rhabdoviruses used as heterologous controls for
specificity. Further examination of this lack of specificity showed that delivery of siRNAs
correlated with upregulation the antiviral interferon induced Mx protein in the fish cells
(Schyth et al, 2006). In contrast, chemically synthesized siRNAs were able to interfere
specifically with VHSV-G expression in human cells transfected with an expression vector
carrying the VHSV G insert (Schyth et al., 2007). These siRNAs were formulated in the
polycationic liposome delivery reagent DOTAP and intraperitoneally injected into rainbow
trout, which were subsequently challenged with VHSV by bath challenge. Compared to noninjected fish a delay in mortality was seen for fish injected with the siRNA:DOTAP
formulation but this correlated with upregulation of Mx in the liver. This upregulation of Mx
was not seen in fish injected with non-formulated siRNAs or the transfection reagent alone.
The results emphasize the importance of using controls and the importance of investigating
siRNAs and reagents for cellular side-effects.
Schyth, BD., Lorenzen, N. and Pedersen, FS. 2006. Antiviral activity of small interfering RNAs: Specificity
testing using heterologous virus reveals interferon-related effects overlooked by conventional mismatch controls.
Virology. 349: 134-141.
Schyth, BD., Lorenzen, N. and Pedersen, FS. 2007. A high throughput in vivo model for testing delivery and
antiviral effects of siRNAs in vertebrates. Mol.Ther.. In press.
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IMMUNOSTIMULANT EFFECTS OF MUSCARI COMOSUM (L.) MILLER PLANT
EXTRACT IN RAİNBOW TROUT(ONCORHYNCHUS MYKISS)
*G. Uluköy1, A.Kubilay2, Ö. Diler2, B.I. Didinen2, S. Altun2, R. Mammadov3, S. Ekici2,
A. Dulluç2
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Immunostimulant effects of the extract from Muscari comosum (L) Miller were investigated
to determine the effect of different doses of plant extract on non-specific defence mechanisms
in rainbow trout (Oncorhynchus mykiss). For this purpose, M. comosum collected and
extracted in ethanol then was intraperitonally administered to fish (140g) for doses of 0.5mg/
fish and 2.0 mg/fish. During trial, each week following the administration, fish blood and
serum samples were examined on various parameters including percentage of hematocrit, the
number of nitroblue tetrazolium (NBT) positive neutrophils, total leucocyte counts,
percentage of neutrophils, monocytes and serum lysozyme activity in 1, 7, 14, 21, 28th days.
As a result, the number of NBT (+) neutrophils, percentage of monocytes and total leucocyte
counts in the group with injected 0.5mg M. comosum /fish dose compared to control were
increased significantly. injection of plant extract stimulated monocytes and neutrophil
activity. Hematocrit and serum lysozyme activity were not shown significant changes in the
samples. Especially the group which received 0.5mg/fish M. comosum extract showed higher
percentage of monocytes at 7th, 14th and 21st days when compare to other groups. The
highest level of NBT and leucocyte counts was observed in the group injected with 0.5
mg/fish M. comosum extract. Also, NBT and total leucocyte counts were significantly higher
in this group than those in the control group. When compare to two doses of plant extracts the
suitable dose would be suggested as to be used an immunostimulant is 0.5 mg/fish. M.
comosum can be suggested to use in freshwater aquaculture to enhance non-specific immune
system and also more detailed studies are needed to determine immunostimulant effects of
this plant extract including long-term and oral route trials in fish.
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RESISTANCE TO PERKINSUS MARINUS AMONG NATURAL CRASSOSTREA
VIRGINICA POPULATIONS FROM VIRGINIA, USA.
Ryan B. Carnegie* and Eugene M. Burreson
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Intensification of perkinsosis or “dermo”, the oyster disease caused by protistan parasite
Perkinsus marinus, has contributed to the decline of natural Crassostrea virginica populations
along the U.S. mid-Atlantic coast since the 1980s. P. marinus is viewed as a primary
impediment to oyster population restoration, and the failure of natural oyster populations to
respond to P. marinus parasitism by evolving dermo resistance underpins arguments favoring
restoration using domesticated dermo-resistant oyster strains. Abundance of naturally
recruited oysters in dermo-intense waters like the Lynnhaven River, Virginia, USA, however,
suggests that resistance to P. marinus may be manifest at a population level. Mechanisms
remain to be determined, but two observations may be important. First, long-term comparison
of P. marinus levels in natural stocks with levels in naïve imports to dermo-enzootic waters
reveals that dermo disease pressure during the first season of exposure has reached high
levels. Dermo disease is now acute in the most susceptible oyster stocks, which may limit the
pre-dermo reproductive contribution of the most susceptible animals. Second, large oysters in
disease-intense waters often display surprisingly light P. marinus levels. In 57 samples
collected over 2002-2005 from Chesapeake Bay populations experiencing serious dermo
disease (weighted prevalence ≥ 2.00), 216/1412 oysters were ≥ 100 mm. Of these oysters,
69.4% had infections below moderate intensity. In Lynnhaven River samples from 2005,
36/49 larger (≥ 100 mm) oysters (73.5%) had only lighter infections. Lynnhaven River
samples from 2006 revealed a similar trend. In the first four Lynnhaven sites to display
weighted prevalences ≥ 2.00, 31/100 oysters were ≥ 100 mm in size. Of these larger oysters,
77.4% had infections below moderate intensity. One may hypothesize that larger, healthier,
more fecund oysters that resist dermo disease over several challenges contribute
disproportionally to reproduction, which may be a key to evolution of P. marinus resistance
among wild oyster populations. Protection of these oysters in sanctuaries should be an
important component of conservation and restoration efforts for this species.
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O-103
IMMUNODULATORY EFFECTS OF THE MICROCYSTIN-PRODUCING
CYANOBACTERIUM MICROCYSTIS AERUGINOSA ON THE FRESHWATER
ZEBRA MUSSEL DREISSENA POLYMORPHA
G. Juhel, J. O’Halloran, R. Ramsay J. Davenport, and S.C. Culloty*

University College Cork, Cork Ireland .

In vivo experiments were conducted with laboratory cultures of toxic Microcystis aeruginosa,
to assess the potential impacts of microcystins on the immune system of the freshwater zebra
mussel, Dreissena polymorpha. Mussels were fed three toxic cyanobacterial strains, with
different toxic profiles (presence of MC-LR and MC-LF) and one non-toxic reference strain,
over a three-week period. Immunological analyses were carried out with mussels sampled at
0, 7, 14 and 21 days.
An increase in total haemocyte concentration after two weeks was observed in mussels
exposed to the reference and low-toxicity strains, followed by a decrease after this period.
Furthermore, increased strain toxicity appeared to be associated with a lower haemocyte
concentration. Higher proportions of granulocytes were observed in mussels fed the very toxic
strains after one week of exposure, showing a possible short-term immune response.
Phagocytic rate was significantly lower in mussels exposed to cyanobacteria containing high
quantities of microcystins, particularly the MC-LF and MC-LR variants, while phagocytic
index was not affected. The concentration of the defence enzyme, lysozyme, did not vary
significantly between diets, but peaked at various sampling times of the study for mussels
exposed to toxic strains, whereas it decreased with the non-toxic strain.
In conclusion, microcystins (particularly MC-LF and MC-LR) appear to have an
immunomodulatory effect on the zebra mussels, mainly by immunosuppression, confirming a
potential sublethal effect of microcystins on this bivalve.
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ARE BIVALVES, OTHER THAN OSTREA EDULIS, SUSCEPTIBLE TO, OR
POSSIBLE CARRIERS OF, BONAMIA OSTREAE?
S.A. Lynch*, M.F. Mulcahy, S.C. Culloty

University College Cork, Cork, Ireland.

Though direct transmission of the protistan Bonamia ostreae can occur from oyster to oyster,
it is unclear if this represents the full life cycle of the parasite. Recent research indicates that
other invertebrates may play a role in the life cyle of Bonamia ostreae possibly as carriers,
reservoirs or intermediate hosts. The objective of this study is to determine if commercially
significant shellfish species, Crassostrea gigas, Pecten maximus and Haliotis discus hanai,
can become infected/act as carriers for Bonamia ostreae. In field trials (10 month period),
Crassostrea gigas and Pecten maximus have been exposed to Bonamia ostreae at Bonamia
ostreae-endemic areas: and in lab trials (6 month period) each species has been exposed to
infected Ostrea edulis to see if Bonamia ostreae can be transmitted/transferred. In further lab
trials, Crassostrea gigas and Pecten maximus, which have been exposed to Bonamia ostreae
in the field, are being held with naïve Ostrea edulis to see whether oysters can become
infected. Prevalence and intensity of infection are being monitored, using ventricular heart
smear screening, histology and polymerase chain reaction (PCR). Both tissue and shell cavity
water are being screened in the PCR. In situ hybridisation will also be carried out on
individuals to determine the location of Bonamia ostreae in the host. The results of this study
may have important implications for shellfish transfers.
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EXPERIMENTAL TRANSMISSION OF VIRUS FROM MORIBUND PEN SHELLS
ATRINA PECTINATA TO HEALTHY PEN SHELL
Y. Maeno*1, K. Suzuki1, S. Kiyomoto1, M. Yoshida2, H. Fujisaki3, and H. Nasu4

1

Seikai National Fisheries Research Institute, Fisheries Research Agency, Nagasaki,
Japan. 2 Fukuoka Prefectural Fisheries and Marine Technology Research Center,
Yanagawa, Fukuoka, Japan. 3 Saga Prefectural Fisheries Research and Development
Center, Ashikari, Saga, Japan. 4 Tokyo Office, Kumamoto Prefectural Government,
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In 2003 and 2004, pen shells Atrina pectinata suffered 60% to 90% mortality in fishing
grounds in Ariake Bay, Japan. Virus particles were found in the cytoplasm of the gills and
kidneys of moribund shells (Maeno et al., 2006). However, the pathogenicity of the virus is
unknown. The objective of present study was to confirm the etiology of the virus by
experimental infection and transplant trials. Healthy pen shells were intramuscularly injected
with either virus-infected gill and kidney or healthy organs, and then raised for eight weeks.
The cumulative mortality in treatment group was 20%, gills and kidneys became necrotic, and
the virus was detected in both organs. No mortality or histological lesions were observed in
the control group. Healthy pen shells were transplanted to fishing grounds where mass
mortalities of pen shells occurred. Severe necrosis developed in their gills and kidneys, and
the virus was detected in the gills. Histopathological features in the gills and kidneys of the
experimentally infected pen shells were similar to those of the naturally infected shells, and
the virus particles were found both in the experimental infection and in transplant trials.
These results suggest that the virus is most likely involved in the etiology of these
pathological conditions. However, the difference in mortality rate between the outbreak in
fishing grounds and the experimental infection might be caused by other synergistic effects of
factors such as poor ambient environment and reproductive status of pen shells. We are
currently studying these aspects.
Maeno, Y., Yurimoto, T., Nasu, H., Ito, S., Aishima, N., Matsuyama, T., Kamaishi, T., Oseko, N. and Watanabe,
Y. (2006) Virus-like particles associated with mass mortalities of the pen shell Atrina pectinata in Japan. Dis
Aquat Org, 39: 147-149.
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PATHOBIOLOGY OF MACOMA BALTHICA IN CHESAPEAKE BAY
S.M. McLaughlin*,1 and L.M. Collier2
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Macoma balthica is a small pelecypod mollusk with an extensive geographic and vertical
range and a wide salinity tolerance. Baltic clams occupy much the same habitats as
commercially important bivalves and thus may serve as valuable bioindicators of
environmental stress. For example, disseminated sarcomas found in M. balthica in
Chesapeake Bay have been attributed to local environmental factors. In addition, high
prevalences and intensities of Perkinsus sp. parasites are known to occur in Baltic clams.
Although Perkinsus spp. parasites cause severe epizootics of commercially harvested
mollusks in Chesapeake Bay, the role of the Baltic clam as a potential reservoir of these
parasites is still uncertain. In this study, the pathobiology of M. balthica was examined in
clams collected from several sites in Chesapeake Bay and compared with similar surveys
conducted in the 1970s. Changes in the health status of estuarine and marine animals
represent an integrative response to changes in their habitats and thus support the application
of pathobiology as a constructive component of integrated assessments of ecosystem health.
Insights into historical and current impacts of potential pathogens on Baltic clams will help to
validate the use of M. balthica as a bioindicator of environmental stress and to increase our
understanding of ecosystem processes and how ecosystems respond to environmental
perturbations. Impacts of potential pathogens on other mollusks in the Chesapeake Bay will
also be addressed.
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EXPRESSION OF CELLULAR AND OSHV-1 GENES AFTER INOCULATION OF
VIRAL PARTICULES IN THE PERICARDIC CAVITY OF ADULT PACIFIC
OYSTERS, CRASSOSTREA GIGAS
Tristan Renault*, Nicole Faury and Jean-François Pepin
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Herpes-like viral infections have been reported in various marine bivalve species last decades
throughout the world. The first description of a virus morphologically similar to members of
the Herpesviridae family in a bivalve mollusc was reported in 1972 in the eastern oyster,
Crassostrea virginica (Farley et al. 1972). A wide host range has then been reported for
herpes and herpes-like viruses infecting bivalves including various oyster species, clams and
scallops (Renault and Novoa 2004). More recently herpes-like viruses were also observed in
marine gastropods. Highly pathogenic herpes-like viruses were thus reported in various
abalone species including Haliotis diversicolor supertexta (Chang et al. 2005), H. laevigta
and H. rubber.
One of these viruses isolated during French outbreaks has been characterised as an unassigned
member of the Herpesviridae family and named Ostreid Herpesvirus 1 (OsHV-1) or Pacific
oyster herpesvirus (Davison et al. 2005). Transmission experiments of the disease to axenic
Crassostrea gigas larvae demonstrated the pathogenicity of the virus for Pacific oyster larvae
(Le Deuff et al. 1994) and they also indicated that OsHV-1 is responsible for infections
observed in larvae belonging to different bivalve species (Arzul et al. 2001). Mortality of
juvenile Pacific oysters has been associated with OsHV-1 detection, but the ability of such a
virus to kill juvenile oysters is not truly demonstrated. To date, attempts to reproduce
symptoms experimentally in spat and adult oysters have been inconclusive (Renault and
Novoa, 2004).
Novel immune relevant genes from C. gigas have recently been identified by the subtractive
suppression hybridization (SSH) and a RT qPCR technique has been developed in order to
quantify the expression of OsHV-1 genes. These new insights allow the investigation of the
expression of cellular and viral genes in adult oysters after a immune challenge (OsHV-1
exposed oysters and non-exposed oysters). Fifteen cellular genes and two viral genes were
selected for real-time RT PCR analysis.
Arzul, I., Renault, T., Lipart, C., Davison, A., 2001. Evidence for interspecies transmission of oyster herpesvirus
in marine bivalves. J. Gen. Virol. 82, 865-870.
Chang, P.H., Kuo, S.T., Lai, S.H., Yang, H.S., Ting, Y.Y., Hsu, C.L., Chen, H.C., 2005. Herpes-like virus
infection causing mortality of cultured abalone Haliotis diversicolor supertexta in Taiwan. Dis. Aquat. Org. 65
(1), 23-27.
Davison, A.J., Trus, B.L., Cheng N., Steven, A.C., Watson, M.S., Cunningham, C., Le Deuff, R.M., Renault, T.,
2005. A novel class of herpesvirus with bivalve hosts. J. Gen. Virol. 86, 41-53.
Farley, C.A., Banfield. W.G., Kasnic, J.R.G., Foster, W.S., 1972. Oyster herpes-type virus. Science 178, 759760.
Le Deuff, R.M., Nicolas, J.L., Renault, T., Cochennec, N., 1994. Experimental transmission of a herpes-like
virus to axenic larvae of Pacific oyster, Crassostrea gigas. Bull. Eur. Assoc. Fish Pathol. 14, 69-72.
Renault, T., Novoa, B., 2004. Viruses infecting bivalve molluscs. Aquat. Living Resour. 17, 397-409.
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CASES OF MARTEILIOSIS AND GONADAL NEOPLASIA IN A POPULATION OF
THE INVASIVE BLACK-PYGMY MUSSEL XENOSTROBUS SECURIS IN THE RÍA
DE VIGO (GALICIA, NW SPAIN)
A. Villalba* and E. Abollo
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An increase of population density of the non-indigenous black-pygmy mussel Xenostrobus
securis in the Ría de Vigo (Galicia, NW Spain) has been reported recently; it suggests an
invasive role of this mussel in the area. Samples of black-pygmy mussels were analysed with
standard histopathological procedures to assess whether this species bears any infectious
pathogen that could threaten the indigenous molluscan populations. Two samples were
collected in Arcade (Enseada de S. Simón, Ría de Vigo), the sample A (n=15) on June 2005
and the sample B (n=15) on June 2006; another sample (C, n=30) was taken at the mouth of
the Verdugo River (a more estuarine area in the Enseada de S. Simón) on June 2005.
Marteilia-like organisms were found in samples A and B with a prevalence of 7% and 27%
respectively. The morphological characters of the parasites were similar to those described for
Marteilia refringens. Two mussels from sample B showed advanced infections with
sporulation stages in the epithelium of the digestive diverticula. The remaining cases of
marteiliosis corresponded to light infections confined to the stomach epithelium. Another
pathological condition involved an abnormally high proliferation of cells of the germinal line
of gonad follicles which did not differentiated. This proliferative disorder was found in two
mussels (13%) of sample C. The gonad follicles appeared filled with non-differentiated,
deeply basophilic cells enclosing large, lobulated nuclei with peripheral chromatin and up to 4
nucleoli; mitotic figures were abundant. Some cells in meiotic prophase showed very large
nuclei with numerous chromatin filaments suggesting polyploidy. Abnormal cells were also
found in haemolymph sinuses surrounding the follicles, suggesting metastasis. Colonies of
rickettsia-like organisms, up to 50 µm in size, were detected in epithelia of the digestive
system with prevalence of 27%, 23% and 47% in samples A, B and C, respectively.
Remarkably, some symbionts that are frequently observed in indigenous mussels Mytilus
galloprovincialis were not detected, such as ciliates, copepods (Mytilicola intestinalis),
trematodes (Proctoeces maculatus, gregarines (Nematopsis sp.), turbellarians (Urastoma
cyprinae, Paravortex sp.) and others. The lack of those symbionts in the samples is consistent
with the invasive role of the black-pygmy mussels.
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EU legislation claim epizootiological investigations after outbreaks of VHS and IHN to
elucidate the source of the virus.
The complete nucleotide sequences of the G-genes from the most important VHSV isolates
hitherto isolated in Germany have been determined, which has allowed to build a database
that may be used for the identification of characteristic changes of these strains over time.
IHNV isolates from the date of introduction of this pathogen to Europe in 1987 until 2006
were used for sequence analysis. The database contains besides the main virus isolates from
Germany those from Italy, France and Switzerland.
Virus dissemination has mostly been related to the introduction of infected fish into a fish
farm. Thus sequencing of isolated virus can be used to retrace trade channels. Further, the
order of the outbreaks in different farms, where sequences of isolated viruses show a relation,
allows to follow up the way of distribution of the virus between farms.
In some cases it could be shown that disinfection of a farm was incomplete, since an outbreak
in the following year was caused by the same virus strain. In one significant IHN outbreak
which affected several farms within an approved region, it could be demonstrated that the
causative agent was traded across national boundaries. It is even possible to identify viruses,
which were used in regional diagnostic laboratories as controls and caused false positive virus
identifications.
The significance of these results is clear: the source of virus or of an outbreak may be
determined by such an investigation, virus strains can be identified by specific sequence
variations and the development of virus strains over time can be followed up.
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THE OCCURANCE OF VIRAL HAEMORRHAGIC SEPTICAEMIA IN ENGLAND IN
2006: A MOLECULAR EPIDEMIOLOGICAL INVESTIGATION
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The first case of pathogenic freshwater Viral haemorrhagic septicaemia (VHS) was diagnosed
in rainbow trout in the United Kingdom (UK) in May 2006. The VHS virus (VHSV) was
isolated from a single rainbow trout farm site experiencing high mortality rates in the rainbow
trout fry and was confirmed as VHSV by serological and molecular biology tests. The
pathogenicity of the isolate was determined in infection experiments using rainbow trout fry.
To establish the origin of the UK VHSV isolate (J167 1.1) the complete G gene sequence was
compared to the published G-gene sequences for viruses isolated between 1971-2006. In
addition, the complete G-gene sequence was obtained for 36 viruses isolated in Denmark
during the period 2004-2006 and four 2006/7 isolates from Germany. Multiple sequence
alignments showed that isolate J167 1.1 shared 95.87 - 99.74% nucleotide identity when
compared to Danish isolates from 2004-2006, and 99.6% nucleotide identity when compared
to an isolate from Bavaria, Germany from 2006. Phylogenetic analysis using the NeighborJoining method assigned the UK isolate to VHSV genogroup Ia, the freshwater VHSV
genogroup, in which it clustered with isolates from Denmark from 2004/2005 and the German
isolate from 2006.
With only a 99.74% nucleotide match in the G-gene with the available VHS virus isolates,
and in the absence of sequence data for VHS viruses currently circulating other European
countries, the molecular data generated in this study provides only a weak indicator that the
virus may have originated in Denmark. This highlights a severe weakness with the existing
pathogen sequence databases that needs to be addressed if molecular tools are to be used in
outbreak tracing in the future.
The importance of a concerted action within Europe to produce an updated sequence database
for the important fish pathogens for future epidemiological investigations will be discussed.
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PHYLOGENETIC ANALYSIS AND EPIDEMIOLOGICAL TRACING OF VIRAL
HAEMORRHAGIC SEPTICAEMIA VIRUS (VHSV)
S. Madsen *, B. B. Jensen, K. Einar-Jensen, N. J. Olesen
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Viral haemorrhagic septicaemia (VHS) caused by the rhabdovirus VHSV is economically the
most important viral disease in European rainbow trout farming. Until 1989, the virus was
mainly isolated from freshwater salmonids. However, in the last decade, VHSV has also been
isolated from an increasing number of free-living marine fish species. The marine and fresh
water isolates are serologically indistinguishable, but differ with respect to their pathogenicity
in different fish species: pathogenic freshwater isolates are generally non pathogenic to
marine species and visa versa.
To study the genetic evolution of VHSV the entire G-gene from 74 isolates representing a
broad geographic area has been characterised by Einer-Jensen et al. (2004). This work has
been expanded and today phylogenetic analysis at VET-DTU is based on more than 250 full
lengths G-gene sequences.
In order to organize this work a database connecting information about the virus isolates,
sequence data and their geographical distribution is in development and will provide a very
strong tool for future epidemiology.
At several occasions, the existing sequence data have proved to be informative when used for
epidemiological tracing of new VHSV outbreaks and selected case stories from 2006 and
2007 will be discussed.
Einer-Jensen, K., Ahrens, P., Forsberg, R., Lorenzen, N. (2004). Evolution of the fish rhabdovirus VHSV.
Journal of General Virology 85: 1167-1179
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VIRUS (IPNV) IN FRESH WATER AND IN SEA WATER SITES IN NORWAY
I. Ørpetveit*, H. Sindre, E. Brun and B. H. Dannevig
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The main objective of this project is to obtain knowledge on the genetic variation of IPNV
and risk factors for IPN outbreaks in farmed Atlantic salmon in Norway.To reveal any virus
introductory link between hatchery and sea sites, A. salmon in selected farms in different
regions have been followed from the parr stage in hatcheries, through transfer to sea and for
four months post sea transfer with regard to the presence of promoting components for
disease outbreaks. IPN outbreaks were verified by immunohistochemistry and RT-PCR.
Twentyfive hatcheries of which 8 experienced IPN outbreaks and 15 sea farms with IPN
diagnosis were included in the study. Tissue samples (kidney) from 30 parr from each
hatchery were examined for IPNV by real-time RT-PCR and 17 hatcheries were found IPNV
positive. The VP2 gene was sequenced in virus positive samples from both hatcheries and sea
farms, and the amino acid composition in position 217, 221 and 247 was assessed since these
motifs in previous investigations have been shown to be of importance for IPN virulence
(Santi et al, 2004) .The preliminary results indicate a predominance in the sea farms for
217Thr, 221Ala and 247Thr. In the hatcheries, the amino acid composition seems to vary equally
between 217Thr, 221Ala and 247Thr and 217Thr, 221Ala and 247Ala. Some variation in amino acid
positions other than the ones mentioned were observed, in addition to nucleotide variations
that do not result in amino acid shifts. Analysis with regards to phylogeny and also to
virulence are in progress, as well as comparison of the VP2 sequence in IPNV found in sea
farms with that of IPNV, if present, in the supplying hatchery. However, approximately half
of the sea farms received smolt from hatcheries that were negative for IPNV by real-time RTPCR. To summarize, IPNV is widespread in Norwegian hatcheries and both high- and lowvirulent variants were detected. IPN disease occurred in sea water farms independent of the
IPNV status in the hatcheries.
Santi N, Vakharia VN, Evensen O. Identification of putative motifs involved in the virulence of infectious
pancreatic necrosis virus. Virology 322(1):31-40(2004).
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EUROPEAN SALMONID ALPHAVIRUSES (SAV)
1

E. Fringuelli *, 2H. M. Rowley, 1J.C. Wilson, 2R. Hunter, 3 H Rodger, 4N. Ruane and
2
D.A. Graham
1

Queen’s University of Belfast (Northern Ireland); 2Agri-food and Biosciences Institute,
Belfast (Northern Ireland). 3Vet-Aqua International, Galway (Ireland); 4Marine
Institute, Galway (Ireland)
Sequence data were generated for portions of the E2 and nsP3 genes of 54 salmonid
alphaviruses (SAV) from Atlantic salmon (AS) (Salmo salar L.) and rainbow trout (RT)
(Oncorhynchus mykiss) respectively obtained from Atlantic salmon (AS) and rainbow trout
(RT) in marine and freshwater environments from Ireland, England, Scotland, Norway,
France, Italy and Spain between 1991 and 2007.
Analysis of phylogenetic trees and pairwise comparison of the nucleotide sequences showed
that the current classification of the SAV strains into three subtypes could be extended to
further subtypes. Five main clades were clearly distinct. Three of these corresponded to the
known subtypes 1, 2 and 3 of SAV and contained mainly AS viruses from Ireland (subtype 1),
RT viruses from Scotland, England, France, Spain and Italy (subtype 2) and AS viruses from
Norway (subtype 3). For the first time, subtype 2 viral sequences in 2 strains from PDaffected salmon in Scotland were detected.
Pairwise comparison of the nucleotide nsP3 and E2 sequences showed similar genetic
distance between the 5 clades and similar levels of divergence within each clade. For this
reason the name subtype 4 and 5 was proposed for the 2 remaining clades.
One Irish strain represented a separate lineage distinct from any of the 5 identified clusters.
We included this virus as the sole member of a new SAV subtype for which the name subtype
6 was proposed.
Epidemiological analysis of the sequence data in relation to the year of detection and the
origin of the fishes showed the ability of the viruses to persist for an extended period of time
without the occurrence of genetic mutations and strongly supported horizontal transmission of
the infection by local circulation of virus between farms.
No clear correlation between mortality and viral strain was observed but further
epidemiological studies are planned to investigate this aspect.
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THE IMPACT OF CYHV-2 AND CYPRINID AQUAREOVIRUSES ON FARMED
FISHES: EPIDEMIOLOGY BY QUANTITATIVE PCR
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The herpesvirus of goldfish (CyHV-2) and two aquareoviruses (Aquareovirus C and
Aquareovirus G, also known as Golden Shiner Virus/Chinese Grass Carp Reovirus and
American Grass Carp Reovirus) are widespread in cultured cyprinid fishes in the US.
Diseases and mortality have been associated with these pathogens, but correlations between
pathogen isolation and presumed disease outbreaks are weak. In the case of CyHV-2, it is
clear that this is due to the difficulty that we have in culturing the virus and to the high
prevalence of carrier states. With the aquareoviruses, there is the perception that they are
easily cultured, but they are often found in healthy-looking fish and only rarely cultured from
fish dying with the clinical signs normally attributed to these pathogens (except for CGCRV
disease of grass carp in China). In our work, we have developed quantitative PCR methods
for these pathogens and applied them to samples of healthy and diseased fish sampled from
commercial fish farms. In a CyHV-2 survey that included 35 farms and 30 cases of goldfish
mortality not attributable to other pathogens, we found that the prevalence of healthy carriers
with up to a few million copies per ug host DNA was very high, but that fish moribund with
CyHV-2 disease often have from tens to hundreds of millions of copies per ug. Our study of
the aquareoviruses is still underway, but preliminary results indicate that these viruses are
found in a carrier state at very high prevalence, that one of our FHM cell lines carries the
aquareovirus genomes, and that correlations between virus numbers and presumed disease are
weak. The primary goal of this work is to help fish producers to allocate their resources
toward those diseases with the greatest potential impact on fish health. By providing qPCR
diagnostic tools and estimates of the importance of these diseases, we enable farmers to
determine if expensive control or eradication efforts are warranted.
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GENETIC CHARACTERIZATION OF INFECTIOUS SALMON ANAEMIA VIRUS
(ISAV) HIGHLY POLYMORPHIC REGION SUBTYPE 0 (HPR0) IN FAROE
ISLANDS
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ISA-virus vaccination of Atlantic salmon (Salmo salar) was initiated in 2005, after the
devastating ISA outbreaks from 2000 to 2005 in Faroe Islands.
To monitor the in vivo effect of the ISAV-vaccine eight smolt production sites and 15 marine
grow-out sites were screened for the presence of ISAV by RT-PCR. Each site included 6 test
pens containing 5000 salmon each. Two pens contained salmon vaccinated with a Canadian
ISAV-vaccine (Can-vac), two held Norwegian ISAV-vaccinated (No-vac) salmon and two
included ISAV-sentinental salmon vaccinated without the ISAV-component. Twenty-five
kidney samples were collected from each of the 6 test groups, once in the freshwater smolt
production stage and thereafter monthly from each test pen at the marine grow-out site
throughout the production cycle.
From May 2005 to December 2006 1667 kidney samples from the smolt production sites,
1194 kidney samples from 6 marine rainbow trout production sites and 9351 kidney samples
from 9 marine Atlantic salmon production sites were screened for ISA-virus.
Only 7 of the 12212 screened samples were positive for ISA-virus. All 7 positive samples
were collected between January and April from 3 different marine sites with no clinical signs
of ISA throughout the production cycle. Thus, time of identification of all positive ISA-virus
samples coincided with clustering of the previous Faroese ISA outbreaks in spring. Four
positive samples were from No-vac salmon, 3 were from Can-vac salmon and 1 was from an
ISAV sentinental salmon.
At one marine site 4 of 13 samples (31%) collected in January 2006 were ISAV-positive. The
following two months only 1 of 52 samples collected in February and 0 of 144 samples
collected in March were ISA-positive suggesting a decline in ISA-virus prevalence.
Sequence analysis of the heamagglutinin (HA) gene disclosed that the HPR of all 7 samples
was 100% identical with the HPR of suggested avirulent ISA-virus isolated from a Scottich
wild salmon (Cunningham et al. 2002). Sequence analysis of the N-terminal region of the HA
gene disclosed two Faroese HPR0 isolates. One clustering close to the American HPR0
isolate and the other one clustering close to the Norwegian HPR0 isolates (Nylund et al.,
2007).
Cunningham C.O., Gregory A., Black J, Simpson I. and Raynard R.S. (2002) A novel variant of the infectious
salmon anaemia virus (ISAV) haemagglutinin gene suggests mechanisms for virus diversity. Bull. Eur. Ass. Fish
Pathol., 22: 366-374
Nylund A, Plarre H, Karlsen M, Fridell F, Ottem K.F., Bratland A. and Sæther P.A. (2007) Transmission of
infectious salmon anaemia virus (ISAV) in farmed populations of Atlantic salmon (Salmo salar). Archives of
Virology. 152: 151-179.
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Betanodaviruses are the causal agents of viral nervous necrosis that is responsible of mortality
and economic losses worldwide in aquaculture. Furthermore these viruses were detected in an
increasing number of cultured and wild fish specie without report of symptoms. Presence of
Betanodavirus infection in wild asymptomatic fish were reported in Mediterranean Sea,
Japan, Northeastern Atlantic, Korea and East China Sea. For some species a specific “carrier”
role was established as in the case of Gilthead seabream (Sparus aurata) that is responsible of
experimental virus transmission to European sea bass (Dicentrachus labrax). In the other
cases interspecies transmission from asymptomatic fish are strongly suspected. Free-living
fish, in fact, could be responsible for transmission between different farms through long
distance migration and/or winter persistence of Betanodavirus.
For this study we tested for Betanodavirus infection 263 fish, belonging to 22 species,
collected from fish market of Emilia-Romagna between May and November 2005. Fish brains
were analysed as a pool of homogeneous fish on SSN-1 cell line.
Thirteen out of 109 (11.9%) samples were positive for Betanodavirus. Three blind passages
were necessary to evidence the virus in most of the samples, due to low viral load. The virus
was isolated from 9 new fish species (black goby; bogue; pilchard; garpike; gurnard; hake;
mackerel; red mullet; whiting) and one previously signalised specie (Mugil cephalus).
Betanodavirus were found in fish along all the analysed period apart from temperature
condition.
Twenty two negative samples were further tested by nested RT-PCR using primers S6-S7 for
the first RT-PCR and F2-R3 for nested PCR. Seven samples gave positive results despite they
were negative to cell culture analysis. On the base of this result one more specie resulted
infected by Betanodavirus: Atlantic mackerel (Scomber scombrus).
Viruses isolated in cell culture were genetically characterized by sequencing and phylogenetic
analysis. On the base of this analysis all isolated viruses clustered with RGNNV.
Further genetic analysis including viruses detected only by nested RT-PCR will be necessary
to explain if the negative result obtained with cell culture isolation was to be ascribed to
different sensitivity of methods or a different nature of viruses.
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NON-LETHAL SAMPLING OF JUVENILE SALMONIDS FOR DETECTION OF
TWO FISH PATHOGENS, RENIBACTERIUM SALMONINARUM AND
NUCLEOSPORA SALMONIS
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Development of non-lethal techniques for detection of pathogens in juvenile fish would allow
monitoring of their performance and survival after testing via tagging studies, and would
generate data that could be used for developing predictive models of the dynamics of
infections in fish populations. In addition, effective non-lethal sampling methods for pathogen
detection could reduce the need to sacrifice large numbers of individuals in threatened and
endangered populations for pathogen surveys. Initial research indicated that gill filament
samples could be obtained non-lethally from juvenile salmonids as small as 4 g average
weight, and that both the bacterial kidney disease agent Renibacterium salmoninarum and the
intranuclear microsporidian Nucleospora salmonis could be detected in these samples by
polymerase chain reaction (PCR) assays. Nested PCR (nPCR) and real-time quantitative PCR
(qPCR) were used for detection of R. salmoninarum, and nPCR was used for detection of N.
salmonis. Modification of the initial qPCR procedure for R. salmoninarum resulted in
increased sensitivity, with about twice as many fish testing positive for R. salmoninarum
DNA by qPCR than by nPCR. Samples collected at Lower Granite Dam (Snake River,
Washington state, USA) from out-migrating juvenile steelhead Oncorhynchus mykiss and
Chinook salmon O. tshawytscha from wild and hatchery populations revealed significant
differences in levels of R. salmoninarum and prevalence of N. salmonis in the different
salmonid populations. Further research used non-lethal gill samples and marking with
microacoustic tags and passive integrated transponder (PIT) tags to investigate the relation
between presence and levels of R. salmoninarum and presence of N. salmonis in juvenile
salmonids, migration patterns of the fish, and susceptibility to bird predation. Results of these
studies and future research for validation of non-lethal pathogen detection methods will be
discussed.
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Recent analysis (Fourrier et al., 2007) demonstrated that Salmon Head Kidney (SHK-1) and
Chinook Salmon Embryo cells (CHSE-214) had reduced ability in producing cytopathic
effect (CPE) when propagated above a certain passage number. One possibility could be that
both cell lines may naturally produce an increased level of anti-viral proteins, after reaching a
specific passage number. Salmonids are known to possess Interferon (IFN), a cytokine
involved in signalling during immune response (Robertsen, 2006). It triggers the expression
of other proteins like Mx which can interfere with the transport and association of viral
proteins. Recent work (Jensen et al., 2002) demonstrated that CHSE-214 cells stimulated with
polycytidylic acid (poly I:C) could produce type I IFN and gain protection from infectious
pancreatic necrosis virus (IPNV). Cultures of SHK-1 and CHSE-214 cells were collected at
passages both below and above the optimal threshold (Fourrier et al., 2007). Real time PCR
was performed in order to test for the expression of Mx and IFN genes at these different
passage numbers. The results indicated that SHK-1 cells at higher passage produced higher
levels of Mx and IFN mRNA, in comparison to those at the lower passage number. CHSE
cells at higher passage also demonstrated higher levels of IFN mRNA. Primary results suggest
that over the threshold passage number, SHK-1 and CHSE-214 cells naturally produce
increased levels of anti-viral proteins which in turn may affect their ability to produce CPE.
These results emphasize that cell lines may not perform optimally past a certain subculture
limit. This may be of particular interest for other laboratories using similar cells lines for
diagnostic purpose. Further work will be carried out to provide more detailed information of
the cell lines antiviral state at high passage numbers.
References
Fourrier M.C.S., Munro E.S., Fryer R.J. and Hasting T.S. (2007) Long term monitoring of the virus
susceptibility of five established fish cell lines. Bulletin of the European Association of Fish Pathologists. (in
press).
Jensen I., Larsen R. and Robertsen B. (2002) An antiviral induced in Chinook salmon embryo cells (CHSE-214)
by transfection with the double-stranded RNA poly I:C. Fish and Shellfish Immunology 12, 1-12.
Robertsen B. (2006) The interferon system of teleost fish. Fish and Shellfish Immunology 20, 172-191.
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A systemic granulomatous inflammatory disease was detected in Atlantic cod caught at the
West-coast of Sweden during the Autumn of 2004. Ulcerations of variable depth were
observed on the skin and white nodules were shown in internal organs, such as the heart,
kidney, liver and spleen. Small Gram-negative coccoid rods were isolated from affected
organs. Sequence analysis of the 16S rRNA gene of these bacteria demonstrated almost
identical homology with Francisella sp. isolated from Norwegian cod aquaculture (Olsen, et
al. 2006, Alfjorden et al. 2006). The isolated Francisella strain was cultivated on cysteine
agar containing 5% horseblood and O - antigens were prepared. These antigens were used to
inoculate New Zealand white rabbits in order to obtain polyclonal antibodies for
immunoassays. The antibodies developed in the rabbits gave a strong, specific response
against the Swedish and the Norwegian Francisella sp. isolated from cod when tested in
ELISA. The antibodies did not react with F. tularensis, a bacteria that occurs naturally in
water environments and causes a zoonotic disease, tularaemia. An immunohistochemical
method to demonstrate Francisella sp bacteria in formalin-fixed tissues was developed.
Strong immunoreactivity was detected in organs with granulomas from affected cod from the
Swedish West-coast. Disease-specific immunostained Francisella sp were more abundant in
the outer parts of the granulomas, and were predominately located inside macrophages. The
inner parts of the granulomas were highly cellular and contained abundant lymphocytes.
Alfjorden, A., Jansson, E. & Johansson, K-E. 2006. A systemic granulomatous inflammatory disease in wild
Atlantic cod, Gadus morhua associated with a bacterium of the genus Francisella. DIPNET Newsletter 44
Olsen A. B., Mikalsen J., Rode M., Alfjorden A., Hoel E., Straum-Lie K., Haldorsen R. AND Colquhoun D. .
(2006) A novel systemic granulomatous inflammatory disease in farmed Atlantic cod Gadus morhua L.,
associated with a bacterium belonging to the genus Francisella J. Fish Dis. 29:307-311
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Immunohistochemistry (IHC) is a valuable technique applied in many veterinary laboratories
for both diagnosis and research of infectious and neoplastic diseases in a variety of animals,
based on the demonstration of antigens (Ags) within tissue sections by means of specific
antibodies (Abs). Once antigen–antibody (Ag-Ab) binding occurs, it is demonstrated with a
colored histochemical reaction visible by light microscopy. As most commercial Abs used as
tissue markers are directed against human Ags, veterinary pathologists face many challenges
when performing IHC because of the diversity of species studied and no guarantees that Abs
will cross-react among different species. When dealing with fish tissues these challenges are
far more arduous, because of compelling differences between mammal and fish tissues, and
cross-reactivity has not been extensively tested.
The aim of this research was to test a large panel of commercial Abs commonly used in
veterinary laboratories on a variety of fish tissues to verify their cross-reactivity, if any, when
compared with mammal tissues.
Different species were sampled, including marine (sea bream - Sparus aurata, sea bass Dicentrarchus labrax, tub gurnard - Trigla lucerna, sole - Solea solea), cold freshwater
(salmon - Salmo salar, trout - Oncorhynchus mykiss), warm freshwater (tench - Tinca tinca,
catfish - Ictalurus melas, eel - Anguilla anguilla), ornamental fishes and Elasmobranchs.
Various tissues (skin, gills, heart, muscle, liver, pancreas, kidney, spleen, stomach, intestine,
gonads, brain, pineal gland, eye, thyroid) were formalin-fixed and paraffin-embedded. A
tissue array was constructed for each fish, in order to have several tissues portions in the same
paraffin block; replicate sections were cut at 4 µm and stained with a standard IHC protocol.
The Abs tested were directed against epithelial (cytokeratin AE1/AE3, CK 5/6, CK 14, CK
19, E-cadherin and β-catenin), mesenchymal (vimentin, desmin, smooth-muscle actin, Von
Willebrand factor VIII-RA), haemopoietic (CD3, CD18, CD45, CD79α, CD117, MAC 387,
lysozyme), nervous tissue (neuron-specific enolase, glial fibrillary acidic protein,
neurofilament protein, S100 protein), endocrine (chromogranin A, synaptophysin, thyroid
transcription factor 1), and cell cycle Ags (Ki67, telomerase reverse transcriptase catalytic
subunit).
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Koi herspesvirus (KHV) is a recently recognized virus associated with mass mortalities in koi
carp (Cyprinus carpio koi) and common carp (Cyprinus carpio carpio). The disease has
rapidly spread around the world through international trade in ornamental carp and
devastating losses have been seen in carp populations in Israel, Japan, South-east Asia, South
Africa, Europe and the USA. The virus has been difficult to detect using traditional culture
methods and therefore a number of PCR-based methods are cited in the literature. In response
to the need for standardisation of KHV detection methods, a research study was initiated at
the Cefas Weymouth laboratory. Published PCR protocols for detection of KHV were
compared for sensitivity and specificity with PCR protocols based on protein coding regions
of the KHV genome. Then the tissue sampling, extraction and amplification protocols were
optimised for the most effective assays. In further studies, primer sets targeting smaller
sequences of KHV genome were found to be more reliable in detecting the degraded DNA
found in decomposed tissue samples. From these studies a standardised protocol was
developed and the Bercovier-TK and modified Gray SpH primer sets selected as the most
robust for detection of KHV DNA in a range of tissue samples.
The protocol has been adopted as the standard at the Cefas Weymouth laboratory, and other
laboratories around the world were then contacted to request their participation in a ring-trial
to complete the validation of the protocol. For the ring trial, laboratories were asked to
incorporate the selected primers in their current KHV PCR protocol using their usual assay
parameters and compare them with the primers that they currently use. Alternatively, they
could adopt the standardised protocol used at Cefas Weymouth, the details of which were
provided to all participating laboratories. All laboratories then tested these PCR assays on
KHV-spiked tissue homogenates supplied by Cefas Weymouth. Twenty one laboratories from
19 countries around the world participated in the ring-trial and a summary of the results will
be presented.
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GENOMIC DIVERSITY OF STREPTOCOCCUS AGALACTIAE FROM FISH,
BOVINE AND HUMAN HOSTS
J.J. Evans*1, J. F. Bohnsack 2, P. H. Klesius 1, A. A. Whiting2, J. C. Garcia1, and C. A.
Shoemaker1
1
2

United States Department of Agriculture, Chestertown, MD and Auburn, AL, USA
University of Utah Health Sciences Center, Salt Lake City, UT, USA

Group B Streptococcus agalactiae (GBS) is a cause of infectious disease in multiple
poikilothermic and homothermic animal species. Epidemiological and zoonotic
considerations necessitate an undertaking of a comparison of S. agalactiae isolates from
different phylogenetic hosts and geographical regions. Intraspecific and interspecific
variations in piscine GBS isolates have not been explored. Futhermore, interspecific
differences between piscine and human and bovine GBS reference strains have not been
explored. This study examined the genetic relatedness among these GBS strains using
serological and multilocus sequence typing (MLST) molecular techniques and compared
these to non-fish GBS isolates in the GBS MLST database (http://sagalactiae.mlst.net).
A previously unreported piscine capsular serotype, Ia, was discovered for isolates originating
from Kuwait, Brazil, Israel and the U.S.A. An isolate from Honduras and another Israeli
isolate were nontypable. Sequence typing of piscine isolates produced five sequence types
(ST-7, ST-257, ST-258, ST-259 and ST-260), the latter four ST’s representing allelic
designations and allelic combinations previously undescribed in the S. agalactiae MLST
database. Kuwait piscine GBS isolates from mullet and seabream appear to share a common
ancestry (Ia ST-7). Although largely unrelated to the majority of human GBS strains, Kuwait
GBS fish isolates share sequence type, capsular serotype and biochemical profile with six
GBS isolates from human sources in Japan (three from infected neonates and three from
colonized adults) indicating their potential to cause human GBS disease or originate from
human sources. Genomic diversity existed between piscine GBS isolates from Kuwait and
other geographical areas. Piscine GBS isolates from Brazil, Israel, Honduras and the U.S.A.
appear to be part of a clonal complex and are unrelated to human and bovine GBS, thus
representing a distinct genetic population or genotype. Comparative genomics of piscine,
human and bovine GBS could help clarify those genes important for host tropism, emergence
of unique pathogenic clones, and whether these hosts act as reservoirs for another hosts’
pathogenic lineages.
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EXPERIMENTAL REPRODUCTION OF FRANCISELLA SPP. INFECTIONS IN
TILAPIA
C. Maira1*, M. Crumlish2, H.W. Ferguson2 & N. Anja1

1

PHARMAQ AS, PO 267 Skoyen, N-0213, Oslo, Norway.
Stirling University Stirling Scotland FK9 4LA U.K.

2

Institute of Aquaculture,

Identification of new and emerging bacterial diseases in aquaculture is a continuous process.
Recently, the bacterial pathogen identified as Francisella spp. was found to cause disease
outbreaks in tilapia (Oreochromis niloticus) and has been reported to cause disease in other
farmed fish species of economic importance. An in vivo experimental challenge was
conducted to attempt to experimentally reproduce the disease and establish an LD50 value for
further experimental work in tilapia. The results showed that an LD50 value was obtained
using 1 x 106 cfu ml-1 when bacterial suspensions were administered by i.p injection and that
the challenge successfully reproduced the disease. The infected fish showed similar
pathology to those observed from natural Francisella spp. outbreaks in tilapia farms, where
multi-focal granulomas were observed histologically as early as 48h post-injection and
continued to develop throughout the experimental period. Bacteria were clearly visible in the
macrophages of the granulomas in the diseased fish. The control fish had no abnormalities
detected and no bacteria were recovered from these fish. Bacteria recovered from the infected
fish were identified as Francisella-like organisms using conventional and molecular
techniques. The bacterium was not recovered from all of the challenged fish, thus supporting
that even when fish are exposed to high bacterial doses and selective agar use, primary
recovery of this bacterial pathogen can be difficult.
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GENOMOVAR INFLUENCES FLAVOBACTERIUM COLUMNARE MORTALITY IN
CHANNEL CATFISH (ICTALURUS PUNCTATUS)
C.A. Shoemaker*1, O. Olivares-Fuster2, C.R. Arias2, P.H. Klesius1, J.J. Evans1

1
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Genetic diversity has been documented and confirmed in Flavobacterium columnare, causal
agent of columnaris disease. This aquatic bacterium is pathogenic to many species of
freshwater fish throughout the world. The United States channel catfish (Ictalurus punctatus)
aquaculture industry is severely impacted by columnaris disease with losses estimated at $4050 million, annually. The majority of the F. columnare isolates recovered from diseased
channel catfish by diagnostic laboratories in the U.S. belonged to either genomovar I or
genomovar II. The objective of the present study was to determine if differences existed in
the ability of these genomovars to induce mortality in channel catfish. Single strand
conformation polymorphism analysis (SSCP) was used to ascribe the isolates used in this
study to the appropriate genomovar. Immersion challenge experiments (15 minute immersion
exposure to about 5 X 105 CFU/ml) were carried out to assess virulence of genomovar I and II
isolates to fry and fingerling channel catfish. The results demonstrated genomovar II isolates
were significantly (P < 0.05) more virulent in channel catfish fry (92 – 100% mortality) than
genomovar I isolates (0 - 46% mortality). Genomovar effect in fingerling channel catfish
was also significant (P < 0.05) with genomovar II resulting in increased mortality (74.7%
versus 30.2%). The study also correlated (r2=0.73) in vivo adhesion (adherence to fry) of the
genetically characterized F. columnare used in this study to increased mortality in the
challenged catfish.
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MICROBIAL AND HISPATHOLOGICAL STUDY OF THE VIBRIOSIS CAUSED BY
VIBRIO VULNIFICUS SEROVAR E: THE METALLOPROTEASE IS NOT A
LESIONAL FACTOR
E. Valiente1*, F. Padrós 2 and C. Amaro1
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Vibrio vulnificus biotype 2 serovar E is a bacterial pathogen that produces severe
haemorrhagic septicaemia in eels. The objective of the present work was to characterise the
dynamics of the infection and the histopathological lesions induced by this particular type of
vibriosis. To this end, eels were infected by bath and intraperitoneally (i.p.) and samples from
different organs were taken at different time intervals for microbiological and histological
studies. Results revealed that the pathogen attached to gills from time zero post-infection
following a saturation dynamics and achieving a maximum of 103 attached bacteria per g of
tissue. From gills, the pathogen spreads to blood and internal organs almost immediately,
achieving a maximum level around 104 bacteria per g tissue, level notably lower than that
reported for other septicaemic bacteria. In parallel to the bacterial spreading, a notable
decrease in haematocrit values and haemoglobin concentration were detected in blood, values
compatible to the extensive haemorrhages observed microscopically and macroscopically in
most of the examined organs. The main histopathological lesions were detected in head
kidney as extensive necrosis of the haematopoietic tissue. However, and opposite to the
classical features observed in other septicaemic vibriosis such as Listonella (Vibrio)
anguillarum infections, very few bacteria can be detected in the different organs. The same
lesions observed in the previous experimental infection were reproduced when the
extracellular products were injected or when a metalloprotease mutant bacteria or its products
were used in the infection experiments. The overall results suggest that the pathology caused
by V. vulnificus is not due to the massive growth of the bacteria into the blood and internal
organs but to the effect of potent toxic factors different to the metalloprotease that remain to
be determined.
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VIBRIO ALGINOLYTICUS COMBINED WITH THE MOTILE AEROMONADS
AEROMONAS SOBRIA AND AEROMONAS HYDROPHILA COMPRISE THE MAIN
BACTERIAL TAXA RESPONSIBLE FOR GILTHEAD SEA BREAM (SPARUS
AURATA) LARVAL ENTEROPATHY (LE).
P. Varvarigos

Freelance Veterinarian – Fish Pathologist, Athens, Greece.

Sea bream (Sparus aurata) larval enteropathy comprises the most important pathology in
hatcheries, greatly reducing survival rates. It affects larval bream aged 180-400 degree-days
post hatch and is directly relevant to the intensity and type of the bacterial contamination of
live prey. Bream Larval Enteropathy (LE) assumes two distinct expressions: a) distended
intestine with thinned wall, lacking peristaltic movement, overfilled with undigested prey,
often still alive rotifers and/or Artemia nauplii; the larvae maintain their appetite and hunt for
prey; b) no distention or variable (but rather moderate) distention of an empty intestine with
mucosa slowing; the larvae are anorectic and lethargic. The bacteria that are microscopically
evident in the gut lumen comprise motile, short, bent rods in variable numbers. Bacteria
isolated from both the live prey suspensions and the suffering larvae belong to the taxa Vibrio
alginolyticus, Aeromonas sobria and Aeromonas hydrophila. Identification was by means of
the Biomerieux API 20NE biochemical test strips. When these motile aeromonads combine
with Vibrio alginolyticus and form a serious proportion of the bacterial flora in live prey, LE
ensues. Plate counts over the last 5 years have adequately shown that when the total bacteria
count in the live prey suspensions supplied to the larvae, falls in the range of millions (107-108
cfu/ml), then Vibrio alginolyticus and the motile aeromonads, Aeromonas hydrophila and A.
sobria, must exceed 5% of the total count in order to initiate problems. However, during LE
outbreaks their proportion often exceeds 20% and sometimes is more than 50% of the total
bacterial load. When the total bacteria count in the live prey suspensions is within the range of
billions or more (109-1013 cfu/ml), then even 1% of these bacteria taxa suffice to provoke
larval enteropathy. It has been found that when Vibrio alginolyticus prevails, especially in
synergy with Aeromonas hydrophila, expression ‘a’ of LE predominates, whereas when
Aeromonas sobria is mostly responsible, expression ‘b’ prevails. Other harmful bacterial taxa,
often identified from LE cases, comprise Vibrio vulnificus and Photobacterium damselae.
Galleotti M. and Beraldo P. (2005) Enteropathic Larval Syndrome (formerly DGS) in seabass (Dicentrarchus
labrax) and seabream (Sparus aurata). In: Reproductive and Early Life Stages Pathology. EAFP Histopathology
Workshop, Copenhagen
Padros, F. (2005) Bacterial proliferation in the gut of gilthead seabream (Sparus aurata) aged 20-45 days posthatch. In: Reproductive and Early Life Stages Pathology. EAFP Histopathology Workshop, Copenhagen
Galleotti M., Beraldo P., Gusmani L., Patarnello P., Alborali L., De Simone N., De Simone F. (2001). Updates
on entropathic larval sindrome (ELS) in gilthead seabream (Sparus aurata) and seabass (Dicentrarchus labrax)
larvae.10th International Conference "Disease of fish and shellfish", Dublin. O-050
Balebona, M.C., Andreu, M.J., Bordas M.A., Zorrilla I., Morinigo, M.A. and Borrego J.J. (1998) Pathogenicity
of Vibrio alginolyticus for cultured gilt-head sea bream (Sparus aurata L.). Appl. Environ. Microbiol.
64(11):4269-4275
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CHARACTERISATION OF YERSINIA RUCKERI BY PULSED-FIELD GEL
ELECTROPHORESIS (PFGE) AND MULTIPLE LOCUS SEQUENCE TYPING
(MLST)
R. Wheeler1,2, R. Davies2, I. Daalsgard3, S. Wagley1 and D.Verner-Jeffreys1*
1

Cefas Weymouth Laboratory, Weymouth, England; 2University of Glasgow, Glasgow,
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The Gram negative bacterium Yersinia ruckeri is the aetiological agent of enteric redmouth
(ERM) disease, a chronic to acute haemorrhagic bacteraemia of salmonid fish species,
particularly rainbow trout (Oncorhynchus mykiss Walbaum). ERM has been successfully
controlled by vaccination, however recent outbreaks in England and Wales have been
presumptively attributed to an emerging vaccine insensitive biogroup (Austin et al. 2003).
PFGE protocols were developed to characterise closely related Y. ruckeri isolates to
conclusively identify those responsible for the outbreaks. It was shown that, prior to 1999, the
majority of Y. ruckeri strains isolated from UK rainbow trout shared the same pulsotype as
Serogroup O1 clonal group 2 (SO1-02) strains, previously shown to be dominant in the UK
(based on Davies (1991) typing scheme). After this period, the majority of Y. ruckeri isolates
shared the same pulsotype as an example of the emerging biogroup, strain EX5. This novel
pulsotype only differed from the SO1-02 pulsotype by the presence of a single additional
band of approx. 200kb, suggesting that EX5 may have emerged from the existing UK Y.
ruckeri population, rather than representing a new introduction.
The UK Y. ruckeri population appears to be highly clonal, as PFGE analysis of over 100
isolates recovered from rainbow trout since 1986, showed little genetic variation.
To provide further evidence as to their likely evolutionary relationships, a selection of the
strains used to develop the original Davies (1991) typing scheme were also reanalysed using a
combination of PFGE and MLST. The results of this re-analysis, as well as the
characterisation of a range of other European rainbow trout, Atlantic salmon (Salmo salar L.)
and turbot (Scophthalmus maximus L.) isolates, will also be presented.
Austin, D.A., Robertson, P.A.W., Austin, B. (2003) Recovery of a new biogroup of Yersinia ruckeri from
diseased rainbow trout (Oncorhynchus mykiss, Walbaum). Syst. Appl. Microbiol. 26, 127-131.
Davies, R.L. (1991) Clonal analysis of Yersinia ruckeri based on biotypes, serotypes and outer membrane
protein-types. J. Fish Dis. 14, 221-228.
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VIRULENCE COMPARISON OF NORWEGIAN FIELD ISOLATES OF INFECTIOUS
PANCREATIC NECROSIS VIRUS (IPNV).
M. Elnæs, T. Aamo*, B.N. Fredriksen, A. Skjesol and J.B. Jørgensen

Norwegian College of Fishery Science, University of Tromsø, Tromsø, Norway
IPNV is a bi-segmented, double stranded RNA virus of the Birnaviridae family and causes
widespread disease in salmonids. IPNV disease outbreaks are seen in salmon fry and postsmolts, while at other life-stages the fish becomes persistently infected with IPNV. The two
genomic segments of IPNV, A and B, are encapsulated together with the viral RNA-dependent
RNA polymerase (RdRp), VP1, and the internal protein, VP3, in an icosahedric capsid
composed of VP2.
We have tested 3 different IPNV isolates (NFH 1, 2, and 3) from field outbreaks in Norway
for their ability to cause mortality of post-smolt of Atlantic salmon. The cumulative mortality
following challenge varied from 39.3 % for NFH1, followed by 22.5 % NFH2, and 2.1 %
NFH3. Titers from live fish were determined for day 6, 13 and 30 after challenge and were
shown to correlate with the percentage mortality recorded. Most studies regarding virulence
of IPNV isolates have focused on VP2, the major structural polypeptide of the virus. Several
differences are found between different strains in the hyper variable region of VP2, and the
amino acids in position 217 and 221 have been shown to be of major importance (Santi et al.
2004; Shivappa et al. 2004). Comparison of the deduced amino acid sequences of Segment A
of our isolates revealed substitutions of about 15 residues throughout the sequence. All the
strains had the amino acid Thr in position 217 and Ala in position 221, which resembles high
virulence strains. Currently, the description of virus properties with relevance to IPNV
virulence is limited and studies of the impact of the other viral proteins like VP3 and VP1 are
scant. Studies are in progress to find out how the different IPNV isolates affect IFN
responses. A cell-line, CHSE-Mx10, containing a luciferase reporter gene under the control of
the interferon induced rainbow trout Mx1 promoter is being used.
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WHY WAS 2006 SUCH A BAD YEAR FOR KOI HERPESVIRUS AND WHAT CAN
BE DONE TO PROTECT CARP FISHERIES IN ENGLAND AND WALES?
J. Armitage*, N. R. Hewlett, A. J. Reading and C. F. Williams
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Common carp fisheries represent one of the most valuable and rapidly expanding areas of
fishery development in England and Wales. Koi Herpesvirus (KHV) has been confirmed as
the cause of disease in carp fisheries since 2003, leading to significant economic losses. In the
last four years, 39 cases of KHV have been recorded in the wild, 23 of which occurred during
2006. The losses recorded in 2006 represent the greatest disease outbreak in UK freshwater
fisheries for almost 20 years. The scale, distribution and characteristics of these disease events
are reviewed.
The majority of waters affected by the virus have been intensively stocked commercial
fisheries. Losses ranged from approximately 20% to 100% of the carp populations examined.
Infected fish exhibited a range of pathological changes with necrosis of the gills being the
most consistently recorded. In response to this emerging disease problem, the Environment
Agency has focused resources upon preventing further dissemination of the virus and raising
awareness of the disease. Contact tracing has not identified a clear source of the 2006
mortalities. Illegal fish introductions or virus latency within fish populations remain potential
sources of infection. It is proposed that fishery management practices combined with spring
conditions and summer temperatures may be important drivers influencing future KHV
outbreaks in carp fisheries. Current limitations of detection and control are discussed with
implications for management of the virus in England and Wales.
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HISTOLOGICAL AND IMMUNOHISTOCHEMISTRY FINDINGS OF VIRAL
ENCEPHALOPATHY-RETINOPATHY IN GILTHEAD SEABREAM LARVAE
(SPARUS AURATA, L. 1578) REARED IN ITALY
P. Beraldo1, G. De Nigris2, F. Rogato3, M. Galeotti1
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From the 1980’s, the viral encephalopathy-retinopathy (VER, OIE 2003), a neuropathy
caused by a virus belonging to genus Betanodavirus, family Nodaviridae (Ball et al., 2000),
has been responsible for severe losses in many species of marine farmed fish (more than 31
species distributed 16 different families) throughout the world (Munday et al., 2002). In the
Mediterranean basin the VER has been quickly diffused in the 1990’s, affecting above all
seabass (D. labrax) and, later on, shi drum (U. cirrosa ). To the contrary, spontaneous
infection reports of VER in gilthead seabream (S. aurata) have been very rarely documented
(Comps and Raymond 1996; Castric et al., 2001). Although the gilthead can be
experimentally infected (Novoa et al., 2001; Aranguren et al., 2002), it thought that it is a
resistant species, documented from the fact that, during serious VER outbreaks in seabass
larvae or in other species, no gilthead larvae infection is seen. Some authors documented,
through experimental infection, as this species represent rather an asymptomatic carrier of
betanodavirus (Castric et al., 2001; Aranguren et al., 2002), more pathogenic for seabass. The
descriptive attempt of this surveying is to document a massive mortality outbreak in 15 dayold gilthead larvae, ascribable to viral encephalopathy-retinopathy on the basis of the
histopathological and immunohistochemical analyses.
Gilthead larvae, reared in tanks at density of 150ind/l and supplied to marine filtered and
sterilised water (temperature 20-21°C and salinity 40‰), showed swim bladder tympanism,
abdominal distension, lethargy, anorexia and alteration swim arrangement. During the acute
phase of mortality, two samples of moribund larvae have been collected (19 and 29 days of
age) and fixed in 4% neutral buffered formalin. The immunohistochemical tests, using two
monoclonal antibodies anti-VER (supplied from the Lombardia and Emilia IZS), were
performed. The histopathological observations have put in evidence the presence of the
characteristic vacuolar lesions of the central nervous system and peripheral ascribable to
VER, localized above all in optic lobe, medulla oblongata, spinal verve chord and in the
retinal layers (outer and inner nuclear layer). The immunoperoxidase has confirmed the
presence of the virus in the tissues, showing a strongly positivity close to the lesions,
characterised by the intense brown diaminobenzidine staining. After the existing literature
analysis, this report seems to be the first massive mortality outbreak in gilthead larvae caused
by a spontaneous infection of viral encephalopathy-retinopathy in Italy.
Aranguren et al. (2002) Journal Fish Diseases 25, 317–324.
Ball L.A. et al., (2000) Virus Taxonomy. pp. 747±755. Academic Press, New York.
Castric J. et al., (2001). Diseases of Aquatic Organisms 47, 33–38.
Comps M. and Raymond J.C. (1996) Bull. Eur. Ass. of Fish Pathologists 16, 161–163.
Munday B.L. et al., (2002). Journal of Fish Diseases 25, 127–142.
Novoa B. et al., (2001) Workshop on Viral Diseases of Fish in Mediterranean Aquaculture, IZSV, Padova, Italy.
OIE (2003) Manual of Diagnostic Tests for Aquatic Animals, pp. 135–141. OIE Paris, France.
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FEDERAL RESPONSE IN THE UNITED STATES TO VIRAL HEMORRHAGIC
SEPTICEMIA VIRUS (VHSV) IN THE GREAT LAKES
M. Blair1*, J. Rolland2, G. Egrie2
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Viral Hemorrhagic Septicemia Virus (VHSV) causes a severe disease that is listed by the
World Organization for Animal Health (OIE) due to its potential impacts. Since the 1980s,
VHSV has been recognized on the east and west coasts of the United States, where it has been
identified primarily in marine fish as well as anadromous fish, such as Pacific salmon.
Studies of VHSV indicate that the North American strain found in the United States is much
less pathogenic than the European strain which has had devastating affects on European trout
farming operations.
In April 2005, VHSV was associated with freshwater drum mortalities on the Canadian side
of the St. Lawrence River, and in December of the same year, VHSV was isolated from a
muskellunge mortality from Lake St. Clair in Michigan. These mortality events marked the
first known VHSV cases in the Great Lakes.
In June 2006, APHIS and Federal counterparts of the U.S. Fish and Wildlife Service (FWS)
and the National Oceanic and Atmospheric Administration’s National Marine Fisheries
Service (NOAA-Fisheries) were alerted by the OIE reference lab for rhabdoviruses, the
Western Fisheries Research Center, that multiple die-offs were occurring in multiple new
species and multiple locations around the Great Lakes attributable to VHSV. The Federal
agencies arranged multiple phone conferences and one meeting between June and August to
discuss the VHSV die-offs, to include contingency plans, surveillance and research needs.
In September 2006, suspect positive samples from coho salmon and channel catfish prompted
the Federal agencies to change VHSV strategies from a monitoring approach to an active
approach, in the form of a Federal Order. A Federal Order is a temporary administrative
action used to address emergency situations until a Federal regulation can be published to
address the issue. APHIS recently held four public meetings in regards to the VHSV
situation, and is currently developing an interim rule to replace the Federal Order.
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REGULATION OF ORANGE-SPOTTED GROUPER MYOSTATIN PROMOTER BY
NODAVIRUS REPLICATION
C.-H. Chien1, Y.-M. Chen1, C.-Y. Wei1, T.-Y. Chen1, 2, *
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The relationship(s) between nodavirus infection and myostatin expression in grouper is
unclear. A 1,935bp length myostatin promoter of grouper (Epinephelus coioides) was
obtained using genomic walking technique. Alignment of the upstream sequences indicated
that the grouper myostatin promoter has been highly conserved during evolution. Sequences
analyses of 1936-bp of the upstream region revealed ten E-box motifs. To investigate, we
used series deletion technique to determine the most important regulatory position of
myostatin promoter was located in E6 and E1 elements. The grouper myostatin promoter also
was utilized to examine the expression of the reporter gene in GF-1 cell with nodavirus, poly
I:C, myostatin, or high serum concentration. Transient transfection studies revealed that the
activity of the myostatin promoter decreased in a subset of viral and poly I:C titers, and
indicated grouper’s myostatin possessed auto-regulation function. Finally, we found the
regulation of orange-spotted grouper myostatin promoter associated with nodavirus
replication.
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DETECTION AND QUANTIFICATION OF ALL VHSV GENOTYPES BY REAL TIME
RT-PCR (QRT-PCR) USING SYBR GREEN CHEMISTRY
J.M. Cutrín*, I. Bandín and C.P. Dopazo
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The reverse transcription-polymerase chain reaction (RT-PCR) in combination with nested
PCR is currently considered the most sensitive method for detection of viral haemorrhagic
septicaemia vivus (VHSV). However, the time needed to perform the assay and the
impossibility of quantification of virus concentrations makes clear the need for a rapid method
that overcomes those limitations. Real time or quantitative RT-PCR (qRT-PCR) has been
developed for many viruses to provide estimates of the viral load within infected tissues.
However for VHSV only one study on qRT-PCR using one strain of genotype Ia has been
published (Chico et al., 2006)
In the present work a Duplex qRT-PCR using an intercalate-based method (SYBR Green)
was applied to specific identification of European and American strains of VHSV. The assay
utilized two pairs of primers (F/R624 and F/R1018) targeting two specific conserved regions
of the glycoprotein gen (580-713 and 987-1178, respectively). The suitability of the assay was
tested with 18 VHSV reference strains: genotype Ia (10 strains), Ib (2), II (2), III (3) and IV
(1). Primer set F/R624 mainly identified strains of genotype III and some of the genotypes Ia,
Ib and II with values of melting peaks of 86º C ± 0.5ºC. Primer set F/R1018 identified mainly
strains of genotypes Ia, Ib and IV and some of II and III with melting peaks values of 86.5º C
± 0.5ºC. The simultaneous use of both primers provided positive results for all strains
assayed, with melting temperatures of 86.5ºC ± 0.5ºC. In addition, this assay demonstrated
100% reproducibility for all genotypes. This procedure was also applied to determine the
amount of viral RNA in vitro, estimating the detection limit in 100 fg of purified RNA.
Chico, V, Gómez N, Estepa A., Pérez L. (2006). Rapid detection and quantitation of viral hemorrhagic
septicemia virus in experimentally challenged rainbow trout by real-time RT-PCR. J. Virol. Meth. 132: 154-159
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FIRST OCCURRENCE OF VIRAL HAEMORRHAGIC SEPTICAEMIA VIRUS IN
RAINBOW TROUT IN THE UNITED KINGDOM: STUDIES ON THE VIRULENCE
OF THE VIRUS FOR RAINBOW TROUT AND BROWN TROUT
P.F. Dixon, C. Joiner and K. Way

Cefas, Weymouth, UK

The United Kingdom mainland is free from viral haemorrhagic septicaemia (VHS), although
in 1994 a marine isolate of VHS virus (VHSV) was isolated from turbot reared in tanks on the
island of Ghia, Scotland. However, in May 2006, VHSV was isolated from a rainbow trout
farm in Yorkshire, England. The trout had been undergoing chronic mortalities, and initially
a bacterial infection had been suspected to be the cause of death by a health specialist
employed by the farm. However, following failure of the trout to respond to antibiotics, a
comprehensive investigation by Cefas resulted in the isolation of VHSV. The virus was
isolated from some groups of fish in which there had been no clinical signs of VHS and few
mortalities, and consequently laboratory experiments were initiated to determine the virulence
of the virus isolate for rainbow trout. The experiments were extended to brown trout as that
was the predominant VHSV susceptible species in the river into which the farm effluent
discharged. Experiments were also undertaken to determine whether brown trout in the river
might be carriers of the virus. Mixed populations of rainbow trout fry from four different
sources, and brown trout from a single source were challenged in duplicate tanks with the
Yorkshire VHSV isolate, J167, diluted from 105 to 101 TCID50 ml-1. The virus isolate was
highly virulent for rainbow trout fry, with even the lowest concentration producing an average
cumulative mortality of 65% at day 21 post infection. In contrast, the highest concentration of
J167 only produced an average cumulative mortality of 55% at day 35 post infection, and no
brown trout died following exposure to the lowest concentration of virus. In order to
determine whether brown trout taken from the river downstream of the affected site were
subclinical carriers of VHSV, they were housed in tanks at the laboratory and stressed to
promote expression of the virus. Rainbow trout were exposed to the effluent water from the
tanks but no disease occurred. From these and epidemiology data it appears that brown trout
in the river may not constitute a significant reservoir for the virus
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EVALUATION OF THE VIRULENCE OF AN EGFP-EXPRESSING, THYMIDINE
KINASE-NEGATIVE KHV-MUTANT
Fichtner, D., Bergmann, S., Riechardt, M., Teifke, J.P. and Fuchs, W.

Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health, 17493
Greifswald-Insel Riems, Germany
We have generated a genetically engineered KHV-recombinant, in which the thymidine
kinase (TK) gene had been inactivated by insertion of an expression cassette encoding green
fluorescent protein (EGFP). This insertion site was chosen since the TK-genes of many other
herpesviruses have been described as important virulence factors, which, nevertheless, are
dispensable for in vitro virus replication. Consistently, also virus titers and plaque sizes of the
TK-negative KHV-mutant were not significantly reduced in cultured carp cells (CCB).
However, in infection experiments the KHV-recombinant proved to still be highly virulent for
specific pathogen-free carps of less than 10 g, since 100 % of them died after i.p
administration of ca. 104 plaque forming units (PFU) per animal. After application of similar
virus doses by bath immersion the mortality rate was slightly reduced to 80 %, but was still
100 % with wild type virus. After bath application of the mutant to carps of ca. 25 g, several
of the animals developed moderate clinical signs, but all of them survived the infection. In
few cases, dissection of moribund animals revealed necroses and hemorrhages of the gills, but
usually no pathologic or anatomic alterations were detectable. UV-Illumination of native
sections of whole animals infected with the EGFP-expressing mutant showed a multifocally
distributed bright green autofluorescence in skin, kidneys and gut. Histopathological
examination of the kidneys revealed numerous large polygonal cells with amphophilic
intranuclear inclusion bodies in the interstitium, which could be demonstrated to contain
KHV-antigen by immunohistochemistry. By PCR, the KHV-genome was detected in different
tissues of perished or euthanized infected carps. In contrast, virus reisolation by cell culture
passage was successful in only few cases.
92 % of the carps immunized with the TK-negative KHV-mutant survived a wild-type virus
challenge performed 5 weeks after primary application, whereas only 71 % of untreated
control animals survived the infection. In summary, our results demonstrate that deletion of
the TK-gene of KHV leads to detectable attenuation, but corresponding virus mutants
presumably will not be suitable as safe and efficacious live-virus vaccines. However, the
EGFP-autofluorescence of the generated KHV-recombinant might be a useful tool to facilitate
in situ studies of time course and organ tropism of the virus infection.
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SEROLOGICAL ANALYSIS OF RAINBOW TROUT SERA TO INFECTIOUS
HAEMOPOETIC NECROSIS VIRUS (IHNV)
Grilc A., D. Barlič Maganja, J.Grom Jenčič V and P. Hostnik

Veterinary faculty, Gerbičeva 60, 1000 Ljubljana, Slovenia

The humoral immune response of salmonids involves production of neutralizing antibodies
which are detectable 3-6 weeks post-infection and are still present 12 months post-infection.
IHNV surveillance have traditionally relied upon isolation of virus in cell culture. It is not
very suitable diagnostic method for fish that are asymptomatic virus carriers. Serological
monitoring may also be achieved using techniques to detect fish antibodies against IHNV.
Our experiment included cultured rainbow trout surviving outbreaks of IHNV. Sera samples
were collected in IHNV infected fish farms and serological screening of fish for a neutralizing
antibodyes to IHNV was done. The 50% plaque neutralisation test (PNT) was used. The
relationship between results of PNT and virus isolation test was confirmed.
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EPIZONE QUESTIONNAIRE: GLOBAL SPREAD OF KOI HERPESVIRUS BY 2007
O. Haenen*,1 and N. Olesen2
1

CIDC-Lelystad, NRL on Fish and Shellfish Diseases, P.O. Box 2004, 8203 AA Lelystad,
The Netherlands; 2 National Veterinary Institute, Technical University of Denmark
(DTU), Hangøvej 2, DK-8200 Århus N, Denmark
EPIZONE is a big EU network of excellence project within FP6 (www.epizone-eu.net), with
20 partners from Europe, and China, Turkey, FAO and DiVa. Its mission is to improve
research on preparedness, prevention, detection, and control of epizootic diseases within
Europe to reduce the economic and social impact of future outbreaks of emerging/notifiable
diseases, like Foot-and-mouth disease through increased excellence by collaboration.
Within EPIZONE, Work package 6.1 covers emerging diseases of fish, including Koi Herpes
virus (KHV), which causes KHV disease (KHVD) in koi and carp (Cyprinus carpio). As
newly notified disease by the OIE, from 2006, they will investigate the KHV outbreaks
yearly. Because KHVD is an emerging disease, a more detailed questionnaire was designed,
for EPIZONE. It was sent to > 65 countries in Dec 2006 – May 2007. By the start of May
2007, 40 countries had responded, i.e. > 60%. The results will be presented as a poster, and
hand-out.
Questions of the questionnaire were about koi (1), cultured (2) and wild carp (3), all Cyprinus
carpio:
• Prevalence of KHV in your country: first detected in year:….; in which fish (1-3),
with which source? Number of outbreaks in 2004-2006 in 1,2 or 3?
• Clinics: what clinical signs were present in KHV outbreaks (1,2,3)?
• Outbreaks: Was there disease and mortality in small and/or big fish (1,2,3)?
• Diagnosis: Which diagnostic tests were used for KHV detection, screening and
confirmation? Did/do you participate in the KHV PCR ring test of CEFAS (UK);
would you like to participate in future?
• Susceptible fish species: Was KHV isolated from other species than koi/carp? From
which species, with which clinics?
• Latent carriers: Do you have any experience with latency of KHV in koi/carp?
• Measures (stamping out, temp change, therapy) and effects in 1,2, and 3?
• Vaccination: Is a KHV vaccine used in your country? If yes: For 1,2, and/or 3? Which
types of vaccine? Did the vaccine(s) work? Please describe: ….
• Research on KHV in your country and laboratory: (please give short title of projects)?
• National legislation in your country? Contents?
• Any Further points?
A full literature list on KHV on request: E-mail olga.haenen@wur.nl
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MOLECULAR AND PHYLOGENETIC STUDIES OF PERCH RHABDOVIRUSES
T. Johansson1*, H.F. Skall2, N.J. Olesen2
1

Åbo Akademi University, Turku, Finland;
Denmark

2

Technical University of Denmark, Århus,

Serological related rhabdoviruses have been isolated from perch (Perca fluviatilis), pike (Esox
lucius), pikeperch (Stizostedion lucioperca), grayling (Thymalys thymalus) and trout (Salmo
trutta sp) in Northern Europe (Dorson et al., 1984; Nougayerède et al., 1992; Jørgensen et al.,
1993; Koski et al., 1992; Dannevig et al., 2001; Kippasto, 2001, Johansson et al. 2002). Most
isolates from perch and pikeperch were made from fish with clinical signs and from
populations experiencing significant mortalities (Dorson et al., 1984; Nougayerède et al.,
1992). Phylogenetic studies have previously been done on 13 of these perch rhabdoviruses
dating from 1985-1997 (Johansson et al., 2001 & 2002; Kippasto, 2001). Based on these
studies it has been concluded that these viruses represent a distinct group within the
rhabdovirus family.
In this study RT-PCR was run on the amino-terminal end of the glycoprotein gene of perch
rhabdoviruses isolated more recently. The PCR products were sequenced and compared with
other known perch rhabdoviruses. Alignment studies on the glycoprotein gene show that
nucleotide substitutions are found also upstream of the start codon (ATG). Phylogenetic
studies on the glycoprotein gene were also done.
Dannevig, B. et al. (2001). Bull. Eur. Ass. Fish Pathol. 21(5), 186-194.
Dorson, M. et al. ( 1984). J. Fish Dis. 7, 241-245.
Johansson, T. et al. (2002). Virus Genes, 25(2), 127-138.
Johansson, T. et al. (2001). Virus Res. 80, 11-22.
Jørgensen, P.E.V. et al. (1993). Dis. Aquat. Org. 16, 171-179.
Kippasto, C. (2001). Master thesis, Åbo Akademi University
Koski, P. Et al. (1992). Bull. Eur. Ass. Fish Pathol. 12 (5), 177-180
Nougayrède, PH. et al. (1992). Bull. Eur. Ass. Fish Pathol.12 (1), 5-7.
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LOW E2 SPECIFICITY OF THE E3 UBIQUITIN LIGASE WSSV 249 FROM WHITE
SPOT SYNDROME VIRUS CONFERS PATHOGENICITY
J. Kwang

Animal Health Biotechnology, Temasek Life Sciences Laboratory, 1 Research Link,
National University of Singapore, Singapore 117604
Ubiquitin-mediated proteolysis plays an important role in a variety of basic pathways and
processes during cell life and death. Aberrations in this pathway are implicated in the
pathogenesis of many diseases, certain malignancies, and neurodegeneration. Viruses have
evolved the ability to utilize the host protease machinery to direct cellular protein degradation
for their survival and replication. Here we report a novel strategy employed by the E3
ubiquitin ligase WSSV249 from White Spot Syndrome Virus (WSSV) to disturb the balance
of shrimp ubiquitin-conjugating enzymes. The full length WSSV249 protein and its RING
finger domain were respectively found to ubiquitinate with two shrimp ubiquitin conjugating
enzymes PvUbcH1 and PvUbcH5b. In addition, WSSV249 was also ubiquitinated with
UbcH7, UbcH8, UbcH12, and UbcH13, exhibiting a low degree of E2 specificity. WSSV
infection in shrimps upregulated transcription
of PvUbcH1 and PvUbcH5b, and also induced higher protein expression of PvUbc,
PvUbcH1, and PvUbcH5b. Immuno precipitation experiments with WSSV249 verified that
PvUbc, PvUbcH1, and PvUbcH5b were present at higher levels in infected shrimps.
Interestingly, WSSV infection enhanced the effectiveness of the proteasome inhibitor
MG132, leading an increasing ubiquitination. These results suggest that the E3 ubiquitin
ligase WSSV249 from WSSV employs a low E2 specificity to disturb the balance of the
ubiquitin-26S proteasome pathway, leading to viral pathogenesis in shrimp.
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SUSCEPTIBILITY OF SENEGALESE SOLE SOLEA SENEGALENSIS TO A VIRAL
HAEMORRHAGIC SEPTICAEMIA VIRUS STRAIN ISOLATED FROM
GREENLAND HALIBUT REINHARDTIUS HIPPOGLOSSOIDES
C. López-Vázquez, M. Conde, J.L. Barja, C.P. Dopazo and I. Bandín

Dpto Microbiología y Parasitología- Instituto de Acuicultura. Universidad de Santiago
de Compostela. Spain
The novirhabdovirus viral haemorrhagic septicaemia virus (VHSV) is the etiological agent of
a disease responsible for significant losses to rainbow trout farming. However, this virus has
demonstrated to be endemic in a wide range of wild marine fish populations and has caused
epizootic outbreaks in cultured marine fish. Recent diversification of mariculture activities in
Europe has highlighted the risk that VHSV can represent for the new cultured fish species.
In the present report we show the susceptibility of Senegalese sole to one VHSV strain
(GH44) obtained from Greenland halibut caught at Flemish Cap, a Newfoundland fishery in
the North Altantic Ocean.
Fish were infected with 105 TCID50 of the virus by intra-peritoneal and immersion routes and
maintained at 15ºC. Cohabitation experiments (at a ratio of 1 VHSV fish injected to 1 noninjected fish) were also performed. Infection trials showed that GH44 isolate was pathogenic
for fingerlings of this species by i.p. injection and waterborne exposure causing moderate
levels of mortality (30-45%). In addition the mortality observed in sole cohabitating with fish
challenged with strain GH40 confirmed horizontal transmission of the virus. External signs of
disease included haemorrhaging of the ventral area and ascitic fluid in the body cavity. Dead
fish were tested for VHSV by both cell culture and RT-PCR assay, using pools of kidney and
spleen from 10 individuals. Virus was recovered from most of the pools of dead fish. The
results obtained in this study not only demonstrate the susceptibility of Senegalese sole to this
VHSV strain, but also indicate that wild VHSV marine isolates, at least isolates obtained from
Greenland halibut, can become a real threat for sole aquaculture.
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PRELIMINARY VIROLOGY INSPECTIONS OF FISH FARM OF CRIMEA
PENINSULA
(THE АZOV AND BLACK SEA REGION OF UKRAINE)
V. Maltsev *, A. Cherednichenko

Zonal specialized state laboratory of veterinary medicine for diseases of fishes and other
aquatic animals, Kerch, Crimea, Ukraine
Fifteen fish farms producing 1600-1800 tons of commercial fish per year located at Crimea
peninsula are registered officially. Cyprinid fish species (Cyprinus carpio, Aristichthys
nobilis, Ctenopharyngodon idella, Hypophthalmichthys molitrix, etc.) are the principal
subjects of the cultivation in 13 farms. There is also one trout farm (Oncorhynchus mykiss),
one fish farm for cultivation of clarid catfishes (Clarias sp.), two hatcheries for reproduction
of larva and fry of marine species (Psetta maxima, Platichthys flesus, Mugil spp., etc.). The
indicated above cultivated fish species, as well as fishes from natural reservoirs of Crimea,
seas including, are potentially susceptible to certain of virus diseases. Some of them (VHS,
SVC, CCVD, etc.) have been revealed in the continental part of Ukraine in 80-90th years.
Furthermore this region has the common waterways and water borders with the countries
(Turkey, Romania, Bulgaria, Russia, Georgia) where IHN, IPN, VHS, SVC, CCVD were
registered officially.
Veterinary-sanitary inspections of 12 fish farms were carried out in 2005-2006. Oral and
documentary epizootic data were analyzed. About 1200 specimens of uneven-age fishes
(common carp, bighead carp, silver carp, grass carp, rainbow trout, crucian carp, turbot,
haarder, etc.) were investigated clinically and pathologoanatomically. 230 samples (pools of 5
fishes) were made from organs of fishes (spleen, kidneys, liver, brain). Organ homogenates
were tested by ELISA (Ag) (SVCV, VHSV, IPNV) methods with use of the commercial kits
produced by Test-Line Clinical Diagnostic LTD (Czech Republic). Preparation of samples
and virus identification was carried out according to the producer instruction. Common carps
(age 1+-2 +) and bighead carps (2+-3 +) with the clinical signs resembling SVC, as well as
common carps with signs of fish pox were recorded in control catch. Mass mortality of larva
and fry of rainbow trout with characteristic clinical signs of virus disease was observed.
Hemorrhages on skin of turbot spawners, mass mortality of turbot larva at 7-10 days after
hatching were recorded. Larva and fry of haarder lagged behind in growth, their mortality
exceeded the standard permitted index. Serologic researches of the collected samples showed
2 positive results concerning SVC (common carp, crucian carp), 1 positive result concerning
IPN (rainbow trout) and absence of positive results concerning VHS. Low sensitivity of the
method used (according to the producer instruction - 102,8-103,5 TCID50 per 0,1 ml) can
influence negatively the results of tests of samples from fishes with weak clinical sings of
diseases.
Thus, the preliminary data on occurrence of SVC, IPN, fish pox in fish farm of Crimea were
obtained. The advanced virology researches of fishes with use of corresponding cultures of
cells, with the subsequent identification of the isolated viruses by recommended OIE methods
(Manual of diagnostic.. OIE, 2006). are necessary for obtaining of more authentic data.
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INVOLVEMENT OF THE LIVER IN POST SMOLT ATLANTIC SALMON, SALMO
SALAR INFECTED WITH INFECTIOUS PANCREATIC NECROSIS VIRUS (IPNV).
A RETROSPECTIVE HISTOPATHOLOGY STUDY
P.A. Noguera and D.W. Bruno

FRS Marine Laboratory, Aberdeen, Scotland
Histological changes associated with IPNV centre on the pancreatic tissue and gut, and any
involvement of the liver has been only suspected but overall poorly described. Moreover, its
relevance to the disease process and certainty that changes observed are due to the virus
infection has not been determined. The main aim of this study was to provide evidence of a
shift in the involvement of the liver as a target tissue for IPNV in post smolt Atlantic salmon.
A comprehensive histopathological description is provided as a basis for a differential
diagnosis including confirmation that changes were not associated to any other agent or
disease process. The study resulted in new findings concerning liver pathology in naturally
infected seawater Atlantic salmon post smolts with apoptosis, demonstrated by histological
and immunological techniques; described as a particular feature for the new targeted tissue.
Data, including immunohistochemical staining for IPNV-infected hepatocytes, suggest liver
apoptosis is not only the result of the virus infection itself, but triggered through the action of
the hosts innate immune response. Liver involvement contributes to the nature of infection
and therefore could be an important factor in the disease process and fish survival.
Additionally, it was established that the previously described increase in IPN prevalence, is
correlated with a new distinct pattern of outbreaks and distribution throughout the year. The
role of smolt category (i.e. S1, S1/2 or S0) hence timing of seawater transfer and consequently
time of infection, as a strong correlating factor, is discussed.

152

P-16
EMERGENCE OF UNSEASONAL OUTBREAKS OF CLINICAL INFECTIOUS
PANCREATIC NECROSIS IPN IN SCOTTISH SALMON FARMS LINKED TO USE
OF AUTUMN (S1/2) STOCKS
P. Noguera and A.G. Murray

Fisheries Research Services Marine Laboratory, Aberdeen AB11 9DB, United Kingdom
Over the past 50 years IPN has spread to new countries, new environments (seawater), new
host species, and to fish of ages previously not thought susceptible. In Scotland the emergence
of IPNV has been extensively and systematically monitored to assist disease control policies
based on movement restrictions and control of vertical transmission.
A general increase in IPNV prevalence since 1990 had been previously reported, the increase
being of an order of magnitude since 1996, at the same time cases have spread out from a
limited geographical distribution, particularly in the Shetland Islands, to become very
widespread.
FRS surveillance, until 2005, also included studies of reported clinical IPN disease. The
disease itself was not notifiable provided infection had been notified, so reporting may be
partially incomplete. However, there is an extensive database on clinical outbreaks and their
symptoms and data appears to show new patterns in the outbreaks, with new areas affected at
new times of year, and in the symptoms of disease. We use this data to investigate the
emergence of new features or forms of clinical IPN, to confirm the changing nature of this
disease. Outbreaks have been marked by new symptoms, particularly new liver pathologies,
suggesting mode of affect on the host has changed. Like the virus, disease outbreaks have
spread from Shetland to become geographically widespread. Outbreaks have also become
less seasonal. Prior to 1996 some 96% of cases occurred in summer, while more recently
60% of cases have occurred in summer, with the rest throughout the year. These new
“unseasonal” cases have occurred almost exclusively in salmon put to sea in autumn (as
opposed to typical spring transfers) a practice that became widespread in the 1990s.
Although more cases still occur in S1 stock (spring transfers), the S1/2 stock are generally
larger fish and the economic effect of mortality in this group is more serious.
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DESTRUCTIVE VS NON-DESTRUCTIVE DIAGNOSTIC METHODS FOR
DETECTION OF BETANODAVIRUS.
J. G. Olveira1, F. Soares2, S. Engrola2, S. Souto1, I. Bandín1 & C. P. Dopazo1
1

Unidad de Ictiopatología-Patología Viral. Instituto de Acuicultura. Dpto. Microbiología
y Parasitología. Universidad de Santiago de Compostela, Spain. 2CCMAR-Centro de
Ciencias do Mar, Universidade do Algarve-UCTRA. Faro, Portugal
The development of a rapid and accurate method for detection of betanodavirus in cultured
fish has revealed to be one of the best ways to control the spreading of the disease and to
reduce the risk of epizootic outbreaks. We have previously demonstrated that blood samples
are a good target to detect fish viruses using PCR-based technology, additionally avoiding the
sacrifice of fish.
In the present study, we have carried out an evaluation of the sensitivity of the PCR-based
technology (RT-PCR and nested PCR) to detect betanodavirus in different fish tissues (brain,
blood, kidney/spleen) of naturally infected Senegalese sole (Solea senegalensis).
Simultaneously, isolation in cell culture and histopathology visualization of the lesions was
applied for comparative purposes. Histological analysis revealed vacuolization and necrosis in
all brain samples. In addition, brain showed to be the best option for RT-PCR diagnosis.
However, the use of RT-PCR plus nested-PCR showed a very similar detection level in all the
organs assayed (90 % brain, 84 % blood and spleen/kidney samples). No cytophatic effect
was observed in SSN-1 or SAF-1 cells, but virus was detected by RT-PCR in some wells of
SSN-1 plates after second blind passage. These results demonstrate the suitability of blood
samples to detect betanodavirus, especially when breeders must be tested.
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OCCURENCE OF AN IRIDOVIRUS INFECTION IN ADULT STURGEON HYBRIDS
ACIPENSER NACCARII X ACIPENSER BAERI
Petochi T.*,1, Cardeti G.2, Del Bove M.2, Eleni C.2, Bossù T.2, Piacentini S.2, Amiti S.2,
Marino G.1
1

ICRAM Central Institute for Marine Research, Rome, Italy; 2IZS Lazio e Toscana,
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This study describes the first identification of an iridovirus infection in adult sturgeon hybrids
(Acipenser naccarii x Acipenser baeri) on a commercial farm in Italy. Previous studies
reported iridovirus outbreaks in post-larvae and juveniles of several sturgeon species, but the
virus has been never isolated or observed in adult fish (OIE, 2006). Iridovirus was detected in
four years old sturgeons (8.5kg BW; 145cm TL) raised in monoculture in concrete tanks
equipped with a semi-open freshwater recirculation system. During December 2006 a slight
and chronic mortality occurred in some fish in association with anorexia, lethargy, erratic
swimming and abdomen distension. Extensive reddening and haemorragies were observed on
skin, scuta and fins. Gills looked swollen, lightly coloured, with diffuse haemorragic patches
on the secondary lamellae. Catarrhal enteritis was observed in medium and posterior intestine.
Parasitological exams and microbiological analyses of fins, gills, heart, kidney and brain did
not identify any aetiological agents. Histological sections of the skin showed the presence of
enlarged and round-shaped cells in the epidermis, characterized by large vacuoles and a
basophilic nucleus at the periphery. Gills showed hypertophy and hyperplasia of respiratory
epithelium. Intestinal tract showed signs of acute inflammation with diffuse lymphomonocytes infiltration.
For virology fresh portions of gills, pectoral and caudal fins were homogenized in bidistilled
water (1:5) and centrifuged at 9.000 and 3.000g per 30min, respectively. After
ultracentrifugation (90.000g for 20min), samples were coloured by negative staining with
sodic salt of phosphotungstic acid (2%) and observed with transmission electron microscope
(TEM). Iridovirus-like particles were detected by TEM in homogenates of gills and fins.
Virions were icosahedral in shape and measured around 150-170 nm. Although the infective
agent has not been isolated on cell-lines, iridovirus is suspected to be the primary cause of
mortality according to the clinical signs and the histological lesions on target organs, already
described in sturgeons (Hedrick, 1990; 1992).
The source of virus is unknown. Sturgeons were originally stocked into the farm in 2004 and
have never been in contact with other fish. These findings suggest that sturgeon hybrids may
harbour the virus with no signs of disease.
Hedrick R.P., Groff J.M., McDowell T., Wingfield W.H. 1990. An iridovirus infection of the integument of
white sturgeon Acipenser transmontanus. Dis. Aquat. Org., 8: 39-44
Hedrick R.P., McDowell T., Groff J.M., Yun S., Wingfield W.H. 1992. Isolation and some properties of an
iridovirus-like agent from white sturgeon Acipenser transmontanus. Dis. Aquat. Org., 12: 75-81
OIE Manual of diagnostic test for aquatic animals. 2006. Part 2, Chapter 2.1.16
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CAN SEA LICE FUNCTION AS A VECTOR FOR TRANSMISSION OF SALMONID
ALPHAVIRUS SUBTYPE 3 IN ATLANTIC SALMON?
E. Petterson*, N. Santi, M. Sandberg

Norwegian School of Veterinary Science, Oslo, Norway
Following the first case of pancreas disease (PD) in Norway in 1988 (Poppe et al. 1989), the
disease has continued to affect the Norwegian Atlantic salmon production, with 56 cases
registered in 2006 (Edgar Brun pers. comm.) In Norway, the disease is caused by salmonid
alphavirus subtype 3 (SAV3) (Weston et al. 2005; Hodeland et al.2005). Frequently reported
risk factors for horizontal transmission of SAV3 are well boat transport of fish, closeness to
PD affected sea sites and closeness to processing plants for fish (Brun et al. 2005; Seim 2007;
Djupvik pers. comm.). Another possible route of transmission is through sea lice infestation.
The members of the genus Alphavirus causes a wide range of diseases in humans and animals,
and all except from the ones causing disease in salmon are reported to have an arthropod host
(Powers et al. 2001).
The objectives of the present study were therefore to investigate whether sea lice infesting PD
affected fish harbour SAV 3 viruses and to evaluate whether sea lice could be a possible
host/vector for SAV3.
A cohort study of the 2006 generation yearling Norwegian Atlantic salmon was initiated
during spring 2006. In a few of the fish farm included in the cohort study, sea lice were
picked from fish in PD affected and not affected cages and investigated for the presence of
SAV3. Whether the lice contained blood in the gastrointestinal tractus was recorded. Tissue
from individual fish and sea lice samples were analysed by RT-PCR. Serology,
histopathology and viral culture were conducted on blood and tissue samples from
runts/healthy fish in order to validate the RT-PCR findings.
Brun, E., Olsen, A-B., and Rørvik, L. (2005). Factors associated with outbreaks of pancreas disease in farmed
Atlantic salmon. Abstract O-147, 12th International Conference of the European Association of Fish
Pathologists.
Hodneland K, Bratland A, Christie KE, Endresen C, Nylund A. (2005) New subtype of salmonid alphavirus
(SAV), Togaviridae, from Atlantic salmon Salmo salar and rainbow trout Oncorhynchus mykiss in Norway.
Diseases of Aquatict Organisms 66, 113-20.
Poppe, T., Rimstad, E., Hyllseth, B. (1989) Pancreas disease of Atlantic salmon (Salmo salar L.) post-smolts
infected with infectious pancreatic necrosis virus (IPNV). Bulletin of the European Association of Fish
Pathologists, 9, 83-85.
Powers, A.M., Brault, A.C., Shirako, Y., Strauss, E.G., Kang, W., Strauss, J.H., Weaver, S.C. 2001.
Evolutionary Relationships and Systematics of the Alphaviruses. Journal of Virology, 75, 10118-10131.
Seim, R.R., Risk factors and distribution of pancreas disease (PD), An epidemiological study of PD outbreaks in
Norway from the years 2002 to 2005. Master thesis from Dep. of Biology, University of Bergen, Norway.
Weston, J.H., Graham, D.A., Branson, E., Rowley, H.M., Walker, I.W., Jewhurst, V.A., Jewhurst, H.L., Todd,
D. (2005) Nucleotide sequence variation in salmonid alphaviruses from outbreaks of salmon pancreas disease
and sleeping disease. Diseases of Aquaic. Organisms, 66, 105-111.
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FIRST RESULTS OF COMMON CARP (CYPRINUS CARPIO CARPIO) AND KOI
CARP (CYPRINUS CARPIO KOI) EXAMINATION FOR KOI HERPESVIRUS
(KHV) IN THE CZECH REPUBLIC
V. Piačková1*, D. Pokorová2, A. Čížek3, S. Reschová2, L. Novotný3, T. Veselý2
1

University of South Bohemia České Budějovice, RIFCH, Vodňany, Czech republic;
Veterinary research institute, Brno, Czech Republic; 3 University of Veterinary and
Pharmaceutical Sciences Brno, Czech Republic

2

First outbreaks of the KHV-disease in koi carp and common carp breeds were noticed in 1998
in Israel and the USA. Since the time, the disease has spread over the world. Many countries,
important carp producers, are KHV positive. Koi herpes virus was confirmed nearly in all
European countries adjacent to the Czech Republic (Poland, Germany and Austria). In order
to detect the epizootological situation in the Czech Republic, examinations of seven and eight
chosen carp farms were carried out in 2005 and 2006, respectively, in the frame of a grant
project of Ministry of Agriculture of the CR. In addition to these fish, other investigations
were requested by breeders for export, import and/or in case of increased mortality of fish.
Two hundreds and four fish in total were examined virologically during these two years. Fish
investigated in the frame of this project were put also through bacteriological, haematological,
biochemical and histological examinations.
Cultivation on the KF-1 cell line and PCR examination according to Gillad (Gilad et al.,
2002) were negative in all cases in both years under control. Mixed samples of tissue
homogenates of liver (hepatopancreas), spleen, head kidney and gills were examined again by
means of PCR according to Bercovier (Bercovier et al., 2005) after their passage on the KF-1
cells. Results of this second series of PCR investigations were positive in five cases from
2005. Nevertheless, no fish showed typical clinical signs described for outbreak of KHV at
the time of sampling and no consequences between positive findings of virus and results of
haematological, biochemical, bacteriological and histological investigations were detected.
Gilad, O., Yun, S., Andree, K.B., Adkison, M.A. Zlotkin, A., Bercovier, H., Eldar, A., Hedrick, R.P., 2002.
Initial characteristic of koi herpesvirus and development of a polymerase chain reaction assay to detect the virus
in koi, Cyprinus carpio koi. Dis. Aquat. Org, 48: 101 – 108.
Bercovier, H., Fishman, Y., Nahary, R., Sinai, S., Zlotkin, A., Eyngor, M., Gilad, O., Eldar., A., Hedrick, R.P.,
2005. Cloning of the koi herpesvirus (KHV) gene encoding thymidine kinase and its use for a highly sensitive
PCR based diagnosis. BMC Microbiology, 5: 13.
Supported by the projects of Ministry of Agriculture of the Czech Republic N° 1B44016.
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STRAIN SUB-TYPING OF SCOTTISH ISOLATES OF SALMONID ALPHAVIRUS
(SAV) USING CELL IFAT AND DOT BLOT
D. Smail1*, K.Lester1 and M.Monte2
1

Fisheries Research Services, Aberdeen, UK; 2University of Aberdeen, Aberdeen, UK

Isolates of SAV are currently genotyped to subtype clades by sequence analysis of selected
envelope or non-structural protein genes. Monoclonal antibodies (Mabs) developed to SAV
may also be useful for identification of SAV and provisional subtyping by an immunological
method. Two methods were evaluated that can be carried out on culture supernatant before
sequence analysis.
A small number of SAV field isolates from Scotland were tested by cell IFAT and dot blot
using Mabs developed to SAV, gifted by M.Bremont (INRA, France). A distinct reaction
pattern was shown by subtype 1 reference strain F93, 17H23 +ve and 4I16 –ve, whereas
subtype 2 reference strain S49p showed a different pattern, 17H23 +ve 4I16 +ve. Current
results indicate that Scottish freshwater and seawater isolates from either farmed rainbow
trout or Atlantic salmon show the subtype 1 pattern. This result suggests that immunological
screening of SAV reflects the spectrum of isolates graduating between the main genetic
subtypes.
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EFFECTS OF VIRAL HEMORRHAGIC SEPTICEMIA VIRUS (VHSV) IN THE
RAINBOW TROUT (ONCORHYNCHUS MYKISS) MONOCYTE CELL LINE RTS-11
C. Tafalla1*, S.J. DeWitte-Orr2 and N.C. Bols2
1

CISA-INIA. Valdeolmos 28130 (Madrid). Spain. 2Department of Biology. University of
Waterloo. N2L 3G1 Waterloo, Canada.
In the current work, we have studied the effects of viral hemorrhagic septicemia virus
(VHSV) on the established rainbow trout (Oncorhynchus mykiss) monocyte /macrophage-like
cell line RTS11. Previous reports had described the replication of VHSV in rainbow trout
leukocytes and macrophages (Estepa and Coll, 1991; Tafalla et al., 1998), however, we found
that in this cell line, the virus was not able to complete a replication cycle. Upon infection,
VHSV was capable of transcribing its viral genes, however, infectious viral particles were not
released from the cells, suggesting that the translation is interrupted by an intracellular
defence mechanism at some point. The transcription of viral genes was significantly affected
however by the pre-incubation of cells with Poly I:C, although not by 2-aminopurine. The
effect of VHSV on the expression of different immune genes by RTS11 cells was also
determined. We found that only genes related to the type I interferon (IFN) response were
significantly induced by the virus and that this IFN-inducing activity was dependant on
VHSV transcription, since heat-inactivated virus did not induce an IFN response. We have
also studied whether VHSV affects the capacity of RTS11 cells to respond to another stimuli,
and found that the virus does not affect the capacity of RTS11 cells to express genes related to
the type I IFN in response to Poly I:C.
Estepa, A., and Coll, J. M. (1991) Infection of mitogen stimulated colonies from trout kidney cell cultures with
salmonid viruses. J Fish Dis 14: 555-562.
Tafalla, C., Figueras, A. and Novoa, B. (1998) In vitro interaction of viral haemorrhagic septicaemia virus and
leukocytes from trout (Oncorhynchus mykiss) and turbot (Scophthalmus maximus). Vet Immunol Immunopathol
62: 359-366.
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DEVELOPMENT OF INFECTIOUS PANCREATIC NECROSIS VIRUS CHALLENGE
MODEL FOR ATLANTIC COD (GADUS MORHUA L.)
K. Urquhart1*, A. E. Ellis1 C. J. Secombes2 and T. J. Bowden2
1

FRS Marine Laboratory, Aberdeen, UK; 2University of Aberdeen, Aberdeen, UK

Infectious pancreatic necrosis (IPN) is a disease known to affect a wide range of fish species.
IPN is most problematic in Atlantic salmon farming, mainly in fry and post-smolt stages of
development. Atlantic cod (Gadus morhua L.) is an up and coming species in aquaculture.
Currently there is little information available on the susceptibility of cod to IPN virus,
therefore the aim of this study was to determine the susceptibility of cod to IPN, and
determine which routes of challenge induce mortality.
Atlantic cod of 1g and 3g size groups were challenged by three routes of infection with IPNV,
namely intraperitoneal (ip) injection, co-habitation and bath immersion. PBS was used as
control material in each of the challenge groups. 1g Atlantic cod were injected with 5.5 x105
TCID50 fish-1, and 3g cod with 1x106 TCID50 fish-1. 1g and 3g fish were challenged by bath
immersion with 1x106 TCID50 mL-1 for 4hours. 10g cod were also challenged by IP injection
and cohabitation.
From both the fish mortalities, and surviving fish, samples of liver, pancreas and anterior gut
were dissected and used to determine viral titre. IPNV kit ELISA (Testline) was used for
confirmation of IPNV. Samples of head kidney were taken onto TSA, TSA + 2%NaCl, and
A&O agar plates to determine the presence of bacterial growth.
All three challenge methods induced mortality in 1g and 3g cod. The IP injection route
resulted in the highest levels of mortality with 67.5% for 1g cod and 73% for 3g cod. Cohabitation resulted in 17.5% mortality in the 1g cod and 16.5% in the 3g cod. The bath
immersion challenge resulted in 19% mortality in the 1g cod and 5% mortality in the 3g cod.
Histopathological examination showed necrotic lesions in the pancreas and liver.
Immunohistochemistry recorded these organs to be the main organs of viral replication. No
mortalities occurred in the 10g group but an asymptomatic carrier state persisted for at least
12 weeks.
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WILD FISH AS POSSIBLE CARRIERS OF VHSV INFECTION IN VHSV –POSITIVE
FISH FARMS IN FINLAND
P. Vennerström*1, E. Välimäki1, L. Lönnström2 and M. Anttila1
1

Finnish Food Safety Authority, Department of Animal Diseases and Food Safety
Research, Helsinki, Finland; 2 Åbo Akademi, Department of Pathobiology, Åbo,
Finland
Wild marine fish are considered to be a reservoir of viral haemorrhagic septicaemia virus
(VHSV) (Einer-Jensen et al. 2004) and the virus has been isolated from at least 48 fish species
(Skall et. al. 2005). Wild herring was suspected to be the source of infection in the first
outbreaks of VHS in marine-reared rainbow trout in Finland in 2000 (Raja-Halli et al. 2006).
Today there are three restriction zones regarding VHSV in the coastal zone of Finland.
Eradication measures seem to have been successful in two of these areas, but in the Åland
islands the disease has spread rapidly and is now common in that area. The first eradication
measures were not successful and more information is needed about the reservoir of the virus
in the area e.g. wild fish. The density of wild fish living at food fish farms in the coastal
brackish water zone in Finland is high. Only a few of these species have been reported to have
been tested for VHSV and there are no reports if these fish species can carry the virus type
that has been isolated from Finnish marine –reared rainbow trout. This VHSV strain belongs
to the genotype I sublineage Id (Einer-Jensen et al. 2004) In this study, wild fish living at
VHSV positive fish farms are sampled for the presence of VHSV. Fish are caught with
special nets and the organ samples from anterior kidney, spleen and brain are tested with both
cellculture in BF-2 and EPC cells and a Realtime-PCR method. All together 18 fish species
have been caught close to the farms. Most of the species are local but some are migrating
species.
Einer-Jensen, K., Ahrens, P., Forsberg, R. & Lorenzen, N. (2004). Evolution of the fish rhabdovirus viral
haemorrhagic septicaemia virus. J Gen Virol 85, 1167-1179.
Raja-Halli, M., Vehmas, T.K., Rimaila-Pärnänen, E., Sainmaa, S., Skall, H.F., Olesen, N.J. & Tapiovaara, H.
Viral haemorrhagic septicaemia (VHS) outbreaks in the Finnish rainbow trout farms in 2000-2004. Dis Aquat
Org. 72 (3), pp. 201-211
Skall, H.F., Olesen, N.J. & Mellergard, S. (2005). Viral haemorrhagic septicaemia virus in marine fish and its
implication for fish farming-a review. J Fish Dis 28, 509-529.
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THE ROLE OF MX PROTEIN IN THE MECHANISM OF BETANODAVIRUS
PERSISTENT INFECTION
Y. C. Wu* and S. C. Chi

Institute of Zoology, National Taiwan University, Taipei, Taiwan
Betanodavirus is the pathogen of viral nervous necrosis (VNN) disease, and has caused mass
mortality among many species of cultured fish. An NNV-persistently infected cell line BB
was established from the brain tissue of a barramundi (Lates calcarifer) survived VNN, and a
cured BB cell line (cBB) was developed by a serial treatment of anti-NNV serum (Chi et al.,
2005). The mechanism of NNV-persistent infection in BB cell line is related to type I
interferon (IFN) response (Wu et al., 2006). The expression of Mx proteins, one family of
IFN-inducible antiviral proteins, was detected not only in BB cells but also in cBB cells after
NNV infection or poly I:C transfection. Moreover, anti-NNV activity was detected in poly
I:C-transfected cBB cells. In the present study, we demonstrated the role of Mx protein in the
mechanism of NNV persistent infection. Viral RNA and capsid protein was found to increase
in NNV-infected cBB cells within 24 h post infection (p.i.), but decrease as soon as the
expression of Mx protein. The titer and capsid protein of NNV in the infected cBB cells was
revealed to be lower than that in Mx-siRNA-transfected cBB cells whose Mx protein
expression was down-regulated. Furthermore, Mx protein was observed to localize and form
foci in the cytoplasm of NNV-infected cBB cells by immunofluorescence staining, and was
able to co-precipitate with NNV capsid protein by immunoprecipitation assay. Therefore, it is
suggested that barramundi Mx protein may interfere with NNV replication by interaction with
its capsid protein.
Chi, S.C., Wu, Y.C. and Cheng, T.M. (2005) Persistent infection of betanodavirus in a novel cell line derived
from the brain tissue of Barramundi (Lates calcarifer). Dis Aquat Organ 65: 91-98.
Wu, Y.C. and Chi, S.C. (2006) Persistence of betanodavirus in Barramundi brain (BB) cell line involves the
induction of Interferon response. Fish Shellfish Immunol 21: 540-547
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VERIFICATION OF PCR PROCEDURES FOR THE DETECTION OF KOI
HERPESVIRUS (KHV)
K. Yuasa, *, J. Kurita, M. Kawana, I. Kiryu, M. Sano and T. Iida

National Research Institute of Aquaculture, Fisheries Research Agency, Mie, Japan
So far, several conventional PCR methods as well as nested PCR and real-time PCR have
been developed for the detection of KHV. However, there are few descriptions on systematic
comparisons of their sensitivity and specificity for the detection.
In this study, 7 different PCR methods were tested on their sensitivities and specificities for
the detection. The PCR methods tested were 4 single-round PCRs including the original Sph
method (Gray et al., 2002), 9/5 method (Gilad et al., 2002), improved Sph method (Yuasa et
al., 2005) and TK method (Bercovier et al., 2005) as well as a nested PCR, real-time TaqMan
PCR (Gilad et al., 2004) and newly developed RT-PCR that can specifically detect mRNA of
KHV. Samples used for the verification were KHV-infected carp organs.
All the single-round PCR methods except the original Sph method showed sufficient
sensitivity and specificity to diagnose the disease. Sensitivity of the nested PCR was slightly
higher than that of the conventional PCR methods, although the advantage was considered not
enough to justify the extra labor required by the method. The TaqMan PCR was superior to
conventional PCRs in both sensitivity and specificity, but the cost for the assay with the
TaqMan PCR was much higher. Results of the RT-PCR, compared with the other PCRs,
showed relatively positive correlation with the infectivity in the tissues.
In conclusion, three single-round PCR methods including the TK method, improved Sph
method and 9/5 method are considered to be appropriate for the diagnosis of KHV disease,
and the RT-PCR is valuable as an indicator for the existence of infectious virus.
Yuasa, K., Sano, M., Kurita, J., Ito, T. and Iida, I. (2005) Improvement of a PCR method with the Sph 1-5
primer set for the detection of koi herpesvirus (KHV). Fish Pathology 40: 37-39
Bercovier, H., Fishman, Y., Nahary, R., Sinai, S., Zlotkin, A., Eyngor, M., Gilad, O. Eldar, A. and Hedrick R
(2005) Cloning of the koi herpesvirus (KHV) gene encoding thymidine kinase and its use for a highly sensitive
PCR based diagnosis. BMC Microbiology 5: 1-9
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ISOLATION AND İDENTIFICATION OF INFECTIOUS PANCREATIC NECROSIS
VIRUS (IPNV) FROM RAINBOW TROUT (ONCORHYNCHUS MYKISS,
WALBAUM) FINGERLINGS IN TURKEY
Ugur Degirmenci1*, Hasmet Cagirgan1, Feyza Sanver2, Buket Ozkan Ozyer1 and
Fikri Balta3
1

Ege University Faculty of Fisheries Department of Fish Diseases, 35440, Iskele-Urla
Izmir, Turkey; 2Çanakkale Onsekiz Mart University Faculty of Fisheries Terzioglu
Kampusü 17100 Canakkale, Turkey; 3 Karadeniz Technical University, Faculty of
Fisherices, 53100 Rize, Turkey
An outbreak was observed in a rainbow trout farm at District Aydin in March 2005 with high
mortality. The diseased rainbow tout fingerlings were showed darkening of the skin
exophtalmus and erratic swimming. Diseased live samples were sent to Faculty of Fisheries of
Ege University. Diseased fish were investigated in pathogenic parasit, bacteria and viruses.
CPE was developed 2 days after inoculation to EPC and BF cellines and lysed compleately
after 7 days. A few number of İchthyophthirus multifilis trophozoit were found on the gills
and skin. Flavobacterium psychrophilum were also isolated from kidney and spleen of
symptom showing fry on AOA . İdentification of virus was carried out by using IPNV-Ag
ELISA (Testline), VHSV-ag (Testline) and IHNV-Ag (Biox) ELISA test kits. The result
showed that isolated virus was IPNV. Isolate was serotyped using VR-299, Ab and Sp
antisera. The virus was neutralised equally with serotype Sp and Ab. In this research the first
time isolation in celline and serotyping of IPNV from Turkey were reported.
Candan, A. (2002). First report on the diagnosis of infectious pancreatic necrosis (IPN) based on reverse
transcription polymerase chain reaction (RT-PCR) in Turkey Bull. Eur. Ass. Fish. Pathol. 22(1) 45-47
Hill B.J., and Way K.(1995). Serological Classification Of Infectious Pancreatic Necrosis (IPN) Virus And
Other Aquatic Birnavıruses. Annual Review of Fish Diseases, Vol 5, pp. 55-77. Pergamon, Elsevier Science Ltd
Printed in Great Britain
Olesen, N. J., Jorgensen, P.E.V., Bloch, B., Mellergaard, S. (1988). Isolation of an IPN-like virus belonging to
the serogroup II of the aquatic bimaviruses from dab, Limanda limanda L. J. Fish Dis. 11: 449-451.
Varvarigos P.; Way. K. (2002). First isolation and identification of the Infectious Pancreatic Necrosis (IPN) virus
from rainbow trout Onchorhynchus mykiss fingerlings farmed in Greece. Bull. Eur. Ass. Fish. Pathol., 22(3),
195-200.
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STATUTORY CONTROL OF KHV IN ENGLAND AND WALES
K.L.Denham, E. B. Hudson, N. Taylor and D. Mullin.

Cefas Weymouth Laboratory, Weymouth, UK.

Koi Herpesvirus was first reported causing serious mortality in common carp and koi carp in
Israel in 1998. Subsequently the disease has been reported to have a widespread distribution
in many countries where common carp are a significant aquaculture species in Europe, SouthEast Asia, and North America.
KHV was first isolated in England in 2000 in koi carp, and has since emerged as a significant
cause of mortality in both the ornamental carp trade, and in common carp in managed
fisheries. Evidence from studies on archive material suggests that KHV may have been
present in England since 1996. Given the extensive trade in ornamental carp into the UK from
areas of the world where KHV is known to be present, and the widespread movement of live
carp for fisheries management purposes, there remains a possibility that the virus has become
widespread in indigenous fish stocks.
Following the listing of KHV as a reportable disease by the OIE in 2006, KHV disease
became a notifiable disease in England and Wales in April 2007. Interim control measures
including the prohibition of the movement of live fish from infected sites were introduced to
control the further spread of the disease, whilst provisions of the new Aquatic Animal Health
Directive are finalised.
In order to assess the potential effectiveness of statutory control measures for KHV a research
project to establish the current distribution of the disease in England and Wales was initiated.
This project will assess the exposure to KHV in the various sectors of the aquaculture
industry, identify the geographical distribution of the virus in the industry, and the
geographical prevalence of infection across the country. The results of this research will be
used in the development of policy on the control of the disease and so direct resources into
the most effective mechanisms for the statutory control of KHV.
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APPLICATION OF MULTIPLE DIAGNOSTIC TESTS TO A PROSPECTIVE
LONGITUDINAL STUDY OF INFECTION WITH SALMONID ALPHAVIRUS - A
COMPARATIVE STUDY
1

1

D.A. Graham*, 2 E. Fringuelli, 2J. C. Wilson, 3N. Ruane, 4L. Foyle and 1H. M. Rowley

Agri-food and Biosciences Institute, Belfast (Northern Ireland); 2Queen’s University of
Belfast (Northern Ireland); 3Marine Institute, Galway (Ireland); 4University College,
Dublin (Ireland)
A prospective longitudinal study was conducted of infection with salmonid alphavirus
subtype 1 in Atlantic salmon (Salmo salar L) at sea, with emphasis on real time RT-PCR
testing. Sera were tested for virus by both cell culture and real time RT-PCR (RRT-PCR) and
for virus neutralizing antibodies. Brain, heart, gill and kidney were also tested by RRT-PCR.
Selected tissues were examined for histopathological changes.
Infection occurred shortly after sea water transfer, with virus detectable at 2 sample points 11
days apart. Histological resolution of lesions occurred within 80 days. RRT-PCR detected
virus earlier and more often than did virus isolation. Seroconversion followed virus clearance
in the majority of fish. Positive RRT-PCR results either peaked (kidney 90%, heart 80%,
brain 70%), or plateaued (gill 100%) 11-25 days after peak viraemia. Occasional RRT-PCR
signals could still be detected at the end of the study period, 269 days after first detection.
Seropositive fish were also present at this time, but with a higher prevalence (69%).
It is recommended to use serology or RRT-PCR testing of gills or heart tissues for screening
populations for previous exposure. In addition, positive results for SAV or SAV RNA in
serum is indicative of active, ongoing infection.
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THE IMPORTANCE OF INFORMATION SYSTEMS AS AN INTEGRAL PART OF
CONTINGENCY PLANNING
E. B. Hudson

Cefas Weymouth Laboratory, Weymouth, UK.
The outbreak of VHS in UK in 2006, the first on mainland UK required implementation of
the VHS contingency plans. The use of the information systems developed by CEFAS
incorporating a database and linked website proved very important in allowing immediate
assessment of trade risks to and from the infected site. This permitted a comprehensive
informed response to the outbreak in a time scale likely to provide the greatest chance of
identifying the source of the outbreak whilst limiting its further spread.
The presentation will analyse strengths and weaknesses in the system for this purpose and
discuss new developments we propose for the system as a result of the lessons learnt exercise
that followed the disease outbreak. The development of improved mapping tools for the web
interface accessed by industry and the public should prove particularly useful in informing
stakeholders of developments and winning their support for the controls and the necessary
remedial action.
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DATA CAPTURE, STORAGE AND USE UNDER EC DIRECTIVE 2006/88
E. B. Hudson and C. Crane

Cefas Weymouth Laboratory, Weymouth, UK
Implementation of the new Dirctive 2006/88 draws a broader industry stakeholder group
including dealers, put & take fisheries, processors and potetially transporters together and
requires data derived from the authorisation and registration sytems for these businesses to be
collected and stored for a number of purposes and uses with some data accessable to the
public, some to the individuals only and some in a composite format to protect commercial or
personal data
The poster will outline the approach being adopted in Cefas to develop systems to manage
this ,preventing duplication whilst establishing portals to enable applicants to interface with
all the government control agencies through one electronic process in a timely fashion. We
will also discuss options to allow such systems to be both industry and government records in
a partnership reducing burdens and tools within the system that could help aquaculture sites
monitor their relative performance. There will also be the options for electronic consenting
for movements within UK zone in addition to the registration and authorisation of
aquacullture production sites
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ADAPTABILITY OF WELLS CATFISH (SILURUS GLANIS) ORGANISM TO
INTERNALLY IMPLANTED RADIO TRANSMITTER.
Kolářová, J., Horký, P.*, Slavík, O.*, Randák, T.

University of South Bohemia, České Budějovice, Research Institute of Fish Culture and
Hydrobiology, Vodňany, Czech Republic; * T G M – Water Research Institute,
Podbabská 30, 160 62 Prague 6, Czech Republic
Radio telemetry is a common method used for studying fish behaviour. Effect of internal
tagging procedure on their behaviour is known to be insignificant providing the methodology
is used properly. The aim of this case study was to observe adaptability of the European
catfish Silurus glanis L. to an extraneous implanted object like the radio-transmitter is. Eight
specimens equipped with the radio-transmitters were left in the experimental pond for the
period of three moths from April to July 2006. Subsequently, all the specimens were
recaptured and their ability to adapt to internally implanted object was surgically determined.
The transmitters, originally incorporated in the abdominal wall, were completely covered with
a new tissue and rich blood system (see photo-documentation for details). After the recapture,
all specimens were in a good condition demonstrated by an increase in specific growth rate
from 0.8 to 2.9 kg during the study period. It tended to show that the effect of implanted radio
transmitter on the European catfish organism was negligible.
The study was financially supported by grants from the Ministry of Education, Youth and Sports of the Czech
Republic (MSM Project No. 6007665809) and by the Ministry of Environment of the Czech Republic (MZP
0002071101).
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EPIDEMIOLOGY OF A SANGUINICOLID TREMATODE IN MUGIL CEPHALUS
R. J. G. Lester*, S.E. Rawlinson and L. Weaver

The University of Queensland, Brisbane, Australia
Most sea mullet in SE Queensland, Australia, have numerous brown patches over the surface
of the intestine. These are the remains of eggs of the sanguinicolid Plethorchis acanthus.
Adult parasites are rarely found and when they occur are not within blood vessels but on the
surface of the viscera over which they crawl as they lay their eggs. Infections apparently
originate when fish are juveniles and in fresh water. The brown colour which signifies past
infection is from degenerating eggs, not melanin or other pigment laid down by the host.
Eggs are enclosed in a membranous sheath, the only histological response evident. The
abundance of the parasite in SE Queensland and the absence of the parasite from mullet
further south indicates that the wave of fish that appears to move up the coast in the autumn
may be an illusion. The parasite data suggest that large numbers of fish are not moving from
northern NSW into SE Queensland. It is more likely that the seasonal wave is caused by fish
sequentially leaving local estuaries for the sea as the temperature drops in autumn. This
occurs earlier in NSW than in Queensland. The temperature difference may also account for
the restricted distribution of the parasite.
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DEVELOPMENT OF AN AUTOPSY-BASED METHOD TO ASSESS ON-FARM
WELFARE IN SEA BASS
Marino G.*, Petochi T., Di Marco P., Priori. A, Longobardi A. and Finoia M.G.

ICRAM Central Institute for Marine Research, Rome, Italy

Many physiological and behavioural measures used for assessing fish welfare are not suitable
for use at commercial aquaculture systems. This study present an autopsy-based method to
evaluate the welfare status of sea bass on-farm.
The autopsy method was applied on sea bass reared at three stocking densities (10, 20 and 30
kg m-3) in 120m3 concrete tanks at a land-based farm in Italy. Water quality parameters were
carefully monitored during the trial. Systematic autopsy of 314 sea bass (anaesthetised in
ice/water mixture) were performed to detect external (fins, skin, eyes, gills) and internal
(liver, kidney, spleen) damages and body morphological abnormalities. The prevalence of
damages was analysed in relation to fish size, stocking density and time. Bi-variate and
multivariate analyses were applied to the data set to make selection and weighting of analysed
parameters (Spoolder et al. 2003). Additional analyses on growth (length, weight, condition
factor), physiology (serum cortisol, glucose, NEFA) and innate immunity (serum lysozyme,
complement and respiratory activity of phagocytes) were performed to integrate the results
obtained from autopsy (North et al. 2006).
The application of the autopsy-based method documented the occurrence of changes in the
welfare status of sea bass under farming conditions. Fin damages were the most frequent
external damage. Fin splitting affected caudal > second dorsal > anal > pelvic > pectoral fins.
Fin erosion was a less common lesion and affected mainly dorsal and anal fins. Pectoral and
pelvic fins displayed the same prevalence of lesions regardless their position (dx vs sx). Skin
damages (scale loss, erosion, haemorrhage, ulcers) and vertebral column abnormalities were
less frequently observed. The prevalence of fin erosion was higher in smaller sea bass during
the summer period, whilst fin splitting, eyes and skin damages were more frequently detected
in large-size fish. There was no significant effect of stocking density on the prevalence of
lesions and on physiological and innate immune parameters. PCA and biplot analyses did not
identify any trend in relation to stocking density. This autopsy-based method resulted a
useful, inexpensive and routinely applicable tool to evaluate the welfare of sea bass on farm.
North B.P., Turnbull J.F., Ellis T., Porter M.J., Migaud H., Bron J and Bromage N.R. 2006. The impact of
stocking density on the welfare of rainbow trout. Aquaculture 255: 466-479.
Spoolder H., De Rosa G., Horning B., Waiblinger S. and Wemelsfelder F. 2003. Integrating parameters to assess
on-farm welfare. Animal welfare , 12:529-534.
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MODELLING ORIGIN AND SPREAD OF INFECTIOUS PANCREATIC NECROSIS
VIRUS IN THE IRISH SALMON FARMING INDUSTRY: THE ROLE OF IMPORTS
Neil M. Ruane*1, Fiona Geoghegan1 & Alexander G. Murray2
1

Fish Health Unit, Marine Institute, Oranmore, Co. Galway, Ireland; 2Fisheries
Research Services, Marine Laboratory, 375 Victoria Road, Aberdeen AB11 9DB,
Scotland, UK
Observed emergence of Infectious Pancreatic Necrosis Virus in farmed Irish salmon is
simulated using a model that was developed to analyse the spread of IPNV in Scotland
(Murray 2006). IPNV appears to have originated relatively recently in Ireland and the model
is altered to explicitly simulate the origin of the epidemic. Irish salmon farms used
considerable numbers of imported eggs and fish, and if these were infected they may have
played a role in the origin and development of the IPNV epidemic. The model therefore
includes external input of infection to both freshwater and marine farms. Input to freshwater
farms was the key to initiation of infection, but modelling suggests endogenous spread, as
opposed to further direct inputs, was responsible for much of the epidemic’s subsequent
development. If this is the case, cessation of imports, without a substantial improvement in
biosecurity would be likely to be of only limited effect in controlling IPNV. Marine IPNV
prevalence appears to be insensitive to direct interventions in the marine environment (as in
the Scottish model). A multi-element control strategy, targeting both endogenous spread and
external input of infection and prioritising freshwater sites, but extending to marine sites,
would probably now be required to eradicate IPNV from Ireland.
Murray, A. G. (2006) A model of the emergence of infectious pancreatic necrosis virus in Scottish salmon farms
1996-2003. Ecol. Model. 199:64-72.
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RENAL MYXOSPORIDIOSIS IN WILD BROWN TROUT (SALMO TRUTTA) IN
SOUTH-WEST ENGLAND.
E.J. Peeler1, S.W. Feist1, M. Longshaw1, M.A. Thrush1, & S. St-Hilaire2
1

Cefas, Barrack Rd, Weymouth, DT4 8UB, UK; 2Idaho State University, 921 South 8th
Avenue, Pocatello, Idaho, USA 83209
Previous studies have estimated the prevalence of renal parasites in wild fish in England and
Wales. However, the available data does not allow for within and between site and river
variation to be calculated. This information is important in the sample size calculation for
future studies, and may provide insights into the processes driving infection. In this study the
prevalence of renal myxosporidiosis in wild brown trout in 7 rivers in south-west England
was investigated. Three hundred and twenty-seven (327) fish were sampled from a total of 16
sites (2 or 3 sites per river and approximately 20 fish from each site). Fifty four (54) fish
(16.5%) from six rivers were found by histological examination to be infected with
Tetracapsuloides bryosalmonae (Tb), the causative agent of proliferative kidney disease. The
prevalence varied between rivers with infected fish (2.5 – 36%) and between sampling sites
within a river (4.4 – 60%). Hepatitis was strongly associated with the presence of Tb (odds
ratio = 20.2). Chloromyxum spp. parasites were found in 25% of fish in six rivers. The
distance between sampling points varied between rivers and there appeared to be a strong
negative association between distance between sites and difference in prevalence between Tb
and Chloromyxym spp. A hierarchical variance model revealed that for Tb most of the
variance existed at the site level, whereas for Chloromyxum spp. most variance existed at the
catchment level. This indicated that the Tb infection is determined largely by site level factors
(e.g. presence of intermediate hosts, fish density etc). Chloromyxum spp., being less
influenced by factors operating within the river, once introduced into a catchment, achieved a
higher and less variable within river prevalence, compared with Tb. The intraclass cluster
correlation co-efficients were 0.2 and 0.4 for Tb and Chloromyxum spp., respectively,
indicating the latter to be more highly infectious. The results of this preliminary study provide
some insights into the processes driving Tb and Chloromyxum spp. infections and can be used
to estimate more accurately the sample sizes required to generate prevalence estimates with
the desired precision.
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COMBINED REARING OF SIBERIAN STURGEON (ACIPENSER BAERII) AND
EURASIAN PERCH (PERCA FLUVIATILIS) IN GEOTHERMAL WATER.

