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November 4, 2009
12.30 Introduction to the workshop by SCOFDA and DAFINET-leader Kurt
Buchmann, University of Copenhagen, Denmark
13.00
Giuseppe Scapigliati, University of Tuscia, Viterbo, Italy
The immune system of sea bass Dicentrarchus labrax in adult stage and during
development
13.45
Coffee break
14.15
Geert Wiegertjes, University of Wageningen, The Netherlands
Immunity to parasites: lessons from whole animal infection experiments
15.00
Kim Thompson, University of Stirling, Scotland
Novel immunological tools and methods for fish research
15.30
Jakob Skov, University of Copenhagen, Denmark
Immunostimulants in feed for aquaculture: what’s up?

15.45
Coffee break
16.15
Ken MacKenzie, University of Aberdeen, Scotland
Parasites in cod farming: New challenges
17.00
Closing the first day of the workshop

November 5, 2009
10.00
Uwe Fischer, Friedrich-Loeffler Institute Insel Riems, Germany
Novel immunological structures of the mucosal organs gill and intestine of salmonids
10.30
Coffee break
11.00
Fumio Takizawa, Friedrich-Loeffler Institute Insel Riems, Germany
Monoclonal antibody against rainbow trout CD8α: Expression and distribution of CD8α
in naïve rainbow trout
11.30
Jiwan Kumar Chettri, University of Copenhagen, Denmark
Factors influencing respiratory burst assays using leukocytes from rainbow trout
12.00
Lunch
13.00
Per Walther Kania, University of Copenhagen, Denmark
Scorched earth strategy - responses towards gyrodactylids in salmon
13.15
Niels Lorenzen, Technical University of Denmark, National Veterinary Laboratory,
Denmark
Functional demonstration of adaptive immunity in zebrafish using DNA vaccination.
13.30
Ellen Lorenzen, Technical University of Denmark, National Veterinary Laboratory,
Denmark
Studies on herd-immunity and primary versus secondary infection of VHSV in challenge
and vaccination trials with rainbow trout

13.45
Jesper Rasmussen, Technical University of Denmark, National Veterinary
Laboratory, Denmark
Expression profiling of immune response genes in rainbow trout following DNA
vaccination and VHS virus infection.
14.00
Coffee break
14.30
Priit Päkk, Mariann Nõlvak and Tiit Paaver, Estonian University of Life Sciences,
Tartu, Estonia
Epidermal club cells in carp and innate immunity
14.45
Hans-Christian Ingerslev, Technical University of Denmark, National Institute of
Aquatic Resources, Denmark
Disease-associated tissue damage in rainbow trout and Atlantic salmon
15.00
Discussion and conclusion
15.30
Closing of the DAFINET-workshop
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INTRODUCTION TO THE DAFINET-WORKSHOP
Kurt Buchmann
DAFINET and SCOFDA leader
University of Copenhagen, Denmark
The Danish Fish Immunology Research Centre (DAFINET) was established in 2009
based on a grant from the Danish Research Council for Strategic Research. The main
objectives of the research consortium are 1) the investigation of the ontogenetic
development of the fish immune system with special focus on the rainbow, 2) production
of immunological and molecular tools and 3) setting the outlines for a breeding strategy
for disease resistant fish. The expected achievements from this centre is an
environmentally safe production of fish in the future. The research centre DAFINET has
a strong connection to the research school SCOFDA (Research school for sustainable
control of fish diseases in aquaculture) which was established in the year 2001. From
2001 to 2008 the research school conducted a minimum of two annual workshops with a
strong focus on sustainable control of fish diseases.
The workshop reports and abstracts from these 18 meetings can be found on our centre
website www.dafinet.dk, at the www.fishnet.dk or at the university homepage
www.life.ku.dk/sitecore/content/Projects/SCOFDA.aspx. The use of vaccination and
improvement of the fish immune system were among the main topics during the first
eight years of the SCOFDA activities. This makes the collaboration between SCOFDA
and DAFINET a natural and easy step forward. Through all these years experienced
researchers have interacted with students at various levels (B.Sc., M.Sc. and Ph.D.) in
order to establish a solid background for a continued research also in the future. Through
the next five years the consortium will establish close links to researchers throughout the
scientific society. The most important tasks will be conducted in the laboratories but each
year the tradition from 2001 including two annual workshops at the university will be
continued. It has been the experience that the friendly and enjoyable meetings with
blooming fish researchers have created more contacts and new interesting projects. We
hope to continue this tradition also in the future.

