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National Marine Fisheries Service Laboratory
Oxford, MD 21654 USA
http;//www.shellfish,org/
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Kearneysville, West Virginia 25430 USA
c icki blazer;li t~~s >s~ov
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U.S. Environmental Protection Agency
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ill 'enl'Ins i<'us s,~ov
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Dept. of Environmental and Aquatic Animal Health

School of Marine Science

Virginia Institute of Marine Science
College of William and Mary

Gloucester Point, Virgmia 23062 USA
kaattari'i ,'vims.edu

Otis Miller
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AUDUBON AQUARIUM oF THF. AMKRICAs

Audubon Aquarium of the Americas � one of the top five Aquariums in the United States � first
opened to the public in September of 1990. Averaging 1.2 million visitors per year, the
Aquarium has become a major tourist destination and attraction for the City of New Orleans. The
Aquarium highlights the aquatic treasures of the Western Hemisphere through vivid re-creations
of North and South American saltwater and freshwater habitats. A total of 100 living exhibits
with over five thousand living fishes and other aquatic animals are displayed in naturalistic
habitats. Complex and realistic aquatic ecosystems are designed and presented in such a way as
to give visitors a better appreciation of these fragile and oAen threatened living resources, and
the environments in which they live. htt:i ww11.auduboninstitute.ort> aoai

CATFISH FARMERS OF AMERICA

Catfish Farmers of America  CFA!, founded in 1968, is the nation's strongest aquaculture
organization with membership from forty-one states. CFA is a trade organization that represents
the interest of farm-raised catfish producers, suppliers, processors, and academia. With annual
production of 600 million pounds, catfish accounts for over 50'lo of both volume and value of all
U.S. aquaculture production. CFA's 1,700 members farm almost 90/o of the total water acres
within the industry. Major functions are legislative activity, research initiatives, and member
services. The Catfish Journal, recognized as the industry leader for news and information, is
CFA' osfficial publication. ~hu i iiao catiis.h oum'at coot'index htm.

Cool ERA TIvE AQUATIc ANIMAL HEALTH REsEARcH PRQGRAM  CAAHRP!
The Cooperative Aquatic Animal Health Research Program  CAAHRP! is an interdisciplinary
unit within the School of Veterinary Medicine, Louisiana State University. The mission of
CAAHRP is to be a premier program for aquatic animal health research, education, and
diagnostics. The program conducts cutting edge nationally and internationally recognized
research, educates high quality graduate students, engages in public outreach, and provides state
of the art diagnostic services. Faculty members participating in CAAIIRP have active research
programs concerned with finfish and shellfish pathogens. Research interests include vaccine
development, understanding bacterial pathogenesis through the use of molecular techniques,
development of state-of-fhe-art diagnostic procedures, and application of molecular techniques to
understand the fish immune system, For more information about CAAHRP and the graduate and
contract research opportunities available, please contact Dr. Ron Thune, Louisiana State
University Department of Pathobiological Sciences, 3305 Veterinary Medicine Building, Baton
Rouge, LA 70803; phone �25! 578-9684; fax �25! 578-9701; e-mail t11une a'vetmcd.lsu.edu

INTERVET, INC.

Intervet International, the world's third largest Animal Health company, is dedicated to the
R&D, production and marketing of efficacious and safe aquatic animal health  AAH! products.
Intervet has three specialised AAH R&D centres, each located in a major aquaculture production
area. plus support facilities at 55 globally-distributed subsidiary companies. In addition to
developing key AAH pharmaceuticals such as CHORULON  hCG!, Intervet has a range of
vaccine combinations for injection, immersion and oral applications to various fish and shrimp
species, including those targeted against Vibrio anguillarum 01, 02a and 02 , V. salnionicida, V.
viscosus, V. algino1yricus, V. harvey>i, V. parahaemol>>ricus, V. vulnificus, Aeromonas
salmonicida, Edkvardsiella iclaluri. IPN virus, salmon PD virus and ISA virus. With Intervet's
R&D centres, vision and commitment to global aquaculture in place, the future looks bright.
htt:i>twww.iiitervet.coul!
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KEN S HATCHERY dk FISH FARM, INC.
We have been in business for forty years and we pride our company with producing new breeds
of hybrid fish. We also design and patent bullfrog culture and automatic feeding systems, and
patent new farm equipment. Our company offers many services to our customers, like free water
test and treatment recommendations. We also identify weeds and algae and recommend
treatment to get rid of it. We teach fish and frog seminars for beginners. The seminars teach you
how to get started in the fish or frog farming business right. We manufacture all types of fish
farm equipment, frog farm equipment, and specialty feed for fish, cage culture, and frogs. Our
company offers a free sixty-nine page color catalog for fish pond owners. htt /' l
fli sh l a rm. coin/

KXO FISH FARMS, lNC.
Keo Fish Farms, Inc., located in Keo, Arkansas, is the world's largest hatchery for hybrid striped
bass and one of the world s largest producers of triploid grass carp.
keo I' t'. ri ~a ol, corn

LOI JISIANA AQIJACIZ.TURE ASSOCIATION
The Louisiana Aquaculture Association has been recognized through Joint Resolution of the
Louisiana Legislature as the official voice of production aquaculture in this state. The LAA
includes the membership of the Louisiana Catfish Farmers' Association, Louisiana Crawfish
Farmers' Association, Louisiana Alligator Farmers and Ranchers' Association, and a number of
independent producers of other species. The purposes of LAA are to ]!: influence pub]ic policy
for the advancement of aquaculture, 2! influence the direction and scope of government-funded
aquaculture research and extension, 3! proinote the exchange of information among members.
and 4! promote the sale and use of Louisiana aquaculture products.

LOItISI ANA DEPARTMENT OF WILDLIFE AND FISHERIES

The mission of the Louisiana Department of Wild]ife and Fisheries is to manage, conserve and
promote wise utilization of Louisiana's renewable fish and wildlife resources and their
supporting habitats through replenishment, protection. enhancement, research, developinent and
education for the benefit of current and future generations; to provide opportunities for
knowledge of and use and enjoyment of these resources; and to provide a safe environment for
the users of these resources, htt://www.wlf state.la.us.''

LOI'ISIANA SEA GRANT

Louisiana Sea Grant develops knowledge, technology, personnel, and pub]ic understanding to
advance the sustainable and economically viable use of marine and coastal environments and
resources. A federal-state partnership based at Louisiana State University, the program is part of
a national network of 29 university-based programs committed to addressing a broad range of
inarine and coastal issues through research, advisory services, and education. A key element of
Louisiana Sea Grant activities is the transfer of research-generated technology to the
marketplace, thus enhancing existing businesses and creating new enterprises. Sea Grant-
supported projects draw upon the expertise of the Louisiana university commurnty in the natural
sciences, engineering, sociology, economics, law, and public policy, Extensive cooperation with
pertinent federal, state, business, and citizen groups assures that the program addresses current
state, regional, and national priorities. Louisiana Sea Grant was established at Louisiana State
University in ]968. Ten years later, its high quality and comprehensive scope won the university
o8icial designation as the nation's thirteenth Sea Grant Col]ege. In 1995, this designation was
reaffirmed aAer a thorough and laudatory review conducted by the National Sea Grant College
Program of the National Oceanic and Atmospheric Administration. htt ~./. ww~i,lasca ~rant,or~~/
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SOCIETY OF KM'IRONMENTAL TOXICOLOGY' AND CHEMISTRY'  SKTAC!
The Society of Environmental Toxicology and Chemistry  SETAC! is an independent, nonprofit
professiona1 society that provides a forum for individuals and institutions engaged in the study of
environmental issues, management and conservation of natural resources, environmental
education, and environmental research and development. ln the 1970's, no forum existed for
interdisciplinary communication among environmental scientists � biologists, chemists,
toxicologists � and others interested in environmental issues such as managers and engineers.
The Society of Environmental Toxicology and Chemistry  SETAC! was founded in 1979 to fill
the void, A unique strength of SETAC is its commitment to balance the interests of academia,
business, and government. SETAC is concerned about global environmental issues. Its members
are committed to good science worldwide, to timely and effective communication of research,
and to interactions among professionals so that enhanced knowledge and increased personal
exchanges occur. htt ~;//www,setac.or ~/

TIL TECH

Til-Tech started in 1991 and located just 30 miles north of New Orleans, was originally a
hothouse tomato farm. The 2 huge steel and glass greenhouses were idea1 for the culture of
Tilapia. Til-Tech was originally conceived to supply a hand full of restaurants in the New
Orleans area. Til-Tech quickly became a research facility for LSU Agricultrural and Engineering
Programs. It Pioneered research in green water re-circulation systems using bead filter
technology developed by Ron 1Vlalone, PhD. Til-Tech was initially built to be a grow-out facility,
We soon saw the need for a hatchery and now Til-Tech is a state of the art hatchery and has the
capacity to produce 12 million plus fry annually. htl.://ia ww,ii !-tech,cpm/

UNITKD STATES DEPARTMENT OF AGRICIJLTURE  USDA! AGRICULTURAL RESEARCH
SERvicE

The ARS Aquaculture Program's mission is to conduct high quality, relevant, basic and
applied aquaculture research and technology transfer. ARS' research program components
include: genetic improvement; integrated aquatic animal health management; reproduction
and early development; growth, development. and nutrition; aquaculture production systems;
sustainability and environmental compatibility of aquaculture; and quality, safety, and variety
of aquaculture products for consumers. Program accomplishments: developed and released a
new catfish line with improved growth and feed consumption; developed, patented, and
transferred technology for a modified live vaccine to prevent enteric septicemia; and
developed, held tested and patented an injectible vaccine against SIreprococcrls iniae.
htt://www.n s.ars.usda. ov/ ro rams/ ro rams.htm?NPNUMBER=106

UNITED STATEs DEPARTMENT oF AGRIcULTURE  USDA! CooPERATIvE STATE REsEARGH,
EDUCATION, AND EXTENSION SERVICE  CSRKES!
Agriculture is a knowledge-based, global enterprise, sustained by the innovation of scientists arid
educators. The mission of CSREES is to advance knowledge for agriculture, the environment,
human health and well being, and communities. Our primary functions are �! program
leadership to identify, develop, and manage programs to support university-based and other
institutional research, education, arid extension services; and �! fair, effective, and eAicient
administration of Federa! assistance implementing research, education, and extension awards and
agreements. htt: '/www.reeusda.rrov!



UNITED STATES DEPARTMENT OF INTERIOR U.S. GEOLOGY'lC.'AL SURVEY  USGS!
The USGS serves the Nation by providing scientific information to describe and understand the
Earth, minimize loss of life and property from natural disasters; manage water, biological,
energy, and mineral resources; and enhance and protect our qua]ity of life. htt:,':'inviv.uses,~ov!

USGS COI.UMBIA ENVIRONMENTAL RESEARCH CENTER
The Columbia Environmental Research Center  CERC! is a U.S. Geological Survey  USGS!
research facility located in Columbia, Missouri, Clean water resources and habitat quality are
essential for the health of all living organisms. a fiuidamental concept in the mission of CERC.
The Center provides scientific information and data needed to address national and international
enviroiimental contaminant issues. and effects of habitat alterations on aquatic and terrestrial
ecosystems. The Center has a unique capability for conducting multidisciplinary research that
includes large river Ooodplains, coastal habitats, wetlands, streams, and lakes. Scientists at
CERC form partnerships with national, state, and local agencies, nongovernmental organizations,
and universities to enhance scientific information needed for management of the nation's
resources.htt:/;:mwawv.cere.cr,us<~s. ~~ov/
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Monday, September 2

The V.S. Fish and Wildlife Service's!Vational Wild Fish Realth Survey: an aquatic resources
management tool

Thomas A, Bell p.24

0830-0900

Environmental contamiuant effects on endocrine svstems of aquatic species
Timothy S. Gross

0900-0930

Global climate and large-scale influences on aquatic animal health
William S. Fisher

0930-1000

1000-1030 Break

Grand Ballrooms A!B Grand Ballroom D Grand Ballroom E

Treatments1030-1200
p. 27

1200-1330
Lunch

Quality Assurance
Special Session 1

p. 30

1330-1500

150O1530
Break

Quality Assurance
Special Sessiou 2

.33

1530-1730

Tuesday, September 3

Transmission of myxozoan patbogens: interactions between cultured and wild fish
terri L. Bartholomew p. 34

0830-0900

introduction of non-Indigenous shrimp viruses and their potential impact on farmed and native
wild shrimp populations.

Donald V. Lighlner

09004930

Overview of ISA management in Maine and Canada
Daniel D, MacPhec

0930-1000

1000-1030
Break

Grand Ballrooms RIB Grand Ballroom D Grand Ballroom E

1030-1200

1200-1330

Crustaceans I
1330-1500

p. 40

1500-1530
Break

Crustaceans 2
1530-1700

p. 43

Virology 1

p 74

Virology 2

p. 28

Virology 3

p. 31

Parasitology I

p. 34

Parasitology 2

p. 38

Parasitology 3

p. 41

Environmental Health
Special Session I

25

F.nv<ronmeulal Health
Special Session 2

p 29

Histopathology
Special Session

.32

Virology 4
p. 35

1nfectlous Salmon Anemia
Special Session 1

p,39

Infectious Sabnon Anemia
Special Session 2

p. 42

Mycobacteria
Special Session

. 36



Wednesday, September 4

Tbe application of molecular genetics to aquatic patbogen detection and systematics
Kimberly S. Recce p. 45

0830-0900

0900-0930

Applied studies on epizootic ulcerattve syndronie
Supranee Chinabut

0930-1000

1000-1030 Break

Grand Ballrooni EGrand Ballroom DGrand Ballrooms A!B

.4phanonlvees
Special Session

,47

1030-1200

1200-1330 Lunch

Miscellaneous I
1330-1500 p,50

1500-1530 Break

Miscellaneous 2
p. 531530-17:00

Thnrstiay, September 5

Antimicrobial effectors in marine molluscs and crustaceans
I'.velyne Bachere p. 55

0830-0900

0900~30

Recent developments in our knowledge of fish immune responses
Norman W. Miller

0930-1000

1000-1030 Break

Grand Ballroom EGrand Ballrooni DGrand Ballrooms A/B

1030-1200

1200-1330

1330-1500
p. 59

1500-1530 Break

Molluscs 7Vaccine 2
1530-1700

p. 64p. 63

23

Bacteriology I

p. 45

Bacteriology 2

p. 48

Bacteriology 3

p

Immunology I

p-55

Immunology 2

p. 58

lnununology 3
p. 62

IHolecular epidemiology of aquatic patbogens
Gael Kurath

Parasitology 4

p, 46

Infectious Salmon Anemia
Special Session 3

p. 49

Infectious Salmon Anemia
Special Session 4
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p. 56
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p. 57

IVlolluscs 1

p. 61



Scientific Program
Monday, September 2, 2002

0815W830 Welcome and Opening Remarks

Grand Ballroonts A 8 80830-1000: Plenary Session 1
Chair: rfndrehv Kane

0830 The U.S. Fish and Wildlife Service's National Wild Fish Health Survey: an aquatic
resources management tool
Thomas A. Bell, U.S. Fish and Wildlife Service, Division of the National Fish Hatchery
System. 4401 North Fairfax Drive, Arlington, Virginia 22203 USA
thoiiius u bcII!'ii'fws.uov

0900 Environmental contaminant effects on endocrine systems of aquatic species
Timothy S. Gross, USGS Biological Resources Division, Florida Caribbean Science
Center and The College of Veterinary Medicine, Department of Physiological Sciences,
University of Florida, 7920 NW 71" St, Gainesville, FL 32653 T S Gross i»usvs.upi

0930 Global climate and large-scale influences on aquatic animal health
William S. Fisher, Director, Gulf of Mexico Aquatic Mortality Network, USEPA Office
of Research and Development, NHEERL/Gulf Ecology Division, I Sabine Island Dr.,
Gulf Breeze, FL 32561 Idishcr,wiiiium:~le hu.ui;Ii!.e iu.taoh

1000-1030 Morning Break

Monday
1030-1200 Concurrent Gral Sessions 1, 2, and 3

1030 Session 1: Virology 1
Moderator; Mamoru Yoshimi= u

Grand Ballrooms A & 8

1045 Genetic changes in infectious pancreatic necrosis virus due to cell culture adaptation
Aystein Evensen'~, Nina Santi-, atid Vikram N. Vakharia

Section for Aquatic Biology, Norwegian School of Veterinary Science, P.O.Box 8146 Dep.,
0033 Oslo NORWAY Ehvsieiu.ehciist.l>'ci heihstuu
Department of Pathology, National Veterinary Institute, P.O. Box 8156 Dep., 0033 Oslo.

NORWAY pi»sa.sgnti'ii I hii<>sltuO
' Center for AgriculturaI Biotechnology. IJnivcrsity of Maryland Biotechnology Institute aud
Virginia-Maryland Regional College of Veterinary Medicine, College Park, Maryland 20742,
USA huhiulriu:hi umbi,omd.edu

1030 The prevalence of infectious salmon anemia virus in farmed Atlantic salmon in New
Brunswick

Carol A. McClure'~, K. Larry Hammell', lan R. Dohoo', Pascale Nerette, and Leighanne
J. Hawkins

'Department of Health Management, Atlantic Veterinary College, University of Prince Edward
Island, Charlottetown. PE CIA AP3. Canada toe tor;~su ei. a
Maritime Veterinary Services, St, George. NB E5C 3A5. Canada



 Infectious?! Hemolytic anemia of salmon: an emerging disease occurring in
seawater cultured coho salmon  Oncorhynehas kisatert! in Chile
Pedro Smith, Julio Larenas, Jorge Contreras. Jorge Cassigoli, Claudia Venegas, Maria
E. Rojas, Alvaro Guajardo, Oscar Troncoso, and Diana Macias
Faculty of Veterinary Sciences. University of Chil», Santiago, Chile. Casilia 2 Correo 15 Santiago,
Chile psniitl& 'uchI1c.c1

1100

Biological control of fish viral disease with anti-viral substances produced by
bacteria

Mamoru Yoshimizu*, Yoshio Ezura, and Takahisa Kimura
Graduate School of Fisheries Sciences, Hokkaido University. Hakodaie. Hokkaido 041-8511
Japan s «si1iiizii ~' 1 ish.h«kudai.gc jp

1115

1nhibition of rhabdoviral gtycoprotein and nucleoprotein gene transcription by
Japanese flounder Mx
Christopher Marlowe, A. Caipang, Ikuo Hirono, and Takashi Aoki
Laboratory of Genetics and Biochemistry. Department of Aquatic Riosciences, Tokyo University
of Fisheries, Koitan 4-5-7 Minato, Tokyo 108-8477. Japan

1130

1145

1200-1330 Lunch on own

1030 Session 2: Environmental Health Special Session 1 GrandBal/room&
Moderator: Jill Jenkins

Potential impacts of selected contaminants on endocrine biomarkers in carp and
lake trout from sites in the Great Lakes

Stephen B, Smith'*, Jeffery C. Wolf, Clifford L. Rice', and Sergei Chernyak
'Biological Resources, U,S. Geological Survey, MS 433 National Center, Restoit, VA 20192:
sbsmith:a:usps.voi
'Experimental Pathology Laboratories. 22866 Shaw Road, Sterling, VA 20166 ' lf 1
'Agricultural Research Service. U.S. Department of Agriculture. Beltsville, MD 20705:
ri«ec a.'ba.ars usda,< ov
Great Lakes Science Center, U.S. Geological Survey. 4850 Green RD. Ann Arbor. MI 48150:

ser»i «hemvak a.uses.««i

1030

25

Host and geographic range extensions of the North American strain of viral
hemorrhagic septicemia virus  VHSV!
R,P. Hedrick', S. Yun', W.N, Batts, G.S. Traxler', J. Kaufman, and J.R. Winton
'Department of Medicine and Epidemiology. School of Veterinary Medicine,
University of California. Davis. California 95616 USA
Western Fisheries Research Center, 6505 N.E. 65'" St. Seattle. Washington 98115 USA

'Pacific Biological Station. Department of Fisheries and Oceans, Nauaimo, British Columbia. V9T
1E1, Canada
'Oregon Department of Fish and Wildlife, Department of Microbiology. Oregon State University.
Corvallis, Oregon 97331-3804 USA



1045 The inhuence of tnethyl mercury ou reproductive biomarkers in aquatic species
Beverly S. Arnold'*, Timothy S. Gross . D. Shane Ruessler', and Nicola Kernaghan"
'USGS Biological Resources Division. Caribbean 'Science Center and College of Veterinarv
Mediciiie. Department of Physiological Sciences. University of Florida. 7920 NW 71" St.
Gainesville, FL 32653 b<.i;irn<i}il <i u  > . a>ux

-USGS Biological Resources Division, Caribbean Science Center and College of Veterinary
Medicine. Department of'Physiological Sciences. University of Florida. 7920 NW 71" St.
GaineSVille. FL 32633 1 S  irO s ciu aS. i>i

iUSGS Biological Resources Division. Caribbean Science Center and College of Veterinary
Medicine, Department of Physiological Sciences, University of Florida, 7920 NW 71" St,
Gainesville. FL 32653 slutne rue  l~r'<i'us gs. oi
"IJSGS Biological Resources Division. Caribbean Science Center and College of Veterinary
Medicine, Department of Physiological Sciences. University of Florida, 7920 NW 71'" St.
Gainesville, FL 32653 nikk> kerr<a hang i<i< s.coi

1100

Environmental contaminants and developmental mortality in fish and alligators
Maria S. Sepulveda ' *, John J. Wiebe', D. Shane Ruessler', and Timothy S. Gross'
'USCiS-BRD Florida Caribbean Science Center, 7920 NW 71' St.. Gainesville. FL 32653 USA
mariSOl sc'gulx'ella ii 11 g .i' i'i'.jon R'Ieb<.'r  ijs<>b, 9%; shanc nle  lel Q,uSi>s~>Oi:
 im s ~ross riu ~>s.<>ov

Department of Physiological Sciences. College of Veterinary Medicine, University of Florida,
Gainesville. FL 32610 USA

Effects of urban laud-tise on stonerollers in the Mobile River Basin
Deborah Cartwright"*, Vicki Blazer, Wade Bryant, Humberto Zappia', and Marsha
Black'
'University of Georgia, 206 EHS Building. Aihcns, GA 30602. Deborah Cart>i~ght a u os.< oi,
mbluck ji usa.cdu

USGS/BRD. National Fish Health Lab. 11700 Lcetown Road, kearneysville. WV 25430.
X' vicki Hja<'cr r<>us<> s.aov

'USGS!WRD, Southeast NAWQA, 3850 Holcomb Bridge Road, Suite 160, Norcross, GA 30092.
v> bbr<< ant v ilsi>s.vOV

'USGS/WRD, District Office. 2350 Fairlane Drive. Suite 120 Montgomery, AL 36116.
! lunbert /a i <aa.uses.~ov

1130

Biomarkers from fin6sh in the Calcasieu Estuary, Louisiana, USA
Jaquelyn M. Craig' and Jill A. Jenkins
'Johnson Controls, Inc. at USGS National Wetlands Research Center, 700 Cajundome Blvd..
Lafayette, LA 70506 USA 'ai uclvn matuszeiiski'a us<s.u>ox
U.S. Geological Survey, National Wetlands Research Center, 700 Cajundome Blvd,. Lafayette.

LA 70506 USA ill cnkliis A us<>s.<>ov

1145

1200-1330 Lunch on own

26

Abnormal hermaphroditism in shovelnose sturgeon  Scaphirhynchus plritorynchus!
from the Missouri River
Diana M. Papoulias'*, Mark L. Wildhaber', Aaron J. Delonay', Mandy L. Armis', Steven
Krentz, and Donald E. Tillitt
'U.S. Geological Survey, Columbia 1='nvironmenial Research Center. 4200 New Haven Rd,.
Columbia, MO 65201 Di;ma 1'.i oulias o:uses,<>oi

'I J.S. Fish and Wildlife Service. 3425 Miriam Avenue, Bismarck. ND 58501
steven krcntz>0'1'A s.uov



1030 Session 3: Treatments

Moderator: Stephen Smith
Grand Ballroom E

1030

Disinfection of water for aquaculture
Hisae Kasai*, Toyohiko Nishizawa, Takahisa Kimura, and Mamoru Yoshimizu
Graduate School of Fisheries Sciences. Hokkaido University. Hakodate, Hokkaido 041-8611
Japan. 1 i i sac «' fish. ho kudo i. ac.

1045

Insights into the pathophysiology and treatment of amoebic gill disease in Atlantic
salmon

Mark Powel1'*, Jaines Harris', 1Vlelaine Leef', Shane Roberts', Michael Attard', Will
Callahau, Hamish McWilliam, Tes Toop . and Barbara Nowak'
'School af Aquaculture, Tasmanian Aquaculture and Fisheries Institute. University of Tasmania.
Locked Bag 1-370, Launceston, Tasmania 7250 Australia and the Cooperative Research Centre
for the Sustainable Aquaculture of Finfish. Ivlark.poivell'ti:utas.edu.au
School of Biological and Chemical Science, Deakin University, Geelong, Victoria 3217

1100

Pharmacokinetics of oxytetracycline in summer flounder, Paralichthys dentattts: a
complete pharmacokinetic study and oral and intramuscular administration in
compromised and healthy fish
Kathleen P Hughes~ and Stephen A. Smith
Aquatic Medicine Laboratory, Dept. of Biomedical Sciences aud Pathobiology, Virginia-
Maryland Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State
University, Blacksburg, VA, 24061 USA. hh h l d, stsmilh7.ic shedu

1115

Dose titration of oxytetracycline against Streptococcus iniae infection in blue tilapia
Ahmed M. Darwish~, Steven D. Rawles, and Bill R. Ciriffin
Harry K. Dupree-Stuttgart National Aquacutlure Research Center, United States Department of
Agriculture, Agriculture Research Service. P. O. Box 10a0. Stuttgart, Arkansas 72160 USA,
A!Ianvish «s a.ars.usda. oi

1130

Protocol of use of a marine probiotic strain in aquaculture
Susana Prado, Alicia E. Toranzo, and Juan L. Barja~
Dpto. Microbiologia y Parasitologia Facultad de Biologia e Instituto de Acuicultura. Universidad
de Sanliaoo de Compostela. 15782, Spain iiiJlacl lb «. uic.cs

1145

1200-1330 Lunch on own

27

Single-dose pharmacokinetics of Qorfenicol in koi  Carinas carpio! and gourami
 Trichogaster trichopterns!
Roy P. E. Yanong'*, Eric W. Curtis', Venkatesh Atul Bhattaram, Mathangi
Gopalakrishnan . Nahal Ketabi, Nelamarigala V. Nagaraja, Hartmut Derendorf, and
Robert D. Simmons'
'Tropical Aquaculture Laboraiory, Department of Fisheries and Aquatic Sciences, institute of Food aod
Agricultural Sciences, University of Florida. 140S 24'" St. SF.. Ruskin. Florida 33570 USA
! !v:o» uuu!ufa».u!1.edu
Department of Pharmaceutics. College of Pharmacy. University of Florida. Gainesvige, FL 32610 USA

» "i I':: ll. f; » Ih: «:6 II cd«: X'!» I I@1»t» ' » 'd. »-! «Llb~» ".
»:.I .:: s~: i »».'. »:1~»»m»«. ~ f1»'i!

»Schering-Plough Animal Health, 1095 hlorris Avenue. Vuioo, NJ 07083 USA robe! t.,ilmtuE!~I!i A.hPcqli!.<0ITf



Monday
1330-1500 Concurrent Oral Sessions 4, 5, and 6

1330 Session 4: Virology 2
Modera!or; Kimberly Recce

Grand Ballrooms A 8 8

Diagnostic hematological changes in rainbow trout infected with INHV
Scott E. Lapatra', Gerald R. Jones', and Charlie E. Smith
'Clear Springs Foods, Inc.. Research Division. P.O, Box 7I'2. Buhl, Idaho 83316 USA

212 Story Hill. Bozeman, Montana 59715 USA Ii~lidoc1 ~~ uu:i.net

1330

Differentiation of serologically related cyprinid rhabdoviruses by molecular genetic
methods

Rose-Marie I e Deuff, David M. Stone, Keith. Way, Paul D. Martin, and Peter F. Dixon*
CEFAS Weymouth Laboratory, The Nothe, Weymouth, Dorset DT4 RUB, UK

I'd' f xuk

1345

A real-time nucleic acid sequence based amplification  NASBA! procedure for
detection of fish nodaviruses

William G. Starkey*, Rose-Mary Millar, Mary E. Jenkins, Jacqueline H. Ireland, K,
Fiona Muir, and Randolph H. Richards
Institute of Aquaculture, University of Stirling. Scotland, UK, FK9 4LA wosl:~i'stir.ac.uk

1400

Non-lethal detection of VHSV in fish blood by RT-PCR
Carmen Lopez-Vazquez, Jose G. Olveira, Isabel Bandin, Ines Romero-Brey, Juan L.
Barja*, and Carlos P. Dopazo
Dpt. Microbiologia y Parasitologia, Iastituto de Acuicultura, Univ. Santiago de Compostela.
Spain, ~mdo azo,a'usc,cs

14]5

A comparison of white sturgeon herpesvirus types I and II and development of
specific diagnostic PCR assays
K.B,Andree, S. Yun, T.S. McDowell, and R.P. Hedrick*
Department of Medicine and Epidemiology, School of Veterinary Medicine, University of
California, Davis, I Shields Avenue, Davis, California 93616 IJ,S.A.

1430

1445 An unusual DNA virus responsible for tumor development in damselfish
Michael C. Schrnale*, Patrick D.L. Gibbs, Jeff VanWye, and Jennifer J. Rahn
Division of Marine Biology and Fisheries, Universih of Miami, Miami. FL 33149 USA
mschmale a'rsmas.nubian>i.edu

1500-1530 Afternoon Brea k

28



1330 Session 5: Environmental Health Special Session 2
Moderator.. Ji11 Jenkins

Grarrd Ballroom D

Histopathologic and biochemical biomarker responses demonstrate iniprovenient in
flatfish health following reinediation of a PAH-contaminated site in Eagle Harbor,
in Puget Sound, WA
Mark S. Myers*, Bernadita F. Anulacion, Barb L. French, Cathy A. Laetz, William D,
Reichert. Jon L. Buzitis, and Tracy K. Collier
Environmental Conservation Division. Northwest Fisheries Science Center. National Marine
Fisheries S<mice/NOAA, 2725 Montlake Blvd. E., Seattle. WA 98112-2013
lrr:1I'I ..'.mvc .' rrnomv" 0

1330

Use of transgenic medaka for assessing mutagenicity of chemical contaminants in
aquatic systems
Richard N. Winn*, Stacy Muller, and Michelle Norris
Aquatic Biotechnology and Environmental Laboratory. University of Georgia. 2580 Devils Ford
Road, Athens, Georgia 30605 USA r!! iuu t'f'smokey,forest».u< a,cdu

l345

Gene expression and proteoniic: The application of microarray techniques and
SELDOM mass spectroscopy for the identification of biomarkers/bioindicators
Williain B. Schill'*, Vicki S. Blazer', Deborah L. Hodge, and Howard A. Young
US Geological Survey, Leetown Science Center, National Fish Health Research Laboratory,
11700 Leetown Road, Kearneysville. west virginia 25430 USA bouc !chii1'fiu!<t s.«<3!;
vicki blapcrif'users.v<w
NCI-Frederick Building 560, NCI-FCRDC, Frederick. Maryland 21702-1201 USA

hodoedl '<i ucih:rf',«ov, ! ouna>h'fi ncifcrf op!

1400

Male gamete quality assessments as bioindicators
Jill A. Jenkins
U.S. Geological Survey, National Wetlands Research Center, 700 Cajundome Boulevard.
Lafayette, LA 70506 USA 'in enkins'<i'us >s. o!

1415

Modulation of white perch immune function: investigations on fish health in
selected tributaries of the Chesapeake Bay
Chris Ottinger'*, Vicki Blazer', Christine Densmore', Deborah Cartwright', Luke
Iwanowicz, Elizabeth Frankenberry', and Larry Piepcr
'US Geological Survey, Leetown Science Center. National Fish Health Research Laboratory,
11700 Leetown Rd., Kearneysville WV 25430 USA chris oninucr u'usus.<><tv;
ti'hi I tarertr sr s ovu; christine d.on.more'iv'u. v. ov stet orslt "anor~izlii rioscv.
'Department of Environmental Sciences. Virginia Institute of Marine Scimce. 1200 Grease Rd..
Gloucester Point VA 23002 USA inhc ivvanovri .%tit~ivesp."ov
'Maryland Depsmnent of Nanual Resources. Sarbanes Cooperative Oxford Laboratory. 90< South
Morris Street. Oxford MD 21654 USA jl~lie er <id<2<! state.m J. us

1430

1445

1500-1530 Afternoon Break

Cellular response of crustacean hemocytes to lipopolysaccharides
Washington Cardenas'~ and Jill A. Jenkins
'University of New York School of Medicine, Department of Medical aud Molecular Parasitology,
341 East 25'" Street. New York, New York 10010 USA. i-.~Ldcw01'fi med.u! u.edu
U.S. Geological Survey. National Wetlands Research Center. Lafayette, Louisiana 70506 USA
1ll cukul!'ff ils«!.uov



1330-1500 Session 6: Quality Assurance in Fish Disease Diagnostics Special Session 1
Moderator: David Gr oman Grand Ballroom E

Working toward a unified approach to fish diagnostic laboratory quality assurance

Why QA programs are needed in fish disease diagnostics
David Groman

Aquatic Diagnostic Services, Atlantic Veterinary College. Prince Fdward Island, C lA 4P3. Canada
-tuj~llBIM 'll ! ' . r>

Australian national QA program and adaptation to fish disease diagnostics in Australia
lain East

Aquatic Animal Health. Agriculture. Fisheries and Forestry, Canberra. Australia lain.l=.as 'q at lb. >ov.au

Quality assurance and the National Aquatic Animal Health Program for Canada
Nellies Gagne
Fish Health Unit. Department of Fisheries & Oceans. Moncton, Canada. Cia<>net X'a'df'<>-ni n.~>c.ca

Current and future status of QA programs for fish disease diagnostic laboratories in the
European Union
Trevor Hastings
Fisheries Research Services. Marine Laboratory, Aberdeen, Scotland I .! iusliua>s ~ marlab.ae.ul'

USDA-APHlS quality assurance and laboratory certification programs for diagnostic
fish disease laboratories � present and future directions
Ann Wiegers
Quality Assurance Division, NVSL/CVB, APHIS, US Department of Agriculture, Ames, Iowa. USA
Ann.L.Wievcrsi'c~ u his.usda.aox

AFS/FHS dk USFWS joint efforts in establishing QA/QC program for fish disease
diagnostic laboratories
Patricia Barbash

Fish Health Section, US Fish & Wildlife Service. Lamar. Pennsylvania. USA
iurici ~ barbash 'a fu s.pox

 Individual abstracts not available; see Groinan, D.B., for suminary abstract!

1500-1530 Afternoon Break

3G



IVIonday
1530-1700 Concurrent Oral Sessions 7, S, and 9

Grand Sallrooms A & B1530 Session 7: Virology 3
Moderator: Peter Dixon

Comparison of fish-to-fish and waterborne transmission of channel catfish virus in a
pond environment
David J. Thompson'*, Lester Khoo, David I, Wise', and Larry A. Hanson
'Department of Basic Sciences. CVM, MSU. Mississippi State 39762
ha»iso» a ex',»l>state.cdu
School of Veterinary Medicine. University of Pennsylvania, New Bolton Center, PA 19348,

lkhoo»» i ci.u clUi.cdu
'DREC. MSU. Stoneville. MS 38776, di~ isc'o dree.msstatc.cdu

1530

Seroprevalence of Iargemouth bass iridovirus in Florida largemouth bass as
determined by immunodiNusion
Woody Fraser', Michael J, Howarth, Bill Johnson, Wes Porak', Ruth Francis-Floyd,
and Jack M. Gaskin ~
'Veterinary Diagnostic Laboratory, I'lorida Department of Agriculture and Consumer Services.
Kissimmee, FL 3474 l l'rase1xi »» doges.state.1k us
Department of Large Animal Clinical Sciences. College of Veterinary Medicine, University of

Florida Gainesville. FL 32610. rid'~iIJJiijl.i ct»ie J.iLtl,id'
'Eusiis Fisheries Research Laboratory, Florida Fish aud Wildlife Conservation Commission,
Eustis. FL 32726, bil! J»h»so»'i»'txvc.slatcdl,us', Aves. Ol ak:i'! JAc.'itatc.thus
'Department of Pathobiology, College of Veterinary Medicine. IJniversity of Florida, Gainesville.
FL 32610. za~bn '»imaikx ctmcd.ull.cdq

1545

Quantitative trait locus  QTL! associated with resistance to lymphocystis disease in
Japanese Aounder  Paralichrhys olivacels!
Kanako Fuji',Kazunobu Kobayashi',Osamu Hasegawa, Akiyuki Ozaki', Takashi
Sakamato', and Nobuaki Okamoto'
'Department of Aquatic Biosciences. Tokyo University of Fisheries. Konan 4, Minato, Tokyo 108-

Kanagawa Prefectural Fisheries Research Institute, Misaki-cho. Miura. Kauagawa 238-0237,
Japan hang~'a-o 6 f5.dieu»>~le,

1600

Effect of water temperatures on the pathogenesis of koi herpesvirus  KHV!, and the
development of TaqMan PCR and ELISA for KHV detection in previously exposed
fish

O. Gilad' *, S.C. Yun', M.A Adkison', G.D. Marty', C.M. Leutenegger, H. Bercovier,
and R.P, Hedrick'
'University of California, Davis, CA. USA
'The Hebrew University, Ein Karem, Jerusalem, Israel

1615

Outbreaks of Koi herpesvirus in koi and common carp in Germany
Rudolf W. Hofhnann*, Hatem Soliman, and Mansour El-Matbouli
Institute for Zoology, Fish Biology and Fish Diseases, University of Munich. Kaulbachstrasse 37,
80539 Munich, Germany.

1630

31



The epideiniology and proposed prophylaxis of nodavirus related disease in
commercially farmed Atlantic halibut  Hippoglossus Itippoglossus! in Norway
Hogne Bleie'*, Audun H. Nerland, Ingunn Sommerset, Susanna HusgarA, Geir K.
Totland, Sindre Grotmol', anct Leif Berg
'National Veterinary Institute Bergen, PO Box 1263. Sentrum, N-5811 Bergen. Norway
hO<'Hg. bl l',Lc «x eltnsl,no

Institute of Marine Research. PO Box 1870 Nordnes. N-5817 Bergen. Norway
allduli.ncl land.« Imr,m>

'University of Bergen. Department of Zoology, Allegaten 41. N-5007 Bergen. Norway
«ir. iutl ind'6 zoo. uib. no

'Stolt Seafarm, Agapollen. N-5420 Rubbestadneset, Norway lcl f.bere'ii stolts«alarm.«om

1645

1530 Session 8: Histopathology Special Session
Moderator. John Fo«rnie

6'rattd 8allrootn D

Proposed diagnostic criteria for proliferative thyroid lesions in bony fishes
John W. Fournie ~, William E. Hawkins . Marilyn J. Wolfe, and Jeffrey C. Wolf
'U.S. Environmental Protection Agency, National Health and Environmental Effects Research
Laboratory. Gulf Ecology Division. 1 Sabine Island Drive, Gulf Breeze. Florida 32561 USA
~ltlL11TIIc. oi111~ll ' J." N
Departtnent of Coastal Sciences, The University of Southern Mississippi, Gulf Coast Research
l aboratory. P.O. Box 7000, Ocean Springs, Mississippi 39564 USA william.hawi ius'ci'usni.cdu
'Experimental Pathology Laboratories. Inc., P.O. Box 474, Herndon, Virginia 20172 USA
mwolt'c «c l-inc.corn; lf l' l

1530

1545 Unusual findings in guppies  Poecilia reticulata! used in toxicological studies
Jeffrey C. Wolf and Mari! yn J. Wolfe
Experimental Pathology Laboratories, Inc. P.O. Box 474. Herndon, Virginia 20172 USA

lJnusual findiugs in medaka used as test animals in toxicologic studies
Marilyn J. Wolfe
Experimental Pathology Laboratories, inc, P,O. Box 474, Herndon, Virginia 20172 USA
m~i, pl fc.«.'e ! I-inc. cpm

1615

Prevalence, histopathology, and ultrastructure of vascular neoplasms in
mummicbogs  Funduius heteroelitus! from a creosote-contaminated site
Wolfgang K. Vogelbein* and David E. Zwerner
Dept. of Environmental Sciences. Virginia Institute of Marine Science, The College of William
and Mary, Gloucester Point. VA 23062 USA i~olf"o ~ in>s,edu. dcz'ci vims.edu

1630

32

Morphometric evaluation of hepatic lesions in killifish, Fundulus heteroclitus,
exposed to polyarotnatic hydrocarbons
Cynthia 8, Stine', David Smith, Wolfgang K. Vogelbein', and Andrew S. Kane *
'Aquatic Pathobiology Center. University of Maryland. Department of Veterinary Medicine. 8075
Greenmead Drive, College Park. Maryland 20742, USA
Department of Epidemiology and Preventive Medicine. University of Maryland,
10 South Fine Street, Baltimore, MD 21201, USA
Virginia Institute of Marine Sciences, Gloucester Point, Virginia, 23062, I JSA



l645 Diseases in zebrafish  Danio rerio! from research facilities � histological lesions
Michael L. Kent' *, Janell K. Bishop-Stewart', Jennifer L. Matthews, and Jan M.
Spitsbergen "
'Center for Fish Disease Research. Depariiuent of Mi~Tobiology, 220 Nash, Oregon State
Iluiversity, Corvallis, Oregon 97331-3804
Zebrafish International Resource Center. 5274 University of Oregon, Eugene. Oregon 97403-5274
'Department af Enivroumeatai and Molecular Toxicology. Marme/Freshwater Biomedical Cenkv,
Oregon State University. Corvallis Oregon 97331

1530-1715 Session 9: Quality Assurance in Fish Disease Diagnostics Special Session 2
Moderator; David Groman Grand Ballroom E

Approaches to interlaboratory quality assurance ring testing and quality control protocols
for fish diagnostic laboratories

Current status of laboratory certification and ring testing programs for fish disease
diagnostic laboratories worldwide
David Grornan

Aquatic Diagnostic Services. Atlantic Veterinary College. Charlottetown, Prince Edward Island,
Canada.   rum~~n'it'r ei ca.

The Veterinary Laboratory Association QA Program � a model for voluntary
interlaboratory ring testing of fish disease laboratories
Dennis Olexson
Diagnosiic Services, Atlantic Veterinary College, Charlottetown. Prince Edward Island, C1A 4P3.
Canada  ! l

The need for standardization of biologics and diagnostic reagents use in fish disease
laboratories

Caroline O'Farrell

Molecular Biology Division. ATCC. Manassas, Virginia, USA CO Farrell r'i atcc.oro

Development of an NCCLS document for aquaculture
Tracy Dooley,
NCCLS. 940 West Valley Road. Suite 1400, Wavne, PA 19087 USA tdoole~ 'cinccls.oru

Status report � establishing quality control ranges for disk diffusion susceptibility
testing of aquatic bacterial pathogens
Ron Miller
US-FDA Center for Veterinary Medicine. Laurel. Maryland. 20708. USA RMi! lcr'ci' :VM,IrDA. i !V

Discussion of a unified minimum standard for QA in fish disease diagnostic laboratories
Chaired by Alasdair McVicar
Ocean & Aquaculture Science Directorate. DFO. 200 Kent St.. Station 12W114, Ottawa, K 1 A OE6,
Canada mcus icara'a dto->upll.< c.ca

 Individual abstracts [except Miller, Ron] not available; see Groman, D.B., for summary abstract!
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Tuesday, September 3, 2002

0830-1000 Plenary Session 2
Chair. Jim Win on

Grand BallroomsA k 8

Transmission of myxozoan pathogens: interactions between cultured and wild fish
Jerri L. Bartholomew, Center for Fish Disease Research, Department of Microbiology,
Oregon State University, Nash Hall 220, Corvallis, Oregon 97331 USA
b rtl l'''' t d

0830

0900

Overview of ISA management in Maine and Canada
Daniel D. MacPhee, Maritime Veterinary Services Ltd., 246 Main Street, PO Box 1105,
St. George, New Brunswick, ESC 3S9, Canada nj3, s' inbnet.nb.ca

0930

1000-1030 Morning Break

Tuesday
1030-1200 Concurrent Oral Sessions 10, 11, and 12

1030 Session 10: Parasitology 1
Moderator: Jerri Bartholomew

Grand Ballroolns A 8 8

Implications for disease diagnoses of three myxosporean parasites of fmfish byin
situ hybridization
Dolores V. Baxa'*, Jonathan D. W, Moran and Ronald P. Hedrick'
'School of Veterinary Medicine. Department of Medicine arid Epidemiology. IIniversity of
California, Davis, Cahfomia 95616, USA dbantonIo a ucdaiis,cpu, r~hedrick.rj.ucdai is.cdfj
Microtek International �998! Ltd.. National Research Council of Canada Institute for Marine

Bioscieaces, 326- 1 4 1 1 Oxford Street Halifax. Nose Scotia, B3 H 31'1 Canada jtnora»» mi r >t t-
inrl. corn

1030

1045 Distribution of MJ~obolus cerehralis in free-ranging fish populations in Idaho:
associations with landscape variables
Christine M. Moffitt', Alf H. Haukenes', and Keith A. Johnson
'Department of Fish and Wildlife Resources. University of Idaho. Moscow. ID 83844-1136. USA
Crnul l 1 u a u1dclI10. 4'du

Eagle Fish Health Laboratory. Idaho Department of Fish and Game, 1800 Trout Road, Eagle. ID
83616, USA k~ohnson'fd"idfj .stare.id.us

Comparative susceptibility of different rainbow trout strains to infection with
My~obolus cerebralis, the causative agent of whirling disease
Mansour El-Matbouli'~, Miriam P. Kiippers', Terry S. McDowell and Ronald P.
Hedrick

'Institute for Zoology, Fish Biology and Fish Diseases, University of Munich. Kaulbachstrasse 37.
80539 Munich. Germany
-Department of Medicine and Epidemiology, School of Veterinary Medicine, University of
Calitornia. Davis, California 95616 USA

1100

Iiitroduction of non-indigenous shrimp viruses and their potential impact on farmed
and native wild shrimp populations
Donald V. Lightner, Department of Veterinary Science and Microbiology~, University of
Arizona, Tucson, AZ 85721 USA dvl ri rj.arizona,edrj



The characterization and quantification of proteolytic genes expressed by
Myxobolus cerebralis
G. O. Kelley~, M, A. Adkison, C. Leutenegger, and R, P. Hedrick
Department of Medicine and Epidemiology. School of Veterinary Medicine. University of
California. Davis. California 95616 USA g>ukcllci ' i tbdcsiis.ed'

1115

Relationships among members of marine Myxobolus spp. from mullet based on
small subunit ribosomal DNA sequences
Sihern Bahri', Karl B. Andree and Ronald P. Hedrick
'Faculte des Sciences de Tunis, Departement de Biologic, Laboratoire de Microbiologie, Campus
Universitaire 2092, TUNISIA Sihem.Hahri « I st>ri~u.lg
School of Veterinary Medicine, Department of Medicine and Epidemiology. University of

California, Davis. California 95616, USA Kkmdrec'«ucdas is.«du

1130

Susceptibility of Myxobolus cerebra is-infected rainbow trout fingerlings to
infectious pancreatic necrosis virus
Christine L. Densmore*, Philip E. McAllister, Vicki S. Blazer, and Christopher A.
Ottinger
U.S. Geological Survey, National Fish Health Research Laboratory. Leetown Science Center.
11700 Leetown RoatL Kearneysville, WV 25430
christine cieusmore' i.us<>s~<os; hi! mcaliistcr«us<».a>ov".vicki blas«r'dusts. ov;

1145

chris ottinacr'«'usus.au>

1200-1330 Lunch on own

Grand Sallroont D1030 Session 11: Virology 4
Moderator: Michel Bremont

1030

Biochemical and molecular characterization of a novel ranavirus isolated from

diseased g rou per, Eplnephelus spp.
Qiwei Qitt' ~, Chengyin Shi', Hui Shen' and Toong Jin Latn'
'Tropical Marine Science institute. The National Universirv ot Singapore, 10 Kent Ridge
Crescent. Singapore 119260 tms in iv.'iimls.cdu.s~
Department of Biological Sciences, The National University of Singapore, 10 Kent Ridge

Crescent. Singapore 119260

1045

35

PCR development and screening of wild and captive-reared pallid  Scaplrirhynchus
albus! and shovelnose sturgeon  S. platorynchus'1 for the presence of iridovirus
Beth MacCortnell'*, Kevin Kwak, Ronald P, Hedrick, and Mo! ly Toner'
'U.S. Fish & Wildlife Service. Fish Health Center, 920 Technology Blvd.. Bozeman, MT 59718
USA b«th macconncl1'a't'~~.op~; molly tuu«r ci f~~s.ec>s

School Veterinary Medicine, Dept. Medicine & Epidemiology, UC Davis. Davis. CA 95616 USA
ktkvvak c~.ucdav is.edu: >hcdrich ii'ucdavis.edu



Infectious disease model development using zebrafish  Danio rerio! and a viral
pathogen
George E, Sanders* and James R. Winton
U.S. Geological Survey. Western Fisheries Research Center, 6505 N.E. 65 Street Seattle,
Washington 98115 USA «sandera:u.washinalia~,cdu

1100

1115

Geographic variations among infectious hypodermal and hematopoetic necrosis
virus  IHHNV! isolates and characteristics of their infection
Kathy F.J. Tang, Bonnie T. Poulos*, Jun Wang, Rita M. Redman, and Donald V.
Lightner
University of Arizona. Department of Veterinary Science and Microbiology, 1117 F.. Lowell St�
Tucson, Arizona 85721 USA

1130

Induced resistance to white spot syndrome virus  WSSV! infection in Penaeus
stylirostris through pre-infection with infectious hypodermal and hematopietic
necrosis virus  IHHNV!
Kathy F.J. Tang*, Stephanie V. Durand, Brenda L, White, Rita M. Redman, Leone L.
Mohney, and Donald V. Lightner
University of Arizona, Department of Veterinary Science and Microbiology, 1117 E. Lowell St..
Tucson. Arizona 85721 USA

1145

1200-1330 Lunch on own

1030 Session 12: Mycobacteria Special Session
Moderator. Stephen Kaattari

Grand Ballroom E

Mycobacteriosis in wild striped bass  Morone saxatilis! of the Chesapeake Bay
llsa Kaattari*, Martha Rhodes, Howard Kator, Wolfgang K. Vogelbein. and Steve
Kaattari

Department of Environmental and Aquatic Animal Health, Virginia Institute of Marine Science.
The College of William and Mary, Gloucester Point. VA 23062 imkaat.'ii i ims.cdu

1030

1045 Experimental mycobacteriosis in striped bass  Mororte sttxatilis!: microbiological
results

Martha Rhodes'*, Howard Kator', David T. Gauthier', Wolfgang K. Vogelbein', and
Chri stopher A. Ottinger
'Department of Environmental Sciences, Virginia Institute of Marine Science, The College of
Wi! liam and Mary, Gloucester Point. VA 23062 marIha'6'vhus.edu
'U,S. Geological Survey, Leetown Science Center, National Fish Health Research Laboratory.
Kearneysville WV 25430

36

Essential role of the NV protein for the pathogenicity of Novirhabdovirus in rainbow
trout

Maria-Isabel Thoulouze, Monique Bearzotti, Stephane Biacchesi, Edwige Bouguyon,
Catherine Carpentier, and Michel Brernont*
Unite de Virologie et immunologic moleculaires, Institut National de la Recherche Agronomique.
78352 Jouy-en-Josas CEDEX, France



1115 Mycobacteriosis in a collection of frogfish
presentation
Roy P. E. Yanong'*, Eric W. Curtis, Scott P. Terrell, and Gail Case'
'I'ropical Aquaculture Laboratory. Department of Fisheries and Aquatic Sciences, Institute of
Food and Agricultural Sciences. University of 1'lorida, 1408 24'" St. SE, Ruskin, Florida 33570
USA >x.tiinail.ifab,utl,cdu
Walt Disney Animal Programs. Disney's Animal Kingdom. 1200 lbl. Savannah Circle. Bay Lake,

Florida 32830 USA Scott.V. TeiTclL-'ED rf disney.corri
Aquarium. Mote Marine Laboratory, 1600 Ken Thompson Parkway, Sarasota. Florida 34236

us

an atypical

1130 Clinical presentations ofMycobacrerium sp. in cultured sutniner flounder
 Paralic1 lhys dentatus!
Kathleen P. Hughes* and Stephen A. Smith
Aquatic Medicine Laboratory, Dept. of Biomedical Sciences and Pathobiology. Virginia-
Maryland Regional College of Veterinary Medicine. Virginia Polytechnic Institute and State
University, Blacksburg, VA, 24061 USA. kh«Uhcs'di ~ t. cdu, stsinith7'u vt.nfu

1145 Iininunotnodulatory effects and efficacy of a DNA vaccine for aquatic
mycobacteriosis
David J, Pasnik~ and Stephen A, Smith
Aquatic Medicine Laboratory. Department of Biomedical Sciences and Pathobiology, Virginia-
Maryland Regional College of Veterinary Medicine, Virginia Polyteclmic Institute and State
Univeraity, Blackcburg, Virginia 3406l UgA dd:t ~ it, irv trcdu.,t. m >by'ryt edu

1200-1330 Lunch on own

37

1100 Kxperimental mycobacteriosis in striped bass  Morse saratilis!: histolo~
David T, Gauthier'~, Wolfgang K. Vogelbein', Martha Rhodes', Howard Kator', Stephen
L. Kaattari', and Christopher A. Ottinger
'Department of Environmental Sciences. Virginia ijistitute of Marine Science. The College of
William and Mary. Gloucester Point, VA 23062 uuuthicr dd vims.cdju
U.S. Geological Survey. Leetown Science Center. National Fish Health Research Laboratory.

geameyavitte WV r3430 cbt it cttinerr e u c..cnt



Tuesday
1330-1500 Concurrent Oral Sessions 13, 14, and 15

1330 Session 13: Parasitology 2
Moderator: Michael Kent

Grand Ballrooms A &B

Development of Myxidiunr spp.  Myxozoa! in tbe intestine of tiger puffer
experimentally fed with infected gut tissue
Hiroshi Yokoyaina'*, Tetsuya Yanagida', Hiroshi Nasu, Mainoru Sameshima, and
Kazuo Ogawa'
'Department of Aquatic Bioscience, Graduate School of Agricultural and Life Sciences. The
I lniversity of Tokyo, Yayoi 1-1-1, Bunkyo, Tokyo 113-8657. Japan
avoL.OLi a lrl;tll,ecc. u-lok~ o. ac~
'Kumamoto Prefcctural Fisheries Experimental Center. Ooyano 2450-'2, Amakusa. Kumamom
869-3603, Japan

1330

Investigations in tbe life cycle of Enteromyxum spp.  Myxozoa!. A two-host cycle".
Oswaldo Palenzuela~, Maria J. Redondo, and Pilar Alvarez-Pellitero
Institute of Aquaculture "Torre la Sal'  CSIC!. Rihera de Cabanes, Castellon ES12595 Spain
onaaldu a'iats.csic cs

1345

1400

Investigations into the distribution and transmission of Astdoa thyrsites to Atlantic
salmon in British Columbia
S.R.M. Jones~, G Prosperi Porta, and S.C, Dawe
Fisheries and Oceans Canada. Pacific Biological Station. 3190 Hammond Bay Road. Nanaimo,
British Columbia, V9T 6N7, Canada 'unuse'<i iac,dfo-m o. >c.cv

1415

1430 Patterns in pathological changes associated with Kadoa spp. from the pericardium
of fishes in the northern Gulf of Mexico
Reginald B. Blaylock ~, Stephen A. Bullard, and Chris Whipps-
'Gulf Coast Research Laboratory. College of Marine Sciences, The University of Southern
Mississippi. P. O. Bm 7000, Ocr' Springs, MS 39566-7000 rco.blas inch'ii.usm.cdu
Department of Microbiology. Oregon State University, CorvalIi s, OR 97331-3804

~a~hi Jlsc'4', ucs.orsi.edu

Mode of transmission of Glngea pleeoglossi  Niicrospora! in tbe experimental
infection model using rainbow trout
Sun-Joung Lee~, Hiroshi Yokoyama, and Kazuo Ogawa
Department of Aquatic Bioscience, Graduate School of Agricultural and Life Sciences, The
University of Tokyo, Yayoi l-l- 1, Bunkyo, Tokyo 113-8657. Japan
aa07 Ni'>:a mail.ecc,u-iukyi!.ac.jp

1445

1500-1530 Afternoon Break

38

Parvieapsula minibicornis: transmission and impact on anadromous salmonids of
tbe Fraser River, British Columbia
S.R.M. Jones *, G. Prosperi Porta', S.C. Dawe', and D.P. Barnes
'Fisheries and Oceans Canada, Pacific Biological Station. 3190 Hammond Bay Road, Nanaimo,
British Columbia. V9T 6N7, Canada oncss'a > ic.drab-m !.ac,ca
Fisheries and Oceans Canada. Cultus Lake Laboratory Cultus Lake. British Columbia. V2R 586,

Cariada



1330 Session 14 Infectious Salmon Anemia  ISA! 1  USDA-APHIS Special Session!
Introduction Grand Ballroom D

Moderator: Otis Mil/er

1330 Welcome, scope, and aims of the session
TBA

1345 Role and function of the OIE Fish Diseases Commission in the field of aquatic
animal health

Tore Hastein
National Veterinary Institute. Oslo. Norway toro.hastcin 'liveliest.no

Applied Research Response
Moderator. T8A

1400 Comparisons of various ISA viral detection assays
Peter Merrill
MicroTechnofogics, Inc., 41 Main Street. Richmond, ME 04357. IJSA ~~ctvct'~i alii.nct

1415 The development of vaccines/diagnostics/new technologies in Canada in regards to
ISAV

Frederick S.B. Kibenge
Department of Pathology and Microbiology, Atlantic Veterinary College, University of Prince
Edward Island, Charlottetown, P.E.I., Canada f ibeuce d l: ei.CA

1445 The epidemiology of ISA in Scotland
Alexander G. Murray
FRS Marine Laboratory. PO Box 10l, Victoria Road, Aberdeen AB 1 l 9DB, UK
murravs c'i nsarlah.ac.ul

1500-1530 Afternoon Break

39

1430 Epidemiology of ISA in Maine
Stephen K. Ellis' and Laura L. Gustafson *
USDA Animal and Plant Health Inspection Service. Veterinary Services. Manne Trades Center-

WCTC. 16 Deep Cove Road. Eastport, ME 04631 USA, steghefl.f'.e! /i~"ii usda.~ oi
Environmental Medicine Consortium, College of Veterinary Medicine, North Carolina State

University, Raleigh, NC: USA laura ~ustafson a ncsu.cdu



1330 Session 15: Crustaceans 1

Moderator; Je!f Lot=
Grand Ballroom E

Histological characteristics of abnormalities and diseases in crustacean zooplankton
frotn the Great Lakes region
Gretchen A, Messick'~, Thomas F. Nalepa, Henry A. Vanderploeg . Suzanne S. Tyler',
and Joann F. Cavaletto

'NOAA. Cooperative Oxford Laboratory. 904 S. Morris Street, Oxford, Maryland 21654 USA
  lrcicii en.Mess«k «'nuau. aui

NOAA. Great Lakes Environmental Research 1.aboratory, 205 Commonwealth Boulevard. AI
Arbor, Michigan 48105 USA Hcun.A. Vuudcl k>crr 'o uoa l.sr pi

1330

A national survey to demonstrate freedom from white spot virus and yellow bead
virus in Australian crustaceans
lain J. East'*, Peter F. Black, Vanessa Findlay', and Eva-Maria Bernoth'
'Aquatic Animal Health. OIFice of the Chief Veterinary Officer Agriculture. Fisheries and
Forestry � Ausna1ia GPO Box 858, CANBERRA ACT 2601 itin.e est a'atfa,aov aig
Animal Health Sciences. OAice of the Chief Veterinary Officer Agriculture, Fisheries and

Forestry � Australia GPO Box 858, CANBERRA ACT 2601 cicr.biack'gi aA'a.apo3,.au
'Biosecurity Australia, Agricuiture, Fisheries and Forestry � Australia GPO Box 858.
CANBERRA ACT 2601 i .iiic~sa, 1~ndlav 'a at't,i. aoi . au

1345

Modeling shrimp viral epidemics
JefFrey M. Lotz
Department of Coastal Sciences. University of Southern Mississippi, Gulf Coast Research
Laboratory, P.O. Box 7000, Ocean Springs, Mississippi. 39 566-7000 USA 3 'tt.tots:o',ostn,t'do,

1400

Pathogenicity of white spot syndrome virus to tbe ornamental shrimp, Lyssa
ivurdemanni

Susan E. Lararnore

Aquatic Animal Health Laboratory, Harbor Branch Oceanographic Institution, Inc., 5600 U.S,
Hwy. 1 North. Fort Piercc Florida 34946 USA 5 allen a hboi.ed'

1415

Effects of temperature on WSSV and TSV in Litopenaeus vannamei in controlled
experiments
Robin M, Overstreet* and Tershara Matthews
Department of Coastal Sciences. The University of Southern Mississippi, PO Box 7000, Ocean
Springs. Mississippi 39566 USA rohinxgi erstrcct'l7'«sm.g.du

1430

Tbe low molecular weight giB proteome of WSSV-challenged Lifopenaeus vannamei
Ryan B. Carnegie'~, Severine A. Patat, and Kevin L. Schey
'Program in Marine Biomedicine and Environmental Sciences, Medical University of South
Carolina. 171 Ashley Avenue, Charleston, South Carolina 29425 USA
Caiill'xiC ttl'ulusc.i.'dLI

'Department of Pharmacology, Medical 1Jniversity of South Carolina. 171 Ashley Avenue.
Char/eston. South Carolina 29425 USA t i ' ' d, schcvkl i7 niusc.cdu

1445

1500-1530 Afternoon Break



Tuesday
1530-1700 Concurrent Oral Sessions 16, 17, and 18

Grand Ballrooms A 8 B1530 Session 16: Parasitology 3
Moderator. Margaret &rirfg

Comparison of culture conditions on development, survival and growth of
Ichtityophthirius multifi/iis in vitro
D.A. Pugovkin", H.E, Segner, and T. Wahli
Centre for Fish k Wildlife Health Institute of Animal Pathology Laengassstrasse 122 Berne 3012
Switzerland admi>ri.~u* u~ki ' ' i h h

1530

Pathology associated with a Tetrahymena-like organism in southern flounder,
Paralichthys lethostigma
Stephen A. Smith~ and Kathleen P, Hughes
Aquatic Medicine Laboratory, Department of Biomedical Sciences and Pathobiology, Virginia-
Maryland Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State
University, Blacksburg. VA, 24061 USA stsn>Itl~7  i vt.cd«. khq~hes a ~ t,edu

l 545

Amoebic gill disease in cultured salmonids in Australia
Barbara F. Nowak~, Mark D. Powell, Marianne Douglas-Helders, Mark Adams, Phil
Crosbie. and Jereiny Carson
Tasmanian Aquaculture and Fisheries Institute. Aquafin CRC. University of Tasmania, Locked
Bag 1-370 Launceston, Tasmania 7250 Australia B,'sk~wak.'   «tax.edu.au

Pathogenic diplomonad flageltates from flsh: recent advances in species recognition,
epizootiology, and pathology
Sarah L. Poynton"", John Jenkins, Mohammad R. Saghari Fard ', and Erik Sterud '
'Department of Comparative Medicine, Johns Hopkins University School of Medicine. Room I�
127 Jefferson. Johns Hopkins Hospital, 600 North Wolfe Street. Baltimore, MD 21287. USA,
s pinion'  . hmi.»d«
Department of Inland Fisheries. Institute for Freshwater Ecology and Inland Fisheries.