D.A. Pugovkin 1, P. Hufschmied2 , A.O. Kasumyan3
Centre for Fish and Wildlife Health, University of Berne, Länggass-Strasse 122, 3001
Berne; Tropenhaus Frutigen AG, Postfach 14, CH-3714 Frutigen; Moscow State
University Department of Ichthyology, Faculty of Biology, MSU, Vorobjievi gori,
Moscow 119899, Russia
The possibility of using perch as a stock component during the rearing of sturgeon in
geothermal water was determined. In the experiment, 40 sturgeon with a body weight of
807.3±135.0 g and 450 perch with a body weight of 10.4±4.0 g were reared in monoculture.
Also 40 sturgeon with a body weight of 783.5±133.3 g and 450 perch with a body weight of
10.0±3.8 g were reared in biculture, the perch comprising 14% of the sturgeon biomass. The
experiment was conducted at a water temperature of some 16.2±1.5°C, the water flow rate in
the thre 1.6m3 round tanks was 0,55±0.05 l/s and the feed rate was 2% per kg fish per day for
perch and 1% per kg fish per day for sturgeon. Specific growth factor, body index and feed
conversion ratio were evaluated for all the groups using a statistical significance level of P <
0.05. In the experiment, the perch reared in biculture with sturgeon attained the same body
growth rate compared with the monoculture variant. Perch survival was the lowest in the
biculture at 91.8 and 98.4% in monoculture respectively. In life perch no bacteria, viruses,
fungi or parasites were found. During a rearing period, affected fish in the perch tanks
consistently presented large white to reddish foci on the fin skin, often overgrown with
Saprolegnia sp. At least some of the fish presented extensive erosion of the fins, primarily
the pectoral and caudal fins. Haemorrhages on the fins were also evident in all trials only by
dee perch. The authors believe that the possibility of rearing these two species together stems
from their different feeding behavior and different growth. During 8 years required for the
rearing of sturgeon for caviar production, in same tank breeder we may grow 16 generations
of perch to a marketable size. Another benefit was that the labor-intensive removal of feed not
consumed by the perch was lower in the biculture, which meant that there was minimal
interference in the bicultural tank during rearing.
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PREVALENCE OF INFECTIOUS PANCREATIC NECROSIS VIRUS FROM
RAINBOW TROUT (ONCORHYNCHUS MYKISS) FARMS IN MEXICO
C. Salgado-Miranda*, E. Corona-Barrera, A. Marín, E. Palomares, M. Jurado, L. F.
Vega, A. López, C. Ortega, E. V. Soriano

Centro de Investigación y Estudios Avanzados en Salud Animal (CIESA), Facultad de
Medicina Veterinaria y Zootecnia. Toluca, estado de México. México.
Infectious pancreatic necrosis (IPN) is a highly contagious viral disease of young salmonid
fish (Reno, 1999). The causative agent is a bi-segmented double-stranded RNA virus
belonging to the genus Aquabirnavirus, family Birnaviridae (Dobos et al., 1979). In culturing
trout, this affection has an economical importance due to losses by mortality of fry and
fingerlings and retarded growth. In adult trouts, infection has an unapparent course (Reno,
1999). The IPN virus (IPNV) was reported in Mexico (State of Mexico) for the first time in
2001, isolated from US-imported rainbow trout (Oncorhynchus mykiss) fries (Ortega et al.,
2001; 2002). In 2004, IPNV was reported in 15.78% rainbow trout breeding farms from State
of Mexico (Salgado-Miranda et al., 2004; 2006). In the present study, the prevalence of IPNV
in rainbow trout commercial farms from the four main, central producer States was
investigated. Based on results of submitted cases to CIESA in 2004-2005, an epidemiological
study was designed to estimate 30% prevalence, with a 99% confidence and 5% absolute
accuracy. At to date, 255 fish has been studied. The samples were included in viral isolation
studies, using CHSE-214 cell line and indirect immunoflourence confirmation performed as
reported by the OIE (OIE, 2006). Obtained results showed IPNV 0.2549 prevalence (65/255).
These results indicate that IPNV infection is a spreading condition among the Mexican
rainbow trout culturing.
Dobos P., Hill B.J., Hallett R., Kells D.T.C., Becht H., Teninges D. Biophysical and biochemical
characterization of five animal viruses with bisegmented double-stranded RNA genomes. J Virol 1979;32:593605.
World Organisation for Animal Health. 2006. Diagnostic Manual for Aquatic Animal Diseases. 5ª edition.
Office International des Epizooties, Francia.
Ortega S.C., Vega L.F., Salgado M.C., Monrás S.M.R., Enríquez S.R. 2001. Isolation of infectious pancreatic
necrosis virus (IPNV) of rainbow trout (Oncorhynchus mykiss) in México. Book of Abstracts European
Association of Fish Pathologists. Tenth International Conference Disease of Fish and Shellfish. September 9-14.
Dublin, Ireland.
Ortega S.C., Montes de Oca R., Groman D., Yason C., Nicholson B., Blake S. Case report: Viral infectious
pancreatic necrosis in farmed rainbow trout from Mexico. J Aquat Animal Health 2002;14:305-310.
Reno P.W. Infectious pancreatic necrosis and associated aquatic birnaviruses. In: Woo PTK, Bruno DW, editors.
Fish Diseases and Disorders. Viral, Bacterial and Fungal Infections. London:CABI Publishing, 1999:1-55.
Salgado-Miranda C. Prevalencia del virus de la necrosis pancreática infecciosa en granjas de reproducción de
trucha arco iris (Oncorhynchus mykiss) en el estado de México (tesis de maestría). Toluca (Edo. de México)
México: Universidad Autónoma del Estado de México, 2004.
Salgado-Miranda C., Ortega C., Vega L.F., Lagunas S., Enríquez R., Salazar F. 2005. Isolation of infectious
pancreatic necrosis virus (IPNV) from rainbow trout (Oncorhynchus mykiss) breeding farms in México. Book of
Abstracts European Association of Fish Pathologists. 12th International Conference Disease of Fish and
Shellfish. September 11-16. Copenhagen, Denmark.
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NEMATOBOTHRIUM MOLAE, MACLAREN 1903 (TREMATODA:
DIDYMOZOIDEA) IN THE SKIN OF SUNFISH (MOLA MOLA L.) FROM THE
SPANISH MEDITERRANEAN COAST
A.E. Ahuir*,1, 2, F.E. Montero3, A. Girons 3, 4, F. Padrós3, 4, S. Crespo 3, 4 and J.A. Raga 2
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Didymozoids are one of the few trematodes which adult worms are intratissular. Several
species of these fish parasites have been described to date, but their phylogeny, biology and
host interaction is rather unknown. Nematobothrium molae is one of the most enigmatic
species of this group: its body is filiform and extraordinarily long (up to 2m) and lives in large
masses within the branchial subcutaneous tissue of the sunfish (Mola mola). Several
individuals (2 in previous references) live together forming globular masses composed by
their long thicker posterior regions which tangle intricately. The shorter and thinner anterior
body regions remain free. Food ingestion mechanism of N. molae is unknown but, due to its
large body volume and its very short digestive tract confined to the anterior region, it must be
tegumentary. In February 2007 a 2.40m sunfish was found stranded in Almassora (Spanish
Mediterranean); 27% of its skin surface showed marked swellings associated with capsules of
N. molae within the subcutaneous layer; 822 swellings were found dispersed by the distal
dorsal, ventral and caudal areas (none in branchial tissues). Parasites were found free within
ellipsoidal cavities of the skin (diameters; 2-10cm), sometimes intercommunicated. Most of
the lesions were superficial, but some of them were at up to 10cm in depth. The external layer
of the N. molae masses was whitish and formed by living tissues of the parasite. Host
connective thin flat digitations with significant vascularization had proliferated around and
between the parasite body loops. 2 to 4 individuals per capsule were observed, all of them
with markedly dilated uterus with numerous eggs. Some of the parasite interlaced masses
were degraded and calcified, although parasites remained alive with viable eggs. Parasites
seem to induce the growth of the abnormally capillarized host tissues in order to increase the
feeding surface and allow supplying with host nutrients their large and complex bodies inside
a poorly vascular area. Egg releasing to the sea water usually takes place through small pores
in the sunfish skin. However the observation of the wide perforations on the swellings,
associated to sea gull pecks, point to a possible alternative way to release big masses of eggs
which would also involve parasite death.
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MICROSPORIDIOSIS IN EUROPEAN SEA BASS (DICENTRARCHUS LABRAX)
AND SEA BREAM (SPARUS AURATA) FARMED IN ITALY
D. Florio*, F. Quaglio#, M. Caffara, F. Rogato§, M. Prearo°, M.L. Fioravanti

Faculty of Veterinary Medicine, University of Bologna, Italy. #Faculty of Veterinary
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The phylum Microsporidia contains several species responsible of serious diseases in farmed
fish. Some cases of intestinal and muscular microsporidiosis respectively in European sea
bass (Dicentrarchus labrax) and gilthead sea bream (Sparus aurata) farmed in intensive
systems in Italy are here described.
Thirty-four sea bass from 4 different inland farms, all strongly emaciated, showed under
dissection microscope the presence of whitish nodules of about 300-500 µm in diameter in the
intestinal tract. At higher magnification (40x-100x) the nodules appeared filled of spores
measuring 2-2.5 x 4-4.5 µm, ovoid in shape with a large posterior vacuole occupying more
than half part of the spore body. The histology showed the nodules as xenomas, i.e.
hypertrophic infected host cells of lamina propria, with a well-defined eosinophilic wall. The
persistence of hypertrophic and/or fragmented nucleus of the host cell and the scattered
presence of mature spores among several developmental stages were noticed. Xenomas were
present mainly in lamina propria, single or sometimes clustered, and rarely in the submucosa.
The highly infected areas showed the epithelium sloughing-off. Inflammatory reactions were
not observed around the xenomas during their early developmental phases, while mature
xenomas were surrounded by granulomatous reaction with necrosis. The morphological and
histological features indicated the parasites as Glugea spp.
Concerning gilthead sea bream, the presence of microsporidian cysts in the trunk muscle was
detected in 25 fish farmed in inshore floating cages. The cysts were ovoid or ellipsoidal in
shape, measuring 1-10 x 1-2 mm and at microscopic examination resulted filled of
microsporidian spores. These were ovoid, 2.5-3 x 3.5-4.5 µm, with a huge posterior vacuole.
At the histological examination the cysts appeared composed of aggregates of spores,
surrounded by a slight inflammatory reaction. Macrophages were only observed in presence
of mature cysts. Severe regressive changes were observed in the skeletal muscle tissue, with
atrophy, myonecrosis and haemorrhages. On the basis of the morphology of the spores and
the histopathological lesion the parasite could be referred to the genus Kabatana.
The sanitary implications of these microsporidioses for Mediterranean mariculture will be
discussed.
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PLEROCERCOSIS BY TRIAENOPHORUS SPP. (CESTODA:
PSEUDOPHYLLIDEA) IN NORTHERN ITALY
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Infections by Triaenophorus spp. (Cestoda: Pseudophyllidea) are well known parasitoses
affecting pike (Esox lucius) as definitive host and several freshwater fish species as second
intermediate host. In Italy previous reports on infections by larval stages (plerocercoids) of
Triaenophoridae referred only the presence of T. nodulosus in perch (Perca fluviatilis) , tench
(Tinca tinca) and rudd (Scardinius erythrophthalmus). A massive infection by plerocercoids
of T. crassus, the other European species, has been recently observed in coregonids
(Coregonus spp.) from a lake in Bolzano province (South Tyrol), Northern Italy.
In order to evaluate the pathogenic effect of these two species and to clarify the introduction
way of T. crassus in Italy, a parasitological survey was carried out.
During 2005-2006 a total of 190 fish belonging to 9 species was sampled from 13 lakes
located in South Tyrol and submitted to a complete parasitological examination.
All the collected cestodes were identified by morphological characters. Infected organs were
fixed in 10% buffered formalin for histological examination and stained by Ematoxylin &
Eosin and Mallory’s Trichrome.
Seventy-eight out of 190 fish examined were positive for Triaenophorus spp. In particular, T.
nodulosus was found in 11 out of 37 perch and 5 out of 46 pikes from 5 lakes, T. crassus in
56 out of 65 coregonids, 2 out of 4 brown trout (Salmo trutta fario) and 4 out of 6 pikes from
2 lakes.
Concerning T. nodulosus, histology revealed in the liver parenchyma (the only affected organ)
the presence of cysts surrounded by a fibrotic wall and containing several plerocercoids. The
liver showed fibrosis, diffuse necrosis and haemorrhages. Many plerocercoids appeared
degenerated.
In T. crassus plerocercosis, always detected in lateral muscle, large cysts surrounded by
fibroblasts and containing the larval stage of the parasite were present in muscle, with large
necrotic areas and inflammatory cells infiltration. Granulomas containing a necrotic central
core and structure of the parasite in regressive state were also observed.
Triaenophorids plerocercoses confirm to be a serious sanitary problem for wild fish
populations living in South Tyrol lakes, where restocking activities should be primarily
implicated in the recent introduction of T. crassus.
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MORPHOLOGICAL CHARACTERISATION AND PHYLOGENETIC POSITIONING
OF A NEW SANGUINICOLID BLOOD FLUKE, A PATHOGEN IN
MEDITERRANEAN SPARUS AURATA L. CULTURE
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In Mediterranean S. aurata sea-cage culture, massive sanguinicolid egg production has been
shown to cause clogging of the gill capillaries and intensive local tissue damage. However,
the related adult sanguinicolids have so far escaped detection. Recently, S. aurata from
different sites along the Spanish Mediterranean coast were screened for the sanguinicolid
parasite, and a seasonal pattern of egg abundance was noted which resulted in the detection of
the adults in April / May of each year. The adult sanguinicolids show high similarities with
the genus Cardicola, however, some morphological differences are present with regard to the
location of the male genital pore and the structure of the testis. The molecular study of the
parasite using 28S and ITS2 sequences showed that the sanguinicolid from S. aurata unites
sequence characteristics of two genera, i.e. Cardicola and Paradeontacylix, which have so far
been considered distantly related, on basis of their morphological features. The present study
shows the molecular relationships between these genera and the parasite from S. aurata,
unveils the similarities/differences between their morphologies as well as those related to their
seasonal patterns of infection and their pathologies.
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THE DIFFERENTIAL SUSCEPTIBILITY OF THE DIFFERENT STAGES WITHIN
THE LIFE CYCLE OF THE CESTODE, BOTHRIOCEPHALUS ACHEILOGNATHI
TO CADMIUM POLLUTION.
M. Khalil *, H. Hurd, D. Hoole.

Centre for Applied Entomology and Parasitology, ISTM, Keele University,
Staffordshire, ST5 5BG, UK.
Over recent years, there has been increased interest in parasites as models for monitoring
pollution. Previous studies have primarily concentrated on digeneans and acanthocephalans in
fish, and have shown that pollutants can affect the hosts’ immune system and that parasites
bioaccumulate heavy metals (Sures et al., 1997). Additionally, free living stages of some
parasitic species are affected by pollution. As part of a more extensive study on the effects of
heavy metals i.e. cadmium on the life cycle of Bothriocephalus acheilognathi, a pathogenic
cestode which infects carp, the effect of various concentrations of cadmium on parasite egg
hatch, free living coracidium activity and survival of the copepod intermediate host, was
carried out. Parasite eggs were exposed at 21ºC to a range of cadmium concentrations (0.1,
10, 100 and 100,000 µg/l) and hatch and coracidium survival ascertained. There was a
cumulative increase in hatch over a 4 day period in the controls and low cadmium
concentrations. In contrast, this increase was not observed in eggs exposed to 10,000 µg Cd/l.
X-ray electron microscopy has revealed that cadmium occurs on the parasite egg shell, and
this technique is currently being utilised to ascertain if this heavy metal penetrates the egg
shell. The coracidium mortality occurs significantly (p<0.05) earlier at 10,000 µg Cd/l
compared to controls. When the copepod intermediate host, Cyclops strenuus exposed to
cadmium, there was a significant increase (p<0.001) in the percentage of mortality at 50, 100,
500 and 1000 µg Cd/l compared to controls. However, there was no significant change in
copepods exposed to 0.1 and 10 µg Cd/l. The effect of cadmium on the adult worm in the fish
definitive host is being ascertained by assessing regional bioaccumulation of the metal within
the parasite and also by determining the effect on the fish immune response using a range of
immunological assays e.g. ELISA-serum antibody levels.
Sures B., Taraschewski H. and Siddall R. (1997). Heavy metal concentrations in adult acanthocephalans and
cestodes compared to their fish hosts and to established free-living bioindicators. Parassitologia 39: 213-218.
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PARASITES OF SOME MINNOWS (CYPRINIFORMES: CYPRINIDAE) FROM THE
SOUTHWEST OF THE CASPIAN SEA
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The fisheries for bonyfish species are of commercial importance in the southern part of the
Caspian Sea, but there are limited reports of fish parasites in this area (Sattari et al, 2005;
Sattari et al, 2007). In the present study, a total of 647 individuals of 7 fish species
consisting of Tinca tinca (n = 109), Rutilus rutilus caspius (n = 127), Rutilus frisii kutum (n =
81), Scardinius erythrophthalmus (n = 119), Cyprinus carpio (n = 71), Carassius auratus
gibelio (n = 89) and Chalcalburnus chalcoides (n = 51) were taken from some wetlands
around the southwest of the Caspian Sea between September 2001 and October 2003. 10
parasite species were found in these fish species consisting of 3 nematodes: Raphidascaris
acus (L.) (in T. tinca and S. erythrophthalmus), Camallanus lacustris ( in T. tinca) and
Anisakis sp. (in C. chalcoides); 1 cestode: Caryophyllaeus fimbriceps (in T. tinca and R.
rutilus caspius); 2 digenean trematodes: Asymphylodora tincae (in T. tinca) and Diplostomum
spathaceum (in T. tinca, R. rutilus caspius, R. frisii kutum and C. chalcoides); 1 monogenean
trematode: Dactylogyrus extensus (in T. tinca, R. rutilus caspius and S. erythrophthalmus); 1
crustacean: Lernaea cyprinacea (in T. tinca and R. rutilus caspius), 1 leech, Piscicola
geometra (in R. rutilus caspius) and 1 protozoan: Trichodina sp. (on the gills of T. tinca). The
occurrence of Anisakis sp. (L.) in C. chalcoides is reported for the first time as new host
record.
Sattari, M., Khara, H., Nezami, S., Roohi, J.D., Shafii, S. (2005). Occurrence and intensity of some nematodes in
the bonyfish species of the Caspian Sea and its Basin, Bulletin of the European Association of Fish Pathologists,
25 (4): 166-178.
Sattari, M., Mokhayer, B., Khara, H., Nezami, S., Shafii, S. (2005). Occurrence and intensity of parasites in some
bonyfish species of Anzali wetland from the southwest of the Caspian Sea, Bulletin of the European Association
of Fish Pathologists, 27 (2): 55-61.
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A parasitic nematode was found to occur in large number in the swim bladder of wild rainbow
trout (Oncorhynchus mykiss) caught in Adige River, Northern Italy.
In order to identify the parasite and study its diffusion and pathological effect on the infected
fish, a total of 31 salmonids belonging to 4 different species were sampled from the wild. In
particular, 15 rainbow trout (O. mykiss), 8 brown trout (Salmo trutta fario), 6 marble trout
(Salmo trutta marmoratus) and 2 brook trout (Salvelinus fontinalis) were submitted to
parasitological examination. The parasites collected from swim bladder were rinsed in
dechlorinated tap water and fixed in 70° ethanol. Swim bladders from heavily infected fish
were fixed in 10% buffered formalin for histology. Parasites were clarified by Amman’s
Lactophenole and observed to detect the main morphological features.
The presence of nematodes was detected in the swim bladder of 13 out of 15 rainbow trout, 3
out of 8 brown trout and 2 out of 6 marble trout. On the basis of the morphological features
the parasites were all identified as Cystidicola farionis (Nematoda: Cystidicolidae), species
widely spread among European salmonids but not yet described in Italy.
Gross pathological observations revealed in heavily infected fish the presence of worms free
in the lumen or strongly penetrating the swim bladder wall, with large haemorrhagic lesions.
Histopathological observations were consistent with previous descriptions, showing sloughing
off of the mucosa and necrosis with pyknosis and caryoressis of epithelial cells. Necrotic
lesions extended to the subepithelial connective tissue, where diffuse inflammatory cells
infiltrations were present too. In some cases focal lesions were observed in the muscular
layer.
This report points out the importance of associating a parasitological control to the mandatory
analyses requested for restocking activities, with the aim of avoiding the introduction of
pathogenic parasites that could represent a great sanitary risk for wild populations.
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DIFFERENCES IN THE PATHOGENICITY OF FOUR PARADEONTACYLIX SPP.
(TREMATODA, SANGUINICOLIDAE) FROM CULTURED GREATER
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Marine blood flukes are associated with damages and disease outbreaks in cultured fishes i.e.
gilthead seabream and greater amberjack. Mostly, pathologies are related to egg release in the
circulatory system. The accumulation of eggs in gills obstructs the blood flow but the most
important damage is produced when eggs hatch and miracidia rupture the epithelium in order
to leave the branchial filaments. Abnormal blood circulation and haemorrhages in the gills
provoke anoxia and may cause mortalities. Paradeontacylix spp. of sanguinicolid blood
flukes caused the loss of 80% of 0+ and 1+ greater amberjacks (S. dumerili) in Japan and
Majorca (Mediterranean Spain). No mortalities or important damages were registered in
cultured fishes from Murcia (Mediterranean Spain). Morphological and molecular data based
on ITS2 rRNA and COImt sequences supported the separation into 4 distinct species, with
two different basic morphotypes: 1) P. kampachi (Japan) with P. ibericus (Murcia) with large
size, two testicular rows, and small terminal tegumental spines; 2) P. grandispinus (Japan)
with P. balearicus (Majorca) with smaller size, one testicular row, and large terminal
tegumental spines. Juvenile host mortalities have only been associated with P. grandispinus in
Japan and P. balearicus in Majorca. The smaller body size of P.balearicus-P.grandispinus
allows a wider distribution within the circulatory system as the parasite fits into narrow gill
vessels, while P.kampachi-P.ibericus are not so dispersed and cannot enter the capillaries
within the lamellae. Moreover, eggs of P. balearicus were located in primary lamellae of the
afferent and efferent vessels and in secondary lamellae. Eggs of P. ibericus were only
detected in afferent vessels of the primary lamellae. Surprisingly, egg sizes were not
significantly different. Better dispersion of eggs inside the gills could explain stronger
pathological effects observed. Phylogenetic studies of all Paradeontacylix spp. allowed for
the separation separating of the S. dumerili parasites in two main branches: P. kampachi+P.
ibericus and P. grandispinus+P. balearicus. Despite the large geographic distance,
similarities between Japanese and Mediterranean species can be explained by the speciation
of parasite geminate lines before the separation of the host population by tectonic events
causing the isolation of the Mediterranean sea. Thereby, not only morphological similarities
but also the pathogenic potential is maintained along the speciation process of these parasite
species.
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There are limited reports of fish parasites in the southern shore of the Caspian Sea (Sattari et
al, 1996; Pazooki & Aghlmandi, 1998). In the present study, a total of 306 individuals of 9
fish species, namely Aspius aspius (n = 30), Barbus brachycephalus (n = 10), Barbus capito
(N = 30), Rutilus frisii kutum (n = 30), Neogobius fluviatilis (n = 43), N. kessleri (n = 34 ),
N. caspius (n = 33), N. bathybius (n = 67) and N. melanostomus (n = 30), were examined
for parasites from March to October 2003. A total of 6998 parasites of 7 species were found
in these fish species consisting of 2 trematodes : Asymphylodora tincae and Aspidogaster
limacoides, 4 nematodes : Eustrongylides excisus (L.), Dichelyne minutus, Raphidascaris
acus (L.) and Anisakis sp. (L.) and also 1 acanthocephalan: Corynosoma strumosum. In this
study, E. excisus (L.) and C. strumosum are reported for the first time from some gobiid
species and also D. minutus is reported for the first time from N. caspius and N.
melanostomus as new host records.
Sattari. M., (1996). Parasites of some bonyfishes of Anzali lagoon from the southwest of the Caspian Sea.
[In Persian], Report to the University of Guilan, Iran, p. 45-50.
Pazooki, J., Aghlmandi, F., (1998), Occurrence of D. minutus Rudolphi, 1819 in two gobiid species (N.
kessleri, N. fluviatilis) from the southern part of the Caspian Sea [In Persian], Iranian Journal of Fisheries
Sciences, 7, 2, 31-38.
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Clinostomum complanatum is a common parasite between human and fish (zoonose) .It can
be locally found in different tissues of the fish .A large spectrum of freshwater bony fish
including Capoeta capoeta gracilis harbour this parasite. It`s an endemic fish in freshwater
such as Shirood River in southern part of Caspian sea basin. During two seasons; winter and
spring, 2006.120 fish were caught using cast net along Shirood River in two stations situated
at the river mouth to Caspian Sea and its up stream. After biometric measurements, samples
were bleeded through cut of peduncle also infection by Clinostomum complanatum, in tissues
and organs studied. White blood cells counts and differential cell count were done for infected
and uninfected fish in the seasons and the stations. The reaction of immunity system in
infected fishes to Clinostomum complanatum studied for changes of abundance percentages of
leukocytes.
Statistical analysis showed that there are significant difference between infected and
uninfected fish ,as mean of lymphocytes, neutrophils and monocytes in the mouth of river
(P<0.05).Mean of lymphocyte, neutrophils and eosinophils had significant difference
comparing infected and uninfected fish in second station (P<0.05).Parasite infection exceeded
in females in second station in spring. The highest infection rate of Clinostomum
complanatum metacercaria observed in gills,also its found under the operculum, pharynx,
muscles, under the skin, inside the muscle around fins, under the pupil of the eye, in the
mouth and abdominal cavity. The metacercaria were observed inside the cysts in yellow, gray
and black colors. Contamination intensity and mean of white blood cells, in females in second
station in spring exceeded the first station and during the winter which may have caused by
high water salinity in first station and decrease of first intermediate host snails and male lesser
attendance during gonadal maturation.
Bullu's, P.A., 1993. Clinical pathology of temperate freshwater and estuarine fishes (in: Fish Medicine, Stoskopf.
pp, 232-239).
Chung, D.I., Kong, H.H., Moon, CH., 1995. Demonstration of the second intermediate hosts of Clinostomum
complanatum in Korea. Korean Journal of Parasitology, 33(4) : 305-12.
Malek, M., Mobedi, I., 2001, Occurrence of Clinostomum complanatum (Rudolphi, 1819) (Digenea:
Clinostomatidae) in (Osteichthys: Cyprinidae) from Shiroud River, Iran. Iranian J. Publ. Health, Vol. 30, No. 34, pp.95- 98.
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IN VIVO IMMUNOSTIMULATORY PROPERTIES OF THE HUMAN DEFENSIN
HNP1 ON THE RAINBOW TROUT (ONCORHYNCHUS MYKISS) IMMUNE
SYSTEM
A. Falco1, I. Brocal1, L. Pérez1, J.M. Coll2, A. Estepa1 and C. Tafalla3*
1
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We have previously reported the inhibition of viral haemorrhagic septicaemia rhabdovirus
(VHSV) by human defensin α 1 (HNP1) through a type I interferon (IFN)-like antiviral
response. To further study the capacity HNP1, to modulate the immune response in fish, in
the current work, we have studied its immunomodulatory capacity on the rainbow trout
(Oncorhynchus mykiss) immune system, as a first approach to evaluate the effects of these
antimicrobial peptides on the fish immune system. We have determined the effect of the
intramuscular injection of HNP1 on the expression of genes related to the inflammatory
process (interleukin, IL-1; IL-8 and tumour necrosis factor 1, TNF-1), CC chemokines
(CK5B, CK6 and CK7A), genes related to interferon (IFN) production (Mx1, Mx2, Mx3 and
IFN regulatory factor 3, IRF-3), to macrophage activation (IFN- and the inducible NO
synthase, iNOS) or to antigen presentation (major histocompatibility complex, MHC-I and
MHC-II) in the muscle, head kidney and blood of rainbow trout intramuscularly injected with
this defensin. Our results demonstrate the immunomodulatory capacity of HNP1 in the
rainbow trout cytokine and effector immune gene expression and confirm an important effect
of defensins on chemotaxis, indirectly through the activation of chemokines, as well directly,
since HNP1 proved chemoattractant for trout blood leucocytes.
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HUMAN ALPHA-DEFENSIN 1 INHIBITS IN VITRO INFECTION OF VIRAL
HAEMORRHAGIC SEPTICAEMIA RHABDOVIRUS (VHSV) BY INACTIVATING
VIRUS PARTICLES AND INDUCING A TYPE I INTERFERON ANTIVIRAL
RESPONSE IN FISH CELLS
Falco, A.1, Mas, V.1,Tafalla, C3 ,Perez, L.1, Coll, J.M.2, and Estepa, A.1*
1
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The current work describes the inhibitory effect of synthetic human alpha-defensin-1 (human
neutrophil peptide 1, HNP1) on the infectivity of viral hemorrhagic septicemia virus
rhabdovirus (VHSV) on fish cells through a dual mechanism. Our results show that in the
absence of serum HNP1 binds to and inactivates VHSV, most probably by interfering with
VHSV-G protein-dependent fusion. In the presence of serum, HNP1 induced the expression
of genes related to the type I interferon (IFN) response such as TLR3, Mx3, Mx1, Mx2, Vig1,
as well as of other immune genes such as iNOS, and IL-1 β in various cell types. To our
knowledge, this is the first report in which the induction of Mx antiviral proteins by HNPs is
detected. This capacity of HNP1 to modulate the immune response in fish cells, may also
contribute to the antiviral effect of HNP1 on VHSV. This is supported by the observation that
the treatment of cells prior to VHSV infection is also inhibitory, which suggests that AMP
bound to and/or internalized by target cells may regulate the expression of immune related
gene transcripts to block virus replication. These findings identify defensins as model
molecules for the development of novel therapeutic agents for fish that exhibit both antiviral
and immunoenhancing capabilities. Thus, an intensive search to identify HNP-like
homologues in commercially important aquacultured fish should be achieved.
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ABSOLUTE GENE EXPRESSION PATTERNS OF MX AFTER POLY I:C AND
AQUABIRNAVIRUS EXPOSURES IN SENEGALESE SOLE (SOLEA
SENEGALENSIS, KAUP)
M.A. Fernandez-Trujillo1, P. Ferro1, M.C. Alonso1, E. Garcia-Rosado1, J. Bejar1, I.
Cano1,2, M. Manchado3, C. Infante3, and J.J. Borrego1
1
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Interferons (IFN) play a key role in host resistance to viral infections. Mx protein belongs to
those IFN-related proteins necessary to establish an antiviral state. Although a sequence for
Mx gene in Senegalese sole has been recently reported, no information about its expression
profile after a viral infection is available. In this work, the number of molecules of Mx
transcripts in head kidney from soles intraperitoneally inoculated with poly I:C (15 mg/Kg) or
solevirus (104 TCID50/g) (an aquabirnavirus isolated from Senegalese sole) has been
quantified. Absolute quantification of Mx mRNA molecules was carried out at 12, 24, 36, 48,
72 and 96 h after inoculation by a real-time PCR approach and a standard curve using an in
vitro RNA control. The number of Mx transcripts increased significantly within the first 72 h
after poly I:C treatment, ranging from 4.4x105 to 1.0x107 molecules/10 ng total RNA. In
contrast, Mx mRNA levels only increased after viral infection at 36 (3.5-fold; 2.0x105 mol/10
ng total RNA) and 48 h (13.1-fold; 6.1x105 mol/10 ng total RNA) post-inoculation.
To know the effect of Mx on viral replication, a new experiment in which animals were preinoculated with PBS or poly I:C for 48 h was performed. Thereafter, the PBS pre-inoculated
soles where injected with PBS (PBS-PBS group) or solevirus (PBS-solevirus group), and the
poly I:C pre-inoculated soles where infected with solevirus (poly I:C-solevirus group). The
number of Mx mRNA copies was determined at 12, 24, 48, 72 and 96 h after the second
exposure. Steady-state copy number in the control group (PBS-PBS) did not change
significantly during the whole experiment. On the contrary, the PBS-solevirus group
exhibited significantly higher number of Mx transcripts 48 h after solevirus inoculation (17.1fold induction with respect to the PBS-PBS group). The poly I:C-solevirus group only
exhibited a higher Mx mRNA level 12 h after the second inoculation and no variation in the
steady-state mRNA copies was observed at 48 h.
These results indicate that solevirus induces expression of Mx in Senegalese sole and that Mx
might interfere solevirus replication, as the typical Mx gene expression profile induced by
solevirus infection was not recorded when Mx was over-expressed.
Financially supported by the CICYT project AGL2004-05614 from the Spanish Government
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SUPPRESSION SUBTRACTIVE HYBRIDIZATION FOR STUDYING GENE
EXPRESSION AFTER POLY I:C TREATMENT IN SENEGALESE SOLE (SOLEA
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Senegalese sole (Solea senegalensis, Kaup) and brill (Scophthalmus rhombus) are two
commercially important flatfish species in Southern Europe. Although important advances
have been achieved with respect to their adaptation to fish farms, including reproduction and
larval rearing, little information is available about the defence mechanisms against pathogens,
particularly of viral origin. In this study, we have investigated differential gene expression by
screening cDNA libraries generated by suppression subtractive hybridization (SSH) from
head kidney of S. senegalensis and S. rhombus stimulated by poly I:C. Secondary PCR
amplification revealed clear distinct band patterns between untreated controls and poly I:Ctreated samples after subtraction. In Senegalese sole, a total of 79 and 96 clones were
sequenced for the forward (up-regulated genes) and reverse (down-regulated genes) libraries,
and the average fragment length was 318 and 265 bp, respectively. Only 1 gene was common
to both libraries (haemoglobin alpha chain), suggesting an excellent subtraction. With respect
to S. rhombus, a total of 102 and 35 clones were sequenced for the forward and reverse
libraries, respectively. The fragment length was comprised between 108 and 642 bp, and no
redundant genes between both libraries were found. Gene identification was carried out by
BLAST analysis (tBLASTx). Genes involved in the immune response represented 13% and
16% in the forward libraries of Senegalese sole and brill, respectively. However, other genes
involved in cytokine and chemokine signalling pathway, apoptosis, cell cycle and signal
transduction have been identified. All these results show that SSH is a useful technique for
analysing the gene expression response to poly I:C, a well-known inducer of interferon, and
the subsequent identification of genes involved in the defence against viruses in flatfish. New
experiments using qRT-PCR to validate the gene expression changes observed for some of
these genes are ongoing.
Financially supported by Consejería de Innovación, Ciencia y Empresa. Junta de Andalucía. Project AGR516
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STUDIES OF CELLULAR RESPONSES AFTER TRANSFECTION WITH A
PLASMID CODING FOR AN IPNV VP2-FUSION PROTEIN.
R. Hanche-Olsen*’ ¹, I. Singh Mercy¹, K. Romøren² and Ø.Evensen¹
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Science, Oslo, Norway; ²GE Healthcare, Oslo, Norway
Infectious pancreas necrosis virus (IPNV) is the causative agent of infectious pancreas
necrosis (IPN), and the virus is known to have different genotypes resulting in different
virulence. IPNV causes disease in marine and freshwater fish as well as different molluscs
and crustaceans. The greatest economic and fish health impact, however, are on the
commercial salmon farming. At this moment there are no vaccines on the market which give
satisfying protection against IPNV in the field.
The IPNV-VP2 seems to be the immunodominant protein and is therefore highly relevant to
be used in any vaccine against IPNV. The construct used in the transfection is coding for a
fusion protein which contains parts of VP2 from the most virulent genotype, TATY (Santi et
al., 2004), connected to a transport signal (KDEL) and a biological adjuvant. The adjuvant
consists of parts of an exotoxin from Pseudomonas aeruginosa which previously has been
shown to increase the stimulation of the immune system (Shiau et al., 2000). Pichon et al.
(1996) have demonstrated that KDEL promotes retention of proteins in endoplasmatic
reticulum (ER). This retention is important for the presentation of the fusion protein on MHC
I, which might enhance the possibility of inducing a cytotoxic immune response. The aim of
this study is to characterize cellular responses in CHSE-, EPC- and TO-cells after transfection
with the described construct.
e have tested the amount of plasmid, amount of transfection reagent (FuGENE 6), incubation
time with transfection reagent and temperature by means of the luciferase reporter gene to
identify optimal transfection conditions. In addition, we have looked at the kinetics of the
protein expression in the cells after transfection and infected transfected cell lines with IPNV
to evaluate possible responses which might interfere with the virus replication.
Santi, N. et al. (2004) Virology 322 (1); 31-40
Shiau,J.W. et al. (2000) Vaccine 19 (9-10); 1106-1112
Pichon, C. et al. (1997) Mol.Pharmacol. 51 (3); 431-438
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CLONING AND CHARACTERISATION OF P38 MAP KINASE FROM ATLANTIC
SALMON. A KINASE IMPORTANT FOR REGULATING SALMON TNF-2 AND IL1Β EXPRESSION
T.E Hansen* and J.B Jørgensen

Institute of Marine Biotechnology, University of Tromsø, Norway.
p38 mitogen-activated protein kinase is activated by environmental stress and cytokines and
plays a role in transcriptional regulation and inflammatory responses. In this study, three
distinct Atlantic salmon p38 (As-p38) cDNAs were cloned, which all translated into 361
amino acid proteins. The As-p38 protein sequences possessed showed >85% identity to the
mammalian homolog, p38alpha. All three contained the conserved phosphorylation motif
TGY located in the activation loop of the kinase. Salmon p38 showed ubiquitous tissue
distribution, including expression in the immune organs head kidney and spleen. A higher p38
mRNA expression was detected in the ovary compared to other organs suggesting that p38
may perform specific functions within this organ. Western blot analysis with an antibody
specific for phosphorylated p38 showed that ectopically expressed As-p38 variants were
activated in CHSE-214 cells in response to chemical stress. Furthermore, lipopolysaccharide,
CpG oligonucleotides and recombinant trout IL-1beta induced endogenous phosphorylation
of p38 in salmon head kidney macrophages in a dose-dependent manner. The importance of
p38 for regulation of salmon innate immunity was further demonstrated by the ability of the
p38 specific inhibitor SB203580 to completely abolish LPS-stimulated TNF-2 and IL-1beta
mRNA expression in the macrophages.
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MAST CELLS AND SECONDARY VESSELS IN FARMED COMMON WOLFFISH
(ANARHICHAS LUPUS L.)
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The common wolffish (Anarhichas lupus L.) is a possible species for cold-water marine fish
farming (Moksness, 1994). Eosinophilic granular cells or mast cells (EGCs/MCs) occur in
large numbers in many teleost species and are believed to be involved in immune responses
(Reite, 1998). In salmonids, the EGCs/MCs form a distinct layer (stratum granulosum) in the
gastrointestinal tract, A study of the anatomy of the gastrointestinal tract of common wolffish,
showed that EGCs/MCs have a perivascular location, and are closely associated with large,
irregular, thin-walled vessels (Hellberg and Bjerkås, 2000). This study presents the results of
an ultrastructural study of common wolffish intestine, using transmission electron-microscopy
and scanning electron-microscopy of freeze-fractured intestine to examine the morphology of
the EGCs/MCs and the thin-walled secondary vessels. The material comprised juvenile (9month-old) and adult (24- and 30-month-old) common wolffish hatched and reared under
laboratory conditions at Flødevigen Marine Research Station, Institute of Marine Research,
Norway. Rainbow trout (Oncorhynchus mykiss Walbaum) intestine was included for
comparison. Results in wolffish showed a close association of the EGCs/MCs with the
endothelium of the thin-walled vessels. The thin-walled vessels appeared as irregularly
shaped spaces lined with endothelium; pericytes were not observed and collagen was found in
direct contact with the endothelium. The basal lamina was poorly developed and the
endothelium was vacuolated and very attenuated except in the nuclear region. Thin-walled
secondary vessels appeared to partly surround arteries and veins. Erythrocytes were only
occasionally observed in the lumen of thin-walled vessels and the luminal surface of the
endothelium had an uneven appearance with surface projections.
Moksness, E. (1994) Growth rates of the common wolffish, Anarhichas lupus L., and spotted wolffish, A. minor
Olafsen, in captivity. Aquaculture and Fisheries Management 25: 363-371
Reite, O.B. (1998) Mast cells/eosinophilic granule cells of teleostean fish: a review focusing on staining
properties and functional responses. Fish & Shellfish Immunology 8: 489-513
Hellberg, H. and Bjerkås, I. (2000) The anatomy of the oesophagus, stomach and intestine in common wolfish
(Anarhichas lupus L.): a basis for diagnostic work and research. Acta Veterinaria Scandinavica 41: 283-297
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SALMON (SALMO SALAR) MONONUCLEAR PHAGOCYTES – A MICROARRAY
STUDY
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Bacterial products such as lipopolysaccharide (LPS) and unmethylated, rich in CpG
dinucleotides DNA sequences have been well-known for their potent immunostimulatory and
adjuvant activity. The ability of these substances to direct the adaptive immune response
towards a Th1 type (i.e. cellular immunity) is by and large dependent on their ability to
stimulate the differentiation and the maturation of antigen-presenting cells (APCs), including
macrophages and dendritic cells, a process delineated by extensive up-regulation of a number
of cytokines and costimulatory molecules. In the current study, the activation of salmon
mononuclear phagocytes by LPS and class-B CpG oligonucleotides was examined using a
cDNA microarray and quantitative real-time PCR. Compared to LPS, treatment of salmon
leukocytes with CpGs resulted in modulation of the activity of a relatively larger number of
genes. In addition, despite that the LPS-treated cells expressed higher levels of proinflammatory cytokines (e.g. IL-1b) following 24 hours of stimulation, the up-regulation of a
number of secreted immune mediators, co-stimulatory molecules and dendritic cell markers
including CD64, CD137, CD40, TNF decoy receptor and B7-H1 homologues was
considerably higher in the cells stimulated with CpGs. These genes are implicated in the
development and the specific functions of APCs and their expression is modulated in
differentiating and maturing mammalian dendritic cells. Therefore, the presented data
highlight the potential of CpGs to serve as a superior maturational stimulus for salmon APCs
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THE INDUCTION OF THE SPECIFIC IMMUNE RESPONSE IN GROUPERS USING
NNV-INACTIVATED VACCINE
Y. H. Kai* and S. C. Chi
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Viral nervous necrosis (VNN) disease is an acute disease among many species of fish, and the
causative agent is the nervous necrosis virus (NNV) belonging to betanodavirus of
Nodaviridae. The mortality of NNV-infected fish at the larval stage could be as high as 80100%. In order to control the VNN disease, the NNV-inactivated vaccine was developed, and
was tested to immunize either grouper larvae or broodfish to prevent horizontal and vertical
transmission. Grouper larvae were bath-immunized by NNV vaccines that were inactivated
either by formalin or binary ethylenimine (BEI), and challenged with NNV one month post
vaccination. The result revealed that the survival rate of fish immunized with BEI-inactivated
vaccine was higher than that with formalin-inactivated vaccine. The effective concentration of
viral antigen in BEI-inactivated vaccine is 106 TCID50 ml-1 for bath immunizaiton. Moreover,
specific immune response was tested in adult groupers with body weight of 2 kg after
immunization with BEI-inactivated vaccine. When no adjuvant was used in the vaccine, the
minimal dosage of the vaccine for inducing neutralization antibodies was 109 TCID50 kg-1. On
the other hand, the neutralization index of the serum from the immunized fish elevated when
adjuvant was applied in the vaccine. Furthermore, broodfish before spawning were also
intramuscularly (I.M.) immunized with adjuvant-mixed BEI-inactivated vaccine, and maternal
antibodies against NNV in the eggs were examined by sandwich ELISA. The resulted
indicated that NNV-specific antibodies in the eggs from immunized broodfish were much
higher than that in the negative control fish. In conclusion, BEI-inactivated NNV vaccine was
able to induce effective immunity in the larvae by bath immunization or maternal antibodies
in the eggs through I.M. immunization of the broodfish.
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INTERACTIONS BETWEEN A NORWEGIAN SALMONID ALPHAVIRUS AND THE
INTERFERON SYSTEM OF ATLANTIC SALMON.
O. Kileng*1, J.U.E Granfors1 and B. Robertsen1
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Salmonid alphaviruses (SAVs), members of the Togaviridae family, are currently recognized
as a leading cause of pancreas disease (PD) in farmed Atlantic salmon (Salmo salar). SAVs
are enveloped viruses with a positive single-stranded RNA genome. In this work, we show
that interferon (IFN) and poly I:C effectively inhibits replication of a Norwegian SAV isolate
(NSAV - NVI) in Atlantic salmon TO cells. Real-time RT-PCR was used to track viral
replication and transcription of important genes in the IFN system. NSAV infection induced
transcription of IFN- α1/α2 with peak levels at 96 h and the IFN - induced genes Mx and
ISG15 with peak levels at 72 h. Both viral replication and increase in IFN system genes were
higher at 14oC than at 17oC. At 96 h IFN - α1/α2 transcripts showed a 180 fold increase at
17oC and a 700 fold increase at 14oC compared to non-infected cells. At 72 h Mx and ISG15
showed an increase of 300 and 700 fold at 17oC and an increase of 1050 and 5600 fold at
14oC respectively. Immunoblotting was used to study protein synthesis during NSAV
infection of TO cells. Protein levels of Mx appeared to peak at 72 h similar to Mx transcript
levels whereas ISG15 protein appeared to maintain at a high level from 72 to 168 h.
Taken together, the NSAV isolate is capable of replicating in TO cells, but the cells appear to
mount a defense response against the virus that ultimately halts viral replication. Furthermore
it was found that the IFN system of the cells is very effective in reducing viral replication
when properly stimulated in advance of infection.
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Chemokines are generally known as a superfamily of chemotactic cytokines involved in host
defense as regulators of leukocyte trafficking, organogenesis, hematopoiesis, and neuronal
communication. Chemokines are classified into four groups: CXC(α), CC(β), C(γ) and
CX3C(δ) depending on the pattern and spacing of the four conserved cysteine residues and
most members belong to the CXC and CC chemokine groups. In fish, only a few orthologues
to the mammalian CXC chemokine have been identified. In this study, we determined a fulllength cDNA and gene of a novel CXC chemokine from Japanese flounder. Based on
phylogenetic analysis and gene structure, we determined that the novel CXC chemokine of
Japanese flounder is homologous to the mammalian CXCL13 gene. Furthermore the
expression pattern of the Japanese flounder CXCL13-like gene in normal tissues and in
peripheral blood leukocytes (PBLs) following stimulation with either lipopolysaccharide
(LPS) or poly I:C was analyzed by RT-PCR and real-time quantitative PCR. The Japanese
flounder CXCL13-like chemokine cDNA contains an open reading frame of 333 nucleotides
encoding 111 amino acid residues with four conserved cysteine residues. The gene is
composed of four exons and three introns as are those of mammalian and fish CXC
chemokines. Homology and phylogenetic analysis revealed that the Japanese flounder
CXCL13-like chemokine is closest to the CXCL13 subgroup. The gene was expressed in
immune-related organs, including head kidney, trunk kidney, spleen and peripheral blood
leukocytes (PBLs). Japanese flounder CXCL13-like chemokine gene expression was
observed at 3 and 6 h after induction by LPS, but not at 3 and 6 after induction by poly I:C.
These results indicate that the Japanese flounder CXCL13-like chemokine is probably
associated with inflammatory as well as homeostatic functions.
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Lactococcosis is an important bacterial disease in cultured grey mullet ( Mugil cephalus L. )
and has caused serious economic losses in Taiwan. Extracellular product profiles of
Lactococcus garvieae isolated from grey mullet, and reference strains L. garvieae,
Streptococcus agalactiae, S. dysgalactiae and S. iniae were analyzed by protein
electrophoresis. The results of protein profiles from L. garvieae isolated from grey mullet
showed similar to these of reference strain L. garvieae and major molecular weight were 56,
51 and 45.5 kDa, but they were difference between L. garvieae isolated from grey mullet and
reference strains S. agalactiae, S. dysgalactiae and S. iniae. We prepared bacterin antigens,
formalin-killed whole cells, whole cells mixed extracellular products, and lysis of L. garvieae,
and vaccinated grey mullet. Its efficacy in protecting fish was evaluated in aquarium. In
challenge, the vaccine gave a relative percent survival of 84%, 90 %, and 100% after
challenge with L. garvieae in formalin-killed whole cells, formalin-killed whole cells mixed
extracellular products, and lysis of L. garvieae, respectively. In addition, the immunogenicity
of the extracellular protein was identified by Western blots method.
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SOYBEAN MEAL-INDUCED ENTERITIS IN ATLANTIC SALMON (SALMO
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Soy products were early proposed as a potentially good substitute for fish meal (FM) in diets
for farmed salmonids due to its low price, good availability and good nutritional value.
However, Atlantic salmon develop sub-acute enteritis in the distal intestine (DI) when fed
diets containing soybean meal (SBM) at high levels. The morphological changes are
characterized by villous atrophy and infiltration of inflammatory cells into the intestinal
mucosa. In the chronic phase of the enteropathy the inflammatory cell infiltrate contain many
lymphocytes with T-cell like reactivity. In addition mRNA expressing CD3, CD4 and CD8
are upregulated indicating that the enteropathy may be T cell mediated at the chronic stage.
Cells involved in the early stages of the enteropathy have been less studied. The first
morphological signs of the enteritis can be seen as early as 3 days after introduction of dietary
SBM and all signs of the fully developed enteritis are present after 7 days.
The aim of the present study was to investigate immunorelevant genes that may be involved
in the pathogenesis of the intestinal immune activation in Atlantic salmon. Genes investigated
were: pro-inflammatory genes, inflammatory cell markers and genes that may be involved in
the regulation of T cells.
For quantification of RNA and histological evaluation tissue samples from DI were collected
from fishmeal controls and from fish fed SBM for 1, 3 and 7 days. The following qPCR
calculation method was employed: calibrator-normalized relative quantification using with
efficiency correction. A fish from the FM group was used as calibrator. The expression of the
target genes were normalized to 2 different housekeeping genes.
The DI samples from fish fed the diet containing SBM showed a general progression of
reduced mucosal fold height, increased lamina propria width with leukocyte infiltration and
reduced supranuclear (absorptive) vacuolization over the experimental period.
The expression of transforming growth factor b1(TGFb1) was down-regulated in the SBM
group at day 1, 3 and 7, and interferon-γ-inducible-lysosomal thiol reductase (GILT) was
down-regulated in the SBM group at day 3 and 7. Expression of protease activated receptor-2
(PAR2) was upregulated at day 1 in fish fed SBM.
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J. Lovy*1, D. Speare1, G. Wright1, J. Becker2, D. Wadowska1 and M. Powell2
1
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Diseases of the gills are a common problem in the culture of salmonids. Understanding
cellular mechanisms in which fish use to combat gill infections are important in
understanding the pathogenesis of gill diseases. Two gill diseases which are currently
problematic to the salmon industry and are known to elicit a host cell response are
Microsporidial Gill Disease (MGD) in Chinook salmon, Oncorhynchus tshawytscha, and
rainbow trout, Oncorhynchus mykiss, and Amoebic Gill Disease (AGD) in Atlantic salmon,
Salmo salar. Gills of these fish were examined using transmission electron microscopy in
order to determine the host cell responses associated with the diseases. During examination
of the gills two previously unidentified cell types were observed. One of the cell types
consists of tennis racket shaped granules which share similarities with Birbeck granules from
mammalian Langerhans cells. These cells were identified commonly in Chinook salmon and
rainbow trout with MGD and in one case observed in Atlantic salmon with AGD. Although
antigen presentation to T cells is known to occur in fish this is the first morphological
evidence suggesting the presence of a professional antigen presenting cell in fish. The other
cell type is a mononuclear cell that contains granules which resemble mammalian eosinophil
granules. The granules are fusiform in shape and contain a central zone which is less electron
dense than the outer zone. Eosinophils have previously been described for carp, but this is the
first ultrastructural description of this cell type for salmonids. Eosinophils were commonly
observed in Atlantic salmon with AGD and were the most commonly encountered
inflammatory cell in the gills. Many of the eosinophil granules in the AGD affected salmon
showed signs of piecemeal degranulation. Eosinophilia and piecemeal degranulation are
known to be damaging to affected tissues of mammals and the presence of eosinophils with
signs of degranulation suggest that AGD related tissue damage may be a result of both the
presence of the amoebae and gill eosinophilia.
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COMPARISON OF ANTIBODY RESPONSES IN ATLANTIC COD (GADUS
MORHUA L.) TO VIBRIO ANGUILLARUM, AEROMONAS SALMONICIDA AND
FRANCISELLA SP.
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Atlantic cod (Gadus morhua L.) is an emerging species in Norwegian fish farming industry,
and there is a need for vaccines to control bacterial diseases like vibriosis, Francisellosis and
atypical furunculosis. Various serotypes of Vibrio anguillarum and variants of atypical
Aeromonas salmonicida have been isolated from diseased cod, while variability among
Francisella sp. isolates has so far not been found. In order to develop vaccines for cod that
elicit efficient protection against all variants of the bacterial species, it is of importance to
investigate the ability of the cod immune system to discriminate between the various
serotypes and variants. Here, we have studied the antibody responses in cod to V.
anguillarum, A. salmonicida and Francisella sp. using enzyme linked immunosorbent assay
(ELISA) and immunoblotting.
Previously, A. salmonicida isolates were found to induce stronger antibody responses in cod
compared to V. anguillarum O2b, and more individuals immunised with A. salmonicida
revealed a response compared to those immunized with V. anguillarum O2b. The responses to
both bacterial species were mainly toward lipopolysaccharides (LPS).
In the present study, we found that antibody responses in Atlantic cod were dependent on
which bacterial species and serotype/variant that were used for immunisation. Responses to V.
anguillarum were highly specific and differentiated between serotypes. Both A. salmonicida
and Francisella sp. induced antibody responses in most individuals, and the titres were
comparable to that in Atlantic salmon. The atypical variants of A. salmonicida all induced
high antibody titres, but not all induced antibodies with specificity toward LPS epitopes
detectable on immunoblot. Apparently, the main antibody responses to Francisella sp. were
toward LPS.
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MOLECULAR CLONING AND EXPRESSION OF A TOLL RECEPTOR GENE
HOMOLOGUE FROM KURUMA SHRIMP, MARSUPENAEUS JAPONICUS
T. Mekata* , T. Kono, T. Yoshida, M. Sakai and T. Itami
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Toll-like receptors (TLRs) are type I transmembrane proteins that tare evolutionarily
conserved between insects and humans. In mammals, 13 members of the TLR family have
been identified. Among invertebrates, innate immunity appears to be the primary defense
mechanism against harmful non-self agents. This non-self recognition is activated by
microbial cell wall components with unique conserved molecular patterns. Pathogenassociated molecular patterns (PAMPs) are recognised by Pattern Recognition Receptors
(PRRs). Toll receptors are cell-surface receptors acting as PRRs and involved in the innate
immunity activation signaling pathway (Akira et al. 2001). Tolls from penaeid shrimp are
identified in Litopenaeus vannamei (LvToll) and Penaeus monodon (PmToll) (Yang et al.
2007). However, the molecular ligand-recognition patterns recognized and identification of
the Toll class remain unknown. Therefore, further study of Toll receptor in shrimp is
necessary. Here we reported cDNA cloning of a Toll receptor from kuruma shrimp,
Marsupenaeus japonicus. The full length cDNA of M. japonicus Toll (MjToll) consists of
3,095 nucleotides coding for a putative protein of 1,008 amino acids. The deduced amino acid
sequence of MjToll is homologous to Drosophila melanogaster Toll (DmToll) at 30.2%
similarity. The LvToll showed high similarity to PmToll at 94.6% identity. The MjToll
identified in this study showed homology at 45.7% with the LvToll. Therefore, MjToll may
belong to a new class of Toll receptors in shrimp. Further, RT-PCR results showed that
MjToll is constitutively expressed in hemocytes, stomach, gut, gill and the hepatopancreas.
The expression of MjToll was up-regulated and increased up to 10 times at 12h after
treatment of 10 ng ml-1 peptidoglycan.
This study was supported by the Research and Development Program for New Bio-industry Initiatives.