IMMUNITY TO PARASITES: LESSONS FROM WHOLE ANIMAL
INFECTION EXPERIMENTS
Geert Wiegertjes
Department of Animal Sciences, Cell Biology and Immunology Group, Wageningen
University, Wageningen, The Netherlands, geert.wiegertjes@wur.nl
During infection of common carp (Cyprinus carpio) with Trypanoplasma borreli
(Kinetoplastida), inducible Nitric Oxide Synthase (iNOS) gene expression and serum
nitrite levels typically are high. The increased nitric oxide (NO) production coincides
with severe nitrosative stress as measured by extensive tissue nitration in, for example,
the spleen. The high levels of NO also inhibit proliferation of lymphocytes, thereby
modulating the immune response to the parasite. In fact, the NO production seems more
detrimental than beneficial to the host. This is clear from the fact that T. borreli-infected
carp treated with an iNOS inhibitor show improved survival. Peroxynitrite, but not NO
donor substances, exert cytotoxicity to the parasite in vitro. In vivo, however, nitration of
T. borreli is limited, despite the presence of parasites in highly nitrated tissue areas. In
my presentation I will argue that whole animal infection experiments remain essential for
a true understanding of the immune response and will concentrate on three different
important mechanisms all related to NO induction by this parasite.
i) Regulation of transcription of the cytokine tumor necrosis factor alpha (TNFα).
Up-regulation of TNFα in endothelial cells seems to promote phagocyte recruitment and
activation. In vivo, treatment with the TNFα inhibitor pentoxifilline resulted in higher
parasitemia and lower survival of T. borreli-infected carp. In contrast, treatment of
infected fish with a DNA plasmid overexpressing carp TNFα led to higher parasitemia
and lower survival. These data indicate that TNFα is involved in both parasite control and
pathology, possibly due to its ability to regulate NO metabolism.
ii) Cleaved fragments of transferrin (Tf) can induce NO production. Probably,
uptake and digestion of host proteins, such as transferrin, occurs at the level of the
lysosomal compartment of the flagellar pocket of T. borreli by cysteine proteinase
activity. Digestion of Tf allows the parasite to sequester iron as an essential growth factor
and secrete cleaved Tf products back into the bloodstream of the host. Possibly, these

cleaved Tf products also may contribute to the high NO response typical of T. borreli
infections.
iii) T. borreli belongs to the same Order as African trypanosomes. These
mammalian parasites have developed different strategies to evade the host immune
system including antigenic variation, immunosuppression and clearance of surface-bound
antibodies. The latter mechanism allows trypanosomes to use their swimming movement
to cause surface-bound antibodies to ‘sail’ and accumulate at the posterior end of the
parasite, to be internalized via the flagellar pocket and be degraded. Also T. borreli
rapidly removes surface-bound IgM. In addition, moderate concentrations of NO, by
hindering surface antibody clearance, maintain high the concentrations of membranebound IgM, thereby favoring antibody-dependent complement-mediated parasite lysis.
This supports a role for NO as an important player in host-parasite interactions, not only
as immune suppressor (late response) but also as immune effector (early response) in
infections with bloodstream parasites such as T. borreli.

THE IMMUNE SYSTEM OF SEA BASS DICENTRARCHUS LABRAX
IN ADULT STAGE AND DURING DEVELOPMENT
Scapigliati G., Randelli E., Buonocore F., Picchietti S., Abelli* L., Fausto A.M.
Department of Environmental Sciences,University of Tuscia, 01100 Viterbo Italy
*Department of Biology and Evolution, University of Ferrara, 42121, Italy
The Mediterranean sea bass is a marine warmwater reference species, with its genome
under sequencing, ESTs available, microarray platforms developed. A lot of work has
been done in this species to investigate morphology and physiology of the immune
system, and interesting results have been obtained. In sea bass we obtained the first direct
evidences in piscine systems on the "in vivo" and "in vivo" involvement of lymphocytes
during self/nonself recognition, the involvement of lymphocytes in the interactions with
intestinal microbial flora, and the clarification of lymphocyte timing of appearance during
ontogenesis. Key players of these advancements have been the obtainment of monoclonal
antibodies specific for T and B lymphocytes, and the cloning of genes coding for
important immuno-modulatory peptides. With respect to the ontogenesis and