Miiggelseedanun 310. Berlin. D 12587, Germany. s~ ovuton 'a. ieb-berlin.d»
'Department of Veterinary Pathology, Armed Forces institute of Pathology, 14th Street and
Alaska NW. Washington, IX: 20306, USA. 'enkins '   afi a.osd.mil
M Sc. Program in International Agricultural Sciences, Humboldt University. Berlin. Germany,

Iardl'e/a  I s «hop.com
'Nahonal Veterinary Institute, P.O. Box 8156 Dep, N-0033 Oslo. Norway
erik.sterud.  .'~ etinst.no

1615

Observations on the life stages of Sphaerothecum destruens gen. and sp. nov., a
mesomycetozoean fish pathogen formerly referred to as the rosette agent
Kristen D. Arkush'~, Leonel lVIendoza, IVlark A. Adkison', and Ronald P. Hedrick'
'Bodega Marine Laboratory, University of California, P.O. Box 247. Bodega Bay, California
94923 USA kdarh«sl>' i u»davis.ed«
Medical Technology Program. Department of Microbiology and Molecular Genetics. Michigan
State I Jmvemity, East Lansing. Michigan 48824-1030 USA mendoza !  i ilot.ms«.ed«
'Department of Medicine and Epidemiology, School of Veterinary Medicine, University of
California at Davis. Davis. California 95616 USA maudkison' i «»davis.»d«;

bcdnuk' f '«cd«i ls.cd«

1630



Genetic evidence for more than one species of costia  lchthyobodo necator!
Heather A. Callahan'~, R. Wayne Litaker, and Edward J. Noga'
'Department of Clinical Sciences, College ot Veterittary Medicine. North Carolina State
University. 4700 Hillsborough Street. Raleigh, North Carolina 27606 USA
haczlI ih ii'ziiliii n~~urcdu. cd ut!iru!a iicsu,cilu
'NOAA. 101 Pivers Island Road, Beaufort, North Carolina 28516 USA
wu'r'tie ! !tc1LCt a'rmed.uuc.<dii

1645

The ASK cell line: an improved diagnostic tool for isolation, propagation, and
titration of the infectious salmon anemia virus  ISA V!
Jill B. Rolland'*, Deborah A. Bouchard, and James R, Winton'
' Western Fisheries Research Center, Biological Resources Discipline, United States Geological
Survey, 6505 NE 65 St.. Seattle, Washington 98115 USA chili Roll iud a usus.co<
Micro Technologies, Inc,. 41 Main St., Richmond. Maine 04357 USA miuoicch.'a wise'Lssci.uet

1530

Evaluation of infectious salmon anemia diagnostic tests
Carol A, McClure'*, K. Larry Hamrnell', Ian R, Dohoo', Henrik Stryhn', and Leighanne
J. Hawkins

'Department of Health Management, Atlantic Veterinary College, I.Jni versity of Prince Edward
Island, Charlottetown, PE C1A 4P3, Canada cmcclurc'iiu ci.ca
Maritime Veterinary Services, St. George. NB F5C 3A5. Canada

1545

1600 Development of a strain typtng assay for ISA V
Marcia Cook*, Sherry Vincent, and Steve Griffiths
Research and Productivity Council  RPC!. 921 College Hill Rd.. Fredericton. N.B., Canada. F3B
6Z9: k h

The genetics of ISAV
Carey O. Cunningham
FRS Marine Laboratory. PO Box. 101. 375 Victoria Road. Aberdeen AB 1 I 9DB, UK;
'.clllltlltl' it am at lltariara.ac.trl

1615

Management Response
Moderator; TBA

ISA V in Norway and the Faroe IsIands
Cato Lyngay
Quality Assurance Director, Pan Fish ASA, St. Olavs plass 1 N-6002 Alesund. Norway
r:artt.lett ~tt ' i panfish.no

1630

The eradication of an epidemic of ISA in Scotland
Ronald M. Stagg
FRS Marme Laboratory, PO Box 101, Victoria Road. Aberdeen AB11 9DB, UK
cream"iimarhbma;,, a

1645

1530 Session 17: Infections Salmon Anemia  ISA! 2  USDA-APHIS Special Session!
Grand Ballroom D

Diagnostic and Laboratory Response
Moderator: TBA



Practical grower experiences in the proactive prevention and control of infectious
salmon anemia

Sebastian Belle
Maine Aquaculture Association. Box l48, Hallowell. Me. USA 04347 I:uturcscas a aul.crerne

1700

Grand Ballroom E1530 Session 18: Crustaceans 2
Moderator; Robrn Over sr'reer

Characterizing immune response to viral challenge in litopenaeid shrimp using
functional genomics approaches
Paul Gross'*, Javier Robalino', Brandon Cuthbertson', Thomas Bartlett', Eleanor
Shepard, Robert Chapman, Gregory Warr', and Craig Browdy
'Marine Biomedicine and Environmental Sciences Program, Medical University of South
Carolina. Charleston, SC 29425, USA, ross a a~use.cdu
Marine Resources Research institute, South Carolina Department of Natural Resources,

Charleston, SC 29412. USA

1530

1545

Expertmental infection of necrotizing hepatopancreatitis  NHP! in Liropenaeus
vannamei by injection and ingestion
Amanda G. Vincent», Verlee M. Breland, and Jeffrey M, Lotz
College of Marme Sciences. University of Southern Mississippi, Gulf Coast Research Laboratory,
P.O. Box 7000. Ocean Springs. Mississippi 39566-7000, USA amauda.~ incest'a usm.cdu.
vcrlcc.hrchmd'auxin.cdu. 'l't'lor '~i u m di~

1600

Chitinolytic activities of bacteria associated with shell disease syndrome in the
edible crab, Cancer pagurus
Claire L. Vogan» and Andrew F, Rowley
School of Biological Sciences. University of Wales Swansea. Singleton Park, Swansea, UK SA2
8PP, c,kvo~>an'a sivunsca.ac.uk

1615

Diagnosis of HemaIodinium infection in the Norway lobster Nephrops norvegicus by
ELlSA, PCR, dot blot, and in situ hybridization
Hanush J. Small'*, Douglas M. Neil', and Graham H. Coombs
'Division of Environmental and Evolutionary Biology, Graham Kerr Building. University of
Glasgow. Glasgow, G12 8QQ. Scotland. United Kingdom D.Neil'a bio.via.ac.uk
Division of Infection 8c Immunity. Joseph Black Building, University of Glasgow, Glasgow, G I2

8QQ. Scotland, United Kingdom .coomhs'a'bio.v.la.ac,uk

1630

Effect of extracellular products from a Vibrio isolate on the haemocytes of the edible
crab, Cancer pagurus
Carolina Costa-Ramos* and Andrew F, Rowley
School of Biological Sciences. University of Wales Swansea. Singleton Park, Swansea. SA2 8PP,
U,K. a.f.roivlex ''ci svvansca.ac.uk



1645 Aspects of the pathology of Hemafodiuium sp. infections in snow crabs  Chionoeceres
opilio! from 1Vewfottnd!and, Canada
Jeffrey D. Shields'~ and David M. Taylor
'Virginia Institute of Marine Science, The College of William and Mary, School of Marine
Science, Gloucester Point, Virginia 23062, USA,
Department of Fisheries and Oceans. St. John s. Newfoundland A1C 5X I CANADA



Wednesday, September 4, 2002

0830-1000 Plenary Session 3
Chair: Ron Hedrick

Grand Ballrooms A k B

0830

Molecular epidemiology of aquatic pathogens
Gael Kurath, USGS Western Fisheries Research Center 6505 NE 65th St., Seattle, WA
98115 USA r'1 kucattsu'ur s. «v

0900

Applied studies on epizootic ulcerative syndrome
Supranee Chinabut, Aquatic Animal health Research Institute, Department of Fisheries,
Kasetsart University Campus, Jatujak, Bangkok 10900, Thailand
Su rance.'u'fisheries. o,th

0930

1000-1030 Morning Break

Wednesday
1030-1200 Concurrent Or al Sessions 19, 20, and 21

1030 Session 19: Bacteriology 1
Moderator: Rocco Cipriano

Grand Ballrooms A 4 B

Susceptibility of passively immunized rainbow trout and challenge survivors to
Flavobacterium psychrophilum
S.E. LaPatra'~, B.R. LaFrentz, G.R. Jones', A.W. Morton', M. Higgins', and K.D. Cain
'Clear Springs Foods, Inc.. Research Division, P,O, Box 712, Buhl, ID 83316 USA
scottl'a:clears rin<>s.com
'Department of Fish and Wildlife Resources. University of Idaho. Moscow ID 83844-1136 USA
kr.-.cia u.'ui dab o.cdu

1030

Flavobacterium psychrophilum infection of Atlantic salmon eggs among from the
northeastern United States

Rocco C. Cipriano~
U.S. Geological Survey. National Fish Health Research Laboratory, 11700 Leetown Road,
Kearneysville. WV 25430 USA rocco ci rianouus s.ao~

1045

Starvation of Flavobacterium psychrophilum in stream water, broth and distilled
water

Ioannis N. Vatsos, Kim D. Thompson", and Alexandra Adams
Institute of Aquaculture, Stirling University, Stirling, FK9 4LA. UK. kdt1'i~:stir. ic.uk

1100

Presence of Flavobacterium psychrophilum on eggs of rainbow trout  Oncorhynchus
my kiss!
Inger Dalsgaard~ and Lone Madsen
Danish Institute for Fisheries Research. Fish Disease Laboratory. Stigbojlen 4, DK-1870
Frederiksberg C, Denmark. idudtu.min,dk

1115

The application of molecular genetics to aquatic pathogen detection and systematics
Kimberly S. Recce, School of Marine Science, Virginia Institute of Marine Science, The
College of William and Mary, Gloucester Point, VA 23062 kreece.'«'-~ ims,edu



Pathogenicity of morphologically and genetically characterized Flavobaeterinrn
eolumnare strains in Channel catfish

Swapna Thomas* and Andrew. E. Goodwin
Aquaculture/Fisheries Center. University of Arkansas at Pine BluA;1200 N University Drive. Pine
Bluff. AR 71601, USA sthomas'it  acx,cd i. aaoodisin.«uacx,cdu

1130

Fish models for signature-tagged mutagenesis identification of virulence-associated
genes in Yersinia raekeri
Alicia Gallaccio'. Wook Kim, Margaret Thorburn, and Roselynn Stevenson'~
'Department of Microbiology. 1.'niversity of Guelph, Guelph, Ontario N1G 2W1, Canada
at allacc cl u ~!~~u<~lh.ca: rslcvcns iruonucl oh.ca
Department of Microbiology and Infectious Diseases, University of Calgary. Calgary, Alberta.

Canada T2N 4N1 iikim' inca!ear .ca

'Department of Population Medicine, Ontario Veterinary College. University of Guelph Guelph.
Ontario. Canada N1G 2W1 ruthornur'«oi c.uouucl h.ca

1145

1200-1330 Lunch on own

1030 Session 20: Parasitology 4
Moderator: l.inda Pore

Grand Ballroom D

The population dynamics of Planorbella rrivoivis, the intermediate snail host in the
Bolhophorls spp. life cycle
Barbara A George'" and Linda M. Pote
'Mississippi State University. College of Veterinary Medicine, Department of Basic Science,
Mississippi State, Mississippi 39762 USA wcr4ardnmls'ciaol.com
'Mississippi State University, College of Veterinary Medicine. Department of Basic Science.
Mississippi State, Mississippi 39762 USA 1 otc    cvm.msstatc.c tu

1030

1045

Pathological effects of blood flukes  Sanguinicolidae! on marine fishes relative to
aquaculture
Stephen A. Bullard~ and Robin M. Overstreet
College of Marine Science. The University of Southern Mississippi, P.O. Box 7000, Ocean
Springs. MS 39566-7000 USA

1100

The function of antibodies in the digestive tract of sea lice Lepeophrheirus salnronis
lan R. Bricknell'* Rob S. Raynard', Katy Adamson', Paul Cook', and James E. Bron
'FRS Marine Laboratory. Aquaculture k Aquatic Animals health 375 Victoria Road, Torry
Aberdeen AB11 9DB. UK

Institute of Aquaculture. University of Stirling, Stirling FK9 4LA, UK

1115

The preference of mollusk-eating fish for three aquatic snails that vector fish
trematodes

Andrew J. Mitchell

Harry K. Dupree Stuttgart National Aquaculture Research Center. P, O. Box 1050, 2955 Hey. 130
East, Stuttgart. Arkansas 72160 USA



Ecology and faunistic characteristic of sturgeon parasites from the Azov sea basin
A.V. KazarnRova~ and H.V, Shestakovskaya
RostubNIIproject lchthyopathological Lab,. Oborona st.. 49. Rostov-on-Don, Russia. 3440008,
kirramihu<>'il o uu2l!«'l.ru

1130

Parasitic diseases of North Pacific wild fish and shellfish: Do life history patterns of
host mortalities exist".
J. Frank Morado
National Oceanic & Atmospheric Administration, National Marine Fisheries Service, Alaska
Fisheries Science Center. Resource Assessmcnt & Conservation Engineering Division. 7600 Sand
Point Way NE, SeaNle. WA 98115-0070 USA. l'rmh.Morado'dtuouu.<aov

1145

1200-1330 Lunch on own

Grand Ballroom E1030 Session 21: Aphanomyces Special Session
Moderator; Vicki Bla=er

1030

Environmental factors associated with the occurrence of ulcerous lesions in Atlantic
menhaden, Brevoorlia tyrannus, in a small coastal embayment
Howard Kator*, Larry Haas, Iris Andersen. David Zwerner and Wolfgang K. Vogelbein
Department of Environmental Sciences. Virginia Institute of Marine Science, Gloucester Point.
Virginia 23062 USA. hator 'u nims.cdu, fhaas'id vims. cdu. irisi ii i ims. cdu des�'ii i ims.edu
xvoff'd vims.cdu

1045

Pathogenicity of the oomycete, Aphanomyces invadans, in Atlantic menhaden,
Brevoortia tyrannus
Yasunari Kiryu'*, Jeffrey D. Shields', Wolfgang K. Vogelbein', Howard Kator', and
Vicki S. Blazer
'Department of Environmental Sciences, Virginia Institute of Marine Science, Gloucester Point.
Virginia 2 3062 USA r a< u u' rim~ edu joe� >f>> '>dr> im.. edu, ue o1 i'u > >me redo, i a<or u' vi mr~ edu
National Fish Health Research Laboratory, Biological Resources Division. U,S. Geological
Survey, 1700 Leetown Road, Keameysville. West Virginia 25430 USA v icl i blazer;ci us<us.<>ox

1100

Overview of Aphanomyeesinvadans in menhaden along the East Coast of the United
States

Vicki S. Blazer'*, W.B. Schill', C.L, Densmore', L. Pieper, Y. Kiryu and S. Page'
'National Fish Health Research Laboratory. U.S. Geological Survey, 11700 Leefown Road.
Kearneysville, WV 25430 USA i ichi blazer'g'i<us~s.zov: haue schif1'<I users.~ox;
«1Klshu«deusumr<, ilusos.novi .gii11dfa a<>ci/ us s. ov
Maryland Department of Natural Resources, Stevensville, MD USA 1 ~ie er u:dTgr.state.md.us

'Deparnnent of Environmental Sciences. Virginia Institute of Marine Science, Gloucester Point.
VA 23062 USA casu'n~iuis.edu



1115

Mycotic granulomatosis in ayu caused by Aplranomyces piscicida iu Japan
Kishio Hatai*, Shinpei Wada, and Osamu Kurata
Division of Fish Diseases, Nippon Veterinary and Animal Science I Jniversity. 1-7-1 Kyonan-cho.
Musashino, Tokyo 180-8602. Japan

1130

Ulcerative mycosis in channel catfish, lelalurus puiictarus, black bullhead; Ameiurus
melas, aud bluegill, Lepomr's macrochirus caused by Aphartomjcesinvadans from
recreational ponds in Louisiana, USA
John P. Hawke', Amy M. Grooters and Alvin C. Camus
'Cooperative Aquatic Animal 1 lealth Research Program, Department of Pathohiological Sciences,
School of Veterinary Medicine, Louisiana State University. Baton Rouge, LA 70803 USA
Department ot Veterinary Clinical Sciences. School of Veterinary Medicine, Louisiana State

I.Jniversity. Baton Rouge, LA 70803 VSA
'1'had Cochrau National Warmwater Aquaculture Center, Mississippi State University, College of
Veterinary Medicine, P.O. Box 197, Stonevifle, MS 38776 USA

1145

1200-1330 Luucb on own

Wednesday
1330-1500 Concurrent Oral Sessions 22, 23, and 24

1330 Session 22: Bacteriology 2
Moderalor: Bill 8'olters

Grarrd Ballrooms A & B

Comparison of bacterial loads in ESC-susceptible and resistaut channel catfish with
real-time PCR

A. Lelania Bilodeau~', Brian C. Small', William R, Wolters', and David J. Wise
'USDA-ARS. Catfish Genetics Research Unit. Thad Cochran Warmwater Aquaculture Center.
141 Experiment Station Road. Box 38, Stonevillc. Mississippi 38776 USA
Mississippi State University, Delta Research and Extension Center, Thad Cochran National

Warmwater Aquaculture Center. P.O. Box 197. Stoneville. Mississippi 38776 USA

1330

Channel catfish families resistant to ESC are different from ESC-susceptible
families in both constitutive and ittducible complement activity
Lazendra L. Hairston '*, Andrew E. Goodwin ', and W R, Wolters
'University of Arkansas at Pine Bluff, Department of Aquaculture and Fisheries. 1200 North
University Drive, Pine Bluff. Arkansas 716]1 I JSA Ihsirst<in'a unsex.cdu
USDA. ARS Catfish Genetics Research Unit, 141 Experiment Station Road, P. O. Box 38.

Stoeesille. Mississippi 38776 USA Boolrersrrm s-srooer iiie.eri. o

1345

The antibody response of wild striped snakehead Ciianna slriata to the epizootic
ulcerative syndrome pathogen, Aphanornyces invadans
David Miles', Kim D. Thompson *, Juan D. Albaiadejo, Suppalak Puttinaowarat', James
H. Lilley', and Alexandra Adams'
'Institute of Aquaculture, Stirling I.Jmversity, Stirling, FK9 4LA, UK
Fish Health Section, Bureau of Fisheries and Aquatic Resources  BFAR!. 860 Quezon Avenue.

Quezon City 1]93. Manila, Philippines
'Aquatic Animal Health Research Institute  AAHRI!. Departinent of Fisheries, Kasetsart
University Campus, Jatujak, Bangkok 10900, Thailand



Assessing cortisol responsiveness between strains and Edwardsiella lctaluri
susceptible and resistant families of channel catfish, Ictalurus punctatus
Brian C. Small*, A, Lelania Bilodeau, and William R. Walters
USDA/ARS Catfish Genetics Research IJ»ii, I'had Cochra» National Warmwater Aquaculture
Center, P.O. Box 38. Stoneville, MS 38776. USA bs»i«11I/ «rs.usda.aw

Identiftcation of the gene responsible for hemolysis in Edwardsiellalctaluri
Michele L. Williams* and Mark L. Lawrence

College of Veterinary Medicine. Mississippi State 11»iversity. Box 6100, Mississippi State. MS
39762 USA. mlw 12 a,mssunc.ed«

1415

Edwardsiella lctaluri 0 polysaccharide biosynthesis gene cluster and 0
polysaccharide composition
Mark L. Lawrence'~, Michelle M. Banes', and Parastoo Azadi
'College of Veterinary Medicine, Mississippi State University, Mississippi State. MS 39762 I JSA
lafwrcucc'o c~T».msstaic.cdu banc~'a cvm.m~siatc.cd«

-Complex Carbohydrate Research Center, 220 Riverbe»d Road. Athens, Georgia 30602-7229
USA azadi'u ccrc.u sa.cd«

1430

The nse of signature tagged mutagenesis to identify factors involved in the
pathogenesis of Edwardsiena ictaluri
Ronald L. Thune' *, Denise Fernandez', Maria Kelly-Smith', and Jennifer Benoit'
Departments of 'Veterinary Science. Louisiana State I Jniversity Agricultural Center a»d
Pathobiological Sciences, Cooperative Aquatic Animal Health Research Program  C~P!,

Louisiana State University School of Veterinary Medicine, Baton Rouge, Louisiana 70803
ihu»c'd ma i 1,s ctmcd 3 s«.cd«

1445

1500-1530 Afternoon Break

ISA in the Faroe Islands

Peter 8estergard'* and Bjorn Harlou
'Food and Environmental Agency, Department of Fish Diseases. Falkavegur 6, FO- I 00 Torshav»,
Fanon Islands: Lsiooa'hfs fo.
Ministery of Industry and Agriculture. Veterinary Department. P.O.Box 139, FO-100 Torshavn,

Faroe Islands; cvo a, vms, fo

1330

Management and control of ISA in New Brunswick, Canada
Mark Moore', DVM and Sandi McGeachy *
' New Brunswick Department of Agriculture Fisheries and Aquaculture, P.O. Box 1037. St.
George. NB ESC 3S9 Canada
- New Brunswick Department of Agriculture. Fisheries and Aquaculture, Agriculture Research
Station, PO Box 6000, Fredericton, New Brunswick E3B 5HI Canada:
sa»di. MCGEAC1IY Ii ss»b.cq

1345

1330 Session 23: Infectious Salmon Anemia  ISA! 3  USDA-APHIS Special Session!
6'rarr d Ballroom D

Management Response, continued
Moderator: TBA



Regulatory Response
Moderator. TBA

Experience with regulatory responses to infectious salmon anemia  ISA! in Norway
Kristin Thorud'* and Tore Hastein
'Norwegian Animal Health Authority, P.O. Box 8147 Dep�N-0033 Oslo, Norway
kct'a di rch«Is«his> nct.no

National Veterinary InstItute. P.O. Box 8156 Dep., N-0033 Oslo, Norway,
tore.hast«br i <«tins<.no

Regulatory aspects of ISA management in Scotland based on risk assessment
principles
Alasdair H McVicar

Fisheries Research Services. Marine I.aboratory, Aberdeen. Scotland, AB11 9DB
Current address: Department of Fisheries and Oceans, 200 Kent Street, Ottawa. Canada K1A OF6,
nscs  carr n.f  -im~ae ..rz

1415

ISA surveillance and regulatory actions at Atlantic salmon farms in New
Brunswick, Canada
K. Larry Harrunell
Dept of Health Management. Atlantic Veterinary College, University of Prince Edward island
PEI, Canada Ihanun«II i~�u «i.c: 

1430

1445

1500-1530 Afternoon Break

1330 Session 24: Miscellaneous 1

Moderator; Barbara Nou:ak

Gran4 Ballroom E

Role of the veterinary profession and the American Veterinary Medical Association
in aquatic animal health
A. David Scarfe

American Veterinary Medical Association. 1931 N. Meacham Rd.. Suite 100, Schaumburg. IL
60173, USA. l!'iqarli a' ai isa.org

1330

Undertaking an import risk analysis the influence of knowns and unknowns in
science

Sarah N. KIeernan

Aquatic Animal Biosecurity. Biosecurity Australia, Agriculture Fisheries Forestry Australia. GPO
Box 858, Canberra ACT 2601 Australia Sarah.Kleeman 'i 'affa. >ov.  u

1345

Evaluation of health risks to the farmed southern bluefin tuna

Barbara F, Nowak

School of Aquaculture, Tasmanian Aquaculture and Fisheries Institute, Aquafm CRC, University
of Tasmania, Locked Bag 1-370 Launceston. Tasmania 7250 Austraha B.Nowak''u'utas.cdu,au

50

APHIS Veterinary Services implements an infectious salmon anemia  ISA! program
Otis Miller, Jr.
USDA. APHIS, 4700 River Road, I Jnit 46. Ri verdaIe, MD, USA 20737; 0 is.ruiIl :r'  .aphid. usda, o~



Natural history of Atlantic surgeonfish and implications for nutritional
management in captivity
Ruth T. Francis-Floyd' ~, G. Christopher Tilghman, RuthEllen C. Klinger', Ilze K.
Berzins, M. Andrew Stamper
'Departme»t of Large Animal Clinical Sciences. College of Veterinary Medicine, University of
Florida. P.O. Box 100136, Gainesville, Florida, 32611. IISA. RFF'n'maIl.ilai.utl.~du

The Department of Fisheries and Aquatic Sciences, University of Florida. 7922 NW 71 Street,
Gainesville. 1'lorida. 32653, USA. Rl F ri'»tait,ifhs.uft.edu
The Florida Aquarium. 701 Channelside Drive, Tampa. Florida 33602. Iberzius u t'lu«>ariu~n.oru

'The Living Seas. Walt Disney World Resorts, P.O. Box 10.000, Lake Bucna Vista. Florida.
32830, a»dv.m.stam cr'<idis»ci,cpm

1415

Experimental production of gastric dilation and its association with serum
osmolality and biogenic amines in chinook salmon  Oncorhynchus Ishawyrscha!
J,S, Lumsden'*, S. Marshall, M, Gillard, B. Wybourne, and M. Minamikawa'
'Institute of Animah Veterinary, and Biomedical Sciences. College of Sciences. Massey
University. PB I l-2 2. Palmcrston North, New Zealand, slumsde'0 uo >ucl >h.ca;
,":>LMi»a>uik»wa:u massey.ac.ux
New Zealand King Salmon, 10-18 Bulle» St,. Tahunanui, PB 1180, Nelson, New Zealand.
s»m ri kings almon. c<>. >>z: >»Jg 'ci!.ino catgut».c». »z; 1>.ii ybi~<Lr»c six t> a.coalz

1430

Possible cataract preventative effect of histidine related to ionic balance and water
regulation in fish lens
Olav Breck' *, Rune Waagba', Patrick Campbell', Ellen Bjerkas', Jeremy Rhodes' artd
Julie Sanderson'
'Institute of Nutrition. Directorate of Fisheries, P,O.Box 185, Sentrum, N-5804 Bergen,
alai. brccl u.uutr,t> skcridir.»o, rune. v aaubu a.,»utr. t >skeridir.no
Marine Harvest Norway Ltd. P.O.Box 4l02,Drcggen. N-5835 Bergen,

ului.breck >I:mari»ellarvcsl.cpm
'Biomar Ltd., FK3 8UL Grangemouth, United kingdom, ~nhell r .,biomar,cu.uk
'Norwegian School of Veterinary Science, P.O.Box 8146 Dep. N-0033 Oslo,
elle».b crkaas'a i eths.m>
' University of East Ar>glia, NR47TJ Norwich. IJnited Kingdom, .sa»derso»'if uca.ac.uh:
, >'1u>des u ' u ca. ac. uk

1445

1500-1530 Afternoon Break

Wednesday
1530-1700 Concurrent Oral Sessions 25, 26, and 27

Crand Ballroonrs A dc B1530 Session 25: Bacteriology 3
Moderator: AIicia Toran=o

1530

51

Edwardsiella icralurl encodes a putative Type HI secretion system
Jenmfer L. Benoit'~, Maria Kelly-Smith', Denise H. Fernandez', and Ronald L, Thune'
'Deparbnei>t of Veterinary Science, Louisiana State U»iversity Agricultural Center. Baton Rouge.
Louisiana 70803, USA bus>ui6 u'tsu.cdu
Department of Pathobiological Sciences, Cooperative Aquatic Animal Health Research Program

 CA CHIRP!. School of Veterinary Medicine, Louisiana State University, Baton Rouge. Louisiana
70803. USA thu>>>.  i.nsatt.i   O>cd.tsu.cdu



1545 Identification of virulence genes in the aquaculture pathogen Streptococcusiniae
John T. Buchanan I *, Jason A. Stannard2. Mark E. Westerman2, Van~8 E. Ostland2,
Jon C. Van OlstZ, James M. Carlberg2, and Victor Nizet1
'Utuversity of California San Diego, School ol Medicine; Department of Pediatrics. Division of infectious
DiSeaSeS. 9S00 Cpilntaft Drive, La Jolla. CA 92093-0672. jtbuehao a~uead.edu; VtiiZet a!uesd.edu
Kent SeaTech Corporatioti. 1 I 1 Z5 Flintkote Ave Suite J, Sao Diego. CA 92121,

noah csfcnnalirf2'Lefitseatech.coin

1600

1615 Genetic analysis of fish isolates of Lactococcns garvieae by RAPD analysis
Carmen Ravelo, Beatriz Magarittos, Sonia Lopez-Romalde, Alicia E, Toranzo and Jesus
L. Romalde*

Dpto. Microbiologia y Parasitalogia, Facultad de Biologia. Campus Sur. Universidad de Santiago
de Composteta. 13782. Spain. ~mromald ii ~ . c..

Experimental transmission and pathogenesis of Piscirickettsia salmonis isolated
from white seabass  Atractoscion nobilis!
Kristen D. Arknsh", Mark S. Okihiro, and Ronald P. Hedrick'
'Bodega Marine Laboratory. University of California. P.O. Box 247, Bodega Bay, California
94923 USA kdarkush:di ucdah is.cdu

'California Departtnent of Fish and Game, 4065 Oceanside Blvd, Suite G, Oceanside. California
92056 USA ms.okII1Ir !  f'. att.f le!
'Department of Medicine and Epidemiology. School of Veterinary Medicine, University of
California at Davis. Davis. California 936th ilSA Bthcdri i:rrr'ucd nit udu

1630

Molecular detection methods developed for a systemic rickettsia-like organism in
Penaens monodon  Decopoda: Crustacea!
Linda M. Nunan'*, Bonnie T. Poulos', Rita M. Redman, Mare Le Groumellec, and
Donald V. Lightner'
'University of Arizona. Department of Veterinary Science and Microbiolog>. 1117 E. Lowell St�
Tucson, Arizona 85721 USA

AQUALMA, Aquaculture de la Mahajamba. Mahajanga 401 Madagascar

1645

1530-1730

Session!
Group Discussion
Moderator: TBA

Session 26: Infectious Salmon Anemia  ISA! 4  IJSDA-APHIS Special
Grand Ballroom D

1530-1715 Introductory Remarks
A. David Scarfe

Case Report: unique pathology linked to infection by Aeromonassalmonicida subsp.
achromogenes in pen reared wikl cod from Newfoundland.
David B. Groman'*, Daryl S, Whelan, Mada Coles' and Ann-Margaret MacKinnon'
'Aquatic Diagnostic Services, Atlantic Veterinary College. University ot' Prince Edward Island,
Charlottetown. Prince Edward Lsland. ClA dP3. Canada ~sromatvr!u si s
'Fish Health Section. Newfoundland Department of Fisheries k Aquaculture, St. Johns,
Newfoundland. A1B 4J6 Canada I!arv1!8'6:he lan. ci: n> ai legtfiv.ti t'.~a
'Fish Health IJnit. Department of Fisheries k Oceans. Science Branch. Moncton, New Brunswick.
ElC 9B6 Canada hts Kttmcn odin-m~o.u .":t



Group Discussion � Practical Future
Considerations for possible 1SA prevention, control, and eradication
Short presentations by Sharon MacLean and Jill Rolland

1715-1730 Next Steps/Closing Remarks
Otis Miller. Jr.  USDA/APHIS!

Grand Baiiroom E1530 Session 27: Miscel!aneons 2

Moderator: Paul Bo+'ser

Effects of IchtItJtopitanus on survival of Yukon River chinook salmon
Richard Kocan', Paul Hershberger' and James Winton
'Aquatic and Fishery Sciences, University of Washington, Seattle. WA 98195
Western Fisheries Research Center. USGS. 6505 NE 65' St.. Seattle. WA 98115

1530

Do fish have prions? Results of a one year study
Birgit Oidtmann'*, Michael Baier and Rudolf W Hoffmann'
'Institute of Zoology, Fish Biology and Fish Diseases, Veterinary Faculty. University Munich,
Kaulbachstr. 37. 80539 Munich, Germany I1. !idu» inn'«rroufiscl>.h ctmcd.unj-mucnchh.n,de
Transmissible Spongioform Encephalopathies, Robert-Koch-Institut. Nordufer 20. 13353 Berlin.

13aicr h'I.«rki. dc

1545

Catfish anemia: New theories, no answers
Andrew E. Goodwin~
Aquaculture/ Fisheries Center. I Jniversity of Arkansas at Pine Bluff. Department of Aquaculture/
Fisheries, 1200 N University Drive, Pine Bluff. AR-71601. USA avoor]1~ill'd'l ll;lh:.~.edu

A glom erulopatby of chinook salmon  Oncnrhynchus tshawytseha! in New Zealand
John S. Lumsden *, Miho Minamikawa', and Ben Wybourne
'institute of Animal, Veterinary, and Biomedical Sciences, Massey University. PB 11-2'2'2.
Palmeraton North, New Zealand. jatnnrrdc'rr ntr" u Ilrhr -e. 11!ylinamii ewe u'msgr c.ecnz
Ncw Zealand King Salmon, 10-18 Bullen St�Tahunanui, PB 1180. Nelson, New Zealand.

b,%%i'41urge zk:%trier<'O.na'.

1615

Lymphosarcoma in hatchery reared yearling tiger muskellunge Fsox masquinangy
X E. niger
Paul R. Bowser'*, James W, Casey', Gregory A. Wooster', Rodman G. Getchell', Chun-
Yao Chen' and Linda A. Chittum
'Aquatic Animal Health Program. Department of Microbiology and Immunology. College of
Veterinary Medicine, Cornell University, Ithaca, New York 14853-6401 USA rb-1 «,cornel].cdu.

3' ' l! d, za~v5'a't.orjselkcdu, cc157 t't cornel kcdu
Aquatic Animal Health Laboratory, Division of Wildlife State of Colorado Departinent of Natural

Resources. P. O. Box 128, Brush, Colorado 80723-0128

Current address: Fisheries Experiment Station. 1465 West 200 North, Utah Department of
Wildlife Resources, Logan, UT 84321 USA lchinum «udwrfes,nra

1630



1645 Microbial concerns for cryopreserved larvae and gametes of aquatic species
Jill A. Jertkins' and Terrence R. Tiersch *
'U.S. Geological Survey. National Wetlands Research Center, Lafayette, Louisiana 70506 I JSA
ji! I~a:nein ~'cc no~~ ~.go>
Aquaculture Research Station, Louisiana Agricultural Experimental Station. Louisiana State

University Agricultural Center. Baton Rouge. Louisiana 70803 ttiersch cia< ctr.lsu.edu



Thursday, September 5, 2002

0830-1000 Plenary Session 4
Chair: Sarah Poynton

Grand Ballrooms A k B

Antimicrobial effectors in marine molluscs and crustaceans
Evelyne Bachere, DRIM, UMR 5098, IFREMER/CNRS/Univ., Montpellier 2, Place E.
Bataillon, 34095 Montpellier cedex 5 France Eveb a.llacliere u'll'reiner.fr

0830

Immune relevant genes in fish
Ikuo Hirono, Laboratory of Genetics and Biochemistry, Department of Aquatic
Biasciences, Tokyo University of Fisheries, Konan 4-5-7, Minato-ku, Tokyo 108-8477,
Japan hirono ii.'tokyo-Li- fish.ac. ~

0900

Recent developments in our knowledge of fish immune responses
Norman W. Miller, Department of Microbiology, University of Mississippi Medical
Center, Jackson, MS 39216 USA mniller a~microbio'alii,imsnied.edu

0930

1000-1030 Morning Break

Thursday
1030-1200 Concurrent Oral Sessions 28, 29, and 30

1030 Session 28: Immunology 1
Moderator; Ikno Hirono

Grand Ballrooms A 8 B

1030 Role of somatic mutation and immunoglobulin structural diversity in the teleost
immune function: A critical problem in addressing fish disease resistance
Stephen L, Kaattari
Dept, of Environmental and Aquatic Animal Health. School of Marine Science, Virginia Institute.
of Marine Science. College of William and Mary. Gloucester Point, VA 23062 USA
kaiarfan.a l uu!t.t.'diI

Isolation and characterization of a novel CXC cbemokine in common carp
 Cyprinus earpio L.!
Rain Savan ~, Tomoya Kono, Azumi Aman' and Masahiro Sakai
'United Graduate School of'Agricultural Sciences. Kagoshima University, Kagoshima 890-0065,
Japan I adIOJnt.tatndtmt mitatat.~i n an-.
Faculty of Agriculture, Miyazaki University, Miyazaki, 889-2192, Japan

in.ti�kaiicl ct'.mlvazak1-u.aa'tp

1045

1100

55

Immuno-related genes expressed in fish stimulated by immunostiinulant
Tomoya Kono'~ and Masahiro Sakai
'United Graduate School of Agricultural Sciences, Kagoshima University, Kagoshima 890-0065,
Japan fomox a-k<>nn'u mxiIJaiyeh.Jib jfi
Faculty of Agriculture. Miyazaki University. Miyazaki. 889-2192. Japan in. sakai:~i'cc.m i~ ap.aki-

~uaac.



Cloning and characterisation of a channel catfish  Ictalarus punciaius! Mx gene
Karen P. Plant' ~ and Ronald L. Thune'
'Department of Veterinary Science, Louisiana State University Agricultural Center
-Deparlment of Pathobiologicai Sciences, Cooperative Aquatic Animal Health Research Program
 CAAHRP!, School of Veterinary Medicine. Louisiana State University. Skip Hertman Drive,
Baton Rouge, Louisiana, 70803, USA k 1 �' ! 1: thuuc a maihvctmed.isu,edu

1115

Atlantic salmon major histocornpatibility complex II a and p promote~xpression
studies

Olav Vestrheim', Maria Lundin, Jacob Torgersen', Espen Rimstad-, and Mohasina Syed'~
'Dept. of Morphology, Genetics and Aquatic Biology, Norwegian School of Veterinary Science, Post
Box 8146 Dep, N-0033 Oslo, Norway, ~>he� .i eilj hei» u i clh~,»o, atoll;i~i»a, si ed'a v cthe.no',
.lzcob.ior< a scn'o veil>s.no

Dept. of Pharmacology. Microbiology and Foodhygiene, Norwegian School of Veterinary Science,
Post Box 8146 Dep. N 0033 Oslo, Norway. cs i~a iims1ad a x cths no
'Natural Sciences. Sodertoms University College. Box 4101. 141 04 Huddinge. Sweden
maria.luudin q, sh.se

1130

New peptide binding domain lineages found in MHC class I of rainbow trout
 Oncorhyncli. mykiss! shared with cyprinid species; conservation of variation
Ikunari Kiryu'~, Johannes M. Dijkstra', Yasutoshi Yoshiura', Keiichiro Hashirnoto', and
Mitsuru Ototake

'Inland Station / National Research Institute of Aquaculture. Tamaki. Mie 519-0423. Japan
ikilli',Hl ii Il'J.Aj1~ii. 'il.
Institute for Comprehensive Medical Science, Fujita Health University, Toyoake, Aichi 470-
1192, Japan kcihushi.ufu iia-hu,ac.

1145

1200-1330 Lunch on own

1030 Session 29: Bacteriology 4
Moderator. Jesus Romaide

Grand Ballroom D

Molecular genetics of major soluble antigen  MSA! in the salmonid pathogen,
Reni bac jeriam sulrnoninarnm

Linda D. Rhodes*, Alison M. Coady, and Mark S. Strom
Northwest Fisheries Science Center, RFU'I Division, 2725 Montlake Boulevard East, Seattle, WA
98112, linda rhodes'i>moss.upi

1030

Injury and potential for Renibacteriam salmoninaram transmtssion in chinook
salmon OncorirJ>nchas fshuwytscha marked with coded wire tags by conventional
and automated methods

Diane G. Elliott'~, Geraldine Vander Haegen, Carla M. Conway', Connie L. McKibben',
LynnMarie J, Applegate', Kyong Yi, and Joan Thomas
'Western Fisheries Research Center, Biological Resources Discipline. U.S. Geological Survey.
6505 Northeast 65 Street. Seattle, Washington 98115 USA diane clhon'a »sos.~ok
'Washington Department of Fish and Wildlife, 600 Capitol Way North, Olympia, Washington
98501 USA vandcciex '« dfw.wu.aov

1045

56



Photobacterium damselae subspecies piscicida is capable of replicating in hybrid
striped bass macrophages
Ahmad A. Elkamel and Ronald L Thune

'Department of Veterinary Science, Louisiana State 1 Jniversity Agricultural Center, Baton Rouge,
Louisiana 70803, USA

Department of Pathobiological Sciences. Cooperative Aquatic Animal Health Research Program
 CAAHRP!, School of Veterinary Medicine. Louisiana State University. Baton Rouge, I ouisiana
70803. lJSA thuncumaikvctmcd.lsu.cdu

1100

Virulence of siderophore deficient and aroA deletion mutants of Photobacterium
damselae subsp. piscicida in a hybrid striped bass  Morone saxatilis x M chrysops!
infection model

Jolm P. Hawke'*, Ron A. Miller, and Ronald L. Thune'
'Cooperative Aquatic Animal Health Research Program, Department of Pathobiological
Sciences, School of Veterinary Medicine, 1 ouisiana State University, Baton Rouge, LA,
70803

Division of Food and Animal Microbiology, Food and Drug Administration-Office of
Research, 8401 Muirkirk Road, Laurel, MD 20708

1115

Characterization of Photobaeterium damvelae subsp. piscicida strains isolated from
cultured sole in Spain
Beatriz Magarinos, Jesus L. Roinalde, Sonia Lopez-Romalde, and Alicia E. Toranzo*
Dpto. Microbioiogia y Parasitologia. Facultad de Bialogia. Campus Sur, Universidad de Santiago
de Coinpostela 15782. Spain. t Ib' '

1130

Development of a PCR-based procedure for the rapid detection of Pseudomouas
anguilliseptica
Sonia Lopez-Romalde, Beatriz Magarinos, Carmen Ravelo, Alicia E. Toranzo and Jesus
L. Romalde~

Dpto. Microhiologia y Parasitologia. Facultad de Biologia. Campus Sur. Universidad de Santiago
de Compostela 15782. Spain m ~ronald c . usc.cs

1145

1200-1330 Lunch on own

1030 Session 30: Toxicology
Moderator: H'olfgang Vogelbein

Grand Ballroom E

1030

57

Pfiesteria piscicida: Molecular analysis of the life cycle does not support the presence
of toxic amoeboid stages
R. Wayne Litaker', Mark W. Vandersea', Steven R, Kibler', Edward Noga, and Patricia
A. Tester'
'Center for Coastal Fisheries and Habitat Research, National Ocean Service. NOAA. 101 Fivers
1sland Road. Beaufort, North Carolina 28516-9722

College of Veterinary Medicine. Department of Clinical Sciences. Box 8401, 4700 Hillsborough
St. Raleigh. NC 27606



1045 Characterization of fish mortalities caused by Pfiesferia shutiiwuyae  Strain CCMP
20S9!
Jeffrey D. Shields~, Yasunari Kiryu, Wolfgang K. Vogelbein, Leonard Haas, and
Kiinberly S. Recce
Virginia Institute of Marine 'Science, The College of William and Mary, School of Marine
Science. Glaucester Point, Virginia 23062. USA

1100 Pfiesleria shuiriwayae kills fish by myzocytosis not exotoxin secretion
Wolfgang K. Vogefbein'*, Vincent J. Lovko', Jeffrey D. Shields', Kimberly S. Recce',
Leonard W, Haas', Patrice L. Mason', and Calvin C. Walker
'Dept. of Environmental Sciences. Virginia Institute of Marine Science, The College of William
and Mary   fuuuuatar Point. VA 23062 USA ttf ifir~ in'...,lu I i< yi p Ci i'mar rfu.j.tTiit im rf ~
krv6" 'c <'I x frj!s.e lu, p I Ice  A fms.etio; lbaas 6  K uus.t'dU
United States Environmental Protection Agency. National Health and Environmental Effects

Research Laboratory. Gulf Ecology division, 1 Sabme Island Dr,. Gulf Breeze. FL 3256I USA
v alker.calvin cate a.<yoi

1115 Innate and acquired discase resistance of chinook salmon to L aiigaillorlm
foilowiug dietary exposure to PCBS or PAHS
David B. Powell', Roger C. Palin, Jr.', Ann Skillman, and Kathy Godt&edsen
'ProFishent Inc., 17806 NE 26th Sireet, Rulmond, Washington, 98052-5848.
david .'6i 3rofishent.com. r~oser ! 6i rotishent.cpm

Banelle Marine Science Lab. 1529 West Sequirn Bay Road. Scquim. Washington. 98382,
ann,skilhnan'ti mkayo~

' Windward Environmental LLC. 200 W Mercer Street, Suite 401. Seattle, Washington, 981 !9,
lath~sf zl'lvindtvardeni.COIL

1130 Toxicity of aerially applied pesticides to fish and shrimp: Identification of
compounds likely to cause mortality in aquaculture
Kelly R, Winningham* and Andrew E, Goodwin
Department of Fisheries, University of Arkansas at Pine B]uff. 1200 North University Drive, Pine
Bluff, Arkansas 71601 USA Kivinniu ham:ciuaeh.cdu

1145 TBA

1200-1330 Lunch ou own

Thursday
1330-1500 Concurrent Oral Sessions 31, 32, and 33

1330 Session 31: Immunology 2
Moderator: Form Miller

Grand Ballrooms A 8 B



Expression level of iinmunological factors from rainbow trout  Oncorhynehus
mykiss! after infection with either bacterial or viral pathogens
Ken Overturf'*, Scott LaPatra, and Dan Bullock
'USDA/ARS. Hagerman Fish Culture Experiment Station. 3059-F National Fish Hatchery Road.
Hagerman. ID 83332 U,S.A. i'ennethu.u tttduhu.ed«
Clear Springs Foods, Inc.. Research Division, PO Box 712, Buhl, Idaho 83316 U.S.A.

. cnttl'u'el ~~>rin "t .r«rn
'USDAJARS. Hagerman Fish Culture Experiment Station, 3059-F National Fish Hatchery Road.
Hagertnan, ID 83332 U.S.A. dbttllucL.'u tII4ah~>.ed«

1330

The lack of a specific antibody response in haddock  Melanogrammus aeglefinas!;
immunoglobulin quaternary structure and proteomic diversity
B.E. Bentley ' », A. Dacanay, L.L. Brown', and S.C, Johnson
'National Research Council Canada. Institute for Marine Biosciences, 1411 Oxford St., Halifax,
Nova Scotia. Canada B3H 3ZI Attdrew.Dac«na~ arm'c.ca: Lr«tra. Brovu~'ii nrc.ea:
Stem ttrt.Johnson:u.nrc.ca
Departmettt of Biology, Dalhousie University, Halifax. Nova Scotia, Canada B3H 4J1

ErI«. He«tIei a tire.ca

1345

Endogenous antibiotic defenses in hybrid striped bass and other fish
Utnapom Silphaduang», Zhiqin Fan, and Edward J. Noga
Department of Clinical Sciences, College of Veterinary Medicine. North Carolina State
University, 4700 Hillsborough Street. Raleigh 27606 USA ucsiI ha'ci uttit v.ucstt,ed«

1400

1415

Role of complement C3b in adaptive immunity in teleost fish
J. Oriol Sunyer", N. Bosch, A. Gelman. and G. Lorenzo
School of Veterinary Medicine. University of Pennsylvania. 3800 Spruce St.. 413 Rosenthal Blvd,
Philadelphia, PA, 19104, suttvcr'a x ct.u etut.edu

1430

Ontogeny of the lymphoid tissues of the paddlefish, 5'olyodon spathula
Beth Peterman and Lora Petrie-Hanson»
College of Veterinary Medicine, P.O. Box 6100. Mississippi State University, MS, 39762-6100,
USA ! ora'ii et m. msstatc.cdu

1445

1500-1530 Afternoon Break

Grand Ballroom D1330 Session 32: Vaccine 1
Moderator: Scott LaPatra

Neutralization of a salmonid rhabdovirus by single-chain antibodies
Niels Lorenzen'», Pauline NI. Cupit, Ellen Lorenzen', Katja Einer-Jensen', Jesper S.
Rasmussen', Christopher J. Secombes, and Charlie Cunningham
'Danish Veterinary Institute, Hangoevej 2, DK-8200 Aarhus N, Denmark nl'a i ctinst.dk
Sars international Centre for Marine Molecular Biology. High Technology Centre, 5008 Bergen.

Norway
'Department af Molecular aud Cell Biology. Institute of Medical Science. University of Aberdeen.
Aberdeen, Scotland. UK



1330

1345

1400

1415

1500-1530 Afternoon Break

60

1430

1445

DNA vaccines against rhabdoviral disease of finfish: Tools for understanding virus
defense mechanisms

Scott E. LaPatra'*, Eric D. Anderson, Niels Lorenzen', and Gael Kurath'
'Clear Springs Foods, Inc.. Research Division. P.O. Box 712. Buhl. Idaho 83316 USA
scott 1 'di «Icars hrin «s.«Om

Department of Microbiology, University. ot Maine, Orono, Maine 04469-5753 USA
eaudersn <i in<!in'.Levine.cdu
'DaniSh Veterinary LabOratOry. HangOVej 2. 8200 ArhuS N, Denmark n1 di sh s.dk
'Western Fisheries Research Center, Seattle, Washington 98195-5016 USA
<«ael kuraih'rr uses,<«uh

A dose response study of three potential DNA vaccines against channel catfish virus
 CCV! in channel catfish
Heather C. Harbottle' ~, Karen P. Plant '-, and Ronald L. Thune'
'Departments of Veterinary Science, Louisiana State Lhuversity Agricultural Center, and
'Pathobiological Sciences, Cooperative Aquatic Animal Health Research Program  CAA1IRP!.
School of Veterinary Medicine. Louisiana State University, Baton Rouge, LA 70803 USA
hhathottiltn <du: .<~i<nil'tti'ian.udu: Ihun 'o'tnail.<atm tt.i.u ' In

Adenovirus as a method for the delivery and expression of foreign genes in rainbow
trout  Oneorhyiichus mykiss!
Ken Overturf'*, Scott LaPatra, and Paul N. Reynolds'
'USDA/ARS, Hagerman Fish Culture Experiment Station. 3059-F National Fish Hatchery Road,
Hagerman, ID 83332 U.S.A, kcnnctho ii uidah«,cdu
Clear Springs Foods. Inc.. Research Division, PO Box 712. Buhl. Idaho 83316 U.S.A.

scpl t I ' r clears >ri nh,s. cpm

'University of Alabama, Department of Medicine SBD 801. Birmingham, AL 35294
Paul. RCh nO1 ds'ice«C, usb. ed<i

A subunit vaccine for infectious pancreatic necrosis virus �PNV! using a
baculovirus/insect larvae system
Raghunath B. Shivappa'* Philip E. McAllister and Vikram N. Vakharia'
'Center for Agricultural Biotechnology. University of Marvland Biotechnology Institute and
Virginia-Maryland Regional College of Veterinary Medicine. University of Maryland. College
Park, MD 20742 USA. h ahharia li umbi.umd.«du
USGS/LSC. National Fish Health Research Laboratory. 11700 Leetown Road, Kearneysvi lie,

WV 23<30 USA lthil m alii<tot i'ua

Efficacy of an 1SAV vaccine in Atlantic salmon in freshwater and seawater
Kira Salonius' and Allison M. MacKinnon
'Aqua Health Ltd, 797 Victoria Rd. Victoria, Prince Edward Island. Canada COA 2GO
I ira.salonius a'.ah.nov<artis.cpm

Aqua Health Ltd. 35 McCarville St., Charlottetown. Prince Edward Island, Canada C IE 2A7
al li son. mack innon 'c'i ah.novari is.cpm

Protective effect of cutaneous antibody against lchthyophlhirim on channel catfish
De-Hai Xu* and Phillip H. Klesius
I J.S. Department of Agriculture, Agricultural Research Service. Aquatic Animal Health Research
Laboratory, P.O. Box 952. Auburn, AL 36831



Grand Ballroom E1330 Session 33: Molluscs 1

Moderator: Eugene Bun eson

Withering syndrome, an epidemic rickettsial disease of wild and cultured abalone in
California

James D, Moore' *, Carolyn Friedman', Thea Robbins, and Ronald P. Hedrick'
'Department of Medicine and Epidemiology. School of Veterinary Medicine. University of
California. Basis. CA956i6 VSA jim@nor;u ucdai i ctlu. rfrh ilri I,.:o u-doris, du
California Department of Fish and Game. Bodega Marine Laboratory. 2099 Westside Road,

Bodega Bay. CA 99923 VSA ural l in. u u "dm is. *du
School of Aquatic and Fisheries Sciences. Vniuetuttt of Washington, Seattle WA 99195 ltSA

carolv«f   .«jwashinastou.ed«

1330

1345

Paramoeba sp. as a potential pathogen in seed clam  Mercenaria sp.! hatcheries in
the indian River Lagoon, Florida
Jan H. Landsberg*, Ruth O. Recse, and William S, Arnold
Florida Marine Research Institute. Florida Fish aud Wildlife Conservation Commissio~, 100
Eighth Avenue Southeast. St. Petersburg, Florida 33701-5095 USA 'a«.landsberu'rifwc.state.II.«s;
r«tlt. reuse ' i hv c,state. II. us; bill. arnold  i fxa c dh tate. II.«s

European flat oyster pathogen Marteiiia rePingens life cycle investigations: How we
found a needle in a haystack
Corinne Audernard *, Frederique Le Roux, Benoit Sautour, Pierre-Guy Sauriau ', and
Franck Berthe
Virginia institute of Marine Science. The College of William and Mary, Gloucester point,

Virginia. 23062 USA nudum frd'r  v ims.ed«
-Laboratoire Genetique et Pathologic. IFREMER. BP 133, F- 17390 La Tremblade France
fb crt Ile' r .' t 1 re m of� . I r
'Laboratoire daOceanographie Biologique, Universite de Bordeaux I, I.JMR 5805 CNRS, 2 rue du
prof Jolyet, F-33120 Arcachou France b.sa«to«r   'bioccan, u-hordcaux. ff
'Centre de Recherche en Ecologic Marine et Aquaculture. CREMA  CNRS-IFREMER!. BP 5, F-
17137 ltHoumeau France ' ' "I' .r.fr

1415

Life history of an exotic sabellid polychaete, Terebrasabella heterouncinata:
Fertilization strategy and influence of temperature on reproduction
Carl A. Finley' and Carolyn S, Friedman *
'Bodega Marine Laboratory, P.O. Box 247, Bodega Bay. Ca 94923 USA
caf lstndcat30 <l ho«uati.com
'School of Aquatic and Fishery Sciences. University of Washington. Box 355020. Seattle, WA
98195 USA ~arolvffI:fft!«.wasI!ultston.eel«

1430

61

Antimicrobial activity of oyster lysozyme against Vibrio species and Peririnsas marinas
Kim-Lien T. Nguyett*, Chwan-Hottg Foo, Casey Barocco. ging-Gang X«e and Jerome F. La
Peyre
Cooperative Aquatic Animal Health Research Progratn, Department of Veterinary Science, Louisiana State
University Agricultural Cemer, Baton Rouge. Louisiana 70803 USA kntnuvc 5 fi is«.efi«: cfoul 'ri LB«,cdlpf;
Csin' " rt.ried t; a. ' tg .Fd«:~l' ' I' ' O '*i' 'i t it



Current eradication status of the exotic sabellid worm in the state of California
Thea T. Robbins', Carl A. Finley, Fred Wendell', and Carolyn S. Friedman'
'California Department of Fish aud Game, Bodega Marine Laboratory, 2099 Westside Road,
Bodega Bay. CA 94923 USA 11r<>I2I~iii~  i «�;iii».ed«
The Cultured Abalone, 9580 Dos Pueblos Canyon Road, Santa Barbara. CA 93117 I JSA

tcabalorje.    cs.c rm

'California Department of Fish and Game. 213 Beach Street. Morro Bay. CA 93442 USA
!'Ivcudcl]    dl<' .ca,aov

School of Aquatic and Fisheries Sciences. University of Washington. Seattle WA 98 I 05 USA
cz  II»!If.   «.>sushi tvtnu.cdt]

1445

1500-1530 Afternoon Break

Thursday
1530-1700 Concurrent Oral Sessions 34, 35, and 36

1530 Session 34: Immunology 3
Moderator: Mike Belosevic

Grand Ballroonrs A cK 8

Phagocytic responses of lcialurns punciatns fry to intraperitoneally injected
particulate material; a light microscopy and cytochemical study
Gavin W. Glenney*, Lora Petrie-Hanson
College of Veterinary Medicine, P.O, Box 6100. IVIississippi State University. Starkville, MS.
39762-6100 0w' 2'urn ur, 6ui', 0u. Inru 0 ur tn.miirur rr uu

1530

1545

Transferrin and the innate immune response of fish: Identification of a novel and
highly conserved mechanism of macrophaye activation
James L, Stafford'~ and Miodrag Belosevic'
'Department of Biological Sciences, University of Alberta, CW405 Biological Sciences Building.
Edmonton. Alberta, T6G 2R3. »tafford-'am«alberta.ca

-Medical Microbiology aud Immunology, Lluiversity of Alberta. Edmonton, Alberta,
mike.bein»evic'   «alberta,ca

The effect of seasonality on the immune responses of rainbow trout  Oncorhynchus
my kiss!
Alison L. Morgan'*, Mark J.R. Porter', Charlie Burrells, and Kitn D. Thompson'
Institute of Aquaculture, Pathfoot Building, University of Stirling, Scotland FK9 4LA

ahu2:  'sn .ac.uk

EWOS Innovation. Westfield, Bathgate, West Lothian, Scotland EH48 3BP,
 .baric».Burrell»   ,'cwio».cops

1615

Respiratory burst activity  = phagocytosis! of rainbow trout  Oneorhynchns mykiss!
phagocytes induced by AeroInonas salnronieida and various opsonins can be
measured from highly diluted blood
Sami Nikoskelainen', Esa-Matti Lilius *
'Department of Biochemistry and Food Chemistry, University of Turk«. 20014 Turku, Finland
sami,uikoskclaine� i». «t«. fi

Department of Biochemistry and Food Chemistry, University of Turku, 20014 Turku, Finland
csa-matti,! ilius' i «tu.f 



innate immunity of rainbow trout  Oncorhynchus rnylriss! is extensively affected by
the environmental temperature
Sami Nikoskelaineti'~, Goran Bylund, and Esa-Matti I.ilius'
'Department of Biochemistry and Food Chemistry. University of Turku, 20014 Turku. Finland
sam i.n ikoskeI a in en ii, um. I i
Institute of Parasitology. Department of Biology, Abo Akademi University, 20520 Turku, Finland

<~bs luitd «.nba.t1
'Department of Biochemistry and Food Chemistry, University of Turku, 20014 Turku. Finland
assi-lucltii.I! Iius « litu. Il

1630

Grand Ballroom D153t! Session 35: Vaccine 2

Moderator. Kira Salonius

Specificity of developing channel catfish immune response to beterotypic bacterial
challenge
Rebecca Mackey~ and Lora Petrie-Hattson
College of Veterittary Medicine. P.O. Box 6100. Mississippi State. MS 39762-6100
rrnackev:a, cs ni. >usstate.edu, iura'ii csm.ms state.edu

1530

Selected immunogens of PiseiriclreNsia salmonis: Molecular analysis to evaluate
vaccine development
VitaIia Henriquez, Pablo Conejeros, Patricio Cataldo, Lorena Valladares, M. Veronica
Rajas, and Sergio H. Marshall
Laboratory of Molecular Genetics and Immunology. Institute of Biology, Faaculty of Basic
Sciencias. Universidad Catolica de Valkparaiso. Valparaiso � Chile

1545

Persistence of vaccine components at the injection site of Atlantic salmon  Salnron
salar L.! following intraperitoneal injection with oil-based vaccines against
furunculosis

Stephen Mutoloki'~, Svein Alexandersen, and 8ystein Evensen'
'Department of Morphology, Genetics and Aquatic Biology, Norwegian School of Veterinary
Science. P.O. Box 8146 Dep, 0033 Oslo, Norway
Ste . h Cn. Mui 01oki Q'"vetlls. ilo' 0'vSlela. F I alt sea '� 'veihs.no
Aquatic Health Animal Division. Alpharma AS, P.O. Box 158, Skayett N-0212 Oslo, Norvs~y

!4 eht.A1exaudcrscu'iia1 hantta.no

1600

63

1645 The effect of CpG oligodeoxynucleotides on the innate immune response of common
carp, Cyprinus carpio l..

Asrni Citra Malina AR. Tassakka', and Masahiro Sakai *
'United Graduate School of Agricultural Sciences. Kagosbima University, Korimoto. 1-21-24,
Kagoshima 890-0065, Japan asmicitra a.'hotm ail.com
Faculty of Agriculture, Miyazaki University, Miyazaki 889-2192, Japan

m.sukui 'ii CC.mivmaki-u.ac. I



Characterization of serum and mucosal antibody responses of rainbow trout
 Oneorhynehus mykiss! to Flavobacterium psyehrophilum
Benjamin R. LaFrentz', Scott E. LaPatra, Gerald R. Jones, James L. Congletan',
Boling Sun'. and Kenneth D. Cain'
'Department of Fish and Wildlife Resources, I Jniversity of Idaho, Moscow ID 83844-1136. USA
Char Springs Foods Inc.. Research Division. P.O, Box 712, Buhl, ID 83316. USA

' U.S. Geological Survey. Idaho Cooperative Fish and Wildlife Research Unit. Department of Fish
and Wildlife Resources. I.Jniversity of Idaho. Moscow. ID 83844-1141, I ISA

1615

Antigenic and immunogenic properties of Flatpobaeterium psychrophilum
Kenneth D. Cain'*, Ben LaFrentz', Leslie Grabowski', and Scott E. LaPatra
'Department of Fish and Wildlife. University of Idaho, Moscow, Idaho 83844-1136
Clear Springs Foods, Inc. Research Division. P.O, Box 712, Buhl, Idaho 83316

Evaluation of different oral vaccines against rainbow trout lactococcosis
Asteria Luzardo-Alvarez, Carrnen Ravelo, Alicia E. Toranzo, Jesus L. Romalde *, and
Jose Blanco-Mendez'
'Dpto. Farmacia y Tecnologia Farmaceutica. Facultad de Farmacia. Campus Sur, Universidad de
Santiago de Compostela. 15782. Spam. II istcr a'usc,cs
Dpto. Microbiologia y Parasitologia. Facultad de Biologia, Campus Sur. Universidad de Santiago

de Compostela. 15782. Spain. n ]d' c~

1645

1530 Session 36: Molluscs 2

Moderator: Carolina Friedman
Grand Ballroom E

1530 Re-evaluating SSO disease: Haplosporidium costale infections of tbe Eastern oyster
in Virginia, Connecticut, and Massachusetts
Nancy A. Stokes'*, Lisa M. Ragone Calvo', Eugene M. Burreson', lnke Sunila, and
Roxanna Srnolowitz'
'Virginia Institute of Marine Science. College of William and Mary, Greate Road. Gloucester
Point. VA 23062 USA, stokes'i7 wms.cd«

State of Connecticut, Department of Agriculture, Bureau of Aquaculture, Rogers Avenue.
Milford, CT 06460 USA. ~dt. t.agric'i  snt.l.oct
Marine Biological Laboratory,7 MBL Street. Woods Hole, MA 02543 USA. rs«ud't'd'mbl.cd«

1545 A disease of cultured paua  Haliotis iris! in New Zealand caused by a novel
haplosporidian
Benjamin K. Diggles'~, Joan Nichol, Mike Hine', St John Wakefield, Nathalie
Cochennec-Laureau, Rodney Roberts', and Carolyn S. Friedman
'National Institute of Water and Atmospheric Research. PO Box 14-901 Kilbirnie, Wellington,
New Zealand. h.di«les ti ~>I»a.cri.nz

School of Medicine. University of Otago, Private Bag 7902, Wellington South. New Zealand
'Present address: National Centre for Disease Investigation, MAF Operations. PO Box 40742.
Upper Hutt. New Zealand. hinemj~;niaf eoit.nz
Laboratoire de Genetique et Pathologic, IFREMER, B.P. 133, I 7390. La Tremblade, France,

X'athgji~.Cochcnncc o ifremer.fr
'Cawdtron institnte. Private Batt s, Nelson. New Zealand. n dne:ii a«thr< n.art*,.n%,
School of Aquatic and Fishery Science. University of Washington, PO Box 355020 Seattle, WA

98195, USA. carolvut t~ «.»ashinaton.cdu



1600 Development of real time PCR assays for detection of the oyster pathogen Perkinsus
marinus in environmental water samples
Corinne Audernard*, Kimberly Recce, Lisa Ragone Calvo, Nancy Stokes, and Eugene M.
Burre son

Virginia Institute of Marine Science. The College of William and Mary. Gloucester Point.
Virginia, 23062 USA au«I«.m;~r«I ci: «.ims.«..«I <i

1615 Comparative pathogenicity of dermo  Perkinsusmariuus! between the Caribbean
and American oyster
John Scarpa'*, Dave Bushek, and Susan E. Laramore'
'Harbor Branch Oceanographic Institution. Inc,. 5600 U. S, Hwy, I North. Fort Pierce, Florida
34946 USA jscarpa@hhoi.edu. sullen,'ci hho~.e Ju
Baruch Marine Field Laboratory, PO Box l630. University of South Carolina. Georgetown.