Akira, S., K. Takeda, and T. Kaisho. 2001. Toll-like receptors: critical
proteins linking innate and acquired immunity. Nat Immunol 2
(8):675-680.
Yang, L. S., Z. X. Yin, J. X. Liao, X. D. Huang, C. J. Guo, S. P. Weng,
S. M. Chan, X. Q. Yu, and J. G. He. 2007. A Toll receptor in shrimp.
Mol Immunol 44 (8):1999-2008.
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SEVERE INJECTION SITE REACTIONS IN ATLANTIC SALMON (SALMO SALAR
L.) IMMUNIZED WITH OIL ADJUVANTED VACCINES ARE ASSOCIATED WITH
EXCESSIVE STIMULATION OF THE IMMUNE SYSTEM BIASED TOWARDS A
HUMORAL IMMUNE RESPONSE
S. Mutoloki*,1, G.A. Cooper2, I.S. Mercy1, B.F. Koop2 and Ø. Evensen1
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Oil-based vaccines are among the most potent adjuvanted vaccines ever described both in
mammals and fish, and today such vaccines are only licensed for use in fish. Atlantic salmon
is vaccinated by the intraperitoneal route which results in variable, unpredictable and long
term injection-site reactions. The underlying host responses explaining variability in severity
of the reactions are not understood. In this experiment, we vaccinated Atlantic salmon parr
with oil-adjuvanted vaccines that were designed on the basis of the nature and content of the
bacterial antigens to induce mild and severe injection site reactions. The injection site
reactions were classified at 3 months post vaccination (when responses are well established)
by gross and microscopic methods into mild or severe. Corresponding gene expression
patterns in the head kidneys, the “draining lymph node” of the peritoneal cavity, were
examined by using a salmonid cDNA microarray. Gene up- or down regulation was validated
by quantitative real time PCR. The results showed a clear distinction in the gene expression
patterns between fish with severe or mild injection-site reactions. Fish with severe
inflammation (by gross exam and histology) showed a significant up-regulation of
inflammatory-related and complement genes in the head kidney. In addition genes involved
in antigen recognition, processing and presentation were also up-regulated. Adaptive
responses were strongly biased towards humoral immunity, represented by significant upregulation of immunoglobulin genes, while cellular (T cell) response-associated genes were
down-regulated. In fish with mild injection site responses (by histology) few inflammatory or
immune-related genes were up-regulated in the head kidney. The underlying host response
pattern of salmon to severe injection site reactions induced by oil-adjuvanted vaccines is
biased towards strong systemic humoral immune responses, possibly a Th2-like response.
Similarly, strong up-regulation of inflammation-associated genes at 3 months post vaccination
indicate a chronic active and systemic inflammation, likely associated with the retention of
antigens at the injection site (granulomas). Comparatively, mild injection site reactions are
associated with less systemic inflammation and immunity. Thus, severe injection site
reactions are linked to an excessive humoral immune response accompanied by strong
chronic, active inflammation.
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THE IMPACT OF ADRENERGIC AGONISTS AND ANTAGONISTS ON THE
EXPRESSION OF INDUCIBLE NITRIC SYNTHASE (INOS) IN PHAGOCYTES OF

CYPRINUS CARPIO.
N. Neumann*1, C. Pietsch1, K. Knopf1, W. Kloas1
1
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Stress in aquaculture is one of the potential factors causing increased susceptibility of fish to
pathogens and subsequently considerable losses in production.
As a consequence there is an increasing need of research to be done to evaluate the interaction
between the stress reaction and the immune system in fish.
As in other vertebrates, both systems interact through mutual messengers and receptors. In
fish the key functions of both systems are co-located in the same organ: the head kidney. This
characteristic makes fish an interesting model for studies of endocrine-immunological
interaction.
Important effector cells of the innate immune system are phagocytes. They are capable to
engulf microorganisms and kill them trough the production of highly reactive free radicals
like nitric oxide (NO). In phagocytes the production of NO is catalysed by the enzyme
inducible nitric oxide synthase (iNOS).
In this study the expression of the iNOS was evaluated via RT-PCR after in vitro challenge of
phagocytes with stress hormones as well as with adrenergic agonists and antagonists.
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INVESTIGATION ON THE IMMUNOMODULATORY EFFICACY OF BALISTID
FISH ONDUS NIGER LIVER OIL IN SHRIMP PENAEUS INDICUS
A. Palavesam*, M. Navin Chandran and G. Immanuel
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An investigation was made to access the immunomodulatory efficiency of Balastid fish liver
oil in shrimp Penaeus indicus. For this four test diets were prepared using conventional feed
ingredients in the same quantity at isoprotein level (36.4%) and defatted with chloroform :
methanol in the ratio of 2 : 1 for a period of 96 hours. In first two test diets (ED1 & ED2)
same quantity (4.0 g) of crude and partially purified Balistid fish (O. niger) liver oil were
added. In the third test diet (ED3) the same amount (4.0g) of commercially available cod liver
oil was added. The fourth diet (CD) was prepared as such in the defatted condition without oil
supplementation and used as the control diet. The test (ED1 to ED3) and control (CD) diets
were prepared in the form of noodles after subjected to steaming for 15 minutes in a pressure
cooker. The dry diets were offered to shrimp (2.9 to 3.2 g) reared in 100 litre glass aquaria at
the density of 15 numbers per m2 at ad libitum at the rate of of three times per day for a
period of 15 days. Everyday after removing the unfed remains, 60% water exchange was
made and uniform water quality parameters were maintained in the all the four experimental
tanks. Mild aeration was also provided uniformly in all the tanks by using small scale
laboratory aerators. In each diets, the shrimps were maintained in triplicate. At the end of the
experiment the haemolymph samples were taken in all shrimps in replicates and analyzed for
nonspecific immunological parameters such as THC, DHC, phenol oxidase and alkaline
phosphatase activities were monitored. The results indicated that, all these parameters showed
statistical significant increase (P < 0.05; SNK test) in P. indicus fed ED1 & ED2 diets when
compared with those shrimp received CD diets. Among the treatments also, these parameters
showed significant enhance (P < 0.05; SNK test) in ED1 and ED2 diets fed shrimps when
comparing with those received ED3 diet. Challenge test against bacterial pathogens Vibrio
harveyi also showed remarkable variation between control (CD) and experimental diets (ED1
to ED3) fed shrimps. The significance of the results obtained is discussed.
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IMMUNOSUPPRESSION OF STIMULATED CARP (CYPRINUS CARPIO L.)
LEUKOCYTES BY PROGESTOGENS IN VITRO
C. Pietsch*, K. Knopf and W. Kloas
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The innate immunity is of primary importance in combating infections and plays an
instructive role for the acquired immunity in fish. Especially the activity of the inducible nitric
oxide synthase (iNOS), responsible for production of anti-microbial NO, plays a central role
in inflammatory reactions that follow infection or tissue damage.
Natural progestogens are important steroids for oocyte maturation and sperm mobility in fish,
and synthetic progestins may have a detrimental effect on endocrine functions. Furthermore,
progestogens are known for their immunosuppressive actions in mammals, but very little is
known about their regulatory functions in the piscine immune systems.
Therefore, we used carp kidney leukocytes stimulated with the ubiquitous bacteria Aeromonas
hydrophila to investigate immunosuppression by progestogens in carp. Since the NO
production is tightly regulated by growth factors and cytokines, we also determined mRNA
expression patterns in steroid-treated leukocyte cultures by means of semi-quantitative RTPCR which revealed downregulation of iNOS and related proinflammatory cytokines.
In the classical view receptor-mediated steroid actions are not only possible via specific
nuclear receptors but also by membrane-bound receptors. To our knowledge, we provide the
first evidence for membrane-bound progestogen receptors (mPR) on leukocytes in fish. The
mPR in fish ovaries is known as a G-protein coupled receptor signaling via secondary
messengers, such as cyclic AMP. Thus, we also investigated the effects of cAMP elevating
agents on the NO release by stimulated leukocytes. Especially, exposure to forskolin, which
increases intracellular cAMP levels by activation of adenylate cyclases, lead to a significant
and concentration-dependent decrease of the A. hydrophila-stimulated NO production.
In conclusion, the measurement of NO production proved to be a valuable tool to investigate
the regulation of immune responses by steroids in carp kidney leukocytes in vitro.
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THE MAST CELL IN AN EVOLUTIONARY PERSPECTIVE
O.B. Reite and Ø. Evensen

Norwegian School of Veterinary Science, Oslo, Norway
During the Devonian period the bony fishes (Osteichthyes) divided into two major groups,
Sarcopterygii (Choanichthyes) and Actinopterygii. Studies on the mast cell system in lower
vertebrates have shown that histamine, a potent mediator of inflammation in mammals, is
stored in the mast cells of lungfish and all descendants of ancestral reptiles, groups
descending from the Sarcopterygii. Our observations in teleostean species representing
primitive types (mormyrids), intermediate ones (cyprinids, esocids, salmonids) as well as
advanced spiny teleosts (ciclids, labrids), with focus on mast cells in gills and intestinal
tissues, indicate that in the teleosts, a group descending from the Actinopterygii, the mast
cells are not involved in the storage of histamine. Absence of mast cell histamine is also
found in modern amphibians, but the line of ancestral amphibians leading to reptiles is
extinct. The presence of powerful vascular responses to histamine also seem to be restricted to
vertebrates with histamine-storing mast cells, whereas all vertebrates hitherto studied show
similarities with respect to responses of mast cells in acute and persistent inflammation.
Morphologically the histamine-storing mast cells are similar to those devoid of histamine, but
in many species they may differ in staining characteristics (cf. “eosinophilic granular cells”).
Inflammatory responses in teleosts, with degranulation of mast cells followed by margination
of neutrophil granulocytes and increased permeability in small blood vessels, are elicited by
injection of bacterial products or other noxious agents. Immunochemical observations indicate
that peptide antibiotics (piscidins) are also stored in teleostean mast cells. Thus, the functional
responses of mast cells in tissues of teleosts, descendants of the Actinopterygii, and lungfish,
reptiles and higher vertebrates, descendants of the Sarcopterygii, are fairly similar, and it
seems likely that most of these characters were also present in their common ancestors, the
Osteichthyes of the Devonian period, but with respect to vascular responses to histamine
and histamine stores in mast cells the two groups are different.
Reite, O.B. 1965 A phylogenetical approach to the functional significance of tissue mast cell histamine. Nature
206: 1334-6.
Reite, O.B. 1972 Comparative physiology of histamine. Physiological Reviews 52:778-819.
Reite, O.B. and Evensen, Ø. 1994 Mast cells in the swimbladder of Atlantic salmon, Salmon salar:
histochemistry and responses to compound 48/80 and formalin-inactivated Aeromonas salmonicida. Diseases of
Aquatic Organisms 20:95-100.
Reite,O.B. 1996 The mast cell nature of granule cells in the digestive tract of the pike, Esox lucius: similarity to
mammalian mucosal mast cells and globule leucocytes. Fish & Shellfish Immunology6:363-9.
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THE IN VIVO EFFECTS OF CPG OLIGODEOXYNUCLEOTIDES TREATMENT ON
IMMUNE RESPONSES IN THE KURUMA SHRIMP MARSUPENAEUS
JAPONICUS
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The CpG-ODNs, oligodeoxynucleotides (ODNs) containing unmethylated CpG dinucleotides
within specific sequence contexts (CpG motifs), like baterial DNA, are recognized by the
vertebrate immune system and are known to stimulate immune responses. In this study, the
immunostimulatory effects of synthetic oligoxynucleotides containing CpG motofs was
evaluated in the kuruma shrimp Marsupenaeus japonicus. Injection of CpG-ODNs resulted in
increased responses of phagocytic activity in kuruma shrimp haemocytes. The activation of
haemocytes was apparent for up to 5 days post CpG-ODNs treatment. The lysozyme activity
of haemolymph also increased in kuruma shrimp treated by CpG-ODNs. These results
indicated that CpG-ODNs enhanced the immune response of invertebrates shrimp as well as
vertebrates.
This study was supported by Research and Development Program for New Bio-industry
Initiatives.
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Interleukin 8 (IL-8) is a CXC chemokine produced in response to infection or other proinflammatory stimulus such as IL-1 or tumour necrosis factor  (TNF-). Although the
rainbow trout (Oncorhynchus mykiss) sequence was previously identified (Laing et al., 2002;
Sangrador-Vegas et al., 2002; Fujiki et al., 2003), no studies concerning its biological role
have been performed yet. In the current work, we have developed a method for studying the
biological activity of rainbow trout IL-8 using pIL8+, a plasmid in which the full open
reading frame of this cytokine was cloned. Since chemokines synthesized in the cells are
secreted to the supernatant, through the transfection of EPC cells with pIL8+, we obtained
supernatants which contained rainbow trout IL-8. Using these supernatants we were capable
of studying the chemotactic properties of IL-8. Our results also demonstrate that rainbow trout
IL-8 is not only chemotactic but can also modulate immune mechanisms such as leukocyte
respiratory burst. Its effects on the expression of other chemokines, pro-inflammatory
cytokines and the IL-8 receptor were also studied.
Fujiki, K., Gauley, J., Bols, N.C. and Dixon, B. (2003) Genomic cloning of novel isotypes of the rainbow trout
interleukin 8. Immunogenetics 55: 126-131
Laing, K.J., Zou, J.J., Wang, T., Bols, N., Hirono, I., Aoki, T. and Secombes, C.J. (2002) Identification and
analysis of an interleukin 8-like molecule in rainbow trout Oncorhynchus mykiss. Devel Comp Immunol 26: 433444
Sangrador-Vegas, A., Lennington, J.B. and Smith, T.J. (2002) Molecular cloning of an IL-8-like CXC
chemokine and tissue factor in rainbow trout (Oncorhynchus mykiss) by use of suppression subtractive
hybridization Cytokine 17(2): 66-70
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A COMPARISON OF LYSOZYME ACTIVITY IN DIFFERENT TISSUES FROM TEN
FISH SPECIES
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A preliminary study was carried out to compare the lysozyme activity in the tissues of ten
different species important to aquaculture: Carassius auratus L., Cyprinus carpio L.,
Dicentrarchus labrax L., Gadus morhua L., Oreochromis niloticus L, Oreochromis karongae
T, Oncorhynchus mykiss L., Salmo salar L, Clarias batrachus L. and Pangasias
hypophthalmus S. Tissues analysed for lysozyme activity included plasma, mucus, gall
bladder, spleen, posterior and anterior kidney, liver, heart, and where possible testes and
ovaries. The aim was to determine the most suitable tissue to sample for lysozyme for each
fish species.
Healthy fish were sacrificed by over-anesthetising with 2-phenoxy ethanol, blood was
collected using hepranised syringes and skin mucus sampled prior to dissection. All samples
collected were stored on ice. One hundred µl of 0.2 M Sodium Phosphate Buffer, pH 6.0 was
added to the samples (except blood) and homogenised on ice using a sterile pellet pestle
(exception mucus and blood). All samples were then centrifuged at 5000 x g for 5 min,
supernatant collected, pooled and stored at -20°C for analysis.
Lysoplates (Osserman and Lawlor, 1966) (0.75 % (w/v) agarose, 0.6 mgml-1 Micrococcus
lysodeikticus) were prepared and 3 mm wells made. Twenty µl of each sample was placed
into triplicate wells and the plates incubated at 25°C for 20 h. Following incubation, the
diameter of the zone of clearance was measured and comparisons made between samples.
Lysozyme activity was present in the least number of tissues of G. morhua (i.e. spleen,
mucus, posterior and anterior kidney), while lysozyme activity was present in all tissues
sampled from C. auratus, D. labrax, O. mykiss, S. salar and P. hypophthalmus All fish
species exhibited lysozyme activity in mucus and posterior kidney.
The results of this study suggest that the posterior kidney and mucus are important tissues for
measuring lysozyme activity for each of the species studied. Further study is required to
optimise the method for each species e.g. the pH, temperature.
Osserman, E.F., Lawlor, D.P. (1966). Serum and urinary lysozyme (muramidase) in monocytic abd myelocytic
leukaemia. Journal of Experimental Medicine 124, 921-949
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GENOMIC STRUCTURE AND GENE EXPRESSION OF INTERLEUKINS
INVOLVED IN THE INFLAMMATORY RESPONSE OF ATLANTIC COD (GADUS
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The interleukins IL-1β and IL-8 are important pro-inflammatory cytokines and they are often
used as markers of an activated inflammatory response, while IL-10 is regarded as an antiinflammatory cytokine. Few cytokines from gadoid fish have been identified, and herein the
genomic structure, gene expression and promoter sequence of these interleukins in Atlantic
cod are described. Atlantic cod IL-1β, IL-8 and IL-10 have the same gene organisation as its
closest related fish species, and their deduced amino acid sequences are 253 aa, 101 aa and
179 aa, respectively. The gene expression of the interleukins was studied using quantitative
real time PCR in untreated and in response to dsRNA (poly I:C) or formalin-killed Vibrio
anguillarum in vivo, and LPS, poly I:C and infectious pancreatic necrosis virus (IPNV) in
vitro. Analysis of the constitutive gene expression in different organs showed that the major
expression of IL-1β, IL-8 and IL-10 was observed in head kidney, followed by somewhat
lower expression in spleen. Gene expression of the interleukins was highly induced by
injection of formalin-killed V. anguillarum in most organs studied, but the level of induction
varied significantly between different organs. The highest induction of IL-1β and IL-8 was
observed in spleen, where IL-10 showed a modest increase. Since head kidney was the organ
with highest constitutive expression, the level of induction of IL-1β and IL-8 was not as
apparent in this organ compared to spleen. However, IL-10 showed highest induction in head
kidney. A time course study of gene expression showed enhanced expression 24 h after
injection with formalin-killed V. anguillarum and poly I:C. This elevated expression was
diminished at 48 h, except for IL-10 that still showed an increased expression two days after
injection of V. anguillarum. In vitro infection of cod head kidney cells with IPNV and
treatment with LPS induced only gene expression of one of the interleukins, IL-1β. In
contradiction to the enhanced gene expression after in vivo injection of poly I:C, non of the
interleukins responded to poly I:C in vitro.
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Immunocompetent cell population, lysozyme activity, chemiluminescence response and
antibody titre were assessed in great sturgeon (Huso huso Brandt, 1869) weighing about 425 g
after intraperitoneal immunization with formalin inactivated whole cells of Aeromonas
hydrophila at 22±1oC for 11 weeks. Values of white blood cells, monocyte, lymphocyte and
eosinophil counts in immunized fish were significantly higher than unimmunized group
during initial period post-immunization (PI), whilst, the level of neutrophil in immunized
group was almost significantly higher than unimmunized fish througout the experiment
(P<0.05). Lysozyme contents in serum and kidney samples of immunized fish were
insignificantly higher than non-immunized fish throughout the experiment (P>0.05).
Lysozyme content in liver samples of immunized fish was significantly higher than nonimmunized fish for 50 days PI (P<0.05) and then it reduced to below level of non-immunized
fish for the rest of the experiment (P>0.05). The content of lysozyme in spleen samples in
immunized fish was significantly higher than non-immunized fish during 36 days PI (P<0.05)
and then it was varied during the rest of the experiment. Antibody titre in immunized fish was
significantly higher than non-immunized group for 10 weeks post-experiment (P<0.05) with
maximum (1:384) and minimum (1:26) titres obtained after 15 and 78 days PI, respectively.
Also, mean peak of respiratory burst in immunized fish was significantly higher than nonimmunized fish (P<0.05) except for the samples obtained on days 50 and 64 PI.
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EXPRESSION OF MHC-1, BETA-MICROGLOBULIN, AND TRANSPORTER
ASSOCIATED PROTEIN GENES IN ATLANTIC SALMON (SALMO SALAR L.)
MACROPHAGES INFECTED WITH INFECTIOUS PANCREATIC NECROSIS
VIRUS.
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Infectious pancreatic necrosis virus (IPNV) is a major pathogen of farmed Atlantic salmon,
causing multi-million pound losses in the UK aquaculture industry. IPNV replicates in host
kidney and liver, but has also been detected in macrophages, an important component of the
innate and adaptive immune response. The interaction between IPNV and the host
macrophage is poorly characterised. We have studied the expression of genes involved in
antigen presentation in macrophages infected with IPNV in vitro. The genes studied were:
Major Histocompatibility Complex class 1 (MHC-1); Beta-Microglobulin (β-MG), and
transporter associated protein 1 (TAP-1). Macrophages were isolated on Percoll gradients and
maintained in Leibovitz L15 medium containing penicillin, streptomycin, and 5% foetal
bovine serum. Macrophages were infected with IPNV at a multiplicity of infection of 1. RNA
was extracted from IPNV-infected macrophages and uninfected controls using the Trizol
method. Gene expression was determined by quantitative real-time RT-PCR utilising targetspecific primers and SyBr-Green-1 detection. Expression of MHC-1, β-MG, and TAP-1 in
IPNV-infected macrophages was not significantly different from that occurring in uninfected
controls at 1, 3, 5, and 7 days post-infection. The results suggest that expression of these
genes within Atlantic salmon macrophages is not down-regulated during IPNV infection
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CELLS WITH EOSINOPHILIC CYTOPLASMATIC GRANULES IN KIDNEY AND
SPLEEN IN FISH WITH PANCREAS DISEASE (PD)
T Taksdal1*, AB Olsen2 and Inge Bjerkås3
1

National Veterinary Institute, Oslo, Norway; 2 National Veterinary Institute, Bergen,
Norway; 3Norwegian School of Veterinary Science, Oslo, Norway
Pancreas disease (PD) is a serious viral fish disease, first described in farmed Atlantic salmon
in Scotland. The disease is now a serious problem in farmed Atlantic salmon in Ireland and
Scotland as well as in farmed rainbow trout and Atlantic salmon in Norway.
Kidney from approximately 50% of fish with PD in Norway has cells along the sinusoids that
are packed with cytoplasmic eosinophilic granules. Such cells are most frequently found in
fish with severe myositis (i.e. chronic PD) but never in fish without myositis (i.e. in acute or
sub-acute PD). In approximately 20 % of the fish with those cells in the kidney, cells with
eosinophilic granulation was also found in the spleen.
The nature of the cells with eosinophilic cytoplasmatic granules is unknown. The eosinophilia
of the granules as seen by light microscopy of HE-stained sections, indicate that the granules
contain proteinaceous material. Morphologically, they resemble mast cell granules. However,
due to their location along the sinusoids, the possibility that they are hypertrophied scavenger
endothelial cells should also be considered. Such cells have been identified lining the
sinusoids in rainbow trout and Atlantic salmon. They show properties similar to heart
endothelial cells in Atlantic halibut and to liver endothelial cells in mammals in that they
harbour several receptors that are involved in the elimination of waste macromolecules from
circulation by endocytosis (Seternes, Sørensen & Smedsrød 2002). By electron microscopy
on deparaffinated, formalin-fixed material, however, these cells appeared similar to
eosinophilic granule cells, which are proposed to be mast cells by Reite (1997). If this
interpretation is true, the presence of numerous such cells would indicate a severe, chronic
immune reaction (Reite & Evensen 2006).
Pictures from light and electron microscopy of kidney from Atlantic salmon and rainbow
trout suffering from PD and which have such cells in kidney will be presented. The authors
would appreciate contact with colleges that may have seen similar cells in fish tissues.
Reite O.B. (1997) Mast cells/eosinophilic granule cells of salmonids: staining properties and responses to
noxious agents. Fish & Shellfish Immunology 7, 567-584.
Reite O.B. & Evensen Ø. (2006) Inflammatory cells of teleostean fish: A review focusing on mast
cells/eosinophilic granule cells and rodlet cells. Fish & Shellfish Immunology 20, 192-208.
Seternes T., Sørensen K. & Smedsrød B. (2002) Scavenger endothelial cells of vertebrates: A nonperipheral
leukocyte system for high-capacity elimination of waste macromolecules. Proceedings of the National Academy
of Sciences 99, 7594-7597.
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EFFECT OF FEED TYPE AND FEEDING FREQUENCY ON THE
MACROPHAGE PHAGOCYTOSIS IN TILAPIA
M. Villarroel1, M. Alvariño1, J.A. Garcia2*
1

Universidad Politecnica de Madrid. Madrid. Spain; 2Universidad Complutense de
Madrid. Madrid. Spain.
In fresh water aquaculture intensive recirculation systems, the type of feed and feeding
frequency have a direct effect on water quality, growth rate, fish welfare and the response of
the immune system. We studied the effect of four types of feed (with different sources of
plant protein; soybean concentrate, sunflower meal, corn gluten and pea) at three feeding
frequencies (2, 4 and 8 times a day) on productive parameters and innate immunity
(macrophage phagocytosis and respiratory burst) on tilapia in early stages of growth (2-10g).
The work was carried out using the recirculation aquaculture system at the Field Station of the
Agricultural College of the Polytechnic University of Madrid (Madrid, Spain). Twenty-four
green fibre glass tanks (130 l capacity) were used, with one filter per every two tanks. Six
tanks were used per feed (n=40 fish per tank, avg live weight ±sd, 3.05 g ± 1.1 at beginning of
experiment) and each pair of tanks was fed at one of the three frequencies (2, 4 and 8 times a
day).
The growth parameters were quite similar among the different feeds and frequencies,
demonstrating the plasticity of this species of fish, but the overall gain in live weight was
significantly lower in the fish fed corn gluten. At the end of the trial (avg live weight 8.1 g ±
4.1), two fish were taken from each treatment to analyse macrophage phagocytosis. Renal
macrophages were isolated and phagocytosis and respiratory bursts were evaluated by
infection with two strains of Yersinia ruckeri and another of Aeromonas hydrophila. Our
results show no significant differences among types of feed (with the different protein
sources). An important drop in the number of bacteria was seen within the first 24 hours, after
an initial increase of the figures. But differences were significant when the three feeding
frequencies were studied. Decrease was always more important in the group fed eight times a
day, with the worst result in the group fed twice a day. These results point to a lower stress
status in the former group, and thus, a higher resistance to diseases.
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PROTECTIVE ROLE AND IN VITRO ACTIVITY OF FRACTIONS EXTRACTED
FROM LACTOCOCCUS GARVIEAE, THE LACTOCOCCOSIS AGENT IN
RAINBOW TROUT (O. MYKISS)
D. Volpatti*, B. Contessi, E. Buonasera, M. Galeotti

Dipartimento di Scienze Animali, Università degli Studi di Udine, Italia

Effective protocols of vaccination against lactococcosis in rainbow trout (O. mykiss) are still
under investigation and the methods currently employed are based on “autovaccines” that are
injected intraperitoneally to fish (Bercovier et al., 1997; Prearo, 2006). These vaccines allow a
protection for 8 months, when integrated with adjuvants (Ravelo et al, 2006). The bacterial
antigenic components involved in the protection are only partially considered by the literature.
This investigation evaluated the effect of some fractions of L. garvieae (strain B05/3) in the
development of a protective immune response to the infection. Extra cellular products (ECPs),
bacterial whole cells (WCs) and membrane antigens (MAs) were injected intraperitoneum to
90g rainbow trouts. Fish were subsequently submitted to an intraperitoneal challenge with L.
garvieae (2.6×105 cfu/individual). The relative percentages of survival (RPS) were 95% for
WCs, 35% for ECPs and 33% for MAs. These results suggest that WCs provided the best
protection, but also ECPs and MAs were effective.
Samples of serum collected from immunized and control fish were analysed by
immunoblotting against the SDS-PAGE/Western Blotting protein profile of each bacterial
fraction. The control and immunized fish sera contained immunoglobulins able to bind
aspecifically the proteins having a molecular weight of 23, 48 and 102 kDa respectively.
Moreover the respiratory burst of leukocytes isolated from rainbow trout head kidney was
measured by a luminol-based microtitre plate chemiluminescence assay after stimulation with
the L. garvieae extracts. The tests were performed using 20 healthy non-immunized fish, by
incubating the cells and the stimulants in presence and absence of autologous serum.
Preliminary results suggest an evident individual variability in the response and that the
release of reactive oxygen species is strongly affected by the serum addiction. This indicates
an important role of antibodies and complement in promoting the leukocyte response to
different antigens (Barnes et al., 2002). The specific stimulation ability of each fraction (WC,
ECPs, MA) will be discussed.
Barnes A.C., Guyot C., Hansen B.G., Mackenzie K., Horne M.T., Ellis A.E. (2002). Resistance of serum killing
may contribute to differences in the abilities of capsulate and non-capsulated isolates of Lactococcus garvieae to
cause disease in rainbow trout (O. mykiss). Fish Shellfish Immunol.12, 155-168.
Bercovier H., Ghittino C., Eldar A. (1997). Immunization with bacterial antigens: infections with Streptococci
and related organisms. Fish Vaccinol.. Developments in Biological Standardization Basel, Karger, vol. 90, 153160
Prearo M. (2006). L’utilizzo di vaccini nel controllo della lattococcosi. Atti XIII Convegno Nazionale S.I.P.I.,
Abano terme (PD).
Ravelo C., Magarinos B., Carmen Herrero M. , Llorenc Costa, Toranzo A. E., Romalde J. L. (2006). Use of
adjuvanted vaccines to lengthen the protection against lactococcosis in rainbow trout (Oncorhynchus mykiss).
Aquaculture, 251, 153– 158.
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DETECTION OF IMMUN RESPONSE TO INVIVO ARGULUS FOLIACEUS L.
INFESTATION IN CARP (CYPRINUS CARPIO L.) BY ELISA TECHNIQUE
R.E. Yardımcı*, A. Akmırza

Istanbul University, Faculty of Fisheries, Istanbul, Turkey
The carp, that have been cultivated since 1970s in Turkey, is the second important fish species
reared in freshwaters of Turkey after rainbow trout. Argulus foliaceus, that is an Crustacean
ectoparasite and called Carp loose, causes heavy infections in carp fish, particularly in juvenil
fish, and economic loses in carp aquaculture.
In this study, 120 juvenil carp weighing 10-12 g were obtained from Istanbul University
Sapaca Freshwater Fish Production Research and Applied Unit and placed in fiberglas tanks
in Experimental Fish Diseases Laboratory of İstanbul University, Faculty of Aqutic Sciences.
Fish were either infected with Argulus foliaceus by immersion or vaccinated with parasite
exctract by intraperitonal injection , during two months. Experiments about rabbit
immünizasyon were realized in DETAE, and results got from rabbit serum were compared
with immünised fish sera.
In fish, vaccinated by immersion, immune response was not observed. However, it was
observed in fish that were vaccinated by intraperitonal injection. Amount of antibodies the
humoral response occuring in immunized fish and rabbit was determined by ELISA. Antigen
extract with emulsifield adjuvant, was higher than without adjuvant. Finally, highest
antibodies had been obtained immunized fish serum’s during 8 weeks. Response of
immunized rabbit was also obtained higher than fish.
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REGENERATION OF THE SKIN AND MUSCLE TISSUE IN RAINBOW TROUT
(ONCORHYNCHUS MYKISS) FOLLOWING MECHANICAL INJURY
H.C. Ingerslev* and M. E. Nielsen

Technical University of Denmark, Danish Institute for Fisheries Research, Department
of Seafood Research, Søltofts Plads, bldg. 221, 2800 Kgs. Lyngby, Denmark
Mechanical injury using needles penetrating the skin and underlying muscle tissue in rainbow
trout (Oncorhynchus mykiss) was used as a model to study the initial phase(s) of tissue
regeneration. In order to describe this on a molecular basis the expression of the immune
genes IL-1β, IL-8 and IL-10 and growth related genes TGF-β, CTGF (Connective Tissue
Growth Factor), Collagen-1α, MMP-2 (Matrix Metalloproteinase-2) and Myostatin-1a and b
were measured using real-time RT-PCR.
The early time course (24 hours) following injury showed increased up-regulation of the
cytokines IL-1β and IL-8 in the affected skin and muscle indicating initiation of an
inflammatory response, while muscle tissue from the non-injured side of the fish was not
affected. Up-regulation of IL-10 was seen after the expression of IL-1β and IL-8 had declined
(day 7) and this gene was expressed at equal ratios in both injured and non-injured muscle
tissue. Since IL-10 was not significantly up-regulated in the spleen during the experiment, this
imply a local production of IL-10 mRNA in the muscle tissue. Regulation of the growth
related genes Collagen-1α, MMP-2 and Myostatin-1a+b was only seen at day 7 post injury,
which indicates initiation of the regeneration after the inflammation had declined. However,
TGF-β and CTGF were significantly up-regulated in the injured muscle tissue at all sampling
points, which denote that the inflammatory process and the regenerative process are
overlapping and possibly very dependent on each other.

217

P81
IMPROVED IMMUNITY OF AQUACULTURED ANIMALS: THE IMAQUANIM
PROJECT
K. Einer-Jensen1*, K. Engell-Sørensen1, Ø. Evensen2, R.A. Dalmo3, B. Collet4, U.
Fischer5, G. Scapigliati6, M.C. Alvarez7, V. Mulero8, L. Tort9, B. Novoa10, P. Roch11, P.
Venier12, G. Bovo13, C. Secombes14, G. Wiegertjes15, T. Vesely16, K. Buchmann17, B.
Brudeseth18, S. Alonso19, E. Ingerslev20, A. Adams21, W. Slierendrecht22, N. Lorenzen1
1

Danish Institute for Food and Veterinary Research, 2Norwegian School of Veterinary
Science, 3University of Tromsø, 4Fisheries Research Services Marine Laboratory,
5
Friedrich-Loeffler-Institute, 6Dipartimento di Scienze Ambientali, Universita' della
Tuscia, 7Universidad de Malaga, 8University of Murcia, 9Universitat Autonoma de
Barcelona, 10Consejo Superior Investigaciones Cientificas, 11Centre National de la
Recherche Scientifique, Délégation Languedoc-Roussillon, 12Università degli Studi di
Padova-Dipartimento di Biologia, 13Istituto Zooprofilattico Sperimentale Delle Venezie,
14
The University Court of the University of Aberdeen, 15Wageningen University,
16
Veterinary Research Institute, 17The Royal Veterinary and Agricultural University,
18
PHARMAQ AS, 19Bionostra S.L., 20GeneCare, Denmark, 21Aquaculture Diagnostics
Limited, 22BioMar A/S
Based on important disease models, this project concerns development of a technological
knowledge platform for a future improved immunity to infectious pathogens in the major
aquacultured species in Europe (Atlantic salmon, rainbow trout, sea bream, sea bass, carp,
mussel and oyster). Focus is put on use of vaccines, immuno-stimulants, immuno-diagnostic
surveillance as well as markers for selection of the most immuno- competent individuals.
Assays for qualitative and quantitative monitoring of key elements of the innate and adaptive
immune system at genetic and functional levels will be established and used for determination
of response profiles which correlate with protective immunity.
During the first two year have numerous challenge and vaccination trials been performed
under experimental conditions, and high numbers of tissue-, organ- and blood samples were
collected at different time points. In the same period, a number of assays primarily based on
Q-PCR, ELISA, and immunohistochemistry have been developed and optimised for
characterisation of immune response profiles induced by natural infections, immunostimulants, and vaccines.
Future work will include same analysis as well as establishment of immune gene arrays for
the involved species.
The end goal is to identity a functional relationship between immune response profiles and
protective immunity, and herby enable development of optimal strategies for disease
prophylaxis through a well established and well primed immune defence system in the
aquacultured animals.
The IMAQUANIM project:
EU funded: Integrated project (Thematic Priority “Food quality and safety“)
Duration: 5 yr (01.04.05 to 31.03.10)
Number of participants: 22 (from 9 countries)
Types of participants: 17 RTD (public research) and 5 SMEs (small- or medium sized enterprises)
Coordinator: Niels Lorenzen, National Veterinary Institute, Technical University of Denmark (DTU).
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OCCURRENCE OF OPISTORCHIS SPP. METACERCARIAE IN CYPRINIDS
FROM TRASIMENO LAKE, CENTRAL ITALY
F. Agnetti, *A. Gustinelli, R. Cari, A. Marchetti, D. Crotti, *M.L. Fioravanti, C.
Ghittino

Dept. of Fish Diseases, State Veterinary Institute, Via Muratori 4, 05100 Terni, Italy
* Department of Veterinary Public Health and Animal Pathology, University of
Bologna, via Tolara di Sopra 50, Ozzano Emilia (BO), Italy

Opistorchiasis and Clonorchiasis are important diseases affecting both fish and mammals.
They may be transmitted to man through raw fish consumption. Parasites involved belong to
Digenean Trematoda, Opistorchis felineus / O. viverrini and Clonorchis sinensis in particular.
The last two species are widespread in South-Eastern Asia, while O. felineus is present in
Eastern Europe and sporadically in the Mediterranean area. In Italy, O. felineus presence was
described only in dogs and cats at the end of the XIX century.
During the period 2003-2006 two small and apparently asymptomatic epidemics of
Opistorchiasis were observed in people from Perugia Province (Umbria, Central Italy): they
involved ten adults who ate pickled tench (Tinca tinca) and carp (Cyprinus carpio) caught in
Trasimeno Lake (Perugia Province). Fecal samples from these people were stained with
Giemsa and observed at light microscope (10x, 40x), revealing the presence of Opisthorchis
spp. eggs.
On the basis of these outbreaks, authors carried out a monitoring on some fish specimens
from Trasimeno Lake, with the aim of finding Opistorchis spp. metacercariae encysted in
muscles. During 2006, 200 fishes were examined, among which 170 tenches (Tinca tinca), 20
carps (Cyprinus carpio) and 10 perches (Perca fluviatilis). Muscular samples from all
specimens were observed at stereomicroscope after squashing them between two compressive
glasses. Parasites noticed were isolated and observed at light microscope.
In the same period, 200 specimens of aquatic gastropods from Trasimeno Lake were collected
and raised in the laboratory, with the aim of finding free cercariae in the water.
Parasitological examinations of 80 tench muscles samples revealed the presence of various
metacercariae in phase of regression. Only in one Tinca tinca specimen two vital
metacercariae were found, showing morphological features matching with O. felineus. Carps
and perches were negative, as well as aquatic gastropods.
These data show how it would be necessary to perform new investigations on a larger number
of fish and gastropods, as well as to focus the role as specific hosts played by cats and other
domestic and/or wild carnivorous living in the area.
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AN EXAMINATION OF THE ROLE OF FISH HEALTH ON THE MIGRATORY
BEHAVIOR AND OCEAN SURVIVAL OF PACIFIC SALMON
S. Balfry1*, C. Chittenden2, D. Welch3, S. Vincent4, S. McKinley2
1
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The Seymour River Hatchery located on the West Coast of Canada, has been experiencing
declining survival and return rates of their anadramous Pacific salmon strains. Research has
recently been initiated to understand the underlying reasons for these population declines. In
2005-06, acoustic telemetry results indicated that marine survival was significantly less than
the freshwater survival. The focus of the research presented herein, is to understand why the
marine survival of these fish was compromised.
In 2007, two species of Pacific salmon (Oncorhynchus mykiss and O. kistuch) were included
in a large-scale study that incorporates both acoustic telemetry and fish health monitoring, to
understand the different survival rates between the wild and hatchery fish. Fish were
implanted with uniquely coded transmitters and released from the hatchery. Fish movement
and survival were continuously monitored at predetermined locations in the freshwater and
marine environments using underwater acoustic receivers. Prior to release from the hatchery,
fish were sampled to assess fish health (and possible indicators for reduced marine survival).
The health of each fish population was assessed on the basis of overall condition (weight,
length, condition factor), hematological parameters (leucocyte numbers, erythrocyte numbers,
hemoglobin, hematocrit), innate immune parameters (plasma lysozyme activity, peripheral
blood leucocyte respiratory burst activity), and pathogen prevalence (Renibacterium
salmoninarum, ,Aeromonas salmonicida, Flavobacterium psychrophilum). In addition, the
whole body and liver tissue samples were examined for lipid composition and indicators of
lipid oxidation stress.
The results of monitoring the different populations of steelhead and coho salmon, for
migratory behaviour, fish health condition, pathogen prevalence, and lipid oxidation will be
presented. Correlations between the above parameter will be presented. Implications and
recommendations for future fish management will be discusses.
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EXPERIMENTAL INFECTION OF COD, GADUS MORHUA FOLLOWING IP
INJECTION WITH FRANCISELLA SP., A HISTOPATHOLOGICAL STUDY
D.W. Bruno, A. McIntosh and S. McBeath

FRS Marine Laboratory, Aberdeen, Scotland, UK
Infection with the Gram negative bacterium, Francisella sp. is an emerging condition for
farmed cod in Norwegian aquaculture. Furthermore this bacterium has been isolated from
wild cod in Sweden. The histopathology associated with wild and farmed cod are identical
and represent a significant risk to production of this species. Gross signs include a systemic
chronic granulomatous inflammation with multiple granulomas in internal organs.
Experimental protocols were designed to test susceptibility of cod (mean weight 8, 20 and
700g cod) to infection following ip injection. Cod were infected with a Swedish wild type
isolate and Koch’s postulates fulfilled in all groups. Francisella sp. was not isolated from
haddock receiving effluent water. Results of the experimental trial will be discussed.
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DESCRIPTION OF AN OUTBREAK OF ENTEROMYXOSIS IN SHARPSNOUT SEA
BREAM (DIPLODUS PUNTAZZO) CULTURED IN FLOATING CAGES IN ITALY
M. Caffara, D. Florio*, F. Basile§, P. Beraldo#, D. Volpatti#, M.L. Fioravanti

Faculty of Veterinary Medicine, University of Bologna, Italy; §Veterinary, Maricoltura
Mattinatese S.c.a.r.l., Italy; #Faculty of Veterinary Medicine, University of Udine, Italy
Enteromyxum leei represents a primary pathogenic myxozoan parasite described in several
food and ornamental marine fish. Enteromyxosis has been referred as the main cause of the
abandonment of the farming of sharpsnout sea bream (Diplodus puntazzo) in the
Mediterranean basin. Also in Italy, where sharpsnout sea bream is greatly appreciated as fish
food in several regions, enteromyxosis has determined heavy economic losses with a
progressive decrease in its production.
In the framework of a research project on parasitoses limiting sharpsnout sea bream farming
activities, an outbreak of enteromyxosis has been studied during summer 2006 in an inshore
floating cage farm in southern Italy. The batch used for restocking the cages has been
controlled before the shipping from the hatchery up to the end of the disease outbreak.
Parasitological, bacteriological, virological and histological exams were monthly performed.
The initial restocking batch, composed of 103.000 subjects (mean weight 6.5 g), was
introduced in June into a single cage and then moved in 3 different cages as follows: 52.000
fish in a 1250 m3 cage (group 1), 41.000 in a 600 m3 cage (group 2) and 10.000 in polyculture
with 47.750 gilthead sea bream (Sparus aurata) in a 1250 m3 cage (group 3). Oxygen and
temperature were daily measured. All the sampled fish were negative for E. leei both at
microscopical exam and PCR until the end of July. Evidence of E. leei infection was detected
by the middle of August (fish weighing 35-40 g) and was quickly followed by an increasing
mortality rate that went on for about 50 days. In this period the prevalence of infection was
100% in the examined samples.
The estimated cumulative mortality was about 68% in group 1, 80% in group 2 and 67% in
group 3. No mortality was observed in gilthead sea bream farmed in polyculture with
sharpsnout sea bream. Photobacterium damselae subsp. piscicida was isolated from subjects
owing to group 1 and 2 in September, when a slight increase of mortality was observed. The
RT-PCR for Nodavirus was always negative. The progression of the histological lesions
during the outbreak will be presented.
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TEGUMENTAL DEVELOPMENT OF THE TREMATODE,
ORNITHODIPLOSTOMUM PTYCHOCHEILUS, DURING BRAIN INVASION OF
THE FISH HOST, PIMEPHALES PROMELAS
D.B. Conn*,1, C.P. Goater2 and D. Bray2
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Alberta, Canada.
Larvae of the fluke parasite, Ornithodiplostomum ptychocheilus (Trematoda: Digenea),
invade the brain of fathead minnows, Pimephales promelas, causing parasite-induced
alterations in visual acuity leading to behavior modification (Shirakashi and Goater, 2005).
Following establishment in the brain, the flukes dismantle neural tissue prior to somatic
expansion and cyst formation (Goater et al., 2005). In the present study, we examined
structural transformations in the parasite’s tegument that have functional relevance to the
invasion, migration and site-establishment processes in the brain of the fish. Using a
combination of brightfield, scanning electron (SEM), transmission electron (TEM), and
confocal (CM) microscopy, we demonstrated that the diplostomula become established in the
outer region of the optic lobes within 24-48 hours of host skin penetration, and continue to
grow and transform over a period of 4-14 days. During this period, the J-shaped body consists
of two distinct regions: 1) a highly motile spinous prosoma with distinctive tegumental spines
that are shaped in such a way that would facilitate burrowing through host tissues; and 2) an
opithosoma, the tegument of which is elaborated into a dense uniform layer of long thin
microvilli. The prosoma is alternately invaginated into and everted from the opisthosoma,
thus constituting a protrusible proboscis. By day 14 postinfection, the body has lost this
bipartite structure and has taken on the uniformly flattened form characteristic of
metacercariae and adult trematodes. The transitory complex structure of the diplostomula
appears to be well suited to burrowing through host tissues (primarily by action of the
prosoma), followed by rapid disaggregation of host tissue and nutrient accumulation
(primarily by action of the opisthosoma) in preparation for metacercarial encystment. These
results clarify the developmental and functional ultrastructure during host invasion and
establishment of a common strigeoid fluke.
Goater, C.P., Bray, D. and Conn, D.B. (2005) Cellular aspects of early development of Ornithodiplostomum
ptychocheilus metacercariae in the brain of fathead minnows, Pimephales promelas. J Parasitol 91: 814-821.
Shirakashi, S., and Goater. C.P. (2005) Chronology of parasite-induced alteration of minnow behaviour: effects
of parasite maturation and host experience. Parasitology 130: 177-183.
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HISTOPATHOLOGY ASSOCIATED WITH EXPERIMENTAL RANAVIRUS
INFECTIONS IN FROG AND TOAD TADPOLES
S. W. Feist*, A. Bayley and B.J. Hill
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Ranavirus (family Iridoviridae) infections have been associated with severe mortalities in
cultivated and wild populations of fish and amphibians. The potential for these pathogens to
cross species barriers has been recognised and is the subject of current research. There is a
lack of data on the pathogenesis of these viruses in amphibian hosts. Preliminary data on the
histopathology of common frog (Rana temporaria) and common toad (Bufo bufo) tadpoles
challenged with two ranaviruses originally isolated from amphibian hosts, FV3 from the
northern leopard frog and REV-like virus from the green frog are reported here.
Tadpoles of each species were challenged by bath immersion at 20°C and sampled
sequentially over a period of 8 days. Sampling began one day prior to the expected onset of
mortalities, estimated from previous challenge results. Tadpoles were sacrificed by terminal
anaesthesia, fixed whole in neutral buffered formalin and Karnovsky’s fixatives, processed
using standard wax embedding, sectioned and stained with haematoxylin and eosin.
Hepatocellular necrosis (HCN) was observed in frog tadpoles exposed to REV-like virus
observed at day 5 post exposure (pe), which appeared lethargic or were consistently observed
at the water surface. Specimens from day 6 pe displayed similar hepatic pathology and focal
necrosis of the gastric glands. Tadpoles sampled at days 7 and 8 did not show significant
pathology. A single animal sampled at day 9 exhibited renal haematopoietic cell necrosis.
Tadpoles challenged with FV3 virus became lethargic at day 6 pe with one tadpole exhibiting
mild renal haematopoietic cell necrosis, which was also seen in single tadpoles sampled at
days 7 and 9. At day 7 pe, HCN was observed in both tadpoles sampled. A bacterial infection
was detected in one tadpole sampled at day 8. Moribund toad tadpoles exposed to REV-like
virus exhibited HCN from day 6 pe with severe changes observed by day 9 pe with renal
necrosis also evident in some tadpoles. Epithelial cell necrosis was also evident in the lining
of the branchial cavity and digestive tract. Exposure to FV3 also resulted in HCN in single
tadpoles at days 6 to 10 pe, but pathology was mild and absent in tadpoles sampled on day 7
pe to experiment termination at day 12 pe. Necrosis of renal tissue and branchial cavity
epithelia was also observed up to day 10 pe. No pathology was seen in non-challenged
controls of frog and toad tadpoles.

224

P-88
COMPARATIVE PATHOLOGY OF ROSETTE AGENT (SPHAEROTHECUM
DESTRUENS) IN SUNBLEAK (LEUCASPIUS DELINEATUS).
S. W. Feist1, R. Paley*1, D. Andreou2, P. Martin1, D. Stone1, K. Bateman1 and S. Irving1
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Sphaerothecum destruens is a mesomycetozoan parasite initially recorded from North
American salmonids, particularly cage-reared Chinook salmon (Oncorhynchus tshawytscha).
The pathogen has recently been discovered for the first time in a non-native cyprinid host, the
sunbleak (Leucaspius delineatus), in the UK. It had been postulated that declines in sunbleak
populations across Europe may have been caused by transmission of a rosette-like agent
(recently shown to be S. destruens, based on 18s rDNA sequence data) from another nonnative cyprinid, the topmouth gudgeon (Pseudorasbora parva). However, S. destruens has
never been observed in topmouth gudgeon tissues and the hypothesis that this species acts as
a healthy carrier of S. destruens remains to be confirmed. The aims of the current
investigation were to establish whether sunbleak populations in the UK harbour S. destruens
in the absence of topmouth gudgeon, to describe the histopathology of infections in sunbleak
and to confirm the identity of the agent by ultrastructure and in situ hybridisation (ISH).
Additionally, a comparison with infections in salmonids and related organisms in different
fish species were undertaken. Sunbleak were sampled from a site in southern England, which
had previously been used for cohabitation experiments with topmouth gudgeon (n=100). The
infection was confirmed histologically in 5 fish with a further 7 fish showing pathological
changes without cells of S. destruens being observed. The infection was systemic with the
kidney and testis particularly showing intense inflammation. Granulomatous pathology was
rarely seen. Low levels of infection could be discerned using Gram stain, which clearly
demonstrated gram +ve granules in the cytoplasm of S. destruens and ISH. These findings
are consistent with the disseminated form of the disease in salmonids. Comparison with
infections of Dermocystidium sp. in Atlantic salmon and bullheads (Cottus gobio) showed
clear differences in the appearance of the agents and their pathological response. Preliminary
data on infections with a similar agent in the marine flatfish, dab (Limanda limanda) are also
presented.
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GONADAL NEOPLASM IN A WILD-CAUGHT COMMON CARP (CYPRINUS
CARPIO L.).
J.M. Fregeneda-Grandes*, M.J. García-Iglesias, C. Pérez-Martínez and J.M. AllerGancedo.

Faculty of Veterinary Medicine, University of León, León, Spain.

A spontaneously occurring tumour in an adult male wild common carp (Cyprinus carpio L.)
is described. The fish (41 cm length, 1480 g weight) was caught in the river Esla, province of
León, Spain, and presented lethargy, skin haemorrhages, abdominal enlargement distension
and an ulcer on the left side of the body that communicate with abdominal cavity. The fish
was submitted to the laboratory for his study. At necropsy, peritonitis and petechial
haemorrhages in the muscle layer and in most of the internal organs were observed.
Providencia stuartti and Proteus vulgaris were isolated from the peritoneal fluid, skin ulcer,
muscle, intestine, kidney, liver and heart. In addition, a single large multinodular mass was
located in the abdominal cavity. This mass, measuring 19 x 12 cm, was white, moderately
firm and well demarcated. Its cut surface was solid and white to pale yellow, and several
necrotic cores were present. The weight of the whole mass after removal from the fish was
500 g.
Histologically, a part of the neoplasm was composed of cells showing differentiation into
spermatogenic cells arranged in well defined tubules separated by connective tissue septa
(intratubular growth pattern) and scattered oocyte-like cells interspersed in the neoplastic
tubules. The other part consisted of disorganized tubules and sheets of densely packed
spindle-shaped cells arranged in a diffuse growth pattern, which invaded the interstitial
stroma. Mitotic figures were not frequently seen in both growth patterns of the neoplasm, and
large areas were necrotic.
The presence of neoplastic cells that resembled the cellular stages of spermatogenesis and
oocyte-like cells interspersed in the neoplastic gonadal tubules supported the diagnosis of a
dysgerminoma. Likewise, histological appearance of the diffuse growth pattern suggested a
primitive stromal cell tumour. Based on these findings, a mixed germ cell-stromal tumour was
diagnosed. Immunohistochemical studies will be carried out to confirm this diagnosis.
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HEALTH PROBLEMS OF GRAYLING (THYMALLUS THYMALLUS) POPULATION
IN SOME RIVERS IN SLOVENIA
V. Jenčič, I. Zdovc, M. Pate, M. Ocepek, Z. Bajc, D. Z. Doganoc, P. Hostnik

Veterinary Faculty, University of Ljubljana, Slovenia

Grayling (Thymallus thymallus) is a very popular fish and one of the most appreciated fly
fishing species. Despite regular restocking, it was stated that the grayling population in some
rivers had been decreasing. Populating lower parts of mountain rivers, grayling is endangered
because of river regulations and pollution. However, grayling is one of the rare fish species
that could be affected by the diseases also in wild habitats. To find out the reasons for
decreasing of the grayling population we performed a study supported by Fishing Association
of Slovenia.
Grayling from five rivers, collected by means of electro fishing, were included in the study.
Following weighing, measuring and evaluation of age, the animals were dissected and
samples for parasitology, bacteriology and virology tests were taken. For viral analyses cell
culture diagnostics were performed. Molecular tests covered detection of Aeromonas
salmonicida subsp. salmonicida, Renibacterium salmoninarum and Tetracapsuloides
bryosalmonae in the fish specimens and/or culture were performed by PCR.
Grayling studied were also examined for the presence of lead (Pb), cadmium (Cd), PCB,
DDT, hexachlorbenzen and endrin.
At the dissection no pathological changes were observed with the exception of some body
wounds due to fish-eating birds. Virology and bacteriology tests revealed no fish pathogens.
Parasitological examination resulted in diagnosis of Acantocephala. By PCR, the causative
agent of proliferative kidney disease was detected. The examined residues contains did not
exceed the EU Regulations permitted levels.
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THE ANALYSIS OF THE EPIZOOTIC SITUATION IN THE WATERBODIES OF
THE AZOV SEA BASIN AT PRESENT CONDITIONS
Kazarnikova A.V. *1,2, Shestakovskaya H.V. 2, Strigakova T.V. 2, Pavlovich G.M.3,
Molodceva O.V.2
1

Southern scientific center of RAS, 41, Chekhova st., Rostov-on-Don, Russia, 344006
kazarnikova@mmbi.krinc.ru ; 2 Rostov-on-Don Department of CPS, 49, Oborona st.,
Rostov-on-Don, Russia, 344002 kazarnikova@aaanet.ru; 3 Central inspection on fish
acclimatization and diseases (CPS), 18-a, Ermolaevskaya st., Moscow, Russia, 103001
The material for present work was gathered in 2005-2006 at different parts of the Azov sea
basin and fish farms from lower flow of the river Don. Investigations were provided using
routine in parasitology methods.
The epizootic significant species of parasites included Glugea luciopercae (Microspora),
Caryophyllaeus fimbriceps (Cestoidea), Eustrngylides excisus (Nematoda) for commercial
fish.
The high - prevalence of invasion was detected for following parasite species: it was intestine
nematode Contracaecum aduncum (86,7%) - from herring (Alosa immaculate); monogenea
Dactylogyrus simplicimalleata (70 %) - from chehon (Pelecus cultratus); gill crustacean
Achtheres percarum (63,4 %) and intestine trematoda Bucephalus polymorphus (54,5 %) from pike perch (Sander lucioperca ); metacercaria Paracaenogonimus ovatus (62,5 %)
from muscle tissues, monogenea - D. falcatus from gills (60 %), cestoda Caryophyllaeus
fimbriceps from intestine (60 %) of bream (Abramis brama).
Among parasites, which belong to potentially dangerous for human health, metacercaria of
trematoda Apophallus muehlingi, A. donicus, Cryptocotyle concavum (100%) in goby
(Neogobius melanostomus), Paracoenogonimus оvatus (62,5 %) in bream and nematode Eustrongylides excisus (6,25 %), also in bream, were described with high – prevalence of
invasion.
Investigations of fish from the farms allowed us to select 20 mass parasite species which are
able to cause the diseases among cultured fish: In 2006 we had unfavorable situation with
ligulidosis. In natural waterbodies the disease damage many fish species from family
Cyprinidae, which use for their food zooplankton. Last years this disease spread wide among
fish farms. If earlier this disease damaged mostly bighead (Aristichthys nobilis), and it hybrid
with silver carp (Hypophtholmichthys molitrix), now we detect this disease among common
carp (Cyprinus carpio).
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FEATURES OF PARASITE INFESTATION OF TURBOT (PSETTA MAXIMA
TOROSA) IN THE AZOV SEA ECOSYSTEM
V. Maltsev

Zonal specialized state laboratory of veterinary medicine for diseases of fishes and other
aquatic animals, Kerch, Crimea, Ukraine
Psetta maxima torosa (Pisces: Pleuronectiformes) is precinctive subspecies of the turbot
which inhabited only the Azov Sea ecosystem. In 2006-2007 the commercial stock of this fish
was assessed at a level of 220 tons; annual official Ukrainian - Russian catch amount to 38 90 tons per year. The steady long-term tendency directed on decrease of P. maxima torosa
population abundance in the Azov Sea is observed. The biotechnology of artificial
reproduction P. maxima torosa which is used for recruitment of wild populations by larva and
fry is developed. In 1998-1999 104 uneven-age (0+-4 +) turbot specimens which were caught
in the northern (46º25'N, 35º30'E) and southern (45º27'N, 36º32'E) parts of the Azov Sea were
investigated by methods of overall and partial parasitological dissection. Parasite infestation
of fishes was characterized by parameters of prevalence (P), intensity of infestation (II),
average intensity of infestation with standard error (AII±SE). Diagnostics of parasites were
carried out on the basis of studying their morphology with use of light microscopy (Axiostar
Plus “Karl Zeiss” with options of phase contrast, a dark field, etc.). 13 species of parasites
from which flagellate - 1 (Costia sp.), ciliate - 3 (Trichodina ovonucleata, T. domerguei, T.
caspialosa), microsporidia - 1 (Glugea stephani), myxosporidia - 3 (Myxidium spp.,
Myxosporea gen.sp.), trematoda - 1 (Stephanostomum sp. met.), cestoda - 1 (Bothriocephalus
gregarius), nematoda - 3 (Dichelyne minutus, Hysterothylacium aduncum, Contracaecum
sp.larva) are revealed. It is established, that the parasite species composition in the northern
and southern parts of the Azov Sea did not differ essentially. Microsporidia G. stephani,
myxosporidia Myxidium spp., tapeworm B. gregarious formed a core of parasite fauna. The
flagellates, various species of nematode as well as trematoda metacercaria made an
insignificant share in the turbot parasitic community, had regional features of occurrence. The
parasite species composition of fry (age 0+-1+) was poorer than that of adult (2+-4+) fishes (5
against 9 species). Tapeworm B. gregarius (intestine; P 80,8 %, II 1-∞, AII 12,55±2,84
specimens), ciliate Trichodina spp. (gills, skin; P 51,0 %, II 1-∞ specimens), myxosporidia
Myxidium spp. (gall bladder; P 24,0 %, II 1-∞ spores), microsporidia G. stephani (intestine; P
14,5 %, II 1-∞, AII 61,11±21,68 xenoma) had the highest parameters of infestation (remark:
the symbol “∞” means “many parasites”).
Thus, the parasites which are capable to attain high parameters of infestation and also
intensively to affect the vital organs of fishes, and, therefore, to act as agents of invasive
diseases were revealed in P. maxima torosa in the Azov Sea ecosystem. The obtained original
data characterize parasite fauna and some epizootic features of invasive diseases of the turbot
in the Azov Sea ecosystem. The parasites causing invasive diseases of turbot (for example,
gill amoeba Neoparamoeba pemaquidensis, infusoria Philasteridis dicentrarchi,
mircosporidia Enteromyxum scophthalmi, etc.) at it cultivation in other regions of Europe
have not been recorded.
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INTERNATIONAL REGISTRY OF CORAL PATHOLOGY
S.M. McLaughlin*

National Oceanic and Atmospheric Administration, National Ocean Service,
NCCOS/CCEHBR, Cooperative Oxford Laboratory, Oxford, Maryland, USA
An International Registry of Coral Pathology (IRCP) has been established by NOAA at the
Cooperative Oxford Laboratory in Oxford, Maryland, USA to serve as a research tool and
resource of voucher materials for the coral research community. Diseases of coral have
increased significantly in frequency and distribution over the last decade; however, the
etiologies of most coral diseases remain unknown. An important function of the coral registry
is to facilitate the sharing of histology materials and related information among coral
pathologists worldwide to better understand the causes and mechanisms of coral disease.
IRCP has accessioned more than 500 specimens of healthy and diseased scleractinian and soft
corals representing over 30 species from 17 geographic locations, resulting in a collection of
over 7000 microscope slides. This unique resource provides coral researchers the opportunity
to routinely apply histopathology techniques to new coral health investigations and to
examine tissues and related data collected in earlier investigations by other researchers. IRCP
also collaborates with coral researchers in disease investigations, participates in responses to
coral mortality events coordinated by the Coral Disease and Health Consortium, and conducts
research on coral histology techniques. Information gained from the utilization of IRCP
products is useful to researchers, students, and managers and provides insights into the causes
and mechanisms of coral disease and the measures needed to preserve and protect coral reef
ecosystems.
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INVESTIGATION INTO MORTALITIES OF WELS CATFISH (SILURUS GLANIS) IN
A LAKE IN SOUTHERN ENGLAND
J. Mewett∗
∗, N. Tredwin, K. Bateman and S. Feist.

Cefas, Weymouth, UK.

Wels catfish are an increasingly popular sport fish in the UK, with a growing number of sport
fisheries stocking them. Due to an increased demand from anglers for large, hard fighting fish,
fishery owners can market these fish as “a fish of a lifetime”, and benefit from increased
income through higher angler numbers attracted to such a prospect.
The competent authority on fish health in England and Wales (the Fish Health Inspectorate,
Cefas) had received no specific reports of mortalities in these large predatory fish until the
summer of 2005, when a significant mortality event was reported by a stillwater fishery in the
south of England. Mortality occurred upon capture and was characterised by fish curling into
rigor without recovery. Histological examination revealed hepatic hemosiderosis, which
suggested breakdown of red blood cells that could result in anaemia. Standard diagnostic
tests for bacterial, viral and parasitic agents all proved negative, and to date the specific cause
of mortality has not been identified. Hypotheses into the cause of the mortality have been
developed and are discussed. These highlight the need for a thorough understanding of the site
history, and to collect information on the sites stocking policies and management practices.
The study demonstrates that when investigating unexplained mortality, screening only for
pathogens is insufficient, and the need for an integrated approach that combines pathogen,
water chemistry, toxin and management data is essential.
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NON SURGICAL REMOVAL OF SOME STONES FROM ARED TAILED CATFISH
(PHRACTOCEPHALUS HEMIOLIOPTERUS) STOMACH AS GASTERIC FPREIGN
BODIES.
*H. Ebrahimzadeh Mousavi1 , A.R. Vajhi1, F. Hosseini1, I. Sharifpour2 and P. Tajik1
1.

Faculty of Veterinary Medicine, University of Tehran, P.O.Box:14155-6453, Tehran,
Iran; 2. Iranian Fisheries Research Organization (IFRO), P.O.Box:14155-6116, Tehran.
Iran; * hmosavi@ut.ac.ir
A red tailed catfish (Phractocephalus hemioliopterus) referred to aquatic animal health
department, faculty of veterinary medicine, university of tehran showing lethargy, bottom
sitting, extention of obdomen and sever abdominal injuries. Its abdomen was swollen and the
bulk of the foreign bodies were easily palpated. The heaviness of foreign bodies made
difficult in swimming and buoyancy of fish. Several radiographic images were taken after
anaesthetizing the catfish with 10% carvacrol, 2 drops in 1 liter of water. Radiographs
revealed some stones with their size, numbers and location . Stones were removed nonsurgically through the large oral cavity using suitable forceps. Totally 16 stones and 2 shells
were removed from the stomach of this fish. The catfish was then returned to the water
environment where normal swimming and buoyancy of the fish was restored.
Axelrod, H.R., Burgss,W.E., Emmens,C.W., Pronek,N., Walls,J.G., Hunziker,R., 1987, Dr Axerlrod's Mini Atlas
of freshwater aquarium fishes, Mini-Edition., T.F.H Publication.
Clark, P.J., 1988, Oral obstruction in a goldfish. Veterinary record. 122(13):311.
Lewbart, G.A, 1998,Self Assessment Color Review Of Ornamental Fish. Manson Publishing.
Sands, D.D., 1995, The handbook of the red tailed catfish. Red Tailed Catfish Club/Aquarium Advisory Service,
Melton Mowbray.
Scott, P.W., 1992, Making a spectacle. Veterinary Record 130(11),232.
Wildgoose, W.H., .2001, BASVA manual of ornamental fish. BASVA Publication.
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ISOLATION OF SAPROPHYTIC FUNGI FROM GILLS OF CULTIVATED
CYPRINIDS IN IRAN
H.A.Ebrahimzadeh Mousavi,Khosravi,A., M.Rostami,

Faculty of Veterinary medicine .University of Tehran, P.O.Box:14155-64,5Tehran, Iran.
This study was carried out to indicate the saprophytic fungi contamination of gills of three
species of cyprinds including : common carp, silver carp and grass carp in Iran.
For the determination of superficial fungi, samples were obtained from gills of 90 fish totally ,
and inoculated to SDA+C and CMA+C media, then mycological study were done.
Isolated fungi in this study were :Penicillium sp.( 7.1%), Mucur (15.7%), Yeast (18.2%),
Aspergillus sp.(32.2%), Alternaria(6.9%), Cladosporium (3.1%), Fusarium sp.(10%),
Helmintosporium (2.5%), Cryptococcus(1.2%) and Rhizopus (3.1%).
Bruno , D.W. and Woo , B.P., 1994 Fish diseases & disorders , Vol 3 , CABI publishing , UK, pp : 599- 659.
Neish , G.A , Hughes , G . C., 1980 , Fungal diseases of fish, T.F.H pub ., 159 p.
Noga , E . J. , 1996, Fish diseases diagnosis & treatment, Mosby - year book , Inc , St . Louis, Mo, 367 p
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ECOLOGY OF PARASITES OF THE FRESHWATER STINGRAYS
POTAMOTRYGON FALKNERI (CHONDRICHTHYES: POTAMOTRYGONIDAE)
FROM THE UPPER PARANÁ RIVER, BRAZIL
G. C. Pavanelli, A. C. F. Lacerda, and R. M. Takemoto

State University of Maringá, Maringá, Brazil.

The present paper has the aim to investigate the ecological relationship of the endoparasitas of
Potamotrygon falkneri from the upper Paraná river floodplain, Brazil, using as indicators the
host´s relative condition factor (Kn), sex and hepatosomatic relation (HSR). In total, 47
specimens of P. falkneri were analized between March, 2005 and September, 2006. Statistical
analysis showed that: Kn was positively correlated to the abundance of Acanthobothrium
regoi and Rhinebothrium paratrygoni; only the abundance of Acanthobothrium regoi was
positively correlated to HSR, whereas Rhinebothrium paratrygoni didn´t present significant
correlation and there wasn´t significant influence of host´s sex on the abundance and
prevalence of parasites. This is the first study concerning the ecology of parasites of
potamotrigonids.
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THE PREVALENCE OF LERNAEOCERA BRANCHIALIS ( L.) IN SCOTTISH
GADOIDS FROM SELECTED WILD AND FARMED SITES.
C.C. Pert*, D.W Bruno, R. Raynard, and R. Kilburn.

FRS Marine Laboratory, Aberdeen, Scotland, UK.