development of the immune system of sea bass, our results have shown by
immunohistochemistry and PCR the transfer of immunoglobulins from the ovary to the
eggs in sea bass and sea bream. By immunohistochemistry with specific mAbs it was
shown the appearance of first immunoreactive T cells in thymus (28 ± 2 days, 18 °C),
that precedes that of B cells (45 ± 5 days, 18 °C) and, interestingly, the intestine
displaying first immunoreactive T cells at same time of thymus, thus raising interesting
questions on extra-thymic origin of T cells in fish. The appearance of transcripts and of
distribution of T cells during thymus development has been studied by quantitative PCR
and in "in situ" hybridisation employing nucleotide probes for TCR, CD8a, and CD4,
showing peculiar timing and tissue localisation. The state of the art on cellular and
molecular immunology of sea bass immune system will be discussed, with particular
emphasis on the ontogenetic development. (Work partially funded by 6FP IMAQUANIM
project, contract 00173)

IMMUNOSTIMULANTS IN FEED FOR AQUACULTURE –
WHAT’S UP?
Jakob Skov
University of Copenhagen, Frederiksberg C, Denmark
During the latest 20 years a range of organic and in-organic compounds have been
evaluated for their possible immuno-stimulatory effects in fish being exposed to feed
containing these putative immuno-modulators. One of major classes of immunostimulants comprises various forms of glucans, structural carbohydrates found e.g. in
yeast cell walls. Due to different approaches during the experimental design of feeding
experiments, including glucans as feed additive, the literature may appear less clear in
some respects. Innate immune factors are among the main players to be involved
following exposure to glucans. However, adaptive mechanisms may also play a role
during vaccination and immunization procedures. Further, physiological parameters in
the digestive system of fish may influence the outcome of the experiments. A thorough
review of the literature has been initiated and a series of controlled experiments have

been designed in order to elucidate the questions remaining in this field of practical
mucosal immunology.

NOVEL IMMUNOLOGICAL STRUCTURES OF THE MUCOSAL
ORGANS GILL AND INTESTINE OF SALMONIDS
U. Fischer1*, B. Fuglem2, L. Moore3, I. Hordvik3, F. Takizawa1, M. Tranulis4, E.
Jirillo5, I. Bjerkås2, L. Aune2, M. Raida6, and E.O. Koppang2
1

Friedrich-Loeffler-Institute Insel Riems, Institute of Infectiology, Greifswald–Insel
Riems, Germany

2

Section of Anatomy and Pathology, Institute of Basic Sciences and Aquatic Medicine,
Norwegian School of Veterinary Science, Oslo, Norway
3

4

Department of Biology, University of Bergen, Bergen, Norway

Section of Biochemistry, Institute of Basic Sciences and Aquatic Medicine, Norwegian
School of Veterinary Science, Oslo, Norway
5

Department of Clinical Medicine, Immunology and Infectious Diseases, Faculty of
Medicine, University of Bari, Policlinico, Bari, Italy

6

Section of Fish Diseases, Department of Veterinary Disease Biology, University of
Copenhagen, Frederiksberg, Denmark