South Carolina 29442 USA I«ush«k'a sc.«du

1630 Investigations of an Isonema-like flagellate causing mortality in larval hard clams,
Mercelr aria merceuaria

Lisa M. Ragone Calvo', Ralph Elston, Kimberly S. Recce', and Eugene M. Burreson *
Virginia Institute of Marine Science, College of William and Mary, Greate Road, Gloucester

Point. VA 23062 USA. ene'a'x uns.edu
AquaTechnics, Carlsburg. WA 98324, a«u;sech'ci'oI«en.com

1645 Haemocyte-parasite interactions in the edible cockle, Cerastoderma edule
Enuna C. Wootton~, Elisabeth A. Dyrynda, and Norman A, Ratcliffe
School of Biological Sciences. University of Wales Swansea. Singleton Park. Swansea, SA2 8PP.
UK., «.c.««ponens& s«cans«a.ae.uli

65



POSterS

Infectious disease models for the zebrafish  Danio rerio!
Meagan E. Pressley'*, Sharon Blake', Nicholas Stasulis', Eckhard Witten, Bruce
Nicholson', and Carol H. Kiin'
'Department of Biochemistry. Molecular Biology, and Microbiology. University of Maine.
Hitchner Hall, Orono, Maine 04469 USA c !rolkim iiiu;iinc,cdu

Zoologisches Institut und Zoologisches Museum der IJniversitaet Hamburg, Martin-Luther-
King-Pl. 3. Hamburg. Germany 20146 PI 4 inca'u uol.com

Development of novel multiplex PCR detection systems for economical important
viral diseases of fish

M Arias'; M. Aguero'; J. Fernandez', E. Blanco; A, Gibello; M. Blanco; L.
Dominguez; and J.M. Sanchez-Vizcaino'
'Ceniro de Investigacion en Sanidad Anirnak CISA-tlVIA, Valdeolmos.28130, Madrid. Spain.
ar«is u irila,qs

Dpto, de Sanidad Animal, Facultad de Veterinana, UCM. Avda. Pueria de Hierro s/u, 28040.
Madrid. S am.nimhlanCO'ji x Ct.uCm.es

Tissue distribution kinetics of grouper iridovirus in Taiwan  TGIV! during
infection: an in situ hybridization study
Chia-Ben Chao', Chun-Yao Chen ~, and Hon-Tu Huang
'Institute for Animal Disease Prevention and Control. Kaohsiung, Taiwan
cbc0613 '«ksts.seed.met,hv

Aquatic Animal Health Program, Department of Microbiology and hnmunology. College of
Veterinary Medicine, Cornell University, Ithaca. New York ]4853 USA cc 1 s7'u'cornell,c Ju
'Department of Biological Sciences, National Sun Yat-Sen University, Kaohsiung. Taiwan

Evaluation of methods of extraction of viral RNA from infected cell monolayers
Jose G.olveira, Sandra Juiz-Rio, Susana Castro, Juan L.Barja, and Carlos P. Dopazo
Dpt. Microbiologia y Parasitologia. Instituto de Acuicultura, Univ. Santiago de Coinpostela,
Spain. a>~>i~<> aaali aan

The effect of stocking density and other parameters of the susceptibility of Atlantic
salmon  Salmo salar 1.! to infectious pancreatic necrosis virus
Tiin Bowden*, Keith Lockhart, David Sinail, and Tony Ellis,
FRS Marine Laboratory. Aquaculture and Aquatic Animal Health. 375 Victoria Road. Aberdecm,
AB11 9DB, Scotland, UK. t.'.boivdcn 'ri marlab.ac.uk, d.smai 1'a'marish.ac.uk. t.ellis'u.nisi lal~.ac.uk

Interference of the life cycle of fish nodavirus with fish retrovirus
S,C, Chi*, K. W. Lee, T. M. Cheng and J. R. Shieh
Department of Zoology. National Taiwan University, Taiwan. R.O.C.

Molecular diagnosis of fish diseases: The way forward
Carey 0, Cunninghaxn~ and Mike Snow
FRS Marine Laboratory, PO Box 101, 375 Victoria Road, Aberdeen AB11 9DB, UK
c.cullllll'!<>ham ri ilail lab.ac. Uk

66



Fingerprinting of Flavobacteri um psyehrophilum isolates by plasmid profile
Shotaro Izumi'~ and Hisatsugu Wakabayashi
'Physiology and Molecular Biology Division. National Research Institute of Fisheries Science,
Yokohama 236-8648, Japan ~inl!ni ii:i! ffrc.<> ! jp
HW Fish Health Laboratory. Sei!dagi 3-22-11-717. Bur!kyo-ku. Tokyo 113-0022, Japan

hisa7 f 8   .,!92 hi!.oc!!.!!e.'

Genotyping of Flavobacterium psyehrophilum by PCR-RFLP analysis
Shotaro Izumi' and Hisatsugu Wakabayashi *
'Physiology and Molecular Biology Division. National Research Institute of Fisheries Science,
Yokohama 236-8648, Japan sizumi.'ci «lrrc,~~ ~!.
2 HW Fish Health Laboratory, 3-22-11-717, Sendagi, Bunkyo-ku, Tokyo 113-0022, Japan
hisa718    al >ha.ocn.ne.' !

10. Studying mycobacterial infection using small fish models and I marinum
expressing GFP
Gregory W, Broussard~, Lisa S. Granados, and Don G. Ennis
Department of Biology. University of Louisiana. P.O. Box 42451, Lafayette, LA 70504-2451
USA awb6707 r  louisiana.aalu

11. A microtiter plate assay method for mncosal adhesion of Aeromoeus hydrophiia
using a water-soluble tetrazoiium salt  WST-1!
Nobuhiro Mano~, Aki Namba, and Haruo Sugita
'Department of Marine Science and Resources. Nihon University Kameino 1866, Fujisawa,
Kauagawa 252-8510. Japan u!nanol' I 'brs.!!ih !!!-u.ac.'

12. First isolation of Vibrio auguillarum serotype 01 from sole  Solea soiea! in Italy
Ainedeo Manfrin'*, Mauro Doimi, Paolo Antonetti, Lourdes Delgado Montero', Katia
Qualtieri', Lucia Selli', and Giuseppe Bovo'
'Fish Pathology Department, Istituto Zooprofilattico. Via Romea 14/a, 35020 Legnaro  Padova!,
Italy. manlrin   , izsv «uczic.it
'D. k D. Consulting, Mestre  Venezia!, !!!aurdr!imi a,'ii!!.i 
'Local Veterinary Service n,12 � Tronchetto 30125 Ve !ezia

13. Cold shock response of Vibrio vuiuificus: With and without acclimation periods
Kristi L. Huels'~, Shin Hee Kim, Haejung An, and Yolanda J. Brady'
'Auburn University, Department of Fisheries and Allied Aquacultures. 203 Swingle Hall, Auburn,
AL 36849-5419 USA huclski''   accsa,aubur!!.cdu, i hradv   .;!cosa!~.uubur !.cdu

Auburn University, Department of Nutrition and Food Science. 362 Spidle Hall, Auburn. AL
36849 USA kimshin   '.auburn,cdu hae u !a.an a auhur!!.edu

14. Discriminant analysis on the blood chemistry of Streptococcusiuiae and Vibrio
vulnifieus-infected tiiapia, with references to histopathology
Chun- Yao Chen~' and Paul R. Bowser
'Aquatic Animal Health Program, Department of Microbiology aud Immunology, College of
Veterinary Medicine, Cornell University, Ithaca New York 14853-6401 cc l 57.a'co! T!c! I.cdu
Aquatic Animal Health Program. Department of Microbiology and Immunology. College of

Vetennary Medicine, Cornell University. Ithaca. New York 14853-6401 h4' rn l l d



15. Antimicrobial profiles of members of genus Serratia considered typical fish
pathogens
Jose A. Gonzalez, Carmen S. Gallardo, Ariana Pombar, Aldara R. Gallego, and Luis A.
Rodriguez*
Facultad de Ciencias, Campus Ourense. Universidad de Vigo. Dpto. Biologia Funcional y
Cieucias de la Salud. As Lagoas s/u, Ourensc 32004, Spain. 1'}L}g»cr.'iiu} igo.es

Prevalence of Type E botulism in fish in the Lower Great Lakes
Rodinan G. Getchell ~, Gregory A, Wooster', Natalija Topic-Popovic, William J.
Culligan, and Pau] R. Bowser'
'Aquatic Animal Health Program, Cornell University, Department of Microbiology and
Immunology, Upper Tower Road. Ithaca. New York, 14853 USA r< 4 ~~.'co}T}ell.~dL},
~+aw5'i cc}r}}ell.~~4<; prb4 ci.c«}T}}:11.e}lu
Rudjer Baskovic Institute. Center for Marine and Environmental Research. Bijeuicka 54, 10,000

Zagreb. Croatia~ntn i 'ri i~u~l ~ :I h.
Dunkirk Fisheries Research Station, New York State Department of Environmental Conservation,

Dunkirk, New York, 14048 USA 11' '' dcc.~h}te.}}v.}}s

16

Mucus adhesion of bacteria isolated from intestinal tract of carp, Cyprinuscarpio
Aki Namba*, Nobuhiro Mano, and Haruo Sugita
'Department of Marine Science and Resources, Niho}} University Kamei}}o 1866. Fujisawa.
Kanagawa 252-8510, Japan ~36} !~1}~'j skb}~.n}ho}}-}}.acjp

17.

Screening of tuna's microbiota captured in different fishing-ground  Pacific, Indian
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Detection of white spot syndrome virus  WSSV! genome in frozen commodity
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Estrogenic potential and vitellogenin induction in fish related to sewage plants
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The use of immunological parameters of water animals as a criterion of
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Initial assessment of sediment quality and benthic condition within the Lower St.
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94. Evidence for immune-regulated transgene expression in channel catfish, Icialurus
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The U.S. Fish and Wildlife Service's National Wild Fish Health Survey: an aquatic resources
management tool

Belt, Thomas A.
U.S. Fish and Wildlife Service. Division of the National Fish Hatchery System, 4401 hJorth Fairfa> Drive.
Arlington, Virginia 22203 I,JSA thoinas a hell'ei fbi».coi

The U.S. Fish and Wildlife Service  Service! has completed the research. development and
pilot-testing of a national fish pathogen distribution database, and i» now in an implementation stage.
including public access to the database. WorL. began on the project in 1996. and we intend to continue it for
as long as it provides aquatic resource agencies with an effective resource management tool. The project is
referred to as the National Wild Fish Health Survey  Survey!. and comprises three components: 1! fish
collection. 2! sample examination/analysis and 3! a searchable database. The Service s nine
regionally-located Fish Health Centers  FHCs! initiate, coordinate. and in many cases actually collect
samples of free-ranging fish. A larger portion of fish collected for the Survey is accomplished by State.
Tribal and other Federal agency partners. AII collection. preservation and transportation of the fish follow
uniform Survey-specific techniques. including defining sample location by GPS-technology. All
examinations and analyses of the fish are conducted at the Service's FHCs according to standardized
protocols published in the Survey's Lohoraior3 Prorednres Manurd. which is planned for public
availability via the Web, The last component is a publicly-accessible. Web-based, searchable database. The
database includes an advanced query system permitting users to search for any combination of pathogens
�9 listed!. fish species �71 species! and time-frame �995 to and including 2002!. The results of any
query document the number of samples that match the selected query parameters. The results may be
viewed in tabular or graphical form. Tabular results are summarized by State or by USGS watershed units,
Graphical results can be displayed as well by either State boundary or watershed maps. All results may be
examined at several levels of detail dependent upon the user's needs. Available details range from a simple
examination of how many and where samples have been collected all the way to actual laboratory
case-sheets showing exact pathogen-specific methods used for each fish  or pool of fish! and the results of
that unique fish/pathogen/method analysis. The current database includes informatiori generated from over
4S,OOO individual fish collected from nearly 1.400 distinct locations in 44 States,



Environmental contaminant effects on endocrine systems of aquatic species

�'ross. Timothy S.'", Marisol S. Sepulveda . and Beverly S. Arnold'
USGS Biological Resources Division, Florida Caribbean Science Center aud The College of Veterinary

Medicine, Department of Physiological Scimces, University of Florida. 7920 NW 71" St. Gainesville, FL 32653
1 S I aoS& 62 12eee>+L2L
'1'he College of Veterinary 1Vlediciue. Dcpartmmt of Physiological Sciences. University of Florida 7920 NW 71"
SLC'.' ille,FL 32653 Fle.'6 l . » 6
'11SGFS Biological Resources Division, Florida Caribbeari Science Center 7920 NW 71' St. Cramesville, FL 32653
b«% QrJlog � lisP>

Since the early 1990s, it has been established that a wide variety of anthropogenic  man-made! chemicals in
the environment are capable of modulating and/or adversely affecting or disrupting endocrine function in
vertebrate organisms. The physiological effects of exposure to these chemicals have been termed
"endocrine disruption' or -endocrine modulation- and the active compounds labeled as "endocrine-
disruptors" or "endocrine-active-agents.� Endocrine disruption has been defined as the action of -an
exogenous agent that interferes with the production. release, transport, metabolism. binding, action, or
elimination of natural hormones in the body responsible for the maintenance of homeostasis and the
regulation of developmental processes.- Exposure to these chemicals and/or contaminants in the
environment is often highest for aquatic species as urban run-off, industrial or water-treatment discharge
and agricultural applications. Effects on aquatic species may be physiological with or without adverse
population or community effects and may involve a wide assortment of endocrine mediated functions and
potential receptor mediated events. Indeed. effects may involve the steroid receptor superfamily. including
the sex steroids, thyroid hormones and adrenal hormones. as well as hypothalamic-pituitary and other
protein hormones. The physiological processes regulated by the endocrine system in aquatic species are
diverse and numerous. Likewise. the mechanisms of action and effects of potential endocrine disrupting
chemicals  EDCs! are equally diverse. Receptor-mediated events involve EDCs acting as hormone mimics
 agonists and/or antagonists! and adversely impacting hormone synthesis. catabolism, secretion. transport.
and/or signal transduction, Examples of non-receptor mediated modes of EDC action include altered
enzyme function and selective toxicities for endocrine active or target tissues whereas altered gene
expression and induction of oxidative stress are types of receptor mediated events. EDCs may also act by
altering developmental processes own producing multigenerational effects. Endocrine-active
anthropogenic chemicals are numerous and diverse. Evidence for endocrine-disrupting effects due to these
chemicals comes &om a diverse array of reports involving multiple aquatic vertebrate taxonomic groups,
limited invertebrate taxa. and results from both iri vitro and iri i ivo studies. Reported effects of EDCs have
included effects at multiple levels of biological organization, including molecular, biochemical, cellular.
tissue, organism. community and population. Ilowever. few reports have documented effects at the
community level and higher. In addition. most studies have focused upon reproductive effects: however,
effects on growth, metabolism, and thyroid and immune function have also been noted, Today most
evidence has also been derived from studies of wildlife and the ecotoxicology of potential EDCs and/or
endocrine-modulating cheinicals. A review of the current evidence for the endocrine-disrupting «ffects in
aquatic wildlife will be presented and current examples for fish, reptiles, amphibians and invertebrates
compared.
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Giobttl ciimate aud large-scale influences on aquatic anitnal health

Fishn; Wifliam S.
U.S. Environmental Protection Agency. Office of Research and Development. National Health and Environmental
Effects Research Laboratory. Gulf Ecology Division. I Sabine Island Drive. Gulf Breeze, Florida 32561 USA
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The last 3 decades have witnessed numerous large-scale mortality events of aquatic organisms in North
America. Affected species range from ecologically-important sea urchins to comtnercially-valuable
American lobsters and protected marine mammals. Short-term forensic investigations of these events have
sometimes characterized a causative agent or condition, but have rarely provided sufficient insight to
predict and manage animal health. Traditionally. we apply the tools of microbiology, parasitology and
pathology to investigate causality. More recently, satellite imagery and remote sensing have provided
physical information on broad temporal and spatial scales that can be compared with local biological
phenoinena. These tools provide a means to develop epizootiological models that include large-scale
influences, such as global climate and land use change, on aquatic diseases. A prime example is worldwide
bleaching of corals in relation ta water temperatures driven by El Nitro-Southern Oscillation  ENSO!
conditions. Bleaching can be exacerbated by increased exposure of corals to ultraviolet light. a situation
that is linked to loss of stratospheric ozone and local doldrum conditions that sometimes accompany
ENSO. Another example is a sea fan coral disease stemming &om the lottg-range transport of a
nonindigenous fungal pathogen; its transport is linked ta increased global dust and easterly trade winds
coincident with decadal variability in the North Atlantic Osciflatian. Transport of essential nutrients.
particularly iron, under this same scenario has beati hypothesized to account for the increased number and
severity of coral diseases in the Caribbean and to indirectly affect red tide blooms in the Gulf of Mexico.
Sea-level rise, a large-scale change that is predicted to vary with location. will affect temperature, salinity
and estuarine flushing. Health consequences for coastal organisms, such as the economically-important
eastern oyster, can be expected, Oyster population success is dependent on fluctuating estuarine salinity
and temperature and their population dynamic is heavily influenced by a salinity- and temperature-
dependent protozoan disease. Local land use decisions, although sometimes seemingly inconsequential.
accumulate into watershed land-use patterns that can greatly influence the quality of coastal waters.
Elevated nutrients from watershed effluent are suspected in increased hypoxia in the Gulf af Mexico, as
well as the increase in the number and severity of harmful algal blooms across North America. Toxic algae
have been implicated not only in frequent fish and shellfish mortalities, but in bivalve neoplasia and sea
turtle fibropapillomatosis. Regional observing systems that employ satellite itnagery and real-time remote
sensors are being developed to forecast conditions conducive to blooms of harmful algae. Our investigation
of existing and emergent diseases will be greatly enhanced by tools that provide additional information on
large-scale factors. However, these tools are still being applied on a retroactive. case-by-case basis. The
greatest benefits will accrue when largwscale physical trends can be applied to predict health risks to
multiple species.



Transmission of iuyxozoan pathogens: interactions between cultured and wild fish

Bartholomew. terri L.
Center for Fish Disease Researeb, Department of Microbiology. Oregon State University, Nash Hall 220.
Corvatlis. Oregon 97331 USA barthp~l' a'or.t. edu

The myxozoa are one of the largest and most diverse groups of fish pathogens, causing infections that
result in a range of effects. With the increasing movement of fish worldwide and the diversificatio of
aquaculture. some familiar myxozoans have reemerged as problems, and at the same time the effects of
new species are becoming recognized. In some cases, it is clear that problems have occurred as a result of
exotic parasites introduced into areas where existing fish are naive. Alternatively. introduction of naive lish
into parasite-endemic areas has also had disastrous effects.

In salmonid aquaculture, several pathogenic myxozoans illustrate these scenarios. The most familiar,
M>xoboIus cerebralis, was originally detected when susceptible rainbow trout were introduced into
Germany, where the parasite occurred naturally. The cosmopolitan distribution of the alternate host plays a
role in the parasite's ability to establish. but its dissemination has largely been a result of transfers of
infected fish in stocking or enhancement programs. by natural migration or even as a food product. It is
recognized that birds, baitfish and anglers may also play a role, but the extent of transfer by these routes is
unknown, In contrast, mortalities caused by Cerarom>~a shasta have largely resulted Rom transfers of
naive fish into enzootic waters, with little evidence that fish movement has further disseminated the

pathogen. Although many transfers were made unknowingly. as a result of enhancement programs. other
transfers were part of management strategies that employed the parasite to limit interactions between
hatchery and wild populations. An unexpected outcome of these introductions was increased mortality in
the wild populations.

Examples of how the expansion of aquaculture has resulted in exposure to naturally occurring parasite
species can be drawn from the growing mariculture industry. Economic loss attributed to post-harvest soft
flesh, caused by Kadoa thrisi es. has continually been a problem for commercial fisheries. With the
increase in net pen culture of salmonids in the Pacific NW, this parasite is now of concern to that industry.
In the Mediterranean. serious losses of cultured sea bass and sea bream have been attributed to M>xidiwm
feei. Because of its broad host range and apparent abilitv to transmit directly between fish hosts. this
emerging myxozoan pathogen now represents a challenge to culture of a number of species,
For each of these cases, protection of cultured species will require enhanced diagnostics to limit
introductions. identification of resistant strains for culture in enzootic areas and more information on
pathogen distribution. The challenge for protection of wild species wiII be to determine the primary routes
of transmission and identify those that can be controlled and to develop effective intervention methods,



Introduction of noti-indigenous shrimp viruses and their potential impact on farmed and native wild
shrimp populations

Lightner, Donald V.
Department of Veterinary Science and Microbiology. 1.1niversity of Arizona, Tucson. AZ 85721 USA
dyl cl u lu'li'Aux!.edit

At least faur virus-caused pandernics have adversely affected the global penaeid shrimp farming
industry since 1980. These viruses in the approximate order of their discovery are Infectious hypodermal
and hematopoietic necrosis virus  BBINV!, Ye! law head virus   YIIV!. Taura syndrome virus  TSV!, and
White spot syndrome virus  WSSV!. The socioeconomic impact of the diseases caused by these viruses
have been so severe in some shrimp producing countries of Asia and the western heinisphere  Americas!
that three  TSV. WSSV, and YHV! of the four have been designated as "Notifiable" by the Office
International des Epizootics and the fourth  BBINV! is listed with "Other Significant Diseases." IHHNV.
TSV. and WSSV have had inajor impacts on cultured and wild shrimp in the Americas. While YHV is
considered to pose a significant threat to wild and cultured shrimp in the Americas, it will not be discussed
further here.

After its initial discovery in cultured shrimp in Hawaii in 1981, IHHNV was subsixluently found to be
widely distributed in cultured shrimp in the Americas and in wild shrimp collected along the Pacific coast
of the Americas. The impact of the introduction of BBINV on shrimp farming and on wild shrimp stacks
on Mexico s Gulf of California during the late 1980's and early 1990's is well documented. Recently.
IHHNV has been found to be widely distributed in wild and cultured Penaeus monodon in east and SE Asia
where it does not seem to cause production losses. Molecular studies show considerable variation among
Asian isolates of the virus, while little variation was found in Americas isalates. All isolates of IHHNV
Irom the Americas are nearly identical with BBINV from the Philippines, suggesting, along with other
aspects of its history and epidemiology in the Americas, its introduction froin the Philippines, perhaps with
live P. nionodon that were imported as a candidate aquaculture species during the very early development
of shrimp farming in the Americas.

TSV appears to have emerged from an unknown source in Ecuador in 1991. 1 he disease was
recognized as a major new disease of farmed Penaeus vannaniei by early 1992 and it was named Taura
Syndrome. By 1994. when the viral etiology of TS had been established. the virus had been moved with
live shrimp inovements to many of the shrimp growing countries of the Americas, While studies of wild
shrimp stocks are few. TSV has been found in wild shrimp in some countries where TSV has caused
significant epizootics. Where present, its impact on wild shrimp remains undocumented. By ] 999. TS V
reached Asia with infected stocks of P. vannaniei. introduced for aquaculture purposes. Physiochemical
and more receiit molecular studies of TSV indicate that a single strain of the virus was present. but that new
strains are emerging. which differ in host range and virulence.

WSSV emerged in East Asia in 1992-93 and it was quickly dispersed with infected seed and brood
stack across the Asian continent to SE Asia and India where it caused and continues to cause significant
losses. WSSV even reached shrimp farms in southeastern Europe �997! and the Middle East �999! via
live shrimp movements. Despite the absence of evidence of live shrimp introductions from Asia to the
Americas. WSSV was diagnosed in captive wild shrimp or crayfish and in cultured domesticated shrimp
stocks in the eastern and southeastern U.S. at several sites in 1995-1997. Early in 1999, WSSV was
diagnosed as the cause of serious epizootics in Central American shrimp farms. By mid to late 1999.
WSSV was causing major losses in Ecuador  then among the world's top producers of farmed shrimp!, and
by 2000-01. export of shrimp from Ecuador was down nearly 70'la froin pre-WSSV levels. Although the
documentation is sketchy. WSSV has been found in wild shrimp stocks in the Americas. In the US. the
virus was successfully eradicated from shrimp farms and it has not been reported from farmed shrimp
stocks since 1997. However, its sporadic detection in wild shrimp stocks  Gulf of Mexico and SE Atlantic
states! suggests that it has become established there or that it continues to be introduced, It has been
proposed that the introductions of WSSV to the Americas were the result of importation of frozen shrimp
products from WSSV-affected areas of Asia and the value-added reprocessing of those frozen shrimp for
the US market in coastal processing plants. WSSV also reached Spain and Australia in 2000-2001. In both
cases successful containment and eradication was reported. and for both events the importation and use of
infected frozen shrimp as a &esh feed for broodstock was implicated as the route of introduction.
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Regardless of where they were obtained, isolates of WSSV have shown little genetic or biological
variation, suggesting that the virus emerged and was spread from a single source,

L/ntil the WSSV pandemic, the penaeid shrimp farming industry in Asia and the Americas remained
largely dependent on wild shrimp stocks for stocking its farms. This dependence included the collection
and use of wild seed for stocking of its farms directlv or the use of captive wild broodstock for the
production of seed stock in hatcheries. This dependence has fostered the intensification and spread of the
viral diseases in shrimp aquaculture and in wild populations. The shrimp farming industry as a whole has
recognized this fact and it has begun to change its farming practices in order to continue to develop, if not
survive. Biosecure production systems  that are designed to exclude potentially infected wild shrimp seed!
stocked with shrimp stocks known to be free of the major shrimp pathogens have become a common
practice in many shrimp growing regions. While manv of the shrimp stocks currently used to stock farms
are produced from captive wild broodstock, only those that test negative for WSSV in Asia and WSSV and
TSV in the Americas are used to stock biosecure farms. A further sign of a maturing industry is its
movement towards the expanded development and use of specific pathogen-free domesticated shrimp
stocks of each of the most important penaeid shrimp species.



Overview of ISA Managetnent in Maine and Canada

MacPhee. Daniel D,*, Leighanne J. Hawkins, and Kerry I, Hobden
Maritime Veterinary Services Ltd., 246 Main Street. PO Box I l05, St, George, New Brunswick, E5C 3S9,
Canada. mvs a3nbnet.nb.ca

The salmon aquaculture industry in eastern North America is concentrated in the lower Bay of Fundy
and the upper Gulf of Maine. The industry is divided by the international border separatitig New Brunswick
 Canada! and Maine  l.ISA.!. Within 50 kilometers of the border there are more than 120 marine sites
producing Atlantic salmon. The high density of farms facilitates the spread of diseases such as Infectious
Salmon Anemia  [SA!. However. the blend of state, provincial and national jurisdictions creates a complex
regulatory environment for the control of fish diseases. The first local outbreaks of ISA were on salmon
farms in New Brunswick in 1996. Producers adopted a variety of strategies, both at the farm and industry
level, in an attempt to control the problem. In the absence of success it became apparent that regulatory
intervention was required. Since a plan for the control of ISA did not exist in federal or provtncial
regulations, a program evoked in the midst of the epizootic. Key areas to address included the nature of
appropriate regulatory action, diagnostic criteria, the threshold for action, indemnification, and compliance.
In spite of the efforts to control the disease in New Brunswick. ISA spread to salmon farms in Maine. A
program for the control of ISA in Maine has been adopted which is based on the success and failure of
efforts in New Brunswick. Currently the cornerstone of ISA control in the Bay of &undy is the early
identification and removal of infected salmon.
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The application of molecular genetics to aquatic pathogen detection and systematics

Recce, Kimberly S.
School of Marine Science, Virginia Insntnte of Marine Science, lire College of William and Mary, Gtottcester
Point. VA 23062 4ecc "ri aims.cpu

The advances in molecular genetic technology during the past twenty years have facilitated progress on
many fronts of aquatic disease research including pathogen detection and identification, host/parasite
interactions, mechanisms of virulence and our understanding of the taxonomic relationships among
pathogenic organisms and related taxa. There is now a relatively large database of molecular information
available for microorganisms, which has been used for development of sensitive and specific detection
assays for aquatic pathogens. In addition, DNA sequences. particularly small subunit  SSU! ribosomal
RNA gene data. are used for molecular phylogenetic analyses.

Molecular diagnostics are now routinely developed for pathogenic microorganisms. DNA probes for in
situ hybridizations and primers for use in the polymerase chain reaction  PCR! are available for a wide a
varielv of pathogens found in the aquatic environment. Molecular detection methods can greatly facilitate
disease diagnoses, especially where it is difficult and/or time-consuming to isolate and identify pathogens
and in situations where palhogens cannot be distinguished based on morphological characters. In addition.
molecular diagnostics are invaluable when a particular species within a genus or even certain strains of the
same species may be pathogenic. while closely related species or strains are harmless, However. in such
cases. it is essential that molecular probes and primers are reliable. accurate and sensitive. For development
of genus-specific. species-specific and strain-specific probes, therefore. it is important to obtain sequence
data Irom as many different strains and species within a genus as possible. In addition. molecular data are
needed Irom closely related taxa. Intra- as well as inter-specific sequence variation needs to be examined
and adequately characterized. This optimizes the chance of developing a genus-specific probe that works
for all members of the genus and of developing species-specitic or strain-specific probes that do not cross-
react with other species or strains, To minimize the chances of a species-speciiic probe faihng to detect a
particular strain of a species. as many strains as possible from a wide geographic range should be
examined. Finally. in order to confidently employ molecular diagnostics, the assays should undergo
rigorous validation against established diagnostic protocols.

Molecular data is often used for examining phylogenetic relationships among pathogens and related
taxa, and has been particularly helpful with taxa whose inorphological and ultrastructural characters are
equivocal. DNA sequence differences are also being used more frequently to support and validate
descriptions of new species. For assessing taxonomic afftinities, as for development of molecular
diagnostics. it is important to carefully select the targettxl genes or genomic regions and to assess mter- and
intra-specific DNA sequence variation at that locus. Sequence information, at the same gene, for a nutnber
of related taxa is required for phylogenetic analyses to be informative. In addition, there must be an
appropriate amount of sequence variation present to allow for discriinination among taxa, but not so much
variation that alignment and identification of positional homology become problematic. In conclusion,
although molecular techniques can be v~ powerful. caution must be employed to ensure that assays are
developtxl based on adequate molecular information and that the information and techniques are used
appropriately.



Molecular epidemiology of aquatic pathogens

Kurath. Gael'~, Kyle A. Garver', Ryan M, Trover ', Eveline J. Emmencggiv'. Katja Einer-Jensen, and
Eric D, Anderson'

USCS Weetem 1'eh ' R . arch Center 6505 htS 65th St.. Seattle. WA96556 11SA .I I,;nl

At present very few aquatic pathogens have been investigated from a comprehensive epidemiological
and evolutionary viewpoint, Infectious hematopoietic necrosis virus  IHNV! is a rhabdoviral pathogen that
infects both wild and cultured salmonid fish throughout the Pacific Northwest of North America. IHNV
causes severe epidemics in young tish and can also cause disease or occur asymptoinatically in adults. In a
broad survey of 323 IHNV field isolates. sequence analysis of a 303 nt variable region within the
glycoprotein gene revealed a maximum nucleotide diversity of 8.6'/o. indicating unusually low genetic
diversity overall for this virus. Thc virus isolates analyzed were obtained from both wild and cultured fish
hosts. Irom juvenile and adult life stages. and from asymptomatic fish as well as fish with clinical disease
signs or epidemic mortality. The isolates represented 106 different collection sites throughout the
geographic range of IHNV and they were isolated over a period of 36 years Irom 1966-2001. Phylogenetic
analysis revealed three major virus clades, designated I J. M. and I., that varied in topography and genetic
diversity. Segregation into phylogenetic clades correlated most strongly with geographic origin. Thc U
clade had the largest geographic range. Irom Alaska through Oregon. It also contained the largest number
of virus isolates. but it had the lowest intraclade diversity, suggesting genetic stasis. The L clade contained
IHNV isolates from California and the south' Oregon coast, and it also had relatively low genetic
diversity. In contrast. several measures of intraclade genetic diversity indicated that the M ciade. which was
focused in the rainbow trout farming region of south central Idaho, had 3-4 fold more diversity than the U
or L clades. and exhibited relatively rapid evolution. In iriterpreting these epidemiological and phylogenetic
patterns we hypothesize that factors influencing IHNV evolution may have included the ocean migration
ranges of their salmonid host populations, host jumps between salmonid species, and anthropogenic effects
associated with fish culture.
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Applied studies on epizootic ulcerative syndrome

Chinabut, Supranee and J.H. Lilley
Aquatic Animal health Research lnsiitute, Department of Fisheries, Kasetsart Umversity Campus, Jatujak.
Bangkok 10900. Thailand S>~t>r;t>iee a tl~heri es~o.lh

The results of a three-year joint project between the Aquatic Animal Health Research Institute. Bangkok
and University of Stirling. UK are described, The project aimed to develop improved inethods for diagnosis
and control of EUS in Asia, Researches was conducted in collaboration with a number of regional institutes
to encourage contact between researchers, and help build a consensus ainong fisheries workers regarding
EUS causation and control.

Diagnosis
A diagnostic PCR technique was developed using DNA extracts from cultures of Aphanomyees

invadans isolated Irom affected fish, Attempts to use the PCR to identify A. invadans DNA in water from
affected ponds, or in tissues of affected fish. proved unreliable. A comparative study of histological
techniques identified a Uvitex-H&E staining technique  Hatai. pcrs, comm,! as the most rapid and reliable
means of visualising A, invadans granulomas, Histological samples supplied by international scientists
allowed verification of the presence of EUS in previously unconfirmed areas, namely Nepal. Vietnam, and
Pakistan.

Control
In vitro studies on the fungus were also used to screen 50 compounds for antifungal activity. Candidate

treatments were then tested in tank and pond trials. Bath challenge models were developed for use in pond
trials to test preventative treatments. These trials were conducted in Thailand. Bangladesh and India. A
variety of inputs were found to reduce the number of fish affected and/or the severity of infections. but
none were able to prevent infection completely. Farmer-based studies in collaboration with the CARE-
LIFE project showed that Bangladeshi farmers were keen to adopt treatments. and believed them to be
successful.

Epidemiological studies in Bangladesh and Nepal identified a range of factors that increased the risk of
EUS infection, Most significant of these was connection of ponds to natural water bodies and presence of
wild fish in the pond. This was supported by prevalence data. which showed that EUS is endemic in natural
water bodies in most of the areas exatnined. A range of management strategies to reduce the risk ol'EUS
outbreaks was formulated,

Immunological studies demonstrated differences in the immune reaction of EUS-susceptible and EUS-
resistant fish. Snakehead macrophages were found to be less inhibitory of A. invadans than macrophages
from other fish. An immunostimulant trial indicated that Salar-bec  a vitamin supplement! is effective in
boosting this non-specific response in susceptible snakeheads. Trials also showed that snakeheads fiom
EUS-endemic areas have a strong serum response to A. inradarts infection, and a passive immunisation trial
showed that the antibodies involved are protective. This shows that there is potential for vaccine
development, although this was not pursued further on this project.

Information dissemination
Collaborative research, seminar tours and production and dissemination of manuals and leaflets increased
awareness of the project and its research outputs in South and Southeast Asia,
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Antimicrobial effectors in marine molluscs and crustaceans

Bachere. Evelyne
DRIM. UMR 5098. IFREMER/CNRS/Uiiiv.. Mongellier 2, Place F. Bataillon. 34095 Monipellier cedex 5

Antimicrobial peptides are key elements of innate immunity, and their role in the defence against
pathogens appears to be as important as antibodies or immune cell reactions. These molecules are
ubiquitous. found in the entire living kingdom. ranging from plants to animals including mammals. fishes,
amphibians, invertebrates such as insects. chelicerates, tunicates and recently molluscs and crustaceans. Of
the 400 antimicrobial peptides reported, at least about 50/o were mainly identified in insects,

Antimicrobial peptides are gene-encoded moliwules containing 15 to 100 amino acids. Most of the
peptides are amphipathic. with a net positive charge and presenting around 50'to hydrophobic amino acids.
These immune effectors share common characteristics and similarities in structural patterns and motifs;
they are  i! cyclic peptides stabilized by intramolecular disulfiide bonds. represented by the defensin
peptides;  ii! linear peptides; or  iii! peptides charactnized bv a high content of proline and/or glycine
residues. In general. the antimicrobial peptides have a broad range of activity and a weak cytotoxicity. They
show a great diversity in modes of action. Antimicrobial peptides can be lytic or can block bacterial
membrane biosynthesis, resulting in cell death,

In mollusc bivalves. to date. antimicrobial peptides have only been fully characterised in mussel.
Myri us edulis and M, galloprovincia/is, They are all cysteine-rich peptides belonging to four classes:
defcnsin-like or MGD1, mytilins. mytimicins and myticins. They present broad range of antimicrobial
activity against Gram-positive and Gram-negative bacteria and against filamentous fungi. In oyster. the
presence of such effector has only been reported, In crustaceans, antimicrobial peptides have been first
evidenced and partially characterized in crabs. a 6.5 kDa and a 11.5 kDa peptide in Carcinuv maenas and
the 3.7-kDa callinectin in Ca1linectes sapidus. whereas in penaeid shrimps, a peptide sequence has been
recently identified. with homologies with anti-LPS factor from Limulus. In the shrimp Penaeus vannamei,
an original family of antimicrobial peptides named penaeidin has been fully characterized at the level of
amino acid and cDNA sequences, These peptides present a chimeric structure consisting of two domains. a
proline-rich N-terminal sequence and a cyclic C-terminal domain presenting six cysteine residues and a
chitin-binding motif. The penaeidins display antimicrobial activity against Gram-positive bacteria and
filamentous fungi and aggtutinating properties for Gram-negative bacteria. Finally, in crustaceans, beside
gene-encoded cationic peptides, peptides with antimicrobial activity were evidenced to derive from the
processing or cleavage of pre-existing circulating molecule. as observed for hemocyanin, respiratory
plasmatic protein.

Regarding production in organisms, antimicrobial peptide expression appears to be regulated by
different tissue-specific pathways, and these effectors may consequently participate in either a local or a
systemic reaction. Antimicrobial peptides are produced in phagocytic cells of vertebrates and invertebrates.
and in various tissues such as epithelia of mammals and insects or insect fat body, Peptides are produced
constitutively and stored in circulating cells, where they can act intracellularly against phagocytosed micro-
organisms. Peptides can also be released by exocytosis upon microbial stimulation. In various epithelia of
invertebrates and vertebrates, antimicrobial peptides are either produced constitutively or induced in
response to infection or inflainmation. and participate to a local antimicrobial reaction. Finally.
antimicrobial peptide expression in fat body cells is induced in response to infection and peptides are
secreted into body fluids. which characterises the acute or systemic reaction in insects.

In mussel, the antimicrobial peptides are constitutively synthesized as precursors in circulating
hemocytes and the different classes of peptides are stored as active forms in distinct granules of different
hemocyte populations. The expression and involvement ot mussel peptides in immune response resemble
that seen in mammals neutrophils using antimicrobial peptides in phagolysosomes.

In crustaceans to date. the regulation of expression and distribution of antimicrobial peptides have been
solely studied through the penaeidins in penaeid shrimps. The peptides are constitutively synthesize and
stored in circulating hemocytes. Acquired data permit to distinct different phases in the shrimp response
following microbial challenge or infections, where the hemocytes play a central role in the regulation and
distribution of the peptides. Through their expression and immune functions. penaeidin represent a novel
model of antimicrobial-mediated immune responses, which would be ubiquitous in crustaceans.



Antimicrobial peptides appear lo be multifunciional molecules. A vast domain remains to be explored
to determine their role and their interaction with other components ef the defence mechanisms in bivalves
and clllstaceans.
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Immune relevant genes in fish

Hirono. Ikuo and Takashi Aoki
Lahotatoty of Genetics a»d Biochemistiy, Department of Aquatic Bioscie»ces. Tokyo University of Fisheries.
Konan 4-5-7. Minato-ku, Tokyo 108-R477. Japan liiro»p ci toke o-»-t~ ih..ic jg

The fish immune system comprises of the non-specific and specific immune defences � having both
humoral and cellular mechanistns to resist against infectious diseases. However. the biodefence and
immune related system of fish are poorly understood at the inoiecular level. Characterization of immune
system of fish is important for development of vaccines and other infectious diseases prevention methods.
In view of the above reasons, we used Japanese flounder for characterization of iminune system in the
molecular level. Expressed stxluence tag  EST! analysis has been conducted on Japanese flounder.
Paralichthys ohvaceus liver. spleen. skin. rhabdo virus infected Japanese flounder leukocytes and Ig
positive cells. and ConA/PMA or LPS treated leukocytes and kidney cells cDNA libraries. We sequenced
more than 3,500 clones of these cDNA libraries, Many putatively identified immune relevant genes, such
as cytokines. cytokine receptors, cell surface molecules, transcription factors. complement component, anti-
microbia1 proteins, proteases and protease inhibitors were identified. We also cloned and characterized
several immune relevant genes  TCRs. Igs. TNF, CD3. chemokines. and so ou! from the BAC library.
Currently the expression pattern for most of immune and defense related genes. from LPS or ConA/PMA
treated peripheral blood leukocytes, after DNA vaccination study and afler viral infection are characterized
by quantitative real-time fluorescence RT-PCR and microarray which was spotted about 1.000 different
Japanese flounder cDNAs. The expression patterns and the amount of expressed mRNAs of these genes
were di6'erent in the various genes examined, stimulations and time points.



Recent developments in our knowledge of fish immune responses

Miller. Norman W.
Department of Microbio}ogy, University of Mississippi Medical Center, Jackson. MS 39216

Early in vivo and in vitro functional studies have demonstrated that teleosts exhibit a wide variety of
adaptive and innate immune responses, which. for the most part. are similar to those found m higher
vertebrates. The recent identification of immunologically relevant genes orthologous to those in mammals
confums thc notion that the basic aspects of immunity have been highly conserved during evolution.
However. there are a number of novel immune related genes identified in fish that are either quite different
from their mammalian counterparts. or have no recognizable maminalian equivalents, suggesting that
certain aspects of teleost immune responses are quite different from those of mammals. Such genes include
IgD. a second TCR 8 gene. and Novel Immune Type Receptors  NITRS!. For inost fish species the lack of
cell surface markers and immunologically relevant in vitro culture systems has severely limited critical
functional assessments of not only novel but also recognized immune gene products. In light of this,
Ictai»rus p»nctat»s  channel catfish! has proven to be a quite useful bony fish model for studying
immunological functions. The IctaIu>.us culture system has allowed for the in vitro characterization of
interactions between different cell lineages, and the currently unique availability of distinct clonal
leukocyte cell lines has permitted the assignment of specific functions to cells possessing defined cell
surface phenotypes in ways not currently possible in any other fish species,

Both autonomous and non-autononious clonal lymphoid cell lines have been developed in channel
catfish. The autonomous cell lines continuously proliferate without the need for stimulation or exogenous
factors. and are represented by functionally active macrophage. T, and 8 cell lines, In contrast. the non-
autonomous cell lines require periodic stimulation with antigen. and are represented by alloantigen specific
cytotoxic T cells. and NK-like cells. The non-autonomous cytotoxic T cells lines have proven useful for
identifying the signal transduction events operative during antigen and cytokine stimulation. as well as the
cytotoxic mechanisms employed by these cells. Some, but not all, catfish NK-like cell lines are armed with
IgM via a putative Fcl>R, enabling antibody dependent cell cytotoxic responses, Catfish NK-like clones
have also been shown to express some of the recently described NII R genes. The NITR genes that have
been identifiA in Ictr>lr>r»s reflect an extraordinary continuum of structural variation, including certain
NITRs that lacl Immune Tyrosine Inhibitory Motifis  ITIMs! but encode a positive charged residue in the
transmembranc region, reminiscent of activating receptors ol' the mammalian leukocyte receptor complex
 LRC!. Representative catfish NITRs exhibit both tissue- and apparent lineage-specific expression as well
as regulated expression during the course of in vitro immune stimulation. It is anticipated that the
development of additional important lymphocyte surface and functional markers will be facilitated though
the use of such clonal cell lines and recombinant proteins.
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A comparison of white sturgeon herpesvirus types I and 1I and development of specific diagnostic
PCR assays
Andree. K.B., S, Yun, T.S. McDowell, and R.P, Hedrick*

Department of Medicine attd Epidemiology. School of Veterinary Medicine, University of California. Davis. ]
Shields Aveuue Davis, California 95616 USA

The two members of the family Herpesviridae described from sturgeon are the white sturgeon herpesvirus
type 1  WSfIV-1! and white sturgeon herpesvirus type 2  WSHV-2!. WSHV-2 is the more commonly
encountered and inost serious of the two viruses and leads to significant iosses among cultured juvenile
white sturgeon each year. Both WSHV-1 aiid 2 are similar morphologically and both attack the integument
of white sturgeon. The viruses however, clearly differ from each other as shown by comparisons of the
genome by RFLP analyses and DNA sequencing, Sequence similarities found in both viruses suggest an
affinity to the alpha herpesviridae. which is a group of herpesviruses found solely in aquatic hosts.
Additionally. as there are no treatments available for these viral agents in sturgeon, detection and isolation
of infected individuals in a population is the best method of control. For this reason we have developed
type-specific PCR assays for rapid, specific and sensitive diagnosis for both WSHV-1 and WSHV-2 in
white sturgeon. In a recent study, we compared virus isolation to the newly developed PCR assay for the
diagnosis of WSHV-2 infections in juvenile white sturgeon,

Kxperimental transmission and pathogenesis of Pt'scirickettsia sa monis isolated from white seabass
 Atractosct'on nobilis!
Arkush, Kristen D.", Mark S. Okihiro, and Ronald P, Hedrick

'Bodega Marine Laboratory. University of Ca1iforuia, P.O. Box 247 Bodega Bay. California 94923 USA
hd irkuah. ri suitors i~.edu
'California Department of Fish and Game 4065 Oceanside Blvd, Suite G. Oceanside, California 92G56 USA
ms.okihiro a all.iiet
'Department of Medicine and Epidemiology, School of Veterinary Medicine. University of California at Davis.
Davis. California 95616 USA i >hedrick'ii.ucdavis.cdu

Pisciricltettsia salmonis is a significant pathogen of salmonids that has been reported in Chile, Europe, and
Canada, While coho salmon  Oncorh3mchus kisutch! are the principal hosts for P. salmonis infections, the
disease has also been detected in rainbow trout  O. mykiss!. chinook salmon  O. tshawytscha!, and Atlantic
salmon  Salmo sa!ar! in Chile. Strains of P. salmonis isolated from Chile. British Columbia and Norway
show similar ribosomal DNA sequences although they differed in viruleiice when compared in
experimental laboratory trials with coho salmon, The origin of the initial infections with P, salmonis in
Chile, where salmon are introduced species. is unknown although a marine fish reservoir has been
suspected. During the course of examinations into losses of juvenile white seabass  Atractoscion nobilis! in
southern California USA a P, salmonis-like organism was isolated and identified. This isolate shows rDNA
sequences and antigenic characteristics that clearly indicate it is P. salmonis. This is the first isolation of P.
salmonis from a nonsalmonid fish. Intraperitioneal injections of the white seabass isolate into both coho
salmon and white seabass demonstrated its virulence for both fish species. The disease in both sahnon and
white seabass is similar, involving primarily liver  massive necrosis, granulomatous inflammation,
macrophage aggregate and granuloma formation! with secondary spread and granulomatous inflammation
in spleen, kidney, intestine. and gill. These studies clearly indicate that P. salmonis can occur in
nonsalmonid fish species, and cause a disease similar to salmonid piscirickettsiosis.



Observations on the life stages of Sphaerothecum destrueus gen. and sp. nov., a mesomycetozoean Bsh
pathogen formerly referred to as the rosette agent
Arkush, Kristen D.'~, Leonel Mendoza, Mark A. Adkison', and Ronald P, Hedrick'

'Bodega Marme Laboratory, University of California. P.O, Box 247, Bodega Bay. Califorma 94923 USA
kdarl usb i/ ucdab is.cdu

Medical Technology Program, Department of Microbiology aud Molecular Genetics, Michigan State University.
East Lansing. Michigan 48824-1030 USA mmdoza9fd~i!iloi.rnbu.cog
SDepartmciit of Medicine and Epideiniology. Scbool of Veterinary Medicine, Uguversity of California at Davis,
Davis. California 95616 USA maadkisoura'ucdas is.edu; hcdi-ick ~iucdub ls.edu

The rosette agent is an obligate intracellular parasite initially identified in 1984 as the cause of a disease
and the subsequent mortality of chinook salmon  Oncorh37ichus rshawp:tscha! held in seawater net pens in
the state of Washington USA and was detected in chinook salmon in California USA in 1994, The agents
from both Washington and California states have been propagated continuously in the CHSE-214 line. The
parasite from these cultures has been shown to induce experimental infection in both salmon and trout
species that is clinically identical to the naturally occurring disease as originally observed in chinook
salmon. The rosette agent shares similar morphologic characteristics to members of the class
Mesomycetozoea, a novel group of parasites of fish. shellfish, mammals. birds and other animals near the
choanoflagellates in the divergence between animals and fungi. Studies of the rosette agent both from
infected fish tissues and as propagated in cell cultures have revealed previously unrecognized life stages of
the parasite and modes of its transmission. These new observations combined with the available
phylogenetic data on the other mesomycetozoeans have led us to conclude that the organism previously
known as "the rosette agent' should be classified as a new genus and species: Sphaerothecum cksirueiis.

The innuence of methyl mercury on reproductive biomarkers in aquatic species
Arnold. Beverly S.'*, Timothy S. Gross', D. Shane Ruessler'. and Nicola Kernaghan"

'USGS Biological Resources Division. Caribbean Science Center and College of Veterinary Medicuie,
Department of Physiological Scieuces. University of Florida. 7920 NW 71" St. Gainesville, FL 32653 USA
bub amOldf usus.crov
USGS Biological Resources Division, Caribbean Science Center aiid College of Vetemiary Medicme,

Department of Physiological Sciences. University of Florida. 7920 NW 71 St. Gamesville, FL 32653 USA
. i Gross'u ussss.uov

'USGS Biological Resources Division, Caribbean Science Center aud College of Veterinary Medicine,
Department of Physiological Sciences, University of Florida, 7920 NW 71" St. Gainesville, FL 32653 USA
,baoe r i ii . r...
tiSGS Biological R sources Division. Caribbea Science Center and College of Vet ' ary Medicine.

Department of Physiological Sciences, University of Florida, 7920 NW 71" St, Gainesville. FL 32653 USA
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A variety of anthropogenic  man-made! and natural chemicals in the environment are capable of
modulating and/or adversely affecting or disrupting endocrine function in vertebrate organisms.
Environmental pollutants such as o,p'-DDT, Bisphenol-A. kepone, PCRs, and dioxins are some of the best
studied endocrine active agents. Other commonly found coinpounds are not so well known in this capacity.
Mercury contamination is a major concern in the southeastern United States, but little is known about
effects of low level exposure on health and reproduction in wildlife. Mercury levels for wildlife are. in
general. high and exposure assessments have indicated significant exposure and potential risks for multiple
taxonomic groups including: birds, fish, reptiles. mammals and invertebrates. Mercury. in its most toxic
form � methyl mercury � is a major contaminant in many aquatic ecosystems in the U.S. and biomagnifies
easily up the food chain. Although commonly found in the environinent, only a few studies have examined
endocrine or reproductive function in aquatic organisms exposed at environmentally significant
concentrations. Also. laboratory studies with largemouth bass, Nile tilapia. and freshwater mussels have
showed that environmentally relevant levels of methyl mercury lowered plasma concentrations of
reproductive hormones. Although not commonly considered as an endocrine active agent mercury may
depress hormone production in fish by either interfering with gonadal development or with the pituitary-
hypothalmic-gonadal axis. These results demonstrate that methyl mercury can affect plasma hormone
concentrations and could potentially affect feral populations.
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Development of real time PCR assays for detection of the oyster pathogen Perkinsus urarInus in
environmental water samples
Audemard, Corinne*, Kimberly Recce. Lisa Ragone Calvo. Nancy Stokes. and Eugene M. Burreson

Virginia Iiistitute of Marme Science. The College of Wilhaiii and Mary, Gloucester Point, Virginia. 23062 USA
i! 1 1Lti.'B13 1Ld a i 'I In.». c du

Perkinsiosis caused by the protozoan Perkinsnr marinas is currently the most widespread and lethal
infectious disease of the eastern oyster. Crassosrrea virginica. Understanding transinission dynamics is
critical for development of effective oyster resource management strategies that are predicated on pathogen
avoidance. This requires examination of environmental parasite abundance in relation to host oyster
mortality, infection acquisition rate aud environmental factors. Recent advances in molecular techniques
for the detection of P. marines, combined with a real-time PCR system  Light Cycler, Roche Molecular
Hiochemicals! for DNA quantitation. constitute th» required tools for sensitive, specific and quantitative
detection of P. marinas in environmental samples, Strategies for optimizing this technique will be
presented. as well as preliminary results of the application to environmental samples collected from several
Chesapeake Bay sites.

European flat oyster pathogen Marreilia refringens life cycle investigations: how we found a needle in
a haystack
Audemard, Corinne'*. Frcdcriquc Le Roux . Benoit Sautour '. Pierre-Guy Saurian ', and Franck Berthe

' Virginia Institute of Marine Science, The College of William and Mary, Glouccstcr point, Virginia. 23062 1JSA
audculard ~c  v has.cdu
Lahoratoire Genetique et Pathologic, IFREMER, BP 133, F- 17390 La Tremblade France lpl~tlle ii'i fremer.t'r

'Lahoratoire d'Oceanographic Biologique. Uiiiversite de Bordeaux L UMR 5805 CNRS. 2 rue du prof Jolyet. F-
33120 Arcachon France!xsautou~ a hIocean.u-bordeaux.t'r
'Centre de Recherche eu Ecologic Marine et Aquaculture. CREMA  CNRS-IFREMER! BP 5, F- 17137
1'Houmeau France sauria'ci ifreui»r.fi.

During the last thirty years, the European flat oyster Osrrea eduiis underwent a severe decrease in
production; from 30,000 tons per year in l960 to 1.500 tons today. The Paramyxean protozoan parasite.
Marteiha rePingens is partly responsible for this decrease. The existence of an indirect life cycle, i,c,
involving other host species, has been postulated for this parasite. However. the lack of appropriate tools to
specificallv detect all parasite developmental stages, as well as the high number of potential host species
living in the vicinity of oyster beds. limited the investigation of this life cycle. This research recently
became feasible with the development of molecular detection tools, specific and sensitive to any M
refringens developmental stage. which could be used to examine the fauna of a model system   the
"claires" ponds! characterized by. low biodiversity. Our strategy to demonstrate the existence of M
refringens host s! species, involved sampling of the pond fauna, searching by PCR for M rePingens DNA
among all the sampled species, localization of the parasite DNA by in siru hybridization. and confirmation
of the involvement of a species in the life cycle by experimental transmission. This strategy identified the
copepod Paracarria grani as a host of M rePingens.
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Relatiorrships among members of marine Mpxobolus spp. from mullet based on small subunit
ribosomal DlsIA sequences
Bahri. Sihem', Karl B. Andree and Ronald P. Hedrick

'Faculie des Sciences de Tunis, Departement de Biologic, Laboraioire de Microbioldigie, Campus Umversiiaire
2092, TUNISIA Sil3cffj. H;lliritff'1'St.f33«da
School of Veterinary !Vledicine. Departmefii of Mediciiie and Epid<~ology. University of California. Davis.
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Six marine species of jiffrxobolus collected kom species of mullet  Migii cephahtv and Li=a ramada! in
Ichkeul Lake, Tunisia, were studied to evaluate traditional criteria used in the identification and the
taxonomy of myxozoan species, including spore morphology, host specificity and tissue tropism.
Sequences representing 1600-1700 base pairs of the ISS rDNA from the examined marine species were
characterized and distance analysis showed them as a monophyletic group that form a separate clade from
freshwater Npxobolus spp. Sequence analysis confirms that these marine myxozoan isolates infecting
mullet. which are morphologically different Irom each other are in fact different species. Furthermore. the
molecular sequences showed that closely related species often infect the same host and tissue. These results
demonstrate the utility of DNA sequence data in providing more insight into evolutionary relationships
among the Mvxobolus species. However. until the life cycle of myxosporean species has been elucidated.
we should continue the use of spore morphology, with host and tissue speciticity playing a secondary role,
in the identification of species.

Implications for disease diagnoses of three Myxosporean parasites of finfish by in sitN hybridization
Baxa, Dolores V.'*. Jonathan D. W. Moran - and Ronald P. Hedrick

School of Veterinary Medicine, Departmeiit of Medicine and Epidemiology, University of California, Davis,
California 95616, USA dbaiiiomofiucdavis.edu hedjict,.'ffxucdasis.cd«
'Microtei International �998! Ltd., National Research Council of Canada, Institute for lvlarine Biosciences. 326-
1411 Oxfo d Street Halifax No a Scotia. BSH 3Z1 Caoada j r "of ic otei.'iolt coo

The use of in sita hybridization techniques for diagnosing various pathogens has increased dramatically
over the past years. Non-radioactive protocols have been developed in our laboratory for detecting several
myxosporeaii parasites including Afpxobohcs eerebrolis, Kudoo thJfrsites and Tetrocapsula bn>osabnonae,
previously known as PKX. the organism causing proliferative kidney disease. The importance of this
technique is based upon its ability to detect and localize the earliest stages of these organisms in their
respective hosts or among suspect hosts. which is critical for the development of effective management
strategies for these diseases. Recent findings on these parasites demonstrating the application of in situ
hybridization will be presented.