The commercial cultivation of gadoids, particularly Atlantic cod (Gadus morhua), has
attracted significant investment due to the high prices achieved compared to Atlantic salmon
(Salmo salar). Cod production in Scotland has risen from 1 tonne in 1999 to an estimated 144
tonnes in 2003. A common parasite of gadoids is Lernaeocera branchialis. It has an indirect
lifecycle with female L. branchialis changing host species after copulation from its
intermediate host, usually a flatfish, to gadoid definitive hosts such as Atlantic cod and
haddock (Melanogrammus aeglefinus). In shallow inshore areas with flatfish hosts the
potential for rapid population expansion within a gadoid fish farm exists. Infected fish
especially juveniles, have display abnormal behaviour, impairment in feeding and growth,
delayed gonadal development and mortality.
Demersal trawls at locations around the Shetland Islands and Scottish east coast collected
gadoid samples with fish frozen for later dissection and parasitological examination. The
isolation and identification of L. branchialis from fish captured during 2003 and 2004 has
been completed and the prevalence per area calculated.
Prevalence data from an offshore (Haura) and inshore (Vidland Voe) sites would indicate that
prevalence of L. branchialis in the Shetland Islands was 16.6% and 5.71% in 2003 and 2.86%
and 6.67% in 2004. A cod farm situated in Vidland Voe and sampled at the same time in
2004 had no L. branchialis present. Control sites sampled offshore (Outer Moray Firth) and
inshore (Kingston Hudds) during 2003 had a prevalence of 20% and 2% and 20% and 6.67%
during 2004 respectively.
The results from this survey show that the prevalence of L. branchialis occurs at a low level
in all locations sampled during 2003 and 2004. From the survey data, it would appear that
gadoid aquaculture has not caused a localised increase in L. branchialis prevalence over the
study period with a similar prevalence of the parasite found in control and farming inshore
areas with consistently higher levels found offshore.
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DISEASE IN TROPICAL MARINE ORNAMENTAL CLOWN FISH AMPHIPRION
SEBAE CAUSED BY SERRATIA MARCESCENS
S. Pramila1 and A. P. Lipton*, 2 Rashidi Karsalari Z. *¹ , Khara H. ², Saeedi A.A³ Habibi
F.

¹* Department of Fisheries, and Aquaculture Islamic Azad University, Lahijan –
Lahijan Branch,Lahijan, Iran; 2Centre for Marine Science and Technology,
Manonmaniam Sundaranar University, Rajakkamangalam, Tamil Nadu, India;
3
CMFRI, Cochin, India

The captive-reared clown-fish, Amphiprion sebae with severe ulcerations were segregated and
pathogens were isolated using standard microbiological methods. Among the isolates,
repetitive red pigment producing bacteria were cultured in axenic condition. The isolate was
positive for H2S production as well as positive for lysine and ornithine reactions. It was
negative for M-R reaction as well as arginine. The proteolytic activity was high in the in vitro
experiments. Based on the cultural, physical and biochemical characteristics, the pathogen
was identified as Serratia marcescens. The LD50 of S. marcescens for clown fish was 1 x 105
cells/g of fish. The experimentally infected clown fish had similar ulcerations as noted during
the isolation of the pathogen. In addition, the experimental group of A. sebae developed
severe exophthalmia and reddish colouration all over the opercular region. The cell free
extracts of S. marcescens also produced lethality at 12.0226 µg / fish (2.67 µg / g of fish)
indicating a dose-response mortality. The molecular weight of exo cellular product (ECP) was
determined at different time intervals. The ECP at 3 h had two prominent bands with
molecular weight of 73 and 43 kDa. Additional 62 kDa band was detected after 6 h of growth.
Higher molecular weight proteins of 92 kDa and 100 kDa appeared after 15 h in SDS-PAGE
electrophoresis. This is the first report of S. marcescens affecting the tropical marine
ornamental fish.
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A SURVEY ON PARASITICAL FAUNA OF MIGRATORY KUTTUM (RUTILUS
FRISSII KUTUM, KAMONESKI 1901) TO THE TAJAN RIVER (MAZANDARAN
PROVINCE).
Z. Rashidi Karsalari, H. Khara, A. A. Saeedi and F. Habibi*

Department of Fisheries, and Aquaculture Islamic Azad University, Lahijan, Lahijan
Branch,Lahijan, Iran E-mail: h_khara1974@yahoo.com
Tajan river is in the north of Mazandaran In sari .According to its unique ecological and
biological characteristerics , every year hunreds of caspian sea Brood stock kutum (Rutilus
Frisii kutum ) emigrate to this river for reproduction, so that it has an attenndable role in
recovery of kutum stocks . For this reason 30 kutum were surveyed during the reproduction
migration season 1386( since April 2007 till May 2007) . So after fishing and carring to the
liberatory different fish organs such as skin,gill,eye and digestive rogan have been studied
.According to the researches for species of parasites by the name of Asymphylodora
kubanicum (Digenera), Diplostomum spathaceum , Dactylogyrus sp.(monogenea) ,
Diplozoon parabixum were recognized . Between these 4 parasites , Diplozoon parabixum
had the highest prevalenc Dactyogyrus sp (100%) , mean intensity (108.93 )and parasites
number range (12-415).While the lowest prevalence was related to D.spatheceum (3.3 %) and
the lowest mean intensity were referred to D.spathaceum ( 1 ± 0 ) , the lowest number range
was related to D.spathaceum(1) , also according to this research parasitical pollution of
kutum had age and sexual differences and the highest abundance mean was (105.47 ± 96.72)
and the lowest abundance mean was (0.03 ± 0.18).
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EXTRA- AND INTRACELLULAR PARASITES OF WHITE BREAM BLICCA
BJÖRKNA (L) 2006 IN THE “OLD DANUBE” OF VIENNA, AUSTRIA
O. Schachner1, E. Licek*1, M. Straif2,C. Glatzer3 and F. Schilcher3
1

Clinic for Avian, Reptile and Fish Medicine, University of Veterinary Medicine
Vienna, Austria; 2Institute of Hydrobiology, University of Natural Resources and
Applied Life Sciences ; 3Institute of Pathobiology and Forensic Veterinary Medicine
University of eterinary Medicine Vienna, Austria.
In a panel of fish species examined for the purpose of health inspection in the river system
“Alte Donau” running through Vienna 12 individuals of White bream have been included.
Single fish exhibiting marked external lesions have been checked for bacteria, all of them for
parasites.
Parasites have been found at low prevalence as follows (the number of individuals concerned
put in parenthesis): The branchiuran Argulus on skin (1) and the monogeneans Gyrodactylus
on skin (2) and Dactylogyrus on gills (7), the histozoic digenean Diplostomum in the eye (2)
and the myxozoan Myxobolus in the kidney (2) and finally the intracellular microsporidian
Pleistophora in the ovary (2) as well as an unidentified virus in haematopoietic organs (2),
provisionally named White Bream Virus - A1. The virus is demonstrated in cell culture by
means of light, fluorescence and electron microscopy.

Neither the virus nor other parasites appeared to be responsible for
a health status affected. Offert damages of skin appeared to be
rather associated with the invasion of aquatic bacteria like
Aeromonas sobria and A. hydrophila than with the infestation or
infection of/with specific fish parasites. However the gonadotropic
microsporidia and the epitheliotropic virus may be considered as
limiting factors for the White bream population
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PARASITES OF AUCHENIPTERUS OSTEOMYSTAX (OSTEICHTHYESAUCHENIPTERIDAE) FROM ROSANA’S RESERVOIR AND UPPER PARANÁ
RIVER FLOODPLAIN, BRAZIL
R. M. Takemoto, F. C. Tavernari, G. M. Guidelli, M. de los A. P. Lizama, A. C. F.
Lacerda and G. C. Pavanelli

State University of Maringá, Maringá, Brazil

Surumanha, Auchenipterus osteomystax Miranda-Ribeiro, 1918 is an insectivorous species
that inhabits benthopelagic freshwater environments. In order to know and to compare the
parasitic fauna and aspects of the host-parasite relationship in surumanhas from Rosana’s
hydroelectric reservoir in Paranapanema River and the Upper Paraná River floodplain, Brazil,
36 specimens from the reservoir and 41 specimens from the floodplain were collected, using
gill nets. Parasites were collected and fixated using common techniques in
ichthyoparasitology. The parasitic fauna of the hosts from the different environments
presented low similarity; among ten parasite species present in A. osteomystax, only two were
observed in both environments. It was observed significant difference in the prevalence of the
metacercariae of the Strigeidae family in relation to the sex of the hosts from the floodplain,
indicating that males are more parasitized. Clinostomum complanatum was the only species
that presented significant negative correlation with the relative condition factor (Kn) of the
host, indicating possible pathogenicity.
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CRANGON CRANGON BACILLIFORM VIRUS (CCBV) IN BROWN SHRIMP
(CRANGON CRANGON) AND PANDALUS MONTAGUI BACILLIFORM VIRUS
(PMBV) IN PINK SHRIMP (PANDALUS MONTAGUI) FROM THE WASH FISHERY,
NORTH SEA.
K.S. Bateman, R. Hicks and G.D. Stentiford*

Centre for Environment, Fisheries and Aquaculture Science (Cefas), Weymouth
Laboratory, Weymouth, Dorset DT4 8UB, UK
Histopathological screening of brown shrimp (Crangon crangon) and pink shrimp (Pandalus
montagui) from the Wash fishery, North Sea have revealed the presence of two separate
viruses of the hepatopancreas. The first, Crangon crangon Bacilliform Virus (CcBV) has
been previously described infecting estuarine brown shrimp from the UK while the second,
Pandalus montagui Bacilliform Virus (PmBV) is a new description from this species.
Ultrastructural and pathological observations of PmBV suggest that (as for CcBV) it has
affinities to other intranuclear bacilliform viruses (or non-occluded baculoviruses) of
Crustacea. PmBV-infected epithelial cells contain eosinophilic, hypertrophied nuclei with
marginal chromatin. The prevalence and severity of infection of PmBV in pink shrimp
appeared less than that seen for CcBV infection of brown shrimp from the same site.
Ultrastructural observation of PmBV revealed the presence of rod-shaped virions with a
distinctive kink in the middle of the nucleocapsid. Kinked-nucleocapsids were bound by a
simple trilaminar envelope. PmBV virions did not appear to form arrays and were not
encapsulated within occlusion bodies but did appear to be partially occluded in an amorphous
matrix that corresponded to a granular viroplasm. PmBV differed from the previously
described CcBV in that CcBV virions instead consisted of a straight, rod-like nucleocapsid
enclosed within a trilaminar envelope with a distinct protrusion at one end. Brown and pink
shrimps support important fisheries in Europe and further work is now required to investigate
whether viral infections such as CcBV and PmBV have the potential to regulate population
structure within these fisheries.
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INVESTIGATION AND PATHOGENICITY OF LACTOCOCCUS GARVIEAE TO
THE GIANT FRESHWATER PRAWN MACROBRACHIUM ROSENBERGII
S-C Chen*1, Y-D Lin1, P-C Wang1 and T. Yoshida2
1

Department of Veterinary Medicine, National Pingtung University of Science and
Technology, Pingtung 91201, Taiwan, Republic of China; 2Department of Fisheries,
Miyazaki University, Miyazaki 889-21, Japan
Whitish muscle is a major important disease in giant freshwater prawn, Macrobarchium
resenbergii in summer in Taiwan. Thirty-one strains of bacteria were isolated from the
diseased prawn. Twenty-eight strains were Lactococcus, 2 were tentatively identified as
Citrobacter, and 1 as Aermonas. Seventeen isolates out of twenty-eight Lactococcus are
Lactococcus garvieae. Experiments were conducted to assess the pathogenicity of L. garvieae
strain from diseased giant freshwater shrimp and reference strains. The LD50 value of strains,
L. garvieae MR10, MR18, MR24, and reference strains L. garvieae ATCC 43921, L. garvieae
MZ9210 was 3.0x104, 1.5x107, 8.7x106, 5.0x106, 6.6x105colony forming units/prawn,
respectively. Histopathologically, they showed marked edema and necrotic lesions with
inflammation in the muscles and hepatopancreas. Bacteria isolated using brain heart infusion
medium or tryptic soy agar were gram-positive and ovoid. Seventeen strains from diseased
prawns at different farms were tested using the API 20 Strepsystem, conventional tests, and
16S rDNA sequence identified as Lactococcus garvieae. Experimental infections with these
strains gave gross signs and histopathological changes similar to those in seen in the naturally
infected prawns. The calculated LD50 dose was 7 µg and 12 µg of ECP/shrimp of L. garvieae
MR10 and MR1, respectively. The ECP is one of virulence factors of L. garvieae to M.
rosenbergii. The 57 and 41 kDa are major proteins of extracelluar prodcts from L. garvieae by
SDS-PAGE analysis
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ACUTE CRAYFISH PLAGUE OUTBREAK IN THE AUSTRIA LAKE
“GLEINKERSEE” AND ITS DIAGNOSTIC DETECTION IN NOBLE CRAYFISH
(ASTACUS ASTACUS) NECROBIOPSIE-BY REAL-TIME PCR
G. Hochwimmer1, E. Licek*,2 and R. Steinborn3,4
1

Institute of Bacteriology, Mycology and Hygiene, University of Veterinary Medicine
Vienna, Austria; 2Clinic of Avian, Reptile and Fish Medicine, University of Veterinary
Medicine Vienna, Austria; 3Institute of Animal Breeding and Genetics, University of
Veterinary Medicine Vienna, Austria; 4VetOMICS, University of Veterinary Medicine
Vienna, AustriaThe oomycete Aphanomyces astaci is the causative agent of the most severe
disease among European, Asian and Australian crayfish species, called crayfish plague.
In Austrian watersheds first crayfish plague associated die offs were described in the year
1879 (Anonymous, 1906). A second outbreak wave was recorded in the 1920s, and its
sporadic occurrence is watched up to the present.
Recently, we observed an acute crayfish plague outbreak in a small, noble crayfish (Astacus
astacus) inhabited lake in the foothills of the Austrian alps, named “Gleinkersee”.
In this poster we describe the identification of the isolated Aphanomyces astaci strain GKS-07
and a diagnostic real-time PCR based on two constitutivley expressed GH-18 chitinase-genes,
which represent important virulence factors of the crayfish plague germ Aphanomyces astaci.
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SHRIMP POPULATION GENETIC STRUCTURE AND WSDV DETECTION IN WILD
POPULATIONS OF KURUMA SHRIMP MARSUPENAEUS JAPONICUS
T. Mekata, T. Itami*, J. Kasonchandra, T. Yoshida, M. Sakai and M. Takagi

Faculty of Agriculture, University of Miyazaki, 1-1, Gakuen Kibana-dai Nishi,
Miyazaki-shi, 889-2192, Miyazaki Prefecture, JAPAN
The loop-mediated isothermal amplification (LAMP) method is a sensitive and rapid
technique that can be applied to diagnose disease in aquaculture. Using the LAMP method, a
highly specific and sensitive diagnosis system for white spot disease virus (WSDV) detection
was established. A set of six primers, two outer, two inner and two loop primers, were
designed from the WSDV genome DNA. The reaction time and temperature were optimized
to 60 min at 65°C. The detection limit using the LAMP method was about 1 fg. We surveyed
to detect WSDV in wild populations of kuruma shrimp on the east coast (Hyuganada,
Miyazaki Pref.) and west cost (Azumacho, Kagoshima Pref.) of Kyushu Island and Seto
Inland Sea in Japan. A high frequency (50.7%) of WSDV was found in kuruma shrimp near
the Seto Inland Sea and low incidence (4.6%) on the east coast and west coast of Kyushu
Island. Based on the microsatellite DNA and mitochondorial DNA polymorphism analyses,
the kuruma shrimp population on the east coast of Kyushu Island can be grouped into one
population with a markedly low incidence of WSDV in Japan.
This study was supported by a grant from Research and Development for New Bio-industry
Initiatives.
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SURVEY ON THELOHANIASIS IN WHITE-CLAWED CRAYFISH
AUSTROPOTAMOBIUS PALLIPES COMPLEX FROM STREAMS OF BELLUNO
PROVINCE (NORTHEASTERN ITALY)
F. Quaglio*1, F. Colombo1, P. Capovilla2, D. Florio3 and M. L. Fioravanti3
1

Faculty of Veterinary Medicine, University of Padua, Padua, Italy; 2 Veterinary,
Belluno, Italy; 3 Faculty of Veterinary Medicine, University of Bologna, Bologna, Italy
The freshwater crayfish, Austropotamobius pallipes complex is a protected European native
species, as it is considered an endangered aquatic organism.
From 2004 to 2006, during summer and early autumn, samplings of wild white-clawed
crayfish Austropotamobius pallipes complex were carried out for pathological surveys in six
streams and rivers of Belluno Province in Veneto region of Northeastern Italy: Gresal, Morol,
delle Tose Lake (Lagole), Valturcana, Ardo and Vena d’oro.
The samples were collected in order to detect the microsporidian parasite Thelohania
contejeani Henneguy, responsible for porcelain disease or thelohaniasis.
A total of 177 crayfish was captured, and in particular: 16 in Gresal, 1 in Morol, 20 in delle
Tose Lake (Lagole), 90 in Valturcana, 27 in Ardo and 23 in Vena d’oro watercourses.
Gross examination of each specimen was performed and only a small number of subjects, in
relation to the population consistency, was sacrificed to evaluate the health status.
The number of subjects was judged to be the minimum needed for an accurate survey picture,
avoiding an excessive wild crayfish collection.
Parasitological surveys were performed by microscopical exam of skeletal muscles;
histopathological analysis was carried out on full transverse and sagittal sections of
cephalothorax and abdomen.
The presence of Thelohania contejeani was recorded only in the Vena d’oro crayfish
population with a low rate of infection (4.3%). All the subjects sampled from the other
watercourses resulted negative.
The examination of skeletal muscle from the positive subject revealed the presence of several
stages of the microsporidian parasite, with mature spores as the most common stage.
Sporophorous vescicles were also present. The mature spores were oval, with a mean length
of 4 µm and a mean width of 2.2 µm.
At the histological examination the skeletal, cardiac and intestinal muscles showed the fibers
heavily filled with spores. Melanine infiltrations were focally present in infected striated
muscles. The phagocytotic nephrocytes of the gills were engulfed with small masses of
spores.
This survey permitted to report for the first time the sporadic presence of T. contejeani in
white-clawed crayfish populations from Northeastern Italy, with heavy tissue damages
referable to the infection.
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DESCRIPTION OF A HEMATODINIUM SP. INFECTING THE CHINESE
SWIMMING CRAB PORTUNUS TRITUBERCULATUS
H.J. Small1,2, J.D. Shields2, W.J. Xu3, and K.S. Reece*,2

1

Centre for Environment, Fisheries and Aquaculture Science, Weymouth, UK.;
Virginia Institute of Marine Science, Gloucester Point, USA; 3 Marine Fisheries
Research Institute of Zhejiang, Zhoushan, China.
2

Members of the genus Hematodinium are parasitic dinoflagellates that infect a growing
number of crustacean genera, many of which are exploited in commercial fisheries. Currently
there are only two described species of Hematodinium; however there are numerous reports of
Hematodinium-like species infecting other crustaceans. We report the discovery of a
Hematodinium sp. infecting cultured Portunus trituberculatus from the Zhoushan Islands in
China. Associated mortalities were observed between June and November with a peak in
September. During this time, prevalence of infection approached 90%. The pathology was
typical of other Hematodinium sp. infections of decapods with replacement of haemocytes by
large numbers of uni- and multinucleate parasite stages in all tissues examined.
Ultrastructurally, vegetative parasite stages displayed a “speckled” appearance of condensed
chromatin, trichocysts, lipid droplets and inclusion vesicles. Dinospores displayed a
condensed chromatin, trichocysts, alveolar membrane, and a flagellar attachment site.
Molecular characterisation of the SSU, ITS and LSU ribosomal RNA regions of the parasite
revealed a close similarity with the Hematodinium spp. infecting the blue crab (Callinectes
sapidus), and the harbour crab (Liocarcinus depurator). A PCR-RFLP assay can detect and
differentiate between these Hematodinium spp.
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A DISEASE SURVEY OF CHINESE MITTEN CRABS (ERIOCHEIR SINENSIS)
FROM THE RIVER THAMES, LONDON, UK
G.D. Stentiford* and Kelly S. Bateman

Centre for Environment, Fisheries and Aquaculture Science (Cefas), Weymouth
Laboratory, Weymouth, Dorset DT4 8UB, UK
The Chinese mitten crab (Eriocheir sinensis) is an alien species to UK waters originating
from China. First introduced into Western Europe in the early 20th century, the species was
first recorded in England in 1935 with growing populations in the tidal River Thames since
the 1970's. Within its natural range, mitten crabs are the second intermediate host to the
oriental lung fluke (Paragonimus westermanii), which can be transmitted to human definitive
hosts via consumption of raw or undercooked crabmeat. Approximately 22 million people are
infected globally with pulmonary paragonimiasis potentially fatal if left untreated. Since
mitten crabs are present in large numbers in the River Thames and anecdotal reports suggest
establishment of an artesanal fishery for the species in the region, we carried out a
parasitological survey of the Thames population using fresh tissue preparations,
histopathology and electron microscopy. Samples were collected via trapping and fyke nets
monthly over an 18 month period from sites at Tilbury Dock and the Millennium Dome.
Parasitological assessment and histopathology of over 1000 individual crabs failed to detect
the presence of P. westermanii (or other encysted Digenea) in Thames crabs. However, during
the course of the survey, a microsporidian (previously described infecting mitten crabs in
China) was found inhabiting the hepatopancreatic tubules at high prevalence. Furthermore,
the egg clutch of gravid females was often infected with an unidentified fungal pathogen that
led to degeneration of the egg mass. We conclude that the risk of contracting P. westermanii
from consumption of Thames mitten crabs is negligible, likely due to the absence of the first
intermediate snail host from the Thames ecosystem and further, that pathogens found
inhabiting the population demonstrate how alien species can pose additional threats to local
ecosystems via the introduction of exotic pathogens.
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INFECTION OF RAINBOW TROUT WITH PSEUDOMONAS PUTIDA
I Altinok*, S. Kayis and E. Capkin

Karadeniz Technical University, Faculty of Marine Sciences, 61530 Surmene, Trabzon,
Turkey
A disease outbreak occurred during the Spring of 2006 among rainbow trout, Oncorhynchus
mykiss, kept in growout tanks. During the outbreak 35% of the rainbow trout died. Typical
clinical signs were ulceration on the dorsal surface of the fish. Based on biochemical
characteristics and sequence of 16S rRNA, the causative bacteria isolated from diseased fish
were identified as Pseudomonas putida. Histologically, skin ulcer initially was characterized
by sloughed off epithelia and epithelial necrosis. In the advanced form of the disease, almost
all layers of the skin down to the epidermis were lost.
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SCREENING FOR A GENE ENCODING AN EXE-D SECRETIN IN THREE
BACTERIA ISOLATED FROM ATLANTIC COD (GADUS MORHUA L.)
H. Árnadóttir, Ó. Ólafsdóttir, A. Aðalbjarnardóttir, B. Björnsdóttir and B. K.
Guðmundsdóttir.

Institute for Experimental Pathology, University of Iceland, Keldur, Reykjavík, Iceland.
Aeromonas salmonicida subsp. achromogenes (Asa) and Moritella viscosa (Mv) are the
causative agents of atypical furunculosis and winter ulcer disease of various fish species.
Vibrio logei (Vl) is frequently isolated from cod. All the bacteria are Gram- and secrete a
number of extracellular enzymes important to their pathogenesis or nutrition. The ExeD
protein of A. salmonicida subsp. salmonicida (Ass) is a member of the PulD family of
secretion proteins and a part of a second terminal branch of the general secretory pathway in
Gram- bacteria. Its encoding gene has high homology to corresponding proteins of A.
hydrophila, Klebsiella oxytoca, Erwinia chrysanthemi and E. carotovora1.
The aim of the study was to identify genes homologous to the exeD gene in the three named
bacteria Asa, Mv and Vl.
Genomic DNA was extracted from the bacteria and used in various PCR amplification tests,
using primers constructed after the exeD sequence1. Phage λ gene libraries consisting of 2-10
kb DNA fragments obtained from all three bacteria were constructed. Gene libraries and
Southern blots were screened with digoxigenin(DIG)-labeled probes obtained from the exeD
gene sequense.
Fragments containing exeD homologous sequences were amplified by PCR from the Asa and
Vl genomes, but not from the Mv genome. Primers amplifying the exeD ORF of Ass (2037
bp) amplified a fragment with the same size from the Asa genome, but neither from Vl nor
Mv genomes. Asa and V1 genomes reacted with the respective exeD sequence based probes
in Southern blot analysis but neither of the probes reacted with Mv genomic DNA. Screening
of the Asa and V1 genomic libraries with DIG-labeled exeD probes gave positive plaques. In
vivo excision of plasmids from selected phagemid plaques resulted in isolation of plasmids
containing the exeD gene of Asa and its homologous gene of Vl. All attempts to amplify or
detect fragments from the Mv genome containing exeD homologous sequences were
unsuccessful.
The results indicate that Asa and Vl posess secretion proteins with high homology to the
ExeD protein of Ass, but that Mv may have secretion proteins that are significantly different
to those of the PulD family.
Karlyshev, A.V. and S. MacIntyre, 1995, Cloning and study of the genetic organization of the exe gene cluster of
Aeromonas salmonicida. Gene 158 (1): p. 77-82.
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LISTONELLA ANGUILLARUM SEROTYPE O3 IN CHILEAN SALMON FARMS
R Avendaño-Herrera1*, A Silva-Rubio1, B Jaureguiberry1, AE Toranzo2 and B
Magariños2
1

Laboratorio de Veterquímica. Camino Melipilla 5641, Cerrillos. Santiago – Chile
Departamento de Microbiología y Parasitología, Facultad de Biología and Instituto de
Acuicultura. Universidad de Santiago de Compostela 15782. Spain

2

Listonella anguillarum was consistently isolated from vibriosis outbreaks affecting salmon
farms in Chile in the last year. The virulence assays using two representative strains
demonstrated that the Chilean isolates were highly virulent for Atlantic salmon (Salmo salar).
All these L. anguillarum isolates could not be assigned within the serotypes associated with
diseased salmonids (O1 and O2). Serological characterization of the isolates compared to
collection strains belonging to the ten serotypes described for this pathogen, allowed us to
demonstrate that these Chilean strains belong to serotype O3, which was never before
described in Chilean salmonids. Therefore, it became necessary the incorporation of the
serotype O3 antigens in the vaccine formulations against L. anguilarum to be used in farmed
salmonids in Chile.
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CHARACTERIZATION OF PSEUDOMONAS ANGUILLISEPTICA STRAINS
ISOLATED FROM COD (GADUS MORHUA) IN SCOTLAND.
S. Balboa1, A. Doce1, H. W. Ferguson2 and J. L. Romalde1

1

Universidad de Santiago de Compostela. Santiago de Compostela. Spain; 2 University
of Stirling. Stirling. UK.
The biochemical, serological and genetic characteristics of six strains of Pseudomonas
anguilliseptica isolated from cod, Gadus morhua (L.) in Scotland were compared to well
characterized isolates of this same bacterial species but with different geographical anf host
origin. Biochemical and physiological analyses showed that this group of isolates was highly
homogeneous, their characteristics matching previous descriptions of the pathogen. Similar
results were obtained for the six cod isolates in the serological assays, all of them belonging
to the serotype O1. Marked homogeneity was observed also in the genetic study, analyzed by
means of RAPD, ERIC-PCR and REP-PCR procedures, showing that they were similar to
isolates from gilthead seabream, (Sparus aurata), black spot seabream, (Pagellus bogaraveo),
and turbot, (Psetta maxima). Virulence assays demonstrated that the cod isolates were highly
pathogenic for turbot and sole with LD50 between 7.6 x 104 and 5 x 107 bacterial cells/fish,
indicating the lack of host specificity for P. anguilliseptica.
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IDENTIFICATION AND CHARACTERISATION OF THE 17/19 KD ANTIGEN OF
MORITELLA VISCOSA
H. Björnsson*1, V. Þ. Marteinsson2 and E. Benediktsdóttir1
1

Institute of Biology, University of Iceland, Reykjavik, Iceland; 2Matis, Reykjavík,
Iceland
Moritella viscosa are Gram negative psychrophilic bacteria that causes winter ulcer disease in
fish farmed at temperatures below 10°C. The bacteria have been isolated from fish samples in
Iceland, Norway, Scotland, Canada and Faroe Islands.
A previous study has shown the importance of a 17/19 kD antigen which is named after its
size in two strains of the bacterium1). The antigen is unique for M. viscosa and its role in the
pathogenesis of winter ulcers is unknown.
The main goal of this study is to isolate the antigen for further characterisation.
Triton X-114, a non-ionic detergent, facilitates the phase partitioning of detergent solubilised
proteins and recovery of proteins with hydrophobic characters and has been used to isolate
surface antigens from Gram negative bacteria2), 3). Washed cells were incubated in solution
containing Triton X-114 to solubilise the hydrophobic outer membrane proteins. Phase
partitioning was performed by centrifugation at 25°C, and resulted in two aqueous phases.
The Triton (hydrophobic) phase was precipitated by incubating with acetone at -20°C yielding
a white solid material. SDS-PAGE revealed that the material consisted of
lipooligosaccharides, the 17/19 kD antigen and other outer membrane proteins clearly visible
after CBB staining and immunoblotting.The antigen was cut from gel and sent for
identification. The results from the isolation and identification of the antigen will be
presented.
1) K Heiðarsdóttir and E. Benediktsdóttir (2005) Antibody response in salmon after successful vaccination
against Moritella viscosa. Abstract. In Book of Abstracts, 12th International Conference of the EAFP, Diseases
of Fish and Shellfish", 11 - 16 september 2005, Copenhagen, Denmark, p.178.
2) Cunningham, T.M., Walker, E.M., Miller, J.N. and Lovett, M.A. (1988) Selective release of the Treponema
pallidum outer membrane and associated polypeptides with Triton X-114. Journal of Bacteriology 170, 57895796.
3) Crump, E.M., Burian, J., Allen, P.D. and Kay, W.W. (2005) Identification and expression of a hostrecognized antigen, FspA, from Flavobacterium psychrophilum. Microbiology, 151, 3127-3135.
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CHARACTERIZATION OF VIBRIO LOGEI ISOLATES BASED ON PHENOTYPE
AND POLYGENETIC ANALYSES.
Ø.J. Brevik*, A. Nylund, K. F. Ottem

Departement of Biology, University of Bergen, Norway
V. logei have on numerous occasions been isolated from kidney or gonads (eggs or milt) of
moribund Atlantic cod (Gadus morhua), without any clear indications of the bacterium being
the causative agent of disease. Isolates of V. logei have also been sampled from intestine and
hind gut in wild fish which suggest that V. logei is symbiotic bacteria in a normal cod
intestinal flora. The presence of V. logei in the kidney and gonads in diseased fish however,
indicates that the bacterium might become systemic and could be an opportunistic pathogen.
Another possibility is that these isolates of V. logei in fact represent other related species.
Partial sequencing of 16S rRNA and selected housekeeping genes for the identification of the
V. logei isolates and reference strains are being used to compare these bacteria phylogenetic.
Reference strains used are those closest related to V. logei, V. salmonicida and the V. fischeri
group; V. salmonicida (NCIMB 2262, ATCC 43839), V. logei (ATCC 15382, NCIMB 2252),
V. Wodanis (ATCC-BAA-104) and V. fischeri (ATCC7744, NCIMB1281). Phenotypic
characterisations with commercial kits API 20E and API 50CH (Biomerieux) are also being
used to give a phenotypic profile of the different bacteria for comparison. So far sequencing
of gyrB has shown promising results in relation to differentiation between V. logei isolates.
Preliminary results from gene-sequencing are indicating that V. logei isolates from intestine
might be different when compared to the reference strains. More housekeeping genes will be
selected for sequencing. Results will be presented and discussed.
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BACTERIAL SKIN FLORA OF HEALTHY AND SAPROLEGNIA INFECTED
BROWN TROUT SALMO TRUTTA
M.T. Carbajal-González, J.M. Fregeneda-Grandes, F. Rodríguez-Cadenas and J.M.
Aller-Gancedo*

Faculty of Veterinary Medicine, University of León, León, Spain

The aerobic skin flora of wild and cultured brown trout (Salmo trutta) of the province of León
(NW Spain) was analysed quantitatively and qualitatively along the four seasons of a year
(April 2006 to January 2007). Specimens from healthy and Saprolegnia infected brown trout
were collected from a fish farm, a river with frequent presence of saprolegniosis and a river in
which the disease was not observed. Fish were provided by the Environmental Service of the
Regional Government of Castile and Leon. The skin samples were taken by scraping and were
cultured seven days at 20ºC on tryptose soya agar and blood agar. Randomly selected colonies
were purified for its identification by standard microbiological methods.
Provisional results revealed great differences between the bacterial flora of skin from healthy
fish and from lesions of saprolegniosis. The bacterial counts were much higher in diseased
skin and, in addition, the differences were also qualitative. In healthy skin predominated the
Gram-negative, non haemolytic, oxidase positive rods followed by Staphylococus and other
Gram-positive, catalase positive cocci, whereas in diseased skin the most important genera
were Aeromonas, Pseudomonas and Vibrio.
Comparing the results of each season and sampling point, the most detectable differences
were the higher bacterial counts and the isolation of Enterobacteriaceae members in summer,
with a lesser count at the fish farm, which can be caused by the preventive chemical
treatments.
The genus Iodobacter has been isolated in connection to saprolegniosis (Viljamaa et al.,
2005). We have observed violet-pigmented, Gram-negative rods that share many
characteristics of this genus, mainly in healthy trout in spring and summer.
Viljamaa-Dirks S., Pentikäinen J., Heinikainen S. And Kuronen H. (2005). Frequent isolation of Iodobacter sp.
in connection with saprolegniosis. 12th International Conference of the EAFP, Copenhagen, Denmark. p. 83 (O083).
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SCREENING AND CHARACTERIZATION OF BACTERIA WITH ANTIBETANODAVIRUS ACTIVITY FROM GROUPER (EPINEPHELUS SP.) INTESTINE
S. C. Chi* and L. Chang

Institute of Zoology, National Taiwan University, Taipei, Taiwan
Betanodavirus is the pathogen of viral nervous necrosis (VNN) disease that has caused mass
mortality of the affected fish at larval and juvenile stages. In this study, 34 bacterial isolates
from grouper intestinal microflora were examined for their antiviral activity against grouper
nervous necrosis virus (GNNV) according to neutralization test. Three representative strains
(0209, 0427, 0519) with high neutralization index (Log NI5) against GNNV were cloned
and further characterized. The anti-GNNV substances secreted by the three strains were all
heat-stable (121, 10 min), and their molecular sizes were smaller than 10 kDa (strain 0519)
or 3 kDa (strain 0209, 0427). The anti-GNNV activities remained high (Log NI5) even after
treatment at 100 for 10 min following microfiltration (5 kDa). No protein was left in these
treated supernatants. The treated bacterial supernatants were frozen-dried and re-dissolved in
water and ethanol separately. However, anti-viral activities were only detectable in the waterdissolved solution. In feeding test, the fish were fed with bacterial suspension-mixed
commercial food for 4 weeks and then challenged with GNNV. More than 50% of the
negative control fish showed clinical signs of VNN disease and 24% cumulated mortality
were recorded after GNNV challenge within 2 weeks, but neither clinical signs nor mortality
occurred in the fish fed with the three bacterial strains. The intestinal microflora of the fish
post feeding period were examined, and were found to be different from that of negative
control fish. Therefore, the three representative bacteria have potential to become a biological
control for VNN disease in the future. The antiviral mechanisms of the three representative
strains were studied in GF-1 cell line, and the preliminary results showed that they were
different.
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BACTERIAL INFECTIONS IN COD FROM “PRE-PRODUCTION TRIALS”
I. Dalsgaard *, M. S. Bruun and L. Madsen

Danish Institute for Fisheries Research, Fish Disease Laboratory, Frederiksberg,
Denmark
A growing interest in cod-farming has been seen during the last years. Denmark has a
tradition in cod-fishing and as a result of the diminishing catches of cod and the increasing
demands for cod from the processing industry and the consumers, a project was initiated by
our colleagues at the Danish Institute for Fisheries Research with the purpose to find and
validate the optimal growth conditions for cod in landbased recirculation systems.
In March 2006 Atlantic cod (Gadus morhua L.) were imported from Norway at a weight of
175 g. Another batch of cod was imported in August 2006 at a weight of 5 g. The cod was
vaccinated before delivery with a commercial vaccine (ALPHA MARINE Vibrio,
PHARMAQ AS, Norway) including Vibrio anguillarum serotypes O1, O2a and O2b. Shortly
after introduction to the experimental facilities the cod showed ocular damages. The cod were
examined and no internal lesions were observed. Different Vibrio species were isolated from
the damaged eyes, but no bacteria were isolated from the internal organs. Blood agar with 5%
calf blood was used for cultivation of bacteria.
In February 2007 increasing mortalities in the cod received in August were seen and samples
taken from kidneys were sent to our laboratory, where infection caused by atypical
Aeromonas salmonicida was diagnosed. The cod was treated with oxolinic acid and the
disease was controlled.
In July the cod from March 2006 were moved to an outdoor tank which received “natural seawater”. In March 2007 the farmer observed that some of the fish showed eye damages, skin
ulcers and loss of appetite. Increasing mortalities were seen. Five cod were examined. The
gross pathological changes showed extensive white nodules in the spleen, heart, liver and
kidney. No bacteria were isolated on blood agar. Acid-fast bacteria were not seen in smears
from the organs. Samples were taken for histopathology. Cod with systemic granulomatous
disease has been described from Norway as associated with Francisella. In mid-April the
affected cod were killed and destroyed. Before the cod were destroyed, samples were taken,
also from cod imported in August 2006, and these ongoing results will be included and
discussed.
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ANTAGONISTIC ACTIVITIES OF BACTERIA AGAINST THE PATHOGEN OF
COLD WATER DISEASE, FLAVOBACTERIUM PSYCHROPHILUM
Ö. Dıler*, B.I. Didinen, S. Ekici, S. Altun, A. Diler and A. Kubilay

Suleyman Demırel Unıversity Egırdır Fisheries Faculty, Egırdır-Isparta-Turkey
The aim of this research was to control the cold-water disease of rainbow trout
(Oncorhynchus mykiss), caused by Flavobacterium psychrophilum, using the antagonism of
microorganisms. For this study aerobic heterotrofic bacteria were isolated from the rainbow
trout rearing water on tryptone soya agar. Potential probiotic strains isolated using replicaplating method were tested for antagonistic activity in a well diffusion agar assay. Three of 80
strains were showed antagonistic activity. These strains were identified as Pseudomonas like
bacteria. One strain (P3) of Pseudomonas like bacteria exhibited greater inhibitory activity
against Flavobacterium psychrophilum when compared to other strains (P1, P2) and it could
be used as biocontrol agent in the aquaculture industry.
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GENETIC CHARACTERIZATION OF ITALIAN LACTOCOCCUS GARVIEAE
STRAINS ISOLATED FROM FISH, CATTLE AND GOAT.
L. Fasolato1, A. Manfrin1*, C. Corrain1, M. Rosteghin1, S. Amato1, K. Qualtieri1, C.
Andrighetto3, M. Prearo2, G. Arcangeli1.
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3
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Lactococcus garvieae is the most important pathogenic bacteria for rainbow trout
(Onchorhynchus mykiss) in Italy. In order to classify the relation among isolates, we
performed the molecular fingerprinting by Random Amplified Polymorphic DNA Analysis
(RAPD) and Pulsed-Field Gel Electrophoresis (PFGE) in 17 isolates from rainbow trout, 3
from cattle and 3 from goat. Fish isolates were collected during outbreaks in different regions
of Northern Italy since 1992. The isolates from cow and goat were obtained from milk and
dairy products. All isolates were confirmed by PCR and Real-time PCR such as L. garvieae.
RAPD was performed using two different primers (P-5 and P-6) but only P-5 was utilized to
design dendrograms by means of Unweighted Pair group Method UPGMA (Pearson
coefficient). PFGE was conducted with SmaI to determine Restriction Endonuclease
Digestion Profiles and the matrix of similarity (Dice coefficient; SD). Mammalian strains
completely differed from Italian rainbow trout isolates using RAPD profile (<5%), moreover
their PFGE patterns were similar only in 40%. According to RAPD profiles, Spanish strain
PP60-1 was grouped in the cluster of mammalian strains with similarity over 75%. All Italian
strains from trout were clustered in the same group with similarity over 90% except for 1
isolate (80%); said range is considered indistinguishable. Genetic and epidemiologic
relatedness categories obtained by PFGE showed that there is no correlation among
mammalian strains, except for goat strains. All ruminant isolates and PP60-1 were less related
(SD<74%). Vice versa the Italian strains were probably related, the PFGE patterns showed
modifications only in single genetic events (SD 86%). In two subgroups five and two isolates
were indistinguishable (SD 100%); however some isolates were possibly related (SD 84-75%).
The similarity matrix suggested that in the same farm the strains changed according to the
years of isolation. In 2006 L. garvieae isolated was similar to the isolate in the 1995 (SD
95.7%) but is only related to strain isolated in 2005 (SD 87%). Both methods allowed similar
clustering, nevertheless PFGE gave more details about genetic relations. Furthermore, the
Italian strains are probably related and their characterization should be taken in account
during new outbreaks.
Kawanishi, M., Yoshida, T., Yagashiro, S., Kijima, M., Yagyu, K., Nakai, T., Murakami M., Morita H., Suzuki
S. (2006) Differences between Lactococcus garvieae isolated from the genus Ricciola in Japan and those
isolated from other animals (trout, terrestrial animals from Europe) with regard to pathogenicity, phage
susceptibility and genetic characterization. Journal of Applied Microbiology 101 (2), 496–504
Ravelo, C., Magarinos, B., Lopez-Romalde, S., Toranzo, A.E., Romalde, J.L. (2003). Molecular fingerprinting
of fish-pathogenic Lactococcus garvieae strains by random amplified polymorphic DNA analysis. J. Clin.
Microbiol.41(2): 751-756.
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VIBRIO VULNIFICUS BIOTYPE 2 SEROVARS SHOW DIFFERENCES IN
COLONIZATION STRATEGIES AND HOST RANGE
B. Fouz, A. Llorens and C. Amaro*

University of Valencia, Dr. Moliner 50, 46100 Burjassot, Valencia, Spain
Vibrio vulnificus biotype 2 (BT2) is a fish pathogen that occasionally infects humans
(zoonosis). BT2 is subdivided in two serovars, serA and serE, which differ phenotypically and
genetically. SerE produces epizootic/outbreaks of a haemorrhagic septicaemia called vibriosis
in eels cultured in brackish water as well as sporadic cases of human infections. This serovar
was firstly isolated in 1976 in Japan and since then it has spread worldwide. SerA emerged in
Spain in year 2000 and spread to Northern Europe in year 2004. This serovar has only been
isolated from eels cultured in freshwater. Eels naturally infected with SerE or SerA differ
externally in that the haemorrhages are located mainly around gills or anus/intestine,
respectively. The aim of the present work was to compare the disease caused by both serovars
in terms of mode of transmission and host range. To this end, a series of experiments of mice
(intraperitoneal challenge) and fish (intraperitoneal, bath and patch-contact challenge and
oral/anal intubation) infections were conducted. The overall results demonstrate that although
serovars E and A use different portals of entry into fish (gills for SerE, anus/intestine for
SerA), which could explain the differences in symptomatology, both are transmitted by water
and show a similar relationship between virulence degree and temperature/salinity of water.
This result suggests that the differences in saline/fresh water preference found in these two
serovars when they were isolated, could be more related with distinct strategies to infect fish
than with adaptation to specific salinities. Finally, both serovars show the same host range in
case of fish (they are pathogenic for tilapia, sea bass and rainbow trout but not for sea bream)
but only SerE is virulent for mice.
In conclusion, the emergent pathogen V. vulnificus SerA represents a risk of epizootics for
warm-water fish farms including those which use freshwater although it is not dangerous for
Public Health.
Fouz, B., Amaro, C. (2003) Isolation of a new serovar of Vibrio vulnificus pathogenic for eels cultured in
freshwater farms. Aquaculture 217: 677-682.
Fouz, B., Larsen, J. L. and Amaro, C. (2006) Vibrio vulnificus serovar A: an emerging pathogen in European
anguilliculture. J Fish Dis 29: 285-91.
Fouz, B., Roig, F.J. and Amaro, C. (2007) Phenotypic and genotypic characterization of a new fish-virulent
Vibrio vulnificus serovar that lacks potential to infect humans. Microbiology (in press)
Marco-Noales, E., Milán, M., Fouz, B., Sanjuán, E. and Amaro, C. (2001) Transmission to eels, portals of entry,
and putative reservoirs of Vibrio vulnificus serovar E (biotype 2). Appl Enviro. Microbiol 67: 4717-4725
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ESTIMATION OF THE VIRULENCE OF DIFFERENT STRAINS OF YERSINIA
RUCKERI ON CELL CULTURE.
J.A. Garcia*, M. Esteban, A. Doménech
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Enteric redmouth disease (ERM) is a worldwide disease of rainbow trout that has been
effectively controlled by the use of vaccines. But in the last years, several outbreaks by nonmotile strains of Yersinia ruckeri have revealed classical vaccines are not as effective against
these new strains. Our previous data about virulence on cell lines of Y. ruckeri showed
differences between strains isolated from clinical outbreaks and strains isolated from healthy
fish and water. Our objective was to compare the virulence on cell cultures of classical
isolates versus a non motile strain isolated from a clinical outbreak. EPC cultures and trout
macrophages were infected with bacterial cells and supernatant from five different strains.
Three of the strains had been isolated from clinical outbreaks of ERM, including the non
motile strain; another was a reference strain, while the fifth was isolated from water.
Virulence was estimated by counting the number of surviving cells at different times after
infection, and compared with non-infected cultures. Results from the cultures infected with
the bacteria show that EPC cells are significantly more susceptible than macrophages. But
when cells were infected with the supernatant from the bacterial cultures, the lower number of
surviving cells was found in the macrophage cultures. This seems to point that macrophages
could be more susceptible to the bacterial extracellular products than other cell types.
However, no significant differences were found with the water strain between both cell types.
We also estimated the number of bacteria per cell. In this case, the number of bacteria in EPC
cells was much lower than in macrophages, even though the survival rate in these cells was
also much lower. This result suggests that a very low number of bacteria would be enough to
damage fish epithelial cells.
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SITE DIRECTED MUTAGENESIS OF THE ASAP1 EXOTOXIN OF AEROMONAS
SALMONICIDA
J. Hentschke1,*, Ó.H. Friðjónson2, A. Ævarsson2, G. Ó. Hreggviðsson2 and B. K.
Guðmundsdóttir1
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Aeromonas salmonicida subsp. achromogenes (Asa) is a pathogenic bacterium, which infects
various fish species (e.g. salmonids and cod). The exoprotease, AsaP1, is one of its main
virulence factors, which induces all the pathology of atypical furunculosis when it is injected
in its pure form into salmon. The AsaP1 encoding gene has been cloned and expressed in E.
coli and an AsaP1 negative deletion mutant of Asa has been produced and found to have
reduced virulence in salmonids and cod. The aim of the study was to create an AsaP1 toxoid
through site directed mutagenesis and test its antigenic activity in salmon and mouse.
Amino acids, involved in substrate binding and catalytic activity of the enzyme were
identified by modelling the AsaP1 protein structure. The corresponding codons were
exchanged with site-directed mutagenesis. Glutamate in the active side of the protease was
changed to glutamine and alanine. Tyrosine in the specific binding site of the protease was
changed to phenylalanine and alanine. Casein zymograms were used to assay for enzyme
activity. The recombinant mutated proteins were injected i. p. into salmon fingerlings and
pathological effects of the proteins studied. Salmon and mice were vaccinated i.p. with the
recombinant proteins and sera were sampled eight weeks post vaccination and analysed with
western blotting.
All four mutated AsaP1 proteins were found to be non-toxic to salmon. One of the mutated
enzymes was weekly proteolytic, but three showed no caseinolytic activity. The four toxoids
were found to be immunologically reactive.
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DISSOCIATION OF FLAVOBACTERIUM PSYCHROPHILUM INTO DIFFERENT
COLONY TYPES
E. Högfors and T. Wiklund*

Laboratory of Aquatic Pathobiology, Åbo Akademi University, Turku, Finland
It is well known that some fish pathogenic bacteria (eg. Aeromonas salmonicida) readily
dissociates into different colony forms. This feature has not previously been reported for
Flavobacterium psychrophilum. After initial isolation of F. psychrophilum from diseased fish
we observed that the growth mode of the bacterial cells changed in broth culture upon
repeated passages. A subsequent change in colony morphology was also observed. In order to
evaluate the mechanisms and significance of this change in growth and colony morphology
detailed studies were done.
Two different colony types were observed: A) colonies with a distinct greenish appearance
with regular edges (greenish); B) smooth yellow colonies, with sometimes irregular edges
(smooth). The different colony morphology was easily detected under a microscope.
When transferred to broth the greenish colonies showed a growth in the whole media,
meanwhile the smooth colonies agglutinated on the bottom of the tube. The change in colony
morphology was initiated only if the bacterial strain (smooth) was repeatedly (2-3 passages)
sub-cultivated in broth, with subsequent plating on TYES agar. The change was not observed
if the bacterial strain was sub-cultivated from agar plate to agar plate. In virulence tests the
greenish colonies showed an LD50 = 1,4 x 106 CFU, and the smooth colonies an LD50 = 2,3 x
107 CFU (rainbow trout ~ 100 g). These results were contradictory to what could be expected,
because the smooth colony type is often isolated from diseased fish. Any differences in
biochemical reactions between the two different colony types were not observed.
The significance of the two different colony types is presently not known. The completely
different growth mode in broth suggests that the surface composition of the bacterial cells of
the two types is different, and this might be associated with the adhesion mechanisms and/or
survival strategies of the pathogen.
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ASSOCIATION BETWEEN COLONY MORPHOLOGY, ADHESION, LEUKOCYTE
ACTIVATION AND CHONDROITIN AC LYASE ACTIVITY IN FLAVOBACTERIUM
COLUMNARE
H. M. T. Kunttu*, E. I. Jokinen, L.-R. Suomalainen and E. T. Valtonen
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Finnish strains of Flavobacterium columnare, the causative agent of columnaris disease,
represent seven genetically different groups that differ in their virulence. Four different types
of colony morphology among these strains can be detected in plate cultivation: (1) adherent,
rhizoid, flat with finger-like projections; (2) adherent, non-rhizoid, convex with irregular
edges; (3) non-adherent, non-rhizoid, flat, round with regular edges; (4) non-adherent,
irregular shape. Adhesion capacity and chondroitin AC lyase activity are suggested to be
related to virulence of F. columnare. Adhesion molecules are found on the surface of bacterial
cell. These surface structures are recognised by host’s immune system (such as macrophages).
We studied the connection between colony morphology, chondroitin AC lyase activity,
adhesion capacity on polystyrene surface and the capability to activate rainbow trout head
kidney leukocytes to produce antimicrobial reactive oxygen species (ROS response). The
seven strains tested and the colony types within each genetic group differed from each other
in their adhesion capacity on polystyrene. Colony Type 2 was the most adherent, followed by
Type 1, Types 3 and Type 4. ROS response was mainly related to genetic group of F.
columnare, the activation of leukocytes differing only slightly between colony types formed
by certain strain. Only among two strains clearer difference was detected between colony
types. Chondroitin AC lyase activity was also related rather to genotype of F. columnare than
to colony type. Based on these results, the bacterial surface structures that induce the ROS
response are different from those responsible for the adhesion on plastic surface. Adherence
on plastic is related to colony morphology. However, ROS production and chondroitin AC
lyase activity are related more closely to the genetically defined strain. We have preliminary
indications that ROS formation is related to the virulence of the strain, but this waits for
further verification. In future, protein composition of different colony types is studied together
with mortality in experimental infection, to determine whether morphological or biochemical
traits could be used as predictors of virulence in F. columnare strains.
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ISOLATION OF VIBRIO SPECIES FROM FLAT OYSTER (OSTREA EDULIS)
LARVAE
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Bacteria (mainly Vibrio species) are often associated with larval mortalities in bivalves.
Vibrios are part of the normal microflora in the marine environment where oysters are
cultured, and different Vibrio species have been isolated in connection with mortalities in
oyster larvae, e.g. V. tubiashi, V. alginolyticus, V. anguillarum, V. splendidus, V. tapetis.
Usually more than one species is isolated, and the effect of a single species on the observed
mortality among affected larvae is debated.
Limfjorden in Denmark has an extensive production of European flat oysters (Ostrea edulis).
High mortalities are often seen among oyster larvae at a hatchery using intensive production
methods in contrast to a hatchery based on extensive production methods. Diseases of
bacterial origin have been suggested as a possible explanation for the mortalities. Therefore
an experiment was set up, using larvae hatched at the extensive production site. Part of the
larvae was moved to the intensive production site. Samples were taken twice a week from
both sites and bacterial investigations were done on all samples. It was only possible to take
samples from the extensive production site for two weeks, as the density of larvae was very
low (even lower after two weeks where the larvae in the samples were almost non-existent).
The larvae production at the intensive production site crashed after 3 weeks (nearly all larvae
died). Larvae and water samples were ten-fold diluted and streaked on blood agar as well as
marine agar, both added 5 % calf blood. The dominating flora for each sample were analysed
by traditional methods for isolation and characterisation of Vibrio species. Different Vibrio
species were found in all samples, and no dominant species was evident during the sampling
period. V. anguillarum-like bacteria and V. splendidus-like bacteria were found during the
whole sampling period, whereas V. alginolyticus-like bacteria were found after the first week
of sampling and during the rest of the sampling period. No clear relationship between the
isolation of Vibrio species and larval mortalities was found.
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EXPERIMENTAL INFECTION OF TURBOT SCOPHTHALMUS MAXIMUS WITH
PSEUDOMONAS ANGUILLISEPTICA: AN HISTOPATHOLOGICAL AND
IMMUNOHISTOCHEMICAL STUDY
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Pseudomonas anguilliseptica is considered a pathogen that affects a variety of fish species
cultured in marine and brackish waters. Recently, this pathogen has been isolated during the
winter periods from turbot, a major marine fish species cultured in the southern Europe. The
aim of this study was to investigate and to describe the pathology induced in turbot by
experimental infection. A virulent strain of P. anguilliseptica, originally isolated from turbot,
was selected and challenges were performed by intraperitoneal (i.p.) injection (dose of 1.7 x
107 CFU ml-1) and by bath (dose of 1010 CFU l-1). In the present study, only the i.p. challenge
of P. anguilliseptica, performed at a water temperature of 11 °C, resulted in a septicaemic
infection and mortalities. For histology and immunohistochemistry, 3 fish were randomly
sampled at 6 h and at 1, 4, 7 and 9 d after injection/bath exposure. Externally, moribund fish
showed distended abdomen and pale areas at day 9. The gross pathological internal signs of
moribund fish were the presence of abundant ascitic fluid in the peritoneal cavity, pale and
enlarged spleen, pale and friable liver, and congestive and dilated gut with yellowish
exudates. On histopathological examinations, bacterial invasion was common in all the tissues
studied but the most prominent pathological changes were observed in gut, spleen and kidney
after 7 days. The gut showed severe diffuse necrosis with sloughthing of the associated
mucosa and masses of bacteria spread all over the tissue. Spleen was colonised by bacteria
from day 1, and by day 7 was invaded by masses of bacteria that caused a total destruction of
the cells and the organ architecture. In kidney, dissemination of the bacteria causing extensive
necrosis of the hematopoietic cells as well as dilatation of vessels and necrosis of the tubular
epithelial cells. The immunohistochemical findings support the widespread localization of the
bacteria after the i.p. injection since the P. anguilliseptica was detected in spleen from day 1
after injection, in liver, kidney and gut from day 4, in muscle from day 7 and in brain from
day 9. The difficulties on infecting healthy fish by bath challenge could be explained by the
opportunistic nature of this pathogen, proved by the high DL50 (1.5 x 106) of the strain in the
i.p. challenge.
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COMPARISON OF A NESTED VS. DIRECT QUANTITATIVE PCR FOR THE
DETECTION OF FLAVOBACTERIUM PSYCHROPHILUM IN FISH TISSUE, EGGS
AND WATER SAMPLES
F. Manji*, M. Minghetti, K. D, Thompson, J. F. Turnbull and A. Adams
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The bacterial pathogen Flavobacterium psychrophilum (Fp) is the causative agent of bacterial
cold-water disease and rainbow trout fry syndrome (RTFS), and has caused substantial
economic losses to the salmonid aquaculture industry, as well as affecting other aquatic
species. Molecular methods can be more sensitive than traditional bacteriological methods for
detecting specific pathogens and also do not rely on having to first isolate and grow the
pathogen. Well-established PCR and nested PCRs protocols based on 16S rRNA sequences
are available for the detection of Fp in infected fish tissues and water samples. However, none
of these methods are quantitative. Therefore a real-time PCR assay (qPCR) was developed to
quantify the level of Fp in rainbow trout (Oncorhynchus mykiss) eggs, tissues, formalin-fixed
tissue and water samples taken as part of a current epidemiology and diagnostic study.
Using the nested combination of primers designed by Toyama et al. (1994), a PCR product of
1089bp was generated and cloned into a plasmid. The PCR product was sequenced using the
plasmid primers M13F and M13R and the sequence was then BLASTed to NCBI database
giving a 100% homology with Fp 16s rRNA. Quantification was achieved by a parallel set of
reactions containing standards consisting of serial dilutions of spectrophotometrically
determined the linearised plasmid described above. The specificity of the qPCR was
confirmed by testing the primers on a variety of other bacteria including other Flavobacterium
species by traditional nested PCR and qPCR.
The qPCR method was found to be more sensitive than the traditional PCR. Sensitivity was
further improved by performing a nested qPCR.
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MASS MORTALITIES IN GILT-HEAD SEA BREAM (SPARUS AURATA)
JUVENILES DUE TO PHOTOBACTERIUM DAMSELAE SSP. DAMSELAE
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Photobacterium damselae ssp. damselae is a bacterium isolated in both marine and estuarine
waters (Ghinsberg et al., 1995) which includes pathogen strains able to evoke skin ulcers and
haemorrhages in a wide range of fish species such as Chromis punctipinnis (Love et al., 1981)
and several important cultured species (yellowtail, turbot, rainbow trout, sea bream, sea bass,
redbanded sea bream, eel and snapper). Moreover, it has been isolated from sharks, shrimps
(Wang and Chen, 2006) and bivalve molluscians (Lozano-Leon et al., 2003) and can be a
primary pathogen for mammals, especially dolphins and humans (Fouz et al., 1992; Shin et
al., 1996). In March 2006, severe economic losses were registered in a local hatchery. The
whole fish stock of gilt-head sea bream alevins and fryes, medium weight 0.5 g and medium
size 2 cm, died in a period of two weeks. 30 fish were sent to the CISS of the University of
Messina. Histopathological evaluation was carried out on 10 subjects. In the same time,
bacterial samples were taken on died fish at the farm and sent to the IZS of Palermo for
biochemical and molecular characterization of microbial isolates. At necropsy, performed
under a microscope, a dark colouration of the skin, exophthalmia and a discrete ascitis with
posterior intestine dilation were seen in various fish. Histopathology showed clusters of small
bacteria, without evident tissue reaction, in gills and head kidney. Bacteriology let us identify
bacterial isolates, on the basis of cultural and biochemical characteristics, as P. d. ssp.
damselae. PCR performed on both fish tissues and purified colonies confirmed the
subspecies. Molecular exam let us identify the presence of the DNA band referable to the
expected size. Moreover sequencing let us exactly define the homology of the fragment
obtained with the one corresponding published on Gene Bank as belonging to the species P.
d. damselae. Data available in literature show that P. d. ssp. damselae has been reported in
Spain as a cause of mortality in various sparid species. Findings here described represent the
first report of P. d. ssp. damselae in gilt-head sea bream alevins in Italy, as well as a further
confirmation of the circulation in the Mediterranean basin of pathogen strains of such
bacterial species.

266

P-130
ISOLATION OF SOME BALOS (BDELLOVIBRIO AND LIKE ORGANISMS)
STRAINS AND EVALUATION OF THEIR ABILITY TO PARASITIZE SOME FISH
PATHOGENIC BACTERIA
S. Marozzi, C. Palmieri, V. Narcisi, F. Mosca, A. Calzetta, D. Malatesta, D. Ottaviani1,
C. Ghittino1, P. G. Tiscar*
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BALOs (Bdellovibrio And Like Organisms) are small, motile, monopolar-flagellated, aerobic
Gram negative bacteria able to attack, penetrate and grow within the periplasmic space of
Gram negative bacteria, killing at the end of the life cycle the pray cell. BALOs are widely
distributed in nature and have been isolated from soil freshwater, seawater, plant roots,
biofilms, sewage, shells, crab gills and in animals and human faeces. Considering their
intrinsic ability to parasite and lyse pray cells, BALOs have been proposed as attractive
potential biocontrol agents, useful to control Gram negative microbial populations living in
systems as plants, animals and their products, humans, water and surfaces. The aim of this
work consisted in isolating BALOs strains from different substrates, utilizing two different
isolation procedures, and testing the isolates as potential biocontrol agents against some fish
pathogenic Gram negative bacteria. Four BALOs strains have been isolated from river waters,
sea waters and molluscs samples. By means of optic, phase contrast and electron transmission
microscopy, some stages of the isolates life cycle (attack, attachment, bdelloplast formation,
development, maturation and lysis) have been observed, whereas their ability to kill in vitro
some fish pathogenic bacteria, such as Yersinia ruckeri, Vibrio anguillarum and Aeromonas
salmonicida isolated from infected rainbow trout and European seabass, was demonstrated
against two different strains of V. anguillarum and one of Y. ruckeri. The results suggest the
prospective role of the BALOs as biocontrol agents, involving further applicative studies for
setting up a chemio-therapeutic alternative approach.
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DISCRIMINATION OF STREPTOCOCCOSIS AGENTS IN OLIVE FLOUNDER
(PARALICHTHYS OLIVACEUS) IN KOREA
SW Nho*, GW. Shin, MA. Ha, KJ. Palaksha, YR. Kim, SB. Park, HB. Jang, IS. Cha,
YG. Park, BJ. Kang1, TS. Jung
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The olive flounder (Paralichthys olivaceus) is an important mariculture fish in Korea, but its
farming has been negatively impacted by bacterial diseases such as streptococcosis. The
disease in Korea has been reported to be caused by Streptococcus iniae and Lactococcus
garvieae, etc. Recently, some reports suggest S. pararuberis as new emerging pathogen
responsible for fish streptococcosis in Korea. Here, we reported identification and
characterization of etiological agents for streptococcosis in olive flounder farms located along
the Jeju island of Korea. One hundred sixty isolates were collected from olive flounder
suspected as streptococcosis in farms of Jeju Island from 2003 to 2006 years. For identifying
and characterizing all isolates, the isolates were cultured in tryptic soy broth (TSB) for
multiplex PCR, SDS-PAGE and its immunoblotting assays, on tryptic soy agar (TSA) for API
20 strep kit and on blood agar for hemolysis. All isolates were found to be Gram-positive
cocci, catalase and oxidase negative, and non-motile. The multiplex PCR assays showed that
51.9%, 40.6% and 7.5% of isolates were identified as S. iniae, S. parauberis and L. garvieae,
respectively. The groups were in parallel with those of SDS-PAGE and immunoblot assays
using whole cell lystes from each bacterial isolates. On the other hand, S. parauberis isolates
could be divided into three groups by additive bands on immunoblot profiles using chicken
IgY for homologous bacterial isolate. In API 20 strep kits and hemolysis, Voges-Proskauer
(VP), pyrrodonyl arylamidase (PYRA), alkaline phosphatase (PAL) and hemolysis tests were
able to observe differences between S. iniae and the rest bacteria. Conclusively, S. parauberis,
together with S. iniae, is thought to be an important pathogen for streptococcosis in olive
flounder of Korea.