Lymphatic structures and antigen uptake have been shown in the teleost intestine and gill,
but so far, limited information is available on the distribution and nature of the
corresponding cells. To identify antigen-sampling cells Atlantic salmon intestine was
exposed to gold-BSA particles. Uptake of particles was restricted to few dendritic-like
and elongated epithelial cells located deeply in the mucosal folds of the hindgut. The
latter cell type displayed shortened and electron-dense microvilli and contained channels
intruding into the cytoplasm thereby pinching off into vacuoles. The presence of
lymphocytes at the basolateral apex of these putative M cells was a frequent observation.
Further evidence for the existence of M cells was given by the presence of fucose
epitopes expressed by some elongate cells of the mucosal folds in the hindgut. This
phenotype may represent a phylogenetically conserved antigen-sampling cell and
suggests the existence of M cells in teleosts. Both the gill and the intestine represent large

mucosal surfaces that are continuously bombarded by pathogens. Thus, these organs
require a sophisticated immune barrier. Recently, a so far un-described interbranchial
lymphatic tissue (ILT) was discovered in salmonid gills. Laser micro-dissection and
subsequent RT-PCR analysis revealed abundant T cell transcripts while an antiserum
directed against Atlantic salmon CD3ε and monoclonal antibodies against trout CD8α
confirmed these data. Although the mammalian thymus is believed to develop from the
third branchial pouch, the construction and organisation of the ILT did not reveal features
of thymic tissue (no cortex/medulla organization, no fucose epitopes of putative
medullary epithelial cells, no apoptotic events among lymphocytes). However, this organ
may be a phylogenetic reminiscence of the first evolutionary manifestation of MALT.
These findings are potentially important for the understanding of the evolution of the
mucosal immune system and add new ideas for future immersion and oral vaccines in
fish.

MONOCLONAL ANTIBODY AGAINST RAINBOW TROUT CD8α:
EXPRESSION AND DISTRIBUTION OF CD8α IN NAIVE
RAINBOW TROUT
F. Takizawa*1, J.M. Dijkstra2, P. Kotterba1, B. Köllner1, B. Jaurguiberry3, T.
Nakanishi4 and U. Fischer1
1

Friedrich-Loeffler-Institut, Federal Research Institute for Animal Health, Institute for
Infectiology, Insel Riems, Germany
2

Institute for Comprehensive Medical Science, Fujita Health University,
Toyoake Aichi, Japan

3
4

Laboratorio de Investigación y Desarrollo-Veterquímica, Cerrillos, Santiago, Chile.

Laboratory of Fish Pathology, Department of Veterinary Medicine, Nihon University,
Fujisawa Kanagawa, Japan

Cytotoxic T lymphocytes (CTLs) recognize endogenously derived peptides presented by
MHC class I through T cell receptors (TCR), thus representing potent effector cells
against viruses and other pathogens of intracellular origin. The TCR co-receptor CD8 is
expressed on CTLs and consists of two different molecules, α and β chains. In many fish

species, both CD8 genes have been cloned. Moreover, it has been demonstrated that
CD8α mRNA expression in ginbuna crucian carp and rainbow trout is upregulated by
virus infection. However, the identification and characterization of teleost CD8+ CTLs is
limited because of the lack of suitable antibodies. To study CTL responses in rainbow
trout, we have produced monoclonal antibodies (mAbs) against the trout CD8α molecule
by immunization with the rat cell line NRK stably expressing rainbow trout CD8α. These
mAbs reacted with the majority of live thymocytes, a fraction of lymphoid cells from
lymphatic organs and live CD8α expressing NRK cells, but not with normal NRK cells.
Dual labelling Flow cytometry (FCM) has further demonstrated that the mAbs neither
cross-reacted with thrombocytes nor with IgM+ cells. FCM-sorted cells showed that
CD8α and CD8β genes were exclusively expressed in mAb+ lymphocytes and no such
transcripts were detected in mAb- lymphocytes. In contrast, the expression of CD4L1,
CD4L2, IgM membrane, IgT and CD41 mRNA was only detected in mAb- lymphocytes.
FCM of viable leukocytes from naive fish showed that a high percentage of CD8α+ cells
were found in thymus (approx. 70%), gill (approx. 25%) and intestine (approx. 54%),
whereas only a low percentage of CD8α+ cells were present in PBL (approx. 0.3%),
spleen (approx. 2%) and pronephros (approx. 4%). In histological sections of thymus, a
large number of cells were CD8α+ with focus to the deeper layers. In spleen and
pronephros, scattered CD8α+ cells were observed. Numerous intra- and subepithelial
CD8α+ cells were present in gut and gill. These results demonstrate the CD8α specificity
of our mAbs and their suitability for studies on CTL function in rainbow trout.