100



Practical grower experiences in thc proactive prevention aitd control of infectious salmon anemia
Belle, Sebastian

Ma!rie Aquaculture Association. Box 1 48. Hallowell. Maine. 04347 USA 1 r!trurcs<,'t!8 «'aol,coni
Clinical ISA was first reported in Maine waters in 2001. Maine salmon growers have developed and
implemented both proactive and reactive responses to the emergence of clinical ISA. Annual third party
biosecurity audits were initiated in 1997. These audits proved to be a valuable learning tool for farm
managers and greatly assisted in the identification of higher risk farm practices. In 1998 an ISA action plan
was developed and iinplemented by the growers with the help of a number of fish health professionals. This
plan was revised annually based on the evolving state of knowledge about 1SA epidemiology, improving
ISAV detection methodologies and experience in ISA management from other salmon producing areas
facing ISA outbreaks, ln 2001 the Maine Aquaculture Association developed and implemented a
cooperative bay management program designed to increase grower coordination and reduce risks
associated with fish health and enviromnental impact. The ~ Bay Management Agreement was based
on the most recent MAA ISA Action Plan and a systematic review of cooperative bav management plans
and biosecurity protocols from around the world. The MAA Bay Management Agreement establishes
minimum standards. procedures and protocols designed to minimize disease risk and improve grower
communications and cooperation. MAA has worked closely with state and federal authorities to ensure that
grower practices and responses are consistent with the best available scientific guidance in aquatic disease
prevention and response, The I JSDA ISA Program has been critical to the rapid and aggressive response to
the emergence of clinical ISA in US waters. Continued close cooperation between federal and state
authorities and the growers will sigmficantly increase the effectiveness of any lSAV control and
eradication efforts.

Edwardsiellaictaturi encodes a putative Type IH secretion system
Benoit. Jennifer L.'*, Maria Kelly-Smith', Denise H, Fernandez . and Ronald L. Thune"

'Department of Veterinary Science, Louisiana State University Agricultural Center, Baton Rouge. Louisiana
70803, USA jL!cii !i6  i lsu.,du
Deparrrr!ear of Pathobiological Sciences. Cooperative Aquatic Animal Health Research Program  CAAHRP!

School of Veteririary Medicine, Louisiana Stare University, Baton Rouge. Louisiana 70803. USA
th !i!c «'!ru!iL eiiued.lsu.edu

Type III secretion systems are utilized by numerous Gram-negative bacteria to translocate virulence
proteins directly into eukaryotic cells. Assembly of the needle complex of type HI secretion systems, which
spans the entire Grain-negative cell wall, requires the coordinated expression of between 20 and 30
proteins. The assembled apparatus allows for direct translocation of effector proteins from the bacteria to
the cytoplasm of the host cell, and is essential for virulence. A virulence-attenuated strain of Edwardsiella
icrahm'. the causative agent of enteric septicemia of catfish. was identified using signature-tagged
mutagenesis. Genetic analysis of the region surrounding the mutation reveals high similarity to several
genes encoding inner membrane proteins of the needle complex of a type III secretion system. This finding
indicates that a type III secretion system is involved in the pathogenesis of E. icraluri.
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The lack of a speciiic antibody response in haddock  Nelauagramnuis aeglefinus!; inimunoglobulin
quaternary structure and proteomic diversity
Bentley. B.E,' *, A. Dacanay', L,L. Brown'. and S.C. Johnson'

'National Research Council Canada, Institute for Marine Bioscieoces, 1411 Oxford Si.. Halilax, Nova Scotia,
Canada B3H 3Zl ~%adroit. Duc'uiuv u'iirc.cu:! aura. llrown jure.~u: Stewart.Johnson'ri'nrc.ca
Department of Biology. Dalhousie University. Halifax. Nova Scotia, Canada B3H 4JI Erji, Bcmlev a arc.cu

The development of non-salmonid marine finfish aquaculture requires effective disease management
strategies for these species. Recent immunological studies on members of the family Gadidae, including
Atlantic cod  Gadus morhua! and haddocl  Meianogramnius aeglefi'nus!. indicate that these fish may
respond differently to immunization than other vertebrates. We have investigated the effects of
immunization of haddock on the specific antibody response, immunoglobulin  lg! quaternary structure and
Ig diversity. Specific antibody levels and immunoglobulin diversity were determined for groups of haddocl.
maintained at 12'C and immunized with either a commercial vaccine against Vibrio anguillaruin and
Aeromonas saimonicida. trimtrophenyl coupled to keyhole limpet hemocyanin  TNP-KLH! and adjuvant,
or saline and adjuvant. A non-injected group served as a control. Using ELISA we were unable to detect
antibody responses to antigens in any of the groups. We were not able to detect any differences in lg
diversity between groups using two-dimensional electrophoresis and immunoblotting. We have found that
the basic architectural structure of haddock lg is similar to that of other vertebrates comprising of two 85
kDa heavy chains and two 25 kDa light chains. Data from non-reducing. denaturing agarose/acrylamide
clectrophoresis and analytical FPI.C suggest that haddock Ig is tetrameric. llowever, with respect to levels
of disulphide cross-linking, haddock Ig appears to exist in its highest cross-linked form as a trimer. The
apparent absence of a specific antibody response in haddock suggests that other facets of immunity arc
responsible for immunocompetency in this species.

Comparison of bacterial loads in ESC-susceptible and resistant channel catfish with real-time PCR
Bilodeau, A. Lelania*', Brian C. Small'. William R. Wolters'. and David J, Wise

' USDA-ARS. Catfish Genetics Research Urdt. Thad Cochrau Warmwater Aquaculture Center. 141 Expeririieut
Station Road. Box 38. Stoneville, Mississippi 38776 USA
Mississippi State University. Delta Research and Extension Center. Thad Cochraii National Warmwater

Aquaculture Center. P.O. Box 197, Stoncville, Mississippi 38776 USA
Enteric septicemia of catfish  ESC! is the most prevalent disease affecting commercial catfish farms.
Susceptibility to the causative agent of ESC, the bacterium EdwardsieVa icta1uri, appears to be consistent
within each family of channel catfish, Real-time PCR technology was utilized to measure differences in
bacterial loads and clearance rates for ESC-susceptible and resistant families of channel catfish during
immersion challenge. Only surviving fish at each time point were included, The quantity of E. icraluri
DNA present in bloocL kidney, and spleen samples from iiidividual fish was compared for 2 families ot
catfish that exhibited strong susceptibility or resistance to ESC in previous challenges, No family
differences  p ! 0.05! in bacterial levels were determined in the blood, kidney. and spleen 2 hours post-
exposure. Significant differences  p   0.05! in the quantity of bacterial DNA between resistant and
susceptible fainilies were evident for blood and kidney tissue 24 hours following exposure to E. icraluri, as
well as in the blood 48 hours and 5 days post-exposure. However, differences  p   0.05! were not observed
in spleen tissue until 5 days past-exposure. Mean quantities of bacterial cell equivalents per 100 liL of
blood at 24 hours post-exposure were 9.2 x 10 + 6938 for the susceptible fainily and 5.87 x 10' + 4358 for
the resistant family. Overall, families that are susceptible to ESC carried higher levels of bacterial DNA in
their blood than resistant families; however the clearance rate from blood for surviving fish in both groups
was similar.
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Patterns in pathological changes associated with ENdou spp. frotn the pericardiuni of 5shes in the
northern Gulf of Mexico
Blaylock. Reginald B.*. Stephen A. Bul lard', and Chris Whipps

'Gulf Coast Research Laboratory, College of Mariiie Sciciices. Thc University of Southern Mississippi, P. O. Box
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'Departmeui of Microbiology. Oregon State University. Corvallis. OR 97331-3804 >xl~ii »c'civics.pre.e fu

During examinations of about 1.300 fishes belonging to 130 species in 50 families we found 5 new host
records for Kiidoa spp.. at least some of which represent new species. We report for the fust time species
from the Gulf of Mexico that infect and cause lesions in the heart/pericardium, Results based on gross and
histological analysis suggest that the pericardium is the primary site of infection, Pathological changes in
the pericardium associated with the infection include iniiarnmatory infiltrate and granulomatous lesions
that potentially could affect the health of the host. Of the approximately 50 known species of Kudoa, about
half are typically found in the somatic musculature, Only 2 species are reported to infect primarily the
pericardium. All isolates of Kudoa spp, from the pericardium of fishes from the northern Gulf of Mexico
are similar rnolecularly and different from those sympatric species that typically infect the somatic
musculature. but pathological responses to the Kadoa spp. from the pericardium vary among host species
suggesting differences in host susceptibility. Comparing life history characteristics among the hosts with
patterns in pathological responses may elucidate host-parasite relationships. This study was supported
through NOAA Award No. NA06FL0501.

Overview of Aphanomyces invadans in ineiihaden along the East Coast of the United States
Blam. Vicki S 1* W.B. Schilll CL D smorel L, Plum'-.Y.K' U-'ands. Pagei

'National Fish Health Research Laboratory. U.S. Geological Survey. 11700 Lcetowu Road. Kearoeysville. WV
25430 USA vici 1 blarcva «s~~.vov; bn«c schillu iLsgs~ox; christ«e dei»morei'c< us~ ~,aos:
Sa«dr«a ~c~'u iis s. ov
Maryland Department of Natural Resources, Stevcnsville, MD USA 1 ie ~er'u'd«r.stair.md.us

"Department of Environmental Sciences. Virginia Institute of Marine Science. Gloucester Point. VA 23062 USA
wai«'n i!ms ed«

Deep penetrating ulcers with histological evidence of penetrating fungal  oomycete! hyphae and chronic
granuloinaious inilammation have been observed in tributaries along the eastern seaboard of the U.S. since
at least the early 1980's. This syndrome was termed ulcerative mycosis and the cause s! somewhat
controversial, ln 1998. we were able to isolate A. irivadans from the lesions of menhaden captured in the
Wicomico River. MD. Molecular studies suggest this isolate is identical to A. invaddns isolates from EUS
 epizootic ulcerative syndrome! outbreaks in Southeast Asia and Australia. PCR analyses on tissue sections
indicate the same pathogen is responsible for ulcerative lesions of menhaden from Delaware Bay to
Georgia. Infectivity studies indicate this is a primary pathogen oi'menhaden. Evaluation of iesion incidence
data and precipitation information for selected areas suggests that rainfall/runoff is an important factor in
disease incidence. In laboratory studies we have shown that salinity significantly influences hyphal growth
and sporulation. It is not known if other factors present in freshwater runoff will also influence oomycete
growth, Current studies are directed toward 1! understanding the source s! and transport of the pathogen in
Maryland tributaries: 2! environmental factors that favor both hyphal growth and sporulation; and 3!
correlation between lesion incidence in menhaden and concentration of fungal zoospores in selected
tributaries.
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The epidemiology and proposed prophylaxis of nodavirus related disease in commercially farmed
Atlantic balibut  Hippoglossus hippoglossus! in Norway
Bleie. Hogne'*. Audun H, Nerland. Ingunn Sommerset, Susanna Husgarh, Geir K, Totland'. Sindre
Grotmol . and Leif Berg
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Institute of Marine Research, PO Box 1870 Nordues. N-5817 Bergen, Norway uuduo ueilaud <I imi.oo

'University of Bergen, Department of Zoology, Allegata 41, N-5007 Bergen, Norway ~mr.tpilou<l p 7oo.iiib.uo
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One of the greatest obstacles to culturing of Atlantic halibut  Hippogiossus hippogiossas!. as for several
other marine fish species worldwide. has been recurring mass moralities of larvae and juveniles due to
nodaviruses causing viral encephalopathy and retinopathy  VER!. To be able to explore any prophylactic
measures against the virus. a thorough understanding of its epidemiology is needed. Nodaviruses consist of
an icosahedral capsid 25-35 nm in diameter. containing two single stranded positive-sense RNA-molecules:
RNA1 �100 nt! and RNA2 �400 nt!. where the former encodes the RNA-dependent RNA polymerase and
the latter encodes the capsid protein. A specific and highly sensitive RT-PCR method for the detection of
nodavirus in tissue has previously been established. A semi-quantitative method based on ultra-
centrifugation followed by RT-PCR has recently been developed to detect nodaviruses present in seawater,
These methods, together with traditional histology and iinmunohistochemistry, were utilized on samples
from commercial rearing facilities in order to enhance our understanding of the entry, shedding, and
subequent spread of the pathogen. Latent carriers were identified. Recombinant capsid protein expressed in
E. coli bacteria has also been produced following the sub cloning of RNA2 into a plasmid vector. The
protein has been used to immunize rabbits in order to obtain specific polyclonal antibodies, as well as for
an ELISA-test to detect serum antibodies in fish blood. The recombinant protein has further been the
backbone in oiie of two attempted vaccine strategies for halibut broodstock.

Lymphosarcoina in hatchery reared yearling tiger muskellunge Esax niasquinong3 X F niger
Rowser, Paul R.", James W. Casey', Gregory A, Wooster'. Rodman G. Getchell', Chun-Yao Chen' and
Linda A. Chittum

'Aquatic Animal Health Program. Department of Microbiology aud Immunology, College of Veterinary
Medicine, Cornell University, Ithaca, New York 14853-6401 USA irb4'o «omelbedu, w«3 ci couiell.edu,
«aw!'<'i:«or<i«IL«du c«157 a'coo>eu edu
'Aquatic Animal Health Laboratory. Division of Wildlife State of Colorado Department of Natural Resources, P.
O. Box 128. Brush. Colorado 80723-0128
Current address: Fisheries Experiment Station, 1465 West 200 North. Utah Department of Wildlife Resources,
Logan, UT 84321 USA l clii ttum'<i udwrl'es.om

Yearling hybrid tiger muskellunge  Esox lucius X E lnasquinongy! being cultured within the Colorado
Division of Wildlife fish hatchery system were found to have external lesions that were grossly and
microscopically consistent with descriptions of esocid lymphosarcoma. Esocid lymphosarcoma has been
described as a tumor of adult northern pike  E. 1ucius! and muskellunge  E. niasquinong! ! that has a
proposed retroviral etiology. Due to concerns regarding the potential infec1ious nature of the condition in a
hatchery environment. an experiment was conducted to determine if the lesion could be transmitted in the
laboratory with cell-Iree filtrates to naive young-of-the-year  YOY! tiger muskellunge. At 32 weeks post
challenge, grossly visible lesions were observed on the challenged fish. Histological evaluation of these
lesions confumed that they were esocid lymphosarcoma. We believe this is the first report of an epizootic
of esocid lymphosarcoma in tiger muskellunge and in any esocid other than an adult fish.
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Possible cataract preventative effec of histidine related to ionic balance and water regulation in fish
lens
Breck, Olav' ". Rune Waagbo'. Patrick Campbell, Ellen Bjerkas . Jeremy Rhodes' and Julie Sanderson
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Cataracts have been described in wild and farmed salmonid populations. The condition has caused
significant losses in European aquaculture in the last 10-15 years. mainly affecting Atlantic salmon  Safmo
salar! in seawater. Cataract causative factors have been related to environmental. physiological, genetic
and nutritional conditions. The role of nutrition received special attention afler the omission of mammalian
bloodmeal in salmonid diets seemed to coincide with occurrences of outbreaks of'cataracts in salmon farms
in the 1990's. Our feeding trials show that histidine. an ainino acid especially high in bloodmeal. has a
cataract mitigating effect, A high percentage of senile cataracts in humans have osmotic invo!vement.
Experiences from the salmon industry have shown that sub optimal timing of smolt transfer to seawater. as
well as fluctuations in salinity in sea farms induce osmotic cataracts. Although such salmonid cataracts are
considered reversible. it is postulated that severe or repeated osmotic changes may lead to irreversible lens
opacifications. At the University of East Anglia, Norwich, leos culturing systems have been developed, to
investigate osmoregnlation in the salmon lens. The response to hyperosmotic incubation conditions have
becket tested. measured as changes in lens transparency, voluine and Na+ influx. Results of feeding trials,
partly combined with in vilro studies will be presented and a possible cataract-preventing role of histidine
related to lens osmoregulation will be discussed.

The function of antibodies in the digestive tract of sea lice Lepeophrhelrus salmorris
Bricknell. Ian R.'* Rob S. Raynard', Katy Adamson'. Paul Cook' and James E. Bron

FRS Marine Laboratory, Aquaculture & Aquatic Animals health 37s Victoria Road. Torrv Aberdeen AB11 9DB,
UK
Institute of Aquaculture, University of Stirling, Stirling FK9 4LA. UK

The gut of the sea lice Lepeoplirheirus salmonis is considered a suitable immunological target for vaccines,
modelled on the successful vaccine against the tropical cattle tick Boophilus microplus. No studies have
been carried out into the physiology of the gut of l, sa/monis or the function of the Atlantic salmons'
 Saimo salar! antibodies in vivo. This study characterises the environment of the digestive tract of L.
sabnonis and the ability of Atlantic salmon antibodies to function under these conditions. Fed and stan ed
sea lice were investigated; starved �8 hours!. fed. fed  with blood visible in the gut!. The osmolarity and
salmon haemoglobin level of the gut contents were measured to determine the osmolarity. as well as
allowing for the calculation of the dilution of salmon blood in the gut. The ability of salmon antibodies to
function under these conditions was established by an ELISA against HGG using buffers that inimic the
conditions found in vivo. Starved lice gut contents had an osmolarity of 968+31mosmo!/I'. fed lice 789+38
mosmol/I' and blood fed lice 684+1 lmOsmol/I '. This was isotonic with the haemolyinph in starved
animals and hypo-osmotic in both groups of fed animals. Salmon antibodies were found to function in
osmolarities up to 400mosmol/I' but lost 55-64'/o of it binding ability above this. The dilution of
hemoglobin with the gut contents was undetectable  starved!, I:41.600  fed!, and I:2,936  blood!. The gut
of sea lice remains osmotically high, suggesting that seawater is ingested when feeding, The osmotic
environment in the gut does not allow antibody function. The low level of haei»oglobin in the gut suggests
that blood is not a major component of the sea louse diet and the considerable dilution of blood would
seriously impeded the function of antibodies in the gut of sea lice.
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identification of virulence genes in the aquaculture pathogen Srreprococcrcsiniue
Buchanan, John T '~. Jason A. Stannard . Mark E. Westerman, Vaughn E. Ostland . Jon C, Van 01st .
James M, Carlberg . and Victor Nizet'
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Disease associated with the pathogen Strept'ococcrrsiniae represents a serious health and economic problem
in cultured fish species worldwide. In North America. the tilapia and hybrid striped bass  HSB! industries
have been particularly impacted. Understanding the grimm associated with virulence in this bacterium can
provide targets for disease treatment and vaccine deveIopment. To this end, we sou~Pt to  I ! characterize
strains of S, iniae associated with invasive infectioii in HSB, �! peri'orm random transposon mutagenesis
of a suitably virulent strain, �! develop a HSB challenge model to screen mutants for reduced virulence,
and �! identify the specific genes disrupted in attenuated mutants. Evaluation of eight S. iniae strains
isolated from a commercial HSB production facility led to the identification of reproducibly virulent J289.
A challenge model was developed using -25-gram HSB injected intraperitoneafly with 100-Irl of bacterial
suspension, and observed for 6 days at 26'C for mortality. The LDi» of J289 was determined
experimentally in these conditions to be -4x10 CFU of bacteria. Wild-type strain J289 was rendered
competent and transformed with temperature-sensitive plasmid pTV,OK contaimng transposon Tn917,
Chromosomal transposition events were selected by ~thromycin resistance at the nonpermissive
temperature �7'C!. and a library of highly random, single insertion mutants confirmed by Southern
analysis. Mutants were screened and confirmed in the HSB challenge model at the veld-type LD». To date
we have identified one completely avirulent and five significantly attenuated S. iniae transposon mutants,
Detailed genetic analysis of the chromosomal loci affected by transposon integration is in progress.

Pathological effects of blood flukes  Sanguinieolidae! on marine fishes relative to aquaculture
Bullard. Stephen A.* and Robin M. Overstreet

College of Marine Science, The University of Southern Mississippi, P.O. Box 7000. Ocean Springs, MS 39566-
7000 USA

Fish blood flukes  Sanguinicolidae! infect the vascular system of fishes, and some are pathogens of fishes
in aquaculture systems. Cultured hosts associated with appropriate snail, bivalve. or polychaetc
intermediate hosts may accumulate heavy infections of adult worms and their eggs. The resulting disease,
sanguinicoliasis, has caused mass mortalities of fishes in ponds and cages in North America, Furope, and
Asia. In the sanguinicolid life cycle. the cercaria emerges from the intermediate host and then penetrates
into and matures in the definitive fish host. The resulting adult worm releases eggs into the fish s vascular
system. These eggs may be sequestered in gill, heart, kidney, liver, spleen, pancreas. or other organs where
they cause inflammation and infarcts as well as decrease organ efficiency. Infections by particular species
under appropriate environmental conditions kill the host, Treatment of debilitated fishes is difhcult, and the
combination of stock destruction and facility disinfection is a realistic option for managing cases in
freshwater systems. However, early detection of the parasite, careful site selection and construction of'
culture facilities and elimination of infected hosts  definitive or intermediate! are suggested for marine
systems. Histological evaluation of four wild fishes demonstrates that the adult flukes and their eggs affect
these hosts differently, For example. the heart of different species exhibits different types of inflammation
in different degrees. some harmful. The response to the egg also differs according to host and site and
perhaps also to intensity and season. Study supported by NOAA/NMFS Nos. NA06FL0501, NAI6RG 1646.
and NA17FF2010,
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Antigenic and im munogenic properties of Flavobacleriunr psychrophiinm
Cain, Kenneth D.'*, Ben LaFrentz'. Leslie Grabowski . and Scott 1.'. LaPatra
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Identification of distinct properties and specific antigcns important in conferring protective immunity
against bacterial coldwater disease is highly desirable. DiAerentiaI characteristics between virulent and
non-virulent strains of FIavobacterium ps>chrophiiunr have been investigated in an attempt to identic'
potential virulence factors. The antigenic nature of these strains and their ability to confer protective
immunity to rainbow trout Iry was evaluated. Single and 2-dimensional PAGE comparisons of the virulent
 CSF-259-93! and non-virulent  ATCC 49418! strain has shown that differential gene expression does
occur. Preliminary analysis shows that at least two major proteins  p15 and p53! appear to be represented in
the virulent  CSF! strain, while at least one  p37! protein is differentially expressed in the ATCC strain.
Western blot analysis of trout immune serum shows that antibodies are directed to distinct antigenic
components of F. psychrophiIunr. Trout Iry challenged with 1.25x10'cfu/m1 of the CSF and ATCC strains
exhibited a cumulative mortality of 91.8/o and 30.7/o. respectively. An earlier study showed that fish
surviving challenge with the virulent  CSF! strain exhibited a relative percent survival  RPS! of 9 .8'lo
when re-challenged with this strain. However, RPS of fish surviving challenge with the non-virulent
 ATCC! strain was only 31,3oio when rwchallenged with the CSF strain, Taken together, it appears that the
ATCC strain lacks the ability to confer a cross-protective immune response due to an absence of key
immunogenic components.

Genetic evidence for more than one species of costia �chthyohodo necaror!
Callahan, Heather A. '*, R. Wayne Litaker . and Edward J. Noga '
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Ichihyobodo necaror  "costia-! is a common and important parasite that is found on the skin and gills of a
wide variety of &eshwater and marine fish. Whether costia isolates from different hosts are separate species
has been a rnatter of debate. To address this question. genomic DNA was isolated from costia trophonts
collected from rainbow trout  Oncorhynchus rnyiiiss!. koi  Cyprinus carpio!, mirror carp  C>prinns carpio!,
goldfish  Carassius aurarus!, channel catfish  Icraiurus puncrarrrs!, swordtail  Xiphophorus heIIeri!. and
Japanese flounder  Paraiichthys oiivacerrs!. The small-subunit ribosomal RNA  SSU rRNA! gene was
amplified and cloned, The resulting sequences were aligned relative to each other based on a previously
sequenced costia isolate from hybrid striped bass  Norone saxarilis male x M chrysops female!. The
phylogenetic relationships among isolates were determined using maximum-likelihood statistics. Our
phylogenetic data suggested that rather tharr being a single species, costia is actually a complex of at least
four groups that probab1y represent different species. One group consisted of the hybrid striped bass and
swordtail isolates. The second and third groups consisted of the rainbow trout and mirror carp isolates.
respectively. The fourth group consisted of the koi. goldfish. catfish, and flounder isolates. The four groups
differed among each other in their SSLI rRNA sequence by 2-5 o/o. The significarrce of these findings to our
understanding of the epidemiology of costia will be discussed.
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Investigations of an Isonema-like flagellate causing mortality in larval hard clams, Mercenart'a
mercenaria
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In February 2001 a commercial hatchery in Virginia experienced severe losses of larval hard clams, Larval
mortalities occurred repeatedly during a two-month period with larval cohorts generafly dying between dav
3 and 7 post-spawn. During this period larvae were concentrated on the bottom of the culture tanks and did
not clear food. Clinical observations of fresh material collected following separate spawns revealed high
abundances of empty shells or high prevalences of abnormal live animals. which exhibited velar
hyperextension, velar cell rounding and sloughing. and velar cell dociliation. A protistan organism was
observed emerging from the shells of moribund individuals. This organism exhibited a slow undulating
motion and possessed two polar flagella. Histological evaluation demonstrated a prevalence of 40-�"/0.
infections ranged &om light to very heavy in intensity. In six:tion, the protist cells were round to ovoid.
contained an eccentric vacuole, and were found in the extrapallial space. The protist was successfully
isolated and cultured. Culture of the organistn facilitated electron microscopic studies. molecular analysis.
and transmission investigations. Electron microscopy of the cultured organism revealed ultrastructural
characteristics consistent with Isonema-like flagellates. Small subunit ribosomal DNA of the protist was
sequenced and a BLAST search indicated high sequence sitnilarity with marine euglenozoa including
Dipionema sp. Challenge experiments demonstrated that the cultured lsonema-like organism is both
invasive and pathogenic to larval hard clams.

Cellular response of crustacean hemocytes to li popolysaccharides
Cardenas, Washington'* and Jill A. Jenkitis

University of 'New York Scbool of Medicine, Department of Medical and Molecular Parasitology. 341 East 25'"
Street, New York, New York 10010 USA, cardewo l.ii.:iiedmvu.edu
U.S. Geological Survey, Natiottal Wetlands Research Cetler. Lafayette. Louisiana 70506 USA
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Aquatic organisms, having developed various defense strategies, respond immunologically to both abiotic
and biotic factors. ''Disease," being defmed as a "demonstrable negative deviation irom the normal state
 health! of a living organism,' can be delineated only after establishing baseline vaIues for normality. In
freshwater crayfish, the primary biotic agents responsible for disease include viruses, bacteria. rickettsia-
like organisms, fungi, protists and metazoans. The immune response is tnediated by cellular and humoral
components. The primary objective of this study was to assess the in vitro immune response of crayfish
Procambarus =onanguius against microbial molecules  lipopolysaccharides  LPS! of <iram-negative
bacteria!, As measured by flow cytotnetry, the response of circulating hemocytes to LPS was a decrease in
ceII size and a reduction of viability measured afler staining with calcein-AM and ethidium homodimer
dyes. Hemocytes incubated with detoxified LPS  LPSdex! resulted in decreased cell size, but viability was
maintained. The pattern of cellular activation by LPS indicattxl that the polysaccharide moiety was
stimulatory and the Lipid A moiety was noxious. Phenoloxidase specific activity from incubation mixtures
using control and LPSdex treatments were significantly lower than from LPS treatments  P�.05!. An
animal exposure assay to the pesticide fipronil resulted in hemocyte cell responses not unlike those
observed with LFS, These multiparametric and kinetic analyses of response mechanisms in crustaceans
document baseline information useful for assessments of crustacean health in aquatic environments,
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The low molecular weight gill proteonie of WSSV-chaBenged Litopenoeus vannamei
Carnegie, Ryan B.'*, Severine A. Patat . and kevin L. Schey

Program in Marine Biomedicine and Environmental Sciences. Medical University of South Carolina, 171 Ashley
Avenue, Charleston. South Carolina 29425 USA
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Viruses abound in marine and estuarine environinents. and several have einerged as important pathogens of
aquacultured penaeid shrimp. While shrimp responses to bacterial and fungal disease challenges have been
increasingly welf documcntc+ shrimp immune and physiological responses to viral challenges remain
largely unknown. We are using 2D chromatography and mass spectrometry to examine the low molecular
weight  < 20 kDa! proteomic response of Li/openaens vannamei gill to White Spot Syndrome Virus
 WSSV! challenge. WSSV-infected shrimp homogenate was injected into the tail muscle of Litopenaeus
vannamei maintained in aquaria. Gills were collected from challenged animals at T = 0, 4, 6. 12, and 24 hr
 N � 8 / time interval! and from unchallenged controls. and homogenized in anticoagulant buffer, Tissue
debris was pelleted by centrifugation, and the supernatant retained for analysis of soluble proteins. Direct
MALD1 mass spectrometry of the supernatant revealed that the most prominent changes with time after
challenge were an increase in expression of 8.2 and 9.3 kDa molecules, and the decrease in expression of
an 8.5 kDa molecule. First  gel filtration! and second  reverse phase HPLC! dimensional chromatographic
separation. followed by MALDI-MS, revealed nuinerous other expression changes. including the
downregulation of 2.3 and 2.5 kDa mo]ecules and the upregulation of 3.5, 5.7. and 7.3 kDa molecules.
Characterization of protein expression changes continues, and proteins of interest are being sequenced by
tandem mass spectrometry.

Effects of urban laud-use ou stonerollers in the Mobile River Basin
Cartwright. Deborah "*, Vicki Blazer. Wade Brvant'. Humberto Zappia", and Marsha Black'

'Iini nniiy f G: gi,206EHS 0 'Iding, Ainnn.GA 30602. Ii no di I::: n ini I~il'
n>black'di.uf a,edu
'USGS/BRD, National Fish Health Lab, 11700 Leetown Road. Kearneysville, WV 25430,
Viol i Bla7~rtiusv.s. oi
'USGS/WRD. Southeast NAWQA, 3850 Holcomb Bridge Road. Suite 160, Norcross. GA 30092.
wbbd '3 ilia'a us+fs~nnov
'USGS/WRD. District Office. 2350 Fairlane Drive. Suite 120 Mootgoinery. AL 36116.
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As part of the National Water Quality Assessinent Program  NAWQA!. nine sites of different urban
intensities were utilized to investigate potential impacts to biological endpoints associated with water
quality, This study is part of a larger NAWQA study fo investigate effects on urban land-use on small
streams in the Mobile River Basin. Our data, in cooperation with the USGS. will be used to evaluate fish
health via histopathology and biomarkers measured in a smalk relatively short-lived species. Central
stonerollers  Campos/orna ononialwn! were collected from nine sites located around Birmingham. AL,
Twenty stonerollers were collected at each site by electrofishing and examined for external and internal
lesions. Livers were removed and frozen in liquid nitrogen for analysis of glutathione concentrations
 GSH!. and DNA strand-breaks. Whole fish were either preserval in 10'/o buffered formalin or frozen. and
sent to the USGS National Fish Health Lab. kearneysville. WV, for histopathological examination or spore
enumeration, respectively. Concentrations of GSH trom sites with high urban intensities were statistically
higher from those from low urban land-use intensities. Histopathological examination found a parasite
within the connective tissue. The parasite appears to proliferate in the fish from areas with high land-use.
These results indicate that Ssh health biomarkers do respond to urban land-use mtensities. although
significant differences may only occur between the highest and lowest stations in the urban gradient.
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Flavabacteriam psychrophitum infection of Atlantic salmon eggs among from the northeastern United
States
Cipriano, Rocco C.*

U.S. Geological Survey.National Fish Health Research Laboratory. 1 l 700 Leetown Road. Keartteysville, WV
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Restoration of Atlantic salmon in the northeastern United States concentrales on stocks in the Connecticut,
Merrimack, Penobscot and several smaller rivers in Maine. River-specific brood stocks conserve the
genetic integrity of salmon within each river, Gametes produced from limited numbers of adult sahnon
returning to each of these rivers are extremely valuable and must provide a sufficient number of ofTspring
to continue restoration. In the course of study, chronic symptoms of Bacterial Coldwater Disease. caused
by Flavobacreritim psychrophtl um, often affected F~ generation offspring of sea-run adults, Further studv
showed that the pathogen also caused mortality among yolk-sac fry in Heath incubators and reductions in
egg viability wc' apparently associated with intra-ovum infection. Evidence for vertical transmission of F.
psychropItilum was widespread throughout the range of populations encompassed by the restoration
program. The pathogen, therefore. has a significant role in the production of quality gametes and may be an
important factor in the post-stocking survival of salmon try and smolts,

Development of a strain typing assay for ISAV
Cook, Marcia*. Sherry Vincent, and Steve Griffilths

Research and Productivity Coiincil  RPC!. 921 College Hill Rd., Fredericton. N,B. Canada, F3B 6Z9;
k ' I

In 1997. ISAV was first identified within aquaculture cages of the Bay of Fundy, Canada. Initial focus of
surveillance and fallowing of infected sites has expanded to include characterization of ISAV isolates
within Atlantic Canada so as to identify strains that inight be associated with high host mortality and to
enable farmers and industry to track the disease. To achieve this characterization, we are developing a
diagnostic assay for use in surveillance programs capable of providing quick, reliable results for ISAV
detection and concurrently type ISAV isolates. ln this assay, RT-PCR, which has proven useful in
surveillance efforts. has been combined with DGGE technology to identify and type ISAV based on
nucleotide sequence variability within a specific gene segment. Following initial standardisation with
known isolates, DGGE may be performed on RT-PCR products to rapidly deterinine the strain of each
sample without the need for additional manipulations such as sequencing or restriction enzyme digestion.
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Effect of extracellular products from a Vibrio isolate on the haemocytes of the edible crab, Cutrcer
pagurris
Costa-Ramos, Carolina* and Andrew F. Rowle>

School of Biological Sciences. University of Wales Swansea, Singleton Park. Swansea, SA2 8PP. U,K.
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Previous studies have shown that the extracellular products  ECP! of a Vibrio sp. isolated from shell
disease-infected edible crabs  Cancer pagurus! cause rapid death when injected intrahaemocoelicalli
 Vogan et al.. Microbiology!; 148. 743-54, 2002!. The present study examined the effect of ECP on the
haemocytes of C, pagirrus. Injection of ECP into crabs caused a rapid decline in the total number ol
circulating haemocytes. Heat treatment  l00'C for 30 min! of the ECP had no effect on the ability of these
preparations to cause mortality ol the crabs and the decline in circulating haemocytes. Histological
examination of ECP-injected crabs showed that the haemocytes normally found in circulation formed large
clumps in the branchial septa and lamellae of the gills. Incubation of ECP with haemocytes in vitro for >90
min caused a rapid clumping reaction. Long-term �2 hr! incubation of Rose Bengal-stained live crab
haemocytes embedded in Marine Agar 2216 gel streaked with the Vibrio isolate, resulted in the lysis of
these cells at the margins of the bacterial colonies, Overall. these results shov. that the ECPs of this isolate
cause a rapid clumping reaction of the haeinocytes without any apparent loss in viability in short-term  >90
inin! incubation. Longer-term incubation �2 hr! leads to lysis of the haemocytes. Whether the haemonte
activating factor s! are the same of the toxic factors that cause death of the crabs is discussed as is the
chemical nature of the active principle s!.

Biomarkers from finfish in the Calcasieu Estuary, Louisiana, USA
Craig, Jaquelyn M.'* and Jill A. Jenkins

Johnson Controls World Services. Inc. at USGS National Wetlands Research Center, 700 Cajundoine Blvd.,
Lafayette. LA 70506 USA j~an~lvn inn naze wskl 'ci il'iR. '.'"oi
U.S. Geological Survey, t!lational Wetlands Research Center, 700 Cajnndome Blvd.. Lafayette, LA 70506 USA
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Biomarkers from organismal, cellular. and molecular levels of biological organization were collected &om
fish in April and October of 2000 as part of a U.S. Fish and Wildlife Service effort to assess natural
resources at the Calcasieu Estuary in southwest Louisiana. Since the 1920s. petrochemical and
agrochemical activities have impacted the estuary at which the U S. Environmental Protection Agency is
currently conducting human health and ecological risk assessments. Although 13 species were collected for
the risk assessments from 11 designated contaminated sites and 3 reference sites, sample sizes for black
drum  Pogonias cromis!, red drum  Sciaenops ocellatus!. and spotted seatrout  Cynoscion nebulosus!
allowed for the most robust analyses. Data were collected on relative condition factor  Kn!, organosomatic
indices  liver, spleen, and gonads!, splenic macrophage aggregate  MA! area and frequency, blood DNA
integrity, the hepatic enzyme 7-ethoxyresorufm o-deethylase activity  EROD!. and ages were estimated
from otoliths. For all three species. FROD activity and DNA abnormalities wne significantly higher  p <
0.05 for both! at contaminated sites. For red drum and speckled trout, kn was significantly lower  p <
0.0001 for both! at contaminated sites. Unvalidated fillet contaminants values were not useful for analyses.
When collected from adequate numbers of more than one fish species exhibiting different life histories and
physiologies. data &om such biomarker analyses reliably reflec environmental condition. Results and
interpretations for the biomarker studies will be presented.



The genetics of lSAV
Cunningham, Carey O.
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Molecular analysis of infectious salmon anaemia virus  ISAV! has provided the complete genome sequence
and enabled identification of major genes and their products. Although ISA V is an orthomyxovirus. it has a
genome organisation that is strikingly different to that found in influenza viruses. The work of major
groups to elucidate the genome of the virus and analyse its genes will be reviewed. Analysis of nucleotide
sequences has proved extremely valuable in epizootiological investigations and thc relative value of
different genes in this work will be discussed. Detection of ISAV and diagnosis of ISA has come to rely
heavily on molecular tests such as PCR. The available methods and the interpretation of results will be
presented.

Presence of Flavobacteriumpsyehrophitum on eggs of rainbow trout  Oueorhynehus nrykiss!
Dalsgaard. Inger* and Lone Madsen

Danish Institute for Fisheries Research, Fish Disease 1 aboratory. Stigbejlen 4, DK-1370 Frederiksberg C,
~k. id'width.urn.dh

ln a previous Danish study Flavohacierium psychrophilum was found in ovarian fluid and milt as well as
outside fertilized eggs but not inside the eggs. The possibility that F. psgehrophilum is vertically
transmitted via the egg has been raised. A rainbow trout hatchery with outbreaks of bacterial cold-water
disease  rainbow trout try syndrome!. caused by F, ps'>ehrophilum. was included iu the study. The
lollowing samples were examined bacteriologically: milt. ovarian 1'luid and unfertilized eggs at the time of
stripping, fertilized eggs. and at the eyed-egg stage. The unfertilized and fertilized eggs were examined
both before and after disinfection with an aqueous iodine solution, The samples were inoculated onto agar
plates and into enrichment media; tryptone yeast extract salts  TYES! agar/broth. Blood agar, and TYES
agar/broth added sulfadiazin and trimethoprim. The bacteriological examination of the different samples
will be presented in details. Furthermore, some of the samples and enrichment media were examined using
nested PCR with DNA probes against a sequence of the 16S rRNA genes. The route by which the
bacterium might gain access to the egg was studied in an experiment by adding a strain of F.
ps>>ehrophilum to the milt or to both the milt and eggs before fertilization and water-hardening. 'I'otally,
more than 2000 eggs were examined. The results showed that F. ps' chrophilum was present on the surface
of eggs. However, the observations obtained by other authors of F. ps> chrophilum being inside eggs were
not conflirined in this study, neither in naturally nor experimentally infected eggs.



Dose titration of oxytetracycline against S>eptoeoccus itu'ae infection in blue tilapia
Darwish. Ahmed M.*. Steven D. Rawles, and Bill R. Griffin

Harry K. Dupree-Stuttgart National Aquacuilure Research Center, United States Department of Agriculture.
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Fxperimental trials were performed to evaluate the efficacy of oxytetracycline  O'I'C! in controlling
Streptococcus iniae infection in blue tilapia. TiIapia aurea. Minimum-inhibitory-concentration studies of
OTC against multiple S. inioe isolates indicated general sensitivity at concentrations of 0.25-0.5 lig/ml.,
Oxytetracycline dose levels tested were 25. 50. 75 and 100 mg active ingredient per kilogram of fish bod>
weight per day, Administration of medicated feed start»d within 4-5 h aller infection by waterborne
exposure to S. iniae  after skin scraping! and continued for 14 consecutive days, followed bv a 21 d post-
treatinent observation. I'he 50 mg OTC treatment significantly increased th» survival of the infected tilapia
from 7 '/o in the infected non-medicated group to 45 %, The 75 and 100 mg OTC treatments had survival
rates  85 and 98 o/o. respectively! significantly higher than the iG mg treatment. There was no significant
difference between the 75 and 100 mg treatments and the uninfected non-medicated treatment �00 '/o
survival!. Survivors of the 100 mg O'I'C treatment were not detected to be carriers of the infection  negative
bacterial isolation! whereas the bacterium was recovered from 10 '/o of the survivors receiving the 75 mg
OTC level.

Susceptibility of Myxgibolus cerebral'-infected rainbow trout ftngerlings to infectious pancreatic
necrosis virus
Densmore, Christine L.*. Philip E. McAllister, Vicki S, Blazer, and Christopher A. Ottinger

U,S, Geological Survey. Naiioaal Fish Health Research Laboratoiy. Leetawn Science Ceiiter, 11700 Leeiowgi
Read.Keameysvitle. ta!V2543e UaA cl»lst' 3 t»o rys gl iolr, -ll :t., .acr:
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ltdyaobobo cerebralis the etiologic .agent of whirting disa+». ran have numerous deleterious effects on its
salmonid host, including potential impacts on immune function. We examined by laboratory trials the
effects of M eerebralis infection on the susceptibility of rainbow trout to a viral pathogen. infectious
pancreatic necrosis virus  IPNV!. Rainbow trout fry, 45 days post-hatch. were bath exposed to
triactinomyxon spores  TAMs! of 2M cerebra]is �60 cfish!. At 90 days post-hatch, TAM-exposed
fish that were developing clinical signs of whirling disease and unexposed control fish were challenged
with 10' PFU/ml of IPNV, Mortality levels were monitored for 28 days post-challenge. Individual dead fish
and survivors were tested for IPNV by plaque titration of visceral organ homogenates. All fish dying during
the 2S day trial tested positive for IPNV  titer < 10' PFI J/ml!. Overall numbers of fish dying with IPNV
were similar between the TAM-exposed and unexposed groups �.0/o and 3.0'/o, respectively!, yet the
mortality began and ended 4-5 days earlier for the TAM-exposed fish, No mortalities occurred among
control tanks of either TAM-exposed or unexposed fish that were not challenged with virus, At abstract
submission. we are currently determining the prevalence and titer ot IPNV infection. as well as the
prevalence of M cerebra/is infection among survivor fish from both TAM-exposed and control groups.
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A disease of cultured paua  Haliotis iris! in New Zealand caused by a novel haplosporidian
Digging, Benjamin K.'*, Joan Nichol, Mike Hine' ', St John Wakefield, Nathalie Cochennec-Laureau'.
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Mortalities of juvenile paua  Halioris iris! in a commercial culture facility were reported during the Austral
summers of 1999/2000 and 2000�001, Histology of moribund paua showed heavy infections of a novel
organism confirmed by TEM and molecular studies to be a haplosporidian. The haplosporidian was
associated with chronic mortalities of 82.5 � 90'/o in aA'ected raceways. Heavily infected paua exhibited
behavioural abnormalities including lethargy. loss of righting reflex. and easy detachment from surfaces.
Early infections were characterised by low numbers of multinucleate plasmodia in the connective tissue
surrounding the gut. amongst glial cells adjacent to nerves in the mantle and foot, and within gill lamellae.
In heavy infections large numbers of plasmodia were present in the hemolyinph. gills, heart, kidneys.
mantle, foot. epipodium and connective tissue of the digestive gland. Infections could not be transmitted
horizontally to healthy juvenile paua by cohabitiation with heavily infected paua, or by injection of healthy
paua with hemolymph containing haplosporidian plasmodia. This may indicate that disease is not expressed
below 20'C, or that an intermediate host is required for transmission. Spore formation was not observed in
juveniles, but sporocyst-like bodies containing acid-fast putative spores were observed in the right kidney
of poorly performing adult paua collected from the wild. A survey of 1094 paua collected from 5 spat
producing farms and 3 grow out farms during thc Austral summer of 2001/2002 failed to detect the
haplosporidian. A number of other disease syndromes were detected. however these are considered to be of
minimal regulatory significance.

A national survey to demonstrate keedom from white spot virus and yellow head virus in Australian
crustaceans
Fast. Iain J.'*. Peter F. Black'. Vanessa Findlav', and Eva-Maria Bernoth
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In November 2000. mud crabs within the Darwin Aquaculture Centre and prawns within the Aquaculture
School at the Northern Territory University reacted positively in polymerase chain reaction  PCR! tests
specific for white spot virus  WSV!. The facilities were immediately destocked and disinfected. In response
to concerns that the WSV may have spread beyond the aquaculture facilities, a national survey was
designed and conducted to assess the WSV status of Australia s wild crustacean populations. Over 3000
crabs. prawns and other crustaceans were collected &om over 60 sites throughout Australia and tested by
PCR for WSV. Simultaneously, samples were also examined for the presence of yellow head virus by PCR.
No sample contained WSV or YHV, and Australia was shown to be free of these viruses.
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Injury and potential for Rcnibacrcrium salmoniaaram transmission in chinook salinon Oacorhynchus
tshawytscha marked with coded wire tags by conventional and automated methods
Elliott. Diane G.'», Geraldine Vander Haegen . Carla M. Conway', Connie L. McKibben'. I.ynnMarie J.
Applegate'. Kyong Yi . and Joan Thomas
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Research has shown that the salmonid pathogen Renibacrerium.sabnoninarirm  Rs! and other bacteria can
become concentrated in the recirculating water of fish marking facilitics, In addition. Rs infections can
become established in sites of coded-wire-tag  CWT! implantation or in sites of incidental integumental
injury occurring during handling. This study compared injuries and the potential for Rs transmission amon ~
groups of juvenile chinook salmon marked with adipose fin clips and CWT in a conventional marking
trailer and in a new automated trailer. The conventional trailer uses recirculating water to deliver anesthetic.
and fish are handled by humans for fin clipping and placement m CWT machines. The automated trailer
uses specially designed trays that encourage fish to enter marking lines volitionally. a gating system. and
gentle mechanical holding. to accomplish fin clipping and tagging of fish without anesthetic in single-pass
water, and with minimal handling by humans. Preliminary analyses of skin and fin injuries by cell viability
staining and digital photography showed no differences  pW.05! between fhc two trailers in proportions of
fish with incidental head, body or fin injuries at a given stage of the marking process, However. both
procedures were associated with significant incidental injuries, beginning with initial netting of fish from
raceways into holding tanks, Bacterial cultures of water samples showed the highest counts of total bacteria
in the recirculating water of the conventional marking trailer. Analyses of Rs in water and fish. and possible
methods for reducing fish health risks of marking procedures. will be presented,

The status of epidemiologic studies of ISA in Maine
Ellis. Stephen K.'* and Laura L, Gustafson

'USDA Aniinal and Plant Health Inspection Service, Veterinary Services, Marine Trades Center-WCTC. 16 Deep
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Environmental Medicine Consortium. College of Veterinary Medicine, North Carolina State University, Raleigh.
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Infectious Salmon Anemia Virus  ISAV! was first confirmed in February 2001 in Maine, It has since
crippled Maine's salmon aquaculture industry, leading to the depopulation of 1.5 million fish in the winter
of 2001-2002, We report on preliminary findings from our efforts to track the spread of the virus and
identify risk factors associated with this epidemic. We focus on several points of discussion including: �! a
review of the use and impacts of ISA vaccines: �! the roles of sea lice and subsequent mitigation strategies
during and following the outbreak: �! the roles of fomites such as boats, cage flotation, nets. water and
other equipment at cage sites in Cobscook Bay; and �! the impacts of the use of moist feeds in the early
inarine grow out phase. We conclude with a discussion of possible implications of these findings for United
States/Canadian efforts to manage and prevent the disease.
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Phorabacrerium damselae subspecies piscieida is capable of replicating in hybrid striped bass
macrophages
Elkamei. Ahmad A.' and Ronald L, Thune' *
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The purpose of this study was to evaluate the ability of a virulent Phoiobacierium damseIae subspecies
piscicida strain to survive/replicate within macrophages obtained from hybrid striped bass using an in vitro
assay. Results indicated that the number of bacteria recovered fram rnacrophages at 3. 6. 12 and 18 hours af
incubation increased significantly 105. 510. 1091 and 1385~io, respectively, irom time 0, Growth and
multiplication of the intracellular bacteria was observed at a very low multiplicity of infection  I bacterium
to 100 macrophages!. In contrast. the nuinbers of Escherichia caIi control strain recovered from
macrophages declined 47. 80, 91 and 96'ro, respectively. at 3. 6, 12 and 18 hours. Light and electron
microscopy confirmixi internalization, uptake, and multiplication of bacteria within spacious. clear
vacuoles in the macrophages. Using acid phosphatasc as a lysosomai marker, we provide evidence that P.
daniselae. by an unknown mechanism. inhibits phagolysosomal fusion. This study demonstrates that P.
dainselae is a very successful facultative. intracelluiar pathogen that can survive and multiply within hybrid
striped bass macrophages.

Comparative susceptibility of different rainbow trout strains to infection with Myxohalas cerebralis,
the causative agent of whirling disease
El-Matbouli. Mansour'*, Miriam P. Kiippers', Terry S. McDowell and Ronald P. Hedrick

Institute for Zoology Fish Biology aud Fish Diseases. University of Munich, Kaulbachstrasse 37. 80539 Munich,
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Department of Medicine aud Epidemiology. Scbool of Veterinary Medicine. Umversiiy of Cahforiiia, Davis,

California 95616 USA

The susceptibility of four different Bavarian rainbow trout strains and one brown trout strain. as well as one
rainbow trout strain from the United States, to kfyxoboliLs cerebralis was assessed following dosed
exposures in controlled laboratory trials to the infectious stages, triactinomyxons, as well as in field
exposure. Both studies were conducted with age-matched rainbow trout of each strain. In the laboratory
experiments, fish were exposed to O. 10. 100, 1000. 5000 triactinamyxons per fish for 3h. The fish were
then removed and held in individual 50 1 aquaria receiving single pass of 12"C welt water for the duration
of the expc~ent. Severity of infection was eva!uated 5 mo after exposure by presence of clinical signs
 whirling and or black tail!, prevalence of infection, severity of microscopic lesions, and spore counts. In
the field study, a metal net cage with four sections was prepared and placed in a trout farm tish pond in
which M cerehraIis was known to be endemic. Five hundred rainbow trout each of one German strain and

one American strain were placed separately, each in one section of the cage. Fish were observed twice a
week for clinical signs, Five months post exposure the experiment was terminated and sampled as
described under the laboratory exposure experiments. Results from both trials verify that one German strain
of rainbow trout reared in Bavaria is highly resistant to whirling disease in comparison with two other
strains from Germany and the TL-strain from the U.S. The mechanisms underlying the greater resistance of
the GR strain of trout to M cerebralis infections are under investigation.
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Genetic changes in infectious pancreatic necrosis virus due to cell culture adaptation
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Challenge studies with infectious pancreatic necrosis virus  IPNV! have oRen been problematic due to therapid loss of virulence aRer a few passages in cell culture. The molecular basis for this attenuation is not
fully understood. We have tested the virulence of ten diiTerent Norwegian strains of IPNV serotype Sp bychallenging Atlantic salmon fry. The full-length sequence of segment A has been determined for all the ten
isolates aRer two cell culture passages. For three of the isolates, the virus genoine was also sequenced
directly from diseased fish. The sequencing data showed a shiA Rom alanine to threonine at amino acid
position 221 of VP2 protein after one or two cell culture passages, This amino acid change is not the only
virulence determinant of IPNV, but may be involved in cell cultiire adaptation and attenuation of the virus,
It is important to be aware of this alteration when performing IPNV challenge studies or if making
recombinant viruses using reverse genetics technique.

l.ife history of an exotic sabellid polychaete, Terebrasubella heterouneiuatai fertiTization strategy and
influence of temperature on reproduction
Finley. Carl A.' and Carolyn S, Friedman 'Bodega Marine Laboratory. P.O. Box 247, Bodega Bay, Ca 94923 USA carIi»idc:»»30'u.bot»»i;dkcora

'School of Aquatic and Fishery Sciences, University of Washington, Box 355020, Seattle, WA 98195 USA
carols »i:u». w ambi» «ton.cd»Abalone culture facilities have been devastated by an exotic sabellid. Terebrasabella heterouncir»ata,

following its introduction from South Africa in the late 1980s. Infestations are associated with shell
deformities. increased mortality and financial losses. In addition, the potential introduction and
establishment of this exotic pest into the natural environment was unknown. The development of an
effective management strategy is dependent upon understanding the life history of this sabellid. including
its fertilization strategy and generation time, In the present study, red abalone. Haliotis rufescens. with
single sabellid infestations were isolated in containers at 18"C, This first, parental generation was held in
isolation until individuals produced Fi larvae. These larvae were subsequently isolattxl until individuals
produced a second, F.. generation, In a separate study, uninfested abalone were exposed to infested abalone
at three temperatures typically encountered in California. Transmitted larvae were observed as they
developed to specific life stages: initiation of feeding. d~ elopment of sexual maturation and production of
motile, infestive, larvae. This research dcinonstrated that isolated individuals do pose the threat of
producing fully functional offspring and that the generation time of T. heterounci»iata is significantly
temperature dependent.
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Proposed diagnostic criteria for proliferative thyroid lesions in bony fishes
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Distinguishing hyperplastic lesions from neoplasia in the thyroid of bony fishes has been debated by
scientists for about one hundred years. As early as the first decade of the last century. the histological
interpretation of some of the striking proliferativc lesions observed in the thyroid of a nuinber of species
has been controversial. The confusion is partly due to the fact that thyroid tissue in bony fishes is
unencapsulated. is capable of widespread ectopic growth in many species. and is frequently predisposed to
extensive hyperplastic proliferation. Suggested factors that may cause proliferation of fish thyroid include
iodine deficiency, poor water quality. genetics. abnormal nutrition, and seasonal factors, In some cases. the
resulting hyperplasia can be extensive and has been reported to infiltrate and destroy normal tissues  e.g.,
Lake Erie coho salmon!. In order to make the diagnosis of proliferative thyroid lesions in fishes simpler
and to end the continuing controversy, we propose specific criteria for distinguishing hyperplastic from
neoplastic lesions in teleosts. The primary lesion categories are follicular cell hyperplasia. adenoma. and
carcinoma, Specific diagnostic criteria will be provided for these categories as well as any required sub-
categories, For example, foflicular cell hyperplasia may be focal. nodular, or ectopic. Illustrated examples
of each type of proliferative lesion will be presented to demonstrate the key diagnostic features of each
lesion type.

Natura! history of Atlantic surgeonfish and implications for nutritional managenient in captivity
Francis-Floyd, Ruth T.' *, G, Christopher Tilghman . RuthEllen C. Klinger', IIze K. Berzins . M. Andrew
Stamper'
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In a pilot study run during the fall of 2001, Atlantic surgeonfish were fed one of three diets. The first group
was fed a diet consisting exclusively of the green alga, Nva, the second was fed a premium commercial
pefletized diet. and the third was fed a premiuin commercial flake. Blue tangs, Acanfhurus coeruleus. have
a digestive system characterized by the presence of a tubular stomach, which presuinably breaks down
algal cells using acid secretions, Doctorfish  A. chirugus! and ocean surgeon fish  A. bahianus! have a
muscular gizzard-like stomach and ingest sand and substrate as part of their normal feeding behavior. None
of these three species performed well on the Mva diet. however, the growth and survival of blue tangs was
superior to that of ocean surgeonfish and doctorfish. Surgeonfish fed the flake diet developed lesions
consistent with Head and Lateral Line Erosion Syndrome  HLLES! �7'%%d!. and eye lesions  I6'%%d!,
characterized by exopthalmia and apparent blindness, Gross evidence of nutritional disease was not
observed in fish fed the premium peflet food, with the exception of transient eye lesions in one individual,
Weight gain and survival were best in this, group. An extensive analysis was run on the nutritional
composition of the three foods and will be presented. Vitamin A was of particular interest as it was present
in very high concentrations in the pelletized feed �2,001 IU/kg dry matter! compared to the flake
food.�,318 IU/kg dry matter!. Vitamin A deficiency has been associated with development of eye lesions
in other teleost species. and some aquarists have speculated that it may play a role in development of
HLLES lesions.



Seroprevalence of largeinouth bass iridovirus in Florida largemouth bass as determined by
iinin unodiffusioa
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Investigation of sporadic fish kills in several I'lorida lakes in 1989 resulted in the recovery of an iridovirus
from affected largemouth bass  Microprerus saimoides!. This virus has subsequently been reported to be
identical with Santee-Cooper ranavirus. Antigen harvested from virus-infected Fathead Minnow  FHM!
cell cultures was found to react with precipitating antibodv from wild-caught largemouth bass in an agar
gel immunodiffusion  AGID! assay. Serum samples were obtained from largemouth bass in four central
Florida lakes in 1992, 1993, and 2001, and were tested for precipitating antibody. Forty-five to 730/o of the
largemouth bass that had been collected froin Lakes Harris, Holly, Newnans and Weir tested seropositive.
There was a deneasing trend in percent seropositivity from 1993 to 2001. In 2001 the largemouth bass  n =
91! from which serum samples had been collected were also processed for virus isolation at the Warm
Springs Fish Health Center  IJSFWS! in Warm Springs, GA. Results were as follows: 1! Ab +. virus t: n =
14; 2! Ab +, virus -: » � 31; 3! Ab -. virus +: n � 4: and 4! Ab -. virus -: n � 42. The simple AGID assay
can greatly facilitate sero-epidemiologic surveys for the Sant~Cooper ranavirus in freshwater fish species.

Quantitative trait locus  QTL! associated with resistance to lymphocystis disease in Japanese
flounder  Paralichihys olivaceus!
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We used 72 microsatellite markers to search for quantitative trait locus  QTL! associated with resistance to
Lymphocystis disease  LCD! in Japanese Hounder  Paralichrli3s olivaceus!. Linkage tests have been
conducted in a backcross family produced by crossing between susceptible male X  susuceptible X
resistant! fernale. One of the microsatellite markers, tightly linked to the LCD resistant locus. was
identified. Ahnost every year, LCD occurred in the fish cultured in Japan and the farmers suAered
economically from this disease, Because the causative agent, lymphocystis disease virus  LCDV!. induces
characteristic ugly nodules on the body and/or fins of affected fish, we think that our results will provide an
opportunity for marker-assisted selection to reduce the economic loss by this disease.
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Fish models for signature-tagged mutagenesis identification of virulence-associated genes in Versinia
ruckeri
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The bacterium Yersinia ruckeri infects rainbow trout and other fish, moving from the aquatic environment
into the host animal through gills, skin and digestive tract. Host damage may not be immixliate. but the
bacterium reproduces and survives in the fish organs. avoiding removal by immune defenses. A
competitive challenge model allows fewer fish to be used in testmg mutants, while accommodating fish
variability in responses, Rainbow trout were challenged by immersion in mixtures of a parental strain of
serovar 1 strain Y. ruckeri, and strain WK4. a constructed mutant in the flaA flagellin gene. Motility
provided a slight advantage at early stages of infection and in transmission to other tish. but by day 6 no
significant difference  ~. 1! was found in the numbers of the non-motile mutant  Kan"! and parent strain
recovered from organs. To obtain mutants reduced longer-term survival in the host, we screened libraries of
signature-tagged mutants by immersion challenging rainbow trout at 10" � 10" bacteria/mL. The challenges
were pools of 11 mutants with unique 21-mer nucleotide tags, prepartxl using pUTmini-Tn5Km2 suicide
plasmids. Genomic DNA was extracted from bactn'ia recovered from fish kidneys aRer 1. 3 and 7 days.
PCR tests detected the distinctive oligomeric tags. to indicate mutants that failed to survive. The pattern of
tags missing varied with sampling time and in replicate fish. Competitive challenges with the parental
strain were needed to confirm mutants affected in genes contributing to the invasion of the host and the
maintenance of the bacterium over prolonged periods.

Experimental mycobacteriosis In striped bass  Morone saxatdis!: histology
Gauthier, David T.'~. Wolfgang K. Vogelbein'. Martha Rhodes', Howard Kator'. Stephen L. Kaattari', and
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Mycobacteriosis is a serious emerging disease threat to striped bass  Morone saratt1is! in the Chesapeake
Bay, USA. Infected fish may present granulomatous inflammation in the viscera. as well as hemorrhagic
skin lesions, Grossly normal fish may also have culturable levels of mycobacteria in internal organs. ln
addition to the classic fish pathogen M tnarinum, we have isolated several other species of mycobacteria
Irom internal organs of Chesapeake Bay striped bass. These include a new species, M shottsii  proposed!.
which is the most commonly isolated mycobacterium from striped bass sampled by our group to date. In
this study, we examined the temporal progression of disease in striped bass experimentally infected with
three species of mvcobacteria. Fish  mean 113g! were maintained in fresh water at 18-21 C.
Approximately � 10' CFU of M siiottsii, M marinum, or the environmental saprophyte M gordonae were
injected intracoelomically, and fish were sampled for histology and bacteriology over 42 weeks. Severe
granulomatous inflammation of the internal organs was proctuced by infection with M martnutn. A
consistent progression of lesion morphology was observed. which included formation. maturation. and
eventual disintegration of granulomas, The latter stage was associated with production of disease more
severe than that observed after primary infection. Although both M shottsii and M gordonae established
persistent culturable infections in the spleen, granulomatous inflammation was mild and restricted to the
mesenteries. No pathology attributable to mycobactivia vras observed in PBS-injected control fish. External
signs of disease were minunal in all groups.
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The population dynamics of Planorbella rrivolvis, the intermediate snail host in the Bolbophorus spp.
life cycle
George, Barbara A." and Linda M. Pote

'Mississippi State University. College of Veterittaty Medicine. Departincnt of Basic Science, Mississippi State,
Mississippi 39762 USA wer4anitnalsCaJaol.corn
'Mississippi State University, College of Veterinary Medicine, Departtnmt of Basic Science. Mississippi Siate,
Mississippi 39762 USA I~etc'a'vA rn 91%htate.eds

A digenetic trematodes, tentatively identified as Bolbophortrs spp� is a serious threat to the commercial
cattish �etahirtis pttncraltts! industry. Studies indicate that the American White Pelican  Pelecantts
crt IhrorhJmchos! is introducing this parasite into catfish ponds. Large populations of snail~. Planorhella
 rivolvis, inhabit these ponds and are the intermediate host for BolboJihortrs spp. Currently. there is no
known method to eradicate this parasite. Elimination of the snail appears to be the best method of control:
however, there is no information available on the population dynainics of P. trivolvis in catfish ponds.
Catfish ponds  n=4! were selected to study the P. trivolvis population. The ponds were sampled monthly for
two years. Preliminary data indicates the highest density of P. trivolvis occurred during June. July, August,
and Octo@~, with greatest abundance in August. Snail spawning took place in May, July. August, and
October, with peak spawning in October. Egg masses were found in water temperatures of 9' C in February
2002. The number of eggs varied &om 1 to 46 in 944 masses examined. ln winter months. P. lrivolvis werc
observed burrowing into the mud with dropping temperatures. Four cercarial gyes were found in the
population: strigea. armatae, amphistome. and clinostornoid, Snails positive for Bolbophortts spp, were
found most prevalent in June and August. Based on the complexity of the life cycle of Bolbophortts spp.,
simply treating ponds when snails are visible may not be adequate for the prevention of infection.