268

P-132
TEMPERATURE EFFECT ON ATLANTIC COD (GADUS MORHUA)
CHALLENGED BY FRANCISELLA SP.
Nordstrøm, J. and Nylund, A.
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Francisella sp. is the causative agent of francisellosis in Atlantic cod (Gadus morhua), and
has led to severe mortalities in several farms on the western coast of Norway. The outbreaks
were most prominent in the summer during high sea temperatures. Francisellosis has also
been observed in wild Atlantic cod outside southern Norway.
There seems to be a relationship between the elevated sea temperatures and francisellosis.
Francisella sp. has an optimal growth at around 20 °C, while the cod prefers temperatures
below 14 °C. High temperature (above 15 C) may influence the cod’s immune system. In
aquaculture this might lead to an unsuccessful vaccination and increased mortality in areas
with mean summer temperatures above 15 C.
To gain information about the possible effect of high temperatures on Atlantic cod infected
with Francisella sp. a challenge experiment was performed. In addition to control groups cod
challenged with Francisella sp. were kept at two different temperatures, 14 C and 18 C,
throughout the experimental period. Moribund and dead fish were removed daily from the
tanks, and samples from 7 different tissues (gills, heart, spleen, kidney, CNS, blood and
pectoral fin) were frozen down to -80 °C for later Real-Time PCR analysis. At the end of each
week, five healthy-appearing fish were taken from each tank and subjected to the same
sampling procedure. In addition, parts of the heart, spleen and kidney were put on Karnovsky
for histology. Re-isolation of Francisella sp. was performed from the kidney of fish with
clinical signs (svollen spleen and kidney with white granulomas).
The Real-Time PCR results will be presented and discussed.
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TRANSMISSION EXPERIMENT IN ATLANTIC SALMON (SALMO SALAR L.)
INDUCING SKIN ULCER INFECTION WITH TENACIBACULUM-LIKE BACTERIA
A.B. Olsen*1, N. Sandlund2, H. Rudra2, H. Mikkelsen3
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Skin lesions in the winter season, called “winter soars”, is the main condition in Atlantic
salmon (Salmo salar) in Norway associated with a bacterial infection. It is well documented
by transmission experiments that the bacterium Moritella viscosa causes skin lesions and
mortality in Atlantic salmon. Over the years histopathological examination of skin ulcers at
the National Veterinary Institute has revealed the presence of long filamentous bacteria. The
bacteria are seen together with M.viscosa, but may also be found in soars where no M.viscosa
are detected (immunohistochemistry and cultivation). Occasionally Tenacibaculum –like
bacteria are isolated from skin ulcers. The poster will present transmission experiments where
field observations are reproduced.
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A COMPARATIVE EVALUATION OF THREE COMMERCIAL ELISA KITS TO
DETECT RENIBACTERIUM SALMONINARUM ANTIGENS IN SALMONIDS
Michelle Pond, Christopher Pond, Peter Dunn, Georgina Rimmer and Edel Chambers

Cefas, Weymouth, UK

Renibacterium salmoninarum (RS) is the causative agent of Bacterial Kidney Disease (BKD),
regarded as one of the most persistent diseases of salmonids in aquaculture. It is a Grampositive diplobacillus and is predominantly intracellular, occurring within cells of the host
immune system. Although slow-growing with fastidious growth requirements, culture on
specialised media, followed by confirmation using a combination of morphological,
biochemical and serological tests, is recognised as a reliable, highly specific method for the
diagnosis of BKD. In order to accelerate the diagnostic process and so facilitate the prompt
application of control measures on infected stocks, alternative, more sensitive detection
methods have been developed, such as those based on antigen (ELISA) or DNA detection
(PCR).
We describe the evaluation of three commercial ELISA kits designed to detect Renibacterium
salmoninarum antigens in salmonids. Experimentally infected rainbow trout (Oncorhynchus
mykiss) were used to ascertain the sensitivity of ELISA as compared to culture and PCR. The
results from these studies and others, to investigate sensitivity, using spiked tissue and
incurred samples, specificity and the reproducibility of each ELISA kit are presented.
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EXPRESSION OF THE OUTER-MEMBRANE PROTEINS TUL4 AND FOPA OF
FRANCISELLA SP., ISOLATED FROM ATLANTIC COD (GADUS MORHUA), IN
ESCHERICHIA COLI
Ingebjørg O. Sævareid, Are Nylund, Karl F. Ottem

Department of Biology, University of Bergen, Norway
Intracellular bacteria within the genus Francisella cause disease and mortality in aquaculture
worldwide. In Norway the cod farming industry are suffering substantial economic loss due to
one of these bacteria. In order to reduce the economic loss which is associated with the
bacterium together with farmed fish welfare improvements, development of diagnostic tools
and functional vaccines is important. Sensitive and specific diagnostic tools are on their way
but so far no vaccines against the bacterium are commercial.
With Francisella being intracellular, a recombinant vaccine might be efficient in combating
infection with the bacterium, probably more so than a vaccine based on attenuated or
inactivated bacteria. Production of recombinant vaccines has also become more inexpensive
due to new and available efficient technologies such as the use of E. coli as a host system for
recombinant protein expression.
Using E. coli as a vector inserts of Francisella outer-membrane proteins Tul4 and FopA have
been cloned and transcribed as recombinant proteins. When immunized into rabbits the
recombinant proteins will result in polyclonal antisera which hopefully can be used as
diagnostic tools. Another possibility is that the recombinant proteins may be candidates for
vaccine-production. Results will be presented and discussed.
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ANTIGENIC PROTEOME ANALYSIS FOR OUTER MEMBRANE PROTEIN (OMP)
OF EDWARDSIELLA TARDA
GW. Shin*, KJ. Palaksha, SW Nho, MA. Ha, YR. Kim, SB. Park, HB. Jang, IS. Cha,
YG. Park, TS. Jung

Laboratory of Fish & Shellfish Diseases, College of Veterinary Medicine, Gyeongsang
National University, Jinju, 660-701, Korea
Edwardsiella tarda is a gram-negative bacterium that induces haemorrhagic septicaemia in
fish and also of gastro- and extraintestinal infections in humans. For investigating potential
vaccine proteins of olive flounder to E. tarda, immunoproteomics, proteomics combined with
western blotting, is applied for analyzing common and specific antibodies dependence on
virulence of isolates to antigens of outer membrane (OM). The virulence of E. tarda isolates
are demonstrated by immersion infection into olive flounder. The challenge test showed that
ED45, ED47 and YSF8705 isolate are highly, moderately and low virulent, respectively.
Proteome for OMP of highly virulent (ED45) isolate is used for immunoproteomic analysis
using olive flounder sera for YSF8705, ED47 and ED45. In proteome of E. tarda ED45
isolate, thirty five of a total 112 spots were identified as evpA, evpB, Omp, OmpC, OmpA
and lipoprotein, and a large of ribosomal proteins. Of proteins, OmpA possessed strong
antigenicity to all olive flounder sera regardless of virulence of E. tarda isolates while evpA
and lipoprotein had specific reaction to sera for virulent strains. On the other hand, evpA,
Omp and OmpC showed various reaction according to sera used while all ribosomal proteins
did not exhibited immune reaction. Based on this study, OmpA, evpA and lipoprotein were
believed to be potential candidate proteins in developing vaccine of olive flounder to E. tarda
infection.
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Serological Analysis Of Farmed Rainbow Trout (Oncorhynchus mykiss) To Determine
Exposure To Bacterial Kidney Disease (Renibacterium salmoninarum)
J. Simons, Ú. McCarthy, P. Cook * & I.R. Bricknell

FRS Marine Laboratory, Aberdeen, Scotland, U.K.

A serological survey was carried out to determine the prevalence of bacterial kidney disease
(BKD) in farmed rainbow trout from a freshwater loch in Scotland. Serum was obtained from
100 pre-harvest fish (46 samples were eventually tested in all three assays), sampled in
February 2006, having been on site for nine months.The presence of antibodies to BKD was
detected by screening the sera against whole-cell antigen in an enzyme-linked immunosorbent
assay (ELISA). The antigen used to coat ELISA plates was obtained from Renibacterium
salmoninarum cultures grown on Mueller-Hinton agar, resuspended in phosphate buffered
saline and formalin-inactivated. Serum antibodies were detected using a commercially
available monoclonal antibody against salmonid immunoglobulin and an alkaline
phosphatase-labelled secondary antibody. Preliminary assays were carried out to determine
optimal concentrations for plate-coating antigen and detecting antibodies. Test sera were
diluted to 1/16 for initial screening and absorbance of all sera was measured in three separate
ELISAs, carried out on different dates. The background absorbance was set as the value for
average absorbance for each test and the cut-off for positive sera was set at two times the
background absorbance. Using these criteria, two serum samples out of 46 tested consistently
gave a positive result for the presence of antibodies against BKD. Furthermore, these sera
exhibited raised titres against BKD at dilutions higher than 1/16. This result indicates an
incidence of 4% of active BKD in this fish population which is consistent with results
obtained from immunological surveys of other fish diseases.
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DEVELOPMENT OF AN EXPERIMENTAL COHABITATION CHALLENGE MODEL
WITH PISCIRICKETTSIA SALMONIS
C. Strand*1 and P. J. Midtlyng2
1

VESO Vikan, Namsos Norway; 2VESO Head Office, Oslo, Norway.

To document the efficacy of vaccines against Piscirickettsia salmonis, there is a demand for
experimental challenge models that gives high and predictable control mortality. As a part of
this work, we have developed a method for preservation of P. salmonis grown in cell culture
which highly increases the predictability of the control mortality in an experimental infection.
Challenge exposure by bath or cohabitation closely mimic natural exposure, and we therefore
developed a cohabitation challenge model for Atlantic salmon (Salmo salar L.) as an
alternative to an already established intra-peritoneal injection challenge model. The
cohabitation challenge model was tested with respect to the influence of the ratio between
challenge carriers and cohabitants. A ratio of 50% challenge carriers and 50% cohabitants
gave the same cumulative mortality amongst the cohabitants as a ratio of 30% challenge
carriers and 70% cohabitants.
Another study was designed to examine when injected challenger fish start to shed
P. salmonis. Five groups of 20 Atlantic salmons were intra-peritoneally injected with
undiluted P. salmonis suspension and four 10-fold dilutions of the same suspension. Groups
of 20 unexposed fish (cohabitants) were added to the tank at day 0, 7, 14 and 21 after
challenge. The P. salmonis specific cumulative mortality in the injected groups commenced
on day 20 and reached 60% after 30 days. The P. salmonis specific cumulative mortality in
the cohabitation groups started between day 40 and day 50 after challenge, and all fish in
these groups died.
The results will be presented and discussed.
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EVOLUTION TOWARDS PATHOGENICITY IN FLAVOBACTERIUM COLUMNARE
L.-R. Suomalainen1*, K. Pulkkinen1, P. Rintamäki-Kinnunen2, and E.T. Valtonen1
1

University of Jyväskylä, Jyväskylä, Finland; 2 University of Oulu, Oulu, Finland

Flavobacterium columnare, the causative agent of columnaris disease, is originally a nonpathogenic bacterium inhabiting natural waters. In here we review evidence for possible
reasons for the increase in its pathogenicity. We present a unique data on the occurrence and
severity of F. columnare –infections during 1984-2006 at a fish farm in Northern Finland
collected solely by one of the authors (PR-K). In addition we present data on transmission
strategy of F. columnare.
Occurrence of columnaris disease increased significantly during the study period. In 19841991 fish suffered mainly on skin and saddleback symptoms, but mortality related to
columnaris disease increased, suggesting increase of virulence in F. columnare. Gill
symptoms (reflecting the presence of high virulence strains) started to appear in 1993. At the
same time oxytetracyclin treatments were started. From year 1993 onwards treatment
restrained the mortality of fish, but number of treatments per rearing unit has been increasing
continuously. Experimental data revealed that F. columnare is also a saprophyte, and that
transmission of F. columnare is most efficient from dead fish. Saprophytism might have been
a pre-adaptation stage from a water bacterium towards pathogenicity in F. columnare. The
features of columnaris infection support this discovery because columnaris infection is usually
restricted to the external tissues of fish.
We suggest that epidemiological features of fish farming and climate warming have driven
the evolution of F. columnare to become more virulent. Farming fish in densities up to 1000
times higher than in nature and maintaining fish in homogenous subsets of same size
enhances pathogen transmission and can select for increased virulence. Parasite genetic
diversity within hosts plays also a crucial role in promoting high virulence by within-host
competition. We have detected co-occurrence of several genetically different F. columnare
strains in one outbreak. Higher summer temperatures also increase transmission, growth and
production of Chondroitin AC lyase in F. columnare.
The theory on the evolution of virulence assumes that the optimal virulence of a pathogen is a
result of a trade-off between virulence and transmission. In case of columnaris disease, F.
columnare benefits from host mortality, because the disease is transmitted via dead fish.
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TOXICITY EVALUATION OF GLYPHOSATE HERBICIDE ON CATFISH
(CLARIAS GARIEPINUS)
I.M.K.Abu mourad 1; S.A.EL-Maaddawy 2; A.M.Kenawy1

1

National research center ,Department of hydrobiology, Dokki, Cairo, Egypt.
Animal health research institute,Department of Chemistry and Chemistry of Nutrition,
Dokki, Cairo, Egypt.

2

Glyphosate is one of the most important herbicides ever developed, which is used in a broadspectrum primarily in agricultural applications. Also it is used as non selective herbicide for
aquatic weed control (USDA, 1984). In this study, glyphosate was evaluated for acute toxicity
according to the OECD procedure (1981) using a commercial preparation (480 gm/l) and
applied on Clarias gariepinus in a three acute doses (600, 800, and 1000 mg/l) for 96h. Lc-50
was recorded as 720 mg/l. Three sub lethal doses were examined for 15 days (25, 50, and 100
mg/l). Biochemical, cytogenetic and histopathological analyses were carried out to clarify the
potential hazards of environmental agrochemical pollution stress of glyphosate . Biochemica,l
analysis revealed increase in lipid per oxidation product (thiobarbituric acid reactive
substance ), reduced glutathion and decrease in total protein in liver appeared in high
correlation with the increase in glyphosate concentration, variation between groups was
significantly indicated by ANOVA analysis (p<0.05), also chromosomal aberrations
(centromeric attenuation, centric fusion, breaks and gabs) could be significantly correlated to
the increase in toxicity concentration of glyphosate (p<0.05). Histopathological pictures
included cell proliferation, adhesion and hyperplasia in gills and degenerative changes in skin
and internal organs. No histopathological changes were demonstrated in the intestine and
spleen in all groups except that there was lymphocytic depletion in the spleenic tissue was
observed in the 3rd group. Thus, glyphosate is supposed to exert some cytotoxicity, lipid
peroxidation, enzyme alteration and histopathological lesions.
USDA.(1984): Herbicide Background Statement: Glyphosate. In: Pesticide Background Statements. Vol 1:
Herbicides USDA Forest Service, Agricultural Handbook No 633: G-1-72.
OECD, (1981): OECD guidelines for testing of chemicals.Organization for Economic Co-operation and
development.(Paris guidelines 203 and 204 adopted in 1984).
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HISTOPATHOLOGY OF RAINBOW TROUT EXPOSED TO SUBLETHAL
CONCENTRATIONS OF METHIOCARB OR ENDOSULFAN
I. Altinok and E. Capkin*

Karadeniz Technical University, Faculty of Marine Science, 61530 Surmene, Trabzon,
Turkey
Liver, spleen, trunk kidney, gills, and brain of rainbow trout (Oncorhynchus mykiss) were
examined histologically after exposure to different concentrations of methiocarb (2.5 and 3.75
mg/L) or endosulfan (0.6 and 1.3 µg/L) for 21 days. Histological recovery was also studied by
maintaining the pesticide-exposed fish in a freshwater system for an additional 30 d. Lesions
were not evident in liver, kidney, spleen, or brain of fish exposed to either concentration of
methiocarb for 21 d. Lesions were observed in gills, liver, spleen, and trunk kidney (but not
brain) of rainbow trout exposed to either concentration of endosulfan. There was no
concentration-related effect observed on the histopathological lesions. After 30 days of
recovery, fish had no histological lesions in gills, kidney, spleen, liver, or brain. Therefore all
the changes observed during exposure were reversible.
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QUANTITATIVE EFFECTS OF LOW PH WATER ON THE SKIN OF RAINBOW
TROUT (ONCORHYNCHUS MYKISS)
E. M. S. Atienza and J. L. Martínez*

Universidad de Oviedo. Oviedo, Spain
Severe exposure to low pH can lead to the death of the fish due to its detrimental effects on
respiration and ionoregulation. Sublethally, water acidification causes a shift on the energy
distribution and, consequently, growth decrease and reproduction impairment. Fish skin is a
metabolically active tissue that acts as a protective and osmotic barrier between the
environment and the internal fluids. The skin rapidly responds to external variations such as
pollutants or changes in the ionic content of the water, but the effects of water acidification
are not well known. The aim of this work is to describe quantitatively the changes in some
epidermal parameters of rainbow trout integument when the fish are exposed to acid water.
Acidification of the water was achieved by H2SO4 addition and a constant pH of 5.5 was
maintained during the experiment. The samples of fish skin were taken at 0, 1, 4, 6, and 8
hours after the experimental pH was reached (PAT: post acidification times). Pieces of
unscaled skin from the dorsal area of the fish head were processed by transmission electron
microscopy techniques, and semithin sections were used for morphometric analysis by optical
microscopy. The following measurements were taken: epidermal thickness, mucus cell
number, total area of mucus cells, and mean area of the mucus cell. The Kruskal-Wallis test
(p<0.05) was used to determine the overall differences between groups for each variable.
Significance was tested using test of Mann-Whitney (p<0.01).
The fish skin reacted to water acidification with an initial defensive response that consisted in
a light hiperplasia and a noticeable increase in mucus production due to gland cells
proliferation. Nevertheless, the effect of low pH overcome this defensive response and caused
a great damage in the skin, decreasing its thickness and lowering the mucification. Finally,
under the experimental conditions, the skin of trout displayed a regenerative ability to recover
the normal structure. These results revealed sublethal effects of the low pH on the skin and,
subsequently, an increase of fish susceptibility to other etiological agents.
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HISTOPATHOLOGICAL STUDIES OF DEVELOPMENTAL ALUMINIUM TOXICITY
IN NILE TILAPIA FISH (OREOCHROMIS NILOTICUS)
M. M. N. Authman* and A. M. Kenawy

Department of Hydrobiology, Veterinary Research Division, National Research Center,
Dokki 12622, Cairo, Egypt.
Freshwater acidification is recognized as an important environmental problem (Galloway,
2001). The acidification of soil water systems results in a mobilization of aluminium from the
edaphic to the aquatic environment (Gensemer and Playle, 1999). Aqueous aluminium is
recognized as the principal toxicant killing fish and freshwater invertebrates in acidified
surface waters (Herrmann, 2001). The present study aimed to investigate the histopathological
changes, which resulted from Aluminium toxicity. Tilapia fish were exposed to three
concentration of aluminium sulphate (0.05 mg/L, 0.30 mg/L and 1.0 mg/L for 1, 3 and 7
days). The main histopathological changes in the kidneys revealed degenerative changes and
necrosis in the tubular epithelium associated with mild glomerular aedema. Spleen showed
depletion and necrosis in the hematopoietic tissues associated with subcapsular and interstitial
aedema. Hemorrhage and hyperactivation of melanomacrophage cells also detected. All these
changes were directly correlated to increase in the concentration of aluminium sulphate and
exposure time.
J. N. Galloway (2001): Acidification of the world: natural and anthropogenic, Water Air Soil Pollut, 130 (2001),
pp. 17–24.
R.W. Gensemer and R.C. Playle (1999): The bioavailability and toxicity of aluminum in aquatic environments,
Crit Rev Environ Sci Technol 29 (1999), pp. 315–450.
J. Herrmann (2001): Aluminum is harmful to benthic invertebrates in acidified waters, but at what threshold(s)?,
Water Air Soil Pollut, 130 (2001), pp. 837–842.
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ESTROGENIC AND ANDROGENIC EFFECTS OF MUNICIPAL WASTEWATER
ON ENDPOINT BIOMARKERS IN THREE-SPINED STICKLEBACK
(GASTEROSTEUS ACULEATUS)
C. Björkblom*,1, E. Högfors1, I. Katsiadaki2, P-E Olsson3 and T. Wiklund1
1

Laboratory of Aquatic Pathobiology, Åbo Akademi University, Turku, Finland;
Cefas Weymouth Laboratory, Weymouth, UK; 3 Örebro Life Science Center, Örebro
University, Örebro, Sweden
2

Research has in the last few years shown that municipal sewage contain estrogenic and
androgenic substances with potential endocrine disrupting effects. The three-spined
stickleback (Gasterosteus aculeatus L.) offers a potential for the assessment of reproductive
interference caused by estrogenic xenobiotics through the estrogen-dependent protein
vitellogenin and androgenic xenobiotics due to the specific androgen-dependent protein
spiggin. The stickleback is presently the only known fish species with a quantifiable androgen
and anti-androgen biomarker endpoint. In the current study, investigation into whether sewage
effluents cause reproduction disturbances in adult male and female three-spined stickleback
was carried out through in vivo exposure. The synthetic estrogen 17α-ethynylestradiol and the
synthetic androgen 17α-methyltestosterone were included as positive controls. After four
weeks of exposure morphological parameters were calculated, levels of the protein
vitellogenin and spiggin were measured, plasma steroid concentrations were determined and
histopathology was performed. The results indicate that the sewage effluent is weakly
estrogenic due to increased levels of vitellogenin in males and changes in both testes and
ovaries. No androgenic or anti-androgenic effects could be detected in this study, however the
nephrosomatic index and the protein spiggin were proved to be exceptionally suitable
biomarkers for detecting androgenic substances.
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HISTOPATHOLOGY AND PARASITOLOGY OF RED MULLET AND SPOTTED
FLOUNDER AS HEALTH ECOSYSTEM BIOMARKERS: PRELIMINARY
RESULTS.
M. Carreras*, F. Padrós, F. E. Montero, S. Crespo and M. Carrassón.

Veterinary School. Universitat Autònoma de Barcelona. Cerdanyola del Vallès.
Catalonia. Spain.
Fish health monitoring is considered as useful biomarker of pollution effects in marine
environments.
In order to offer an approach of the situation of the Catalan marine ecosystem, a health survey
was made to compare the health status of two species and in two different areas. The selected
areas of the Catalan coast were sampled in a similar depth, during the spring of 2006: Girona,
with a low level of pollution, and Barcelona, with a higher level. Two benthic species with a
similar size range (18- 22 cm TL.) were captured in each area: 80 red mullets (Mullus
barbatus, L.) and 80 spotted flounders (Citharus linguatula, L.); 40 individuals of each
species were frozen to be used for parasitology and other 40 were fixed in 10% formalin for
histopathological analyses.
Viscera, musculature, brain and gills of the frozen specimens were analysed. The parasites
were fixed in 70% ethanol and identified. The samples for histopathology were processed in
paraffin and examined using light microscope.
Our preliminary results show that there is similar parasite richness at both areas.
Hysterothylacium sp., Opecoeloides sp., Derogenes latus and Prosorhynchus sp.,
Bohtriocephalus sp. and two species of myxozoans were found in M. barbatus. All of them
are parasites which have intermediate host, so they can be affected by biodiversity decrease.
Nevertheless, no noticeable differences between areas were observed. The histological
examinations revealed the presence of some pathologies which have previously been
associated with pollution: trichodiniasis in C. linguatula and “enigmatic bodies” (sensu
Munday & Brand, 1992) in M. barbatus. Differences in trichodiniasis infection levels
between both localities were not remarkable and the M. barbatus samples from Barcelona
were the only affected by the presence of “enigmatic bodies”. Ichthyophonus hoferi was more
prevalent in C. linguatula from Girona. This result contrasts with the apparent lower pollution
level of this area, as I. hoferi is known to proliferate with stress factors. The potential value of
these pathogens as biomarkers for this area is discussed.
Munday B.L. and Brand D.G. (1992) Apparently – Embolic, Enigmatic Bodies in the gill filaments of fish. Bull.
Eur. Ass. Fish. Pathol., 12 (4), 127.
Funding for this work was obtained from the Ministerio de Educación y Ciencia through a research project
Biomare CTM2006-28145. M. Carreras benefits from a FPU of Ministerio de Educación y Ciencia.
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A PRELIMINARY REPORT ON THE IMPACT OF MARINE ENVIRONMENT
STRESSORS ON THE APPEARANCE OF SKELETAL DEFORMITIES AMONG
SOME MARINE FISH FROM WATER OF THE ARABIAN GULF AT JUBIAL
PROVINCE , SAUDI ARABIA .
M. M. Ibrahim;A.N.Al-sealeem.

Ministry of Agriculture , Fish welfare branch- El- Jubail Province, Eastern Region,
Saudi Arabia .
Jubail province is located in the Eastern region of the Saudi Arabia at the coastal line of the
Arabian Gulf . It has undergone exceptionally rapid industrial development specially for oil
and petroleum hydrocarbon .It also drastically affected with cured oil spilled pollution
damages during the first Gulf war in 1991 that reached the coastal water of Jubail province
,that caused enormous pollution of beaches there . During January 2002 to January 2006 a
preliminary study was conducted for assessment of skeletal deformities among some kinds of
marine fish species. Samples were collected from fish landing station and the main fish
market at Jubail Province , and morphologically examined for any malformation or grossly
distorted in appearance. Many fish exhibited skeletal defects included lordosis; kyphosis;
scoliosis; head ; mouth ; fins, and melamine deformities. We proposed that skeletal
deformities could be due to influence of stressors of marine environmental pollution during
early larval development that progressively evident in juveniles and adult individuals of
marketable sizes.
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RESPONSES OF RAINBOW TROUT (ONCORHYNCHUS MYKISS) TO LONGTERM EXPOSURE OF SUB-LETHAL NITRITE CONCENTRATIONS

H. Kroupová1*, J. Máchová1, V. Piačková1, J. Blahová2, R. Dobšíková2, Z. Svobodová1,2
1
University of South Bohemia České Budějovice, RIFCH, Vodňany, Czech Republic
2
University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic
Sub-chronic toxicity of nitrite in rainbow trout (Oncorhynchus mykiss, mean mass±SD,
18.9±1.3 g) was assessed in a 28 day trial at 10 mg l-1 Cl- in water. The influence of nitrite on
fish growth rate, haematology, blood biochemistry and gill histology was observed. Survival
was not affected by exposures up to 1 mg l-1 NO2-. On the basis of growth rate inhibition data,
the values of NOEC (28dLC0) and LOEC (28dLC10) were estimated at 0.01 mg l-1 and 0.2
mg l-1 NO2-, respectively. Elevated nitrite concentrations were found in blood plasma of fish
exposed to concentrations of 1.0 mg l-1 NO2- and higher, and in muscle tissue at the highest
concentration 3.0 mg l-1 NO2-. Plasma and muscle nitrite levels were lower than those in the
ambient water in all experimental groups. Even low nitrite levels caused considerable
physiological changes in rainbow trout. At 0.01 mg l-1 NO2- (the lowest concentration tested)
there was segmental hyperplasia of the respiratory epithelium of secondary lamellae and
elevated glucose and decreased potassium in the blood plasma. Therefore, the strict water
quality criteria for nitrite declared in EU Council directive 78/659/EEC are substantiated (0.01
mg l-1 NO2- for salmonid waters).
Acknowledgement: This research was supported by the Ministry of Education, Youth and Sports of the Czech
Republic (Grant No. MSM 6007665809, No. LC06073, and No. MSM 6215712402).
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INTESTINAL TUMOURS IN ATLANTIC SALMON - EPIDEMIOLOGICAL AND
TOXICOLOGICAL ASPECTS
T. M. Lyngstad1, G. S. Eriksen1, J.L. Lyche2, O. B. Dale1, B. Tørud3, A. Lillehaug1
1

National Veterinary Institute, Oslo, Norway; 2Norwegian School of Veterinary Science,
Oslo, Norway; 3Aakvik Settefisk AS, Halsanaustan, Norway
In 2005 and 2006 occurrence of intestinal tumours was detected in farmed brood stock fish of
Atlantic salmon in Norway. In 2006, a descriptive study with epidemiological investigations
and chemical analysis was initiated in order to reveal potential risk factors.
New components in fish feed, toxins, vaccine injuries and environmental factors were
considered as potential risk factors. The brood stock production is controlled by just a few
operators, and ten groups were available for epidemiological studies. Toxicological
investigations for the environmental contaminants (dioxins, PCBs, PBDEs, PAH, chlorinated
pesticides, mercury, cadmium, lead and zinc), mycotoxins, biogene amines, vitamin A,
vitamin E, TBARS and nitrosamine (N-nitrosodimethylamin) were carried out on fish from a
few of the sites. Four of the fish groups in the epidemiological study were macroscopically
and histologically positive for intestinal tumours. The levels of environmental contaminants
were considered normal, and at the same level as previous analyses. Very low concentrations
of the nitrosamine were found in muscle and liver. The background level of nitrosamines in
salmon is not known, but endogenous production is known to occur in other animal species.
The result from the epidemiological investigations was in agreement with feed as a possible
risk factor.
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CARDIAC CHOLESTEROL GRANULOMAS IN A PIPER GURNARD TRIGLA
LYRA
G.E. Magi1, M. Iannaccone2, C. Gili2, G. Rossi1
1
2

Department of Animal Science, University of Camerino, Matelica, Italia.
Acquario di Genova, Ponte Spinola, Genova, Italia

Cholesterol granulomas are uncommon tumor-like lesions resulting from cholesterol and
cholesterol ester accumulation, with a giant cell reaction of the foreign body type. With the
exception of horse, dog and parrot, cholesterol granulomas are rarely reported in animals.
This report describes the pathological features of a multiple cholesterol granulomas affecting
the heart of a piper gurnard, Trigla lyra.
The animal was maintained in a community tank. The fish had an external parasitic infestation
and also showed tachipnea, swimming difficulty and appetite loss. Despite of support therapy
the animal died after one month from the appearance of the first symptoms. Findings at
necropsy included numerous, yellowish, irregular, masses on the surface of the ventricle and
part of bulbus arteriosus. Presence of some reddish masses at the base of the gills were also
noted.
Histologically the stratum compactum and spongiosum of the ventricle was replaced by
numerous nodular formations constituted by clear, elongated, irregularly arranged, cholesterol
clefts surrounded by moderate aggregates of foamy, hemosiderin-laden macrophages, rare
multinucleated giant cells, lymphocytes and numerous eosinophilic granular cells. Beside the
cholesterol granulomas histologic lesions included angiomatous formations at the base of the
gills. The characteristic histopatholgy established the diagnosis of cardiac cholesterol
granulomas. The pathogenesis of cholesterol granulomas has not been clearly elucidated. The
most common hypothesis is that cholesterol granuloma develop at sites of haemorrhage
and/or tissue necrosis secondary to an inflammatory focus. Cholesterol is found mainly in the
membrane of erythrocytes and high density lipoprotein serum. An association between
inflammation/haemorrhage and cholesterol granulomas formation in the heart described in
this report is unclear. Alternatively, elevated serum cholesterol may predispose individuals in
the development of cholesterol granulomas. This cardiac lesion has been described in
meerkets associated with lipid dismetabolism, systemic hyperlipidaemia or
hypercholesterolaemia and chronic inflammatory processes. To our knowledge there have
been no previous reports of cardiac cholesterol granulomas in a fish.

286

P-150
PRELIMINARY VALUATION OF THE PRESENCE OF ENIGMATIC BODIES IN
MEDITERRANEAN WILD FISH
C. Moyà*, E. Torres*, M. Carreras, M. Costa, F. Padrós, S. Crespo and M. Carrassón

Veterinary School. Universitat Autònoma de Barcelona. Bellaterra (Cerdanyola del
Vallès). Catalonia. Spain.

The presence of cysts of unknown origin has been described in the filaments of red cod gills
and from other wild species in Tasmanian and Mexico Gulf waters (McLean et al., 1987;
Munday & Brand, 1992; Nowak et al., 2004). These cysts have been named enigmatic bodies
by the authors due to their unknown origin. Their presence has been studied in samples within
the project BIOMARE the main goal of which is to identify the impacts of the marine
ecosystem health on the several pathologies in Mediterranean fish communities. Along this
project, the species Merluccius merluccius, Trisopterus minutus (Gadidae) and Mullus
barbatus (Mullidae) have been captured by trawling in the Barcelona area at a depth of 60 m.
Gills have been collected and fixed in 10% formalin, embedded in paraffin, sectioned and
finally stained with haematoxylin and eosin for histopathological examination. In the Gadidae
gill samples, enigmatic bodies were observed within filamentary blood vessels producing
significant swelling and distortion both of the filaments and the surrounding lamella. In the
Mullidae gill samples, these structures were located at the base of two adjacent lamellas. In
most cases, the cysts showed an eosinophilic central nucleus that occupied most of the
structure enclosed by basophilic cytoplasm. Up to three cysts have been detected in each of
the gill sections where these structures have been founded. The prevalence of enigmatic
bodies in the area under study is approximately 40 % in Merluccius merluccius, 35% in
Trisopterus minutus and 80 % in Mullus barbatus. Future research will focus on the potential
value of enigmatic bodies as Mediterranean ecosystem health biomarkers.
MacLean, S. A.; Morrison, C. M.; Murchelano, R. A.; Everline, S. & Evans, J. J. (1987) Cysts of unknown
etiology in marine fishes of the Northwest Atlantic and Gulf of Mexico. Can. J. Zool., 65: 296–303.
Munday, B. L. & Brand, D.G. (1992) Apparently- embolic, enigmatic bodies in the gill filaments of fish. Bull.
Eur. Ass. Fish Pathol., 12 (4):127-130.
Nowak, B. F. ; Dawson, D.; Basson, L.; Deveney, M. & Powell, M. D. (2004) Gill histopathology of wild
marine fish in Tasmania: potential interactions with gill health of cultured Atlantic salmon, Salmo salar L. J.
Fish Dis. 27: 709-717.
Funding for this work was obtained from the Ministerio de Educación y Ciencia through a research project
Biomare CTM2006-28145-E.
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IMPACT OF CYANOBACTERIAL EXTRACT AND SEMIPURIFIED
MICROCYSTINS ON EMBRYOS, LARVAE AND JUVENILS (REPEATED
EXPOSURE) OF COMMON GUDGEON (GOBIO GOBIO)
M. Palíková1*, M. Rábová2, R. Krejčí3, S. Navrátil1
1

Veterinary and Pharmaceutical University, Brno, Czech Republic; 2 Academy of
Sciences of the Czech Republic, Liběchov, Czech Republic; 3 Mendel`s Agricultural and
Forestry University, Brno, Czech Republic
Eggs in eye spots stadium, ten days old larvae and juvenils (repeated exposure in four month
old juvenils) were exposed to semipurified microcystins (MC-LR : ΣMC = 1 : 2.6) and crude
cyanobacterial extract (MC-LR : ΣMC = 1 : 2.1) for 96 h in various doses (from 13 to 600µg .
l-1). At the finishing of experiment the cumulative mortality and the number of deformed
embryos was determined and the samples for histological and cytogenetic monitoring were
recovered. In juvenils the blood smears were evaluated and activity of glutathion-Stransferase was assigned. Differences between the groups were compared by Analysis of
Variance (ANOVA) followed by Scheffe test and by the χ2-test using the STATplus software.
In common gudgeon high mortality persists during embryonal and early larval development,
what is seen on analogous cumulative mortality in all groups including control in embryonal
test. In larvae the high concentration of extract (600µg . l-1) inducet increased mortality after
48 h and the larvae occured apathy and behaviour defects after 24 h already.
No clinical signs and changes were found in the repeated exposure (juvenils), mortality was
only sporadic. Differences in the leucograms were found. In groups exposed time after time to
the highest concentrations of cyanobacterial extract (containing 260 and 130µg of
microcystins .l-1) were marked changes (on p < 0,05) in the proportion of neutrophile
granulocytes and lymphocytes on behalf of neutrophile granulocytes (mainly metamyelocytes
and segments). Likewise the presence of micronucleous was detected in these groups, but
with low frequency only (0,2%). No significant changes were found in activities of GST.
No pathological changes were found in histological preparations of embryos and larvae (in
liver, kidney, spleen and gills). We detected the vacuolisation of hepatocytes (fatty dystrophy
of liver) only in all groups without nucleus necrobiosis in repeated exposure, that was caused
by feeding, probably.
Browsing the chromosomes in metaphases we detected presence of various types of
chromosomal abberations. Numbers of examinated metaphases were 10-20 in average.
Cytogenetic screening revealed both chromatid (gaps) and chromosomal abberations
(dicentrics, isochromatidic satelits, rings). The presence of abberations was marked in groups
exposed to cyanobacterial extract and semipurified microcystins, too, in all concentrations,
but with various frequency.
This study was supported by the Research Project of the Ministry of Education, Youth and Sports of the Czech
Republic Veterinary aspects of food safety and quality (MSM 62 15712402).
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EFFECT OF CYANOBACTERIAL FRACTIONS OF TWO BIOMASSES WITH
DIFFERENT MICROCYSTIN CONTENT AND THEIR COMBINATIONS ON
EMBRYONAL DEVELOPMENT OF CARP (CYPRINUS CARPIO L.)
M. Palíková1*, R. Krejčí2, S. Navrátil1, Klára Hilscherová3, Pavel Babica3, Luděk Bláha3

1

Veterinary and Pharmaceutical University, Brno, Czech Republic; 2Mendel`s
Agricultural and Forestry University, Brno, Czech Republic; 3Center for
Cyanobacteria and their Toxins , Brno, Czech Republic

Two different natural cyanobacterial biomasses representing water blooms with different
composition and content of microcystins (2600 and 140µg/g DW) were used. Their raw
homogenate was used as fraction 1 (BIOMASS), centrifuged, and pellet and supernatant were
used as fraction 2 (PELLET) containing also LPS and fraction 3 (crude aqueous EXTRACT),
respectively. A portion of supernatant was further extracted by solid phase extraction. The
permeate collected from the cartridge represented fraction 4 (PERMEATE), polar fraction
devoid of microcystins. Methanolic ELUATE from the cartridge containing mainly
microcystins was evaporated under vacuum and residue was dissolved in distilled water to
reach the volume of the sample before solid phase extraction (fraction 5). The carp eggs were
exposed to these fractions separately and in combinations to evaluate the possible antagonistic
or synergic action, each at concentrations 120, 80 and 40 mg cyanobacterial dry weight . l-1.
The experiment was performed according to OECD standard 212 (1998). Glutathione-Stransferase and LDH activity was measured spectrophotometrically.
High embryonal mortality was observed after exposure to the fractions biomass, extract,
permeate, combination of extract and pellet and combination of permeate and eluate. Eye
spots were not developed in embryos from the highest concentrations of these fractions.
Surviving embryos from the highest concentrations did not have filled air bladder at the end
of experiment. Low mortality was observed for the other fractions and we could not define the
LC50. The LC50 of the above mentioned fractions and their combinations is presented in the
following table.
Fraction
Biomass
extract + pellet
extract
permeate + eluate
permeate

LC50 (mg . l-1 DW)
cyanobacterial water bloom I
74
61
83
31
20

cyanobacterial water bloom II
42
57
60
45
45

It is clear from this results that mortality is not dependent on the microcystin content and that
permeate was the most toxic fraction.
Decrease of GST activities in comparison to control was revealed, mainly for the combination
of extract and pellet, extract alone and combination of permeate and eluate.
This study was supported by the Research Project of the Ministry of Education, Youth and
Sports of the Czech Republic Veterinary aspects of food safety and quality (MSM 62
15712402).
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COLD WATER STRAWBERRY DISEASE/ RED MARK SYNDROME OF RAINBOW
TROUT (ONCORHYNCHUS MYKISS WALBAUM)
M. Pond, Stephen Feist, E. Peeler, B. Oidtmann, G. Rimmer and D. Verner –Jeffreys*

Cefas Weymouth laboratory, Weymouth, UK

Coldwater strawberry diseases (CWSD), also known as Red Mark Syndrome, is a severe skin
disease that has recently emerged in farmed rainbow trout in the UK. CWSD has severe
commercial impact, as affected fish are downgraded at harvest. A multidisciplinary
investigation was instigated to uncover the likely causes of the condition, assess its impact
and recommend potential control measures.
The syndrome presents histopathologically as a full thickness dermatitis with extensive
lymphocytic infiltration into the dermis, and limited epidermal involvement. Epidemiological
investigations showed there was live fish-associated spread of CWSD from affected to
unaffected stocks. Transmission studies provided further evidence that the condition is
infectious, with 114/157 naïve rainbow trout cohabited at 10 °C with CWSD-affected fish
displaying characteristic external lesions 96 days later.
Results from a range of analyses of field and laboratory infected material (including
histopathological examination, inoculation onto a variety of cell lines and bacteriological
media, direct PCR amplification and cloning of bacterial 16S rRNA genes), deployed to
identify the aetiological agent, are presented.
Ferguson, H.W., Girons, A., Rizgalla, G., LaPatra, S., Branson, E.J., MacKenzie, K., Davies, M., Collins, R.O.,
Diab, A., Crumlish, M. (2006). Strawberry disease in rainbow trout in Scotland: pathology and association with
Flavobacterium psychrophilum. Veterinary Record, 158:630-632.
Verner-Jeffreys, D., Algoet, M., Feist, S., Bateman, K., Peeler, E., Branson (2006). Studies on Red Mark
Syndrome. Finfish News, 19-22.

290

P-154
SUSPECTED MYOCARDIAL NECROSIS IN FARMED ATLANTIC SALMON
(SALMO SALAR L.)
TT Poppe1*, T Taksdal2 and PH Bergtun3
1

Norwegian School of Veterinary Science, Oslo, Norway; 2 National Veterinary Institute,

Oslo, Norway;

3

Marine Harvest, Region South, Hjelmeland, Norway

Acute mortality during crowding and transportation prior to slaughter of large salmon appears
to occur more and more often in Norwegian fish farming. Losses may be considerable,
especially because the largest fish typically are over-represented among the dead fish.
Typically, affected fish are big fish in good condition and gross lesions at necropsy are
restricted to severe congestion and sometimes patchy discolouration of the cardiac ventricle.
Several fish also suffered from spinal deformities (“short-tails”).
We will present results from histopathological examinations of such fish. Light microscopy
revealed variable degrees of coronary arteriosclerosis with partial occlusion of the coronary
artery. The outer myocardium (stratum compactum) showed variable degrees of patchy
muscle degeneration, sometimes alternating with vacuolation of cardiomyocytes.
Accurate diagnosis of acute myocardial infarction is difficult, both in human and veterinary
medicine and many cases in aquatic medicine may therefore easily be overlooked.
Coronary arteriosclerosis is a common finding in both wild and farmed fast growing
salmonids, but the significance of the lesions is not fully understood. In the cases presented
the overload on the cardiac function may be the combined result of a small heart with
inadequate capacity for coping with stressful and oxygen-demanding situations and fish that
were poor swimmers as a result of spinal deformities.
It is an enigmatic fact that large and fast growing salmon may suffer from cardiac disease
with many similarities to cardiac diseases in humans in western societies.
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EPITHELIAL NEOPLASIA RESEMBLING AN ODONTOGENIC TUMOR FROM A
WILD BULLHEAD (COTTUS GOBIO, LINNAEUS 1758)
F. Quaglio*1, V. Zappulli1, F. Colombo1, P. Capovilla2 and M. Castagnaro1
1
2

Faculty of Veterinary Medicine, University of Padua, Padua, Italy
Veterinary, Belluno, Italy

A wild bullhead (Cottus gobio) was captured from the Valturcana, a stream in Veneto region
of Northern Italy. An irregular nodular mass was detected on the dorsum of left opercular
region. The bilobulated mass was approximately 2 cm in diameter and covered by intact skin.
It filled the gill chamber extending from underneath the operculum to the caudal margin of the
cavity and medially it was minimally infiltrative of the dorsal aspect of the oral cavity.
A portion of the lesion was attached to the medial margin of the operculum while caudally
two gill arches were incorporated in the mass. The mass was homogeneously white, compact,
with a multinodular smooth surface.
At the histological examination, the lesion had irregular margins covered by a stratified
keratinizing epithelium that was continuous with the epithelium on the inner surface of the
gill chamber. The neoplastic tissue infiltrated the musculature below the operculum and the
proximal margin of the pseudobranch. The multilobular mass was composed by irregular
sheets and nests of elongated to polygonal cells admixed with stromal tissue. The cells had
poorly defined margins, a moderate to abundant slightly eosinophilic cytoplasm, and round to
oval vesicular nuclei. Multifocally the cells cytoplasm showed squamoid differentiation and
keratinised foci with occasional formation of keratin pearls-like structures were evident.
Occasionally the cells had a palisading pattern and appeared to lie on a basal lamina. In these
areas, there was marked spongiosis and the cells had apically located nuclei. Anisokaryosis
and anisocytosis were marked and mitoses vary from 1 to 2 per hpf. Multifocal necrosis was
present and there were disseminated pyknotic nuclei. The superficial epithelium showed
diffuse exocytosis of mononuclear inflammatory cells and multifocal ulceration. Severe
hyperaemia and chronic moderate inflammation was distributed throughout the stroma where
pleomorphic elongated cells were present (hypertrophic/reactive fibroblasts).
Immunohistochemistry showed diffuse positive cytoplasmic staining of the neoplastic
population with an anti-human pancytokeratins antibody. Vimentin was negative and
exclusively stained the stroma. On the basis of the morphological and immunohistochemical
results an odontogenic tumor (i.e. ameloblastoma) was considered the primary differential
diagnosis although a carcinoma of other origin (glandular or surface epithelium) could not be
ruled out.
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CONTAMINATION ASSESSMENT OF IMPORTANT CZECH RIVERS USING
BIOCHEMICAL MARKERS DETECTED IN CHUB (LEUCISCUS CEPHALUS L.)
T. Randák1*, V. Žlábek1, M. Havelková2, J. Kolářová1, J. Velíšek1, H. Kroupová1, D.
Leontovyčová3, V. Kodeš3, Z. Svobodová1,2
1

University of South Bohemia České Budějovice, RIFCH, Vodňany, Czech Republic;
University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic; 3Czech
Hydrometeorological Institute, Praha, Czech Republic
2

The aim of the study was to assess and to compare the levels of aquatic environment
contamination of important Czech rivers using selected biochemical markers, specifically the
concentrations of vitellogenin and 11-ketotestosterone in blood plasma (biomarkers for
exposure to endocrine disruptors - EDCs) and the enzymes of the first phase of xenobiotics
transformation - cytochrome P450 and ethoxyresorufin-O-deethylase (EROD). Chemical
analyses were performed to determine the quantities of toxic metals (Hg, Cd, Pb), POPs
(PCB, HCB, HCH, DDT), alkylphenols and "musk" compounds in muscle tissue of fish. The
lower parts of seventeen rivers (Elbe (2 localities), Orlice, Chrudimka, Cidlina, Jizera, Ohre,
Bilina, Vltava, Berounka, Sazava, Otava, Blanice, Odra, Luznice, Morava, Dyje, Svratka)
were monitored. The chub (Leuciscus cephalus L.) was used as the indicator species.
Optimally 10 – 12 males were analysed at each locality. The fish were caught by
electrofishing. The sex ratios of captured chubs were investigated at each locality.
The sex ratios of captured fish (males : females) usually varied between 1 : 2-3. Statistical
analysis showed no significant difference in vitellogenin content in blood plasma. The highest
values of vitellogenin and also surprisingly of 11-ketotestosterone were found in Vltava
(downstream the Prague) and Ohre rivers. Increased values of vitellogenin in blood plasma of
chub males and sex ratios found in almost all localities monitored indicate the presence of
EDCs in aquatic environment of Czech rivers and the negative effects of these chemicals on
aquatic organisms. The highest values of cytochrome P450 and EROD in fish livers were
found in the Elbe River downstream the big chemical factory in Neratovice. There were found
the highest concentrations of POPs in fish muscle too. Increased values of biomarkers mostly
corresponded with increased values of pollutants monitored.
Acknowledgment: Supported by the projects VaV/650/5/03, MSM 6007665809 and The Biomonitoring
programme of the Czech Hydrometeorological Institute and Ministry of Environment of the Czech Republic.
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TUMOURS ARE RARE IN FINNISH WILD FISH - FINDINGS FROM 1992 - 2005
E. Rimaila-Pärnänen

Finnish Food Safety Authority Evira*, Pathology Unit (* former National Veterinary
and Food Research Institute EELA), Helsinki, Finland
All fish tumours in our diagnostic material collected in 1992-2005 in National Veterinary and
Food Research Institute EELA were investigated microscopically and classified according to
the origin of the tumour cells. The hyperplasia of the skin epithelium was not classified as
pretumour.
The total number of tumours was 48 from nine wild fish species, farmed rainbow trout and
four aquarium fish species. Most tumours were found in northern pike (Esox lucius). Of the
19 tumours found in pikes, 13 were skin lymphomas diagnosed only in pikes from the Baltic
Sea and the Gulf of Finland. Of the other tumours in pike, two were epithelial and four
mesenchymal. Seven tumours were found in pike perch (Stizostedion lucioperca). Four of
them were lymphomas and three mesenchymal tumours. Two lymphomas were likely thymic
in origin. Four epithelial and two mesenchymal tumours were found in rainbow trout
(Oncorhynchus mykiss). Of the three tumours in breams (Abramis brama), two were
mesenchymal and one epithelial. Tumours were sporadic in other species.
The etiology, prevalence and malignancy of the fish tumours are discussed.
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A DISEASE TEMPERATURE DEPENDANT: IMPACT OF VIBRIO HARVEYI ON
THE ABALONE HALIOTIS TUBERCULATA.
Travers Marie-Agnès 1,*, Basuyaux O 2, Nicolas JL 3, Huchette S 4 and Paillard C 1
1

Institut Universitaire Européen de la Mer, Université de Bretagne Occidentale,
Plouzané, France; 2 SMEL, ZAC de Blainville, Blainville sur mer; 3 IFREMER Brest ;
4
France Haliotis, Plouguerneau, France; *marie-agnes.travers@univ-brest.fr
Vibrio harveyi strains have been isolated in the abalone Haliotis tuberculata during mass
mortality episodes in September 1998, 2000 and 2005, in natural populations of the French
coast and in different French farms. The goal of this new research topic is to put in light the
direct implication of this bacterium in abalone disease and to elucidate the mechanisms of
interaction between V. harveyi and H. tuberculata.
Firstly, in order to confirm the pathogenicity of different strains of V. harveyi isolated during
mass mortalities, experimental infections were done at different temperatures and on different
sizes of abalone. These experiments permitted to validate V. harveyi as primary pathogen.
Moreover, the importance of temperature was highlighted: at 17°C (106 bacteria/ml), no
mortalities occurred, whereas at 18°C, 80% of mortalities were observed in 4-5 days.
Environmental mortalities were recorded at the end of summer, when the temperature has
reached their maximum and when abalone were in their reproductive period. To evaluate the
importance of abalone reproductive effort on mortalities, abalone were conditioned at high
(19°C) or low temperature (14°C) for 3 months before infection. So, mature abalones have
been compared with abalone that have laid 2 months before infection at 19°C. Mature
abalones were shown to be more susceptible to bacterial infection (80% of mortalities in 1012 days) than already spawned abalone (40% of mortalities in 10-12 days).
Thirdly, temperature effect on abalone immunity (Total Hemocyte Count, phagocytosis, ROS
production and enzymatic activities) and on vibrio growth was investigated. The main effect
of temperature was noted on bacterial growth, whereas little changes have been observed on
abalone immunity.
This work is the first step in the research project aiming at studying V harveyi infection
mechanisms, H. tuberculata immunological response and temperature influence.
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CHRONIC SUB-LETHAL COPPER TOXICITY FROM NET ANTIFOULANTS
CAUSING ANAEMIA, GILL DEGENERATION AND INDUCING BACTERIAL AND
PARASITIC DISEASES TO FISH IN COASTAL MARINE FARMS IN GREECE.
P. Varvarigos

Freelance Veterinarian – Fish Pathologist, Athens, Greece.
Copper in sea-water, either in the form of bivalent cupric ion, copper hydroxide, carbonate
complexes, oxides or as organic copper compounds, is a toxicant to marine life. In Greek
aquaculture, net impregnation with antifouling products has been popularized in line with the
proliferation of large circular cages. Antifouling compounds contain 18-20% cuprous oxides
and comprise the major source of copper contamination of sea-water and bottom sediments
with adverse affects on farmed fish health. Sub-lethal copper toxicity in fish relates to cell
membrane permeability and osmoregulation, enzyme synthesis and function. The gill
epithelium appears inflamed and degenerate; excessive mucus is secreted, gill function and
resistance against parasite and bacteria establishment are compromised. The red blood cells
are intoxicated and deformed. Typically, a large proportion of erythrocytes on fresh or fixed
Giemsa stained blood smears appear elongated, spindle shaped or bent. Immature erythrocytes
proliferate due to increased blood destruction. Affected fish become progressively anemic.
The liver appears pale and degenerate and meningitis ensues, particularly on bass juveniles.
Such compromised fish become easy targets for common parasites. Unexpectedly, gill
trematodiases and infections by opportunistic bacteria have become serious causes of fish
losses. In pump-ashore nurseries young fry turn anorectic and lethargic, darken, emaciate and
die in numbers. During the past sixteen months, samples of surface water among cages and
sediments beneath the cages were tested for copper with Atomic Absorption Spectroscopy.
Samples from problematic sites revealed copper toxicity related disease in line with the
intensity of the veterinary findings on the fish. Concentrations were close to or above the USEPA Criterion Maximum Concentration of copper in sea-water. Fourteen water samples
revealed copper content from 1.14 - 23.2 ppb with a mean value of 5.83 ppb and standard
deviation 6.39. Ten sediment samples returned copper content values ranging between 5.26
and 221.2 ppm with a mean value of 67.95 ppm and standard deviation 70.75. Toxicity
depends on copper bioavailability, influenced in turn by temperature and water movement resuspending sediments in the water column. Young age classes of fish are more sensitive, seabass being more susceptible than sea-bream.
Eleftheriadou, M. and Skoulos, M. (2004) Nutrient and trace metal distribution in the Gulf of Astakos,
Aetoloakarnania, Greece. Global Nest: the Int. J. 5(3):117-124
Mourad, M. and Wahby, O. (1999) Physiological and histological changes in Tilapia zillii exposed to sublethal
concentrations of the effluent of the Egyptian copper works. Acta Ichthyologica et Piscatoria, 29(2):73-80
United States Environmental Protection Agency, Office of Water Regulations and Standards, Washington, DC
20460 (1986) Quality Criteria for Water (EPA 440/5-86-001) pp. 150

296

P-160
EFFECTS OF EXPOSURE TO 17ESTRADIOL AND TESTOSTERONE DURING
EARLY DEVELOPMENT ON SEXUAL DIFFERENTIATION AND INDUCTION OF
VITELLOGENIN AND 11-KETOTESTOSTERONE IN CHUB (LEUCISCUS
CEPHALUS L.)
V. Žlábek1*, T. Randák1, J. Kolářová1, Z. Svobodová1,2, H. Kroupová1 and E. Sudová1
1

University of South Bohemia, České Budějovice, Research Institute of Fish Culture and
Hydrobiology, Vodňany, Czech Republic; 2 University of Veterinary and
Pharmaceutical Sciences, Brno, Czech Republic
A controlled laboratory study was carried out in order to assess and detect vitellogenin (Vtg)
and 11-ketotestosterone (11-Kt) concentrations in a common cyprinid freshwater fish, the
chub (Leuciscus cephalus L.), exposed to steroid hormones. This study aimed to clarify the
effect of endocrine disruptors on natural population of chub, which was found in previous
field studies. The effects of 17beta estradiol and testosterone were investigated on vitellogenin
and 11-ketotestosterone induction. Sex ratio was also determined. Vtg and 11-Kt were
quantified by immunodetection using sandwich Carp (Cyprinus carpio) Vtg ELISA kit for
Vtg and competitive ELISA kit for 11-Kt.
Estradiol and a mixture of testosterone-estradiol exposure resulted in a significant increase in
whole body homogenate concentrations of Vtg in juvenile chub, indicating that vitellogenic
response in the chub is sensitive to steroid hormones exposure. The testosterone-estradiol
mixture also negatively affected the investigated chub gonads. The effects were signified by
negative histological changes and elevated concentrations of Vtg when compared to control
fish. Together, these preliminary results show that chub could be an interesting fish species
for further studies of biological effects of environmental endocrine disruptors in the aquatic
environment.
This study was supported by the USB RIFCH no. MSM6007665809 and the Czech Science Foundation
525/06/P234.
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PARASITOLOGY AND HISTOPATHOLOGY OF PAGELLUS SP.: A
PRELIMINARY SURVEY.
M. Cuadrado*, M. Carrassón, F. Padrós, F. E. Montero and S. Crespo

Facultat de Veterinària, Universitat Autònoma de Barcelona, Barcelona, Spain.
Over recent years some attempts to diversify Mediterranean aquaculture by searching new
targeting species have been made. Amongst these species, Sparids are regarded as potential
candidates not only by their high commercial value, but also by the fast development and
rearing characteristics that make species like gilthead seabream Sparus aurata and sharpsnout
seabream Diplodus puntazzo suitable for commercial culture. However, pathologies can
compromise the future development of these species culture. The aim of the present study is
thus to describe the main diseases affecting three species of major interest for aquaculture, the
axyllary seabream Pagellus acarne, the common pandora P. erythrinus and the blackspot
seabream P. bogaraveo as information available on these species is restricted to few studies.
A total of 92 individuals, 41 axyllary seabream, 23 common pandora and 28 blackspot
seabream were collected from the Barcelona coast by traditional fishing methods between
December 2006 and April 2007. Forty specimens (20 axyllary seabream, 10 common pandora
and 10 blackspot seabream) were frozen at -20ºC for parasitological examination while 52
specimens were fixed in 4% formaldehyde. Samples of gills, liver, spleen and digestive tract
were obtained from fixed individuals and processed for routine histology. Preliminary
observations revealed that monopistocotilean monogeneans and epiteliocystis are the most
frequent findings causing alterations in gill lamellae. Coccidia were found at low intensities
along the digestive tract. Apart from these parasites, which were observed in all three species,
myxozoan plasmodia and nematoda were observed in the intestinal tract of common pandora.
Adult digenea were also found in the stomach submucosa of both the common pandora and
the axyllary seabream. These preliminary studies indicate that the diseases observed in these
species are very similar to those found in other Sparids. However, species such as common
pandora seems to be susceptible to other specific parasites such as myxozoa the treatment of
which would be more problematic.
Funding for this work was obtained from the Ministerio de Educación y Ciencia through a research project
Biomare CTM2006-28145-E. M.cuadrado benefits from a FI grant of Generalitat de Catalunya.
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PKD IN IMPORTED RAINBOW TROUT IN FINLAND
A. M. Eriksson-Kallio¹, P. Vennerström¹ and T. T. Poppe²

¹Pathology Unit, Department of Animal Diseases and Food Safety Research, Finnish
Food Safety Authority EVIRA, Helsinki, Finland; 2Norwegian School of Veterinary
Science, Oslo, Norway
PKD caused by the myxozoan Tetracapsuloides bryosalmonae was diagnosed for the first
time in Finnish waters in the Åland archipelago in the Baltic Sea in September 2006. The
disease was seen in cultured one-year-old rainbow trout imported from Denmark earlier the
same year. Only a few fish were affected with clinical signs and thus investigated. The
affected farms are located in an area with brackish water with a salinity of 6 ppm. Spreading
of the disease is closely linked to its bryozoan hosts. The knowledge on the existence of the
different host-species of bryozoa in this area is very limited. The possibility of spreading of
the disease to wild and other farmed fish in Finland at this moment is of some concern. Also,
the possible increase in water temperature as a result of global warming has to be taken into
account when assessing the risks of further spread of the disease to both wild and farmed
salmonids on the Finnish mainland.
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SEA LICE (CALIGUS SPP.) INFECTIONS IN SOUTHERN BLUEFIN TUNA
C.J. Hayward*,1, N.J. Bott2, B.F. Nowak1
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Beregovaya st., Rostov-on-Don, Russia, 344002

Nowadays the artificial reproduction is the only means for supporting and formation of
sturgeon stocks. It is connect with the reduction of sturgeon stores in the natural waterbodies.
But at the present conditions work of the hatcheries is impossible without creation of sturgeon
local broodstocks.
The material was gathered at sturgeon hatchery from the Azov sea basin. Beluga (Huso huso),
Russian sturgeon (Acipenser gueldenstaedtii), starred sturgeon (A. stellatus), sterlat (A.
ruthenus) investigated using routine methods in parasitology. Fish gathered from sea, river
Don and ponds. Sturgeons of different age were investigated.
The creation of sturgeon local broodstocks consists of two directions: the first - rearing of
sturgeons from “eggs” till breeders, the second - domestication of wild fish (not only
breeders but immature fish of commercial size too). Fish rearing in ponds at the conditions of
high densities leads to unfavorable environment and appearing of the diseases of different
nature.
Sturgeon breeders suffered from infectious (fungal), invasion and non-infectious diseases.
They damaged not only single fish, but sometimes completely all sturgeon stocks.
Secondary fungal infectious – Saprolegnia - developed on sturgeons after other disease or
decrease of immunity of fish organism.
The parasite fauna of sturgeon parasite of the south Russia included 92 species. Sturgeons
reared in the hatcheries and commercial farms suffered from parasites with direct life cycle
(protozoans, monogeneas, crustaceas). Trichodiniiosis, polypodiosis, diplostomosis etc. were
most distributed among invasion diseases.
Non-infectious diseases arise under abnormal conditions of fish rearing, used of unbalanced
fish foods. Gill necroses, alimentarian diseases etc. were of the most popular.
It is ought to disperce those hatcheries in different places far from each other, better with
different water source as a positive measure in sturgeon local broodstocks rearing.
Approximate annual loses of sturgeons from the diseases in the hatcheries and commercial
farms reach 20 %. According our and literature data the loses from separate diseases could be
equal 70 %. The survival of fish can be increased by optimization of conditions for fish
rearing and minimizing the problems connected with diseases. If the annual losses from
diseases at commercial farms to be lowered even to 3-5%, it would be the big victory of
specialists.
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MAINTENANCE OF STURGEON BROODSTOCKS AT THE HATCHERIES FROM
THE AZOV SEA BASIN: RESULTS, PERSPECTIVES, PROBLEMS.
Kazarnikova A.V. *1,2, Shestakovskaya E.V. 2, Govorunova V.V.3
1
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Nowadays the artificial reproduction is the only means for supporting and formation of
sturgeon stocks. It is connect with the reduction of sturgeon stores in the natural waterbodies.
But at the present conditions work of the hatcheries is impossible without creation of sturgeon
local broodstocks.
The material was gathered at sturgeon hatchery from the Azov sea basin. Beluga (Huso huso),
Russian sturgeon (Acipenser gueldenstaedtii), starred sturgeon (A. stellatus), sterlat (A.
ruthenus) investigated using routine methods in parasitology. Fish gathered from sea, river
Don and ponds. Sturgeons of different age were investigated.
The creation of sturgeon local broodstocks consists of two directions: the first - rearing of
sturgeons from “eggs” till breeders, the second - domestication of wild fish (not only
breeders but immature fish of commercial size too). Fish rearing in ponds at the conditions of
high densities leads to unfavorable environment and appearing of the diseases of different
nature.
Sturgeon breeders suffered from infectious (fungal), invasion and non-infectious diseases.
They damaged not only single fish, but sometimes completely all sturgeon stocks.
Secondary fungal infectious – Saprolegnia - developed on sturgeons after other disease or
decrease of immunity of fish organism.
The parasite fauna of sturgeon parasite of the south Russia included 92 species. Sturgeons
reared in the hatcheries and commercial farms suffered from parasites with direct life cycle
(protozoans, monogeneas, crustaceas). Trichodiniiosis, polypodiosis, diplostomosis etc. were
most distributed among invasion diseases.
Non-infectious diseases arise under abnormal conditions of fish rearing, used of unbalanced
fish foods. Gill necroses, alimentarian diseases etc. were of the most popular.
It is ought to disperce those hatcheries in different places far from each other, better with
different water source as a positive measure in sturgeon local broodstocks rearing.
Approximate annual loses of sturgeons from the diseases in the hatcheries and commercial
farms reach 20 %. According our and literature data the loses from separate diseases could be
equal 70 %. The survival of fish can be increased by optimization of conditions for fish
rearing and minimizing the problems connected with diseases. If the annual losses from
diseases at commercial farms to be lowered even to 3-5%, it would be the big victory of
specialists.
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PARASITOLOGY RESEARCH AT NIWA – PAST, PRESENT AND FUTURE
P. S. Lee*1, L.A. Tubbs1, M. J. Leef2, J. A. Forsythe2
1

National Institute of Water & Atmospheric Research Ltd, Auckland, New Zealand
Bream Bay Aquaculture Park, National Institute of Water & Atmospheric Research
Ltd, Ruakaka, New Zealand
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The National Institute of Water & Atmospheric Research Ltd. (NIWA) is New Zealand’s
leading marine and aquatic research organisation. New Zealand aquaculture is currently in a
state of change, with recent legislative and policy developments enabling the development of
a vastly expanded sea-based aquaculture industry. Undoubtedly this will bring new challenges
and opportunities for fish health research. As part of ongoing research to develop New
Zealand’s aquaculture sector, fish health, and in particular parasitic diseases is an emerging
focus in NIWA’s aquaculture research portfolio.
Recent research into parasitic diseases has focussed on monogenean parasites of yellowtail
kingfish, Seriola lalandi, with the aim of providing the fledgling New Zealand kingfish
aquaculture industry with management strategies for these parasites. Initial research was
concerned with the development and dynamics of infection, and provided basic information,
such as seasonal cycles and parasite reproductive biology which could be directly applied to
stock management (Sharp et al., 2004; Tubbs et al., 2005). A recently completed study of
praziquantel pharmacokinetics and pharmacodynamics (Tubbs & Tingle, 2006a,b) has
provided fundamental data for the development of an optimal dosing regimen for this drug.
These data will also be used to support ongoing investigations into the development of
preparations of praziquantel for oral administration., A second stream of research has been
concerned with the development of novel anthelmintics, in particular those derived from
marine natural products. A collaborative project with the University of Mississippi
commenced in 2005 and has identified some promising compounds using a series of in vitro
assays. Toxicity testing and pharmacokinetic evaluation is currently underway. Research is
also planned for the assessment of the non-specific and humoral immune response by kingfish
to monogenean infection, with the aim of developing improved approaches to parasite control
and management.
Sharp, N.J.; Poortenaar, C.W.; Diggles, B.K.; Willis, T.J. (2004) Metazoan parasites of yellowtail kingfish,
Seriola lalandi lalandi, in New Zealand: prevalence, intensity, and site preference. N. Z. J. Mar. Freshw. Res.
37:273-282
Tubbs, L.A.; Poortenaar, C.W., Sewell, M.A.; Diggles, B.K.(2005) Effects of temperature on fecundity in vitro,
egg hatching and reproductive development of Benedenia seriolae and Zeuxapta seriolae (Monogenea) parasitic
on yellowtail kingfish Seriola lalandi. Int. J. Parasitol. 35:315-327.
Tubbs, L.A.; Tingle, M.D. (2006a) Effect of dose escalation on multiple dose pharmacokinetics of orally
administered praziquantel in kingfish Seriola lalandi. Aquaculture 261:1168-1174
Tubbs, L.A.; Tingle, M.D. (2006b) Bioavailability and pharmacokinetics of a praziquantel bolus in kingfish
Seriola lalandi. Dis. Aquat. Org. 69:233-238..
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BIODIVERSITY OF DIDYMOZOID TREMATODES OF REARED BLUEFIN TUNA
THUNNUS THYNNUS
I. Mladineo*,, J. Zilic and M. Cankovic
1

Institute of Oceanography & Fisheries, Split, Croatia

Tuna (Thunnus spp.) comprises the most valuable finfish aquaculture product currently
recognized around the world, with two main methods of rearing processes in use. The most
common is the fattening process where fish are kept in captivity for 6-10 months, common in
the Mediterranean, Australia, Mexico and Japan. In the Adriatic Sea however, smaller
specimens are caught and reared for a longer period of time (up to 3 years) in order for fish to
gain 50-80 kg of weight for marketable sale. Over the period of 2002-2006, parasitological
examination was done on newly caught tuna specimens, one/ two-years-reared fish, harvested
tuna and occasional mortalities. Digenean trematodes belonging to Didymozoa family were
isolated and identified upon Yamaguti (1958; 1970). 63 Didymozoidae were also analyzed for
the molecular variation using mitochondrial (COI) and genomic markers (28S rDNA and
ITS). 44 specimens were collected from the Atlantic bluefin tuna reared in the Adriatic Sea
pans, and 19 were sampled from the Pacific bluefin tuna reared in the Gulf of Mexico.
Prevalences and abundances were determined according to Bush et al. (1997). Didymozoid
digeneans accounted for the larger part of tuna overall parasitofauna, showing variable impact
on the general tuna health. The most prevalent and abundant species were Didymocystis wedli
in the gill tissue and Koellikerioides intestinalis in the intestine submucosa, respectively. In
contrast with previous results on genetic diversity of digenea Cradicola forsteri and
monogenean Hexostoma thynni from four tuna species, our results showed evidence in favour
of genetic divergence between didymozoids from the Gulf of Mexico and the Adriatic Sea,
respectively.
Bush, A.O., Lafferty, K.D., Lotz, J.M. and Shostak, A.W. (1997) Parasitology meets
ecology on its own terms: Margolis et al. revisited. J Parasitol 83:575-583
Yamaguti, S. (1958) Systema Helminthum. Interscience publishers inc., London, UK.
Yamaguti, S. (1970) Digenetic trematodes of Hawaiian fishes. Keigaku Publishing Co. Tokyo, Japan.
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AN EPIDEMIOLOGICAL STUDY OF CARDICOLA SPP. INFECTION IN
MEDITERRANEAN RED TUNA
P. Muñoz*1., J. Meseguer1, J.Peñalver2, C. Martínez-Carrasco1, R. Ruiz De Ybáñez1, L.
Del Río1, E. Maria Dolores2, E. Berriatua1
1

University of Murcia, Murcia, Spain; 2 Dirección General de Ganadería y Pesca,
Comunidad Autónoma de la Región de Murcia, Murcia, Spain.