FACTORS INFLUENCING RESPIRATORY BURST ASSAYS USING
LEUKOCYTES FROM RAINBOW TROUT
Jiwan Kumar Chettri and Kurt Buchmann
Section of Fish Diseases,
Department of Veterinary Disease Biology
Faculty of Life Sciences, University of Copenhagen, Denmark
Head kidney leukocytes are central elements in a number of in vivo and in vitro
assays elucidating innate and adaptive immune mechanisms in teleosts following
stimulation with various antigens. These systems are sensitive to a number of factors
affecting the outcome of the assays. The present work describes the importance of
temperature, cell concentration, immunostimulant, exposure time and immunemodulatory molecules on the respiratory burst activity of rainbow trout head kidney
leukocytes in vitro. Respiratory burst activity (RBA) was measured by quantifying
the reduction of NBT to formazan in the leukocyte cultures. Variation in RBA was
observed among individual fish but pooled cells from several individuals gave a good
mean expression following exposure to PMA, Zymosan and beta-glucan.
Temperature was shown to have a significant effect on production of reactive radicals
with highest activity in cells maintained at 15-20oC and reduced activity at extremes
(1oC, 4oC and 30oC). When cells were tested for RBA at different time intervals
following harvest, the highest RBA was recorded in freshly isolated head kidney cells
(0 h). Activity decreased with increasinf culture time. When cells were exposed to
stimulants for different time period and RBA was measured, highest activity was
recorded where cells were exposed for 2-4 h further increase in incubation time with
stimulants lead to decrease in response. RBA was found to be positively correlated to
the cell concentration. Highest activity was recorded using a concentration of 1 x 107
cells/ml although measurable activity was recorded from cells in a concentration of 1
x 104 cells/ml. Co-incubation of cells with inhibitory substances (DiMePE2, cortisol
and SOD) decreased the RBA. It is concluded that several factors should be taken
into account when conducting respiratory burst assays with head kidney leukocytes
for elucidation of rainbow trout immune responses.

SCORCHED EARTH STRATEGY – HOST RESPONSES AGAINST
MONOPISTHOCOTYLEAN MONOGENEANS EXPLAINED IN THE
CROSS-FIELD BETWEEN IMMUNOLOGY AND ECOLOGY
Per W. Kania1, Oystein Evensen2, Thomas B. Larsen1 , Kurt Buchmann1
1

Department of Disease Biology, Faculty of Life Sciences, University of Copenhagen,

Frederiksberg C., Denmark. 2Norwegian School of Veterinary Science, Oslo, Norway
Basic response mechanisms in fish against surface browsing monopisthocotyleans can be
partly explained by a “burned land strategy”. As an example the relationship between the
Atlantic salmon and the ectoparasitic monogenean Gyrodactylus salaris can be used. The
ability to respond to this monogenean was elucidated by controlled and duplicated
challenge experiments. Highly susceptible East Atlantic salmon allowed parasite
populations to reach up to 3000 parasites per host within 6 weeks whereas less
susceptible Baltic salmon never reached larger parasite burdens than 122 parasites per
host during the same period. Immunohistochemical, scanning electron microscopical and
gene expression analyses showed that susceptible salmon erected a response mainly
associated with an increased expression of cytokines and hyper-proliferation of cells in
the epidermis of infected fins. Less susceptible salmon showed a lower inflammatory
response in fins but 2-3 weeks post-infection a number of other genes were found upregulated. Some skin reactions in susceptible fish may benefit monogeneans whereas
resistant fish regulate the parasite population by restricting cell proliferation and thereby
starve the parasites. In association with this “scorched earth” strategy the production of
pathogen binding effector molecules such as SAA and antimicrobial substances during
the later infection phases may contribute to the resistance status of the fish.