Phagocytic responses of Ictalurus puncratus fry to intraperitoneally injected particulate material A
light microscopy and cytochemical study
Glenney, Gavin W.~, Lora Petrie-Hanson

College of Veterinary Medicine. P.O. Box 6100, Mississippi State University. Starkville. MS. 39762-6 l00
w ~»ii ra.thestate.cdi>. iora'a ciin.nisitatc,edn

Because non-specific immune defenses may be inore important for developing fiy than acquired iinmunity,
more knowledge is needed in the area of channel catfish non-specific immune system development, We
evaluated phagocytic responses as fly developed, Two forms of particulate material, fluorescent micro-
spheres  FMS! and colloidal carbon  CC!, were intraperitoneally injected into channel catfish fry at 1, 2, 3.
and 4 weeks post hatch  wph!. Non-phagocytized F!V!S and CC were observed within the vasculature in
very low amounts as early as the time it took to process the fish at 0-hours post injection  hpi!. FMS and
CC were more commonly observed within mononuclear pkagocytes within the vasculature at 4-hpi.
Phagocytes were observed to phagocytize FMS and CC within the coelomic cavity as early as O-hpi, while
the majority of coelomic FMS were phagocytized between 4 and 12-hpi. Enzyme cytochemical staining
indicates that a mononuclear phagocytic response predominates in FMS injected fish, while the CC injected
fish were observed to elicit a mixed response of polymorphonuclear and mononuclear phagocytes, The
predominant organs associated with the observed cellular responses were the spleen, posterior kidney. and
anterior kidney. Trafficking and organization was more pronounced within the spleen as fish developed.
The only difference observed in particulate clearance rate among the specific ages was that 1 and 2-wph
fish seem to clear both FMS and CC faster than the two older ages.
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Effect of water temperatures on the pathogenesis of koi herpesvirus  KHV!, aad the development of
TaqMan PCR and KLISA for KHV detection in previously exposed fish
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The koi herpesvirus  KHV! can be the cause of significant mortality among both common  C> prints carpio
carpio/ and fancy carp or koi  CJ prinus carpio kaid. Replicate groups of koi were held in the laboratorv at
different water temperatures  e.g. 13, 18, 23, and 28'C! for an appropriate acclimation period and were then
exposed to either 12 or 1.2 TCIDio/ml of KHV as propagated in the KF-1 cell line for 1 h. Fish were
observed twice daily and dead fish collected. At selected intervals. koi from one of three rephcate groups at
each temperature were sampled to evaluate progression of the disease and the remaining two replicate
groups evaluated for cumulahve mortality, Virus isolation using the KF-1 ceH line, PCR  single round!,
Taqman PCR and histopathology were used to examine tissues as collected from both sampled live fish and
dead fish. The greatest mortality, 95.2'lo, occurred among KHV-exposed fish at 23'C. A more rapid onset,
but with less cumulative mortality, occurred at 28'C. Mortality also occurred at 18 C, but not 13 C. Initial
results from the pathogenesis studies suggest that the gill is a primary target for infection with subsequent
involvement of the kidney. spleen. gut. liver, and the brain. Both Taqman PCR for viral DNA and detection
of anti-viral antibodies by Enzyme Linked Immunosorbent Assay  FLISA! provided evidence of prior
exposure of koi to KHV in the exposed group only.

Catfish anemia: new theories, no answers
Goodwin. Andrew E,*
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Channel catfish suffer from a profound anemia that produces hematocrits as low as 10/0. Publications
beginning in 1986 have convincingly correlated catfish anemia with feed, variously attributing the cause to
fungal toxins, folic acid deficiency, or feed contamination by pseudomonads or bacilli. However. anemia
typically occurs during the peak of the feeding season when the time elapsed between feed manufacture
and consumption is only 2-3 days. In addition. many ponds are fed from the same storage bins. but only
sporadic ponds on a farm will develop anemia, Dif5culties in applying feed-based theories to outbreaks of
this disease have led us to search for other causes of anemia. Our work has involved five commercial
catfish ponds that have a history of fall outbreaks of anemia and 3 ponds on the same farm that have not
experienced anemia. Hematocrits were measured weeklv from August through October, algae samples
were examined for potentially toxic species, and fish were cultured for infectious disease. No infectious
agents or algae species were found to correlate with anemia. On October 9. mean hematocrits dropped
precipitously froin 28 to 17 percent in the anemia-prone ponds and in all except one of the control ponds.
Losses occurred in several of the ponds during this period. Mean hematocrits returned to normal values one
week later. The precipitous nature of the decline provides evidence that some cases of catfish anemia may
result lrom an acute hemolytic crisis.
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Case Report: unique pathology hnhed to infection by Aerotnottas stdtnonicida subsp. achrontogettes in
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ln August 2000 Atlantic Cod  Gadus morhua! were captured by a modified Cod-trap, acclimatised for one
week and then transferred to 2 on-rearing sea-cages, Environmental parameters at the grow-out site werc
I7.1' C. 85'/o oxygen saturation and a 28 ppt salinity. Stocl ing densities were 2.50 and 2.25 Kg/cubic
metre respectively, Cod were placed on a moist diet of frozen forage fish 2 weeks post transfer. Sixteen
days following first feeding affected mdividuals showed clinical signs of disease. including lethargy.
hyperaemic dorsally located skin -sores,' opacity of the eye and darkening of the integumental
pigmentation. Cumulative mortality over a 3 week period amounted to 19'ro. Diagnostic investigations
confirmed Aeromonas salmonicida subsp. achromogenes  atypical furunculosis! as the causative agent.
This isolate varied commonly isolated atypical forms by growing readily at 22 C and producing a diffuse
brown pigment. Similarly, the morphologic pathology presentation was unique from that seen for fin-fiish
infectixl by atypical forms of Aeromonas salmonicida. Grossly, fish presented with marked ulceration of
the dorsal fin and multiple adjacent subcutaneous granulomata at the fin base. Internally the digestivc tract
was empty, the kidney and spleen showed marked multifocal granuloma formation. and serosanguinous
ascites fluid was present within the pericardial sack, Histology confirmed a severe. chronic. multifocal to
coalescing necrotizing granulomatous bacterial splenitis. interstitial nephritis, and subcutaneous dermatitis.
The pathology identified in this epizootic differs from the more acute presentation normally seen for
atypical furunculosis in salmonids and/or cyprinids. and may represent an evolutionary adaptation unique
to the Cod.

Quality assurance in fish disease diagnostics
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Session I; F'orking toward a unified approach to fish diagnostic laboratorJ3 QtalitJ Assurance. This
session will encompass detailing the current status and approaches being undertaken in North &: South
America, Europe and Asia. The session will work toward a joint unified proposal for minimum laboratory
QA protocols that fish health associations worldwide could sign-off on and provide to OIE as a
recommended standard. Session 2: Approaches to interlaboraton quality assurance ring testing and
quality control protocols for fish diagnostic laboratories. This session will provide examples and
discussion on practical approached to establishing a voluntary interlaboratory quality assurance scheme, ln
addition, discussion on evaluating the current quality control project being undertaken by the I.JSFDA to
standardize MIC determination for aquatic bacterial pathogens of fish, and the need for standardization of
biologics and diagnostic reagents will be present&
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Characterizing immune response to viral challenge in Iitopenaeid shrimp using functional genomics
approaches
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Pathagens in the marine environment  especially the viruses! have caused catastrophic losses to shrimp
aquaculture. The inanner in which marine crustaceans respond to pathogens is complex and largely
unknown. In addition, the role of anthropogenic and natural factors in the etiology of shrimp disease and
their effects on immunity is, at best. poorly understood. This is particularly true in the case of antiviral
immunity for which there is virtually nothing known about host resistance. We have taken a functional
genomics approach to gain an understanding of the underlying genetics of disease response and immunity
in crustaceans. using the Pacific white shrimp, Litopenaeus vannamci and White Spot Sy.ndrome Virus
 WSSV! as nradels. The Pacific white shrimp is a commonly aquacultured species in many parts of the
world and WSSV has had a devastating effect on farms growing the Pacific white shrimp. The strategy
employed relies on the discovery of navel genes with putative roles m antiviral defense and/or other aspects
of immune response using of ESTs derived from standard and normalized cDNA libraries. and by
enrichment of virus-responsive genes by subtractive hybridization. We hypothesize that viral infection
triggers changes in gene expression that are at least partially reflective of an immune response. Using this
approach. we have identified a suite of genes that appear ta be regulated in response to WSSV infection. By
characterizing these virus-responsive genes, we aim to gain an understanding about the kinds of pathways
involved in the invertebrate antiviral defense.

Channel catfish families resistant to ESC are different from KSC-susceptible families in both
constitutive and indueible complement activity
Hairston, Lazendra I,.'*. Andrew E. Goodwm', and W,R. Wolters
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Enteric septicemia  ESC! is one of the most important diseases of channel catfish. The USDA-ARS Catfish
Genetics Research Unit is selectively breeding channel catfish for multiple economically important traits
including resistance to ESC. Bath challenges of catfish reveal significant phenotypic variation in mortality
between families. These differences are consistent whenever fish fram the same families are challenged and
potentially controlled in part by genetic variation. In order to discover which aspects of immune function
are most important in protection against ESC, replicate tanks with resistant and susceptible catfish families
were exposed to F.. ictalurv. Blood samples were collected before and 45 days post exposure. Plasma
complement activity was measured by exposing rabbit erythrocytes to serial dilutions of catfish serum and
measuring changes in turbidity as blood cells were lysed, At 4-S days past-exposure, clinical signs of ESC
were evident in sensitive and resistant families. Mortality was greater in sensitive families. typically 3
individuals in a 10-fish replicate  the fish were bled and the experiment terminated prior to the time that
massive mortality would be expected! In pre-exposure samples. complement activity was significantly
higher in families resistant to ESC. AAer E. ictaluri exposure, complement activity remained the same in
sensitive families. but was significantly elevated in resistant families. While the actual importance of
complement activity related to ESC etiology is unknown. destruction of bacterial cells by the compleinent
system is a recognized component of resistance to bacterial infection.



ISA surveillance and regulatory actions at Atlautic salmon farms in New Brunswick, Canada
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ISAV was first associated with clinical disease in New Brunswick salmon farms in 1996. A fish health

surveillance program was established to detect ISAV infections utilizing industry veterinarians and
government officials to sample moribund fish during regular visits to each site. Components of the industry
support early depopulation of groups of fish based on positive test  IFAT and RT-PCR! results alone. while
others wish ta delay depopulation until clinical disease  i.e.. increasing mortality rates! is confirtned.
Depopulation is ordered by the provincial government but compensation for these actions is derived from
an industry-sponsored fund. The compensation fund has a pre-sei limit and the amount compensated for
each fish is pro-rated based on total claims for the year class of fish. As claims increase. the compensation
becomes less meaningful to the point where the cooperation of the farms may be compromised. Critical
facets af the depopulation actions include the communication of locations and procedures for movement of
fish to appropriate processing facilities. Farms want knowhxlge about positive cases for risk management
but also expect confidentiality about disease outbreaks, Surveillance summaries and challenges in
evaluating competing economic concerns for disease control actions will be discussed.

A dose response study of three potential DNA vaccines against channel catfish virus  CCV! in
channel catfish
Harbottle, Heather C. ' *, Karen P, Plant . and Ronald L. 1'hune "
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Pathobiological Sciences Cooperative Aquatic Animal Health Research Program  CAAHRP!, School of

Veterniary Medicine, Louisiana State University. Baton Rouge. LA 70803 USA lill;rr ho l 'ri I su.cd in
lani l.':i; ~ .«I; thu» ': ll. i d.L . "d

In order to evaluate procedures and methodologies necessary to produce DNA vaccines for CCV proteins
three genes were selected for vaccine testing, ORF 59  the putative major envelope protein!. ORF 46
 membrane protein!, and ORF 6  membrane protein!. To create the vaccines. ORFs were PCR amplified
&om a pHC-79 cosmid library of CCV. The amplified ORF PCR product was then T/A cloned into
pcDNA3.1/V5/His-TOPO  Invitrogen. Carlsbad. CA!. Construction of DNA vaccines were confirmed by
DNA sequencing. Each vaccine was transfected into cell culture and western blotted to screen for protein
praduction, which were visualized at predicted molecular weights. A trial to test each gene's potential as a
vaccine and the dose required to provide protection was canducted. Treatments consisted of triplicate tanks
of 25 fingerling channel catfish testing each of the three vaccines  pORF59, pORF46. pORF6! in three
different dosages �0, 25. and 5!tg per fish in 50!il TE!, Negative controls consisted of fish injected with
the non-gene encoding backbone plasmid, pcDNA3.1/V5/His-TOPO, in three doses and one treatment of
fish injected with TF., Fish were challenged five weeks post-vaccination at 30'C with CCV, morbid and
moribund fish were collected twice daily. Results from this study will be presented.
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Role and function of the OIE Fish Diseases Commission in the Iield of aquatic animal health
Hastein, Tore

National Veterinary Institute. Oslo, Norway tore.ltastciit.b'~ erin t.no
The OIIice International des Epizooties  OIE! is the World Organisation for Animal Health; it currently
comprises 162 member countries, Whilst representation is usuaIly through the Member Countries' Chief
Veterinary OIIicers. Competent Authorities other than the National Veterinary Services may be responsible
for aquatic animal health in soine Member Countries. In 1960, the OIE established the Fish Diseases
Commission because of the increasing awareness of the importance of international trade in fish and other
aquatic animals. In 1988, the scope of the Fish Diseases Commission was extended to include diseases and
pathogens of molluscs and mustaceans. The expansion of international trade in aquatic animals and their
products has called for appropriate rules to avoid the risk of spread of communicable diseases.
Standardisation of aquatic animal health requirements for trade and harmonisation of international aquatic
animal health regulations are critically important to enable trade to continue whilst maintaining effective
national disease control. The international aquatic animal health standards prepared by the FDC are laid
down in two important documents, OIE In ernationa! Aquaiic Animal Health Code and the Diagnosric
Manual for Aquatic Animal Diseases. Currently, the Code and Manual specifically deal with thirteen
"Diseases notifiable to the OIE" and sixteen "Other significant diseases" of aquatic animals. The diseases
are classified inta one of these two lists on the basis of their socio-economic importance, geographic range
and aetiology. Infectious salmon anaemia  ISA! is curretttly listed under the list of "Other significant
diseases," and both the Code and Manlal have chapters dealing, with the disease.

Nycotic granulomatosis in ayn caused by Aphanomyces piscicidain Japan
Hatai, Kishio*, Shinpei Wada and Osamu Kurata

Division of Fish Diseases, Nippon Veteritiary and Atumal Science University, 1-7-1 Kyonan-cho, Musashino.
Tokyo 180-8602, Japan

A fungus infection attributed to Aphanom»ces on the basis of the fungal morphology was first reported in
Japanese pond-cultured ayu PIecoglossat ahivelis by Egusa and Masuda �971!, Later. the infection was
also found in other fishes in Japan, and nained mycotic granulomatosis based on histopathologicai findings
 Miya7aki and Egusa, 1972, 1973!. Hatai er al. �977! first succeeded in isolating the fungus kom a lesion
using FME agar. They demonstrated its pathogenicity to ayu and other fishes by artificial infection. but
carp, C»prinus carpio. was not susceptible to the fungus. Among several media tested. a medium consisting
of 1/0 glucose, 0.25'/o yeast extract and 1.5'/a agar was found to be best for the growth of the fungus, The
medium was named GY agar  Hatai and Egusa. 1978!. FinaHp Hatai �980! named the fungus
Apltanom»ces piscicida based on its asexual reproduction characteristics. Infections of this fungus are still a
serious problem in cultured ayu. In this paper wc will also describe the present immunological and
molecular studies on this fungus in our laboratory,
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Ulcerative mycosis in channel catfish, Ictaiurus puncraius, black bullhead, Ameiurus me!as, and
bluegill, Lepomis macrochirus caused by Aphanomycesinvadans from recreational ponds in
Louisiana, USA
Hawke, John P.', Amy M Grooters . and Alvin C, Camus

'Cooperative Aquatic Animal Health Research Program, Department of Pathobiological Sciences. Schnol of
Veterinary Medicine, Louisiana State University. Baton Rouge, LA 70803 USA
'Department of Veterinary Clinical Sciences. School of Veterinary Medicine. Louisiana State University, Baton
Rouge, LA 70803 USA
'Thad Cochran National Warmwater Aquaculture Center. Mississippi State University. College of Veterinaiy
Medicine. P.O. Box 197, Stonevilte. MS 38776 USA

Seven cases of chronic ulcerative mycosis affecting populations of channel catfish, black bullhead. and
bluegill cultured in r~ational ponds were submitted to the Louisiana Aquatic Diagnostic Laboratory
between January 2000 and December 2001. Diseased clinical specimens presented with multiple foci of
skin ulceration typically overlaying more extensive areas of granulomatous myositis that extended to the
vertebral column in advanced cases. Lesions were predominated by fields of plump macrophages and
multinucleated giant cells surrounding non-septate. thick walled hyphae with non-parallel cell walls
suggestive of an oomycete. Because deep ulcerative mycoses in other fish species in the Western Atlantic
USA, Australia, and Southeast Asia have been attributed to Aphanomyces spp.. diagnostic methods were
employed to isolate and identify this oomycete along with other potential pathogens. The fungus was
isolated &om uncontaminated sites deep in the musculature using modified peptone-yeast-glucose  PYG!
medium containing 200 !tg/ml streptomycin and 0.1 g/! ampicillin. DNA was extracted from mycelium
harvested from PYG broth cultures of representative isolates by grinding in liquid nitrogen followed by
chloroform:phenol extraction and isopropanol precipitation. The entire ITS! region of the rRNA gene was
amplified and sequenced using primers ITS1 and ITS2. Comparison of this data with ITS1 sequences for 4
isolates of Aphanomyces invadans deposited in the GenBank database indicated 100'Jo homology. Koch's
postulates were fulfilled in juvenile �0 � 50g! channel catfish. This is the first report of ulcerative mycosis
caused by rfphanomyces invadans in catfish kom recreational freshwater ponds in the southeastern United
States and represents new host records for channel catfish and black bullhead.

Virulence of siderophore deficient and aran deletion mutants of Phorobacrerium damseiae subsp.
piscicida in a hybrid striped bass  /!forone snxaiiiis x M chrrsops! infection model
Hawke, John P.'*, Ron A. Miller. and Ronald L, Thune'

'Cooperative Aquatic Animal Health Research Prograin. Department of Pathobiological Sciences, School of
Veterinary Medicine, Louisiana State University. Baton Rouge. I.A, 70803 USA
'Division of Food and Animal Microbiology. Food and Drug Administration-Office of Research. 8401 Mnirkirk
Road, Laurel. MD 20708 USA

Two genetically altered strains of Pholobac/erium damselae subsp, piscicida were evaluated in different
trials to assess the level of virulence reduction when compared to the wild type parent strain 1.A91-197 in a
hybrid striped bass  Morone saxa/i/is x M chrysops! infection model. LA91-197. isolated from diseased
hybrid striped bass cultured at a coastal Louisiana fish farm. was chosen as a representative strain of this
highly virulent fish pathogen for challenge studies and as the parent strain for generating mutants, The
virulence of the wildtype has been determined by LD�, calculation to be 540 cfu/ml by immersion and   1
cfu/g by. injection. Mutant strain LSU-Pl is a siderophore deficient mutant produced by transposon
mutagenesis and mutant LSU-P2 is an aroA defective mutant produced by homologous recombination and
integration of a defective aroA gene into LA91-197. Specific pathogen free hybrid striped bass. mean
weight 48&5 g, were used in virulence attenuation challenge studies. Trials were run in 60L recirculating
systems in brackish water �0 ppt! at 20-22'C stocked with 5 fish per system. Challenge trials were done in
triplicate by either immersion or injection with negative controls, conducted in triplicate. ln the LSU-Pl
trial injection doses ranged from 10 to 10 cfu/g of fish and immersion doses ranged from 10" to 10'
cfu/ml. ln the LSU-P2 trial injection doses ranged from 10' to 10' cfu/g of fish and immersion doses ranged
&om 10' to 10 cfu/mk The LD» was calculated to be 5.6 x 10 cfu/g by injection and 3.6 x 10' cfu/ml by
immersion for LSU-P 1 and 1,1 x 10 cfu/g by injection and ! 1.0 x 10 for LSU-P2.
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Host and geographic range extensions of the North American strain of viral hemorrhagic septicemia
virus  VHSV!
Hedrick, R.P., S. Yun, W.N. Batts', G.S. Traxler, J, Kaufman . and J.R. Winton

'Department of Medicine and Epidemiology, School of Veterinary IVledicine,
Urdversiiy of California, Davis. California 95616 USA
Western Fisheries Research Center, 6505 N.E, 65' Si, Seattle. Washiiigton 98115 USA

'Pacific Biological Station, Department of Fisheries and Oceans. Nanaimo. British Columbia, V9T 1F.I. Canada
'Oregon Department of Fish aiid Wildlife, Department of Microbiology, Oregon State University, Corvailis,
Oregon 97331-3804 USA

Viral hemorrhagic septicemia virus  VHSV! has recently been isolated &om Pacific sardines  Sardinops
sagax! &om coastal waters of Vancouver Island. British Columbia, Canada. from sardines and mackerel
�eomber japonicus! from central and southern California USA and from euchalon or smelt  Thaleiehih>s
paciPca~! and surf smelt  Hypomesus pretiosis pr etiosis! from two separate locations in Oregon USA.
Mortality and evidence of typical skin lesions of viral hemorrhagic septicemia  VHS! were obsnved
among sardines in Canada but all other fish were healthy in appearance. Prevalence estimates among
sardines and smelt ranged Irom 4 � 14'/a among fish in California and Oregon. The mid-G  glycoprotein!
gene sequence of these 9 new VHSV isolates demonstrated that they all belong to the North American
group of VHSV forming a closely related subgroup. The VHSV isolates from sardines in Canada and
California were closely related and differed from VHSV isolates obtained from other species of inarine fish
and salmonids in Canada. This suggests that populations of sardines. which originate in the coastal waters
of California. presumably carry this virus upon migration to more northern waters  e.g. Canada!.
particularly during periods of ocean warming. These new virus isolations extend both the know hosts
 sardines and smelt! and geographic range  Oregon and California. USA! of VHSV. Sardines are currently
one of many marine species used as bait fish involved in international commerce. Understanding the
impacts of VHSV and other pathogens on the health of these fish populations and the risks associated with
subsequent movements of these fish should be addressed by further research.

Selected immunogens of Piscirickeicsia salInonis: molecular analysis to evaluate vaccine development
Henriquez. Vitalia, Pablo Conejeros. Patricio Cataldo. Lorena Valladares. M, Veronica Rojas. Sergio H,
Marshall

Laboratory of Molecular Genetics and Immimolo~, Institute of Biology. Faaculty of Basic Sciencias, Universidad
Cato lica de Valkparaiso. Valparaiso. Chile

Analysis of salmonid tissues naturally infected with the fastidious intracellular bacterial pathogen
Pisciriekettsia salmonis allowed the identification of a number of protein as putative immunogens for
potential vaccine development. A novel purification procedure for in viiro grown bacteria as well as a the
generation of a battery of polyclonal antibodies against the bacteria allowed to directly correlate the
specificity of the in vivo selected inmunogcns. Two-D gel electrophoresis and westerns blot analysis
yielded pure bacterial antigenes prone to be characterized. and the sequence of two of these inmunogenes
as well as the evaluation of their potential to generate a classical protein vaccine that might help to control
the spread of the disease in netpens in southern Chile.

128



Outbreaks of Koi herpesvirus in koi and common carp in Germany
HolTmaim, Rudolf W.*, Hatem Soliman, and Mansour El-Matbouli

Institute for Zoology Fish Biology and Fish Diseases, University of Munich, Kanlbachstrasse 37, 80539 Munich,
Germany

ln 1998 mass mortality among koi and common carp in Europe. IISA and Israel was associated with the
presence of koi herpesvirus  KHV!. Since that time. especially in the summer time. outbreaks of the KHV
ainong koi populations in Germany and some other European countries still cause enormous problems for
the koi lover and also in carp aquaculture. The inost prominent clinical signs of the disease were gill
discolouration and necrosis. Other signs included sunken eyes, pale patches on the skin and increase in
mucus production on the skin and gills. Microscopic examination revealed severe hyperplasia and necrosis
of the gill epithelium and nuclear hypertrophy and margination of chromatin was observed in some
epithelial cells. These cells with intranuclear inclusion were oft' difficult to detect in gill tissue,
particularly when the specific pathology was obscured by secondary infections. The disease could be
experimentally transmitted to koi and common carp of different ages. but not to gold fish and grass carp. A
polymerase chain reaction  PCR! assay to detect KHV in tissues of koi and common carp was developed in
the lab of Dr. Hedrick at the University of Calii'amia in Davis. Beside isolation of the virus in cell culture.
we have been using the PCR for routine diagnostics in our lab, In the present work, we will demonstrate an
in situ PCR for detection of KHV in histological sections and detail the annual situation of the outbreaks in
Ceimany in the last three years,

Clinical presentations of Mycobacterilttt sp. in cultured summer flounder  Paralt'chthys iIentatus!
Hughes, Kathleen P.* and Stephen A. Smith

Aquatic Medicine Laboratory. Dept, of Biomedical Sciences and Pathobiology. Virginia-Maryland Regional
College of Veterinary Medicine. Virginia Polytechnic institute and State University, Blacl<sburg. VA. 24061 USA,
kll ~illcwivi,cd l, sisilliill 0 4 t,cdn

A population of 1000 commercially-reared juvenile summer flounder was housed in recirculating systems
for approximately one year. After six months, fish began to develop oral masses on the lower mandible.
These discrete masses were generally white to yellow in color and encompassed the rostral portion of the
mandible, In addition. other fish developed head swelling, exophthalmia, coelomic distention and opercular
massm. It was estimated that at least 40a%%d of the entire population displayed one or more of these clinical
signs. Impression smears and histopathology of lesions  stained with Ziehl Neelsen acid-fast stain! revealed
a dense population of acid-fast bacilli, consistent with My cobacterium sp. All affected tissues had marked
el'facing and coalescing granulomatous inflammation primarily composed of epithelioid macrophages. 'I'his
tissue reaction was not the typical teleost granulomatous response to Mycobacterium sp. Bacterial cultures
irom the affected tissues grew on Lowenstein-Jensen and Middlebrook media and were acid-fast positive
with Ziehl Neelsen staining,
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Pha rmacokinetics of oxytetracycline in summer flounder, Paralichthys derirarusi a complete
pharmacokinetic study aud oral and intramuscular administration in compromised aad healthy flsh
Hughes. Kathleen P.* and Stephen A, Smith

Aquatic Mediciiie Laboratory. Dept. of Biomedical Sciences and Pathobiology, Virginia-Maryland Regional
College of Veterinary Medicine, Virginia Polytechnic Institute and Stale University, Blackshurg, VA, 24061 USA.
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Two experiments were conducted in commercially-reared juvenile summer flounder held in recirculatmg
aquaculture svstems maintained at 28 ppt salinity and 20"C. The fu'st experiment was a complete
pharmacokinetic study where oxytetracycline  OTC. 50 mg/kg! was administered via intravenous  IV!,
intraperitoneal  IP!, intramuscular  IM! and per os  PO! to four separate groups of 66 individually tagged
summer flounder. Six. fish were bled at each time point and each fish was bled 3 times over the course of 47
days post-injection. Results from this experiment gave the pharmacokinetic profile of OTC distribution and
elimination in summer flaunder. In the second experiment. two separate groups of clinicaliy diseased fish
and clinicafly healthy fish were coinpared. Clinical signs of disease included coelomic swelling, head
swelling, oral masses, exophthahnia, and emaciation. Fish wne administered OTC �0mg/kg! via either IM
or PO routes, which were considered the most practical routes for use in industry. Six fish from each group
were bled at each time point for 30 days, Results from this experiment, indicated that fish with clinical
disease when compared to clinically unaffected fish have similar OTC pharmacokinetic profiles when OTC
is administered either IM or PO despite evidence of systemic bacterial disease. Bacteriology results and
MIC levels Irom clinically diseased and clinically healthy fish were also examined.

Male gamete quality assessments as bioindicators
Jenkins, Jill A.

U.S. Geological Survey, National Wetlands Research Center. 700 Cajundome Boulevard, Lafayette, LA 70506
USA~ill ' k ~us . o

Biomarkers are indicators that respond measurably at several levels of biological organization, Reliable.
ecologically relevant bioindicators permit detection nf injurious effects before population declines. and can
provide insight into pollutant type. Typical biomarkcrs used to assess reproductive abnormalities in fish
have included vitellogenin, plasma sex hormones  i.e. 17t!-estradiol and 1 l-ketotestosterone!, and organ
histopathology. Ganadotropins, Leydig and Sertoli ceil function. and genetic inheritance influence
speimatagenesis. Sperm cell function, directly reflective of reproductive function. can be affected by
exposure to xcnobiotics. Gamete quality was measured in studies of potential biologicai eA'ects of
endocrme-disrupting compounds on common carp  C> prinus carpio! in Nevada and Arizona, and on green
swordtails  Xiphophorus hel1eii! in Hawaii. Sperm quality assays for aquatic species can include cell
morphology and count, motihty, viability. mitochondrial function, acrosame status. DNA integrity, and
fertilization rate. During spawning seasons in Arizona. carp sperm viability and mitochondriai function
were significantly lower  p = 0.000!, than at the reference sites. Biological effects were more apparent in
males than in females. Power analyses indicated a preferred sample size of 13 � 17 male fish per site, Results
from these studies demonstrate that sperm quality assays are useful bioindicators far assessing potential
adverse effects of environmental contaminants an reproductive and endocrine systems in fish. Sperm
biomarker assays can be tailored for particular species. and when used in conjunction with such data as
contaminant levels, animal health assessments, and reproductive biomarkers, assessments can be made on
how ecosystem structure and function respond to anthropogenic stressors.
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Microbial concerns for cryopreserved larvae and gainetes of aquatic species
Jenkins, Jill A,' and Teirence R. Tiersch *
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An expansion is occurring in the practice of cryopreservation of male gametes and larvae of aquatic species
for both commercial applications and conservation of genetic resources, ln domestic species. inl'ective
organisms associated with low fertility can be transmissible with frozen milt; therefore, several industry
control mechanisms are in place. While mycopiasmas, viruses. bacteria, parasites. and rickettsia have hwn
detected in semen froin mammals. rickettsia, viruses. and bacteria have been associated with gonads of fish,
A well-designed program for cryopreserving aquatic species sperm should include a comprehensive
strategy for collection and storage of high-quality gametes free of pathogenic organisms. Infectious disease
testing for fish sperm and indiscriminant disease screening of broodstock to determine which gametes
should undergo freezing would be unrealistic: therefore. stored gametes should be handled as if
contaminated until definitive testing is performed. Accurate source tracking and site history are requisites.
Guidelines for transfer of aquatic animals and aquaculture products are provided within regulatory
Irameworks and agreements through the USDA s Animal and Plant Health Inspection Service. USDI's Fish
and Wildlife Service, and the Office International des Epizooties. Io prevent the unintended transfer of
inicroorganisms with frozen samples and the introduction of exotic microbes into ecosystems. these
guidelines and appropriate diagnostic manuals can be updated to cover cryopreserved materials.
Responsible cryopreservation programs and protocols will not allow the diseases of today to be
disseminated throughout the world, and the diseases of yesterday to re-emerge in the future.

Investigations into the distribution and transinission of Radon thyrsttes to Atlantic salmon in British
Colunibia
Jones. S.R.M.. G. Prosperi Porta. and S.C. Dawe

Fisheries and Oceans Canada, Pacific Biological Station. 3190 Hammond Bay Road, Nanaimo. British Columbia.
V9T 6N7, Canada 'onessii ac.dfo-m o. c.ca

The myxozoan parasite Kndoa thyrsites is associated with post-mortem myoliquefaction in farmed Atlantic
salmon, Histological analysis. polymerase chain reaction  PCR! and non-radioactive in situ hybridization
 ISH! were used to better understand the factors affecting risk of infection with this parasite. Prevalence
and intensity of infections were compared among salmon exposed to sea-water drawn &om three depths. In
three separate experiments, the prevalence and intensity of infection were significantly higher among
salmon held in deep versus shallow water, suggesting a benthic source of infection. Over 5000 polychaete
annelids representing 18 species were collected from sediments below salmonid net-pens in Departure Bay.
Vancouver Island and fiom the fouling fauna associated with pen netting, Pools and individuals from each
species were analyzed by polymerase chain reaction  PCR!. No evidence of K thvrsites was observed in
2311 of Capitel1a eapitata, the most abundant benthic organism, in 158 Chone caudata, 105 Armandia
brevis, nor in 190 specimens of 14 other species. However. a diagnostic PCR product was amplified I'rom
several pools. representing 1337 specimens of Plat3nereis bieanaiieulata. the most abundant polychaete
among the net-fouling fauna. Prevalence in the species was as high as 4'ln in some samples. The nucleotide
sequence of the ainplified PCR product was 100'fo honiologous to the GenBank sequence. An in slits
h3tbridization  ISH! protocol was developed using a digoxygenin-labelled DNA probe homologous to K,
thisites SSU rDNA. The results of ISH analysis of potential invertebrate hosts in the context of risk of
infection will be discussed.
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Parvicapsula minibieareis: transmission and impact on anadromous salmonids of the Fraser River,
British Columbia
Jones, S.R.M.'~, G, Prosperi Porta'. S,C. Dawe'. and D.P. Barnes
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Prematurely migrating, Late-Run stocks of Fraser River sockeye have experienced significant pre-
spawning mortality since 1995, Kidney pathology associated with severe Parvicapsula minibicornis
infections in these fish suggested that the parasite contributed to the mortality. This study sought to
document the distribution and severity of infections of P. mirribicorrris among anadromous salmonids of
Fraser River origin. Adult sockeye salmon from several spawning populations were examined for P,
mirribicornis infix:tion using histology and polymerase chain reaction  PCK1!. The parasite was first
detected in two stocks followiiig in-river migrations of 440km and 619km. respectively. The parasite was
later detected in greater than 95'ro of samples collected at or near the spawning grounds. Severity of
infections increased with distance migrated. The parasite occurred in kidney samples from 21 of 22 other
sockeye stocks. In addition, kidney samples from spawning pink coho and chinook salmon were found to
be infected with the parasite, Infections in the latter species were less severe than in sockeye. The parasite
was detected in nafve juvenile salmonids following caged exposure to lower Fraser River water.
Approximately 60'/o of sockeye smolt collected from the marine environment near Vancouver Island had
histological and PCR evidence of infection. Implications regarding the impact of infection with P,
minihicornis on the health of juvenile and adult anadromous Fraser River salmonids will be discussed.

Disinfection of water for aquaculture
Kasai. Hisae~. Toyohiko Nishizawa. Takahisa Kimura and Mamoru Yoshimizu

Graduate School of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido 04 1-861 1 Japan.
Iii s,ic ii 6 sh.h ok ndai. 3c Jp

A pathogen free water source is essential for success in aquaculture. Surface waters commonly used in
aquaculture come from coastal waters or rivers and inay contain some fish pathogens. Such open water supplies
should not be used without treatment, Disinfection of wastewater before discharge is necessary to avoid
pathogen contamination into the environment. In this studv, we examine the cidal effect of ultraviolet  IJV!-
produced oxidant by ozonization of seawater and hypochlorite hy electrolization of seawater. Additionally, the
disinfectant effects of the three methods for a hatchery water supply and wastewater were compared. and the
survival rate was assessed far cultured fish that were reared using water treated with these methods. Cram
negative bacteria aud fish rhabdoviruses, herpesviruses and iridoviruses were killed when UV irradiated at the
dose of 10 ltW - seam . Standard, inexpensive UV lamps can irrachate at that dosage and may be suitable for
hatcheries or culturing stations that have problems caused by these microorganisms. This would be the best
method for disinfection of UV susceptible pathogens. Water contaminated with Gram-positive bacteria, fish
birnaviruses, fish reoviruses, fish nodaviruses and aquatic fungi, having low susceptibilities, should be
disinfected with ozonization, electrolization or high quality UV lamps. Disinfection of wastewater is necessary
to prevent pathogenic contamination of the environment. Electrolization is easy to scale up and can be used to
treat a large volume of water, thus making it a suitable method for disinfecting wastewater.
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Mycobacteriosis ia wild striped bass  Morone smatilis! of the Chesapeake Bay
Kaattari. Ilsa*, Martha Rhodes. Howard Kator, Wolfgang K. Vogelbein, and Steve Kaattari

Departmeiir of Eirvirourirerital arid Aquatic Animal Health, Virgiriia Iristitute of Marine Science. The College of
William aud Mary. Gloucester Point, VA 23062 iiiikaaru i ims.eiiu

In the mid-1990's, inveshgators at the Virginia Institute of Marine Science  VIMS! began their studies of wild
striped bass exhibiting various degree of hemorrhagic and/or ulcerative skiri lesions. Histological examination
of these lesions revealed granulomatous inflammation. ofien vnth acid-fast bacilli, which were typical of
mycobacteriosis, This diagnosis was confirmed by microbiological tests. includmg standard culture methods
and phenotypic characterization, ln addition molecular tests, such as polymerase chain reaction  PCR! for the
genus-specific16S rRNA gene, nested PCR. RFLP tests, and genetic sequencing, were conducted. In 1999.
aseptic collection and processing of spleen tissues from both healthy-appearmg and syrnptornatic fish was
initiated, Microbiological techniques were refined to include serial dilution and culturing of tissue samples.
Incubation at room temperature was initiated when the predominant mycobacterial isolate. a new species just
named M shortsii, was determined to require this temperature  Rhodes et al., in press!. Interestingly, M shorrsii
belongs to the iW. rubercujosis clade, with 99.2'ro homology with both & nrarinum and M rrlcerans. One
cohort of fish  N = 118! was collected at regional striped bass tournaments. from recreational fishermen. and
seine surveys in the York River, VA. All fish were kept on ice after capture and necropsied within 24 h under
aseptic conditions in a biosafety laminar flow hood, Spleens lrom each fish were weighed and divided into two
subsamples. One subsample was fixed for histological examination. The second sample was homogenized in
sterile phosphate buffer and divided into two portions: one for microbiological identification and determination
of the number of mycobacteria present per gram of tissue, and the second for molecular investigations leading
to mycobacterial genus-specific PCR/nested PCR diagnosis. Since such analyses began, a total of 196 striped
bass have been aseptically necropsicd and quantitatively cultured. Seventy-six percent �6'lo! of such fish have
been found to be infected with mycobacteria, typically producing culture counts of greater than 10 " colony
forming units per gram  CFU/g! of tissue.

Role of somatic niutatiou aud imrnuaoglobulia structural diversity in the teleost immune function: a
critical problem in addressing fish disease resistance
Kaattari. Stephen L.

Dept, of Environmental and Aquatic Animal Health. School of Marine Science, Virgiiua Institute of Mariire
Science, College of William arid Mary, Gloucesier Point, VA 23062 USA kaaruiri'ci i one.cdu

Past work has portrayed teleost humoral immune systems as relatively simplishc versions of mammalian
systems. In this context, two of the most critical immunological functions in mammals, affinity maturation
 with concomitant somatic mutation! arid isotypic diversity, have largely been considered as ancillary or of
minimal importance to routine piscine immune function. However. work in our laboratory has demonstratrxI
that aftnity maturation does occur in the trout. Currently we have evidence that this affinity maturation can
occam without employment of somatic mutational processes in some cases, while in other situations. somatic
mutation may be extensively employed. Our work and that of others also indicates that structural diversity of a
rion-isotypic nature exists within teleost fish. Lack of recognition of the primacy of these functions in teleost
immunity has primarily been due to preconceptions based on mammalian function and the use of inappropriate
technologies. It is essential to understand the inechanics of these comparable yet unique teleost functions and
how they work to provide teleosts effective disease resistance. Methodologies which can accurately assess these
immune parameters and their application toward evaluation of fish immunity and resistance are posecL
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Environmental factors associaied with the occurrence of ulcerous lesions in Atlantic menhaden,
Breiyoortt'a tyrannus, in a sniaII coastal embayment
Kator. Howard*. Larry Haas, Iris Andersen. David Zwerner and Wollgang K. Vogelbein
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The tidal creeks of Chesapeake  kay are a primary numery for juvenile menhaden  Beecoorrio rteaumok pince
the mid-1980's episodes of deeply penetrating ulcerative skin lesions  UDS! have occurred in juvenile
menhaden. A field program in the Great Wicomico River  GWR! estuary, VA, was begun in 1998 to
investigate the cause of these skin ulcers and to identify environmental parameters associated with this disease.
The GWR is a small. productive, highly stratified shallow and poorly flushfxI estuary whose salinity
distribution in the headwaters is subject to large variation. primarily by storm events, During the study we
collected approximately 20.000 juvenile menhaden from spring through fall to assess lesion prevalence.
Menhaden with UDS consistently yielded cultures of an aseptate water mold resembling Aphanomyces
invadans. Lesion prevalence tended to be highest in menhaden caught at salinities <10-12 psu and was low or
undetectable during warm summers with little or no prix:ipitation. Lesion prevalencc tend xi to increase
following intense. episodic thunderstorms. In 2001. after a dry summer, lesions first appeared approximately
two weeks after a significant rainfall event in mid-August, After another rain event. a fish kill occurred in
September, 2001 with lesion prevalence rates as high as 97'%%d .With theexceptionof episodicprecipitation
events that lowered headwater salinities. examination of the biological, chemical and physical characteristics of
the GWR did not reveal obvious factors that might explain interannual differences in lesion prevalence. Based
on field observations and laboratory studies we propose a conceptual model describing the environmental
factors involved in nienhaden UDS.

Ecology and faunistic characteristic of sturgeon parasites from the Azov sea basin
Kazarnikova, A.V.* and H.V. Shestakovskaya

RosrobNIIproject iebtbyopathological lab., Oborona ht.. 49. Rostov~-Don. Russia. 34400011. key if TTiL. kv; yfj ow;u>ct.n~
From 68 detected parasite species in the Azov sea basin 17 �5 '%%d! are spfx:i ic for sturgeon. Beluga  Huso
huso! has 31 species, 6 �9.3'/o! species are specific. Parasite fauna of Russian sturgeon  Acipenser
guldenstadti! include 37 parasite species. 13 �5.1B/o! are specific for sturgeon. Parasite fauna of starred
sturgeon  A. steilatus! consists of 32 parasite species and 12 �75'/o! are specific for sturgeon. Sterlad  A.
ruthenus! has 17 parasite species 8 �7.1 '/o! are specific for sturgeon. 32 parasite species with 4 �2.5 '/B!
specific species described from hester  Huso huso x A. rurhenus!. There are 6 species common to all
sturgeons from the Azov sea basin, and only 1, CapiIlaspirura argumentosa, is specific for sturgeon. The
highest losses for sturgeon being reared were caused by representatives of Trichodinidae   Trichodina nigra,
T. rectangii. etc.! and also Polipodium hydrifot7ne, Xit~chia sturionis, Dic1> hothrium armatum,
Dipiostomufn spathaceum, D. paracaudum, I'iscicoia geometra, Ergasilns sieboldi,and Arguius foiiaceus,
The faunistic analyses of sturgeon parasites show some heterogeneity in species distribution, Character of
parasite-host relations between sturgeons Irom the Azov sea basin show that the highest level of specificity
belongs to coelenterates �00'/ h!, amphilinas �00'r4!, nematodes �7.1'/o!. and leeches �0'/a!. For
monogeneas and cestodas it was 40 '/o accordingly. Protozoans have the lowest level of specificity �,2 '/o!,
Level of specificity for innnggenes, cestodes, trematodes, acanthocephalans and crustaceans was not higher
than 30'/lh, The analysis of the parasite fauna in artificial reproduction and commercial rearing shows that
the majority belong to protozans �7,5/dy!, These. as a rule. are widely specific parasites whose invasion
stages are carried with water to tanks and ponds.
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The characterization and quantification of proteolytic genes expressed by hfyxobalas cerebralis
Kelley, G. O.*, M. A. Adkison. C. Leutenegger, and R. P. Hedrick
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M>@obolus eerebralis, a metazoan parasite. is a major fish pathogen that causes whirling disease in feral
and captive rainbow trout  Oncorhynchus mykiss!. The pathogenesis of disease suggests that proteolytic
enzymes may be involved during initial tissue invasion of the sporoplasm and the lysis of cartilage during
the later stages of infection. Based on parasite specific cDNA sequence data obtained in our laboratory, the
expression of serine and cysteine protease gene homologues have been detected &om the triactinomyxon
stage of M cerebralis and within infected fish tissue. The amino acid sequence data is consistent with the
chymotrypsin family of serine protease and the papain family of cysteme proteases. Specifically, the amino
acid sequence indicates the expression of a lysosomal cystcine protease  i.e.. cathepsin B!. We have
incorporated the use of real-time TaqMan PCR to quantify the transcription of these protcase genes
produced by M cerebra/is both temporally and spatially in experimentally infected rainbow trout, Rainbow
trout � weeks post-hatch! were exposed to 2.0 x 10 triactinomyxons/fish with appropriate controls. Six
tissues were collected: caudal and dorsal fins, gill, muscle. spinal column. and cranium. Tissues �5 mg!
were sampled at 5 minutes post-exposure, 2 hour post-exposure, and 4, 10, 24, 54 days post-exposure. The
results show an increase in relative expression of the serine and cathepsin B-like cysteine protease both
temporally and spatially. There is a relative increase during the invasion of the fish epidermis and during
development in the cartilage suggesting involvement with tissue degradation and possibly sporogenesis.

Diseases in zebrafisb  Danio reriu! from research facilities � histological lesions
Kent. Michael L.' ', Janell K. Bishop-Stewart', Jennifer L. Matthews . and Jan M. Spitsbergen" '

I Center for Fish Disease Research, Department of Microbiology, 220 Nash. Oregon State Uiiiversity, Corvallis.
Oregon 97331-3804 USA
'Zebrafish Intematioaal Resource Center. 5274 University of Oregon. Eugene Oregon 97403-5274 USA
'Department of Enivromnental and Molecular Toxicolo~. Marine/Freshwaier Biomixhcai Center, Oregon State
University. Corvallis Oregon 97331 USA

The use of zebrafish  Danio rerio! as a laboratory animal model, particularly in genetic research, has
expanded dramatically over the last decade. Interest in diseases and other health issues related to
maintaining zebrafish has thus increased accordingly. We provide a diagnostic service to researchers
through the Zebrafish International Resource Center. The following are the most common non-infectious.
idiopathic or and neoplastic diseases that we have encountered in the some 110 cases, representing over
500 individual fishes &om 28 different facilities. We have &equentiy observed a severe, chronic
inflammation and fibroplasia of the ovaries associated with degenerated eggs  thought to be caused by
inadequate spawning!, pericardial effusion. dilated cardiomyopathy, and hepatic megalocytosis. The latter
is oflen severe, but the causes  either anthropogenic or natural agents! have not been determined.
Nephrocalcinosis and gas bubble disease has occasionally been observed. 1 he most common neoplasms
observed in fish not deliberately exposed to carcinogens include seminomas. spindle cell sarcomas of the
viscera and eye, intestinal carcinomas, thyroid tumors. and liver neoplasms. Studies are ongoing to
deterinine if certain strains or mutants are predisposed to these tumors. In regard to intestinal tumors. a
contributing factor may be infections by the nematode Pseudocapillaria /omentosa. Other infectious
diseases that we have frequently seen include microsporidiosis of the central nervous system. caused by
Pserdalonia neurophilia. and mycobacteriosis. Supported in part by NIH P40 RR12546
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The development of vaccines in Canada in regards to ISA V
Kibenge, Frederick S.B,

Depainnent of Pathology and Microbiology. Atlantic Veterinary College. University of Prince Ldward Island.
Charlottetown, P.E.L, Canada; kihcnee.'n [~cLCA

Infectious salmon anaemia virus  ISAV!! is currently the most important viral pathogen threatening
commercial aquaculture in the northern hemisphere. Morphological. biochemical and replication properties
indicate ISAV is a member of the Orthos>xoviridae, similar to influenza viruses. Comparison of ISAV
proteirls with other orthomyxoviruses revealed Iow amino acid identity values. between �3 /o and �5 /o.
supporting the proposal to assign ISAV to a new, fifth genus Isbn'irus within the Orthomgxoviridae,
Infectious salmon anaemia in the Bay of Fundy. New Brunswick. is now a managed disease follovvmg the
compensation scheme agreed to by the Iederal goverrunent in 1999, and the various steps taken by the
industry including stringent husbandry practices, an ISA surveillance program depopulation of affected
sites, and vaccination. However, the ISAV vaccines currently used are not 100'io protective. hmnunized
fish do not clear the virus and may become carriers. which makes control by vaccination incompatible with
depopulation control methods. There is still an absolute need to match the ISAV vaccine composition to
current viruses. and to improve on the immunogenicity of ISAV vaccines. Studies on over 160 ISAV
isolates established the existence of two haemagglutinin  HA! subtypes of ISAV, one American and one
European. and four distinct neuraminidase  NA! subtypes, indicating the existence of up to eight different
combinations of HA and NA subtypes among isolates. These observations are discussed in relation to new
vaccine developments for ISA. An ELISA that detects fish antibodies to ISAV was also developed and can
be used to assess vaccine efficacy.

New peptide binding domain lineages found in MHC class I of rainbow trout  Oecorhynchus mykiss!
shared with cyprinid species; conservation of variation
Kiryu. Ikunari'*, Johannes M. Dijkstra', Yasutoshi Yoshiura', Keiichiro Hashimoto, and Mitsuru Ototake

' inland Station t National Research institute of Aquaculture. Tantaki, Mie 519-0423. Japan ikqpari'ci t'ra.at't'rc. tto,'
institute for Coinprehensive Medical Science, Fujiia Health University, Toyoake, Aichi 470-1192. Japan
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Two new litteages were found for the ul domains of the classical MHC class I in rainbow trout with higher
homology to sequences found in cypriniformes than to previously described sequences in salmoniformes.
Similar sequences have not been found in more primitive or more modern fish, These findings contribute to
previous discoveries that some of the variation in the ul domain is shared between cypriniformes and
salmoniformes. The conservation of the al variation in these phylogenetic orders suggests that this
variation, including more residues than only those lining the peptide binding groove, is very important. The
present study compares the ol and ot2 lineages found in different fish species, and discusses possible
models for their evolution,
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Pathogenicity of the oomyeete, Aphanomycesinvadaus, in Atlantic menbaden, 8revoortia ryrauuus
Kiryu. Yasunari '*, Jeffrey D. Shields', Wolfgang K. Vogelbein'. Howard Kator'. and Vicki S. Blazer
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National l'ish Health Research Laboratory, Biological Resources Division. U.S. Geological Survey, 1700
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Atlantic menhaden, Brevooriia lyrannus, develop characteristic skin ulcers in response to infection by the
oomycete, Aphanomices invadaiar. To investigate pathogenicity, we conducted a dose response study.
Juvenile menhaden were inoculated subcutaneously with 0, 1. 5. 10, 100, and 500 secondary zoospores per
fish and monitored for 37 d post-injection. Survival rates declined with increasing zoospore dose with
significantly different survivorship curves observed at the different doses, Moribund and dead fish
exhibited characteristic ulcerous lesions at the injection site starting at 13 d post-injection. None of the
sham-injected control fish died, The LDso for inoculated fish was estimated at 9,7 zoospores; however
some fish receiving a single zoospore developed infections that resulted in death. We also challenged
menhaden by aqueous exposure and confirmed that A. ini adans derived from a lesioned menhaden from
the Wicomico River, Chesapeake Bay, was highly pathogenic by this more environmentally realistic route
of exposure. Fish acclimated to culture conditions for 30 d and presumably free of skin damage were
exposed to 100 zoospores mL . These fish exhibited a 13.9'/o lesion prevalence and ll.l'/o mortality.
Scaiming electron microscopy of fish skin indicated that zoospores adhered avidly to intact epidermis.
germinated and actively penetrated with a gerin lube to infect the fish. Net-handled fish had a significantly
higher lesion prevalence �4.3 /o! and mortality �4,3/o!. Control fish developed no lesions and did not die.
Our results indicated that A. invadans is a primary pathogen of menhaden with an apparent very low
minimum infective dose.

Undertaking an impart risk analysis � the influence of knovvns and unknowns in science
Kleeman, Sarah N.

Aquatic Animal Biosecurity, Biosecuriiy Australia. Agriculture Fisheries Forestry Australia. GPO Box 858,
Canberra ACT 2601 Australia Sarah.klccniau'iluiTu. ox ..iu

Concerns over the spread of pests and diseases with the movement of live aquatic animals have led many
countries to adopt both domestic and international controls. However, the risks associated with the
movement of dead aquatic animal products is largely unknown. dificult to determine and often
controversial. Import risk analysis  IRA! is a science-based process that can be used to evaluate the risk of
foreign diseases being introduced with imported commodities. The process involves three stages: 1!
identification of diseases that are potential hazards: 2! evaluation of the likelihood and consequences of
their spread; and 3! evaluation of control measures to manage unacceptably high risks. The quality and
confidence in the outcome of a risk analysis is reliant on the scientific information on which it is based.
While considerable research has furthered our understanding of diseases of aquatic ammals in recent years.
much remains unknown regarding the taxonoiny of disease agents, transmission of diseases, life-cycles.
survival parameters and the validity of diagnostic techniques, This presentation will discuss how these
matters are dealt with in the practical conduct of an IRA. where policies must be developed and justified
 consistent with international obligations! in spite of this lack of inf'ormation. The current Australian IRA
on dead bivalve molluscs is used as a practical example.
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Effects of Ichrhyophonus on survival of Yukon River chinook salmon
Kocan, Richard', Paul Hershberger' and James Winton

Aquatic and Fishery Sciences, University of Washington. Seattle, WA 9819' USA
Western Fisheries Research Center, USGS, 6505 NE 65'" St.. Seattle. WA 98115 USA

Recent observations have identified Ichthuophonus an emerging pathogen of adult Yukon River chinook
salmon and have implicated the organism as a potential cause of prespawning mortality. Field and
laboratory studies werc conducted to: 1! sample fish at multiple sites. 2! relate annual changes in disease
severity to changes in river conditions  e.g. temperature!, 3! determine if infected adults  esp. females! die
prior to reaching their natal streams. 4! identify the source ol Ichlhiophonus infections. 5! dcterinine the
effect of water temperature on the growth rate and pathogenicity of Ichlhvophonus. We found
approximately 30'lii of adult chinook enter the Yukon with subclinical infections, which become
increasingly clinical as fish travel upriver. There was a relationship between elevated temperature and
severity of disease, FIistorical temperature data showed that prior to the 1980s, river teinperaturcs were
considerably lower than at present, Spawn-outs collected in one tributary confirmed that no infix:ted
females were present. supporting our hypothesis that significant numbers of infected females died prior to
reaching their spawning streams, Herring sampled from the Bering Sea were negative for Ichrh> ophonirs.
Marine fish experimentally exposed to Ichthyophonus and held at different teinperatures showed a clear
relationship between elevated temperature and increased severity of disease with dissemination of the
pathogen within the infected fish.

Immuno-related genes expressed in fish stimulated by immunostimulant
Kono. Tomoya'" and Masahiro Sakai

'United Graduate School of Agricultural Sciences. Kagoshima University. Kagoshima 890-0065, Japan toiaova-
kurio rliB3'.cueivel3.ue, !

Faculty of Agriculture, Myazaki University, Miyazaki. 889-2192. Japan iii.sakaI'vice.mii azaki-u.a<~
Immunostimulants are valuable for the control of fish diseases and have wide application in fish culture.
The effects of immunostimulants in fish have been reported. but there arc few studies done on genes
expressed by immuno-stimulation. In this study, we analyzed genes expressed in head kidney cdls of tish
stimulated by peptidoglycan as an immunostimulant. Sequenced clones were compared with sequences in
databases of GenBank, EMBL and DDBJ. Thc results contain the genes such as globins, several ribosomal
proteins, cytochrome oxidase subunits and heat shocl protein. Putatively identified immuno-related genes
were immunoglobulin heavy and light chain, beta -microglobulin, CC chemokine. thymosin beta,
lysozyme. Interleukin-1 beta and MHC class II.
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Characterization of serum and mucosal antibody responses of rainbow trout  Oncorhynchus myltiss!
to Fhn obacreriuni psychrophiium
LaFrentz, Benjamin R.', Scott E. LaPatra, Gerald R. Jones, James L. Congleton'. Boling Sun', and
Kenneth D. Cain
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Resources, University of Idaho, Moscow, ID 83844-1141 USA

Serum and mucosal antibody responses of juvenile rainbow trout  Oncorh>'nchus m> kiss! were
characterized by ELISA following immunization with various preparations of formalin-killed
Flavobacteriion psychrophilum celLs. The protective nature of these preparations was then determined by
immunizing rainbow trout fry and challenging with the bacterium. Juvenile rainbow trout immunized
intraperitoneally  i.p.! with formalin-killed F. ps>chrophiium emulsified with Freund's complete adjuvant
 FCA!. and i.p. with formalin-killed F. ps»chrophilum either with or without culture supernatant generated
significant serum antibody responses by 6 and 9 weeks. respectively, Significant mucosal antibody
responses were detected by 9 weeks only in fish immunized i.p. with killtxl F. psychrophiltun/F CA.
Following immunization and bacterial challenge of rainbow trout fry. protective immunity was conferred in
F. ps>chrophilunt/FCA and saline/FCA groups with relative percent survival  RPS! values of up to 83 and
51 /o. respectively. Significant protection was not observed in treatment groups immunized by immersion or
i.p. without adjuvant at the challenge doses tested. Results suggest that stimulation of non-specific immune
factors enhance the ability of fish to mount a protective immune response, but specific antibody appears
necessary to provide near complete protection. ln this study, an ELISA was developed to monitor anti-F.
psychrophilunt antibody production in trout. The relationship of such responses to protective immunity
suggests that future vaccination strategies against coldwater disease may require stimulation of both the
innate and adaptive arms of the immune response.

Paramoeba sp. as a potential pathogen in seed clam  Mercenaria sp.! hatcheries in the Indian River
Lagoon, Florida
Landsberg, Jan H,*. Ruth O. Reese, and William S. Arnold

Florida Marine Research Itistitute, Florida Fish and Wildlife Conservation Commission. 100 Eighth Avenue
Southeast. St, Petersburg, Florida 33701-5095 USA 'an,lsndsbcr ii fwc.statesI.us; rutlnreese'a f~vc.stoic.tl.us;
bill.amp! d'a' 1'wc,state,.fl.ns

In the last few years, several hard clam  Mercenaria sp.! hatcheries along the Indian River Lagoon, Florida
have been experiencing a series of heavy seed clam mortalities. The mortalities appear to begin when
batches of larvae settle out of the water column and start to set, Mortalities are acute and batches of larvae
can be dead within a few days. Examination of environmental parameters within and external to the
hatcheries. water quality, feed, and different management practices within individual hatcheries does not
reveal any obvious common denoininator. Batches of both larvae and setting clams from several hatcheries
were examined grossly and by histopathology. A high incidence of Paramoeba sp. was found lining the
mantle cavity in setting clams only, Free-swimining larvae did not appear to be infected, Likely influential
factors are unknown chemical contaminants or biological phycotoxins that directly kill or stress larvae
during the setting period and that may allow for secondary infection by opportunistic Paramoeba sp.
Alternatively, Paramoeba sp, are primary pathogens that for as-yet-unknown reasons have become a more
recent problem in this area, It is of interest to determine if these pathogens have played a role in the
lowered recruitment of hard clams in the northern Indian River Lagoon during the last few years.
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Diagnostic hematological changes in rainbow trout infected with INHV
LaPatra, Scott E.', Gerald R. Jones', and Charlie E. Smith
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Hematological parameters are used routinely in aiding in the diagnosis of diseases. Information describing
the morphological changes in blood and hematopoietic tissue of fish infected with virus diseases is limited.
Stained smears of peripheral blood and anterior kidney imprints were examined from fish naturally and
experimentally infected with IHNV. The most distinct and consistent changes included macrophages with
cytoplasmic vacuolation and ingested cellular debris, nuclear p>knosis of hematopoietic cells, and the
presence of degenerate nuclear and cytoplasmic debris. In addition to the above changes, the occurrence of
bilobed erythrocytes appears to be pathognomonic for IHNV. IHNV concentrations of 10" to 10' plaque
forming units/g were required before cellular changes could be observed. A presumptive diagnosis of' IHN
can be made rapidly using this methodology.