Cardicola spp. are digenea trematode (fluke) parasites reported from yellowfin, bigeye and
bluefin tuna fish, responsible for respiratory distress, lethargy and increased mortality. The
complete life cycle is not understood, adults are found in the heart, ova remain in branchial
vasculature and although intermediate hosts are not known, prevalence and severity of
infection may increase with the time tuna are held in captivity, suggesting the cycle could be
maintained in the vicinity of cages. A one year epidemiological study to characterise infection
and estimate prevalence of Cardicola spp. infection in Mediterranean red tuna is being carried
out. Since October 2006 branchial samples and hearts are being collected on a monthly basis
from 6-30 captive wild tuna fish with body weights ranging 30-300 kg, immediately after
slaughter. Similar sampling is expected to be performed on non-captive wild fished tuna
during spring 2007. Fresh and fixed branchial tissues are examined for Cardicola spp. lesions
by stereomicroscopy and histopathology, respectively and hearts are flushed to detect adult
parasites. Histopathological lesions compatible with Cardicola spp. infection in branchia,
including granulomas surrounding parasite egg-like structures and congestion, hyperplasia
and fusion of adjacent secondary lamellae, have been found in 8% (2/25) – 13 (4/30)% of
monthly tuna examined. However, none of the affected animals had macroscopic lesions
associated to Cardicola spp. infection.
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APIOSOMOSIS IN TROUT FISHERY IN EASTERN SERBIA
V. Nikolić*, P. Simonović & S. Marić

Institute of Zoology, Faculty of Biology, Studentski trg 16, 11000 Belgrade, Serbia
Fish farming is rearing fish under artificial, strictly controlled conditions It is necessary to
increase the production of trout fish, which means that we should take into account all aspects
of rearing fish in water culture and also knowledge of biology of accompanying fauna, i.e.
ectobionts.
The objective of this paper is to establish diversity, quantitative and qualitative compositions
of ectobionte Apiosoma piscicola and dynamics of ectobionate fauna of rainbow trout.
Information on these parameters is scarce as acclimatization of the fish to new life conditions
has not received an adequate attention.
Material was collected from trout pond in Žagubica. From monthly samples 25 specimens of
the rainbow trout were examined from each pond. Skin mucus and epithelia scrapings were
taken from the surface of the body and temporary slides were made and observed under light
microscope (70x).
In the Žagubica pond the species Apiosoma piscicola was found in 61 specimens of the
rainbow trout. The percentage of individuals infested by this species was 27.11%, which is
the greatest percentage of infestation in relation with other ponds.
Sessiline ciliate Apiosoma piscicola is common on the skin of the rainbow trout. Despite at
times heavy infections of A. piscicola no negative effects on the host were apparent. They
seem to be harmless commensals, although mass occurrence may serve as a stress factor to
rainbow trout.
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PREVALENCE OF NEMATODA ANISAKIS SP. FROM CULTURED AND WILD
FISHES IN KOREA
J.S. Seo*, B.Y. Jee, J.H. Kim and J.W. Kim

Pathology Division, National Fisheries Research & Development Institute, 408-1, Sirang,
Gijang, Busan 619-902, KOREA
To secure the food safety for infection of larval Anisakids in wild and cultured fish, we
investigated the infectious status of larval Anisakids in wild fish obtained from coast of
Korea. From the wild fish, we detected the different of larval Anisakids but not cultured fish.
Many of isolated larval Anisakids from different host species and geographical locations in
coast of Korea were analyzed and characterized by ribosomal DNA (18S, ITS1, 5.8S, ITS2,
28S) and the COI, COIII, NDR of mitochondrial DNA for comparative purpose. Through
Blast search and phylogenetic analysis, we determined the genus species of larval Anisakids
isolated from south and west coast in Korea. Many isolates of larval Anisakids were
determined Anisakis pegreffi and Anisakis sp. SAN-2004.
Adroher FJ, Valero A, Ruiz-Valero J, Iglesias L. (1996) Laval anisakids (Nematoda: Ascaridoides) in horse
mackerel (Trachurus trachurus) from the fish market in Granada, Spain. Parasitol Res 82:319-22.
Kim, K.H., Eom, K.S. and Park, J.K. (2006) The complete mitochondrial genome of Anisakis simplex
(Ascaridida: Nematoda) and phylogenetic implications. Int J Parasitol 36: 319-328
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INFECTION BY CAPRINIANA PISCIUM (BUETSCHLI, 1889) JANKOVSKI, 1973, A
POSSIBLE CAUSE OF RAINBOW TROUT (ONCORHYNCHUS MYKISS) KILL.
Z. Svobodová 1,2, J. Kolářová 1, I. Dyková 3, J. Hamáčková 1, J. Kouřil 1
1

University of South Bohemia, České Budějovice, Research Institute of Fish Culture and
Hydrobiology, Vodňany, Czech Republic; 2 University of Veterinary and
Pharmaceutical Sciences, Brno, CR; 3 Institute of Parasitology, Academy of Sciences of
the Czech Republic
The aim of this contribution is to introduce an infection by a ciliate ectocommensal
Capriniana piscium as a possible cause of rainbow trout (Oncorhynchus mykiss) kill in an
intensive culture. A relatively dense stock (12-14.5 kg.m-3) combined with unfavourable
physical and chemical parameters of water in rearing facility are described as predisposing
factors for outbreak of infection. A period of several days of high water temperature (i.e. 2021.4oC), along with a high pH level and low oxygen concentration are considered the main
predisposing factors for outbreak of rainbow trout capriniosis. Based on results of
bacteriological, virological and parasitological examinations, no other component cause was
involved.
This research was supported by the Ministry of Education, Youth and Sports of the Czech Republic (MSM
Project No. 621 571 2402 and MSM Project No. 600 766 5809).
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A SURVEY STUDY OF PATHOLOGIES AFFECTING FARMED SEA BASS
(DİCENTRARCHUS LABRAX L. ) AND MARINE CULTURED RAINBOW TROUT
(ONCORHYNCHUS MYKISS ) IN TURKEY.
G. Timur1*, M.Timur1, T. Akaylı1, J. Korun2
1

Istanbul University, Fisheries Faculty, Istanbul, Turkey, 2Akdeniz University, Fisheries
Faculty, Antalya, Turkey
A survey study of pathologies affecting seven fish farms with culture of sea bass and rainbow
trout was conducted on the coast of the Black Sea in Turkey from 2003 to 2005. Diseased
animals were investigated for all the diseases problems occuring during this period.
Samples of the kidney, spleen and liver were streaked on to trypticase soy agar supplemented
with 1.5 % NaCl. Fresh smears on the skin and gills microscopically examined for the
presence of parasites. Sick fish were sampled for histopathology. Haemotocrit value was
determined by microhaemotocrit technique and blood cell counts were performed using
Thoma haemocytometer. Examination of the stained blood films indicated the presence of
either intracellular microorganisms or viral inclusion bodies which allow the presumptive
diagnosis of some bacterial and viral infections. Most diseased fish showed mixed infections
by bacteria, virus and ectoparasites.
The following six groups of affected animals were established.
(1)with mixed bacterial infections (Rickettsia, L. (Vibrio) anguillarum, P.damsela subsp.
piscicida ) in the sea bass.
(2)withVEI and mixed bacterial(A. salmonicida, V.damsela) infection in sea bass
(3)with VEI and pure bacterial (A. sobria) infection in the sea bass.
(4)with VEI, mixed bacterial infections (L.(Vibrio) anguillarum, A. salmonicida, S.
epidermidis) and external parasites ( monogenean trematod and Trichodina ) in the sea bass
(5) with EIBS and mixed bacterial ( Vibrio sp., F. maritimus, A. hydrophila, Pseudomonas
sp.) infections in the rainbow trout.
(6) with EIBS and mixed bacterial (L.(Vibrio) anguillarum, A. hydrophila, Aeromonas
salmonicida, S. epidermidis, Flexibacter maritimus) infections in the rainbow trout.
Clinically infected sea bass and rainbow trout tended low haemotocrit value and low RBC.
Diseased fish with rickettsia-like organisms contained RLOs within the cytoplasmic vacuoles
of their blood monocytes, and histopathologically showed chronic inflammmatory reaction
in the viseral organs and in the muscles. VEI and EIBS infected fish contained
intracytoplasmic viral inclusion bodies in the erythrocytes. Histopathologically, they showed
reduction of haemopietic tissue in the spleen and kidney, tubular and glomerular liquefactive
necrosis. From the present study we suggest that the mix infections caused epizootics with
highest degree of mortalities nin cultured sea bass and marine reared rainbow trout in
Turkey.
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REPORT OF THE PARASITIC COPEPOD LERNAEOLOPHUS SULTANUS
(PENNELLIDAE) ON FARMED SEA BASS (DICENTRARCHUS LABRAX) AND
SHARP SNOUT SEA BREAM (DIPLODUS PUNTAZZO) IN COASTAL MARINE
FISH FARMS IN GREECE.
P. Varvarigos

Freelance Veterinarian – Fish Pathologist, Athens, Greece.
Lernaeolophus sultanus (Pennellidae) is a cosmopolitan copepod species parasitizing on
marine fish. It has been recorded from the Atlantic, Pacific and Indian Oceans as well as from
the Mediterranean Sea. During the late autumn of the years 2005 and 2006 this “anchor
worm” has been observed on caged sea bass (Dicentrarchus labrax) and sharp snout sea
bream (Diplodus puntazzo) during routine fish handling, such as vaccination and grading. The
fish were 50-150g average body weights and the farms were situated in the Corinthian and
Maliakos Gulfs. The rate of infection did not exceed 0.1% and the affected fish did not carry
more than a single parasite. Mortalities were not evident. The parasites exhibited attachment
site specificity. The eye sockets, the mouth bony vault, the tongue and the opercula,
comprised the usual sites of attachment. The area around the anus and the anal fin was a less
common attachment site. The visible parts of the anchored parasite comprised its flexed 610mm abdomen with its 4-7mm long, straight or branched, caudal processes. The cephalic
part with its branched processes (antlers, or cephalic horns) as well as the 7-10mm long tubelike neck linking it to the abdomen, were invariably found to have burrowed deep into the
host tissues, causing damage and deformities to the bone and cartilage. These localized
deformities together with inferior body condition and growth retardation characterized the
parasitized fish. The anchor worms could be removed by pulling, but the cephalic processes
were cut off and remained embedded in the host tissues. Parasites with a developed single
spiral egg sack, carrying a row of stacked maturing ova, were found on sharp snout sea bream,
but not on sea bass. This finding may show a case of parasite adaptation to alternative hosts
and progressive transfer of the parasitism from wild fish hosts to the farmed fish species due
to their relative abundance in the heavily farmed areas. The presence of mature parasites on
farmed fish may pose a future threat to marine aquaculture in Greece.
Valdes, P. and Abellan, E. (2004) Prevalence of the parasitic copepod Lernaeolophus sultanus (Pennellidae) in
common Pandora (Pagellus erythrinus) from Mazarron Bay (SE Spain). Poster presentation at the EAS
conference “Aquaculture Europe 2004” [p.811]
Suarez-Morales, E. and Ho, J.S. (1994) Lernaeolophus sultanus (Nordman, 1864) (Copepoda), a parasite of
Lutjanus camperchanus (Poey) in the Gulf of Mexico. Bull. Mar. Sci., 55(1):246-248
Grabda, J. (1991) Marine Fish Parasitology. PWN-Polish Scientific Publishers, Warszawa pp.304
Natarajan, P. and Nair, N.B. (1977) On the Occurrence of Lerneaolophus sultanus (Nordmann) on Priacanthus
hamrur (Forskal). Current Science 46(3):93-94
Grabda, J. (1972) Observations on penetration of Lernaeolophus sultanus (Milne Edwards, 1840)
(Lernaeoceridae) in organs of Pneumatophorus colias (Gmelin, 1788). Acta Ichthyol. Piscat. 2(1):115-125
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IMMUNE RESPONSE OF SHARPSNOUT SEABREAM (DIPLODUS PUNTAZZO,
CETTI 1777) TO ENTEROMYXUM LEEI
D.Volpatti1, B. Contessi1, P. Beraldo1, C. Bulfon1, F. Basile3, M. L. Fioravanti2 and M.
Galeotti1
1

University of Udine, Italy. 2University of Bologna, Italy. 3Maricoltura Mattinatese scarl,
Italy.
E. leei affects at least 25 fish species but it represents a production limiting factor most of all
for sharpnout seabream, causing high mortality during the first year of rearing (Diamant,
1995; Athanassopoulou et al., 1999). The knowledge on the immune response of sharpsnout
seabream (Diplodus puntazzo, Cetti 1777) is lacking, even if recently some innate immune
parameters were studied owing to experimental myxozoan transmission in different marine
species (Karagouni et al., 2005; Golomazou et al., 2006). In particular the innate immune
response against E. scophthalmi was studied in turbot (Scophthalmus maximus) (SitjàBobadilla et al., 2006).
The aim of this study was to evaluate serum complement and lysozyme activity, serum
protein, peroxidase and immunoglobulin content in physiological conditions and during E.
leei infection. Moreover the morphometry of peripheral blood leukocytes and the differential
leucocyte counts were investigated on blood smears.
Fish collected during spontaneous disease outbreaks, occurring in Italian fish farms, and a
healthy fish group (control) were submitted to the immunological analysis.
Lymphocytes, neutrophilic, acidophilic and occasionally basophilic granulocytes and
monocyte-macrophages have been differentiated in peripheral blood of sharpsnout seabream.
In the light of the morphological findings, a cell population resambling the mammalian
natural killer cells has been observed. The serum immunological parameters surveyed
throughout E. leei outbreaks in this species will be discussed.
Athanassopoulou F., Prapas Th. and Rodger H. (1999). Diseases of Puntazzo puntazzo Cuvier in marine
aquaculture systems in Greece. J. Fish Dis. 12, 509-522.
Diamant A. (1995). Myxidium leei (Myxosporea) infections in sharpsnout seabream Diplodus puntazzo C. and
common seabream Pagrus pagrus L. (Sparidae). IV International Symposium of Fish Parasitology, Munich,
Germany Oct. 1995. Program and book abstract, Abs, vol 8.
Golomazou E., Athanassopoulou F., Karagouni E., Tsagozis P., Tsantilas H., Vagianou S. (2006). Experimental
trasmission of Enteromyxum leei Diamant, Loom and Dykova, 1994 in sharpsnout seabream, Diplodus puntazzo
C. and the effect on some innate immune parameters. Aquaculture 260, 44-53.
Karagouni E., Athanassopoulou F., Lytra A., Komis C., Dotsika E. (2005). Antiparasitic and immunomodulatory
effect of innovative treatments against Myxobolus sp. infection in Diplodus puntazzo. Veterinary Parasitology
134, 215-228.
Sitjà-Bobadilla A., Redondo M.J., Bermúdez R., Palenzuela O., Ferreiro I.,. Riaza A, Quiroga I.,. Nieto J.M,.
Alvarez-Pellitero P. (2006). Innate and adaptive immune responses of turbot, Scophthalmus maximus (L.),
following experimental infection with Enteromyxum scophthalmi (Myxosporea: Myxozoa). Fish and Shellfish
Immunology 21, 485-500.
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NATURAL AND EXPERIMENTAL TRANSMISSION OF THE PROTOZOAN
PARASITE BONAMIA OSTREAE TO THE PACIFIC OYSTER CRASSOSTREA
GIGAS
E. Abollo*, A. Ramilo, A. Cao, P. Comesaña and A. Villalba
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The haplosporidian parasite Bonamia ostreae is the responsible for significant mortalities of
the flat oyster Ostrea edulis in Europe and North America. In the late 1970s and early 1980s,
mass mortalities attributed to B. ostreae caused the drop in flat oyster production and
favoured the introduction of the Pacific oyster Crassostrea gigas, that did not show
susceptibility to this disease. The European Commission (93/169/CEE) recognised C. gigas as
a non carrier species for the bonamiosis. To assess whether C. gigas can be infected by B.
ostreae, two transmission experiments were designed: natural and experimental challenge.
Natural challenge: in December 2005 two hundred C. gigas were set in trays and hung from a
raft, from which flat oysters also hung, located in an area of the Ria de Arousa affected by
bonamiosis. From December 2006, 15 Japanese oysters were randomly taken monthly and
processed. Experimental inoculation: 45 C. gigas were inoculated with purified B. ostreae
cells and other 45 individuals were inoculated with the same volume of filtered seawater.
After 10 days from inoculation, a first sub-sample of 40 oysters (20 infected and 20 control)
were processed; after 80 days, the remaining live individuals (19 infected and 22 control)
(second subsample) were also processed. Diagnosis was performed by molecular methods and
standard histopathological procedures. No-infection was observed by histopathological
analysis in any of the transmission experiments. Positive PCR results were observed for
template obtained from gills (3/60) and heart (8/60) for the experiment of natural challenge. In
the experimental inoculations, negative PCR results were obtained for control and infected
individuals from first subsample, and for control individuals from second subsample.
Nevertheless, positive PCR results were observed for inoculated individuals (11/19) of the
second subsample. In both transmission experiments the infection did not develop to a clinical
level in the Pacific oysters as histopathological results showed, but it did progress and
remained latent to very low levels. With these data, the possibility of that C. gigas can be a
carrier of B. ostreae should be further tested.
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FLOW CYTOMETRY TO MEASURE IMPACT OF TEMPERATURE AND SALINITY
ON THE SURVIVAL OF BONAMIA OSTREAE, PARASITE INFECTING FLAT
OYSTER OSTREA EDULIS, IN SEAWATER
I. Arzul*,, C. Bond, B. Gagnaire, B. Chollet, B. Morga, S. Ferrand, M. Robert and T.
Renault
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Bonamiosis due to the intrahaemocytic protistan parasite Bonamia ostreae is a European
endemic disease affecting the flat oyster, Ostrea edulis. After its first description in June 1979
in Brittany, the parasite rapidly spread to all French oyster farming areas and in other
European countries through transfers of live molluscs.
The parasite has been described in different ecosystems from estuaries to open sea and no
clear correlations could be demonstrated between the disease development and environmental
parameters like temperature or salinity. The infection can be directly transmitted by
cohabitation between infected and non infected oysters. Nevertheless, the parasite life cycle,
including its survival outside the host, is not completely known. In the present study, the
impact of temperature and salinity on the survival of purified parasites maintained in seawater
was investigated by flow cytometry.
Purified parasites were incubated in three different 0.22 µm filtered seawater media (artificial
seawater; natural seawater from Charente Maritime, France; underground salty water) and
were subjected to three temperatures (4, 15 and 25°C). In other experiments, purified parasites
maintained in underground salty water were subjected to a range of salinity (5, 15, 20, 25, 30,
35, 40 and 45 g/l). Parasites were collected after 12, 48 hours and 1 week of incubation for
flow cytometry analyses including estimation of parasite mortality and non specific esterase
activities. All experiments were performed three times.
The parasites showed a significant higher survival in underground and natural seawater
compared to artificial medium. Parasite survival and non specific esterase activities were
lower at 25°C than at 4°C or 15°C. High salinities (≥35 g/l) appeared to favour parasite
survival and esterase activities. No significant variation of parasite survival could be
identified between 12 and 48 hours of incubation at whatever temperature and salinity. After
one week, parasite cells appeared too damaged to allow good result interpretation. However,
up to 58% of parasite survival could be observed after one week in underground salty water at
15°C.
Flow cytometry is an interesting technique to investigate survival of small parasites like
Bonamia ostreae in different conditions. These results contribute to a better understanding of
the disease but need to be validated by epidemiological surveys in the field.
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GENOMIC DIVERSITY AMONGST VIBRIO ISOLATES ASSOCIATED WITH CLAM
CULTURE IN GALICIA (NW OF SPAIN).
R. Beaz Hidalgo 1*, I. Cleenwerck 2, S. Balboa 1, M. De Wachter 2, J. Swings 2, P. De Vos
2
& J. L. Romalde 1
1
2

Universidad de Santiago de Compostela. Santiago de Compostela, Spain.
BCCM/LMG Bacteria Collection.Ghent, Belgium.

Shellfish aquaculture in Galicia (NW Spain) represents an important economic sector. Among
other molluscs, clams Ruditapes philippinarum and R. decussatus are cultured because of
suitable environmental conditions and high commercial value. Bacterial diseases are a major
cause of mortality in the culture of mollusc bivalves, resulting in major losses for shellfish
growers. Members of the genus Vibrio are the most frequent cause of mortalities, therefore it
seems necessary to study the Vibrio biodiversity present in clam populations in the search for
emerging new pathogens. During a two year survey 759 isolates associated with cultured
Galician clams were phenotypically characterized, grouped and assigned to the familly
Vibrionaceae. In the present study the genomic diversity of 145 representative strains was
analyzed by means of amplified fragment length polymorphism (AFLP). AFLP is a genomic
fingerprinting technique that has proven to be useful in determining the taxonomic relatedness
of bacterial strains. AFLP analyses revealed a high genetic diversity amongst the Galician
clam strains. Presence of clones was not detected; all AFLP patterns were < 88% similarity,
thus being strain specific. Only fifty seven out of 145 isolates were identified to the species
level. They were found distributed in 13 AFLP clusters. Vibrio cyclitrophicus, Vibrio
splendidus, Vibrio alginolyticus and Vibrio diabolicus were the 4 clusters with higher
numbers of strains. Eighty eight clam strains were unidentified. Fifty nine of them were
distributed over 16 clusters, while 29 were unclustered. Partial secuencing of the 16S rDNA
confirmed that these clam strains belong to the familly Vibrionaceae. The present study
further confirms that phenotypic identification of vibrios is not reliable. No specific
relationships could be observed between presence and abundance of Vibrio species with
geographic locations; spatial distribution of the strains isolated was found to be homogeneous
over the four sites analysed.
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THE FIRST OCCURRENCE OF BONAMIA OSTREA IN NATIVE OYSTERS,
OSTREA EDULIS IN LOCH SUNART SCOTLAND
D.W. Bruno, A. Turnbull and D. Fraser

FRS Marine Laboratory, Aberdeen AB11 9DB, Scotland, UK
The first occurrence of Bonamia ostrea was confirmed in native oysters, Ostrea edulis in
Loch Sunart Scotland during routine statutory monitoring in April 2006. A notice under the
Fish Health Regulations 1997 controlling the movement of molluscan shellfish from this Loch
was issued. The designated area is east of a line drawn south south east from the northernmost
tip of Maclean's Nose at NM 532 615 to Auliston Point at NM 546 582. Despite
investigations it is not known how or when the disease was introduced to Loch Sunart. The
area with movement controls is intended to ensure maximum protection against further spread
of the disease. These controls should not interfere with current commercial activity as
shellfish from this area are generally fished for human consumption and this trade will be able
to continue. Data relating to prevalence will be presented. FRS will be investigating the extent
and effect of the disease in the controlled area.
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LOOKING FOR THE INTERMEDIATE HOST OF THE BIVALVE PARASITE
MARTEILIA REFRINGENS (PARAMYXEA)
N. Carrasco1,5*, I. López-Flores2, M. Alcaraz3, M.D. Furones1,5, F.C.J. Berthe4 and I.
Arzul2
1

IRTA, St. Carles de la Ràpita, Spain; 2 Laboratoire de Génétique et Pathologie de
IFREMER, La Tremblade, France ; 3 Institut de Ciències del Mar del CSIC, Barcelona,
Spain; 4 Atlantic Veterinary College of Edward Prince Island University,
Charlottetown, Canada; 5 Xarxa de Referència de Recerca i desenvolupament en
Aqüicultura de la Generalitat de Catalunya CRAq, Spain
Since the first description of Marteilia refringens (Paramyxea) in flat oysters Ostrea edulis in
1968 in the Aber Wrach, Brittany (France), the life cycle of this parasite has remained
unknown. Following the evidence from studies that indicated the need for intermediate hosts,
the calanoid copepod Acartia (Paracartia) grani was proposed to be involved in the life cycle
of the parasite infecting flat oysters growing in ponds (“the claires”) with a low biodiversity.
Nevertheless, after several attempts, experimental transmission of the parasite through the
copepod has failed, which has led to the possibility of new studies concerning other similar
species and their potential role in the life cycle and transmission of M. refringens.
No complex natural environments, with high diversity, such as bays or estuaries, have been
studied for this purpose. Therefore, a survey for the presence of the protozoan Marteilia was
conducted by PCR on the zooplankton community of a natural ecosystem, the Alfacs and
Fangar bays in the Delta de l’Ebre (NW Mediterranean). First results had reported the
presence of the parasite in zooplankton from the bays of this area, which is a more complex
and natural estuarine environment than that of the claire system. Correlation between new
infections in mussels and zooplankton parasitization could be observed during the
transmission period. Consequently, the dynamics of Marteilia in the zooplankton community
from one of the bays, Alfacs Bay, as well as the dynamics of the parasite in cultivated mussels
during one complete year, were studied.
Results suggested that the dynamics of the parasite in the zooplankton community and in
cultivated mussels were linked. Furthermore, six different zooplankton taxa appeared to be
parasitized by Marteilia refringens, including copepods (three Calanoida, Acartia discaudata,
A. clausi and A. italica; one Cyclopoida, Oithona sp.; and one Harpacticoida, Euterpina
acutifrons), and larval stages of decapod crustaceans (zoea larvae of Brachyura, probably
Portumnus sp.). These taxa are thus proposed as potential new intermediate hosts, since they
appear to be parasitized and linked to the infection process of mussels by Marteilia.
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IN SITU HYBRIDIZATION DETECTION OF MARTEILIA REFRINGENS INITIAL
INFECTIVE STAGES IN ITS HOST MYTILUS GALLOPROVINCIALIS
N. Carrasco1,4*, I. Arzul2, F.C.J. Berthe3 and M.D. Furones1,4

1

IRTA, St. Carles de la Ràpita, Spain; 2 IFREMER, Genetic and Pathology
Laboratory, La Tremblade, France; 3Atlantic Veterinary College, Edward Prince
Island University, Charlottetown, Canada; 4 Aquaculture Reference Network of
Catalonia CRAq, Spain
Since its first description in 1968, Marteilia refringens infecting European flat oysters Ostrea
edulis, as well as mussels Mytilus galloprovincialis and Mytilus edulis, has been a subject of
study. However, very little is known about the initial infective stages of the parasite. A few
references have reported the presence of young plasmodial stages of the parasite in gill tissues
from O. edulis and M. galloprovincialis, although this position was considered rare and not
the normal location of the parasite. More recently, development of Marteilia molecular
detection techniques has opened up new opportunities for studies. For instance, in situ
hybridization allowed the description of the early development of Marteilia sydneyi in its host
Saccostrea glomerata. In the present study, young stages of the M. refringens parasite were
detected by in situ hybridization in some unusual locations, including the epithelium of the
gills and mantle, as well as the connective tissue of the mantle and digestive gland of M.
galloprovincialis during the transmission period of the parasite. The location and morphology
of these stages were similar to the young stages of M. sydneyi described in S. glomerata.
Preliminary results suggested that such locations of the parasite in M. galloprovincialis could
be more common that previously believed. Furthermore, these results are in line with a
possible common early development for the Phylum Paramyxea, as proposed in an earlier
study.
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IDENTIFICATION OF CANDIDATUS XENOHALIOTIS CALIFORNIENSIS IN
CULTURED ABALONE IN IRELAND
D.L. Cheslett* 1, F. McKiernan 1, C. Hickey 1, D. Swords 1, R. Strenge 2 and N. Wight 2
1

Marine Institute, Galway, Ireland; 2 University of Washington, Seattle, USA

Withering syndrome (WS) is a disease of wild and cultured abalone caused by a Rickettsialeslike prokaryote (WS-RLP), Candidatus Xenohaliotis californiensis. In 2006, X. californiensis
was reported in a sample of the European abalone Haliotis tuberculata that had been exported
from a single hatchery in Ireland and were being experimentally grown in Galicia (NW
Spain). Following confirmatory testing at the hatchery of origin in Ireland an epidemiological
investigation was initiated to establish the distribution of this pathogen in Irish farms and
hatcheries and to identify the source of infection.
Although, there are no native populations of abalone in Ireland, Haliotis tuberculata and H.
discus hannai have been cultured since their introductions in the 1970s and ‘80s.
All sites rearing or holding abalone in Ireland were examined for the presence of X.
californiensis and for clinical signs of WS. No abnormal mortalities were reported in any of
the sites in this study and the animals examined showed no clinical signs of WS. However,
histological examination revealed the presence of RLPs in five of the six sites in the absence
of any histopathology typical of WS. The RLPs were confirmed as X. californiensis by PCR
and sequencing.
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EXPRESSION OF THE MUTANT PROTEIN P53 AND HSP70 AND HSP90
CHAPERONS IN HAEMOLYMPH OF NEOPLASTIC COCKLES,
CERASTODERMA EDULE.
S. Díaz, M.J. Carballal, A. Villalba* and A. Cao.

Centro de Investigacions Mariñas. Vilanova de Arousa. Spain.
High prevalence of disseminated neoplasia has been found in cockles Cerastoderma edule of
Galicia (NW Spain). Disseminated neoplasia has been associated with high mortalities of
various bivalve species. In vertebrates, proteins such as p53 and Hsps play important roles in
carcinogenesis. The protein p53 is involved in cell cycle control and apoptosis and it is
mutated in about 50% of human cancers. Hsp70 and Hsp 90 are related to the cell cycle and
the proliferative response. They are associated with key molecules of the cell cycle control
system such as p53. The protein p53 has been detected in neoplastic cells of bivalve molluscs
such as Mytilus edulis, Mytilus trossulus and Mya arenaria.
Western blotting analyses have been used to examine the expression of Hsp70, Hsp90 and
mutant p53 proteins in the cells and plasma of the haemolymph of cockles showing different
intensity degrees of disseminated neoplasia. Disseminated neoplasia had been previously
diagnosed by examination of stained haemolymph monolayers with light microscopy. Mutant
p53 was detected in haemolymph cells of cockles diagnosed as moderated and heavy
neoplasia intensity whereas it was not detected in cockles with either no or light neoplasia.
The higher the neoplasia intensity the higher the concentration of Hsp70 and Hsp90. These
proteins were not found in plasma. Furthermore, there was a significant positive association
between the levels of Hsp70, Hsp90 and mutant p53 proteins.
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ISOLATION OF NOCARDIA CRASSOSTREAE FROM PACIFIC OYSTERS
(CRASSOSTREA GIGAS) IN LAKE GREVELINGEN, THE NETHERLANDS
M.Y. Engelsma*, I. Roozenburg, J.-P. Joly

Laboratory of Biochemistry, Dept. Agrotechnology and Food Sci., Wageningen
University, Wageningen, Netherlands
Since 2003 Nocardia-like infections are observed at low frequency in oysters sampled for the
annual shellfish disease monitoring programme in the Netherlands. The hosts were “healthy”
Pacific oysters (Crassostrea gigas) as well as European flat oysters (Ostrea edulis). Until
recently, attempts to further characterize the pathogenic microbe were unsuccessful.
In the summer of 2006 an extensive mortality of Pacific oysters occurred in Lake
Grevelingen. A sample of Pacific oysters was investigated tested for the presence of shellfish
pathogens as potential cause of the mortality. Yellow-green lesions were observed in several
oysters at clinical inspection. Histopathology showed 4 out of 36 oysters with Nocardia-like
infections. From the haemolymph fluid of one oyster the bacterium could be successfully
isolated and was typed as Nocardia crassostreae using a specific PCR and sequencing of the
16S rRNA gene. The near full length 16S rRNA sequence of this Dutch N. crassostreae
isolate was identical to other known N. crassostreae isolates from the west coast of North
America.
Considering the environmental conditions in Lake Grevelingen at the time of the mortalities
the primary cause was thought to be the physiological stress from environmental conditions,
like prolonged high water temperatures and low oxygen. However, infections with the
opportunistic N. crassostreae could have resulted in additional mortalities.
This is the first isolation of N. crassostreae from oysters in European waters. Most obvious
origin of N. crassostreae would be introduction via importations of Pacific oysters from Japan
and the USA. However, these importations gradually decreased after the establishment of
Pacific oyster population in the Dutch estuaries around 1977.
Further studies are needed to have better knowledge on the origin, distribution and prevalence
of N. crassostreae and the impact of this species on the Dutch oyster population.
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THE DETECTION OF INTACELLULAR PARASITES IN MEDITERRANEAN
MUSSEL (MYTILUS GALLOPROVINCIALIS) IN SLOVENE ADRIATIC SEA
M. Gombač, R. Sitar, V. Jenčič

Veterinary Faculty, University of Ljubljana, Slovenia
In the Slovene sea, the extreme north end of the Adriatic Sea, there are three locations, where
Mediterranean mussels (Mytilus galloprovincialis) are breed. High sea temperatures with
salinity up to 38 ppt and the fall of oxygen concentration during the summertime make the
living conditions for shellfish quite difficult.
Entering the EU Slovenia was obliged to establish the system of surveillance and detection of
shellfish diseases, notifiable to the OIE and EU.
In the summer and early autumn of 2006 three hundreds (300) cultured Mediterranean
mussels from two sampling sites and thirty (30) Mediterranean mussels from one natural bed
were randomly collected and submitted for macroscopic examination. Water temperature and
oxygenation were measured at each sampling. A standard section through the digestive gland
of each shellfish was taken and routinely processed for histological examination.
The average temperature of the sea was 22o C and the oxygenation 8.36 mg/l. No mortality
occurred in shellfish farms and neither abnormalities nor lesions were detected during the
macroscopic inspection. Histological examination reveals ciliates in digestive glands epithelia
in 36.6 % of mussels and haematopoietic neoplasm in 2 % of mussels. In the digestive glands
epithelia of two mussels the parasites similar to Marteilia sp. were detected.
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AN EPIZOOTIC PROLIFERATIVE DISORDER DETECTED IN A NATURAL
POPULATION OF THE CLAM VENERUPIS AUREA IN GALICIA (NW SPAIN)
D. Iglesias, M.J. Carballal and A. Villalba*

Centro de Investigacions Mariñas. Vilanova de Arousa. Spain.
Natural populations of the clam Venerupis aurea are a resource for shellfisheries in Galicia
(NW Spain), especially when the catches of other venerid clams become low. A survey to
estimate mortality rate and pathological conditions affecting the clam V. aurea population of a
subtidal bed, O Bohído, located in the Ría de Arousa (Galicia), is being performed since
September 2005. Monthly, 75 clams are collected from the bed and distributed into 5 plastic
cages (15 clams per cage) filled with bottom sediment. The 5 cages are set in a steel frame,
which is laid on the bed bottom. After one month the frame is raised out of the water and live
and dead clams are counted to estimate monthly mortality rate. In addition, 30 more clams are
collected monthly from the bed and processed for diagnosis of pathological conditions using
standard histopathological techniques. The mean monthly mortality up to November 2005
was 13%, which is worrying for an exploited resource. Histopathological analysis disclosed a
proliferative condition characterised by the occurrence of compact masses of abnormal cells
in multiple foci of the connective tissue of different organs (gills, organs of the visceral mass,
foot). The abnormal cells showed very large, vesiculous, pleomorphic nucleus and reduced
cytoplasm. Mitotic figures were abundant in those abnormal cell masses. Cellular
proliferation throughout the connective tissue of the interlamellar septa led to gross dilation of
the latter and extreme narrowing of gill water channels. In less severe cases, the abnormal
cells masses appear confined to the gills. The monthly prevalence of this condition was 35%,
ranging from 14 to 57%. The prevalence of severe cases, in which the connective tissue of
every organ represented in the histological section was massively occupied by abnormal ells,
ranged from 7 to 14%. Ultrastructural characterisation of the abnormal cells is underway. The
severity and the prevalence of this disease could support considering it as the main cause of
the recorded mortality. Further research is needed to know the aetiology of this proliferative
condition.
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VALIDATION OF DIAGNOSTIC TECHNIQUES FOR THE PROTOZOAN
PARASITE, BONAMIA OSTREAE, IN THE FLAT OYSTER, OSTREA EDULIS .
S.A. Lynch*, M.F. Mulcahy, S.C. Culloty

University College Cork, Cork, Ireland.

Accurate, sensitive and rapid diagnostic techniques are essential in the detection of the
protistan parasite, Bonamia ostreae, and the implementation of Ostrea edulis transfer
restrictions. Recommended diagnostic techniques, used at present for national screening
programs for Bonamia ostreae, prior to movement or for disease free certification, are
histology, heart smears and molecular based techniques, PCR and in situ hybridisation. The
aim of this study was to compare the different diagnostic techniques, used to detect Bonamia
ostreae, for reliability and sensitivity in detecting the parasite. Screening results from several
six-month laboratory transmission trials involving exposed Ostrea edulis were used. Results
from this trial indicate that each technique has its merits however accuracy of Bonamia
ostreae detection increases when several techniques are used in tandem. These results have
significant implications for management and diagnosis of bonamiosis and for movements of
Ostrea edulis stocks.
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CHAMELEA GALLINA HAEMOCYTES: A MORPHOLOGICAL AND IMMUNOFUNCTIONAL APPROACH.
V. Narcisi, D. Cargini, F. Mosca, A. Calzetta, P.G. Tiscar*

Dipartimento di Scienze Biomediche Comparate, Università degli Studi di Teramo,
Teramo, ITALY E-mail: pgtiscar@unite.it
The marine bivalve mollusc Chamelea gallina represents a widespread clam mainly present
along the Adriatic Sea coasts, where the population is subjected to a intensive fishing pressure
and some mortalities are reported.
Haemocyte phagocytosis is one of the most important defence mechanisms in bivalve
molluscs and is associated with respiratory burst, able to killing and destroying potentially
dangerous micro-organisms.
In the present investigation, the study on the haemocytes immuno-functional characteristics is
reported considering the lack of comprehensive data about Chamelea gallina haemocytes.
The studies about the mollusc immunity mechanisms appear of strategic interest to
understanding some mortality events apparently not linked to the presence of a pathogen.
The morphological features of clam haemocytes, including cell diameter, circularity and
structural complexity, were investigated using cell viability analysis and flow cytometry,
whereas the functional properties related to the nitric oxide (NO) production were assessed by
micromethod assay with specific fluorescent probe.
In order to verify the phagocytosis ability, the haemocytes were stimulated with yeast cells
(Saccharomyces cerevisiae) and bacteria (Vibrio sp) and the analysis were performed with
haemocytes collected from different size clams.
Furthermore, haemocytes differential separation was established by means of isopycnic
centrifugation in continuous and discontinuous gradient where two main cell layers were
observed on the basis of their intracytoplasmic inclusions.
The results showed an ameboid and oxidative ability of the clam haemocytes connected to the
diameters and structural complexity of the cells. These characteristics were more evident in
the haemocytes coming from the bigger clams or separated in the lower gradient layer.
The obtained observations allow to consider a possible association between the Chamelea
gallina size and the ability of the defensive system cells, particularly related to the granular
cells, representing a prerequisite for further studies on the immunobiology of this mollusc and
the related population problems.
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RAPID AND SENSITIVE DETECTION OF OSTREID HERPESVIRUS 1 IN OYSTER
SAMPLES BY REAL-TIME PCR
J.F.*Pepin , A. Riou, T. Renault.

IFREMER, LGP, 17390 La Tremblade.France ; E-mail: jfpepin@ifremer.fr
Herpes and herpes-like virus infections have been reported in various marine mollusc species
associated with high mortality rates. Following the characterisation and genome sequencing
of ostreid herpesvirus 1 (OsHV-1), specific diagnostic tools have been developed based on
conventional PCR techniques or in situ hybridisation. We have now developed a real-time
PCR assay for rapid, sensitive and quantitative detection of OsHV-1, and compared it with a
conventional PCR technique described previously. The new assay utilised SYBR® Green
chemistry with specific primers C9/C10 targeting the C region, which is present in two copies
in the OsHV-1 genome and encodes two proteins of unknown function. The assay was
applied successfully to rapid diagnosis (100 minutes) of OsHV-1 in different developmental
stages and tissue samples of Crassostrea gigas. This capability is important because no cell
culture or in vitro system is available for quantitation of virus replication. The quantitative
data that will emerge in future using the new assay will illuminate aspects of pathogenesis, in
particular the viral loads in asymptomatic oysters and the kinetics of infection in specific
target tissues. This poster presents real-time PCR assay and first data with field and
experimental material.
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VIBRIO SPLENDIDUS AND V. AESTUARIANUS : TWO BACTERIAL
PATHOGENS FREQUENTLY ASSOCIATED WITH MORTALITIES OF CULTURED
PACIFIC CUPPED OYSTER CRASSOSTREA GIGAS IN FRANCE
D. Saulnier*,1,, P. Haffner1, M. Robert1, S. Ferrand1, C. François1, F. Le Roux2 § C.
Garcia1
1
2

Laboratoire de Génétique et Pathologie, IFREMER, La Tremblade, France
Unité de Plasticité du Génome Bactérien, Pasteur Intitute, Paris, France

Vibrio are ubiquitous marine bacteria that represent a major source of concern in aquaculture
facilities because of the discovery of increasing number of strains and species pathogenic for
fish and shellfish causing severe loss of production. In France, the rearing of the Pacific oyster
Crassostrea gigas is the main aquaculture activity and has recurrently suffered large scale
summer mortality phenomenon for the last 15 years. Several Vibrio sp strains have been
found to be associated with diseased juvenile oysters suffering summer mortality syndrome
during targeted bacteriological surveys. Most of these strains belong to V. aestuarianus and V.
splendidus species and exhibit a harmful effect when live bacteria or their extracellular
products are experimentally injected to healthy oysters.
The aims of this study were to characterize bacterial strains isolated in a three year (20032005) bacteriological survey performed by the French network of shellfish pathology
(REPAMO) from IFREMER. One of the missions of this network consists in the study of
abnormal mortalities that aquaculture professionals must declare to the governmental
authority. During 2003-2005, 55 samples of different origins were collected in a context of
abnormal mortality events concerning 4 mollusks species (Crassostrea gigas, Haliotis
tuberculata, Pecten maximus, Ruditapes philippinarum) and 20 locations along French coast.
More than 120 bacterial strains were isolated, selecting dominant bacterial isolates from each
sample. Strains were taxonomically characterized by phylogenetical analysis sequencing a
fragment of 16S rRNA gene and for V. splendidus related strains GyrB, a housekeeping gene
encoding a DNA gyrase essential for chromosomes replication. Taxonomically representative
bacterial strains were also characterized phenotypically, evaluating their virulence status by
experimental infection. This study reveals that the majority (> 70%) of the strains isolated by
REPAMO network during 2003-2005 belongs to V. splendidus and V. aestuarianus.
Furthermore several strains of both species have been found virulent in experimental infection
confirming the pathogenicity of the two Vibrio species. In terms of distribution, Vibrio
splendidus was most frequently detected during cold season and in all considered molluscs
species illustrating its ubiquitism whereas V. aestuarianus was mainly identified during warm
season and principally in C. gigas.
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THE EFFECT OF VACCINATION, SMOLT WEIGHT AND SEX ON GROWTH OF
FARMED ATLANTIC SALMON, SALMO SALAR
A. Aunsmo*, R.B. Larssen, P.S. Valle, Ø. Evensen

Norwegian School of Veterinary Science, Oslo, Norway
Adjuvanted vaccines has been shown to reduce growth in farmed Atlantic salmon, however
findings are not consistent (Midtlyng et al). A field study was performed in a commercial pen
by following fish from vaccination to slaughter. 1 800 individually tagged fish (PIT-tag), half
of them vaccinated and half of them unvaccinated, were stocked together with 160 000
normally vaccinated fish. Individual registrations of length and weight were conducted at time
of vaccination and at slaughter; where in addition sex and vaccine side effects were registered.
A multivariable regression model was developed in order to explain growth by recorded
variables and their interactions where plausible. Preliminary results suggest that smolt weight,
sex and vaccination all are determinants for growth. The observed effect of sex demonstrates
that sex may be a major confounding factor in studies on growth in farmed Atlantic salmon.
Midtlyng PJ, Lillehaug A (1998) Growth of Atlantic salmon Salmo salar after intraperitoneal administration of
vaccines containing adjuvants. Diseases of Aquatic Organisms 32:91-97
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VACCINATION STRATEGIES IN TURBOT (SCOPHTALMUS MAXIMUS) TO
PREVENT EDWARDSIELLOSIS CAUSED BY EDWARDSIELLA TARDA
N. Castro, B. Magariños, S. Núñez, J. L. Barja and A. E. Toranzo*

Universidad de Santiago de Compostela, Spain

Edwardsiellosis caused by E. tarda is currently considered one of the most important diseases
in aquaculture causing important economic losses in turbot facilities. Therefore, the
development and evaluation of different immunization strategies to prevent this pathology is
encouraged.
Recent biochemical and serological studies in our laboratory employing different E. tarda
strains isolated from turbot, demonstrated that, independently of their geographical origin,
they constituted an homogeneous serological and phenotypical group. However, at molecular
level, the existence of two genetic groups within the turbot isolates was detected.
The objective of the present work was the evaluation of an aqueous bacterin, developed from
a turbot strain, in 10 g fish administered by intraperitoneal injection (i.p.) and bath. Moreover,
the efficacy of this E. tarda vaccine in turbot of 80 g body weight that were simultaneously
i.p vaccinated with commercial T. maritimum or S. parauberis bacterin was also assayed. The
degree of protection was calculated in terms of Relative Percentage of Survival (RPS) and by
the determination of the antibody levels in ELISA assays.
The results obtained demonstrated that only i.p vaccinated fish presented high protection
levels against E. tarda. In fact, the small turbot vaccinated by injection presented high
protection levels at 1, 2 and 3 months post immunization, with RPS values ranging from 83 %
to 75 %. After this time, the protection obtained significantly decreased. This vaccine resulted
to be also effective in 80 g turbot with RPS values of 80% five weeks post vaccination.In all
the experiments, good correlation was obtained between the RPS values and the antibody
levels.
The simultaneous administration of the E. tarda bacterin with the other commercial turbot
vaccines mentioned above did not produce any negative effect in the protection against these
diseases.
Currently, the evaluation of an non-mineral adjuvantated E. tarda vaccine is in progress with
the aim to increase the duration of protection.
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AUTOLOGOUS VACCINES TO PREVENT EMERGING BACTERIAL DISEASES IN
RAINBOW TROUT (ONCHORHYNCHUS MYKISS, WALBAUM) CULTURE IN
SPAIN
B. Fouz1, A. Rodríguez2, M. Martín1 and C. Amaro*,1
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University of Valencia, Dr. Moliner 50, 46100 Burjassot, Valencia, Spain
Acuitec, S.L. Apartado 146, 20140 Andoain, Guipúzcoa, Spain.

Lactococcosis and yersiniosis or enteric redmouth (ERM) disease, due to Lactococcus
garvieae and unmotile isolates of Yersinia ruckeri serotype I, respectively, have caused the
most important economical losses in the Spanish rainbow trout (Onchorhynchus mykiss,
Walbaum) culture along the last decade.
In this work, we present the results obtained in a series of field trials in which we evaluated of
protection conferred by different autologous vaccines (AV) administered following selected
immunization strategies. Highly virulent isolates were used for preparing different AV
formulations. The assays were mainly focused in the vaccine formulation (strains and use or
not of adjuvants) and administration (route and number of doses). The results show that: 1)
aqueous unadjuvanted bacterins are very effective by both bath and i.p. vaccination; 2) for
yersiniosis, protection lasting for at least five months is achieved both after 1 or 2-dose
immersion or 1-dose injection procedures; and 3) for lactococcosis, protection lasting for at
least six months is achieved after 1-dose injection procedure.
In conclusion, the occurrence of these emerging bacterial diseases in Spanish continental
Aquaculture could be effectively controlled using AV formulations and easily applied
vaccination protocols.
Fouz, B, Zarza, C. and Amaro, C. (2006) First description of non-motile Yersinia ruckeri serovar I strains
causing disease in rainbow trout cultured in Spain..J Fish Dis 29: 339-346.
Vela, A.L., Vázquez, J., Gibello, A., Blanco, M.M., Moreno, M.A., Liébana, P., Albendea, C., Alcalá, B. et al.
(2000) Phenotypic and genetic caharacterization of Lactococcus garvieae isolated in Spain from lactococcosis
outbreaks and comparison with isolates of other countries and sources. J Clin Microbiol 38: 3791-3795.
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DNA VACCINE ENCODING VP28 PREVENT WHITE SPOT DISEASE IN KURUMA
SHRIMP, MARSUPENAEUS JAPONICUS
T. Kono *, T. Mekata, T. Itami and M. Sakai

Faculty of Agriculture, University of Miyazaki, 1-1 Gakuenkibanadai nishi, Miyazaki,
Japan
Viruses are among of the most important pathogens in the crustacean, especially shrimp.
White spot disease virus (WSDV) is a pathogen of major economic importance in shrimp
aquaculture all over the world. This virus possesses a wide range of host specificity; it is
pathogenic to several species of shrimp, such as Marsupenaeus japonicus, Penaeus monodon,
P. penicillatus, P. orientalis, P. merguiensis, P. vannamei, P. indicus and P. stylirostris.
WSDV infected shrimp were characterized by hypertrophied nuclei in various tissues
originated from meso- and ectoderm. To date, no comprehensive or individual strategy has
been established to combat WSDV. In this study, we have developed a DNA vaccine to
increase the protection against WSDV in kuruma shrimp. A plasmid construct driven by a
CMV-promoter and encoding WSDV-VP28 envelope protein was used as a vaccine.
Vaccination was carried out by intramuscular injection with 10 g of plasmid DNA to the
shrimp. The efficacy of protection against WSDV infection was confirmed by artificial
WSDV immersion challenge after 1 week post vaccination. Cumulative mortality was 71.5 %
in vaccinated group and 21.5 % in control, respectively and relative percent survival (RPS)
was 69.9 %. Thus, this WSSV DNA vaccine is effective for kuruma shrimp.
This study was supported by a grant from Research and Development for New Bio-industry
Initiatives.
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DEVELOPMENT OF A BACTERIN VACCINE AGAINST FRANCISELLA SP.; A
PATHOGEN CAUSING SERIOUS PROBLEMS FOR THE GROWING COD
(GADUS MORHUA) FARMING INDUSTRY IN NORWAY
B. Krossøy*,1, N.P. Maaseide1, K.F. Ottem2, A. Nylund2, and D.H. Knappskog1
1
2

Intervet Norbio AS, Thormøhlensgate 55, N-5008 Bergen, Norway.
Department of Biology, University of Bergen, N-5020 Bergen, Norway

Francisella sp. has been shown to be the causative agent of a new disease that was first
recognised in 2004 in farmed Atlantic cod (Gadus morhua) in western Norway (Nylund et al.,
2006, Olsen et al., 2006). It is now regarded as one of the most serious threats against
continued growth of the cod farming industry, especially in the south-western regions with its
relatively high water temperatures. This study reports on the testing of different oiladjuvanted vaccines in farmed cod. Both monovalent and polyvalent formulations have been
tested and evaluated in challenge experiment with Francisella sp. as well as different Vibrio
anguillarum serotypes. Also, as use of oil-adjuvanted vaccines in cod is just starting,
evaluation of side effects at different time points post vaccination will be presented.
Nylund, A., Ottem, K.F., Watanabe, K., Karlsbakk, E. and Krossøy, B. (2006) Francisella sp. (Family
Francisellaceae) causing mortality in Norwegian cod (Gadus morhua) farming. Arch Microbiol 185 (5): 383392
Olsen, A.B., Mikalsen, J., Rode, M., Alfjorden, A., Hoel, E., Straum-Lie, K., Haldorsen, R. and Colquhoun, D.J.
(2006) A novel systemic granulomatous inflammatory disease in farmed Atlantic cod, Gadus morhua L.,
associated with a bacterium belonging to the genus Francisella. J Fish Dis 29 (5): 307- 311
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CORRELATION BETWEEN LEVEL OF SERUM ANTIBODIES AND EFFICACY OF
AEROMONAS SALMONICIDA VACCINES IN ATLANTIC SALMON (SALMO
SALAR L)
Anne Berit Romstad 1, Øystein Evensen 2, Paul Midtlyng 3, Kjersti Gravningen 4, Liv
Jorun Reitan 5
1
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Norway; 4 PHARMAQ AS, Oslo, Norway; 5 National Veterinary Institute, Oslo,
Norway
2

The aim of this study was to investigate how the antibody responses against Aeromonas
salmonicida vaccines develop over time and at different temperatures post vaccination in
Atlantic salmon (Salmo salar L) and to study if an immunogenicity test can be used to
discriminate between potent and sub-potent batches of vaccines.
Atlantic salmon pre-smolts were vaccinated with two different oil-based injection vaccines
containing formalin-killed Aeromonas salmonicida antigens, one with optimal antigen content
and one with sub-optimal antigen content. Controls were injected with and adjuvant only.
Three different temperature regimes (3, 12 and 18°C) were used during the immunisation
period and antibody responses were measured at four time points (3, 6, 9 and 12 weeks post
vaccination). All analyses were performed by ELISA coated with sonicated A.salmonicida.
In order to compare results across numerous plates, the results were expressed as the ratio
between 450 nm optical densities (OD) of the sample wells relative to positive pool wells (rel
OD). An antibody response was seen already after 250 degree days (12 ° C, 3 weeks) both for
the optimal and the sub-optimal vaccine dose. There was however a significant difference (
p<0.01) between antibody levels for the optimal and the suboptimal vaccine at all time points
both at 12 and 18 ° C, with the largest difference being seen around 1100 degree days.
The results of the antibody measurements in the different groups were compared to protection
in A. salmonicida cohabitant-challenge experiments 6 and 12 weeks post vaccination. There
was a good correlation (R2=0.95) between Relative Percent Survival and the antibody
response measured in the immunoassay. The results from this study give good indication that
immunogenicity tests can discriminate between potent and sub-potent batches of vaccines,
with prospects of becoming an alternative to challenge tests in batch testing of furunculosis
vaccines.
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VACCINATION OF ATLANTIC COD, GADUS MORHUA L., AGAINST CLASSICAL
VIBRIOSIS
M. B. Schrøder1*, H. Mikkelsen2, K. Gravningen3, V. Lund2

1

University of Tromsø, 9037 Tromsø, Norway; 2 Norwegian Institute of Fisheries and
Aquaculture Research, 9291 Tromsø, Norway; 3 PHARMAQ AS, Oslo, Norway
email: merete.schroder@nfh.uit.no
Farmed Atlantic cod, Gadus morhua L., in Norway are vaccinated against Vibrio anguillarum
serotype O1, O2a and O2b, but outbreaks of classical vibriosis remain relatively common.
There may be several reasons for this; outbreaks may occur in vaccinated fish before
protection is obtained, or in young fish before immunocompetence is achieved. During the
last years, atypical forms of V. anguillarum are isolated from diseased vaccinated cod and
characterisation studies of these isolates indicate that they belong to a sero-subtype other than
O2a or O2b. Also, a commersial vaccine is shown to protect poorly or not at all when
challenged with two of the differing isolates.
In the present study, we have vaccinated cod with bacterins of the differing sero-subtypes of
V. anguillarum and challenged the fish with several V. anguillarum known to cause disease in
cod. The results indicate that there is a limited cross-protection between V. anguillarum serosubtypes in cod. This was also confirmed by studies of the antibody responses against the
sero-subtypes as sera from responding vaccinated cod did not recognise all variants of V.
anguillarum.
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STUDY OF ANTIGENS OF TETRACAPSULOIDES BRYOSALMONAE WITH A
VIEW TO VACCINE PRODUCTION
C. McGurk*, D.J. Morris, A. Adams

Institiute of Aquaculture, University of Stirling, Stirling. United Kingdom
Previous screening of PKD-affected trout tissue has elucidated the presence of numerous
carbohydrate terminals on the parasite. Three lectins which led to positive parasite staining
have been documented to bind to human blood-group precursor antigens. These structures,
known as the Thomsen-Friedenreich (TF) and Tn antigens (Ags) are expressed in various
tissues including carcinomatous mammalian tissue, gram-negative bacteria such as
Escherichia coli, and the parasites Echinococcus granulosus and Schistosoma mansoni. Much
research has centred on the production of anti-cancer vaccination protocols involving the
administration of TF and Tn Ags prepared from degraded blood cells and from commercial
typhoid vaccine preparations.
Rainbow trout kidneys affected by PKD were screened by immunohistochemistry and
immunogold transmission electron microscopy with commercial monoclonal antibodies
targeting TF & Tn Ags. Rainbow trout were vaccinated with preparations of either E. coli
O86, commercial typhoid vaccine or homogenised bryozoan tissue infected with T.
bryosalmonae. The fish were subsequently challenged with T. bryosalmonae by
intraperitoneal injection or bath challenge.
The presence of TF and Tn antigens was demonstrated by the immunoassays. Although no
significant statistical difference was found, there was a trend of lower parasite burden in the
typhoid vaccinated group. Examination of E. coli by Western blot showed binding of anti-Tn
MAb. Vaccination with E. coli or T. bryosalmonae did not elicit a protective response in
rainbow trout. Development of a vaccine against PKD continues employing recombinant
techniques.
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DISINFECTION OF GYRODACTYLUS SALARIS BY HEAT AND VIRKON S
P. Anttila, J. Kuusela and P. Koski*

Finnish Food Safety Authority Evira, Oulu, Finland
Gyrodactylus salaris (Malmberg 1957) has destroyed populations of wild Atlantic salmon in
tens of Norwegian and Russian rivers. In order to prevent the transportation of G. salaris into
the valuable wild salmon rivers on the fishing equipment there are obligations to disinfect the
equipment. Some fishermen are reluctant to disinfect, which they think might harm their
valuable equipment.
We examined the effect of gentle methods of disinfection - heat and low concentrations of
Virkon S (an oxidising disinfectant blend) on G. salaris. The parasites (and the fish) were
kept in +6°C before the tests. Fins of rainbow trout with worms were put in different
temperatures and concentrations of the disinfection solution. The time until the parasite did
not make any movements was recorded. Without treatment G. salaris lived for up to 85 hours
on the cut fin in +10°C water.
The survival times of the single worms in different water temperatures were the following
(18-40 worms per treatment):
Temperature (°C)
+25
+30
+35
+40
Survival time
119.7
12,4
50.5 (36-98)
9 (6-18)
[median (range)]
(67.4-209.3)
(6.9-21.6)
seconds
seconds
minutes
minutes
In another experiment G. salaris were put into increasing temperatures in a moist chamber.
The worms (n=28) all died in +30.5°C≤t≤+33.5°C regardless the time needed to reach the
lethal temperature (12.7-39.3 minutes).
The survival times of the single worms in different Virkon S concentrations were the
following (52-54 worms per treatment, t=+10°C):
Virkon S (%)
Survival time
[median (range)]

0.01
11.7 (3.4-34.2)
minutes

0.05
3.1 (1.8-4.8)
minutes

0.1
2.4 (1.4-4.5)
minutes

1.0
14 (8-28)
seconds

In another experiment some worms still made movements after a treatment in 1% Virkon S
for 15 seconds, but none did recover, and died later (n=119).
We conclude that disinfection practices, which are less harmful for the fishing equipment than
the present ones can be used in the prevention of G. salaris. Especially the use of heat might
be an efficient choice.
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MEDICINE MANAGEMENT IN A SELECTION OF FISH FARMS
A.G.T. Berg1* K. Grave1 , T.E. Horsberg 2
1
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Norway; 2 Department of Food Safety and Infection Biology, Norwegian School of
Veterinary Science, Oslo, Norway
Introduction. Since the early sixties, medication errors in human hospitals have been
identified in numerous studies. The medication errors usually identified are incorrect doses
(too high or too low) that may arise from miscalculation of the dosage, administration of an
erroneous preparation, application of incorrect dosing intervals or length of the cure and also
use of an unapproved administration route. As the therapeutic outcome of a drug cure also
depends on the quality of the drugs, the guidelines on handling of drugs in hospital settings
also encompasses drug storage procedures to be applied aiming to ensure that the drug quality
is kept at the similar level as when the drug was released from the holding pharmaceutical
company. Similar regulations have not yet been adopted in the veterinary field, neither for
veterinary hospitals, nor for production animals such as the fish farming industry in Norway.
Aim. The aims of the present study were 1) to develop a method to evaluate the medicine
management in salmonid fish farms in order to identify the potential areas of medication and
other errors; 2) to describe the medicine management in a selection of salmonid farms in
Norway by application of this method.
Material and methods. Data on medicine management in the fish farms were collected
through interviews by use of a pre-designed questionnaire, designed on the basis of the
various medicine management requirements contained in the regulations of drug management
in human hospitals in Norway and of relevant part of regulations specific for fish farms. The
interviews took place at the fish farms (N=12) and were all conducted by the 1st author of the
present study. One employee at each fish farm was interviewed. The respondents consisted of
two smolt farms and four grow-out facilities (n1 = 6, n 2 = 6).
Main findings. The medicine management was judged as good, except for in a few areas.
Hazard points found were a) no visits by the veterinarians prior to prescription, b) incorrect
storage of drugs and c) inadequate labelling on fill-over containers as well as transfer of drugs
between fish farms. This may lead to medication errors and complicates the traceability of
drug use in farmed fish.
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SENSITIVITY ASSESSMENT OF CALIGUS ROGERCRESSEYI TO EMAMECTIN
BENZOATE IN CHILE
S. Bravo1 *, S. Sevatdal2, M. Mancilla1, I. Oyaneder1 F. Erranz1
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Caligus rogercresseyi is the most important parasite for the salmon industry in Chile
considering the economical effect cause over salmon reared in seawater in the Region X.
Through the Project FONDEF D04I1255 was carried out a survey in 16 salmon farms belong
to four important companies settled in Chile. The goal of the study was to evaluate the
development of resistance in C. rogercresseyi to Emamectin benzoate, the only chemical
allowed by the official authority to control the sea lice in Chile, following the methodology
developed by Sevatdal and Horsberg (2003) for testing Lepeophtheirus salmonis sensitivity to
pyrethroids in Norway, adjusted to emamectin benzoate.
The data were analysed by Probit analysis (POLO PC, LeOra Software Inc. Berkeley,
California, USA). Preliminary results obtained with the bioassay applied to caligus collected
from the different farms in surveys carried out in the spring - summer season (2006-2007) are
presented.
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ANTIBACTERIAL ACTIVITIES OF MEDICINAL HERBS AGAINST MARINE FISH
PATHOGENIC BACTERIA
H. S. Choi*1, J. S. Kim2, Y. B. Yu2, Y. C. Kim3 and S. H. Jung4
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Institute, Tongyong, Gyeonsannamdo, Republic of Korea; 2 Department of Herbal
Pharmaceutical Development, Korea Institute of Oriental Medicine, Daejeon, Republic
of Korea; 3 Finfish Research Center, National Fisheries Research Development
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Hundreds of medicinal herbs have been used for diseases prophylaxis, its treatment, and
immune enhancement for human and other animals including fishes (Kim et al., 2006).
Among them, 49 species were selected and tested for antibacterial activities against 19 strains
from 4 species of marine fish pathogenic bacteria. The tested pathogenic bacteria involved 5
strains of Edwardsiella tarda, 5 strains of Vibrio sp., 4 strains of Lactococcus garviae, each 1
strain of Lactococcus raffinose and Streptococcus parauberis, and 3 strains of Streptococcus
iniae. The extract of Galla Rhois by ethyl acetate showed the highest antibacterial activity
against both gram negative and gram positive pathogen (Choi et al., 2004). The further test for
the extract was achieved by silica gel column chromatography fractionation into 8 fractions.
The sub-fraction 4 and 5 showed an excellent antibacterial activity against Streptococcus
iniae KCTC3657.
Choi, H. S., Kim, Y. C., Lee , J. S., Jo, M. R., Seo, C. H. and Park, S. I.(2004) Antibacterial activities of Galla
Rhois extracts against fish pathogenic bacteria. J. Fish Pathol., 18(3): 239-245.
Lee, M.H., Kwon, H. A., Kwon D. Y., Park, H., Sohn, D. H., Kim, Y. C., Eo, S.K., Kang, H. Y., Kim, S. W.,
Lee, J.H.(2006) Antibacterial activity of medicinal herb extracts against Salmonella. Int. J. Food Microbiol.,
111(3): 270-275.
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A LOW MOLECULAR WEIGHT PROTEIN EXTRACTED FROM
FLAVOBACTERIUM PSYCHROPHILUM INDUCES PROTECTION IN RAINBOW
TROUT WHEN IMMUNIZED WITH ADJUVANT
E.Högfors*1, K.-R. Pullinen1, K. Gravningen2, E.-A. Norderhus2, B. Brudeseth2 and T.
Wiklund1
1
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Flavobacterium psychrophilum, the causative agent of rainbow trout fry syndrome (RTFS)
has become a widespread fish pathogen in Finnish aquaculture. We investigated the
immunogenic efficacy of a low molecular weight protein, extracted from the surface of F.
psychrophilum, in three intraperitoneal immunization trials. The first trial included a crude
protein (P25-33), with an approximate weight of 25-33 kDa, with Freund´s Complete
Adjuvant (FCA). The second trial included two immunizations with P25-33 without FCA and
formalin-inactivated and sonicated F. psychrophilum cell preparations without FCA. The third
trial, using a more refined version of the protein (P25) with an approximate weight of 25 kDa,
included P25 with and without oil adjuvant and formalin-inactivated F. psychrophilum cells
with oil adjuvant. In all trials, antibody titers against F. psychrophilum were analyzed with an
ELISA and the efficacy of the immunizations were determined by a challenge with F.
psychrophilum. Rainbow trout immunized with P25-33 and FCA showed highly elevated
antibody titers and a significant protection against F. psychrophilum. The FCA itself did not
induce a protection against the infection. Rainbow trout immunized twice with P25-33
without FCA did not show an increased antibody response and the fish were not protected
against F. psychrophilum. In contrast, rainbow trout immunized twice with formalininactivated and sonicated F. psychrophilum cells without FCA did show significantly
increased antibody titers and were highly protected against the infection. Rainbow trout
immunized with P25 and formalin-inactivated F. psychrophilum with oil adjuvant showed
elevated antibody titers and a strong protection against the challenge. P25 without adjuvant
and the adjuvant itself did not enhance the antibody response nor induce a protection against
the challenge. These results suggest that surface proteins from F. psychrophilum only enhance
a protective immune response in rainbow trout when combined with oil-based adjuvants, and
not when administered in water based solutions. Formalin-inactivated and sonicated F.
psychrophilum cells triggered the antibody production and protected the rainbow trout from
an artificial infection more efficiently than the low molecular weight protein without an
adjuvant, suggesting that whole and sonicated cell preparations would be better candidates for
an immersion vaccine against RTFS than extracted proteins.
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PERACETIC ACID (PAA) FOR THE TREATMENT OF Ichthiophthirius multifiliis IN
SANDER (Sander lucioperca).
Meinelt, T, Richert, I, Staaks, G, Bräunig, I, Weitkamp, T., Stüber, A. Matzke, S.