EPIDERMAL CLUB CELLS: PART OF THE INNATE IMMUNE
SYSTEM IN COMMON CARP?
Priit Päkk, Mariann Nõlvak and Tiit Paaver
Institute of Veterinary Medicine and Animal Sciences, Estonian University of Life Sciences,
Tartu, Estonia
(e-mail:priit.pakk@emu.ee)
Immunosuppressive factors (e.g. stress) may suppress the host resistance. Results of some
experiments of Chivers and colleagues have shown that Cd and cortisol decrease the
activity of immune system and inhibits the club cells production. This could suggest that
club cells play a primary role in the immune system of the Ostariaphysians (Chivers et al
2007; Halbgewachs 2008). We tested the hypothesis concerning the role of club cells as
part of immune system using ichthyopthiriosis as a model. Two groups of 10-month-old
naïve mirror carp (15 fish per tank, T 20o C) infected with Ichthyophthirius multifiliis
were studied. Group 1 was analysed after 20 days, group 2 was treated with marine salt at
low concentration (5g/l) and screened after 7 days. Club cells were missing in the
thickened epidermis of carp highly infected with I. multifiliis and the facultative parasite
Tetrahymena sp. of group 1. After treatment with marine salt, when the naïve carps were
infected only with few theronts and trophonts the activation of club cells was initiated
around the parasites. Activation of club cells indicated that the mechanic damage of body
surface did not influence the club cells proliferation. Infiltration with inflammatory cells
was also detected in our samples. High proliferation and evacuation of club cells from
epidermis during healing after leaving of trophonts indicates that club cells proliferation
may reflect a non-specific immune response. Proliferation of club cells during healing of
thickened epidermis indicates that these cells have integrated and universal function of
re-establishing of normal structure and function of epidermis of carp.

FUNCTIONAL DEMONSTRATION OF ADAPTIVE IMMUNITY IN
ZEBRAFISH USING DNA VACCINATION
N.Lorenzen1, E. Lorenzen1, K. Einer-Jensen1, J.S.Rasmussen1, T. E.Kjær1 and T.
Vesely2.
1
2

National Veterinary Institute, DTU, Denmark

Veterinary Research Institute, Brno, Czeck Republic

Due to the well characterized genome, overall highly synteny with the human genome
and its suitability for functional genomics studies, the zebrafish is considered to be an
ideal animal model for basic studies of mechanisms of diseases and immunity in
vertebrates including humans. While several studies have documented existence of a
classical innate immune response, there is mainly indirect evidence of functional adaptive
immunity. To address this aspect, groups of zebrafish were vaccinated with DNAvaccines against the rhabdoviruses VHSV, IHNV and SVCV. Seven weeks later, the fish
were challenged with SVCV by immersion. Despite some variability between replicate
aquaria, there was a protective effect of the homologous vaccine and no effect of the
heterologous vaccines. The results therefore confirm the existence of not only a well
developed but also a fully functional adaptive immune system in zebrafish.

STUDIES ON HERD-IMMUNITY AND PRIMARY VERSUS
SECONDARY INFECTION OF VHSV IN CHALLENGE AND
VACCINATION TRIALS WITH RAINBOW TROUT
Ellen Lorenzen, Torben Eigil Kjær & Niels Lorenzen,
National Veterinary Laboratory, DTU, Århus
The phenomenon of “herd-immunity” is one of the basal principles behind vaccination as
well as selective breeding, i.e. the more non-susceptible individuals in a population, the
lower the risk of disease among susceptible individuals. Thus as part of a recent field trial
with a VHS-DNA-vaccine vaccinated as well as naïve fish from a Danish fish farm were
brought to the laboratory at a size of 24g to be subjected to an experimental challenge
with VHSV. The setup included 7 aquaria with 100 fish in each: 2 aquaria with 100