DNA vaccines against rhabdoviral disease of finfish: Tools for understanding virus defense
mechanisms
LaPatra. Scott E.'~, Eric D. Anderson, Niels Lorenzen'. and Gael Kurath"

'Clear Springs Foods. inc.. Research 33i 'sion. P.O. Bo 712, Behl Idaho 33316 USA .. onl ~i-.
Department of Microbiology. University of Maine. Oroiio, Maine 04469-S753 USA eanders32'a r3adr3esmaiue.edu

'Danish Veterinary Laboratory, Haogovej 2, 8200 Arhus N. Deniuark ul a'isvs.dk
"Western Fisheries Research Center, Seattle, Washington 9819~-5016 USA isael kurath rr us s.~ov

The results to date have shown that DNA vaccines against infectious hematopoietic necrosis virus  IHNV!
and viral hemorrhagic septicemia virus  VHSV! can ittduce transient non-specific protection, elicit virus
specific antibodies and reproducibly provide significant protection in rainbow trout at early � d! and late
�8 d! titne pomts aAer lethal virus infections, including waterborne and ittjection challenges. A variety of
hypotheses are being investigated in an attempt to understand the mechanism s! responsible for the potent
effect of DNA vaccination including the priming, of a specific humoral response, induction of non-specific
anti-viral cytokine s!. the acceleration of virus clearance. and the induction of non-specific defenses that
are effective against viral and bacterial pathogens. Att additional study investigated the effect of the IHNV
and VHSV DNA vaccines if they were delivered aAer the fish had been exposed to virulent IHNV. The
results to date suggest that DNA vaccines against rkabdoviral diseases of finfish have great potential both
as a practical biologic and as a significant tool for investigation of the teleost immune system.
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Susceptibility of passively immunized rainbow trout and challenge survivors to Flavobaeieriiim
psychrophiVum
LaPatra. S.E. ". B.R. LaFrentz, G.R. Jones . A.W. Morton'. M. Higgins', and K.D. Cain
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To further investigate the role that antibody plays in conferring protection to juvenile rainbow trout, adult
rainbow trout were immunized with live FIavobuclerium psyehrophi1um. the causative agent of bacterial
cold water disease  CWD!. The rainbow trout convalescent anti-F. psJ chrophilton sera were produced by
injecting I kg fish with 1 mL of a 0.4 OD suspension of live bacteria three times at 4 � 6 week intervals. The
sera were obtained kom individual fish approximately 6 weeks later. Juvenile rainbow trout  mean weight.
1,3 g! were passively immunized with inunune sera with different titers or saline and challenged b>
subcutaneous injection with a virulent strain  CSF 259-93! of F, psyehrophihrm 24 h after passive transler.
Relative percent survival ranged &om 9 � 42 '/e and correlated with ELISA antibody titers that ranged from
1,600 to 102,400.The next objective was to determine if fish that survive CWD are susceptible to
reinfection. Surviving fish from each treatment in the previous experiment were rechallenged using our
standard methodology 6 weeks af!er the first challenge. Additional animals from each treatment that were
not challenged previously were also infected. The relative protection of CWD survivors compared to their
naive counterparts was 74 � 1000/o indicating a significant level of protection had been induced aAer the fish
recovered from the initial challenge. These studies demonstrate that antibody to F. psychrophilum can be
elicited following immunization and that antibody plays a role in conferring protection. Additionally. CWD
survivors appeared solidly protected against reinfection providing a model to further understand a
protective immune response.

Pathogetticity of white spot syndrome virus to the ornamental shrinp, Lysmara wlrdemaiini
Laramore, Susan E.

Aquatic Animal Health Laboratory. Harbor Branch Oceanographic Institution. Inc., 5600 U.S. Hwy. I North. Fort
Pierce. Florida 34946 USA SA I ten u hbni,edu

White spot syndrome virus  WSSV! is a serious viral disease affecting the penaeid shrimp culture industty.
but has not been determined for any ornamental shrimp. Therefore, pathogenicity of WSSV to the
pepperinint shrimp Lysmaia wurdemanni was examined. Three trials �5 days each! were conducted in
which five adult Lysmaia and ten juvenile Liitopenueits vannamei were individually fed WSSV infected
white shrimp tissue at 10'/0 of their body weight on day 0. Pacific white shrimp. L. vannamei, are
susceptible to WSSV infection and were used for comparison. Presence of WSSV in all shrimp was
determined by PCR and histology. Mortality  avg+s,d.! was not statistically dilTerent  P<0.05! between
Lysmata and L, vannamei �7+30'/o and 60+10'/e. respectively!. However. there were di ITerences in length
of time for mortalities to occur and presence of WSSV in shrimp. Time to 40/o mortality was significantly
 P<0.001! later for Lysmata �0.7+3.2 days! than for L, vannamei �.3+0.58 days!. All L. vannamei  dead
and survivors! were WSSV positive. whereas in Lysmara there was much variation  Trial 1 � 100'/e, Trials 2
and 3 � 40'/0!. It would appear from these trials that Lysmara can be infected with WSSV. but appears more
resistant initially to WSSV infection than L. vannumei.
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Edwardsielluicraluri 0 polysaccharide biosyntbesis gene cluster aud 0 polysaccharide composition
Lawrence, Mark L.'*, Michelle M Banes'. and Parastoo Azadi
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We have previously reported the construction and phenotypic charactcvization of an isogenic ECN'ardsiella
icialuri 0 polysaccharide  OPS! negative mutant strain. 93-146 R6, This strain was highly attenuated in
channel catfish compared to wild-type strain 93-146. We now report cloning the mutation responsible for
the OPS negative phenotype of 93-146 R6 along with flanking sequence Irom the E. iclaluri chromosome.
The mutation was located in a gene encoding a sugar epimerase  designated trhei7!, and the clone
contained eight additional complete open reading frames and one partial open reading &arne from the E.
icraluri OPS biosynthesis region. At least eight of these genes appeared to be organized in a single operon.
An intact copy of the epimerase was amplified irom wild-type E. icialttri by PCR and cloned. Sequencing
of this gene and the flanking genes provided a total of approximately 12 kb from the E. ictaluri OPS
biosynthesis region, which has been deposited in GenBank  accession AAY057452!. When the epimerasc
gene was expressed from a plasmid in the OPS mutant. OPS production was restored, indicating that the
mutant strain's failure to produce OPS was not due to a polar effect on downstream genes in the OPS
biosynthesis operon, In addition, we have conducted carbohydrate compositional analyses on purified OPS
from wild type strain 93-146 and 93-146 R6. These data suggest that E. ictaluri OPS is composed of
galactose. N-acetylgalactosamine. and gala<~ionic acid. This sugar composition correlated with the
predicted functions of the enzymes encoded in the OPS biosynthesis cluster.

Differentiation of serologically related eyprinid rhabdoviruses by molecular genetic methods
Le Deuff, Rose-Marie, David M. Stone, Keith Way, Paul D. Martin, mid Peter F. Dixon*

CFFAS Weymouth Laboratory, The Nothe, Weymouth. Dorset DT4 SUB, UK p.f'.dixon ri.cefas.co,rLk
Spring viremia of carp virus  SVCV! is a fish rhabdovirus that causes severe disease in common carp and
other fish, The disease causes high economic losses in carp farms and is notifiable to the OIE, and under
national legislation in many countries. Fast and sensitive methods for detection of SVCV are essential for
applying control measures  movement restrictions! for the disease. Currently, diagnosis is usually based on
virus isolation in cell culture with subsequent identification by a serological method such as virus
neutralisation. or the enzyme linked immunosorbent assay. The identification method must distinguish
SVCV &om the serologicaliy related, but non-notifiable, pike &y rhabdovirus  PFR!, However, new virus
isolates have emerged that cause a SVC-like disease, but cannot be clearly identified as either SVCV or
PFR by serological methods, and which consequently create a problem with regard to imposing legislative
control measures. Reverse transcription-polymerase chain reaction  RT-PCR! followed by sequencing of
the amplicons has led to the grouping of SVCV. PFR and serologically related isolates into four
genogroups. We have produced four digoxigenin-labelled DNA probes. and have used them to distinguish
between the isolates by Southern blotting of amplicons from the RT-PCR and by in situ hybridisation  ISH!
using infected cefl cultures. Comparisons of fhe two methods are presented. These studies may help to
determine the real incidence of viruses &om each genogroup and provide data to support a re-classification
of SVCV, PFR and similar rhabdoviruses.

]42



Mode of transmission of Glugea plecoglossi  Microspora! in the experimental infection model using
rainbow trout
Lee, Sun-Joung*. Hiroshi Yokoyama. and Kazuo Oga~~

Department of Aquatic Bioscience. Graduate School of Agricultural and l.ife Sciences, The University of Tokyo.
Yay i l.l.l. yaookyo, Tok 113-$613. Japan at'1 666 o nail.oa .~o-tok«.ac.'

Glugea plecoglossi  Microspora! forms numerous xenomas in the body cavity of cultured ayw.
Plecoglossus altivelis. We studied the modes of transmission of G. plecoglossi m the experimental
infection model using rainbow trout. To observe the attachment sites of G. plecoglossi spores. rainbow
trout were immersed for 5min in the Uvitex 2B-labeled spore suspension and then fish were stained with
0.05 'lo trypan blue. The spores were observed mainly on the microscopic injuries positive for trypan blue.
To examine the site of development of G, plecoglossi, spores were applied onto the limited area of the body
surface using a cotton swab. then fish were maintained at 20'C for 30 days, G. p/ecoglossi xenomas
developed only in the subdermal tissue under the applied area. On the other hand, xenomas were formed in
the body cavity by the oral intubation of spores. To investigate the modes of transmission of G. plecoglossi
in rainbow trout which were orally intubated or immersed in spore suspension, histological sections were
prepared from the intestine and the skin of the fish just after inoculation. and in silu hybridization was
performed to detect the early stages of G. plecoglossi. The sporoplasms were observed in the epithelium of
the intestine and the skin 5 min post-inoculation. During the 24 hours, sporoplasms moved from the
mucosal epithelium to submucosa in the intestine. while they migrated from the mucus cell layer to the
muscle in the skin, It is suggested that transmission of G. plecoglossi in fish culture environment occurs
through the oral route rather than the dermal route. considering the xenomas-forming site in the fish.

Pliesreria piscicida: Molecular analysis of the life cycle does not support the presence of toxic
amoeboid stages
Litaker, R Wayne', Mark W. Vandersea'. Steven R. Kibler', Edward Noga . and Patricia A. Tester'

'Center for Coastal Fisheries and Habitat Research. National Ocean Service, NOAA, 101 Pivers Island Road.
Beaufort. North Carolina 2S516-9722 USA
'College of Veterinary Mcdicirie, Department of Clinical Sciences, Box 8401, 4700 Hillsborough St, Rateigh. NC
27606 USA

Pfiesteria piscicida, recognized as a cause of morbidity and mortality in estuarine fish populations in the
U.S., has previously bmn identified based upon the presumptive morphological identification of the algae s
specific life stages via light microscopy, combined with confirming the presence or absence of P. piscicida
in a small subsample via electron microscopy, However. it is now known that P. piscicirla actually consists
of a number of species  Pjiesreria-like organisms. PLOs! that are virtually impossible to distinguish via
light microscopy. Since toxicity may vary between PLOs, and is dependent on the number of algae in the
water and the life stage of those present. microscopic methods are not reliable for assessing the biological
impact of PLOs. However, we have recently developed specific molecular probes that strongly indicate that
the life cycle of P. piscicida is actually much simpler and typical of other marine dinoflagellates. Using a
combination of peptide nucleic acid probes, nuclear staining techniques, high resolution differential
interference contrast  DIC!, and video microscopy. samples were either examined live using direct
observation and time lapse photography. or were preserved and analyzed using 100X DIC, with either a P.
piscicida-specific in situ hybridization probe, or nuclear staining with DAPI. Our results showed that P.
piscicida has a seven-stage life cycle typical ol' marine dinoilagellates. Although true amoebae  Phylum
Sarcomastigophora! were oAen observed as contaminants in some cultures. no amoeba-like stages of P,
piscicida were ever detected despite exhaustive searching using conditions reported to produce these
stages. Our results question the existence of these amoeboid life cycle stages. which were originally
reported to comprise a majority of the toxic stages of this organism. This means that the putative toxicity of
P piscicida should be re-examined given that life cycle stages. which do not exist, cannot be toxic. This
research points out the critical importance of using well-characterized species-specific probes to
definitively identi6' Pgesreria and related organisms.
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Development of a PCR-based procedure for the rapid detectiou of Pseudomonas anguillisepriea
Lopez-Romalde, Sonia, Beatriz Magarinos, Carmen Ravelo, Alicia E. Toranzo and Jesus L. Romalde*
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Pseudotnonas angui//isePtica is considered today as an important emerging pathogen in marine
aquaculture. Rtx:ently. this pathogen became one oi the most important threats in the seabream and turbot
culture in Spain. Due to the lack of clear sympthoms associated with this disease and the fastidious growth
characteristics of its etiological agent, the diagnosis of fish pseudomonadiasis is usually difficult. In the
present work. a rapid PCR-based protocol for the diagnosis of fish pseudomonadiasis caused by Ps.
angui//iseptica was developed. Specific primers were designed on the basis of the 16S rRNA gene
sequences obtained from the Gene Bank  accession N' X99541! and tested against a large collection of
environmental isolated related to the Pseudomonas group, as well as a variety of bacterial fish pathogens.
AIier the optimization of the amplification conditions. the developed procedure yielded a great sensitivity
and specificity, the expected amplification product of 41 8 bp being observed only in the Ps. anguil/iseptica
isolates. The detection procedure was subsequentely tested in seeded tissues and in organs from
experimentally infected fish showing promising results for its application in field samples.

Non-lethal detectioii of VHSV in fish blood by RT-PCR
Lopez-Vazquez. Carmen, Jose G. Olveira, Isabel Bandin. Ines Romero-Brey, Juan L. Barja*, and Carlos P.
Dopazo

Dpt. Microbiologia y Parasitologia. Iostituto de Acoicultora, Univ. Santiago de Compostela. Spain
>~ndopazo'ii use.es

The viral hemorrhagic septicemia  VHS! virus is the causative agent of one of the most important fish
diseases causing severe losses in salmonid farms in Europe. The EU made mandatory  directive
92/532/EEC! the control of fish stocks for detection of the disease, However. the official methods for
detection of these viruses are destructive. Therefore, the fish farm companies requested a non-destructive
method for screening the virus in high valuable breeders. In the present study we developed a non-lethal
method for detection of VHS virus in fish blood b> RT-PCR. Juvenile �2-15 cm! brown trout, obtained
from a commercial trout farm. and cultured at 10 + 2'C in the aquaculture facilities of the Instituto de
Acuicultura. were inoculated i.p. with VHSV at a concentration of 10' TCID/ml. No external signs of
disease were observed in the fish 75 d p.i. AAer being anesthetized, heparinized blood was coliectixI from
each fish, and afterwards the individuals were sacrificed and pools of kidney and spleen aseptically
collected. Extraction of total RNA was performed from organs by means of Trizol LS Reagent  BRL,
Invitrogen!, and Irom blood by QIAamp RNA Blood  QIAGEN!, The extracted RNA was subjected to RT-
PCR with specific VHSV primers. using the kit SuperScript One-Step RT-PCR with Platinum+ Taq
 BRL, Invitrogen!. Our results showed that the capacity of detection of the virus in blood samples is
completely equivalent to detection in the fish tissues, This study provides a non-lethal method of diagnosis,
which constitutes an important tool for selection of breeders free of VHSV in commercial fish farms.



Neutralization of a salmonid rhabdovirus by single-chain antibodies
Lorenzen, Niels'*, Pauline M. Cupit, Ellen Lorenzen', Katja Einer-Jensen'. Jesper S. Rasmussen'.
Christopher J. Secombes . and Charlie Cunningham'
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Viral hemorrhagic septicemia virus  VHSV! is one of the most important viral pathogens in European
rainbow trout farms. Neutralizing antibodies are part of the immune defense components that can mediate
protection against this disease in fish, In order to improve our understanding of how antibodies can
neutralize the virus and possibly develop strategies for prevention of disease outbreaks. we studied the
ability of recombinant monoclonal antibodies to neutralize virus at the molecular level. Based on variable
domain genes from hybridoma cell lines producing neutralizing antibodies to VHSV, gene constructs
encoding recombinant single chain antibodies were prepared, The resulting antibodies were expressed in E.
co/i or in fish cell cultures, The ability of the recombinant antibodies to neutralize various isolates of
VHSV was analyzed in cell culture assays. The importance of selected amino acid residues in the variable
immunoglobulin domains was examined using a panel of antibody variants prepared by site directed
mutagenesis, Two variant antibodies appeared superior to the parent antibody in their neutralizing ability.
One of these variants was used in passive immunization experiments. By employing a genetic
administration strategy, it was possible to establish protective immunity to VHSV in rainbow trout
ftngerlings.

Modeling shrimp viral epidemics
Lotz. Jeffrey M,

Department of Coastal Sciences. University of Southern Mississippi. Gulf Coast Research Laboratory, P.O. Box
7000. Ocean Springs. Mississippi, 39566-7000 USA eff'. iota a usm.cdu.

Epidemics of white spot syndrome virus  WSSV! and Taura syndrome virus  TSV! are devastating shrimp
aquaculture throughout the world. We have developed compartment models using the Reed-Frost approach
to transmission for epidemics of WSSV and TSV in Litopenaeus vannamei. The models include the
following compartments. uninfected susceptible, latently infected. acutely infected. chronically infected,
and dead infected shrimp. Transmission, patency. virulence, recovery, and decay  disappearance of dead
infected shrimp! control the dynamics of the inodel, The models predict that a threshold density of
susceptible shrimp exists below which outbreaks of WSSV and TSV will not occur. Increases in the
transmission reduce the threshold density, whereas increases in mortality and removal increase the
threshold density. The basic reproduction number  l4! is another important measure of the potential for a
pathogen to spread. For infectious disease the reproduction number is calculated as the mean life span of an
infection times the number of transmissions that would occur over that infectious period. In the laboratory
we have estimated some of the important parameters for each of the models and have estimated that the
threshold density is lower for TSV than for WSSV and that Rrt is higher for TSV than for WSSV, This
suggests that under the conditions of the experiments TSV is likely to spread more rapidly than WSSV in a
population of Litopenaeus vannameL



A glomerulopathy of chinook salmon  Oncorhyitehas 1shanpyrseha! in New Zealand
Lumsden, John S.'*. Miho Minamil awa', and Ben Wybourne
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The purpose of the project was to evaluate the extent and potential significance of a glomerulopathy seen in
Chinook salmon with gastric dilation and air sacculitis  GDAS!. Fish from several different age groups
were caught by hook aud line lrom net pens. bled from the caudal vein. and assessed for the severity of
GDAS. Tissues from each fish were collected for histology and an objective score was developed for the
glomerular lesion. Snutn from each fish was analysed for creatinitte. phosphorus, magnesium and ca/cium
as well as. osmolality. sodium, potassium. total protein. albumin, urea. and bilirubin. ln younger fish the
glomnular lesion was often segmental. Affected glomerular membranes were typicafly bilmninar and
markedly thickened with loss of epithelial and mesangial ceHs, The membrane did not stain uniformly with
periodic-acid Schiff. however. While apparently clinically normal fish can have widespread gloinerular
lesions, the severity in some groups is marginally associated  p�.05! with the degree of gastric dilation.
The renal lesion is also significantly  p�.001! associated with increased serum magnesium and calcium
suggesting that it may have an impact on rena1 function. A rabbit antiserum raised against partially puriflied
Chinook salmon immunoglobulin failed to react to thickened  or normal! glomerular membranes.

Experimental production of gastric dilation and its association with serum osmolality and biogenic
amines in chinook salmon  Orteorhynchus rsItawytscha!
Lurnsden. J.S.'*. S. Marshall, M. Gillard . B. Wybourne, and M. Minamikawa'

'institute of Animal, Veterinary, and Biomedical SLiences, CoUege of Sciences, Massey University, PB 11-222,
Palmerston North. New Zealand. 'siunisde'zi odiaoel h.ca. Mdvtioaniikawa a'massey.ac.nz
New Zealand King Salmon. 10-18 Bol]en St,. Tahunanui. PB 1180. Nelson. New Zealand.
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Chinook salmon smolt in fresh water fed a commercial diet known to produce minimal gastric dilation and
air sacculitis  GDAS! were randomly assigned to four experimental tanks with flow-through seawater. All
four groups were acclimatized to seawater for three weeks and fed a diet of minced fresh seafood. AAer
three weeks the groups were fed either; seafood as before, a different commercial pelleted diet associated
with the development of GDAS on the farm. or either diet suppletnented with 500ppm putrescine. 300ppm
cadaverine and 250ppm tyramine. Gastric dilation was produced in fish fed the commercial diet for one
month but not by feeding a diet of minced seafood. The addition of putrescine, cadaverine and tyTamine to
either diet had no significant effect on the development of gastric dilation. Fish fed the commercial diet had
significantly  p�.0001! wider weight-adjusted stomach widths. less prominent longitudinal stomach folds
 p<0.0001! and lower  p�.0001! stomach-width ratios than fish fed the fresh seafood diet. There v as no
significant difference in serum osmolality or sodium concentration between fish from groups with or
without gastric dilation or fed biogenic ainines.
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Evaluation of different oral vaccines against rainbow trout Iactococeosis
Luzardo-Alvarez, Asteria', Carmen Ravelo', Alicia E. Toranzo, Jesus L. Romalde * and Jose Blanco-
Mendez'
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Lactococcosis, caused by LacrococciLs garvieae. is an emerging disease in several fish species with
economical importance in trout farm industry in Europe. Therapeutic measures are generally ineffective
and. therefore. development of vaccines is essential to control the disease. Until now, the different bacterins
tested by intraperitoneal injection  i.p.!. although showing good protective rates, yielded very short periods
of immunization which did not protect the fish until reach the marketable size, In this work, oral
vaccination with encapsulated and non-encapsulated antigens was evaluated as alternative immunization
procedures against trout lacotococcosis. The experimental design included four fish groups. Fish in Ciroup
A were oral immunized with a L garvieae bacterin enriched with extracellular products that was
encapsulated in alginate microgel capsules obtained by air-atomizing device. lVIicroscopical and
histological techniques were employed to determine the shape. size range, antigen release. and in viva
degradation dinamic of these microcapsules. Group B was oral vaccinated with a mixture of the same
bacterin and dried food, Group C  positive control! was i.p, innnunized. and Group D  negative control!
included nonvaccinated fish. Four weeks aIIer vaccination. fish were i.p. challenged with the homologous
strain. and the protection was evaluated by determining the RPS in each group. The protective rates
obtained were 8'/e and 43'/s for the oral non-encapsulated and the oral capsulated vaccines respectively. A
RPS of 84'/o was achieved with the i.p. administered bacterin. These preliminary results suggest that the
oral encapsulated bacterin tested can be a promising delivery system for the L. ganieae antigens, at least
for booster vaccination. Further studies are currently in progress to confirm this hypothesis.

Infectious salmon anemia  ISA! � An industrial approach
Lyngey. Cato
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From being a spat-vice disease during most of the nineties. ISA re-emerged as a severe threat to industry in
2001 in Norway, Simultaneously. the disease developed with increasing severity in The Faeroes. Records
comparing the number of outbreaks today with historic data will be shown both for Norway and The
Faeroes. Although ISA always causes great losses at affected sites, the economical importance of this
disease is changing dramatically. Although insurance programs effectively reduced economic losses for the
scarce number of outbreaks that occurred during the nineties. the present situation is very different. As the
disease emerges and number of affected sites increases, indenmiftcation for ISA becomes less attractive to
insurance comIMmies. Consequently. the economic consequences are tremendous and forces both industry
atid governmental bodies to act jointl> in order to establish effective measures against the disease. Figures
deinonstrating the economical impact of ISA to the industry are presented, The presentation will also
discuss how structural changes in the industry during the last decade facilitated the einergence of a low
virulent agent, like ISAV. Modern fish farming has become intensive food production and salmon are
cultured more and more effectively. Feed conversion rates have dropped from 1.4 to 1.05 in the last ten
years. while the number of fish per site has increased by a factor of 10, Furthermore, vaccines in use may
also provide non-specific protection to the disease, Because the salmon industry will inevitably meet
biological bottlenecks, it is imperative to deal with challenges seriously and interpret the presence of
disease as biological lighthouses. Otherwise animal welfare, economy and the ultimate sustainability of the
whole industry may suffer,
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PCR development and screening of wild and captive-reared pallid  Scaphirhyttchus albus! and
shovelnose sturgeon  X piatorjuchus! for the presence of iridovirus
MacCornell. Beth *, Kevin Kwak, Ronald P. Hedrick . and Molly Toner'
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A new viral pathogen, shovelnose sturgeon iridovirus  SSIV!. siiniiar in appearance to the white sturgeon
iridovirus  WSIV!. has been identified in Missouri River sturgeon. Since the development of sturgeon
aquaculture. iridovirus infections have been reported with increased frequency. The restoration and
recovery plan for endangered pallid sturgeon, Scaphirhprichus a1bus, calls for the stocking of juvenile fish
in several Missouri River sites. Wild adult pallid sturgeon and shovelnose sturgeon, S. p1atorp>riches. are
collected in the fall or spring, transported to hatcheries, spawned and eventually returned to the Missouri
River Basin. Disease outbreaks attributed to SSIV in hatchery-reared progeny from wild adults have caused
significant losses to the pallid sturgeon recovery program. A new detection method, the polymerase chain
reaction  PCR!. was developed to detect the iridovirus occurring in pallid and shovelnose sturgeon, This
new lest was essential since classic approaches to isolate the virus were unsuccessful even aIIer developing
new cell lines from these sturgeon species. Also. histological analyses and electron microscopy are costly
and impractical methods to detect the virus. particularly when fish are not suffering mortality episodes.
Investigations to validate the PCR test. establish the presence or absence of the virus in wild fish, determine
if the virus can be transmitted from infected adults to their progeny, and confirm virus during captive
rearing will be presented,

Specificity of developing channel catfish immune response to heterotypic bacterial challenge
Mackey, Rebecca~ and Lora Petrie-Hanson

College of Veterinary Medicine. P.O. Box 6100. Mississippi Siate, MS 39762-6100 VSA
rliiacke «c~»l.t»astute.edu, tora aevi».rlisstale.edo

Previously we observed reduced immune responses in channel catfish Iry vaccinated with E&'ardsiella
ictaiuri. To determine if this effect was due to specific tolerance induction or general immunosupression.
Iiy were exposed to either E. icta1uri or Yersinia ruckeri at hatch, I week post-hatch  wph!, 2 wph, 3 wph
and 4 wph. They were then divided into two groups: group I was exposed to E, ictaluri 4 weeks post the
primary and evaluated for protection while group 2 received secondary exposures of either E, ictaiuii or Y.
ruckeri and six months later, their ability to clear E, ictaiuti and Y. ruckeri was evaluated, Samples were
taken before and 3 weeks aIIer the last challenge and evaluated by ELIZA using whole bacteria as antigen.
Exposure to either bacterium at hatch resulted in reduced antibody response when given E. icta1uri 4 weeks
later, suggesting induction of a non-specific immune suppression or a shared antigen induced tolerance, In
fish given later primary vaccinations, reduced responsiveness was not seen and induction of cross-reacting
antibodies was seen on primary responses. After a secondary exposure to the same bacterium as the
primary the cross-reacting antibody response was no longer evident. In the protection trials fish vaccinated
with either bacterium at hatch had higher losses than unvaccinated controls. At later vaccination ages. E.
ictaiuri vaccination provided protection whereas Y. ruckeri vaccination generally resulted in higher losses
when challenged with E. ictaiuri. Induction of <moss-reacting antibody was not associated with protection
or increased bacterial clearance.
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Survey of non-salmonid marine fishes for detection of infectious salmon anemia vires and other
salmonid pa thogens
MacLean. Sharon A.'* and Stephen K, Ellis
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In an effort to identify potential reservoirs of salmonid pathogens. over 2300 fish. including alewife,
American eel, herring, mackerel, cod, pollock. and winter flounder have been sampled from the natural
environment. and pollock, cod and lumpfish have been sampled from within ISA-diseased cages. Assays
included cell culture for listed salmonid viruses, direct fluorescent antibody test for R. sa/moninariirn.
and/or RTPCR and indirect fluorescent antibody test for infectious salmon anemia virus. All of the fish
collected from the natural environment tested negative by all assay methods. Two of 12 pollack taken from
inside an ISA-diseased salmon cage were weakly RTPCR positive and cell culture negative. whereas 90
pollock collected outside a diseased cage tested negative for viruses and R..salmoninarrrni. One of 24 pools
� fish/pool! of tissues from cod taken &om the wellboat of a harvested clinically diseased cage produced
CPE characteristic of ISAv on SHK cells and was confirmed by RTPCR of cell culture supernatant. Viral
pathogens and R salmoninarum were not detected in 26 lmnpfish collected from inside diseased cages.
This information points to industry attention to biosecurity practices concerning non-salmonids retained in
and harvested from salmon cages. These results indicate that pollock and cod can harbor the ISA virus,
however it is unknown if the virus can replicate within these hosts. The significance of these potential
carriers to the epizootiology of ISA remains to be investigated.

Characterization of Phorobacrerium damselae subsp. piseicida strains isolated front ciiltured sole in
Spain
Magariiios, Beatriz, Jesus L. Romalde. Sonia Lopez-Romalde, and Alicia E. Toranzo~

Dpio. Microbiologia y Parasiiologia. Facultad de Biologia. Campus Sur. Universidad de Santiago de Coinpostela
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Characterization of several Spanish strains of Phorohacrerium darnseiae subsp, piscicida isolated from
cultured sole  So/ea senegalensis! was performed to investigate their biochemical, antigenic and genetic
relatedness with the Ph. daniselae subsp. piscicida strains isolated &om other fish species throughout the
world, In addition. the virulence capability of the sole isolates was also examinated. The taxonomical study
revealed that all the strains exhibited the same biochemical and physiological characteristics which fit with
the previous description of the pathogen. Antigenic analysis using agglutination tests and the dot blot assay
indicated a serological homogeneity among the sole isolates corresponding to the unique serotype decribed
until now for this bacterial pathogen regardless of their source. Molecular analysis ot envelope I.PS and
proteins confirmed this antigenic homogeneity. The genetic studies revealed that the sole isolates belong to
the previously descnbed European genogroup represented by most of the gilthead seabream and seabass
isolates. The sole isolates proved to be highly virulent for its host with LD,o values lower than 10 cells/ g
fish,
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Inhibition of rhabdoviral glycoprotein and nucleoprotein gene transcription by japanese flounder
Mx

Marlowe. Christopher. A. Caipang . Ikuo Hirono, and Takashi Aoki
Laboratory of Genetics and Biochemistry. Department of Aquatic Biosciences. Tokyo I Jniversity of Fisheries.
Konan 4-5-7 Minato, Tokyo 108-8477. Japan

A homologous cell line. stably expressing recombinant Japanese flounder Mx  JFMx! was infected with
hirame rhabdovirus  HIRRV! and viral hemorrhagic septicemia virus  VHSV!. Both pathogens are negative
single-stranded RNA viruses belonging to the RhobdovirMae family. Following viral infection �0
TCIDsoiml units!, RT-PCR analysis of JFMx-transfected cells showed possible low levels of rhabdoviral
glycoprotein and nucteoprotein expression, in contrast with possible increasing levels of expression in non-
transfected cells. This result was substantiated by the analysis using quantitative real-time PCR. which
indicated a sigmficant increase in the copy number in non-transfected cells either at the 2" or 4 day post-
infection. This supports the hypothesis that JFMx blocks transcription of the viral capsid and membrane
protein genes, and inay play crucial roles in inhibiting the virus during the early stages of infection. In
addition, in vtlro transcription-translation of the JFMx cDNA clone indicated that it translated a protein
with a molecular mass of approximately 68 kDa.

Evaluation of infectious salmon anemia diagnostic tests
McClure. Carol A,'o, K. Larry Hammell'. Ian R. Dohoo', Henrik Stryhn'. and Leighanne J. Hawkins

Department of Health Management, Atlantic Veterinary College. University of Prince Edward Island.
Charlotle!own, PE C!A4P3, Canada !! ~!> l.!"
Maritime Veterinary Services, St, George, NB E5C 3AS. Canada

Infectious Salmon Anemia is a viral disease characterized by lethargy, anorexia, anemia, internal organ
damage, and death. Costly control methods used on New Brunswick Atlantic salmon farms include a
surveillance testing program, early harvest of undersized fish, and indemnity packages. Although the
surveillance diagnostic tests have not been evaluated, results are used to make sizeable monetary decisions.
The objective of this study was ta evaluate ISA diagnostic tests using data collecttxl by the New Brunswick
Department of Agriculture. Fishcrics. and Aquaculture. Because there is no gold standard reference test, a
pool of negative fish from farms that had never had the disease and a pool of positive fish from cages that
were experiencing an outbreak defined by greater than 0.05o/o mortalities per day were obtained and
assumed to be negative and positive respectively. 'I'here were 1135  871 negative. 264 positive! fish in all.
Depending on the cut-off value, the sensitivity and specificity for the histology test ranged from 30'/o to
73/o and 73/o to 99'/o. respectively. Depending on the cut-off value. IFAT had sensitivities and specificities
in the range of 64'/o to 83'/o and 96'/o to 100'/o, respectively. For the RT-PCR. sensitivity and specificity
were 93'%%d and 98/o respectively. Test performances were also evaluated factoring in possible clustering of
test results of fish Irom the same farm that may be attributed to differences in disease severity or
environmental factors. Slight changes in sensitivities and specificities were coupled with widening of
confidence intervals.
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The prevalence of infectious salmon anemia virus in farmed Atlantic salmon in New Brunswick
McClure, Carol A.'*, K. Larry Hammell '. Ian R. Dohoo . Pascale Nerette', and Leighanne J. Ilawkins
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Infectious Salmon Anemia  ISA! virus has been causing disease in New Brunswick since 1996. Viral
control programs dictate slaughter of all fish in an outbreak cage, Evaluation of control success requires
knowledge of the viral prevalence within outbreak cages and surrounding cages. The objective was to
compare prevalence in cages experiencing an outbreak with healthy cages from the same farm. neighboring
farms, and distant farms. Salmon from five different groups were tested using an RT-PCR test. Groups
inchided moribund fish from a cage experiencing an outbreak  A!. healthy fish &om an outbreak cage  B!.
healthy fish from a negative cage from a farm experiencing an outbreak in a different cage C!. healthy fish
from a negative farm near an outbreak farm  D!, and healthy fish sampled at a negative farm located in an
area with only negative farms  E!, Survey data analysis techniques were used to evaluate the prevalence of
ISA virus. Prevalences  std. err.! for the different groups  A-E! were 0.94 �.040!, 0.34 �.064!, 0.29
�.040!. 0,08 �.048!, and 0.08 �.037! respectively. All groups were significantly different  p<0.005! from
each other except between groups B and C and between groups D and E. Because the prevalence of the
virus is significantly higher in the outbreak cage. early harvest of outbreak cages will remove one source of
virus. ISA negative cages  C! that remain on the positive farm may act as a reservoir of virus. potential!>
spreading virus to other sites,

Regulatory aspects of ISA management in Scotland based on risk assessment principles
Mc Vicar, Alasdair H.

Fisheries Research Services, Marine Laboratory, Aberdeen. Scotland, AB I l 9DB
Current address: Department of Fisheries and Oceans. 200 Keiit Street, Ottawa. Canada K l A 0E6. mcus ice~ a a iLfo-

Infectious Salmon Anaemia  ISA! was first detected iti a Scottish salmon farm in May
1998. As a List I disease in EU regulations, the outbreak was subject to immediate
control measures by the Competent Authority responsible for aquatic animal health
measures, This included the removal of all stocks from the affected farm, the tracing of
all contacts, the designation of infected and surveillance zones surrounding all foci of
infection and an epizootiological investigation into the spread and possible sources of the
infection. Although ISA had spread to 10 additional farms, the control measures
implemented successfully removed the disease from Scottish salmon farms within a year
of the first outbreak, without any subsequent recurrence. Decision making on all aspects
of the management measures implemented was firmly based on risk assessment
principles,
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Comparisons of various ISA vir a I detection assays
Merrill, Peter

Micro Technologies. lac.. 41 Main Street, Richmond, ME 04357. USA. p ct~ ct a ew i.net
This talk examines how several Infectious Salmon Anemia virus  ISAv! detection assays were developed
and implemented in the United States for pathogen detection and disease management, Current ISAv assays
utilized by both private industry and USDA-APHIS include cell culture. molecular analysis  PCR!,
fluorescent antibody staining, and histology. Prototype serological tests were also developed for ISAv
antibody detection. None of the aforementioned techniques have been validated. Although cell culture is
regarded as the standard against which other assays are judged. experience demonstrated that probletns
relating to sensitivity and specificity exist for all tests. I he element of timeliness of results plays a further
role in the determination of optimal tests. Sample selection, collection and preservation procedures are
reviewed with commentary on how the results of each diagnostic test are affected, Comparative cell culture
techniques using different cell lines are also discussed, as well as, PCR optimization protocols using
different extraction techniques aud ISAv primer sets. Using the results from several blinded quality control
studies, correlation of molecular assays. IFAT testing and histology with cell culture are reviewed. For
amplification techniques such as cell culture and PCR it is noted that because regulatory policy and actions
may be based on essentially unquantified results, it is especially important to ininimize false positives. This
also applies to fluorescent antibody assays. which may be highly subjective. The discussion concludes with
a presentation of recent information concerning development of serological and quantitative PCR analyses.

Histological characteristics of abnormalities and diseases in crustacean zooplankton from the Great
Lakes region
Messick, Gretchen A.'*, Thomas F. Nalepa. Henrv A. Vanderpioeg, Suzanne S. Tyler', and Joann F.
Cavaletto

'NOAA, Cooperative Oxford Laboratory, 904 8, Morris Street, Oxford, Maryland 21654 USA
 irtstcht n.Mcs~tcklo noaa.~ot
NOAA, Great Lakes Environntental Research Laboratory 205 Commonwealth Boulevard, Atn Arbor. Michigan
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Crustacean zooplankton m the Great Lakes region have been reported with gross abnormalities  copepods!
or reduced numbers  amphipods!. Protruding lesions or tumor-like abnormalities  TLAs! have been
observed on copepod species since I995 and Dtporeia amphipod populations have been declining since
1992, Two separate investigations assayed histologic characteristics of protrusions in copepods and disease
in amphipods. Protrusions on copepods had diverse histological characteristics; over 50% of' TLAs
cotttained necrotic tissue; some were composed of acellular, granular, or non-staining material. Some TLAs
had hyaline crystal-like structures either on the surface or embedded within the TLA. Nearly 40% of TLAs
appeared to be herniated host tissue. usually muscle. hemocytes, or lipid. but occasionally gonad or gut. In
histological sections. elongate transparent TLAs resembled ellobiopsid parasites containing granular
material and eosinophilic round bodies. Initially the population decline in Diporeia spp. was thought to be
due to zebra mussels Dreissena polymorpha intercepting food material before it settled to the; bottom. but
sampling efforts have shown there is sufficient food available to the amphipods. An alternative explanation
for the amphipod population decline may be pathogens. Surveys revealed numerous parasites in amphipods
including rickettsia-like microorganisms, yeast-like organisms. a hapl ospori dian-like organism, a
microsporidian-like organism, external ciliates, gregarines, and worms. No one etiologic agent has been
identified as causing the amphipod population decline but several parasites identified during this
investigation likely result in amphipod mortalities.



The antibody response of wild striped snakehead Chaana srriara to the epizootic ulcerative syndrome
pathogen, Aphanoalyces invadans
Miles, David, Kim D. Thompson'*, Juan D, Aibaladejo, Suppalak Puttinaowarat', James H, Lilley' and
Alexandra Adams

'Institute of Aquaculture, Stirling University. Stirlmg, FK9 4LA. UK
Fish Health Section, Bureau of Fisheries and Aquatic Resources  BFAR!, $60 Quezon Avenue, Quezon City
I l93. Manila, Philippines
'Aquatic Animal Health Research Institute  AAHRJ!. Deparlnient of Fisheries. Kasetsart University Campus.
Jatujak, Bangkok 10900, Thailand

Epizootic IJIcerative Syndrome  EUS! is a devastating disease affecting both wild and farmed &eshwater
and brackish water fish in Southeast Asia. This disease has had serious implications for food sources and
local economies of the region. The oomycete Aphanomy ces invadans is the causative agent of EI JS. In the
present sudy, the antibody response of striped snakehead Channa stria a to A. invadans was compared
between fish collected from EUS-endemic and non-endemic regions in the Philippines, There was a
considerable non-specific response to both A. invadans and other non-pathogenic oomycetes by the
antisera. The highest antibody responses were detected in fish, which had recently been exposed to A.
invadans for the first time. Sera from fish exposed for longer periods of time. on the other hand. showed the
strongest inhibition of germination of A. invadans in vitro, in spite of relatively tow concentrations of
antibodies responding against the fungus, EUS-naive snakeheads were passively immunised with sera from
snakehead populations with various histories of exposure to EUS. then experimentally exposed to A.
invadans. There was no difference in the prevalence of EUS between the treatment groups. However. fish
immuniscd with sera from a population that had been exposed to EUS for a long period, which strongly
inhibited the germination of A, invadans. had a significantly lower mortality than lish immunised with
naive sera. hnmunisation with sera &om fish that had recovered from their first exposure to EVS also
resulted in reduced mortality levels.

APHIS Veterinary Services implements an infectious salmon anemia  ISA! program
Miller. Otis. Jr,

USDA, APHIS. 4700 River Road, Unit 46. Riverdale, IvtD, USA 20737; i:iiii.migcr'u a ihis.nsda. >oi
The Once of the Secretary of Agriculture announced that USDA funds are available to establish an ISA
program that addresses the threat to the U.S. salmon industry. Approximately $8.3 million was authorized
for APHIS VS to implement an ISA control and indemnity program for farm-raised salmon in the United
States. effective as of December 13, 2001. In addition to the payment of indemnity, these funds are used to
assist the State of Maine with program activities such as: depopulation and disposal, clean-up and
disinfection, establishment of surveillance programs. epidemiology and diagnostic support, and training for
producers and veterinarians. Maine has taken steps to prevent the spread of ISA; however, Federal
assistance is deemed necessary to effectively control this disease, which poses a threat to animal health and
the V,S. economy. The first case of ISA in the United States was confirmed in Maine on February 15.
2001; in December 20GI, 14 marine net pen sites were confirmed as infected. Our goal is to control and
contain the ISA virus through rapid detection and depopulation of salmon that have been infected with or
exposed to ISA. It is believed that the virus can be controlled within high-risk zones through surveillance,
vaccination. and best management practices. ISA control requires depopulation of all pens holding infected
fish. Indemnification is necessary to provide an incentive for salmon farmers to report diseased fish and to
continue testing.
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The preference of niollusk-eating fish for three aquatic snails tha  vector fish trematodes
Mitchell, Andrew J,

Harry K. Dupree Stuttgart National Aqttacnltnre Research Center P. O. Box 1050. 2955 Hwy, 130 East. Stuttgart.
Arkansas 72160 USA

Melanaides tuberculata, PIanorbelia tnvo1vis and Plitsella heterastroplia are three aquatic snails which
host trematodes that can infect both cultured and wild populations of fish causing serious problems. These
three snail species were offered to black carp M>lopharugodon piscetts. redear sunfish Lepomis
microlophus, blue catfish Ictalurus furca us and freshwater drum Apladinottts grtinmens. all known
molluscivorous fish that couid serve as biological snail controls in production systems. Tests were carried
out in 70-L aquaria that were connected to a closed recirculating Iresh water system with biofiltration,
Individual fish were placed into the aquaria � fish per trial! and acclimated for 24 h. Twenty individuals of
each snail species �0 total! were placed into each aquarium with fish and into 4 control aquaria withoui
fish, Observations were taken hourly for 10 hours and then daily for up to 14 d. All snails used in these
studies were of a size appropriate for the mouth gape of the fish tested, All trials were repeated. Initial test
results indicated that black carp was the only fish to eat the M tubereulata, However. they preferred the
other two species consuming them at equal rates. Phy'sella heierostropha were preferred over the other
snails by both the redear sunfish and freshwater drum. The snail preference of blue cattish is yet to be
detefTI1med.

Distribution of Mywobolus cerebra is in free-ranging fish popWations in Idaho: associations with
landscape variables
Moffttt, Christine M ', Alf H. Haukenes'. and Keith A. Johnson

' Department of Fish and Wildlife Resources. University of Idaho. Moscow, ID 83844-1136 USA
cmoitiit 'a'nidatto.edn
Eagle Fish Health Laboratory, Idaho Departntent of Fish and Game. 1800 Trout Road, Eagle, ID S3616. SA
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Relatively few studies have been conducted on diseases and parasites of free ranging fish populations. and
interpretations made from these studies are complicated by problems associated with sampling and sample
analysis techniques. Understanding the role of parasites and diseases in natural populations is increasingly
important to resource managers as global climate changes, habitat alterations, and species introductions
provide altered environments for existing Iree ranging and native fish populations. Increastxl availability of
data at landscape levels and new approaches to modeling, including use of Bayesian statistics, precipitates
possibilities for innovative approaches. We are conducting studies to model the prevalence of MJxobolus
cerebralis introduced into fish populations in Idaho and other interior Rocky Mountain states with variables
that can be obtained froin digital GIS-based data sets, Correlations are examined at several spatial scalcw,
Basin size, gradient, and mean elevation can be correlated with water temperatures, and with sediment
distributions. Our approach has been to use empirical data from fish cage studies in one Idaho watershed,
and then to move to other watersheds to test these models. Our models can assist in restoration efforts so
that the risks to fish populations from fish health challenges can be estimated and included into species
recovery plans.



Withering syndrome, an epidemic rickettsial disease of wild and cultured abalone in California
Moore. James D."*, Carolyn Friedman', Thea Robbins . and Ronald P. Hedrick'
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Withering syndrome  WS! was first identified when large numbers of dead and dying black abalone
 HaIioris cracherodii! were observed at the Channel Islands off southern California in the mid 19ROs.
Affected animals exhibit lethargy and progressive shrinkage of the body mass followed by death. The
disease spread epidemically to wild and farmed abalone populations throughout southern and central
portions of the state. Susceptibility varies between species with black abalone most severely affected. We
recently demonstrated the causative agent to be an intracellular Ricketisiales-like prokaryote  WS-RLP!
that infects gastrointestinal epithelia. The bacterium replicates within vacuoles in host cells, forming large
inclusions that burst into the gut lumen. Designated Candidurus Xenohaliotis califoxniensis'. it is Gram
negative. pleomorphic. and its 16sRNA sequence indicates placement in the a-subclass of the
Proteobacteria with affinities to mammalian pathogens Anap1asma spp and Ehrlichia spp. WS in red
abalone  H nifescens! exhibits a high degree of thermal modulation. Red abalone farms suffered severe
losses of animals with WS clinical signs during the 1997-1998 El Nino that subsequently diminished
despite continued presence of the pathogen. Feed-based oxytetracycline is highly effective at controlling
infections. Using PCR-based diagnostics, we have developed non-lethal methods to detect the WS-RLP in
feces, filter-feeding cohabitants and particles concentrated  rom water samples by tangential Qow filtration.
Black abalone have recently been proposed for listing under the federal Fndangered Species Act: recovery
plans for this and other abalone species in southern California need to consider the implications of the WS-
RLP now endemic to this region. The few survivors of black abalone epidemics appear healthy, suggesting
genetic variation in susceptibility to the WS-RLP, and therefore the potential for development of resistant
stocks. Supported in part by California Sea Grant NA06RGOI42 Project R/A-115 and the Marine Region,
California Department of Fish and Game.

Management and control of ISA in New Brunswick, Canada
Moore, Mark' and Saudi McGeachy *

' New Brunswick Department of Agriculture Fisheries and Aquaculture, P.O. Box 1037, Si. George. NB ESC 3S9
Canada

New Brunswick Department of Agricuttxxre, Fisheries and Aquaculture, Agriculture Research Station, PO Box
6000, Fredericton. New Brunswick E3B 5H1 Canada;!xinx Ji MCG LAC I1Y 'i«>nb.ca

While Infectious Salmon Anaemia  ISA! has been present in New Brunswick since 1996, it was not uxxtil
1997 that the causative agent was identified. As a result, ISA spread from just a few farms to several farms
in three bay management areas, A number of management and control procedures have resulted in reducing
the viral load and infection of ISA. they include: single year class farms. early detection and removal of
infected fish. fallowing, control and containment of bloodwater and processing waste. However, ISA
continues to be a serious disease of concern in New Brunswick. Discussions on these management and
control strategies and what future measures may be required to further control ISA in New Brunswick will
be presented and discussed.
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Parasitic diseases of North Pacific wild fish and sheUfish: do life history patterns of host mortalities
exist'?

Morado, J, Frank
National Oceanic & Atmospheric Administration. National Marine Fisheries Service, Alaska Fisheries Science
Center, Resource Assessment & Conservation Fngineering Division. 7600 Sand Point Way NE. Seattle, WA
98! l5-0070 USA. I tank.Moradottiu>aa.~ox

In recent years, several parasitic diseases have been diagnosed that may play roles in population abundance
and distribution patterns of commercially important fish and shellfish. In general, overall prevaleiices of
several parasitic diseases may range from I to 5'lo that. on the surface, would not appear significant,
However. upon determining prevalences for various life history stages of affected fish and shellfish.
different outcomes are suggested. For juvenile walleye pollock  Theragra chalcogramma!. overall
prevalcnces of a microsporidan  PIeistophora sp.! infection are less that 3'fo. However. PIeistophora
infections of fish less than 50 mm range between lo and 35'ls, and prevalences steadily drop as fish
increase in size. A similar pattern exists in parasitic dinoflageflate  Hematodiniitm sp.! infections of snow
 Chionoeeetes ottilio! and Tanner  C. bairdi! crabs. Hematodinium infections in small    55 mm! <xab of
both species range between 15 and 40'ro. With increase in size. disease prevalences in both host species
drop significantly. In addition, a prevalence/temperatureldepth correlation was discovered in C, opiIio. For
Dungeness crab  Cancer magister! infected by a parasitic ciliate, a different relation between disease
prevalence and life history is suggested, Overall prevalence of'a parasitic ciliate in Dungeness crabs over a
three-year period was 15'lo. However. infections were associated with molting condition and size. In
particular, infections were mare likely to be encountered in larger rather than smaller crabs. These
examples will be discussed in relation to ongoing disease studies of fish and shellfish in the North Pacific
and their potential impact on population abundance and distribution patterns.

The effect of seasonality on the imniune responses of rainbow trout  Oncorhyttchtts re>kiss!
Mayan. Alison L.'*, Mark J,R. Porter'. Charlie Burrclls . and Kim D. Thompson'

Institute of Aquaculture. Paihfoot Building. University of Stirling. Scotland FK9 4LA a! m2.testis.;>caik
EWOS Innovation. Wesifield, Bathgate, West Lothian, Scotland FH48 3BP. Charles.Biiirclls ii cups. cont

Immune responses of ectotherms are known to vary seasonally. although little work has been carried out on
the effect of seasonality on immune responses in fish. Environmental factors. mainly temperature and
photoperitxL are known to undergo circadian and circumannual rhythms and have been proposed to be
direct causative agents of these variations. The effects of variation and/or constant release melatonin
implantation on the seasonal variation in the immune response of rainbow trout maintained under a
simulated natural photaperiod were examined. Preliminary studies at the Institute have demonstrated that
long-term administration  9 weeks! of melatonin via intramuscular implants significantly enhances a
number of immune parameters and improves disease resistance. In conjunction with this trial, half the fish
were maintained on EWOS "Boost" diet, which is rich in nucleotides. to see if it could alleviate seasonal
immunosuppression when compared to a standard commercial diet. Immune parameters of both the specific
and the non-specific immune system were assessed over the course of the trial. Seasonality was shown
effect fish haematology and lysazyme activity, An improvement in survival following challenge with
Vibrio anguiIlancm as a result of using the EWOS "Boost" diet and nielatonin implants was also observed.
It is anticipated that this examination of seasonality on basic inunune function wiU be of benefit to the
aquaculture industry. It will provide information that will allow administration of commercial diets
containing functional supplements to be timed effectively and will facilitate our understanding ol' the
epidemiology of specific fish pathogens.
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The epidemiology of ISA in Scotland
Murray, Alexander G.
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Infectious Sahnon Anaemia  ISA! was conformed in May 1998 at Loch Nevis on the west-coast of
Scotland. ISA rapidly spread from Argyll to Shetland. almost the entire region over which marine salmon
farming occurs in Scotland. However. outbreaks were scattered over this area, 36 farms were suspected. of
which 1 l were confirmed out of a total of 343 active sites. Isolates were genetically identical and therefore
outbreaks were linked by spread and were not due to some wide-spread environmental factor. The pattern
of widely but, relatively, lightly scattered outbreaks is not that expected from spread through the
environment. Instead it reflected patterns of movements within the aquaculture industry. in particular
movements of well boats servicing the industry. Movements of live fish in well-boats spread ISA over a
large area and well-boats collecting harvest explain most of the remaining spread. The relationships
between the number of vessel visits for these purposes and suspicion or confirmation of ISA are
statistically significant, There was no evidence of spread through the environment. but such processes may
have been significant at scales of a few km. which the analysis of well boat-movements could not resolve.
Restriction of movements around suspected sites, and slaughter at confirmed sites, together with fallowing.
brought ISA under controL The last confirmed case was in May 1999  the only confirmed case in 1999!
and the last suspected cases were in November of that year, While isolated PCR positive results have since
been found in salmon farms. and in wild salmonids, there has been no evidence of disease for over 2 years.

Persistence of vaccine components at the injection site of Atlantic salinon  Sarninn salar I-.! foIiowing
intraperitoneal injection witb oil-based vaccines against furunculosis
Mutoloki, Stephen '*. Svein Alexandersen', and Oystein Evensen'

Deparimeni of Morphology, Genetics aud Aquatic Biology, Norwegian School of Veterinary Science, P.O. Box
8146 Dep. 0033 Oslo, Norway
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'Aquatic Health Animal Division, AIpharaia AS, P,O. Box 158, Skoyen N%212 Oslo, Norway
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The presence of vaccine components at the injection site of Atlantic salmon was monitored at 3, 6 and 12
months following intraperitoneal injection with oil-adjuvanted furunculosis vaccines. A monoclonal
antibody that recognizes Aeromonas salmonicida lipopolysaccharide  LPS! was used in combination with a
standard Steptavidin alkaline phosphatase immunohistochemical method for in situ identification of
bacterium/ bactaial fragments that form part of these vaccines. The side effects and inflammatory reaction
of Atlantic salmon were also evaluated using standard histological techniques. The vaccine components
were demonstrated as red immuno-labeling in the periphery of oil droplets and in the cytoplasm of
surrounding infiltrating macrophages. The vaccine components were consistently found in inflamed tissue
located in the pancreatic region, between the pancreas and the blind sacs of the pyloric caeca and in the
loose connective tissue and visceral peritoneum surrounding visceral fat and organs like the spleen.
Persistent vaccine components at the injection site of Atlantic salmon following vaccination with oil-based
vaccines seem to act as inflammatory stimulants that induce. maintain or perpetuate inflammatory reaction
leading to the side effects seen at harvest. These findings are useful in the formulation of oil-based vaccines
with no or reduced side effects of farmed Atlantic salmon.
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Histopathoiogic and biochemical biomarker responses demonstrate improvement in flatflsh health
following remediation of a PAH-containinated site in Eagle Harbor, in Fuget Souiid, WA
Myers, Mark S.*. Bernadita F. Anulacion, Barb L. French. Cathy A. Laetz. William D, Reichert. Jon L.
Buzitis. and Tracy K. Collier

Eziviroiimental Conservation Division. Northwest Fisheries Science Center. National Marine Fisheries
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Eagle Harbor became a Supcrfund site in 1987 due to high sediment concentrations of polycyclic aromatic
hydrocarbons  PAHs! released chronically from a nearby creosoting facility. Studies there �983-86!
demonstrated high prevalences  -75'ra! of' toxicopathic liver lesions. including neoplasms, in resident
English sole, These lesions are consistently associated with PAH exposure in wild English sole. and have
been induced experimentally in sole by injections of a PAH-rich fraction extracted from Eagle Harbor
sediment. Further studies �986-88! showed that values for biochemical biomarkers of PAH exposure and
effect, including hepatic CYP1A expression. biliary fluorescent aromatic compounds  FACs!, and hepatic
DNA adducts in several flatfish species from Eagle Harbor were among the highest found in Puget Sound.
Between 9/93 and 3/94, a one meter-thick cap of clean sediment was placed over 54 acres of the inost
PAH-contaminated area of Eagle Harbor. Lesion prevalences and biomarker values just before capping
were reduced compared to historical data, consistent with facility closure and shore-based source controls.
Data on liver lesion risk, hepatic CYPlA, and biliary FACs from fish collected just before capping and at
intervals up to -3 years aAer showed variable responses relative to pre-capping values. Over the entire
inonitoring period since cap initiation  up to 104 months. through 5/02!. but particularly atter -3 years.
there has been a significantly decreasing trend in hepatic lesion risk in Fnglish sole, as well as for biliary
FACs and hepatic DNA adducts in English and rock soles. and starry flounder. CYP1A levels showed no
trend relative to tiine of cap placement. These results show that the sediment capping process has been
effective in reducing PAH exposure and associated effects in resident flatfish species. and that long term
monitoring of biornarker responses in biota. such as resident flatfish. is useful to demonstrate the eAicacy
of this type of sediment remediation.

Antimicrobial activity of oyster lysozyme against Vibrio species and PerRizzsas murizzus
Nguyen, Kim-Lien T. ~, Chwan-Hong Foo. Casey Barocco, Qing-Gang Xue and Jerome F. La Peyre
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Lysozymes are antimicrobial proteins which cleave glycosidic bounds between N-acetylmuramic acid and
¹cetylglucosamine of peptidoglycan, a major component of bacterial cell walls. While lysozyrnes are
generally considered more active against gram positive bacteria because their cell walls are largely made of
peptidoglycan there is increasing evidence that lysozymes are also active against gram negative bacteria
and other microorganisms through mechanisms not related to their enzymatic activity. The objective of this
study was to determine the antimicrobial activity of lysozyme puriiied from plasma of eastern oysters
against several clinical and environmental strains of Vibrio vulnzficus. various Vibrio species pathogenic to
human. fish and shellfiish  V. eholerae, V. pzzrzzhaemoiyzicus, V. anguiliaruzn, V. inizzzicus and V. zubiashii!
and against the oyster parasite Perkinsus znrzrinus. No colony forming units  cfu! of the translucent V.
vuinzficus strain 1003 and the opaque V. vuinificus strain 1003 were observed following incubation with
100 and 200 lzg/ml of lysozyme respectively. Lysozyme mimimum inhibitory concentration  MIC! was in
the range of 25-100 lig/ml, depending on V, vuinipcus strains and Vibrio species. Perkinsur marines
viability was significantly reduced �6-88'/o! after incubation with 75 � 600 lig/ml of lysozyme. Perkinsus
znzzrinus growth inhibition was dose-dependent in the range of 5 � 75 Jig/ml lysozyme. Heat denaturation �5
min at 80'C! of oyster lysozyme significantly decreased its activity against P. marznus but had no effect on
its antibacterial activity. The mechanisms by which oyster lyso~e kills Vibrio species and P, znarzmrs
will be investigated in future studies.
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Innate immunity of rainbow trout  Oncorhynchls mykiss! is extensively affected by the
environmental temperature
Nikoskelainen. Sami'*. Goran Bylund, and Esa-Matti Lilius
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The compounds of innate immunity in fish are supposed to be relatively temperature independent while
specific immune defences are very temperature dependent, Therefore. innate immunity is assumed to be
more important for fish than other endothermic vertebrates  Ellis. Dev Comp Immunol 2001. 25: 827-39!.
Even though the effect of seasonal and in virro assay temperatures on fish adaptive immune functions are
well established, there is still controversy over the effects of temperature on innate immune responses, In
this report the effect of environmental temperature on the innate immunity of fish i.e. respiratory burst  RB!
activity of phagocytes and bacteriolytic activity of complement were evaluated, The level of natural
antibodies and the opsonization capacity of serum werc determined as well. 'I he non-vaccinated fish were
acclimated for six weeks at different temperatures varying from 5'C to 20'C. Anticoagulated blood and
serum were collected and the RB activity and the opsonization capacity were assessed as a
chemiluminescence  CL! emission from highly diluted blood at various measuring temperatures ranging
from 5 to 25'C while the level of natural antibodies and bacteriolytic activity of complement were assessed
from serum at 20*C. The acclimation to cold temperatures inhibited all the measured activities. In
particular, the the activities of phagocytes were affected extensively. The RB signal of fishes acclimated at
5 C was only I/10 of that of fishes acclimated at 20'C and the peak time of RB increased simultaneously
2-fold. Contrarv to previous opinions we suppose that innate immunity of fish is especially sensitive to
environmental temperatures.

Respiratory burst activity  = phagocytosis! of rainbow trout  Oncorhynchus nrykiss! phagocytes
induced by Aerontonas saimonicida and various opsonins can be measured from highly diluted blood
Nikoskelainen. Sami' and Esa-1VIatti Lilius *

'Department of Biochemistry and Food Chemistry, Urdversity of Turku, 20014 Turku, Fhdand
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The respiratory burst  RB! activity of rainbow trout phagocytes was measured kinetically over a time
period of 210 min as luminol-amplifiied chemilummescence  CL! in a microplate by stimulating the
phagocytes with variously opsonized avirulent. Aeromonas salmonicida sub, safmonicida MT004 �.6 x
10'CPU/reaction mixture!. The activity of blood phagocytes was measured in highly diluted whole blood
�.5 lil of EDTA-anticoagulated whole blood in a reaction mixture of 300 pl! containing -2000 phagocytes.
Head kidney  HK! phagocytes were isolated with Percoll gradient centrifugation and RB activity was
measured with cell numbers varying lroin 2000 to 250 000. A, sahnonicida was opsonized with normal
serum, immune serum, heat-inactivated normal serum, heat-inactivated iinmune serum and purified
innnune IgM preparations. When the RB activity of phagmptes of HK was compared to that of blood from
the same individual it was noticed that the number of HK cells resembling the number of phagocytic cells
in the diluted blood sample produced equal CL responses. The exception was that the response for bacteria
opsonized with purified IgM needed 100-fold more HK cells than blood cells and the HK phagocyte
response required much higher concentration of purified IgM in the opsonization. Our results suggest that
in the presence of opsonins RB of fish phagocytes can be measured in a very diluted blood sample
containing only few thousands of phagocytes. The relative role of various opsonins is easy to assess by
kinetic measurements. The results suggest that RB responses closely resemble phagocylosis. The role of
Ig M in phagocytosis should be reconsidered.
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Anioebic gill disease in cultured salnionids in Australia
Nowak, Barbara F,~, Mark D. Powell. Marianne Douglas-Helders. Mark Adams, Phil Crosbie, and Jeremy
Carson

Tasinaniaii Aquaculture and Fisheries institute, Aquafm CRC. University of Tasmania, Locked Bag 1-370
Launceston, Tasmania 7250 Australia H.bii~i ah'ii ut~~.e Jihad>

Amoebic Gill Disease  AGD! is the most serious health problem in sea-caged salmonid culture in
Australia. While it increases production costs, AGD does not have any effect on the quality of the market
product and it is not transmittable to humans. Current research aiming at reduction of AGD impact on
salmon industry is coordinated by Cooperative Research Centre for Sustainable Aquaculture of Finfish
 Aquafin CRC!. The disease can be diagnosed using histopathology, iinmunodiagnostic techniques  IFAT.
immunodotblot! and culture, AGD is characterised by hyperplastic gill lesions leading to lamellar fusion
and forination of crypts. Despite gill lesions, respiration is not affected in fish with mild to moderate AGD:
however heart pathology has been associated with AGD history. Freshwater bathing is the current treatment
method used by the salmon industry. This treatment is not fully effective and fish become reinfected within
a short period of time, Water quality can dramatically affect effectiveness of the treatment. New treatments,
including chloramine-T are currently evaluated and show promising results. AGD risk factors and
environmental distribution of 1Veoparamoeha pemarluidensis. the organism causing AGD, have been
investigated. The pathogen has wide distribution and is present in sediment, water column and in net
biofouling. As shown in surveys and infectivity trials wild marine fish are not affected by AGD.