Leibniz Institute of Freshwater Ecology and Inland Fisheries, Müggelseedamm 310,
12587 Berlin, Germany
White spot disease caused by the ciliate protozoan parasite Ichthyophthirius multifiliis (I. m.),
is one of the most dangerous pathogene in aquaculture. The parasite is characterized by three
developmental stages: an infective theront, a parasitic trophont and a reproductive tomont. In
sander (Sander lucioperca) breeding I. m. causes serious economic losses. After banning of
the traditional therapeutic agent malachite green we have to face a state of emergency for the
treatment of the ichthyophthiriasis. The peracetic acid (PAA), characterized by positive
therapeutical properties, might close this gap. The purpose of our investigations was the
determination of the toxicity of PAA to juvenile sander as well as the evaluation of the
therapeutic effectiveness of the substance to combat I. m. For juvenile sander (length 3 cm)
we determined a 24-h-LC50 of 1,14 ppm PAA. In two investigations PAA was applied in daily
intervals of 0,5; 1, 3, 5 and 24 h and concentrations of 0,5; 1; 1,5 and 2 ppm to treat I.-m.infection in sander. In test I all sander (length 9 cm) died as a result of the I.-m.-infection.
However, the PAA exposed fish survived longer than the PES-free controls! This might be
due to a disinfection of other pathogens by PAA. In test II, the fish (length 12 cm) were less
infected than fish in test I. Four of six fish died in the group exposed with 2 ppm PAA for 24
hours. The abundance of I.-m.-trophonts was determined in mucus, fin and gill tissues of all
fish. Significant differences could not be observed between test I and test II because of
dissimilar: 1. exposure in time and concentration, 2. age and condition of the fish and 3.
homogeneity of the variances. Therefore, no therapy was successful while fighting the
parasitic trophonts protected by the overlaying fish tissues. As a consequence we tested a
PAA treatment against the free invasive theronts. PAA concentrations of 0.3 ppm were able to
kill all theronts in 120 min in vitro in our investigations. As a result of these investigations we
recommend an interval-application of 0.3 to 0.5 ppm PAA for 30 to 150 min. This application
should be prolonged for two life cycles of the parasite. Biotic parameters as e. g. fish species,
and age as well as abiotic parameters as e. g. temperature, pH and organic load of the water
could possibly influence the efficiency of the PAA application and should therefore be taken
into account while picking the dosage and length of the PAA exposure.
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The philosophy behind the EWOS Functional Feed Programme for salmonid fish is presented
together with a review of actual EWOS functional feeds ore ingredients and their scientific
basis. The “functional” in “functional feeds” refers to those effects awarded by the feed in
addition to the purely nutritional. Most commonly these include improved seawater
adaptation and egg production, but also a strengthening of the fish’s immune status and
general health.
Such functionality can be achieved through:
•
A special balance of standard components
•
Increasing levels of individual standard components
•
Addition of natural components, not normally present in feeds,
or through a combination of these approaches.
A conscious choice of type, standard and origin of normal feed components e.g. fats, protein
and carbohydrates, as well as their composition will be of considerable importance for
extended functionality. By targeting the fish health and digestion status trough raw ingredient
selection and feed composition, added functionality can be achieved.
Examples of normally occurring, bio-functionally positive feed components include vitamins,
trace elements, minerals, fatty acids, amino acids and astaxanthin. It is normal to increase the
content of e.g. vitamins C and E in relation to certain physiological challenges. In the same
way the correct composition or level of trace elements and minerals such as calcium and
phosphor is important. A minimum level of the amino acid histidine in the feed is also critical
during certain stages of the fish’s growth cycle to avoid cataract development.
Examples of naturally occurring components not normally found in fish feeds but which may
be obtained from external sources include yeast extracts in the form of nucleotides, glucans,
or manno-oligosaccharides. Other relevant groups include organic acids, prebiotics i.e.
components positively influencing the intestinal bacterial flora and probiotics i.e. favourable
bacterial flora. Components such as these from external sources may be considered as either
feed components or as approved feed-additives.
EWOS functional feeds are available as either complete feeds or as modules within various
EWOS national feed concepts as exemplified trough the Norwegian EWOS opal concept.
Central EWOS salmon functional feeds presented are EWOS opal breed and EWOS boost
(nucleotides), EWOS opal 120 (prebiotics) and EWOS opal PD-feed (altered composition,
nucleotides and beta-glucans).
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IN VITRO GENE EXPRESSION PROFILING OF SALMONID CELLS INDUCED BY
A RECOMBINANT ATLANTIC SALMON (SALMO SALAR) TYPE I INTERFERON
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Type I (α/β) interferons (IFNs) are secreted cytokines that play a major role in the innate
defense of vertebrates by establishing an antiviral state in cells. Typically, IFN α/β genes are
rapidly but very transiently induced upon viral infection. However, IFN α/β mediate the
expression of numerous effector antiviral proteins through the JAK-STAT transduction
pathway, notably, the dsRNA-dependent protein kinase R (PKR), 2’,5’-oligoadenylate
synthetase (OAS), RNA-specific adenosine deaminase (ADAR) and Mx protein. The Atlantic
salmon (Salmo salar) interferon-α2 (Sasa-IFNα2) was expressed using a bacterial E. coli
system and isolated by affinity purification. The purified recombinant Sasa-IFNα2 (rSasa
IFN-α2) was used to stimulate confluent Chinook salmon cells (CHSE-214) at a concentration
of 0.1 µg/mL. Total RNA from stimulated and control cells were collected over a 24 hour
time period for dual-labeling and hybridization to a 16K (Ver.2.0) salmonid cDNA
microarray. A Cy3/Cy5 cyanine fluors dye-flip was performed to control for any dye-bias
effects. An increase in the number of IFN-stimulated genes was apparent over time. Many of
the significantly up-regulated annotated genes were of immunological interest. In addition,
several up-regulated genes with no known homologues were also uncovered. These results
have elucidated the differential gene expression of salmonid cells by rSasaIFN-α2 and
identified genes that may lead to a better understanding of innate immunity.
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ANTIBACTERIAL AGGLUTININ FROM THE SKIN MUCUS OF OLIVE FLOUNDER
(PARALICHTHYS OLIVACEUS)
KJ. Palaksha*, GW. Shin, SW Nho, MA. Ha, YR. Kim, SB. Park, HB. Jang, IS. Cha, YG.
Park, BJ. Kang1, TS. Jung
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Antimicrobial compounds in the skin mucus of fish are known to play a frontier role in the
prevention of colonization by pathogens. In the present study a novel agglutinin with
specificity for N-glycolylneuraminic acid residue of sialoconjugates and erythrocytes
membrane was identified in the skin mucus of olive flounder (Paralichthys olivaceus). The
optimal physico-chemical parameters such as pH, temperature, NaCl, KCl concentrations and
effect of divalent cations (Mg2+, Ca2+, EDTA and EGTA) on its binding affinity are defined.
Rabbit, mouse and rat erythrocytes were agglutinated by clarified mucus extract but not the
human A, B, O, horse, cow, pig, sheep, goat, cat, dog, chicken, and fish, olive flounder. The
most potent inhibitors of haemagglutination are proved to be N-acetyl and Nglycolylneuraminic acid (40 mM) and sialoconjugates such as fetuin (0.156 mg/ml), bovine
thyroglobulin (0.312 mg/ml), porcine thyroglobulin (0.625 mg/ml), bovine α-acid
glycoprotein (2.5 mg/ml), bovine submaxillary mucin and human α-acid glycoprotein (5
mg/ml). The predominant sialic acid fraction in the above sialoconjugates and also in the cell
membrane of rabbit, mouse and rat erythrocytes is N-glycolylneuraminic acid. Interestingly,
the clarified mucus extract also showed the strong antibacterial activity against several tested
fish pathogenic bacteria. Hence, it is thought to be involved in protecting olive flounder from
potential pathogenic agents containing sialic acid in their cell wall in the aquatic environment.
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Among the aquarium-held and captive-reared clown fish (Amphiprion sebae) diseases were
caused by a few pathogens belonging to Vibrio sp., Alcaligenes sp., as well as Serratia
marcescens. Among these, S. marcescens predominantly caused severe ulcerations. In order
to evolve suitable prophylactic and management steps, experiments were conducted with
antibiotics and marine natural products extracted from macroalgae and sponge as well as
immunoprophylaxis using formalin-killed S. marcescens cells. Among the antibiotics,
ciprofloxacin had high inhibitory zone of 32 mm followed by oxytetracycline, trimethoprim
and co-trimoxazole with 24 mm zones each. Among the marine natural products, the
methanol extract of the macro algae Gracilaria corticata produced 36 mm zone, while the
two sponge extracts wiz., Callyspongia diffusa and Sigmodocea carnosa produced 24 mm
and 25 mm zones respectively, suggesting possible usage of marine natural products.
Autogenous vaccine was administered at the rate of 1 x 105 cells / g, which was determined
earlier as the lethal dose through pathogenicity studies. The percentage relative protection
(PRP) to the experimental fish increased after 15th day, which continued with 100% protection
at 35 and 50 days of rearing and challenging with the pathogen. These studies suggest that
the Serratia marcescens infection in clown fish can be successfully managed by adopting
suitable proactive management strategies.
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EFFICACY OF LOW-DOSE FORMALIN TREATMENT AGAINST PHILASTERIDES
DICENTRARCHI.
Ruiz de Ocenda, M.V.; Ojea, A.; Teijido, A.; Couso, N; Cabaleiro, S.
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The histiophagous ciliate Philasterides dicentrarchi causes fatal scuticociliatosis in farmed
turbot Scophthalmus maximus and the incidence of this disease appears to have increased in
recent years (Iglesias et al, 2001; Alvarez-Pellitero, 2004; Paramá et al, 2006). To date, no
effective internal antiprotozoals have been described (Paramá et al, 2004)
Formalin (solution of 37% formaldehyde) is used as a bath treatment against most protozoan
and other external pathogens, but is not effective against internal infections of any type.
(Fajer-Ávila et al, 2003). Usually, formalin is applied as a short bath at a concentration of 250
ppm for 60 min. The environmental impact of formaldehyde could be reduced using a lower
dose. The aim of this study is to determine the minimal dose and exposition time necessary to
kill the ciliates.
An external infection was induced by a ciliate bath exposure for 24 h. Seventy fish were
infected in a bath with 5x103 ciliate/ml and they were maintained in a 30L closed-circuit
oxygenated tanks at 15ºC and 33‰ salinity for one day. Seven dose treatments were
evaluated (0, 10, 25, 50, 75, 100, 250 ppm). Cutaneous mucus and gills smears were done at
0, 1, 3.5, 4.5, 6 and 24 h after initiation treatment. Samples were observed at microscope to
determine ciliate viability. Only the 250 ppm dose was able to eliminate all ciliates in 1h. A
dose of 10 ppm was unable to kill ciliates at any time. The minimal dose necessary to
eliminate 100% of ciliates was 25 ppm after a 6 h-bath. There will be necessary to perform
more studies to determine how many times the treatment might be repeated and to evaluate
the efficacy of this new treatment in prevention of the scuticociliatosis contagion.
Iglesias R, Parama A, Alvarez MF, Leiro J, Fernandez J, Sanmartin ML. 2001. Philasterides dicentrarchi
(Ciliophora, Scuticociliatida) as the causative agent of scuticociliatosis in farmed turbot Scophthalmus maximus
in Galicia (NW Spain). Dis Aquat Organ. 22; 47-55.
Alvarez-Pellitero P, Palenzuela O, Padros F, Sitja-Bobadilla A, Riaza A, Silva R, Aran J. 2004. Histophagous
scuticociliatids (Ciliophora) parasitizing turbot Scophthalmus maximus: morphology, in vitro culture and
virulence. Folia Parasitol. 51; 177-87.
Parama A, Iglesias R, Alvarez F, Leiro JM, Quintela JM, Peinador C, Gonzalez L, Riguera R, Sanmartin ML.
2004. In vitro efficacy of new antiprotozoals against Philasterides dicentrarchi (Ciliophora, Scuticociliatida).
Dis Aquat Organ. 23; 97-102.
Parama A, Arranz JA, Alvarez MF, Sanmartin ML, Leiro J. 2006 Ultrastructure and phylogeny of Philasterides
dicentrarchi (Ciliophora, Scuticociliatia) from farmed turbot in NW Spain. Parasitology. 132:555-64.
Fajer-Avila E J.; Abdo-De La Parra, I; Aguilar-Zarate. G; Contreras-Arce R.; Zaldivar-Ramirez, J.; BetancourtLozano M. 2003.Toxicity of formalin to bullseye puffer fish (Sphoeroides annulatus Jenyns, 1843) and its
effectiveness to control ectoparasites Aquaculture, 223; 41-50
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PHARMACOKINETICS OF CIPROFLOXACIN AND NORFLOXACIN IN
CULTURED OLIVE FLOUNDER, PARALICHTHYS OLIVACEUS
J.W. Kim1 , S.H. Jung1, D.L. Choi1, M.R. Cho2 and J.S. Seo*1
1

Pathology Division, National Fisheries Research & Development Institute, 408-1,
Sirang, Gijang, Busan 619-902, Korea; 2Food safety Division, National Fisheries
Research & Development Institute, 408-1, Sirang, Gijang, Busan 619-902, Korea
The fluoroquinolones are a group of synthetic antibiotics which are effective against a variety
of gram negative and gram positive organisms. The antibacterial mechanism of quinolones is
to inhibit the bacterial enzyme DNA-gyrase. The present study was conducted to obtain the
information of comparative pharmacokinetics of ciprofloxacin (CIP) and norfloxacin (NOR)
on olive flounder, Paralichthys olivaceus after the different treatments of drugs. The
pharmacokinetics of CIP was investigated after the different treatments. Under the conditions
of the different treatments, elimination half-life and detection time were the longest in the oral
administration, but Cmax (maximum plasma concentration) was the highest in the
intramuscular administration. In the case of NOR, elimination half-life was the lowest in the
oral administration, but the Cmax and detection time were the highest in the intramuscular
administration.
Intorre, I., Cecchini, S., Bertini, S., Cognetti Varriale, A.M., Soldani, G. And Mengozzi, G. (2000)
Pharmacokinetics of enrofloxacin in the seabass (Dicentrachus labrax) Aquaculture 182: 49-59

345

P-209
EFFICACY TESTING OF ORALLY APPLIED PRAZIQUANTEL TO COMMON
CARP INFECTED BY MOST ABUNDANT TAPEWORMS IN THE CZECH
REPUBLIC
E. Sudová1, V. Piačková1, Z. Svobodová1,2;
1
2

University of South Bohemia Ceske Budejovice, RIFCH Vodnany, Czech Republic;
Veterinary and Pharmaceutical University Brno, Czech Republic

The aim of the study was to assess the effects of force-fed (orally applied) praziquantel on the
treatment efficacy against most abundant tapeworms (Atractolytocestus huronensis and
Khawia sinensis) of carp (Cyprinus carpio L.) in the Czech Republic. Naturally infected fish
(one-year-old; K1+) were divided into 3 groups and administered with praziquantel mixed in
heat-treated amyloid vehicle (in doses of 50 mg kg-1 body weight). In the control, the fish
were administered amyloid vehicle only. Fish were examined 48, 96 and 144 hours after
administration. The intensity and prevalence of individual species of tapeworms was
recorded. At 48 hours post-treatment, significantly lower prevalence of both parasites was
found. The invasion of A. huronensis was fully eliminated in all fish after 96 hours whereas
some specimens of K. sinensis still persisted in the gut of few fish. The full elimination of
both parasites was observed 144 hours after administration. Our results showed that
elimination of K. sinensis takes longer than elimination of A. huronensis. The dose of 50 mg
kg-1 of orally applied praziquantel is effectual to control A. huronensis and K. sinensis
infections in common carp successfully.
This research was supported by the USB RIFCH project No. MSM6007665809 and by the Ministry of
Agriculture of the Czech Republic project NAZV No. QF3029.
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ROSEMARY (ROSMARINUS OFFICINALIS) AS A NATURAL THERAPEUTANT
FOR FISH: STUDY THE PLANT’S ANTIBACTERIAL PROPERTIES AND ITS
EFFECT ON IMMUNE FUNCTION AND GROWTH IN TILAPIA (OREOCHROMIS
SP.)
A. Tal1*, T. Sinai1, N. Froyman2, S. Abutbul3 and D. Zilberg1
1

J. Blaustein Institutes for Desert Research, Ben-Gurion University of the Negev,
Midreshet Ben-Gurion, Israel; 2 Central Fish Health Laboratory, Kibbutz Nir David,
Israel; 3 Ben-Gurion University of the Negev, Beer Sheva, Israel
Rosemary (Rosmarinus officinalis) has antibacterial effect against Streptococcus iniae and is
effective against streptococcosis in tilapia (Oreochromis sp.) by oral application (Abutbul et
al., 2004). Rosemary therefore appears to be a promising natural treatment against this disease
in fish. Studies were conducted to investigate the plant’s antibacterial properties year round,
maintenance of the harvested plant at different conditions on its antibacterial properties and
resistance development in the bacteria following repeated exposures. The effect of rosemary
on the fish, including growth performance and immune functions were also studied.
Rosemary was periodically harvested for one year. The plant was dried, leaves separated,
extracted in ethyl acetate and the antibacterial activity of the extract was examined by the disc
diffusion assay. Antibacterial activity was maintained year round with marginal changes. The
effect of different storage conditions is being examined. Repeated exposure of Streptococcus
iniae to rosemary for 13 times suggests that there is no resistance development.
To evaluate the effect of dietary rosemary on the innate immune system of tilapia, fish were
fed with rosemary-supplemented diets at 8 and 16 % w/w, the commercial immunostimulant
beta glucan (Alphamune™) or a non-supplemented control diet. The experimental diets were
applied for a period of 6 weeks and fish were sampled at 2, 4, 6 and 9 weeks. Head kidney
macrophage activity was analyzed and leucocrit and hematocrit levels were determined.
Macrophage respiratory burst activity was significantly elevated in the 0.1% beta glucan
treatment 2 and 4 weeks post feeding, while the same treatment showed significant decrease
in the phagocytic ratio at 2 weeks. Phagocytic ratio was significantly elevated after 6 weeks in
the 16% rosemary-fed fish, whereas the phagocytic index of the same treatment significantly
decreased after 9 weeks. Phagocytic index was significantly elevated in the 8% rosemary-fed
fish at 6 weeks post feeding. Collected plasma samples for humoral immune function are
being analysed. Results thus far suggest that rosemary has a weak affect on the cellular innate
immune function of tilapia. The different rosemary-supplemented diets did not affect the fish
growth rate and did not produce any apparent pathological alterations.
Abutbul, S., Golan-Goldhirsh, A., Barazani, O. and Zilberg, D. (2004) The use of Rosmarinus officinalis as a
treatment against streptococcal disease in tilapia. Aquaculture 238: 97-105.
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PHARMACOLOGY IN AQUATIC DISEASE THERAPY
Tubbs, L. A.*1 & Tingle, M. D.2
1

National Institute of Water and Atmospheric Research (NIWA),Auckland, New
Zealand; 2University of Auckland, Auckland, New Zealand

Compounds applied to finfish disease therapy, whether synthetic or naturally derived, are
subject to common physical and biological processes that impact their efficacy. Solubility is a
major physical constraint that directly affects membrane permeability and subsequent
bioavailability. Similarly, the biological processes of absorption, drug efflux, distribution,
metabolism and excretion all affect the concentration and duration of exposure that
compounds achieve at the site of activity. Consequently, pharmacological approaches can be
used to link in vitro concentration-effect data (pharmacodynamics) and tissue drug
concentrations over time (pharmacokinetics) to predict the outcome of a dose administered
via various routes; i.e., bath, oral, intravenous. Such data can also be used to develop dosing
regimens for systemic or pre-systemic infections, optimise empirically derived regimens
(achieved through the adjustment of dose and dosing interval) or identify where therapeutic
failure may occur. The present study describes the application of a pharmacological approach
to finfish helminthiasis, linking in vitro pharmacodynamic data with absolute bioavailability
and multiple dose pharmacokinetics. Using comparative efficacy data from empirical studies,
this study demonstrates how dosing regimens can be evaluated to improve the efficiency of
finfish chemotherapy.
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IMPACT OF ACUTE STRESS ON THE INTESTINAL MICROFLORA OF
EUROPEAN SEA BASS DICENTRARCHUS LABRAX AND POSSIBLE
TRANSLOCATION.
M. Yiagnisis,*1, 2, M. Alexis1, A. Govaris2and F. Athanassopoulou2
1

Aquaculture Institute, Hellenic Centre for Marine Research, Helliniko, Greece
University of Thessaly, Faculty of Veterinary Medicine, School of Health Sciences,
Karditsa, Greece.

2

Bacteriological examinations of head kidney and intestine were performed in groups of sea
bass (Dicentrarchus labrax) infected normally as well as experimentally under acute stress
conditions with the bacterium Listonella anguillarum. In most asymptomatic fish the
bacterium was detected only in the intestine while in all moribund fish the bacterium was
detected in both intestine and kidney. In experimental infections of sea bass with Listonella
anguillarum performed under no stress conditions, the bacterium was not detected in the
intestine and no infection was done. Bacteriological examinations of intestine and kidney
were performed in groups of sea bass before and after acute stress handlings. Vibrio bacteria,
preexisting as dominant in fish microflora, were isolated, 4 days after handling, from the
kidney of handled diseased fish.
Fish microflora is affected by the aquatic environment. Acute stress caused by netting and
transportation operations may play a significant role in the appearance of fish mortalities.
Firstly, acute stress gives the chance to main bacterial pathogens, as Listonella anguillarum,
(existing in sea water of farms), to invade fish intestine and create pathogen carriers or to
cause disease. Secondly, because acute stress permits in other dominant vibrio bacteria of
intestinal microflora to be passed from the gastrointestinal tract to out-intestinal positions like
blood circulation and cause mortalities. Because in intensive fish production, the occurrence
of acute stress situations is inevitable, a suggestion is discussed about the analysis of intestinal
microflora of sea bass as a risk estimation of diseases occurrence before stressful handlings.
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EFFECTS OF NATURAL AND SYNTHETIC ASTAXANTHIN ON THE SPECIFIC
ANTIBODY RESPONSE TO VACCINATION IN RAINBOW TROUT
M. E. Nielsena, H. Mikkelsenb and J. Nielsena
a

Technical University of Denmark, Danish Institute for Fisheries Research, Department
for Seafood Research (DIFRES), Søtofts Plads, Building 221, DK-2800, Kgs. Lyngby,
Denmark and b Technical University of Denmark National Veterinary Institute, Section
for Immunology and Parasitology, Bülowsvej 27, DK-1790, Copenhagen V., Denmark
The characteristic red color of salmonid fish filets and eggs are due to deposition of the
carotenoid astaxanthin assimilated from the feed. In wild, astaxanthin is obtained from algae
and crustaceans, since fish are not able to synthesize the carotenoids de novo. However, in
aquaculture systems astaxanthin must be added to the fish feed to obtain coloration. The
chemical structure and property of astaxanthin differs in natural and synthetic astaxanthin.
Synthetic astaxanthin (AX) is primarily unesterified, whereas natural astaxanthin (NAX)
purified from shrimp shells is composed of mono- and di-esters. In addition to the coloring
capacities of astaxanthin it is a highly potent antioxidant.
The present study evaluates the effect of two types of astaxanthin feed (AX and NAX) on
rainbow trout immune parameters in response to vaccination in comparison to a control
group.
Both AX and NAX fed fish displayed a significant higher survival rate than control fed fish.
A significantly higher survival rate of NAX fed fish in comparison to AX fed fish is possibly
due to a more homogeneous antibody response. In contrast a scattered antibody response in
the AX fed fish with a high individual variance. Feeding with astaxanthin also resulted in a
lowered lipid peroxidation of the fish plasma, which indicates that astaxanthin reduced the
oxidative burden in the tissues. In summary, these results emphasize the comprehensive
beneficial effects of astaxanthin as an immunostimulant as well as the importance of
astaxanthin in aquaculture fish feed.
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THE EFFECTS OF A NEW HERBAL ANTIFUNGAL DRUG ON HATCHING RATE
OF RAINBOW TROUT EGGS IN COMPARISON WITH MALACHITE GREEN.
S.M. Mousavi1*, , S.S. Mirzargar1, H. Ebrahim zadeh Moosavi1, R. Omid Beigi2, A.
Bahonar1, A. Rezaie1
1
2

. Institute of Veterinary Medicine, Tehran University, Tehran, Iran
. Institute of Agriculture, Tarbiat Modarres University, Tehran, Iran

Saprolegniales are ubiquitous in natural water supplies of fish hatcheries, and often cause
serious disease problems. A new combination of herbal escences (phytochite®) administered
on Oncorhynchus mykiss eggs for one hour a day as a flush at different concentrations. In
addition, under the equal condition, the positive control group was treated with 1 ppm
malachite green and the negative control group was assessed without any drug treatment.
Monitoring and controlling of all the environmental parameters was performed. Fungi such as
Saprolegnia parasitica and Fusarium solani were isolated from contaminated eggs.
Phytochite® and Malachite green were tested on incubated eggs of Oncorhynchus mykiss,
rainbow trout, to evaluate their antifungal activity and effects on hatching rates. Phytochite®
at 10 ppm were found to be the most effective in controlling of Saprolegnia sp. and hatching
rates under phytochite® treatment(10 ppm) is beter than malachite green group. Phytochite
were more effective than malachite in controlling of Saprolegnia. Phytochite® is a safe and
efficacious treatment of Saprolegniosis and is therefore recommended for fish hatcheries.
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RAPD ANALYSES OF GENETIC VARIATION IN STRAINS OF V.
ALGINOLYTICUS ISOLATED FROM GILT-HEAD SEA BREAM
T. Akayli, T.1, G.Timur1, G. Albayrak2, E. Arican2, E. Tepecik1
1

Istanbul University, Faculty of Fisheries , Fish Diseases Department, 34470 Ordu cad.
No. 200 Laleli-Istanbul Turkey; 2Istanbul University, Science Faculty, Molecular
Biology and Genetic Department, 34118 Vezneciler –Istanbul Turkey
Vibrio alginolyticus is one of the important pathogen causing vibriosis which affects cultured
gilt-head sea bream (Sparus aurata). This paper descibes the strain variabilitiy among Vibrio
alginolyticus isolates from five different fish farms located on the cost of Aegean Sea
(provinces of Çanakkale, and Bodrum peninsula) in Turkey. Biochemical characterization of
the twelve isolates carried out using by conventional methods and API 20E and API 50CH.
In order to identifiy genetic variation DNAs of twelve isolated strains and also three reference
strains were amplified with randomly chosen 10-mer primers in Polymerase Chain Reaction
(PCR). Random amplified polymorphic DNA (RAPD) was used to generate polymorphic
DNA fragments. For this purpose, 19 primers were used to differentiate among these strains.
Twelve isolates were showed mostly similar biochemical characteristics. Some strains
showed negative responses for ornithine decarboxylase and indol production. The findings
obtained from RAPD analyses showed genetic variations were also present among the
isolated strains. The results of this study showed that the strain genetic variation existed in
V.alginolyticus from diseased marine cultured gilt-head sea bream in Turkey, and RAPD was
a simple and efficient method in identifying strain-spesific variations among the different
isolates.
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METHOD SENSITIVITY OF CELL CULTURE AND REAL-TIME RT-PCR
METHODS FOR DETECTION OF INFECTIOUS PANCREATIC NECROSIS VIRUS
T. Corneliussen, K. Gadan, I. Singh Mercy and Ø. Evensen

Department of Basic Sciences and Aquatic Medicine, Norwegian School of Veterinary
Science
Infectious pancreatic necrosis (IPN) is a serious viral disease in terms of its impact on Atlantic
salmon (Salmo salar L.) production both in the fry and post-smolt stage. The severity of an
infection can be influenced by a range of factors like virus-strain, the state of the host and
environmental conditions. From previous studies it is clear that carrier fish preferentially
harbour avirulent variants of the virus. For a recurrent outbreak to occur, more virulent
variants must reappear. Some environmental conditions/factors could potentially represent the
stimuli leading to reappearance and selection of more virulent IPNV variants. An efficient and
accurate detection method of IPNV in carrier and infected fish at an early stage is a valuable
tool for the control of the disease.
Conventionally, IPNV diagnosis is done by RT-PCR and/or cell culture, but it is time
consuming and not considered as sensitive as real-time methods. The purpose of this study
was to develop and assess a diagnostic method for detection of IPNV using real-time RT-PCR
with SYBR green and compared the sensitivity to standard cell culture methods. Real-time
RT-PCR with a hybridization probe was used to verify the specificity of the method. The
sensitivity of the method is compared with RT-PCR and cell culture based on spiked organ
material of Atlantic salmon fry.
The real-time RT-PCR SYBR green gave a detection limit of 19.8 virus particles. The probe
verified presence of IPN virus in samples from spiked organ material. In comparison the
detection level by cell culture (RTG-2 cells) was 35.5 virus particles.
The real-time RT-PCR has better detection sensitivity than the cell culture method and the
anticipation would be that real-time PCR will detect some virus positive individuals not found
by cell culture. IPNV infected fish can also be detected at an earlier stage with the more
sensitive real-time RT-PCR method, however it remains to be proven to what extent this
difference will also be seen in a practical setting.
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RESULTS FROM BROODFISH TESTING OF WILD ATLANTIC SALMON (SALMO
SALAR) IN NORWAY 1991 – 2006
Å.H. Garseth1 and A. Aunsmo2
1

National Veterinary Institute, Department of environment and biosecurity measures,
Trondheim, Norway; 2 The Norwegian School of Veterinary Science, Oslo, Norway

The National Veterinary Institute runs a fish health service for restocking and stock
enhancement hatcheries of wild salmon in Norwegian rivers. The National Veterinary
Institute also operates the Gene Bank Programme for Norwegian Atlantic salmon (Milt bank
and Live Gene bank) for the Directorate for Nature Management. This operation includes
health control on all wild broodfish giving rise to offspring entering the gene bank.
Altogether, several thousand wild Atlantic salmon, returned to the rivers as broodfish, have
been examined over the last 15 years.
The disease control of wild salmon broodstock for cultivating purposes implies culling and
full necropsy of all fish. Kidney samples are tested routinely for Aeromonas salmonicida and
Renibacterium salmoninarum (BKD). In selected river systems kidney samples also are tested
for IPN-virus. Fish scale readings, and recently genetic typing, are used to exclude escaped
farmed salmon from entering the gene bank and restocking hatcheries.
Results from IPN- and BKD testing of wild salmon broodfish during the period 1991 to 2006
are presented. The results are discussed in the perspective of quality of diagnostic tests. The
role of wild salmon broodfish in disease interaction with farmed salmon are discussed
together with the potential of using wild broodfish for monotoring wild and farmed fish
disease interaction.
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CULTURAL CHARACTERISTICS OF SALMONID ALPHAVIRUSES (SAV) INFLUENCE OF CELL LINE AND TEMPERATURE
1

1

D.A. Graham*, 2J. C. Wilson, 2H. Jewhurst and 1H. M. Rowley

Agri-food and Biosciences Institute, Belfast (Northern Ireland); 2Queen’s University of
Belfast (Northern Ireland)
The effect of cell type and temperature on the isolation of SAV from Atlantic salmon (AS)
and rainbow trout (RT) was studied. Twelve viraemic sera (6 AS, 6 RT) were titrated on
CHSE-214, RTG, TO, FHM, SHK, EPC and BF2 cell at 15°C.
All AS viruses grew in CHSE-214, TO, BF2 and SHK, with highest mean titres in TO
(105.79/50µl) and BF2 cells (105.50/50µl). One sample gave a low titre in EPC, while none
grew in FHM. All trout samples grew in BF2, while one failed to grow in TO and another was
negative in CHSE-214. Mean positive titres in BF2 and TO were again similar (106.83/50µl
and 106.40/50µl). At least three trout viruses grew in each cell line.
Thereafter, growth curves for a salmon-derived isolate were determined in CHSE-214, RTG
and TO cells at 4°C, 10°C, 15°C and 20°C. Growth was consistently best at 15°C, with
highest titres again in TO cells. Growth at 4°C and 20°C was poor or absent. Only CHSE-214
showed good growth at 10°C.
These results show TO and BF2 cell to be useful for isolation of SAV, in addition to those
conventionally used. Growth of an AS isolate was found to be optimal at 15°C.
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RAPID DIAGNOSTIC TOOLS FOR THE DETECTION OF BACTERIAL AQUATIC
ANIMAL DISEASES OF IMPORTANCE TO NEW ZEALAND
S. E. Keeling*, P. M. Hine, W. L. McDonald

Investigation and Diagnostic Centre, Biosecurity New Zealand, Wallaceville, Upper
Hutt, New Zealand
New Zealand is a country that is in a very fortunate position in that it is free of many aquatic
animal diseases. Biosecurity New Zealand considers the protection of aquaculture industries
and native aquatic animal populations a high priority. Possible vectors for disease include
ornamental fish trade, seafood products, new aquaculture species and exotic animal animals.
Developing the capability to rapidly and accurately detect diseases of concern is of great
importance to Biosecurity New Zealand and its aquatic animal disease programme.
Three exotic bacterial species of concern that cause disease in aquatic animals are Aeromonas
salmonicida, Streptococcus iniae and Edwardsiella tarda. Aeromonas salmonicida is of
significance to New Zealand’s salmon farming industry that produces one half of the worlds
cultured Chinook salmon and S. iniae and E. tarda are of significance to freshwater salmonids
in the northern parts of New Zealand. As S. iniae and E. tarda are normally associated with
warm water diseases they also have the potential to severely impact upon the ornamental fish
industry from both breeding and importation perspectives.
Traditional methods for diagnosing bacterial diseases from aquatic animals can be time
consuming, labour intensive and species are often absent from databases (e.g. API). Real
time PCR assays using molecular beacons have been developed to efficiently and accurately
detect species specific genes to enable the rapid detection of the three diseases of concern. It
is planned that these assays will become part of Biosecurity New Zealand’s surveillance
programmes.
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DESTRUCTIVE VS NON-DESTRUCTIVE DIAGNOSTIC METHODS FOR
DETECTION OF BETANODAVIRUS.
J. G. Olveira1, F. Soares2, S. Engrola2, S. Souto1, I. Bandín1 & C. P. Dopazo1
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The development of a rapid and accurate method for detection of betanodavirus in farmed fish
has revealed to be one of the best ways to control the spreading of the disease and to reduce
the risk of epizootic outbreaks. We have previously demonstrated that blood samples are a
good target to detect fish viruses using PCR-based technology, and in addition avoiding the
sacrifice of fish.
In the present study, it was carried out an evaluation of the sensitivity of the PCR-based
technology (RT-PCR and nested PCR) to detect betanodavirus in different fish tissues (brain,
blood, kidney/spleen) of naturally infected Senegalese sole (Solea senegalensis).
Simultaneously, isolation in cell culture and histopathology visualization of the lesions was
applied for comparative purposes. Histological analysis revealed vacuolization and necrosis in
all brain samples. In addition, brain showed to be the best option for RT-PCR diagnosis.
However, the use of RT-PCR plus nested-PCR showed a very similar detection level in all the
organs assayed (90 % brain, 84 % blood and spleen/kidney samples). No cytophatic effect
was observed in SSN-1 or SAF-1 cells, but virus was detected by RT-PCR in some wells of
SSN-1 plates after second blind passage. These results demonstrate the suitability of blood
samples to detect betanodavirus, especially when breeders must be tested.
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DEVELOPMENT OF A SEROLOGICAL TOOL FOR KOI HERPESVIRUS
SURVEILLANCE
S. St-Hilaire1&2, N. Beevers1, C. Joiner1,G Wood1, P. Dunn1, and K. Way1*
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Common carp exposed to koi herpesvirus (KHV) may become persistently infected with the
virus. It is important to determine if fish populations have been previously exposed because
they can shed virus under certain conditions (St-Hilaire et al.2005). This study determined
that a proportion of fish within a population exposed to KHV (at least 10 to 25%) develop
high antibody titres (1:1600 or greater) to the virus, and this immunological response is
detectable for several months (at least 65 weeks). Furthermore, this response was detected in
one population of fish that did not succumb to a high level of mortality when maintained at
water temperatures that were non-permissive for KHV. The antibodies detected in this study
did not appear to be protective against a second outbreak of disease when the water
temperature was increased to a permissive temperature for KHV. Importantly, this study
found no cross-reaction between CyHV-1 (aka. carp pox), a more common herpesvirus than
KHV, at serum dilutions higher than 1:400.
The ELISA developed at Cefas has been used to detect antibody to KHV in koi and common
carp that have survived natural KHV infections and in carp vaccinated against KHV.
Survivors of natural infection also showed the high antibody titres, and similar or higher rates
of sero-conversion, seen in the experimental study. The ELISA for KHV antibodies appears to
be a useful non-lethal tool for identifying fish populations that may have been previously
exposed to the virus and where the viral DNA is not detectable by PCR-based methods.
S. St-Hilaire, N. Beevers, K. Way, R-M. Le Deuff, P. Martin, and C. Joiner. (2005) Reactivation of latent
infections of KHV in common carp, Cyprinius carpio. Diseases of Aquatic Organisms 67 15-23.
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DEVELOPMENT OF A NEW DIAGNOSTIC TOOL (MINI-ARRAY) FOR OSTREID
HERPESVIRUS 1 (OSHV-1) DETECTION IN THE PACIFIC OYSTER
CRASSOSTREA GIGAS.
S. Varsamos*1, J.F. Pepin2, C. Sauvage2 and T. Renault2
1

Skuld-Tech, Montpellier, France;

2
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OsHV-1 was the first herpesvirus to be identified in an invertebrate host and is associated to
mortalities in the Pacific oyster (Crassostrea gigas) and other economically important bivalve
species. Infections due to OsHV-1 are frequently reported and cause high mortality rates in
larvae and spat of C. gigas. Detection of this pathogen is usually performed by PCR and/or in
situ hybridization.
This presentation will focus on the development of a new molecular diagnostic tool for
OsHV-1 (and OsHV-1 variant 1) detection: the mini-array. This detection system, which
allows multiple pathogens detection, combines viral DNA amplification by PCR and a
specific hybridisation on a nylon membrane, revealed by a colorimetric reaction (DNA chip).
Multiplex PCR involves specific primers amplifying sequences from OsHV-1. Hybridisation
involves probes designed to specifically match to the PCR products. Detection of the obtained
hybrids is performed using enzyme-linked antibodies producing a dark blue precipitate
following addition of an appropriate substrate. Interpretation of the results is performed by the
naked eye. Mini-array’s main features include: double specificity, high sensitivity and
standardisation of the process and reagents. Moreover, internal controls ensure limited risk of
false positives & negatives samples.
Subsequently, PCR, qPCR and mini-array methods have been submitted to a validation
protocol (based on OIE recommendations and experts’ advices) including rough estimation of
analytical sensitivity and specificity, as well as repeatability. Two oyster populations with
different prevalence of infection by OsHV-1 (high and low prevalence) have been tested to
obtain rough estimations of diagnostic sensitivity & specificity. Inter-laboratory tests with
reference samples should be the following step to confirm validation of these methods.
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W-01
ANTIMICROBIAL SUSCEPTIBILITY TESTS - MOVES TO REDUCING ERRORS IN
INTERPRETING DATA
Organiser:

Pete Smith

Issue to be addressed
We now possess standard methods for performing disc diffusion tests to determine
antimicrobial agent susceptibility of bacteria associated with fish disease (CLSI, 2006 (M42A) and Alderman & Smith 2001). There is, however, a considerable lack of agreement as to
the appropriate breakpoints that should be used to provide a clinical interpretation of data
from disc diffusion susceptibility testing (Smith, 2006).
We urgently need to develop breakpoints that will allow us to reduce the errors associated
with making clinical predictions from disc diffusion data. There are, however, a number of
different approaches we could take towards developing consensus breakpoints.
One approach involves using pharmacokinetic and pharmacodynamic (PK/PD) modelling,
MIC breakpoint determination and regression analysis of MIC and disc diffusion data. This
process will be necessarily slow and expensive and may not produce very precise breakpoints
anyway. Although this approach is being taken by some research groups, it will not be
addressed in any detail in this workshop.
This workshop will, however, concentrate on those approaches that involve the setting
epidemiological cut-off values (Kahlmeter et al. 2003) from the distributions of disc diffusion
data. It is argued that these approaches can provide much faster means of reducing errors in
interpreting data and that the breakpoints they generate will have no less validity than those
generated by the PK/PD approach.
Three approaches to setting epidemiological cut-off values from disc diffusion data
distributions are available and each has advantages and disadvantages.
1.
2.
3.

Development of laboratory-independent but protocol-dependent, universal
cut-off values.
Use of normalised resistance interpretation (Kronvall, 2003) to set
laboratory-specific but protocol-independent cut off values.
The use of Stokes internally controlled test protocols that would allow
laboratory-independent but also protocol-independent cut off values.

The current chaos with respect to clinically relevant breakpoints requires that we urgently
address how we are going to sort the mess out.
The aim of this workshop is to come to a consensus as to;
1.
2.
3.

Which approach or approaches are most appropriate?
What data are required to advance those approaches?
Who might be prepared to collaborate in the work?

361

W02
KOI HERPESVIRUS (KHV) WORKSHOP
Workshop organizers: O. Haenen*,1 K.Way2 and R. P. Hedrick3
Issue to be addressed:
Koi Herpes virus (KHV) causes severe disease problems in koi and carp (Cyprinus carpio),
and has spread further around the world over the last few years. Since 2006, KHV disease
(KHVD) has been added to the list of serious diseases reportable to the O.I.E.. As a
consequence, KHVD has also been listed in the new EU Aquaculture Directive 2006/88/EC,
as a non-exotic notifiable disease with effect from August 1st 2008. Diagnostics available for
KHV have increased rapidly in the past 2 years, and some progess in methods validation has
been made with the organisation of PCR ring trials. Research studies have included the
pathogenicity of KHV, latency and re-activation and transmission of the virus to other noncarp fish species. But many questions remain unanswered.
Proposed format:
Invited speakers will be invited to give short presentations on a range of important topics.
This will be followed by an open discussion of these and other important questions.
Target to aim for:
Since the last workshop at the 12th International conference of the EAFP in Copenhagen, the
knowledge of KHV has increased and regular international meetings are of great value. The
KHV workshop in Grado will communicate the progress in KHV research, discuss some of
the important questions and suggest proposals to deal with problem issues. Also, the
workshop will strive to reach agreement on the most pressing current issues and how progress
can be made to address these. The issues include, the host species range of KHV, virus
persistence/latency and identification of the diagnostic tests that are currently fit-for-purpose.
Most importantly, opportunities for collaboration will be identified with the aim of resolving
these important issues and potential funding streams identified and discussed.
A report of the workshop will be prepared by the organisers and placed on the EAFP website.
Invited speakers who will present short presentations on the following topics (more to add):
The EPIZONE questionnaire: Global spread of Koi Herpes Virus by 2007 : O.Haenen* &
N.Olesen
Current status of KHV infection in Japan and our research activity : M. Sano*, S Miwa & T
Iida
Survival of CyHV-3 during non-permissive seasons : A.Dishon, M. Ilouze, M. Davidovich
and M. Kotler*
Host specificity of KHV : S.Bergmann* & J. Kempter and also M.El-Matbouli &
H.Soliman
Evaluation of the KHV PCR ring trial organised by Cefas : K.Way*
Open session to discuss the topics presented above and cover the following topics:
Evidence for different strains of KHV
Resistance of carp strains to KHV
Diagnosis: which test(s) to use in which case (screening, confirmation, etc.), and their value
Detection of carriers: The application of antibody testing and other methods
Vaccines: current progress in development
Biosecurity measures: Effective disinfection of KHV
Prevention of KHVD in line with new notifiable status (Codes of practice)
The roles of the OIE reference laboratories for KHV (test validation, training)
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W03
WORKSHOP ON SALMONID SKIN DISEASES
Organiser
Facilitators

David Verner - Jeffreys
David Bruno, Mags Crumlish (Rapporteur) and Scott LaPatra

Issue to be addressed
A range of different skin diseases have been described for salmonids. Some of these diseases, such as
strawberry disease-like conditions of rainbow trout, also have an uncertain aetiology, making their
diagnosis and control problematical. The workshop is particularly timely due to the recent emergence
of a strawberry-disease like condition affecting farmed rainbow trout in the UK (Ferguson et al. 2006;
Verner – Jeffreys et al. 2006). The condition is causing trout farmers in the UK considerable economic
problems as affected fish are downgraded at harvest.
The purpose of this workshop is to assemble international researchers to discuss the different
conditions they have encountered. The workshop has three main aims:
1.,
Identification of potential overlaps (e.g. where conditions that are reported as being different
may actually be the same or closely related)
2.
Identification of important knowledge gaps and opportunities for collaboration
3.
Production of case definitions for strawberry disease-like conditions and other skin diseases.
Additional background information
It is intended that provisional case definitions for strawberry disease-like conditions of
rainbow trout will be produced before the meeting and will be made available to those interested in
attending.
Proposed format
PART 1 Strawberry disease-like conditions of rainbow trout (09:00 – 10:00)
The workshop will start with a discussion on rainbow trout strawberry disease-associated conditions.
This will be led by DVJ who will start by presenting a brief overview of SD-like conditions in rainbow
trout and presentation of the pre-prepared draft case definitions of the major strawberry disease-like
conditions of rainbow trout. This will involve those who have pre-prepared information delivering
BRIEF (maximum of 5 min) overviews. There will be time for questions and answers after each talk.
After the presentations have all taken place, the case definitions will be re-presented and their adoption
either agreed by those present or suggestions on how they can be modified further incorporated.
Part 2 Other salmonid skin diseases (10:00- 10:30)
As for rainbow trout strawberry disease conditions, this will consist of BRIEF (maximum of 5 min)
case overviews. This part of the workshop will be led by Dr David Bruno.
Part 3 Identification of important knowledge gaps and opportunities for collaboration (10:3010:45)
The workshop will close with a general discussion focussed on identifying important knowledge gaps
and recommendations as to where further work is needed (led by Scott LaPatra).
Agreement for production and content of an article for the EAFP Bulletin / website
A summary of the proceedings of the workshop will be prepared for the BulletinEAFP website by the
organiser and facilitators.
Ferguson, H.W., Girons, A., Rizgalla, G., LaPatra, S., Branson, E.J., MacKenzie, K., Davies, M., Collins, R.O.,
Diab, A., Crumlish, M. (2006). Strawberry disease in rainbow trout in Scotland: pathology and association with
Flavobacterium psychrophilum. Veterinary Record, 158:630-632.
Verner-Jeffreys, D., Algoet, M., Feist, S., Bateman, K., Peeler, E., Branson (2006). Studies on Red Mark
Syndrome. Finfish News, 19-22.
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W04
‘VIRAL NOMENCLATURE: TOWARD STANDARDISATION
Organiser Nellie Gagné

Fisheries and Oceans Canada, 343 University Ave, Moncton, NB, E1C 9B6
Rationale and objectives:
Virus isolation from fish is common, and genotyping is now used in most laboratories to
characterise and distinguish viruses at the genomic level. Most laboratories will classify the
viruses they isolate with denominators such as year of isolation, location, etc. However, it is
not easy to trace back all the pertinent information, and viral isolates names do not always
inform the user appropriately. Furthermore, isolates are often renamed for publication needs
of conformity, adding more confusion as to the original source of the isolates.
Genotyping is used more commonly, although the portion of the genome used is not always
consistent between laboratories. Genotypes have been created based on phylogenetic, such as
for VHSV, or based on the deletion patterns, such as for ISAV. Most genotypes are
determined arbitrarily, with no precise guidelines.
The objectives of this workshop will be to address current discrepancies in the nomenclature
of ISAV isolates and other viruses. Examples will be used to illustrate the current situation,
with examples of conflicting genotypes designation, duplication of genotype numbers, etc.
Harmonization of genotyping efforts will be addressed, with ISAV genotyping based on
hemagglutinin sequence used as an example. Also, the development of a repository-type of
platform, ideally web based, and managed by reference laboratories (initiated at the OIE
reference laboratory for N.America – Dr Kibenge) will be discussed. Proposed solutions will
be discussed.
Expected outcomes for the workshop are:
recommendations for the nomenclature of ISAV and other fish viruses isolates, which would
include denominators (year of isolation, country, etc, as agreed)
recommendations on the genotype designation
production of an article for the EAFP Bulletin
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W05
WORKSHOP ON ‘VHS’
Organisers: Dr Mike Snow1, Dr Alison Gregory1, Dr David Stone2, Dr Barry Hill2
1
2

FRS Marine Laboratory, 375 Victoria Rd, Aberdeen AB11 9DB Scotland
CEFAS, The Nothe, Barrack Road, Weymouth, Dorset DT4 8UB England

Rationale:
VHS is currently a list II disease, according to Annex A of Council Directive 91/67/EEC,
which reflects its presence but limited distribution within Europe. Although the distribution of
disease may be limited, it is now known that an endemic reservoir of the virus exists in the
marine environment and VHSV has been isolated from a wide range of host species. Future
controls will be implemented under the terms of Council Directive 2006/88/EC, where VHS
is listed as a non exotic disease using the criteria listed in annex IV of the directive. A list of
susceptible species for VHSV has been proposed. Differing levels of control for VHS will be
implemented throughout the EU, depending upon whether a zone or compartment is: 1)
considered to be disease free, 2) in a surveillance programme to demonstrate disease freedom,
3) of undetermined health status, 4) in an eradication programme 5) infected. The
classification applied to each zone or compartment will determine whether trade can occur
between that and other zones or compartments. The new fish health directive presents an
opportunity to revise the existing control regime for VHSV. Consequently there has been
considerable debate regarding whether different genetic subgroups of VHSV should be
recognized in legislation. Some suggest that this might better reflect current scientific
knowledge, would provide transparency to a territories VHSV status, could increase
biosecurity by preventing translocation of genotypes and might encourage investment in
marine species aquaculture.
The aim of this workshop is to identify and consider the principal arguments for and against
VHSV “strain splitting” without bias. Discussion will focus on a proposed scenario involving
separate listing of VHSV genotypes with associated genotype-specific lists of susceptible
species. The principal arguments for and against such a scenario will be briefly presented with
the opportunity to identify additional factors. Breakout groups will be invited to discuss and
rank the main arguments on both sides. Groups will report back to the main forum and the
collective responses assimilated and anonymised. The outputs of the workshop are expected
to be:
•
•
•
•
•

Comprehensive list of factors for and against proposal
Ranking of factors and assimilation of supporting evidence
Identification of gaps in the knowledge & future research needs
Summary and recommendations.
Article for the EAFP webpage summarising the main workshop conclusions .
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W06
RISK FACTORS IN DISEASE SPREAD
Use of risk factors for fish disease introduction and spread as a basis for risk based
surveillance
Organisers: Birgit Oidtmann and Barry Hill
Issue to be addressed:
The new European fish health Directive (2006/88EC) requires that future surveillance is riskbased, whereas previously aquatic animal health surveillance was based on a prescribed
uniform surveillance approach.
Identifying pathways of pathogen introduction and spread provides the basis for the
identification of risks factors for such pathogen introduction and spread. Such pathways will
be presented for certain disease pathogens. Risk factors may be present or absent on
individual farms. Some risk factors are of greater relevance than others and may have to be
proportionally weighted.
The workshop will try to identify the most relevant risks and how these risk factors should be
used to risk rank a farm. Risk ranking of farms will give guidance as to which farms a riskbased surveillance should focus on.
In practice, due to limited resources, the level of surveillance may have to be restricted and
therefore only provide a limited confidence on the current health status of farms. The
confidence levels of current and future surveillance schemes will be discussed.
The latest proposals by the European Commission for risk-based surveillance will be
presented and discussed in the light of the above considerations.
Key points for discussion will be:
1.
Risk factors and their relative contribution to disease introduction and spread
2.
Should the criteria for risk ranking of farms be made public?
3.
How should the risk ranking be used to design surveillance schemes?
4.
What should a risk-based surveillance scheme look like?
5.
What is an acceptable level of confidence? (How big a compromise do we make
with current and potential future surveillance schemes?)
6.
Do surveillance schemes need to be transparent?
7.
How will trade work between countries using different surveillance schemes?
The aim of the workshop will be to
• Develop a view on the best approach for risk ranking of farms
• Provide a forum for discussion on the above key points.
• Reach conclusions on the key points
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W07

‘AQUACULTURE HEALTH IN AN ENLARGED EU’
Organisers : Marco Galeotti, Giuseppe Bovo,
Issue to be addressed :
Sharing and collaboration in solving social problems, in the development of culture and
science, as well as tackling health problems in the veterinary sector. Aquaculture can be
considered one of the emerging areas in constant development in this sector, an important
resource for first-class human nutrition, but also a particularly difficult health problem, still to
be fully solved. These problems may expand during this delicate stage of EU enlargement,
due to the accession of countries with very different levels of health management, the
unification of which represents a huge task.
In a Europe that is constantly moving towards enlargement and strives to strengthen
relationships between its Member States, it is extremely important to exchange experience
and knowledge on the sanitary management of aquaculture industry.
This consideration has given rise to the idea of bringing together some of the countries
recently entered in EU and countries that have the perspective to be involved, to discuss the
issue and help understand the various specific problems, i.e. the problems they have in
common, their convergence points, and how they can be solved. This debate could actually
provide an important insight into the real problems that need to be tackled by the EU Health
Commissions.
Proposed format :
brief presentations (8 – 9) followed by a common round table
Target to aim for :
Opportunity of exchange knowledge on sanitary topics among UE countries, recently
admitted and future UE countries.
Agreement for production and content of an article for the EAFP Bulletin:
The purpose is to produce short communications (2 pages) for each oral contribution
presented, and a final comment prepared by the scientific organisers, to be published on the
EAFP Bulletin.
DRAFT PROGRAM
Marco Galeotti
Introduction and Issue to be addressed the workshop
Giuseppe Bovo (IZS – Italy)
Major health features in the E.U. acquaculture following the recent entry of new member
country
Niels J. Olesen
Basic community legislation in aquaculture - legislation and how it should be implemented in
real life”.
National Veterinary Institute
Technical University of Denmark
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Vasta .Jencic
Surveillance of fish diseases in Slovenian aquaculture.
Veterinari Faculty
University of Ljubliana
Dr. Snjezana Zrncic
Surveillance of fish and bivalve mollusc diseases in Croatian aquaculture.
Croatian Veterinary Institute
Dept. of Fish Pathology
Dr. Thomas Vesely
Veterinary Research Institute
NRL for fish viral diseases
Czech Republic
In the workshop are also foreseen short communications by representatives of Romania,
Poland, Turkey, Cyprus.
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