vaccinated fish (+VHS-challenge), 2 aquaria with 100 naïve fish (+ VHS-challenge), 2
aquaria with 50 vaccinated + 50 naïve fish (+VHS-challenge), and 1 aquarium with nonchallenged control fish (vaccinated + naïve). Mortality in the aquaria with only
vaccinated fish was 2-3 %. Mortality in the aquaria with only naïve fish was 60-70 %.
However, mortality among naïve fish in the mixed aquaria was only 6-18 %, the
mortality among vaccinated fish being 0-6 %, and we interpreted this as an effect of herdimmunity, where the vaccinated fish indirectly reduced mortality among the naïve fish,
probably by secreting less virus compared to the naïve fish. We tried to confirm this
hypothesis in 3 later experiments with fingerling-size fish, but without success, possibly
due to a too high challenge load. Although less than challenged naïve fish, challenged
vaccinated fish still secreted large amounts of virus and had no beneficial effect on the
survival of naïve cohabitants. However, these results led to questioning of whether the
mortality induced in immersion challenge experiments was due the primary infection by
the challenge virus produced in cell culture or due to a secondary infection caused by
virus secreted from primary infected fish in the same aquarium. This question was
addressed in subsequent challenge experiments including parallel challenge of single fish
and fish kept in groups of 24 individuals. The study showed, that at high challenge doses,
mortality was the same, independently of whether the fish were kept as singles or in
groups. At lower challenge doses, however, there was a higher survival among fish kept
as singles, suggesting an increased importance of secondary infection for development of
mortality in the fish kept in groups.

EXPRESSION PROFILING OF IMMUNE RESPONSE GENES IN
RAINBOW TROUT FOLLOWING DNA VACCINATION AND VHS
VIRUS INFECTION
J.S.Rasmussen*, K. Einer-Jensen, T. E.Kjær, E.Lorenzen & N.Lorenzen
National Veterinary Institute, DTU, Denmark
A DNA vaccine against viral haemorrhagic septicaemia virus (VHSV) has proven highly
efficient in rainbow trout (Oncorhynchus mykiss). Studies have demonstrated that this
vaccine induces both an early unspecific antiviral response as well as long-term specific

protection. The exact mechanisms of the early unspecific protection are not known but
previous studies have shown an induction in Mx gene expression, indicating involvement
of type I interferon. Temperature is an important parameter affecting both phases of the
immune response with respect to onset and duration. With the aim of dissecting the
molecular mechanisms involved in the immune response to vaccination and infection,
this study focus on use of quantitative real-time reverse transcriptase PCR (QPCR) for
determination of the expression levels of a number of cytokines and other immunerelated genes in spleen, liver, head-kidney and muscle. Time course studies of changes in
expression levels and related temperature effects will be presented and discussed.

DISEASE RELATED TISSUE DAMAGE IN RAINBOW TROUT
VERSUS INFECTION OF ATLANTIC SALMON BY MORITELLA
VISCOSUS – A COMPARATIVE STUDY
H.-C. INGERSLEV & M.E. NIELSEN
DTU Aqua, National Institute of Aquatic Resources, Section for Aquatic Protein
Biochemistry, Søltofts Plads, Building 221, DK-2800 Kgs. Lyngby. E-mail:
hci@aqua.dtu.dk.
Physical damage of tissue and multiple kinds of infections are found to cause
inflammatory reactions in mammals. Regardless of the difference between nonpathogenic induced tissue damage and a bacterial infection, many of the same pathways
and genes are triggered. To determine if the same phenomenon occurs in salmonid fishes,
Atlantic salmon (Salmo salar) were infected with the gram-negative bacterium Moritella
viscosus, the causative agent of winter ulcer. The clinical signs showing visible, punctual
lesions in the skin make this pathogen unique in order to study local inflammation.
Muscle tissue was sampled from infected fish at 4, 7 and 14 days post infection. Samples
were obtained from site of lesions and from locations without clinical signs of disease
and lesions. To compare the inflammatory reactions from infected fish relative to sterile,
mechanical tissue damage, rainbow trout (Oncorhynchus mykiss) were subjected to
controlled tissue disruption applying sterile needles to skin and muscle tissue to one side
of the fish. Samples were taken 7, 14 and 21 days post injury from the injured side and

non-injured site (internal control). From both studies, the samples were subject to realtime RT-PCR for measuring the expression of inflammatory genes, toll-like receptors and
genes coding for tissue regeneration. Overall, the results showed that most genes in both
studies were locally induced by the infection or the injury and the expression patterns
between the two models showed similar trends, although the kinetics were different. Thus
it is suggested that stimulation by pathogen associated molecular patterns (PAMPs)
trigger the same genes and pathways as damage associated molecular patterns (DAMPs)
in salmonid fishes.
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