Evaluation of health risks to the fanned southern bluefin tuna
Nowak, Barbara F.

School of Aquaculture. 'I'asmauian Aquaculture and Fisheries Iusntute. Aquafiu CRC, University of Tasmania,
Locked Bag 1-370 Lauuceston. Tasmania 72~0 Australia i3.hoi~ah'ci utes.cdu.au

The aquaculture of southern bluefin tuna, Thunnus iriaccopii, has been a major success story in the
expansion of Australian aquaculture industry. The industry is based on grow-out of captive wild tuna in
sea-pens for up to six months. S far. the industry has not been affected by major health problems. Sporadic
problems in the past have included swimmer syndrome, blood fluke, and environmental factors. This lack
of health problems is at least partly due to the fish age and relatively short duration of captivity   all in all
out"!, sound husbandry techniques as well as advanced technology and good environmental conditions.
However, in the face of possible future intensification of tuna farming and commencement of propagation
program as well as culture of other species in the same area. there is a need to identify health risks. which
the industry may have in the future. ln particular, marine hatcheries often contribute more to health
problems than grow-out phase. Qualitative fish health risk assessment, identification of areas of highest risk
and management control measures for industry and research priorities for tuna health are the major
objectives of this project. This project is part of Cooperative Research Centre for Sustainable Aquaculture
of Finfish, Aquafin CRC. Heaith Program,
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Molecular detection methods developed for a systemic rickettsia-like organism in Penaeuv monodon
 Decopoda: Crustacea!
Nunan. Linda M.'», Bonnie T. Poulos', Rita M, Redman'. Mare Le Groumellec, and Donald V. Lightner

'University of Arizona. Department of Veterinary Science and Microbiology, I 117 E. Lowell Si.. Tucson. Arizona
85721 USA
'AQUALMA. Aquaculture de la Mahajamba. Mahajanga 401 Madagascar

Molecular methods for deteciion of a rickettsial orgamsm were developed to aid in the diagnosis of this
pathogen which caused severe morLilities in farm raised Penoeru monodon in Madagascar. Using primers
derived from the l6S rRNA gene of bacteria. a PCR assay was optiinized to ainplify this region of the
genome of the bacterium. using extracted DNA from infected P. monodon tissue as the template, The
resulting amplified PCR product �538 bp! was sequenced. From the sequence data. two novel primers
were selected from the variable region of the gene. These primers amplilied a 532 bp fragment from DNA
originating from rickettsia infected samples. The PCR assay was optiinized and tested on DNA extracted
from specific pathogen free  SPF! Penoezzs vannamei tissue and several stains of bacteria. The PCR assay
with the rickettsia-specific primers was found to be specific for this rickettsia-like organism and did not
amplify the other DNA samples that were tested. The 532 bp PCR amplified fragment was labeled with
digoxigenin  DI i! for in sirn hybridization assays. This probe was tested on SPF. rickettsial and bacterial
infected Davidson's fixed shrimp specimens, The probe was specific 1' or both natural and experimentally
generated rickettsial infections. Hybridization with this probe required a stringent temperature of 65»C. or
cross-reachvity was observed with other types of bacteria.

ISA in the Faroe Islands
Oestergard. Peter'» and Bjorn Harlou

'Food and Environniental Agency. Departinent of Fish Diseases, Falkavegur 6, FO-100 Torshavn, Fame Islands:
 $0'~l llfs. i'0
Ministery nf industry and Agriculture. Veterinary Zkyartmeni, P.O,Box 139. FO 100 Torshavn. Faroe Islands;

c i 0'n vin s. fo

Data for the introduction and spread of ISAV in Atlantic salmon farming in the Faroe Islands. production
data and in&astructure of Faroish fishfarming that highlights structural advantages and disadvantages in
fighting ISA, will be presented, The initial lack of routines and capacity for the handling of large amounts
of high risk materials � dead fish and slaughter offals � revealed the need of detailed rules and regulations
for production routines and disease prevention. The work with the Faroish Contingency plan including
zoosanitary measurements and the possible use of a vaccine against LSA V vnl 1 be presented and discussed.
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Do fish have prioas? Results of a oae year study
Oidtmann, Birgit'", Michael Baier and Rudolf W Hoffmann'

'Institute of Zoology, Fish Biology and Fish Diseases, Veterinary Faculty, University Munich, Kautbachsh'. 37.
80539 Munich, Germany B.  !id!!u;umt'o a!k! tl! xch. k eimekI. u!i!-!nueocheo. de
Transmissible Spongiofo!m Eocephalopathies. Robert-Koch-Iostitut. Nordufcr 20, 133s3 Berlin, Baier!vt:ci rl.!.dc

In recent yes the range of species in which the existence of the normal cellular prion protein  PrP'! has
been discovered has greatly increased, The existence of PrP' is the precondition to contract TSE
 transmissible spongiform encephalopathy!, a disease based on a conformational shifl change of the
physiological protein PrP' to a pathological protein isoform, The question whether fish could contract a
prion related disease and therefore pose a potential food safety risk to humans is an important issue because
besides mammals and birds, fish are the most relevant vertebrate species among eatable vertebrates. The
aim of this study was to investigate. whether the most imporlant fish species in aquaculture in central
Europe, rainbow trout  Oneorh»nehus m»kiss! and common carp  Cyprinus earpio!, express a homologue
of PrP', Western Blots were performed using prion specific monoclonal antibodies as well as polyclonal
anti PrP antisera. In two of the tested antibodies / antisera, binding to fish brain protein  rainbow trout aud
carp! was observed in a size range which would suit for a potential fish prion protein  ca. 40 kDa!, Based
on this finding. investigations were initiated to search for the hypothetical fish prion gene. This work is
performed using degenerate primers. The results of those molecular studies will be presented.

Modulatioa of white perch immune function: iavestigatioas oa fish health in selected tributaries of
the Chesapeake Bay
Ottinger. Chris'*. Vicki Blazer', Christine Densmore'. Deborah Cartwright', Luke Iwanowicz . Elizabeth
Frankcnberry', and Larry Pieper'

'US Geological Survey, Leetowu Science Center. Natiouat I'ish Health Research Laboratory. ! I 700 Lectowu Rd.,
Keemeye ille kkV 3543tk USA bri. tti ~ t'ti: . I ki ki; . ':i~e.. - ckti:tice 4etrm t e'ti,'
dcborah cart~xi > !'<! us s. oi
'Department of Environmental Sciences, Virginia Institute of Marine Science. 1208 Greate Rd., Gloucester Point
VA 23062 USA lukk ivea!iovajcri3 usatx. ov
Maryland Departmer!t of Natural Resources, Sarbaues Cooperative Oxford Laboratory, 904 South Mome Streei.

Oxford MD 21654 USA lyte er.a dnr.state.md.kLs
Functional assays were performed using leukocytes from white perch  Morone americana! taken from
Chesapeake Bay tributaries. Data on macrophage function and on transforming growth factor-beta
expression obtained from the perch collected in the Choptank. Severn. Back, Wicornico, and Pocomoke
Rivers in June, August, and October of 1998 suggested that significant immunomodu!ation was occurring
and that the degree of modulation varied by site and month of collection. This observation was supported
by data on perch macrophage and lymphocyte functions. and on macrophage aggregates obtained during,
subsequent perch harvests Irom the Pocomoke, Chester and Patuxent Rivers  June. August. October 1999.
bimonthly 2000. 2001, and 2002!. Spatial and temporal differences in iminune function are discussed iu
terms of seasonal, water quality and land-use influences.
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Effects of temperature on WSSV aad TSV ia Litopenaens vannanrei in controlled experiments
Overstreet, Robin M.* and Tershara Matthews

Departroerit of Coasial Sciences. The University of Southern Mississippi, PO Box 7000. Ocean Springs,
Mississippi 39566 USA robiii.or ersireei ir rrsm.edo

Water temperature serves as a major influence on infectivity of both TSV and WSSV to Li/openaeus
vannornei. A series of experiments showed that low temperature influences infections of both viruses in
'I'SV-sensitive specific-pathogen-free juveniles. Each experiment included a high temperature group.
usually at 28I C, and one or more lower temperature groups ranging from 15 to 22'C. Some included an
additional group at fluctuating moderate room temperatures. Test groups consisted of shriirip maintained in
duplicate aquaria in waterbaths. In addition to positive and negative control groups held at constant
temperatures. there were groups transferred &om one to the other temperature at one or two periods alter
being administered the specific virus. In experiments with TSV, 15'C caused stress and some mortalities of
shrimp, even in negative controls. At 16'C, shrimp were stressed less, and there was some inhibition or
inactivation of the virus. At 18'C, there was inhibition when shrimp were moved &om high to low. but not
to room temperature and not when transferred from low to high temperature. In experiments with WSSV.
roughly half the exposed shrimp in groups maintained at a constant 18 or 22 C survived. All shrimp
transferred from high to low temperature and usually vice versa died, even though the period was less than
in the exposed controls at constant 28 C, All shrimp. including an additional stock, died when exposed to
constant 32'C, a temperature reported to inhibit infections. The study was funded by USDA, CSREFS 1Vo.
98-38808-6019.

Adenovirus as a method for the delivery aad expression of foreiga genes ia rainbow trout
 Oncorhynchus mykiss!
Overturf. Ken'*, Scott LaPatra . and Paul N. Reynolds'

'I USDA/ARS, Hageriuari Fish Culture Experiment Statiori. 3059-F National Fish Hatchery Road. Hageirriau. ID
83332 USA heirrietho:a'sridabo.edrr
Clear Springs Foods, Iuc.. Research Division, PO Box 712. Buhl. Idaho 83316 USA scottl'ri clears riri s.coot

'University of Alabama. Departmeirt oflVIedichre SBD 80I, Birmingham, AL 35294 Pard,Reynolds'a ccc.uab.edu
Various fish cell lines were used to assess the feasibility and potential limitations to using adenoviral
vectors as gene delivery vehicles in fish. Several fish cell lines were tested for their infectivity by
adenovirus aud level of gene expression following infection, An adenoviral vector engineered from
adenovirus type 2 was used along with a binding modified adenovirus, Both the tropism modified and the
native tropism viruses contain the gene for firefly luciferase under the control of the cytomegalovirus
promoter and were effective in infecting several cell lines. After demonstrating the effectiveness of Ad
infectivity in vitro the ability of Ad to infect and express genes in fish in vivo was determined. Expression
of luciferase was undetectable in 5 gram fry when they were immersed for one hour in PBS or water
containing Ad5LucRGD or AdCMVLuc. Next, larger fish were individually injected by intraperitoneal
injection with either of the Ad vectors. After dissecting and examining the individual organs ol the injected
fish for luciferase expression, low levels of expression were found in the muscle of injected frsh. Direct
intramuscular injection of fish verified the ability of these vectors io inf'ect muscle cells and then express
luciferase, ln conclusion it was found that several teleost cell lines are capable of being infected and it
appears that some cell lines express a human sero'~ adenoviral receptor homologue that aids in Ad
infection. and that fish muscle is infected in vivo with adenovirus upon direct injection.
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Expression level of imniuaological factors from rainbow trout  Oncorhyncl>us mykiss! after infection
with either bacterial or viral pathogens
Overturf, Ken'*. Scott LaPatra, and Dan Bullock

'USDA/ARS, Hagermaii Fish Culture Experiment Station. 3059-F Natioiial Fish Hatchery Road. Hagermaii, ID
83332 USA kenneiho.'ciiddahoiedii
Clear Springs Foods. Inc.. Research Division. PO Box. 712. Buhl. Idaho 833 I6 USA scot!i 'u.clcarsptiiig>Scorn

'USDA/ARS. Hagerinaa Fish Culture Experiment Station, 3059-F National Fish Hatchery Road, Hagerman, ID
83332 USA dhuilock.'ciUidaho.edu

ln order to improve disease resistance in salmonid stocks it is necessary to better understand the genes
necessary for certain types of immunological response to disease. To further enhance an understanding of
immunological gene expression during infection with natural pathogens, a series of probes and primers
were developed for the quantification of specific natural and adaptive immune factors using real-time PCR.
Individual groups of fish were infected with either of three ditTerent pathogenic microorganisms,
FIavobacieri um ps'>ehroPlum, Aeromonus salmonieida, or infectious haematopoetic necrosis virus  IHNV!.
The pathogenic agents were dosed at three different levels and samples from infected and mock infected
fish were taken at two different time points after infection. Sample points were I day and 5 days post
infection. Ten fish were harvested for each experimental point and the liver, spleen, and head kidney were
isolated for study. The organs from 5 of these animals were plated in tissue culture and examined for
presence and level of pathogenic agent. These same organs were isolated from the remaining five animals
and total RNA was extracted, The RNA from these organs was then examined for the level of expression of
the following iinmunological related factors, interferon  MX-1!, interleukin 8  IL-8!, CD-8, complement
factor 3  C-3!. lysozyme, and tumor necrosis factor and they were also examined for the level of B-actin
which was used as a standardization control for cellular RNA expression. Using the real-time PCR with
fluorescent labeled probes it was found that infection with F. psychrophg lurn did not significantly change
the expression level of most of the immune factors in the study. However, infection with A. sulmonis and
IHNV showed significant increases in response levels, some of which correlated highly with pathogen
dose.

Investigations in the hfe cycle of Fnteromyxum spp.  Myxozoa!. 4 two-host cycle~
Palenzuela. Oswaldo*, Maria J. Redondo and Pilar Alvarez-Pellitero

Institute of Aquaculture "Torre la Sal"  CSIC!. Ribera de Cahaiies, Castelloii ES I2595 Spain
osis a!do'c . isis.chic.cs

A new genus of myxozoans, Enteromixum, has recently been described. The parasites cause severe chronic
enteritis and infections oAen result in emaciation and death of the affected fish host, Enteromyxosis by E.
seophlhalmi has been reported in cultured turbot. and infections by E. leei are coinmon in Sparidae fish
cultured in the Mediterranean. To date, known life cycles of myxozoans have been found to be
heteroxenous, involving invertebrate intermediate hosts. Nevertheless, En/eromJ xum spp. infections can be
@cutaneously transmitted fish-to-fish. I'urthermore, recent findings demonstrate that the parasites can cross
the host species barrier easily, infecting in some cases rather ubiquitous fish species. Epidemiological
surveys screening invertebrates and wild fish are being carried out, in the search of natural reservoirs of
these parasites in the wild. The putative existence of invertebrate hosts for Enterompeum remains an open
question, but the findings on the direct inter- and intra-specific transmission have obvious implications for
the management of cultured stocks in sites where susceptible wild fish can acquire or spread these
infections,



Abnormal hermaphroditism in shovelnose stur geon  Scaphirkynchus plaror>nchus! from the
Missou ri River
Papoulias, Diana M.'*. Mark L. Wildhaber, Aaron J. Delonay'. Mandy L. Armis', Steven Krentz, and
Donald E. Tillitt'

'U.S, Geological Survey, Columbia Environmental Research Center, 4200 New Haven Rd.. Columbia. MO 65201
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Sturgeon are gonochoristic and hermaphroditism is not a normal mode of reproduction in these fishes,
Nevertheless, there have been occasional reports of individual sturgeon with both male and female
gametes. We collected adult shoveinose sturgeon  Seaphirh> nebula prior»nous! monthly from May 2001
through June 2002 from the lower Missouri River. Abnormal hermaphroditism was observed in some of the
collected fish during September. December, January. February. and April. Gross observation indicated that
gonadal tissues were mostly testicular. Ova at various developmental stages were embedded in the
testicular tissue and not uniformly distributed. Ovigerous folds were observed in some areas of some testes.
The proportion of hermaphroditic males ranged from 5/o to 35/o with the greatest percentage occurring in
February, Although the conditions and factors causing abnormal hermaphroditisrn in stuigeons and other
gonochoristic species are not known. there is some experimental evidence that altered or degraded
environmental conditions may be responsible. Furthermore. it is not known if the reproductive biology of
the shovelnose or the co-occumng and related endangerixl pallid sturgeon  Seaphirh>nchus albus! may be
impaired by the intersex condition. Further investigation must be completed before these observations of
abnorinal hermaphroditisrn in shovelnose sturgeon can be applied to our understanding of pallid sturgeon
biology.

Immunomodulatory effects and efIIcacy of a DNA vaccine for aquatic mycobacteriosis
Pasnik, David J.* and Stephen A. Smith

Aquatic Medicine Laboratory, Department of Biomedical Sciences and Pathobiology, Virginia-Maryland Regional
College of Veterinary Medicine, Virginia Polytechnic Institute aud State University, Blacksburg. Virgnna 24061
>>LA.d~il; >. d ..t:»>>k> > >.e>>u

Mycobacteriosis is a chronic progressive disease that leads to systemic infections and ultimately death. It is
an economically important bacterial disease of virtually all species of Ireshwater and marine fish. and is
usually caused by the intracellular pathogens, it>lvcobacteriuni mariniun, M fortuiium. or M chelonae.
While the immune response against aquatic MpcobaeieriuIn spp. has been characterized, an effective
vaccine against mycobacteriosis has not been developed. Because of certain advantages and potential to
induce protective immune responses against intracellular pathogens. a DNA vaccine was chosen as an
appropriate construct for aquatic mycobacteriosis. A vaccine vm assembled by cloning the M marinuni
85A gene in the pcDNA 3.1 eukaryotic expression vector  Invitrogen. San Diego, CA!. In the resulting
pCMV-85A construct, the 85A gene is expressed under a cytomegalovirus  CMV! promoter after injection
into fish tissue. Hybrid striped bass  Morone smaiilis x M chrisops!. a proven susceptible species. were
used as a model to test the vaccine. Intramuscular or intraperitoneal vaccinations of the pCMV-85A
construct were administered on days 0 and 14, along with positive and negative control vaccinations. Every
two weeks. samples were obtained from the fish to evaluate the humoral and celt-mediated responses by
FLISA, lymphoproliferative assay. and cytokine assay. On day 70. the fish were challenged with M
marinum. Routine histological examination was performed and splenic bacterial counts evaluated to
determine the relative degree of susceptibility among the different vaccination groups.
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Ontogeny of the lymphoid tissues of tiie paddlefish, Polyodon spathula
Peterman, Beth and Lora Petrie-Hanson~

College of Veterinary Medicine. P.O. Box 6100. Mississippi State University, MS, 39762-6100. USA
! ore 's'6ciwiarissiaiI.'.cdu

Polyodon spaihula leukocytes and developing lymphoid tissues were characterized by enzyine
cytochemistry and immunohistochemistry, Monocytic cells. T and B lymphocytes and granulocytes were
positive for acid phosphatase. Monocytic cells and a population of T lymphocytes were positive for alpha-
naphthyl butyrate esterase. Mature T and B lymphocytes were positive for beta-glucuronidase. Mature B
lymphocytes were positive for the anti-light chain of white sturgeon  Acipenser nansmonranus!
irnmunoglobulin monoclonal antibody. All leukocytes were negative for Sudan Black B. and it is assumed
that very few. il any neutrophils are present in Po1yodon. Monocytic cells were present in the anterior and
post~rior renal hematopoietic tissue  ARHT, FRHT!, spleen, cranial meningeal tissue  CMT!, heart and
spiral valve at 7 days post-hatch  dph!. T lymphocytes were present in the ARHT. spleen, CMT and spiral
valve at 7 dph. T lymphocytes were present in the heart by 21 dph and in the thymus. spleen and CMT at
2S dph, B lymphocytes were present in the ARHT. PRHT. thymus. CMT. heart and spiral valve at 7 dph
and in the sp/een at 56 dph, Granulocytes were present in the ARHT. PRHT. thymus. spleen, CMT, heart
and spiral valve at 7 dph. Heart lymphoid tissue was not apparent until 56 dph. Peyer's patches were present
in the gut lamina propria by 56 dph. The results of this study indicate that Pol>'0don lymphoid tissues are
slow to develop and may not function similarly to juvenile or adult tissues until 2S to 56 dph.

Cloniug and cbaracterisatiou of a channel cat6sh  lctalurus puncratus! Mx gene
Plant, karen P,' ~ and RonaM L, Thune'

Departmerit of Veterinary Science. Louisiana State Umversity Agricultural Center
'Department of Pathobiologicat Sciences. Cooperative Aquatic Animal Health Research Program  CAAHRP!.
School of Veterinary Medicine. Louisiana State University, Skip Bertmari Drive, Baton Rouge. Louisiana. 70803,
USA~klaelllit 1th~.'«:m I. elm* 11.. 'h

A 2.5 kb full-length cDNA clone of a channel catfish Mx gene was obtained using RACE  rapid
amplification of cDNA ends! polymerase chain reaction  PCR! from RNA extracted from the liver of poly
I:C stimulated channel catfish. The gene consists of an open reading frame  ORF! of l905 nucleotides
encoding a 635 amino acid protein, The predicted protein is 72.5 kDa and contains the dynamin family
signature, a tripartite 6TP binding motif and a leucine zipper, al1 characteristic of known Mx proteins, The
catfish Mx protein exhibited 79 '/o identity with perch Mx and between 7l /e and 74 '!o identity with the
three Atlantic salmon and the three rainbow trout Mx proteins. Mx was constituitively expressed in channel
catfish ovary  CCO! cells hut in higher quantities in response to poly 1:C treatment. Mx was found to be
induced to a greater level and for a more prolonged period in channel catfish following infection with
channel catfish virus  CCV! than injection with poly l:C,
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Innate and acquired disease resistance of chinook salmon to L. aaguillarum following dietary
exposure to PCSS or PAIS
Powelk David 8,'~. Roger C, Palm, Jr.', Ann Skillman . and Kathy Godtfredsen'

ProFishent Jnc.. 17806 NE 26th Street, Redmond, Washington. 9&052-5848, dakidg~«r~>i i igni.coin,
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Controlled laboratory challenges with Listonella   Vibrio! anguillarum were used to determine the effects of
dietary exposure to Aroclor'" 1254  PCBs!. or to a mixture of 14 polyaromatic hvdrocarbon compounds
 PAIIs!. on the immunocompetence of juvenile chinook salmon. Independent groups of salmon were fed
different concentrations of PCBs or PAHs for a period of 4 weeks. These doses were designed to bracket
the reported levels of these environmental contaminants in the stomach contents of Puget Sound salmon.
To examine the effects on iimate immunity. half of the fish were randomly assigned to replicate tanks. then
challenged with pathogenic Listonella anguillarum and monitored for 14 days. Subsequently. the other half
of the contaminant-dosed fish were vaccinated  excluding controls! and transferred to replicate challenge
tanks. Specific immunity was allowed to develop for 3 weeks prior to bacterial challenge. All mortalities
were individually necropsied and sampled for bacteria to identify the cause death, In one test, significant
non-Listonella bacterial infections occurred as the fish transitioned into smolts toward the end of the study
following vaccination. This test was repeated the following year and resulted in a much lower incidence of
non-Listonella mortalities. A separate oral LD50 test that was run to measure acute toxicity resulted in no
mortality over 96 hours, despite doses as high as 800 mg Aroclor 1254 per kg fish, The challenge data
indicate that dietary PCB or PAH exposures, even at relatively high levels, did not have a significant effect
on growth. disease resistance, or acquired immunity to Listonella anguillarutn.

Itisights into the pathophysiology and treatment of amoebic gill disease in Atlantic salmon
Powell, Mark'*, James Harris', Melaine Leef'. Shane Roberts', Michael Attard'. Will Callahan, Hamish.
McWilliarn', Tes Toop, and Barbara Nowak'

'School of Aquaculture, Tasmanian Aquaculture and Fisheries Institute, University of Tasmaiiia. Locked Bag 1-
370, Laiaicestoa, Tasmania 7250 Australia and the Cooperative Research Centre for ibe Sustainable Aquaculture
of Finfish. Mark.l'lip ell «qiana.eLlll.'lli
'School of Biological and Chemical Science. Deakin University. Geelong, Victoria 3217 Australia.
'I ioo «'deakin.edn.au

Amoebic gill disease  AGD! is a major cost to aquaculture production of Atlantic salmon in Australia,
Characterised by a multifocal hyperplasia of the secondary lamellae of the gills caused by the amphizoic
parasite lileoparamoeba pemaquidensis, AGD pathophysiology involves mild respiratory and acid-base
disturbimcaw. In addition, an apparent cardiovascular hypertension and a concoinitant change in ventricular
shape with an increase in compact cardiac muscle and hyperplasia of the spongiosa have also been
reported. Interestingly increases in guanyl cyclase activity stimulated by natriuretic peptides occur.
Whether this is as a result of the hyperplastic response in the gill tissue or vasculature in response io the
hypertension is unknown and under investigation. Treatment of AGD has relied upon the use of a 2-4 h
freshwater bath. However, recent success using chemotherapeutic agents in Ireshwater and seawater at 10
ppm has shown that gill amoebae are readily removed from the gills. In seawater the removal of amoebae
from the gills of AGD affected salmon can be achieved within I h of exposure. The use of
chemotherapeutics and alternative treatments targeting the pathophysiology of AGD will be discussed.
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Pathogeiiic diplomonad flagellates from fish: recent advances iu species recognition, epizootiology,
and pathology
Poynton, Sarah L."*. John Jenkins, Mohammad R. Saghari Fard '. and Erik Sterud
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Diplomonad flagellates are common commensals and pathogenic parasites in hosts as diverse as fish and
humans. They are widespread in wild and farmed fish. and have been reported as Hexami ra, Octomittis. and
Spironucleus, Diplomonads have a bewildering variety of relationships with fish, ranging from Kmign
inhabitants of the digestive tract of wild fish, to devastating systemic invaders of farmed salmonids. We are
undertaking a comprehensive study of diplomonads from fish, focusing on development of new techniques
for recognition of species, via special stains for light microscopy, scanning and transmission electron
microscopy  SEM, TEM!, and molecular characterisation. These approaches allow us to accurately
determine host and geographic ranges, and explain soine of the factors associated with pathogenic
infections in aquaculture. Transmission EM has shown that diplomonads from fish are SpironucIeus
species, Individual species can be reliably distinguished by a suite of external and internal ultrastructural
features including surface ornamentation, patterns of bands of microtubules accompanying the recurrent
flagefla, auxiliary cytoskeleton, and cytoplasmic organelles: some of these features can also be recognised
by special light microscopy stains. To date three species have been rigorously described from fish. and we
are now able to determine host and geographic ranges: S. barkhantis and S. torosa have only been rqmrted
from salmonids and gadids respectively, S. vortens infects both cichlids and cyprinids; geographic ranges
can be very wide, for example S. vortens occurs in Florida and Norway. Some devastating systemii:
infections in aquaculture are caused by species existing as commensals in wild fish.

Protocol of use of a marine probiotic strain in aquaculture
Prado, Susana, Alicia E. Toranzo and Juan L. Barja~

Dpio. Microbiologia y Psrasitologia. Facultad de Biologia e Insiituto de Aculcultura. Uiiiversidad de Santiago de

In previous work, we have established the effectiveness of a probiotic marine bacterium�PP-154  identified
as a member of genus Roseobaeter!, that enhances survival of bivalve larvae in micro and meso-scale
cultures, because of its ability for inhibiting bacterial pathogens. Posterior studies were focused to establish
a protocol of application of its use in aquaculture industries. With this purpose. a screening of antibacterial
activity was performed, using, the probiotic strain against mofluscs, fishes and crustaceans pathogens. In
order to know the response of stiain PP-154 to variations of environmental conditions of distinct
aquaculture systems, we studied the growth of this strain in a range of' temperatures and salinities, We
established the relation between growth curve and the antibacterial activity. Finally, the behaviour of the
probiotic in the seawater and phytoplankton environment  used as food in larval cultures! was analysed.
We have also determined the molecular size of the bioactive substance,
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Comparison of culture conditions on development, survival and growth of Lchthyophthirius multifiDu
in vitro
Pugovkin, D.A., H,E. Segner, and T. Wahli
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lchthyophthiriasis is an infectious disease of major importance in fish culture. The availability of methods
for the in vitro culture of ichthyophthirius multiJ11iis would greatly facilitate the study of the pathogenic
mechanisms associated with the disease, and would beneficial for the development of therapeutic
treatments or vaccination. To date, however, the parasite can be cultured in vitro for short periods only. and
it is not possible to maintain the complete life cycle of L mu1tifiliis under in vitro conditions. The aim of the
present study is to search for culture media that positively influence the in vitro performance of L
niuitifi1iis. Temporary isolates of the parasite were prepared from infected rainbow trout, Oncorhvnchus
rnvkiss, and the theronts escaping &om tomontocysts were kept in the following media: �! in water. �! in
Minimum Essential Medium  MEM! for vertebrate cell culture. �! in co-culture with the fish cell line. EPC
 Epithelioma Papulosum Cyprinids!. and �! in co-culture with &eshly isolated peripheral blood leucocytes
 PBL! of rainbow trout. Both EPC cells and PBL were maintained in MEM. The effects of the four media
on L muitrjriiis were assessed by measuring in vitro development, growth and survival of the parasite. The
major finding from this study is that the presence of blood leucocytes form the host appears io support in
vitro development and survival of the parasite.

Biochemical and molecular characterization of a novel raiiavirus isolated from discased grouper,
Epinephetus spp.
On, Qiwei" ~. Chengyin Shi', Hui Shen' and Toong Jin Lam'

Tropical Marine Science Institute, The National University of Singapore. 10 Kent Ridge Crescent. Sirrgapore
119260 irris<~ioi ~'a'nus.erlr~r.s ~
Depariroent of Biological Sciences, The Natiorral Urriversity of Sirrgapore, 10 Kent Ridge Crescent, Singapore
119260

A pathogenic virus was isolated &om grouper, Epinephe1rrs spp. by cell culture. The virus was sensitive to
acid. ether and heat treatments. Virus replication was inhibited by 5-iodo-2-deoxyuridine  IUDR!.
Transmission electron microscopy revealed abundant <~oplasmic icosahedral virions in virus-infected
grouper cells with a size of about 165 nm. SDS-PAGE revealed inore than 20 structural protein bands and a
major capsid protein  MCP! of 49 kDa, Antigenic properties of the virus were investigated using rabbit lgG
against the virus particles. The surface viral antigens and antigenic-related proteins were visualized and
discriminated by immunogold electron microscopy, irnrnunofluorescence microscopy and Western blot. A
partial MCP gene of -500 nucleotides was amplified and sequenced from the viral genome by polymerase
chain reaction  PCR! using the primers &om the conserved regions of MCP gene of frog virus 3  FV3!, the
type species of Ranavirus. Sequence multiple alignment and phylogenetic analysis showed that the newly
isolated virus was more closely related to large mouth bass virus  LMBV! and FV3. The present data
suggest that the grouper virus isolate is a novel member of genus Ranar irus, the family Lridoviridae,



Genetic analysis of fish isolates of Lacrococcus garvieae by RAPD analysis
Raveio, Carmen, Beatriz Magarittos, Sonia Lopez-Romalde. Alicia E. Toranzo and Jesus L. Romalde*

Dpto. Microbiologia y Parasitologia. Facoltad de Biologia. Campus Sur. Uiiiversidad de Santiago de Compostela,
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Lactococcus garvieae is considered one of the major fish pathogenic Gram positive cocci, producing fatal
septicaemia among fish species living in very diverse enviromnents. Infections caused by this
microorganism have been reported in cultured salt and freshwater fish species like yellowtail in Japan and
rainbow trout in Europe and Australia. In Spain. the disease is one of the most important risk factors in the
trout industry during the summer months. In this work, we present the results obtained in the genetic
characterization of 52 fish isolates of l.. ganieae with different host and geographical origin. A great
genetic variability was observed among the isolates. being detected 11 different RAPD profiles. The
majority of the Spanish isolates joined together in a unique profile  RAPD I!, showing a close relationship
with the isolates fiom Turkey  RAPD II! and the Italian catfish strain  RAPD III!. On the other hand. the
French strains were distributed into three diA'erent profiles  RAPD V, VI and IX! while the Italian isolates
irom trout were clustered together in profile VII. Moreover, all the yellowtail isolates from Japan belonged
to RAPD type X. Three profiles containetl a unique strain. profile IV which included the Spanish isolate
from broodstock 332, profile V11 constituted by the Spanish strain 344 isolated from carrier fish. and
profile XI including the reference strain NCDO 2155 with bovine origin. All these RAPD types could be
grouped in two clonal lineages showing a 3410 similarity. One lineage clustered the RAPD I to IV and the
other lineage comprised the other RAPD types. All these results indicate that RAPD technique can be
useful for epidemiological studies of Lactococcusgarvieae.

Molecular genetics of major soluble antigen PISA! in the salmonid pathogen, Renibacrerium
salmoriiuarum

Rhodes, Linda D.*. Alison M. Coady, and Mark S, Strom
Northwest Fisheries Science Center, REUT Division, 2725 Moutlake Boulevard East, Seattle, WA 98112,
lindoshodeg'ii iioaa~ua'

Bacterial kidney disease  BKD!, a debilitating systemic disease of both wild and cultured salmonids, is
caused by the Gram-positive bacterium Renibacterium salmoninarum. Fish infected by R. saimoninarum
generate an antibody response directed against an abundant surface protein called major soluble antigen
 MSA!. There are at least two copies of the gene encoding MSA  msal and msa2!. and their promoter
regions differ significantly beyond 40 bp upstream of the translation start site, The high abundance of the
MSA protein and the 100'to nucleotide identity between the msal and msa2 open reading frames Ied us to
hypothesize that both gene copies are expressed. We constructed msa-green fluorescent protein  gfp! gene
fusions containing 500-600 bp of 5' flanking sequence from msal or msa2, and transformed R.
salmoninaram ATCC type strain 33209 with these constructs. The reporter plasmids precisely integrated
into their cognate chromosomal locations by single cross-over homologous recombination. providing the
first demonstration of genetic manipulation of R. salmoninantm. GFP mRNA and protein were expressed
by R. salmoninarum clones bearing integrated msa-gfp reporter fusions, indicating that both msal and msa2
are expressed under in vitro culture conditions. Although R. salmoninarum possesses two functional msa
genes, further analysis indicates that additional copies may be present. These results suggest MSA is a
significant, possibly essential. gene in R. salmoninarttm.
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Experimental mycobacteriosis in striped bass  Nnrnne saxatilis!: microbiological results
Rhodes. Martha'*, Howard Kator'. David T, Gauthier', Wolfgang K. Vogelbein'. and Christopher A.
Ottinger
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Mvcobacter/am tnarinam is one of three species considered the primary agents of mycobacteriosis in fish.
including striped bass  Morone scnatt7is!, During a recimt epizootic of striped bass in the Chesapeake Bay.
USA mycobacteria were cultured from the spleens of approximately 76 'ro of aseptically exainincd tish
 N=196!, A variety of Mjicobacterium species were recovered including a newly proposed species, M
shottsii, which was the most frequently cultured mycobacterium �7/a!, typically at densities of 10 "
colony forming units per gram  CFU/g! splenic tissue. In laboratory challenge studies, striped bass were
injected intracoelomically with -10' CFU of either M marinum, M gordonae or M shottsii isolated from
infected Cheapeake Bay striped bass. Fish were maintained in separate flow through systems at 18-22'C,
and sampled bimonthly for10 months. Mean densities of M marinum at 2 months were � 10' Cl'U/g
splenic tissue and increased to maximum values of � 10' CFU/g at 8 months, ln contrast. densities of M
gordonae and M shottsii at 2 months were - 10' "Ig and maximum mean densities of � 10' and � 10'Ig
were observed respectively at 8 months. In vitro growth studies demonstrated that M mart'num is a
relatively rapid grower having a generation time of 2-3 days at 23'C compared to M shottsii which has a
generation of time of -10 days. Only at one sampling time  8 months! did the majority of fish challenged
with M shottsii exhibit densities as elevated as those frequently observed in wild fish with mycabacteriosis.

Current eradication status of the exotic sabellid worm in the state of California
Robbins, Thea T.', Carl A. Finley-. Fred Wendell', and Carolyn S. Friedman'

California Deparimcni of Fish and Game, Bodega Marine Laboratory. 2099 Westside Road, Bodega Bay. CA
94923 USA tirobbiiis'ci ucdai is.cdu
'The Cultured Abalone, 9580 Dos Pueblos Canyon RoaL Santa Barbara. CA 93117 USA icabal one 'a ci.coin
'California Department nf Fish and Game. 213 Beach Street. Morro Bay, CA 93442 USA fivcndcl p~i dtc2.ca. ui
'School of Aquatic and Fisheries Sciences. University of Washington. Seattle WA 98105 USA
cai plvnf.'ciu.wasln~n<~tnu,cdu

In California during the late 1980's the introduction of an exotic parasite from South Africa was observed
in red abalone  Ha/iotis rufescens! culture facilities. This previously unidentified sabellid polychaete,
Terebrasabe ia heteroitncinata continued to plague commercially-grown abalone until its profusion
escalated in the mid 1990's, infesting every California commercial abalone farm and many research
facilities. T. heterntntcinata infests the shells of abalones and other gastropods causing a deformed
appearance. Shell nacre deposition is altered due to the presence of the worm creating vertical versus lateral
growth. Reduced growth results in a sub-optimal terminal market product and increased mortality. The
aquaculture industry. University of California Santa Barbara researchers and the Department of Fish and
Garne initiated an aggressive pest eradication program in 1996. and Departmental policy was established in
1997 to prevent further spread of the sabellid. Culling of infested stocks and freshwater treatment of tanks
in combination with strict hygiene protocols proved effective methods for curbing new infestations. The
sabeiiid worm however, was determined to be capable of persisting at low-levels with the ability to become
re-infestive, therefore extensive sampling of abalone populations became necessary to thoroughly
determine its prevalence, Facilities have undergone both -spot-  random checks! and/or "certification"
 facility-wide! inspections, In 2001/02 approximately 24.000 shells or live abalone were inspected and all
but one facility passed spot inspections for the first time since program inception. Additionally. three
abalone culturists have requested and passed sabellid certification inspections successfully. Over 28 wild
populations of red abalone �4 of which had been exoosed to potentially infested outplanted abalone! have
been examined since 1998. with no sabellids found. 1'hese investigations suggest that control efforts have
led to near eradication of the sabel lid pest. but that continued monitoring is necessary.
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The ASK cell line: an improved diagnostic tool for isolation, propagation aud titration of the
infectious salmon anemia virus  ISAV!
Rolland, Jill B,'*. Deborah A. Bouchard . and James R. Winton'
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infectious salmon anemia  ISA! is an important viral disease of cultured Atlantic salmon  Salvo sa1or! in
Norway. Scotland, Canada, Denmark. Chile and more recently. the United States. Current diagnostic
methods include viral isolation in ceII culture and RT-PCR. Duc to cost and availability, cell culture is
o Ien the preferred diagnostic tool, The most commonly used cell line far isolation, propagation and
titratio~ of ISAV is the SHK-1  salmon head kidney! cell line developed from Atlantic salmon proncphros.
The SHK- I cell line appears to be of tnixcd morphology consisting mostly of fibrobiast-like cells. This ceil
line is delicate, has a split ratio of I:2 approximately every 10-14 days and requires Liebowitz s L-15
medium supplemented with fetal bovine serum  FBS! and beta-mercaptoethanol, The cell line appears to
have an unstable morphology requiring periodic replacement of high passage cells with low passage Irozen
stocks. We compared the SHK-1 cell line to another cell line also developed from Atlantic salmon
pronephros, the ASK-2  Atlantic salmon kidney! cell line. The ASK-2 cell line has split ratios and medium
requirements similar to the SHK- I cells, although ASK-2s do not require beta-mercaptoethanol. ASK-2
cells also produce ISAV titers similar to the SHK-I cell line; however. inoculation of the ASK-2 ceil line
with ISA V results in distinct and complete CPE facilitating titer determination. In addition. the morphology
of the cell line appears to be stable and the cell line is generally less delicate than SHK-1 cells.

Relative resistance of Paci6c salmon to infectious salmon anemia virus  ISA V!
Roliand. Jill B.* and James R. Winton

Western Fisheries Research Center, Biological Resources Discipline. United States Geological Survey. 6505 NF
65'" St., Seattle, Washington 9&115 USA Jill RollandCq~usgs.gov

Ihe aim of this study was to determine the susceptibilities of Paciflc salmonid species to Infectious sahnon
anemia virus  ISAV! compared to Atlantic salmon  Salvo saJor!. Chum  Oncorhynchus kera!, steelhead
 O. mp'kiss!, chinook  O. isauyrscha!, coho  O. kisuich! and Atlantic salmon were distributed into duplicate
tanks of 25 Qsh per species per ISAV dosage. In Experiment 1. groups were injected intraperitonealiy  i.p.!
with a high �0' TCID;<, ml '!. medium �0" TCID;o ml ' or low �0 TCIDt< mi ! dosage of ISAV
 Bremnes, Norway!. Experiment 2 was a high dosage �0 TCID~~ ml'! i.p. challenge of all species, except
chum salmon, with ISAV of either the New Brunswick. Canada or the Bremnes. Norway strain, The
cmnulative mortality of Atlantic salmon in Experiment 1 was 12'la in the high dosage group, 20'/a in the
medium dosage group and 16'/a in the low dosage group, The average cumulative mortality of Atlantic
salmon in Experiment 2 was 98'/a. No ISAV-related mortality occurred among any of the Oncorh>fichus
spp. in either experiment although ISA V was detected in random samplings of all species except Chinook
salmon. suggesting that infection is possible. The results indicate that Oncorhynchus spp. are relatively
resistant to ISAV infection, However, the potential for ISAV to affect Oncorhynchus spp. should not be
ignored as this virus belongs to the Orthomyxoviridae, a highly adaptive family of viruses including the
influenza virus.
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EIIleaey of an ISAV vaccine in Atlantic salinon in freshwater and seawater
Salonius. Kira' and Allison M. MacKinnon
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Infectious salmon anemia virus  ISAV! is a severe viral pathogen in the orthomyxovirus family, which
affects Atlantic salmon in Norway. Scotland. Faeroe Islands. New Brunswick, Canada and Maine, USA.
Although bio-regulatory control measures have been implemented in all effected areas. vaccination against
the disease has been inostly limited to Canada. An inactivated multivalent vaccine  Forte V I ! has induced a
high level of protection against cohabitation challenge with ISAV in freshwater  relative percent survival;
84'/o! with 74'ro mortality in the controls. Bio-containment measures have made it difficult to determine
field efficacy in clinical trials. In the fall of 2000. S�Atlantic salmon  80 g! were vaccinated at a freshwater
hatchery and a sub-population transferred to a land based saltwater holding facility. At 1200, 1500 and
2200 degree days  dd! post vaccination, fish vaccinated with either Forte VI or a negative reference
vaccine  a multivalent bacterin, Lipogen Forte! were challenged by co-habitation with naive fish injected
with 2 x 10 " TCID,> of ISA V  Bay of Fundy isolate!. Protection was evident for at least 10 months �200
dd!, the extent of the study, Molecular differences between Furopean and North American ISA V isolates
have been reported. To show the potential use of this vaccine in other geographical regions results of cross-
protection studies with European isolates will be presented. To address the potential that virus
recombination intIuences vaccine efficacy. results of vaccination-challenge studies with ISAV &om the
Bay of Fundy in consecutive years will also be presented.

Infectious disease inodel development using zebrafish  Danio serio! and a viral pathogen
Sanders, George E.* and James R. Winton

U.S. Geological Survey, Western Fisheries Research Center, 6505 N.I:. 65'" Street Seattle, Washington 9II 115
USA ~sander.'ci u.v~ usiuovtou.cdu

The laboratory cyprinid zebrafish  Daimio rerio! is currently utilized for biomtxlical developmental and
genetic studies. We hypothesized that zebrafish might be a useful model for improving our understanding
of the genetic basis of disease as it relates to cyprinids. Therefore we developed an infectious disease model
for zebrafish using spring viremia of carp virus  SVCV!, Rhabdorirrrs carpio. AIIer spawning a wild type
strain of zebrafish. 200 fish were reared to adults and were transferred into an aquatic biohazard level-3
facility. Replicate groups of 10 fish were exposed. via immersion, to various concentrations [10, 10 . 10
plaque forming units per ml  PFU/ml!] of SVCV at different temperature regimes. Clinical signs became
evident approximately seven days after viral exposure and were observed most consistently in the I x 10
PFU/ml exposure group. !n zebrafish, SVCV produced anorexia, listlessness, multifocal epidermal
petechial heinorrhages and death. similar to clinical signs observed in nafve cyprinid species in Europe.
Evaluation of tissue from infected fish by viral plaque assays and polymerase chain reaction revealed the
presence of SVCV and titers > 1 x 10" PFU/ml. Histopathoiogic lesions include multifocal hepatic necrosis.
and melanomacrophage proliferation in the giffs. liver. and kidneys. The future use of this disease model
with various stocks of mutant zebrafish will be of assistance in the evaluation of the roles that genes play in
piscine viral disease pathogenesis and elucidation of potential genetic differences.
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Isolation and characterization of a novel CXC chemokine in cominon carp  Cyprinus carpio L.!
Savan. Ram'*. Tomoya Kono, Azumi Aman' and Masahiro Sakai
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Chemokines are essential mediators of normal leukocyte traf licking as well as leukocyte recruitment during
inflammation. A novel CXC chemokine was identified for the first time in a teleost. the common carp.
Carinas cai7iio L. Thc cDNA is composed of 6I9 bp with a 37 bp 5 untranslated region  I JTR! and a 287
bp 3 IJTR. An open reading frame of 368 bp encodes a 97 amino acid peptide, with a putative signal
peptide of 20 aminoacids. Tbe gene has four cysteines residues, which are conserved, with the first two
cysteines separated by phenylalanine. Homology and phylogenetic analysis revealed that carp was found to
be closer to human IP-10. Identities were significantly low to the CXC chemokines cloned &om fish. The
carp CXC chemokine contains four exons interrupted by three introns, The gene was transcribed from an
early time point by stimulation with lipopolysaccharide and concanavalin A. Organs in resting as well as
stimulated phase expressed the gene in various tissues.

Role of the veterinary profession and the American Veterinary Medical Association in aquatic
anhnal health
Scarfe, A. David

American Veterinaiy Medical Association. 1931 N. Meacham Rd., Suite 100 Schaumburg, IL 60173, USA
O&arfe a anna. or

The mission of the AVMA is to advance the science and art of veterinary medicine including its
relationship to public health, biological science, and agriculture. through the support of. and service to. its
-67.000 veterinarian members. Smce the 1860s. the health care. management and medical services
provided to aII animal species by veterinarians has evolved with siicietal needs. medical knowledge.
technology, and the evolution of animal health and disease. The AVMA and profession have responded
strongly ta assist and enhance the practice of aquatic veterinary medicine covering aquaculture, ornamental
 pet!, wild fisheries. and seafood safety through developing programs, services. and policies that affect its
members, their clients, and aquatic animal industries they serve. With increasing focus on aquatic
veterinary issues since the early 1990s, the veterinary profession has increased eniphasis on emerging
aquatic diseases, diagnostics, drug availability, education, legislation and regulations. animal welfare,
seafood safety. Aquatic issues, solutions, and program initiation originated from. or filte through. the
Aquaculture and Seafood Advisory Committee  ASAC!. ASAC presently consists of specialists
representing all major areas of veterinary aquatics and including non-veterinary aquaculture production.
governmental consultants from USDA-APHIS-VS. FDA-CVM, FDA-CFSAN, and others. Working
through its -30 Councils and Committees. and in dialogue with -450 regional, state and local and � 40
veterinary specialty organizations, allied to the AVMA. the Association is the authorized voice of the
profession in presenting its views to government. academia. agriculture. animal owners. the media. and
other concerned public entities. Through formal ASAC liaisons to several subgroups of the federal
interagency Joint Subcommittee on Aquaculture  Quality Assurance. Aquatic Animal Health. EIIIuents!
and other organizations. the AVMA provides veterinary input to developing national and international
programs. legislation, and regulations dealing with drug availability and use. national and local responses to
endemic, epizootic and foreign animal diseases, aquatic pollution, and seafbod safety,
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Comparative pathogenicity of dermo  Perkinsus marinus! between the Caribbean and American
oyster
Scarpa, John'*, Dave Bushek', and Susan E, I.aramore'
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The Caribbean oyster Crassostrea rhi=ophorae is a closely related species of C virginica, but little is
known of its susceptibility to Dermo. Therefore. pathogenicih of Derino was compared between oyster
species, Dermo-free oysters were challenged once via shell-cavity inoculation   1x10' P. marines per gram
of estimated wet tissue weight! with either saline or one of two genetically distinct North American isolates
of P. mariniis and observed for 16 weeks. A natural infection study was also performed by examining
oysters placed m land-based tanks, which received 7-10 L/min unfiltered seawater, for 214 days. Infections
were determined using the whole-body burden method. Fifleen Ainerican oysters and one Caribbean oyster
died during the challenge experiment, Log10 iransforined P. inarinus burdens in surviving oysters were
significantly heavier for Caribbean oysters �.25+0.08! compared to American oysters �.72+0.06!. Control
oysters did not develop infections �,09+0.01!, In the natural infection study. parasites were detected in all
groups after 103 days: intensities were negligible and there was no difference in burdens between the two
species. At the end of the study most oysters had died  89-98'/o!. Perkinsus prevalence was 100/o in all
surviving C. virginica. but 10/o of the C. rhi=ophorae had escaped infection. There was no significant
difference between oyster species in body burdens of survivors. Results from the two studies indicate that
Caribbean oysters are as susceptible to North American isolates of Perkinsus, but may be somewhat more
tolerant of heavier parasite loads,

Gene expression and proteomics: the application of inicroarray techniques and SELDI mass
spectroscopy for the identification of biomarkers/bioindicators
Schill, William B.'*. Vicki S. Blazer', Deborah L. Hodge . and Howard A. Young
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Eukaryotes have numerous mechanisms for dealing with environmental stresses and pathogens. While
animals are exposed to pathogens regularly. disease is manifested only when the immune system is noi able
to counter the invasion and multiplication strategies of the infectious agent. OAen, the immune system
succumbs as a result of pressure from perturbed environmental situations and the resulting stress. Episodes
of animal and human disease have recently increased dramatically in association with freshwater, aquatic.
and marine coastal systems. In the Chesapeake Bay. for example, blooins of toxic algae, dinoflagellates.
and fungus have been reported to have caused fish kills and lesions and perhaps human illness. New
technologies for gene identification and measurement of gene expression have exploded in recent years.
One of these methods, the microarray. allows for the measurement of the activity of thousands of genes
simultaneously. Most of the information from these types ol experiments, however. lies in teasing out
patterns of gene expression rather than simply quantification of expression on a gene-by-gene basis. That
is, the discoveries lie in defimng networks of genes that show coordinate expression under various
conditions, Powerful as they may be, these global measurements of simple gene expression do not totafly
describe cellular activities. Posttranslational modification and control mechanisms also play significant
roles as do nuclear traflicking systems. Proteomic and cellular studies are required to complete the story.
We describe applications of two new methodologies microairay analysis and SELDI  Surface-Enhanced
Laser Desorption/Ionization! mass spectroscopy in the rapidly evolving field of toxicogenomics.
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An unusual DNA virus responsible for tumor development in damselfish
Schmale. Michael C,'. Patrick D.L. Gibbs, Jeff VanWye, and Jennifer J, Rahn
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Damsclfish neurofibromatosis  DNF! is a transmissible, neoplastic disease alTecting bicolor dam»elfish
 Stegastes partitus! on South Florida reefs. This disease is «haracteiized by multiple neurofibromas and
chromatophoromas. The agent responsible for DNF appears to be an unusual DNA virus.
Extrachromosomal viral DNAs of discrete sizes. ranging from 1.2 to approximately 7 kb. accumulate in
infected cells. The genome is most likely 2.5 kb dsDNA. This DNA does not show homology to any
sequences in GenBank. Viral DNAs isolated from dam»elfish with naturally occurring and induced tumors
and from long-term «ell lines have shown an almost perfect sequence con»ervatioti suggesting that strong
selection pressure must be acting to stabilize this sequence. Associated RNAs are approximately 300 bp.
600 bp. 1.2 kb and 2.4 kb in size. Predicted particle size for a 2.5 kb genome would be in the range of 2>
nm and appropriate sized particles have been observed in tumor tissues. However. particles have been
difficult to isolate from either tissues or cultured cells and appear to have a very labile viral coat. The
presumed coating of the particles. the presence of which is defmed by resistance of particles to DNase, can
be disrupted by even mild organic solvents. such as chloroform and Freon. treatments to which most known
viral capsids are resistant  even in enveloped viruses!. The nature of the viral coat and presumptive viral
proteins are unclear. This agent is unique in that DNF is the only naturally occurring, transmissible cancer
affecting a neuroectodermal cell type  Schwann cells atid «hromatophores in the case of DNF!.

Environmental eontantinants and developmental mortality in lish and alligators
Sepulveda. Maria S."*. John J, Wiebe', D, Shane Ruesslcr'. and Timothy S. Gross'
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Over the past years, our laboratory has been evaluating the incidence of developmental mortality in
largemouth bass  Micropterus saittioides! and American alligator  Alligator mississippiensis! as a function
of environmental exposure to chlorinated pesticides  OCP!. Sampling areas have included several reference
and contaminated lakes. as well as reclaimed agricultural properties  ' muck farms"! in Central Florida, The
predominant contaminants &om these sites are DDT and derivatives, toxaphene, dieldrin, and chlordane. In
largemouth bass. exposure to OCP causes endocrine changes  reduction in sex steroids and vitellogenin}
that are not translated in reduced spawning or hatch rates. However. exposure to OCP results in an increase
in fry mortalitv at the swim-up stage. In alligators. hatch rates are reduced in contaminated site» when
compared to the reference. Low hatch rates are due to increased neonatal mortality, mainly during the first
35 days of development. Detailed analyses of alligator eggs and embryos have not indicated developmental
anomalies or disease as the cause for this mortality. but rather an overall retardation of growth in clutches
from high-OCP sites. Potential mechanisms for the fish Iry and alligator embryo mortalities observed at
these sites are discussed,
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Aspects of the pathology of Hematodiuiuttt sp, infections in snow crabs  Chiouoeeetes opilio! froin
Newfonndlaud, Canada
Shields, Jeffrey D.'* and David IvL Taylor

'Virginia Institute of Marine Science, The College of WiiIiam aiid Mary. School of Marine Science, Gloucester
Point. Virginia 23062, USA
Department of Fisheries and Oceans. Si. John s. Newfouudtand AIC 5XI CANADA

Bitter crab disease  BCD! of snow crabs, Chionoecetes opsia, is caused by a parasitic dinoflagellatc.
Hematodiniitni sp. The disease has shown an alarming increase in prevalence in Newfoundland's
commercial fishery since it was first recorded there in the early 1990s, We examined the pathology of
several infected snow crabs and documented the alterations to the gills during sporulation of the parasite.
Sporulation events  sporogony! can lead to high densities of dinospores in the hemolymph �0" dinospores
ml '! and may cause significant alterations to the crab leading to host death. The damage to the gills varied
but in some cases it was severe involving an apparent thinning of the cuticular layers. necrosis and loss of
host epithelial cells. and fusion of the membranous layers of adjacent gill lamellae. Affected lameliae
exhibited varying degrees of hypertrophy with the loss of trabecular cells, hemocyte infiltrations. and the
appearance of clubbing along the distal margins. Necrotic host tissues. when present, were clumped along
bands or zones of individual and fused lamellae. Large numbers of zoospores were located distally along
the distal margins of affected lamellae suggesting that sporulation may result in the lysis or bursting of the
lamellar cuticle to release spores. It is unclear how dinospores transmit the disease to the next host,
Transmission and mortality studies are warranted to better understand the effect of the disease on its
commercially important host.

Characterization of fish mortalities caused by Pfiesteria shattnipayae  Strain CCMP 2089!
Shields. Jeffrey D,*. Yasunari Kiryu, Wolfgang K, Vogelbein. Leonard Haas, and Kiinberly S. Recce

Virginia Institute of Marine Science, The College of William and Mary. School of Marine Science, Gloucester
Poiiit, Virginia 23062, USA

Long-term, large-scale fish bioassays are currently used as the standard for identifying toxic Pfiesteria spp.
We investigated the nature of mortalities in fish exposed to short- and Iong-term challenges with Ppesteria
shitnNi a@ac in large-scale assays �8 L! and in small-scale assays   IO mL!. Exposures consisted of 25 � 30
tilapia or 10 � 25 menhaden in 3$-L aquaria inoculated with clonal isolates of CCMP2089  VIMS 1049!. In
short-term assays, fish died rapidly in relation to high cell densities with pathological changes to the
epidermis and gills. In long-term assays, mortalities began from 21 � 27 d in aquaria seeded with clonal
cultures that previously had been fed algae for 9 � 14 months. Fish mortalities exhibited temporal peaks
separated by quiescent periods of 7 � 30 d. Long-term assays and subcultures from long-term assays
continued to kill fish for over I yr, Differential centrifugation and filtration of these fish-killing cultures
was used to produce fractions enriched in dinoflagellates and possible -exotoxins"  supernate! which were
then assayed with larval fish. In a series of fractionation assays, mortalities occurred only in treatments
containing live dinoflagellates, with no mortalities in supernate fractions or controls. The use of
fractionation studies in the long-term bioassays indicated that the nature of the mortalities did not change,
Strain CCMP2089 readily killed juvenile tilapia. menhaden and Iarval minnows, but it did not produce a
fish-killing toxin. Our fmdings bring into question the toxigcnicity of Pfiesteria spp.
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A subunit vaccine for infectious pancreatic necrosis virus  IPNV! using a baculovirus/insect larvae
system
Shivappa. Raghunath 8,'~ Philip E. McAIIister and Vikram N, Vakharia'

'Center for Agricultural Biotechriology. University of Maryland Biotechoology Iristitute and Virginia-Maryland
Regional College of Veterinary Medicine. University of Maryland, College Park, MD 20742 USA.
y'iLhail J rerDirbl.iaBd.c J 0
USGS/LSC. National Fish Health Research Laboratory. I I 700 Leetowii Road. Kearrieysville. WV 25430 USA
hil nicallisrcra osos.gov

Infectious pancreatic necrosis virus  IPNV! can cause a highly contagious disease of juvenile rainbow and
brook trout and Atlantic salmon and can infect a variety of salmonid and non-salmonid fishes. Various
attempts to develop a vaccine against IPNV have not vielded consistent results. Thus, at present, no
commercial vaccine is available that can be used with confidence to iinmunize fry of salmon and trout. We
are attempting to develop an effective sub-unit vaccine against IPNV. We generated a full-length cDNA
clone of the large genome segment A of Sp strain of IPNV and expressed structural protein genes VPZ.
VP3 and VP4 in insect cell line and cabbage looper   Trichop/rrsia ni! larvae using a baculovirus expression
system. Green fluorescent protein  GFP! was also co-expressed as a reporter molecule. High yields of
IPNV protein were obtained and the striictural proteins self assembled to form virus like particles  VI.Ps!.
We are currently testing the efficacy of a putative VLP vaccine, Young-of-the-year rainbow trout were
vaccinated at two VLP concentrations and are being challenged using Sp and VR-299 strains of IPNV.

Endogenous antibiotic defenses in hybrid striped bass and other fish
Silphaduang, Umaporn~, Zhiqin Fan, and Edward J. Noga

Departinent of Clinical Sciences, College of' Veterinary Medichie. North Carolina State University, 4700
Hillsborough Street, Raleigh 27606 USA ocsil >haVi'-uriiii.ricso.edo

Antiinicrobial polypeptides are increasingly recognized as a critical component of innate immunity.
Recently. antimicrobial polypeptides have been isolated from some species of fish by several laboratories.
Our laboratory has isolated several types of polypeptide antibiotics Irom hybrid striped bass  %orone
saxa/i/is x M chrvsops!. Histone-like proteins  HLPs!, small proteins closely related to histones H28 and
Hl, are present in high concentrations in the gill, skin and spleen. HLPs are lethal to bacteria and water
molds, as well as to Amyloodirriam ocel/atum. one of the most common and pathogenic parasites of marine
fish. Piscidins, a novel family of linear, amphipathic polypeptides, also have potent activity against
important bacterial pathogens  e.g., Aeromonas h>drop/ii/a, Aeromorras sa/morricida. Lac/ococciis
garvieae, SrrepIococcirs irriae! including isolates which are resistant to traditional antibiotics, Piscidins
reside in many tissues, including skin, gill, and gastrointestinal tract. and are expressed in mast cells
 eosinophilic granular cells!. This is the first time that polypeptide antibiotics have been identified &om the
mast cells of any vertebrate and suggests a new role for this ubiquitous immune cell. We have evidence that
mast cells of a number of other unrelated fish also have piscidin-like antibiotics. Hybrid striped bass also
express other polypeptide antibiotics which have broad-spectrum activity. The discovery of such diverse
and potinit antimicrobial polypeptides supports the prominent role of this class of molecules in host defense
against infectious diseases. These findings could lead to ways to protect hybrid striped bass md other fish
against diseases without using traditional drugs.
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Assessing cortisol responsiveness between strains and Fdwardsiella icraluri susceptible and resistant
families of channel catfish, lctaturus puncratus
Small, Brian C.*. A. Lelania Bilodeau, and William R, Woltcrs

USDA/ARS Catfish Genetics Research Unit, Thad Cochrau National Warmwater Aquaculture Center, P.O. Box
38, Stoueville, MS 38776. USA hsmaII'c< are.usda.col

Edwardsielia ic/aluri, the bacterial pathogen that causes enteric septicemia of catfish  ESC!. is a prevalent
source of substantial economic loss to catfish farmers, Stress has been shown to increase E. ic/aiuri
susceptibility in catfish. The secretion of cortisol is one of many physiological changes that occur during
stress in fish, Disease outbreaks following a period of stress are often considered to be the result of cortisol
induced immunosupression. These experiments were done to determine whether plasma cortisol levels
following a stressor  low-water confmernent! and during an E. iclaluri challenge correlate to the genetic
predisposition of a cathsh family for E. iciaiuri resistance or susceptibility. No differences  P > 0.05! in the
cortisol stress response following a 1-h stressor and 1-h recovery were determined between catfish strains
 Norris and USDA-103! or families within a strain. Stress induced and recovery plasma cortisol levels were
not significantly  P > 0.05! correlated to inortality resulting from E. iciaiuri challenges  r = 0.02 and 0.49.
respectivelyi. Plasma cortisol response during an 6 icraluri challenge. however. differed significantlv  P <
0.05! 48-h post-challenge between highly susceptible and resistant families. While the present data indicate
that the magnitude of cortisol response to a single low-water confinement stress does not correlate to E.
ictaluri susceptibility. the observed familial differences in cortisol response during a E. ic/aluri challenge
suggest cortisol may still play a role in pathogen resistance.

Diagnosis of Hematodiuiunt infection in the Norway lobster Nephropsnorvegicus by KLISA, PCR, dot
blot, and in sita hybridization
Small, Hamish J.'*, Douglas M, Neil'. and Graham H. Coombs

'Division of Enviromnental and Evolutiouaiy Biologv, Graham Kerr Bui/ding, University of Glasgow, Glasgow,
G I2 SQQ, Scotland, United Kingdom D.Neil'o:hio. ~Ia.ac.ul;
-'Division of Infection & Immunity, Joseph Black Buildmg, University of Glasgow, Glasgow, G12 SQQ, Scotland.
United Kingdom a.coomhs'u'bio.ala.ac.uk

Norway lobsters  Ãephrops norvegici/s! &om the coastal waters of Scotland are seasonally infected by a
parasitic dinoflagellate of the genus Hema/odinium. An enzyme-linked immunosoibent assay  ELISA!. a
polymerase chain reaction  PCR! assay and a DNA probe for use in dot blot and in situ hybridization have
been developed for the detection of Heniarodinium species infection in the haemolymph and tissues of N.
norvegicus and other crustaceans. The ELISA method is simple and quick to perform with a detection limit
of 5 x 10" parasites ml ' haemolymph, which facilitates the screening ot'large numbers of samples. Thc
nucleotide sequence encoding the partial ribosomal small subunit and first internal transcribed spacer
region of the parasite has allowed the synthesis of specific oligonucleotide primers and a DNA probe, All
techniques are capable of detecting low-level infections, and are currently being evaluated as tools to
investigate tbe prevalence and seasonality of Hema/odini am infection in N norvegicus and other crustacean
hosts.
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 Infectious?! Hemolytic anemia of salmon: an emerging disease occurring in seawater cultured coho
salmon  Oncorhynchns kisnlelt! in Chile
Smith, Pedro". Julio Larenas, Jorge Contreras. Jorge Cassigoli, Claudia Venegas. Maria E. Rojas. Alvaro
Guajardo, Oscar Troncoso and Diana Macias

Faculty of Veterinary Sciences. University of Chile. Santiago. Chile. Casilla 2 Correo 15 Santiago. Chile
istuith ii'ttchilc.cl

In the last six years a new disease. cofloquially referred to as "guaia omarilla"  r yellow belly" !, affecting
coho salmon reared in sea water cages has been emerging in southern regioiis of Chile. An orthomyxovirus
 ISAV! has been isolated and reported to be its etiological agent, An extensive field sampling, including
whole fish. blood. sera, fish tissues. food and water. was carried out from six different sca sites where
outbreaks of this disease were occurring. Gross lesions were yellow color of the skin of the abdominal
region, bases of the paired fins and periorbital cartilages. Internally, fish had pale gills, ascites, abundant
visceral fat with yellow color, brown liver with plethoric gall bladder, dark spleen. hydropericardium. pale
kidney and no food in the stomach and gut. Histopathology showed erythrocyte depletion in blood vessels
in most organs. hemosiderosis in spleen and liver esteatosis. A degenerative process resembling the Zenker
disease was found in skeletic muscle and myocardium. Hematological analysis showed hemolytic anemia.
Bacteriology only showed low levels of endemic microorganisms. After 30 days postinoculation with
filtrates of homogenates of organs of affected fish the disease was not reproduced in rainbow trout and
coho salmon. 'fhese results suggest that a virus would not be the single etiological agent of this cottdition.
or if so, it would have a low virulence. The striking differences in the pathology of this disease compared
with that of ISA and the fact that it only affects coho salmon but not other species cultured in the same
sites. particularly Atlantic salmon  Sa/mo solar!, which is described as the most susceptible species to ISA.
strongly suggest that this is not the same disease condition. Although this disease might be associated with
an orthomyxovirus its etiology is more likely to have a multifactorial origin and probably linked to some
metabolic disturbances. Financed by INTESAL and I'ondecyt 1010544.

Pathology associated with a Teirnhymena-like organism in southern flounder, Pnrrdiehtlgrs
lerii ostigma
Smith, Stephen A.* and Kathleen P. Hughes

Aquatic Medicine Laboratory. Depattmetit of Biomedical Sciences and Pathobiology. Virginia-Maryland Regional
College of Veterinary Medicitie. Virginia Polytechnic Institute aud State University, Blacksburg. VA, 24061 USA.

sitar.r: Lce . t't rtl ' "c l. 'n

h small population of commercially-reared juvenile southern tlounder. Poroliehrhyr lerhosrigma seas.
experiencing a sudden onset of morbidity and mortality. Clinical signs included distended abdomens,
petechial hemorrhage and focal ukerations of the skin. Skin biopsies revealed a heavy infestation of
Trichodina sp. and an excessive amount of mucus. Scrapes directly from the ulcerated skin lesions revealed
a heavy infestation of an unidentified ciliated protozoan. Bacterial cultures from the posterior kidney were
negative for any bacterial growth. Bacterial cultures from the ulcerated skin lesions grew Vibrio furnissii.
Chryseobacterium meningosepiicum and Pseudomonos oicoligenes. Histopathological evaluation revealed
epithelial hyperplasia and localized cellular necrosis of the skin. Microscopic examination documented that
the ciliated protozoan had penetrated the deeper tissues of the fish. These Terrahymeno-like organisms were
localized to areas of epithelial compromise but were also found in the deeper dermal and muscular layers.
Accompanying these burrowing organisms was a moderate to severe infiltration of inflammatory cells. In
addition, organisms were observed in the peritoneal cavity accompanied by a significant peritonitis. It was
speculated that the heavy Trichodina sp. infestation in this cultured fish population lead to epithelial
compromise and the secondary invasion by the Teirah!rmena-like organism and bacteria. Significant
improvement of affected fish was observed in this population afler a 20 ppm formalin treatment.
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Potential impacts of selected contaminants on endocrine biomarkers in carp and lake trout from sites
in the Great Lakes
Smith. Stephen B.'*, Jeffery C. Wolf, Clifford I., Rice'. and Sergei Chernyak'
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A reconnaissance investigation of Great Lakes fish in connecting channels. tributaries and I.ake Michigan
open water was conducted in 1999 to assess the occurrence and distribution of the chemical class
alkylphenol ethoxylates. Common carp  C!prints carpio! were collected at several riverine sites near
Chicago, Illinois; Detroit, Michigan: and Alpena. Michigan. Lake trout  Sniveiinus narnaycush! were
collected in the open water of Lake Michigan near Sturgeon Bay, Wisconsin; and Saugatuck. Michigan. AII
fish were analyzed to determine chemical residue in whole fish for organochlorine pesticides,
polychlorinated biphenyls  PCBs!, polybrominated diphenylethers  PBDEs! and selected alkylphenol
ethoxylatcs  including their metabolites. nonyl- and octylphenols and shorter chain carboxylates!.
Additionally. a comprehensive analysis of fish health was made for each fish, which included the collection
of endocrine biomarkers for histopathological analysis of specific organs and of blood samples for analysis
of hormones and vitellogenin. Fish tissue residue. endocrine biomarkers. bed sediments and water chemical
residue will be compared for each species

Transferrin and the innate immune response of fish: identification of a novel and highly conserved
mechanism of macrophage activation
Stafford, James L.'* and Miodrag Belosevic'

Department ol' Biological Sciences. University of Alberta, CW405 Biological Sciences Building. Edmonton.
Alberta, T6G 2R3. stafford:u aalbeita.ea
Medical Microbiology and Imniuuology. Universitv ot Alberta. Edmonton. Alberta. li~ike,belosgLSc'ci'ILakbert~,<a

Macrophages are immune cells that play a central role in the elimination of foreign invaders. In response to
an infe~1ion, these cells become activated and inhibit microbial replication by producing an array of
antimicrobial products including nitric oxide  NO!. The primary macrophage activating factors in mammals
are a class of soluble signaling proteins called cytokines. Recently. by studying goldfish  Caravsins
auratus! macrophages, we have discovered that a non-cytokinc serum protein called transfnrin is a primaiy
activating molecule of the goldfish macrophage antimicrobial responses. We report that: 1! transferrin must
be protcolytically cleaved before it is biologically active. 2! proteolytic cleavage was mediated by mitogen-
activated leukocyte supernatants and by enzymes released by damaged cells; 3! addition of transferrin
enhanced the killing response of goldfish macrophages exposed to different pathogens or bacterial products
 e.g. Iipopolysaccharide. M3>cobacterium cheionae, Tgpanosonia danileu'sit3i. and Aennonas sairnonicida!.'
and 4! products in fish serum neutralized transferrin activity and inhibitcxI induction of NO response of
macrophages. While transferrin is not a cytokine and "normally" functions as an iron-binding protein. the
ability of the enzymatically-cleaved forms of this protein to modulate fish macrophage function is novel
and may represent a primitive and evolutionary conserved mechanism for the induction of NO response of
macrophages.
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The eradication of an epideinlc of ISA in Scotland
Stagg. Ronald M,

FRS Marirre Laboratory. PO Box t01, Victoria Road, Aberdeen AB l l 9DB, lJK st;i~<~r a ilunlab.ac,ii!,
In 1998, an epidemic of Infectious Salmon Anaemia  ISA! occurred in marine salmon farms in Scotland. In
all 11 farms were confirmed and a further 25 farms were suspected of being infected. The last suspect case
was in November 1999 and the epidemic was official!y over on 16 January when the last farm in the same
coastal waters as a suspect case had completed the requisite fallow period, Active surveillance will
continue for 2 years. In the European Union ISA is a List I disease and a strong legislative framework
 Directive 93/53/EC! had already been established in 1993 to enable eradication of the disease. This
framework made the disease notifiable and provided measures to contain and limit spread and to eliininate
the source of infection. On suspect farms. and farms in the same coastal waters, it provided for restrictions
on the movements of live fish and fish to harvest and mandatory biosecurity provisions under the
supervision of the OQicial Service. On confirmed farms immediate depopulation followed by fallowing and
disinfection was required. The average time for withdrawal of all fish in the Scottish epidemic was 21 days
depending on logistics and the size of the farm. This. together with the established legal framework to limit
spread. is thought to have been an important factor in the success of the eradication programme compared
with other countries. Despite the evidence for a background level of infection. it is important to understand
the benefits of eradicating an epidemic. which was transmittable easily from farm to 1'arm and had potential
to cause significant and sustained losses if it had become established in Scotland. Diseases of this nature
provide a considerable challenge for both scientific and legislative structures if we are to maintain the
health status of fish populations in an era of free trade.

A real-time nucleic acid sequence based amplification  NASBA! procedure for detection of fish
aodaviruses

Starkey, William G.*. RoswMary Millar, Mary E. Jenkins, Jacqueline H. Ireland, K. Fiona Muir. and
Randolph H. Richards

institute of Aquaculture, University of Stirling, Scotland. UK, FK9 4LA ivux i c~. stir.:ic..dlh
Nucleic acid based sequence amplification  NASBA! is an isothermal nucleic acid amplification procedure
based on target-specific primers and probes. and the co-ordinate activity of three enzymes: AMV reverse
transcriptase, RNase H, and T7 RNA polymerase. We have developed a real-time NASBA detection
procedure for piscine nodaviruses, which have einerged as major pathogens of marine fish. Viral RNA was
isolated from clinical samples by guanidine thiocyanate lysis followed by purification on silica particles.
Oligonucleotide primers were designed to target sequences in the nodavirus capsid protein gene yielding an
amplification product of 161 nucleotides. The downstream primer also contained a T7 RNA polymerasc
promoter sequence. Amplification products were detected with a molecular beacon  FAM labelled/methyl-
red quenched! which recognised an internal region of the amplification product. Amplification and
detection were performed at 41'C 1' or 90 ininutes in a Corbeti Research Rotorgene, In preluninary
experiments. the real-time NASBA procedure exhibited a dynamic range of over 7 log 10. and was found to
be approximately 100 fold more sensitive than single tube RT-PCR for the detection of a ttodavirus isolated
from sea bass. The real-time NASBA procedure was then used to study a panel of 41 clinica! samples
submitted to our virology laboratory for nodavirus diagnosis based on histopathology and cell culture
isolation. Real-time NASBA correctly identified 41 samples  IOO' o! whereas RT-PCR idetttifted 38
 92.7'ro!. These results suggest that real-time NASBA may represent a sensitive and specific diagnostic
procedure for piscine nodaviruses.

182



Morphometric evaluation of hepatic lesions in killifisb, FNndllas heteroclitas, exposed to
polyaromatic bydrocarbons
Stine. Cynthia B., David Smith . Wolfgang K. Vogelbein'. and Andrew S. Kane'~

'Aquatic Paihobiology Center, University of Maryland, Deparimeni of Veterinary Medicine. 5075 Greenmead
Drive. College Park. Maryland 20742, USA
Department of Epidemiology and Preventive Medicine. University of Maryland. 10 South Pine Street. Baltimore,

MD 21201, USA
'Virginia institute of Marine Sciences Glouccsier Point Virginia 23062 USA

Stercology of biological tissues involves the derivation of 2-dimensional data into 3-dimensional
constructs. We applied a stereology technique lo discern morphometric attributes of hepatic lesions from a
population of killifish, Fundulus heteroclitus. sampled from the Elizabeth River of the Chesapeake Bay.
The lesions in these fish were associated with exposure to Elizabeth River sediments laden with PAHs.
Histological step lions were taken throughout each of several livers to evaluate lesion types, volumes,
shapes. and distributions. hnages of the liver sections were digitized, lesions were highlighted. 2-
dimensional areas were determined. and 3-ditnensional volumetric data for the whole liver and the lesions

were established, The total number of hepatic alterations  eosinophilic, basophilic and clear ceil foci.
bepatocellular carcinomas, hemangiopericytomas and cholangiomas! ranged kom l0-125 per fish. Lesion
volumes ranged from 0.00012-63.S7mm' and represented 0.21'/o to 67.36'/o of total liver volume. There
was a tendency for the lesions to be more pancake-like than spherical or rope-like when observed from
longitudinal sections, and the lesions had notable inter-individual variation in their hepatic distributions.
Our data indicate that, on average, six evenly spaced histological sections are required to accurately
estimate lesion volume and extent in our sample population of fish. This study provides a foundation for
studying piscine carcinogenesis, and developing histological sampling techniques for observing lesion
volume changes over time.

Rc-evaluating SSO disease: Haplosporidium costale infections of the Eastern oyster in Virginia,
Connecticut, and Massachusetts
Stokes. Nancy A.'*, Lisa M. Ragone Calvo'. Eugene M. Burreson'. luke Sunila and Roxanna Smolowitz'

'Virginia institute of Marine Science, College of William and Mary. Greate Road, Gloucester Point, VA 23062
USA. ~johns.'ii i inLs.cdu
State of Connecticut. Department of Agriculture, Bureau of Aquaculture. Rogers Avenue, Milford, CT 06460

USA, dc hanric'6:suci.nci
'Marine Biological Laboratory,7 MBL Street. Woods Hole. MA 02543 USA. rsniol'nimbi. cdu

Haplosporidium costa1e, the causative agent of SSO disease, is a baplosporidian parasite of the eastern
oyster Crassostrea virginica. This parasite has been reported in lJS Atlantic coast oysters from Virginia to
Maine. lt is closely related to the more serious disease agent. Haplosporidiam nelsoni  MSX!. and
plasmodia of these two parasites can be very difficult to distinguish by light microscopy. Oysters from
Virginia  VA!, Connecticut  CT!, and Massachusetts  MA! have been sampled monthly for two years and
diagnosed for H. costale and H. nelsoni by histological examination and PCR. By both histological and
PCR diagnoses, infections were mostly H. nelsoni in VA, both H. costaie and H, neIsoni in CT, and only H.
costaIe in MA. The histological and PCR diagnoses for H. costa1e had only about 50'/0 agreement for
infections froin CT and MA usmg PCR SSO primer set L When the histology +/PCR � samples for H.
costaIe were tested with SSO primer set fl, most of the MA infections were then positive by PCR. but the
CT infections were still negative. The MA H. costale infections followed the reported disease cycle of
infections in April-June: however, CT H. costale infections were in October-December. lt is possible that
there are two strains of H. costaIe in MA and either a different strain of H. costaie or another species
morphologically similar to H, costaie in CT that is not detectable by the PCR primer sets tested.
Sequencing studies are underway to address these possibilities.
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Role of complement C3b in adaptive iminunity in teleost fish
Sunyer. J, Oriol~. N. Bosch. A. Cielman. and Cj. Lorna@

School of Veterinary Medicine. University of Pennsylvania. 3800 Spruce St.. 413 Roseuthal Blvd, Philadelphia.
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As result of complement activation. the C3 protein is cleaved into C3b and C3a iragments. Through the
C3b molecule. the complement system plays an important role in antigen uptake and internalization which
leads to an amplification of the adaptive immune response. In this study we investigated the presence of
C3b rcccptors in fish and the role of C3b in enhancing the immune response of fish. Purified trout C3b-1
 generated from isoform C3- I ! was bound to trout leukocytes in a dose responsive and saturable manner by
flow cytometric analysis. Thereatter, we determined whether the complex formed between trout C3b-I and
an antigen  Hen Egg Lysozyme PKL]! was able to enhance the proliferation of lcukocytcs &om HEL-
immunized trout Ieukocytes. For this purpose, leukocytcs from peripheral blood  PBL! and head kidney
 HKL! of immunized and nonimmunized trout were tested for proliferation responses against HEL alone.
HEL complexed to troui C3b-l, and C3b-I alone. Leukocytes from immunized fish had a markedly
increased antigen-dependent proliferation response when stimulated with 1000 Irg/ml of HEL. Leukocytes
stimulated only with I Iig/ml of HEL coupled to C3b-I induced an elevated proliferativc response that was
comparable to the response obtained with 1000 Iig/ml of HEL alone. These results indicate that when HEI.
is coupled to C3b-l, the amount of HEL required to elicit an antigen-dependent proliferative response is
significantly reduced. These results provide the first indication that in fish. complement ma3 have already
evolved into a shared effector system between innate and adaptive immunity.

Geographic variations among infectious hypodermal aitd hematopoetic necrosis virus  IIIIINV!
isolates and characteristics of their infection

Tang, Kathy F.J.. Bonnie T, Poulos~. Jun Wang. Rita M. Redman, and Donald V. Lightner
University of Arizona, Department of Veterinary Scieriee aud Microbiology, 1117 F,. Lowe/1 St., Tucson Arizona
85721 USA

Nucleotide sequence variations of' a 2,9 kb fragment of infectious hypodermal and hematopoietic necrosis
virus  IHIINV! isolated from sainples of Penaeus monadon were determined and compared with an isolate
&om Hawaii. The infection characteristics of these isolates were examined by histology, in situ
hybridization, and laboratory challenge studies with Penaeas vannamei. Isolates of IHHNV were obtained
from samples collected &om the Southeast Asia region  the Philippines, Thailand. and Taiwan!. Isolates of
putative IHHNV were obtained &om African samples  Tanzania, Madagascar. and Mauritius!, The
Philippine isolate was found to have a very high similarity. 99.8'lo. to Hawaii IHHNV. The Thailand isolate
showed a slightly lower similarity, 96,2'lo, The putative IIIHNV sequences collected from Tanzania and
Madagascar showed greater divergence &om Hawaii IHHNV, 8.'2/o difference for Tanzania and 14.1'/o
difference for Madagascar. A phylogenetic analysis showed that the Philippine IHHNV clustered with
IHHNV found in the western hemisphere. This suggests that the Philippines was the origin of IHHNV that
was first detected in Hawaii and subsequently in most shrimp farming areas of the Americas. In the
laboratory infection study. both the Philippine and Thailand IHHNV were passed into P. vannamei, and the
infected shrimp did not suffer any mortalities. In another laboratory infection, P. vannamei injected with a
tissue homogenate of P. monodon collected in Madagascar did not demonstrate H.IHNV infection,
suggesting that this putative DiHNV is not infectious to P. vannamei.
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Induced resistance to white spot syndrome virus  WSSV! infection in Penaeus stylirosrris through
pre-infection with infectious hypodermal and hematopietic neet osis virus  IHHNV!
Tang, Kathy FJ.*, Stephanie V. Durand. Brenda L, White. Rita M. Redman. Leone L. Mohney. and
Donald V. Lightner

1Jniversity of Arizona Deparlmeoi of Veterinary Science aod Microbiology. 1117 E. Lowell St.. Tucson. Arizona
85721 USA

White spot syndrome virus  WSSV! is highly virulent aud responsible for serious economic losses on
shrimp farms throughout the world. tnfectious hypodermal and hematopoietic necrosis virus  IHHNV! also
infects penaeid shrimp; although once virulent to cultured stocks of Penaeus s0~lirosiris, it has not been
associated with mass mortalities in recent years, Through laboratory challenge studies, we discovered an
interaction between these two viruses in P. s0 lirosiris. Juvenile P. st'iirosiris were infected with IHHNV
by feeding them IHHNV-infected tissue. These shrimp. along with a non-infected control group. were then
fed WSSV-infected tissue. Two days aAer the WSSV challenge, mortalities began to oc«ur. All of the
control shrimp, not previously exposed to IHHNV, died within 5 days. while 31-44/o of the IHHNV-
infected shrimp were alive ten days later. Quantitation by real-time PCR determined that surviving shrimp
had high levels �0" copies per pg DNA! of IHHNV and low levels �0-1,000 copies per pg DNA! of
WSSV DNA. Moribund shrimp had high levels �0'-10'copies per pg DNA! of WSSV and low levels �0'
-10 copies per pg DNA! of IHHNV DNA. A confirmatory challenge study with P. sgiirosiris that werc
heavily infected with IHHNV showed 21 of 23 shrimp survived 20 days after exposure to WSSV. Ten of
these surviving shrimp were re-exposed to WSSV, and 6 of these were still alive after 3 weeks. In situ
hybridization analysis confirmed that surviving shrimp were strongly infected with IHHNV and had low
levels. if any. of WSSV. In conclusion. juvenile P. srilirosrris highly infected with IHHNV become
resistant to infection with WSSV.

The effect of CpG oligodeoxynucieotides ott the innate immune response of common carp, Cyprinus
carpio L.
Tassakka, Asmi Citra Malina AR ', and Masahiro Sakai *

'United Graduate School of Agricultural Sciences. Kagoshima University. Korimoto, 1-21-24, Kagoshirua 890-
0065. Japan asmic~tr;i:a.hoinudl.cion
'Faculty of Agriculture. Miyazaki University. Miyazaki 889-2192. Japan Ui.<ka i.d co.i itic alki-g.ac jg

Unmethylated CpG diiiucleotides within bacterial DNA or synthetic oligodeoxynucleotides  ODNs! can
activate immune ceIIs. A panel of synthetic oligodeoxynucleotides was evaluated in vi1ro and in vivo for its
ability to enhance the innate immune response of common carp.  Cyprinus carpio L!. 1n iitro addition ol
CpG-ODNs to fish. resulted in enhanced responses of phagocytic and nitroblue tetrazolium  NBT!
activities in kidney phagocytic cells. The CpG-ODNs also induced lymphocyte proliferation in the fish
kidney cells, Intraperitoneal injection of CpG-ODNs into fish. resulted m increased responses of phagocytic
and NBT activities in kidney phagocytic cells, The serum lysozyme activity also increased in fish treated
with CpG-ODNs. The ODNs containing multiple CpGs generally resulted in greater stimulatory capacity.
although CpGs locattxl at the terminus of an ODN were ineffective. These results indicated that CpG-
ODNs enhance the innate immune response of common carp.
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Pathogenicity of morphologically and genetically characterized Fluvobacrerium columnare strains in
Channel catfish
Thomas. Swapna* and Andrew. E. Goodwin
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7160i, USA sthems~u uacx,edu. scoodwin'o uaex.cdq

A major disease of warm water fish is columnaris caused b> the bacterium Flavohacterium coiumnare. The
disease causes significant losses in the catfish and baitfish industrie. but little is known about the dilTerent
strains of this bacterium and their pathogenicity. Eleven different isolates that formed characteristic flat.
rhizoid. yellow pigmented colonies on Sheih Agar and have the typical biochemical characteristics of F,
eolumnare were collected irom several species of moribund fish including Ictahirus punctatus,
iso emigonus crysoieucas, Pimepha1es proiuekis. Xiphophonis macularus and C!Ju'inus carpio. The
bacteria were long, slender. Gram-negative rods and exhibited length differences among isolates. The short
isolates varied from L> � 3,0lim and the long isolates varied from 4.0 � 8,0litn in length. The isolates varied
in width from 0.45 � 6.0lim. The DNA sequence similarity of the isolates was analyzed by Random
Amplifiication of Polymorphic DNA  RAPD! with five different 10-mers. The RAPD profile and
morphology data revealed the presence of seven different strains among our isolates. Channel catfish were
challenged with the isolates by immersion in a bath of 5 x 10 F, cohennare/mk Mortality varied from 0�
90/e among the isolates used in our challenge experiments. There were no correlations between
pathogenicity and the fish species from which the isolates were obtained.

Comparison of fish-to-fish and waterborne transmission of channel catfish virus in a pond
environment
Thompson. David J,'*. Lester Khoo . David J. Wise', and Larry A. Hanson'

'Department of Basic Sciences, CVM. IvlSU. Mississippi State 39762
h uisiiii'ii cvm msiwaic.edu
'School ot Veterinary Medicine, University of Peuusylvauia, New Bolton Ceiiter, PA 19348,
Lhut!'irk' .' .il+ciiu.cdil
'DREC, MSU, Stouevine. MS 3S776. dwisu lidrcc.minutiae.cdu

Fish-to-fish vs. waterborne transmission of channel catfish virus  CCV! was directly
tested in a pond environment. Susceptible channel catfish fingerlings were stocked into
16 pond-side tanks that received pond water �8-32'C! from a O.l-acre reservoir pond.
Fish in 8 tanks were challenged by cohabitation  fish-to-fish transmission! and fish in the
remaining tanks were challenged by strict waterborne exposure froin water received from
the reservoir pond. Posterior kidneys of two fish from each tank were collected at lO
sampling intervals over a 2-week period and screened for the presence of CCV on
channel catfish ovary cells. Infection was confirmed by isolating virus from cohabitation
fish following experimental infection. At study termination, l5 fish from each tank were
screened for the presence of CCV by diagnostic PCR. Results indicate a difference in the
proportion of fish infected by cohabitation vs. strict waterborne exposure. Bioassays
evaluating free virus in pond water agree with work done by Brady and E]lender �982!
indicating that CCV virions rapidly complex with colloids. We found that free virus was
not detectable from pond water. However, when colloid-virus mixtures were injected into
catfish infectious virus could be reisolated. These results may account for poor
waterborne transmission.
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Experience with regulatory responses to infectious salnion anemia  ISA! in Norway
Thorud, Kristin'* and Tore Hastein
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Norway was the first country to experience the challenge of lSA. AAer the first outbreak in l984. the
number of cases ol ISA "exploded" in l989. and reached a peak of 80 new infected farms in 1990. The
disease became notifiable in 1988. when it was realized that ISA was a contagious disease. probably caused
by a virus. As the disease became a serious loss factor to fish farming. regulatory responses were developed
in parallel with increased scientific knowledge about the virus and risk factors of the disease. To eradicate
ISA from infected farms and infected areas. the main measure was to depopulate the farm and eventually
the whole area, To prevent introduction of ISA into non-infected areas. the most effective measure has been
control of transfer between areas of live and dead salmon exposed to seawater. In l990. the virus had not
yet been identified, and today's diagnostic tools were not available, Still, the strategy for combat of ISA
was successfuL The last 3-4 years, the number of outbreaks has increased again. There may be several
reasons for this; none of them being scientifically reviewed. Structural changes in the industry leading to
long transports of salmon for rearing and for slaughter may be one factor, Unspecific immunization due to
vaccination procedures against other diseases may be another, and in particular the combination of such
factors. Vaccination was not an alternative in 1990. Today, vaccination is considered a possible tool in the
combat of ISA within infected areas.

Essential role of the NV protein for the pathogenicity of Navirhabdoviras in rainbow trout
Thoulouze, Maria-Isabel, Monique Bcarzotti. Stcphane Biacchesi. Edwige Bouguyon, Catherine
Carpentier, and Michel Bremont*

Unite de Viiotogie et Iaununotogie Molecutaires, Institut National de la Recherche Agronotnique, 78352 Jouy~-
Josas CEDEX. France

Novirhabdovirus, like the infectious hematopoietic necrosis virus �HNV! and the viral hemorrhagic
septicemia virus  VHSV!, are fish rhabdoviruses which, in comparison to the other rhabdoviruses, contain
in their genome an additional gene encoding for a small non structural NV protein of unassigned function.
The growth in cell culture of a recombinant IHNV knockout for NV  rIHNV-ANV-GFP! has previously
been shown to be severely impaired, suggesting a crucial role of NV for the optimal IHNV replication.
In the present study, we show that a normal growth of rlHNV-ANV-GFP can be restored when NV is
provided in trans by using cell lines constitutively expressing the NV protein  EPC-NV!. Moreover, when
EPC-NV cells were infecttxI with the wikd type IHNV  wtIHNV!. a 10-fold increase of the viral titer was
observed compared to wtIHNV-infected EPC cells, These observations tend to hypothesize a replication-
regulatory role for NV. Although IHNV and VHSV NV proteins do not share any significattt identity. we
show that both NV proteins play a similar role since a recombinant IHNV virus, rlHNV-NVvhsv, in which
the NV gene has been replaced by that of VHSV, was produced and shown to replicate as well as the
wtIHNV into EPC cells. The data provided by the experimental fish infections using the various
recombinant viruses demonstrate an essential role of the NV protein for the pathogenicity of IHNV. Thus
the knowledge that IHNV is no more pathogenic for trouts when NV gene is deleted and also that
heterologous glycoproteins like that of VHSV can be efficiently inserted in the IHNV virions. allowed
us to generate a potential live bivalent vaccine against IHNV and VHSV by deleting the NV gene and
ittserting the VHSV glycoprotein gene. That recombinant virus  rIHNV-Gvhsv-Gilmv! was shown to
express both glycoproteins from VHSV and IHNV and to be totally non-pathogenic for trout by bath
immersion and injection as well.
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The use of signature tagged mutagenesis to identify factors involved in the pathogeiiesis of
EdwarCkieNa icraluri
Thune, Ronald L. ' *, Denise Fernandez'. Maria Kelly-Smith'. and Jennifer Benoit'
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Enteric septicemia of catfish  L'SC! is caused by Ec4 ardsiella ictaluri and is recognized as the most serious
disease facing the commercial channel catfish industry, yet very little is known about the virulence factors
associated with infection. Signature tagged mutagenesis  STM! is a transpositional mutagenesis systein that
uses transposons carrying unique DNA tags, Using the unique tags and a common. complimentary
oligonucleotide &om the transposon as primers in the polymerase chain reaction. mutants carrying
insertions in genes required for invasion and survival in the host were identified by comparing the
amplification results for mutants used to challenge catfish  in pool! to the results for mutants isolated from
moribund or dead fish  out pool!. DNA containing the insertion sites from the individual identified mutants
was cloned into pBluescript and the sequence of the bacterial DNA flanking the transposon was detained
using the unique tag as the prima. Cienetic database searches were used to identify similar genes and to
provide insight into the function of the mutated genes. To date, 179 pools containing a total of 1611
individual mutants have been screened in channel catfish. Fifty-three mutants that did not survive in the
host have been cloned into pBluescript. and sequencing data is available for 33, Database searching to date
has identified 2 genes with no data base matches and 3 with matches to putative membrane or exported
proteins, Nineteen mutants carried insertions in nutritional or housekeeping genes. Nine mutants carried
insertions in putative virulence factors that could be directly involved in E. icosa/uri pathogenesis.

Starvation of E'lovobaererium psychropki7urn in stream water, broth and distilled water
Vatsos. Ioannis N, Kim D. Thompson*, and Alexandra Adams

Institute of Aquaculture. Stirling University, Stirling. FK9 4LA, UK 1 tti l /i sl.ir.ac.|ii
Flavobaclerinm psycrophiIum is the causative agent of rainbow trout fry syndrome and bacterial cold water
disease  BCWD! in salmonid fish. Little is known of the epidimiology of the disease or its survival outside
its host. It is considered a very fastidious organism, and many authors have reported problems with its
culture. Under adverse conditions it is possible that the bacterium enters a viable, but non-culturable state.
as with many other bacterial species, such as Salmonella sp and Yer sinia ruckeri. This characteristic results
in an inability to detect the pathogen in environmental samples when culture is used as the only means of
identification. Fhysical changes in F. psychrophilun> were examined over a 19-week period of starvation,
Bacteria were maintained in either filtered stream water, CJlophaga broth, filtered distilled water or
maintained in broth after disinfection. Culturability and viability of the bacterium were then assessed using
Colony Forming Units  CFUs! and a Live/Dead kit. Antigenic profiles and general morphology of the
bacterium were also examined, usmg Western blot analysis and electron inicroscopy, respectively. In
stream water, the bacterium stop multiplying. became small and rounded and its culturability declined until
it was no longer possible to obtain colonies on agar plates afler 19 weeks, Results from the Live/Dead kit
did not correspond with the viability obtained as CFLts by culture. The ability of F. psychrophilum to
survive under conditions of starvation and changes in the organism so as to adapt to its environment will be
discussed,



Atlantic salmon major histoconipatibility complex 8 cr and I! promoters � expression studies
Vestrheim, Olav', Maria Lundin, Jacob Torgersen'. Espen Rimstad, and Mohasina Syed '
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The Atlantic salmon Major Histocompatibility Complex class Il  MHCll! rr and l3 promoters were isolated,
and found to have the same organisation of regulatory boxes as mammals. In order to test the
transcriptional activity of the promoters, reporter plasmids were constructed with the Atlantic salmon
promoters, using GFP and Lac Z as reporter genes. Transient transfcction of Atlantic Salmon Head Kidney
 SHK-1! cell line, Dog ADH lymphb cell line  DH 82! and Rabbit ADH lymphb cell line  HybL-L! was
conducted by these promoter constructs. The reporter plasmids were also transiently microinjected into
zeebrairsh eggs. Both MHCII a and P promoters were found to express the reportergene in all the cell lines
mentioned, The expression could also be observed in transgene zebrafish.

Experimental infection of necrotizing bepatopaacreatitis  NHP! in Litopenaeus vanuamef by injection
and ingestion
Vincent, Amanda G.*, Verlee M, Breland, and Jeffrey M. Lotz

College of Marine Sciences. University of Southern Mississippi, Gulf Coast Research Laboratory. P.O. Box 7000,
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jcf73otz rr'usm.cdu

Necrotizing hepatopancreatitis  NHP! is a severe bacterial disease of cultured Liropenaeus vannamei, the
Pacific white shrimp. In this experiment. individuals of I.. Pannanrei were experimentally infected with
NHP by injection and ingestion. Kona stock L vannanrer shrimps were individually placed in aerated 1-
liter containers. In treatment 1, twenty shrimps were injected with 1% weight/volume of an aqueous extract
of NHP-infected hepatopancreas filtered to 1 lim. Injectant was prepared from hepatopancreas. pooled from
several infected shrimps. Ten control shrimp were exposed using the same method as treatment 1 but with
NHP-negative hepatopancreases. In treatinent 2. twenty shrimps were individually fed a quarter-piece of
NHP-infected hepatopancreas. Ten control shrunps were exposed to inocula prepared from NHP-negative
hepatopancreas. Shrimps were maintained at 30 ppt salinity and 30'C for 21 d. Each shrimp was fed a food
pellet every third day. Freshwater was added to containers to replace evaporation but water was not
exchanged. Survival analyses detected significantly lower mean survival time of shrimps exposed to NHP
by injection thair by feeding. Mean survival time of shrimps injected with NHP was significantly lower
than in NHP-negative control injected shrimps. Shrimps exposed to NHP through feeding also showed
lower mean survival times than NHP-negative control fed shrimps,



Chitinolytic activities of bacteria associated with shell disease syndrome in the edible crab, Cancer
jRlgurus
Vogan. Claire L.* and Andrew F. Rowley
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Chitinolytic bacteria are the primary aetiological agents of shell disease. a degradative condition of the
crustacean exoskeleton that results in the formation of black-spot lesions. Variations in the levels of shell
disease lesions from natural populations of the edible crab  Cancer paguras! were surveyed in Gower,
South Wales. The greatest severities of the disease were attributed to sand abrasion injuries during back-
buirowing behaviour and prolonged exposure to high numbers of chitinolytic bacteria. Lower severities of
shell disease were found in sites where sediment structure largely prevented hack-burrowing and hence
animals were only exposed to low levels of rhitinolytic bacteria in the water column, However in areas
were back-burrowing was permitted. sediment chitinase activities from cultured bacteria were found to be
significantly lower �.74 + 0,14 pmol GlcNac production,ml '.hr '! than sediments cultured from the high
shell disease severity site �,57 + 0.19 limol GlcNac production.ml '.hr '!. A number of chitinolytic bacteria
were isolated from lesion and non-lesion areas of C'aneer pa~iras, All were capable of growth in a minimal
media consisting of chitin powder &om crab shells, but differed in their speed of growth and nature of
chitinolytic activity suggesting that they have different roles within the lesion community, Preliminary
studies on these isolates and sediment samples have revealed the potential of metal ions to enhance  Fe'.
Mg +, Cu +! or inhibit  Hg ', Zn '! microbial chitinases perhaps suggesting that the putative link between
shell disease and pollution may be due to regional enhancement of chitinase activity in the presence of
specific metal ious.

Pflesleria sfiumwayae kills fish by mymeytosis not exotoxin secretion
Vogelbein. Wolfgang K.'*, Vincent J. Lovko', Jef&ey D. Shields', Kimberly S. Recce', Leonard W. Haas',
Patrice L. Mason', and Calvin C. Walker
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Dinoflagellates of the toxic Pfiesteria complex  TPC! reportedly secrete potent exotoxins believed
responsible for fish lesion events, acute fish kills and human disease in mid-Atlantic USA estuaries.
However. to date no Ppesreria toxin has been isolated or characterized. Using a new larval fish bioassay,
we investigated mechanisms of fish kifling by Ppesreria shumisaJrae. Water fram actively fish-killing
cultures was processed by differential centrifugation and hltration to produce separate aqueous fractions
enriched in dinoflageflates. contaminating bacteria and possible "exotoxins"  supernate!. Fish mortalities
�0-100/o.   24 hrs! occurred only in treatments containing live dinoflagellates. with no mortalities in
supernate, bacterial fractions or controls. Using the larval fish bioassay. we developed a new approach to
assess for the presence of possible fish-killing "exotoxins" in Pfiesreria cultures using various membranes.
Results from this new approach support findings from the fractionation studies. Videomicrography.
histopathology and electron microscopy showed dinoflagellates attaching to skin, actively feeding, and
rapidly denuding fish of epidermis, We show here that potent exotoxins are not produced by our actively
fish-killing P. shrrirn~a3tae cultures. Rather, the loss of epidermis and fish inortality is the direct result of a
micro-predatory feeding process called inyzocytosis, Our findings bring into question production of potent
exotoxins by P. shumu algae and suggest that all strains and species of PPesterr'a be reevaluated using a
bioassay able to distinguish between toxigemcity and fish killing by alternate mechanisms. Supported by
FCOHAB Grants CR826791-01-0 and CR-828225-01-0,
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Prevalence, histopathology, and ultrastructure of vascular neoplasms in mummichogs  Fuudutus
heterocli~! from a creosote-contaminated site
Vogelbein, Wolfgang K.* and David E. Zwerner
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Mummichogs  FunduJus heteroc1itus! inhabiting chemically contaminated estuarine environments in
southeastern Virginia USA and elsewhere, exhibit greatly elevated prevalences of hepatic neoplasia and
associated lesions. Recent exposure studies in our lab have demonstrated a direct causative relationship
between development of these liver lesions and exposure of the fish to polycyclic aromatic hydrocarbons
 PAH! in their local environments. High prevalences of exocrine pancreatic and vascular neoplasms also
occur in these fish, Whereas the pancreatic neoplasms have been previously linked to contaminant exposure
in wild fishes, to our knowledge vascular neoplasms have not. Vascular tuinors occurring in mummichogs
from a creesote-contaminated site in the Elizabeth River, VA belonged to two basic histologic types. the
angiosarcomas and hemangiopericytomas. Most of these lesions arose within the liver tissue, a primary
target organ for the carcinogenic effects of PAHs in fishes. The vascular lesions in this fish population
therefore are also believed associated with contaminant exposure. Some of them resulted in the death ol
fish maintained long-term in the laboratory. We describe here the lesion prevalence. histomorphology and
ultrastructural pathology of these interesting neoplasms. Supported in part by EPA Contracts CR818165-01
and CR827131-01.

Identification of the gene responsible for heinolysis in Edwardsieilaictalun
Williams. Michele L.* and Mark L. Lawrence
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EdwardsieOa icta1uri is the causative agent af enteric septicemia of catfish  ESC!, an important disease for
the channel catfish industry. The pathogenesis of ESC is not fully understood; however. several
characteristics have been examined as potential virulence factors. including a cell-associated hemolysin.
Previous research has determined that there was no clear relationship between hemolytic activity and
virulence of E. ictaiuri. We hypothesize that hemolysin is important for virulence in E, ictaluri: therefore.
we developed an isogenic hemolysin negative mutant using transposon mutagenesis. Plasmid pLOFKm,
which contains a composite mini-transposon with the Tn903 kanamycin resistance gene, was used to
generate a bank of random E. ictaluri mutants. Two hemolysin negative mutants from a pool of 6000
transconjugates were isolatnl, Next. we determined whether these two mutants contained insertions into the
same gene by performing a Southern hybridization of selected restriction enzyme digests of genomic DNA
&om the two E. icta1uri mutants, using the Tn903 kanamycin resistance gene as the probe. This resulted in
identical banding patterns between the two mutants, indicating that the mutations reside in the same gene.
Then. we determined the identity of the mutatixl gene by hgating Epnl-digested chromosomal DNA from
one of the mutants into pBlueScript cloning vector and selecting E. co1i transformants for kanamycin
resistance. These clones were sequenced and shown to have a 90~/o nucleotide identity to the hemolysin A
gene of Edwardsie11a tarda  GenBank number D89876!.
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Use of transgenic medaka for assessing mutagenicity of chemical contaminants in aquatic systems
Winn, Richard N.*. Stacy Muller. and Michelle Norris
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Chemical contamination af aquatic environments remains of significant concerii because, while it is
understood that aquatic systems serve as major conduits for distribution and deposition of many toxic
agents, relatively few inethods provide sufHcient sensitivity, accuracy, and practicality necessary for
routine assessmcnt of chemical toxicity. Fish are well recognized for their value as sensitive indicators of
environmental contamination. Most recently, genetically modified. or transgenic fish have been generated
to enhance the role of fish in assessing potential mutagenicity of chemical contaminants. Lineages of the
small aquaria fish. medaka  Ory=ias Iatipes!. carry a bacteriophage  lambda! vector that harbors bacterial
genes  cII and IacI! that serve as targets for inutations. The generalized approach entails exposing the fish
to the chemical using a variety of laboratory exposure regimens, allowing sufficient time for the mutations
to manifest. DNA is then isolated from various tissues. the vector is separated and transferred into
specialized bacteria where the numbers of inutant target genes are quantified. Results of several studies
using difTerent study designs. exposure regimens. chemical mutagens, and tissues are highlighted to
illustrate ih» benefits of the transgenic fish mutation assay supporting its continued use. Among the
advantages include the ability to compare mutations in a variety of tissues. io correlate mutations with other
endpoints such as neoplasia in the same animal. to use few animalsltreatment to detect statistically
significant difTerences, and to detect mutations at the level of single nucleotides.

Toxicity of aerially applied pesticides to fish and shrimp: identification of compounds likely to cause
mortality in aquaculture
Winningham, Kel/y R.~ and Andrew E. Goodwin
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Many warm water fish farms are located near crop production areas where pesticides are applied by aerial
application, There is a widespread perception by farmers that pesticide drift is a major source of fish losses.
however, much of the information needed to evaluate the potential of pesticides to kill fish is not available.
l.abel LCin data is not sufHcient because it does not include the most common aquacultural species or life
stages, and does not provide information about safe levels. In our work. we are testing 47 pesticides that
were selected based on their frequency of use and on their apparent risk as determined by comparing the
LCie to the pesticide concentration that would result if the pond received the full field dose of chemical.
Species studied include channel catfish IcraIurus punctatus, largemouth bass Micropten~ salmoides,
golden shiner Notemigonus cryso1eucas, fathead minnow Pimephales promelas, and freshwater shrimp
Macrobranchium rosenbergii. The study includes fry. fingerling. adult fish, and post-larval shrimp, The
experiments were conducted in static. clear water. Chemicals were tested at their full field dose equivalent
 FDE!. Concentrations that produced observable changes in fish behavior or survival were further diluted to
determine their No Observable Effect Concentration  NOEC!. Contrary to farmer perceptions, the NOEC
of all herbicides and herbicide mixtures tested on fish and shrimp were greater than the FDF. Experiments
with insecticides are not yet complete. but results to date clearly show insecticides pose a greater threat and
many produced adverse effects at dosages less than one half the FDE,



Unusual findings in guppies  PoecNa relicalata! «sed in toxicological studies
Wolf; Jeffrey C.* and Marilyn J, Wolfe
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A variety of unusual histopathological alterations were observed in guppies utilized in several toxicological
studies, Categories of changes include: degenerative  fibrovascular proliferation of the bulbus arteriosus,
hyalinization of splenic arteries!. hyperplastic/hypertrophic  chromatin tissue hyperplasia. pancreatic duct
hyperplasia. thyroid follicular hyperplasia. islet cell hypertrophy!; neoplastic  retinoblastoma, cardiac
ventricular sarcoma. renal hemangioma, invasive pancreatic carcinoma!: and congenital  ectopic pituitary
tissue, ectopic ova within the gallbladder. thymic cysts!, Afl of these findings will be illustrated. and
ditTerential diagnoses and possible causes will be discussed.

Unusual findings in medaka used as test animals in toxicologic studies
Wolfe, Marilyn J.
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A number of interesting and unusual lesions have been diagnosed in medaka that have been evaluated from
toxicologic tests over a twelve year period, These lesions include rare neoplasms such as lepidocytoma  a
neoplasm arising from scales!. an olfactory neuroblastoma arising in the nares. and Esophageal carcinomas.
Non-neoplastic findings of interest include normal tissue that occurs in unusual locations. Thyroid tissue.
for example, is commonly found distant from its normal location in medaka, However. less commonly,
brainlike tissue and gonadal tissue have been observed in unusual locations. A lesion that occurs most often
in medaka that are nine months old or older is a degenerative lesion of the bulbus arteriosus characterized
by mineralization, granulomatous inflammation and, occasionally, dissecting aneurysm. A spectrum of
lesions that involves thickening of the peritoneum also occurs sporadically in medaka. These lesions may
or may not represent one entity, and they have been diagnosed variously as inflatnmatory or neoplastic.
One other lesion that is questionable as to whether it is neoplastic or inflammatory is an enlargement of th»
tip of either the upper or lower jaw. All of these fmdings will be illustrated. and differential diagnoses and
possible causes will be discussed.
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Haemocyte-parasite interactions in the edible cockle, Cerastoderma edule
Wootton. Emma C.". Elisabeth A. Dyrynda, and Norman A. RatcliITe
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Metazoan parasites. particularly digenean trematodes. are very common in marine bivalves and exert
considerable stress on their hosts, often resulting in reduced resistance to environmental stressors. tissue
damage and behavioural changes. In the inost severe cases. mass mortalities can occur. To date, there is
little information available on host resistance mechanisms to trematode parasites in bivalve molluscs. This
is surprising considering the high prevalence of these parasitic infestations and the econoinic value of many
marine shellfish. Our research aims to characterise host immune responses against digenean parasites in the
edible cockle, Cerostodertna edu1e. C. educe is a common host for digenean trematodes. and is of national
and European commercial importance. Current investigations are focused on the encapsulation response of
C.edu1e. Haeinocytic encapsulation is an important immune defence response against parasites in
invertebrates. Using the cysts of Hitnasthia elongata, a digenean parasite found encysted in the foot of C.
eduIe. as well as synthetic beads and thread. the dynamics ol capsule formation have been studied both in
i~vo and in vitro. Histological studies were used to assess in vivo encapsulation of H. eiongota cysts. whilst
in vitt o experiments have resulted in the isolation of several encapsulation-related proteins  ERPs! from
injected synthetic targets. Work is continuing in all aspects of encapsulation, including cell adhesion. a key
component of encapsulation, as well as the purification and amino acid sequencing of the ERPs,
Subsequently. comparisons will be made with recognition factors found in higher vertebrates.

Mycobacteriosis lit a collection of frogfish : an atypical presentation
Yanong, Roy P. E.'~, Eric W. Curtis'. Scott P. Terrell, and Gail Case

'Tropical Aquaculture Laboratory, Department of Fisheries aiid Aquatic Sciences. Institute of Food aud
Agricultural Sciences. University of Florida, 1408 24'" St. SE. Ruskin. Florida 33570 USA» ii mail.ifas.ut!.edu
-Walt Disney Animal Programs, Disney's Anunal Kingdom. 1200 N. Savannah Circle, Bay Lake. Florida 32830
USA Scott,P.Tcrrctk-AD ti dksuci.com
Aquarium, Mote Marhie Laboratory, 1600 Keu Thompson Parkway, Sarasota. florida 34236 USA

~~ :tLlc 0 111 >'ll!.t!J'8

In late ]999, six striated frogfish  Antennarius striatus! were imported from Brazil and purchased through a
wholesaler by Mote Marine Laboratory Aquarium  Sarasota. Florida. USA!, The fish were separated into
two groups: I! one male, two females and 2! two males, one female, Each group was placed in a separate
quarantine tank. Approximately five months later. spawning behavior was observed in each tank. Spawns
were fertile but fry survival was poor. Over the next nine months, each of the six individuals from both
breeding groups of frogfish became clinically diseased and/or died. Ante-mortem clinical signs and lesions
included: poor buoyancy control; anorexia: abnormal swimming; spawning difficulty  retained egg
masses!; lethargy; ascites; skin lesions including melanotic foci: ocular opacity: and reduced growth. Gross
necropsy and wet mounts were, not very informative. although in some fish small brown foci were seen in
gill filaments, and livers were grossly fatty. Aerobic cultures on TSA with 5'ro sheep's blood were
inconsistent, but generally negative. Histopathologic lesions were summarized as widespread multifocal
histiocytic inflatnmation and necrosis with myriad intralesional and intravascu!ar acid-fast bacteria. Liver
culture from one fish grew Mycohacteriitin mot~num. Granulomatous disease, a typical finding in piscine
mycobacteriosis. was not generally evident or present in these fish. Therefore. acid-fast staining and
mycobacterial culture are recommended as a general procedure for evaluation of any group of fish with a
history of chronic, low level mortalities, spawning difficulties, with or without buoyancy control problems.
especially if H k E stained tissues indicate chronic inflammation.
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Single-dose phnrmscokinetics of gorfenicoi in koi ~Crises ~cor io nnd gonrsmi ~T>icko micr

Yanong, Roy P. E,'*. Fric W, Curtis'. Venkatesh Atul Bhattaram, Mathangi Cgopalakrishnan, Nahal
Ketabi, Nelamangala V. Nagaraja, Hartmut Derendorf, and Robert D. Simmons

'Tropical Aq<gacutture Laboratory. Department of Fisheries aud Aquatic Sciences. Institute of Food and
Agricultural Sciences. University of Florida. 1408 24 St. SE, Ruskin, Florida 33570 USA i ii <imafl Jfos.«fl.cd«
Departiuent of Pharmaceutics, Coltege of Pharmacy. University of Florida, Gaioesville. FL 32610 USA
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bdrnilmiid'cop.ufl.<'.dli
iSCheriug-PIOugh Animal Health. 1095 MOrris Avenue, Union, NJ 07083 USA r<hhcu.himrn<M<~'<< s ico».C<uu

Florfenicol has been shown to be very effective against many bacterial diseases in fish. Pilot studies were
undertaken to determine single dose pharmacokinetics in two species of ornamental fish. koi  Cyprinus
carpio! and gouramis  Trichogasrer /riehopierus! aRer oral. bath, and intramuscular administration.
Minimal absorption occurred during bath administration. Oral and intramuscular administration results
were interpreted using a one-compartment. population pharmacokinetic model of florfenicol, developed
with KINETICA solbvare  Version 4.0.1!. for koi: a! 50 mg/kg. oral administration: TI/2. Vd/F and CI/F
were 2.88 h. 0.5 L/Kg, and 0.12 L/kg.hr, respectively; Tmax was 12 h, C max was 11,74 Iig/mL; MRT:
15,26 hr. b! 25 mg/kg intramuscular administration  polyethylene glycol carrier!: T1/2. Vd/F, and Cl/F
were 17.3 h. 0.64 L/Kg. and 0.0384 L/kg.hr, respectively; Tmax was 24 hr: Cmax was 17.91 lig/mL; MRT:
30.96 hr, For gouramis: a! 50 mg/kg ora1 administration: Tl/2. Vd/F. and Cl/F were 3.85 h. 2,03 L/kg,
0.345 L/kg.hr, respectively; Tmax was 7 hr. Cmax was '2,21 Iig/mL: MRT: 6.52 hr. b! 50 mg/kg
intramuscular administration: Tl/2, Vd/F, and Cl/F were 3.85 hr, 1.55 L/kg. 0.264 L/kg.hr, respectively;
Tmax was 0.5 hour. Cmax was 23,33 Iig/mL; MRT: 6.04 hr. Based on the pharmacokinetic parameter
estimates multiple dose scenarios were simulated. The dose recommendations were based on predicted
Cmin and Css values. For targeted MIC values of 1. 3 and 6 pg/mI the suggested dosage regimen for koi
would be 10. 25 and 50 mg/kg respectively administered once daily. I'or gouramis. the same dose should be
administered every 12h.

Development of Myxidiuni spp.  Myxozoa! in the intestine of tiger puffer experimentally fed with
infected gut tissue
Yokovama, Hiroshi'*, Tetsuya Yanagida', Hiroshi Nasu . Mamoru Sameshima and Kazuo Ogawa'

'Depagtmegit of Aquatic Bioscience. Graduate School of Agricultural aud Life Sciences. The University of Tokyo,
Yayoi 1-1-1, Bunkyo. Tokyo 113-8657, Japan
civokob r<'r<iiuI.CCc. <<-i<1k < o. ac. i
'Kumamoto Prefectural Fisheries Experimental Center. Oovaiio 2450-2, Amakusa. Kumamoto 869-3603. Japan

Fish-to-fiish transmission of marine myxosporeans belonging to the genus Mjsxidium has been recently
demonstrated. In this study, experimental transmission of Mjsxidium fugid and Mjxidiidm sp. TP &om the
intestine of tiger puffer Tahfugu rubripes exhibiting the emaciation disease was attempted by feeding
infected gut tissue, Experimentally infected fish were reared in temperature-controlled tanks �5, 20, 25'C!,
and the development of myxosporeans were periodically examined. M firgu, attaching oti the intestinal
epithelium, spread rapidly in the whole intestine, and prevailed in 100'l<h of the fish Day 19 post-exposure
 PE!, regardless of the rearing temperature. Mjxidium sp. TP, proliferating inside the intestinal epithelium,
developed at 20 and 25'C but did not grow at 15'C. It was also indicated that Mjxidium sp. TP became
"cryptic" infection at 15'C. Mortalities and morbidities of experimentally infected fish were observed &om
Day 37 PE at 20'C. The present study revealed expenmentally the time-course development and the
temperature dependency ofhfjxidium spp, in the intestine of tiger puffer.
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Biological control of fish viral disease with anti-viral substances produced by bacteria
Yoshimizu. Mamoru~, Yoshio Ezura, and Takahisa kimura

Graduate School of Fisheries Sciences. Hokkaidc University. Hakodate. Hokkaido 041-8511 Japan
I ~h.h k da.' '.

Many bacteria producing anti-viral substances were isolated from the aquatic environment. Fish intestinal
bacteria such as Aeromonas spp. and Vibrio spp. producing anti-viral substances were isolated from
intestinal contents of rnasu salmon  OncorhJ naris mosou!. Japanese flounder  Paraiichrh! s oiivaceus! and
barfm flounder  Verasper moseri!. Aeromonos strains produced anti-infectious haematopoietic necrosis
 IHNV! substances and Vibrio strains showed anti-IHNV. Oncorhvnchos mcaou virus  OMV! and barfin
flounder nervous necrosis virus  BF-NNV! activities. When Aeromonas spp. strains M-26 and M-38 were
mixed with food peflets and fed to rainbow trout  O. mykiss! and masu salmon, both bacteria became
dominant in the intestinal microflora and anti-IHNV activity was observed in homogenates of intestinal
contents, These rainbow trout and masu salmon fed the Aeromonas spp, showed more resistance to the
artificial 1HNV challenge test, Barfin flounder ftxl Vibrio spp. strains 21F6a and V-15 with Al/emio sa1ina
showed anti-IHNV. OMV and BF-NNV activities in the intestinal contents. Larvae fed the Vi/trio spp,
showed a higher survival rate than the fish cultured using thc virus free seawater and non-treated seawater,

Protective eÃcct of cutaneous antibody against Ichthyophrhirius on channel catfish
Xu. De-Hai~ and Phillip H. Klesius

U.S. Department of Agriculture. Agricultural Research Service. Aquatic Animal Health Research Laboratory, P.O.
13ox 952. Auburn, AL 36831

Fish recovered from sublethal ichthyophthiriasis acquire protective immunity against Ichrhtophrhirius
 lch!. The objective of this study was to evaluate the protective effect of cutaneous antibody produced by
channel catfish immune to Ich on cohabited non-immune catfish after exposure to 15.000 theronts/fish.
Non-immune and immune fish controls were separately maintained and infected with theronts. Ich
infection was assessed by scoring 0, <50, 50-100 and >100 trophonts/fish at 5 days post-infection, 'I'he
results of infection showed that cohabited fish at the ratio of 15 non-immune to 2 immune fish had <50

trophonts/fish. Eighty percent of the cohabited fish at the ratio of 10 non-immune to 2 immune fish showed
0 or <50 trophonts/fish. The control non-immune fish had 50-100 trophonts/fish or >100 trophonts/fish.
The infection score of the control inunune fish was 0 trophonts/fish. Anti-Ich antibody was detected in
water samples taken from tanks containing immune fish by ELISA aAer the water samples were
concentrated 40X. Iinmunoadsorption of these water samples with theronts reduced the level of anti-Ich
antibodies. The results of the study suggest that immune fish cohabited with non-immune fish may protect
non-immune fish against Ich infection.
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1. Infectious Disease Models for the Zebrafish  Daimio rerio!
Meagan E. Pressley'~. Sharon Blake . Nicholas Stasulis'. Eckhard Witten. Bruce Nicholson', and
Carol H. Kim'

'Department of Biochemistry. Molecular Biology. and Microbiology. University of Maine, Hitchner Hall.
Orono. Maine 04469 USA carolLim'ri iname.cdo

Zoologisches Iostitut uud Zootogisches Miiseum der Urdversitaei Hamburg. Martiu-Luther-King-PL 3,

Hamburg, Germany 20146 PEWitten&aol.corn

We present a inodel for studying pathogenesis in the zebrafish  Dunio reiso! using the viral pathogen
snakehead rhabdovirus  SHRV! and the bacterial pathogen Edii ardsiella rarda. These pathogcns were
chosen based on optimal growth temperature and host range. Edivaidsiella /arda has been found to
infect a variety of fish including flounder. tilapia. carp. channel catfish. and gourami. Infection with 8
rarda leads to bacterial septicemia which can give rise to iniernal hyperemia, abscesses on internal
organs and external ulcerative lesions. Snakehead rhabdovirus is a tentative member of the
Novirhabdovirus family which has been found io infect snakehead fish, catfish, and the sand goby.
Although SHRV is known to cause necrotic ulcerations, little else is known about SHRV pathogenesis.
In our challenge experiments. AB inbred strain zebrafish were infected by static immersion and
intraperitoneal  i.p.! injection at various ages ranging from 24 hours post fertilization  hpf! to
adulthood � months and older!. Fish infected at time points 24 hpf and 72 hpf were susceptible to
infection by immersion using both E. /urdu and SHRV. Adult fish were susceptible to challenge by i.p.
injection of both pathogens. Aduh fish infected with SHRV exhibited lethargic swimming behavior
and severe petechial hemorrhages in the abdominal region. Adult fish injected with E. tarda exhibited
distended abdomens and as well as erratic swimming behavior. The disease model developed in this
study also will provide a tool for studying immune function. specifically innate immune pathways such
as the Toll pathway in zebrafish.

2. Development of novel multiplex PCR detection systenis for econoinical important viral diseases
of fish

M Arias': M. Aguero': I, Fernandez': E, Blanco': A, Gibello: M, Blanco: L. Dominguez; and J.M.
Sanchez-Vizcaino '

'Centro de lnvestigacion eo Sanidad Animal. CISA-INIA, Valdeolmos. Z8130. Madrid. Spam, iri;i~"ci Iiit:I.ei
-Dpio. de Sanidad Animal, Facuhad de Veierinaria. UCM, Avda. Puerta de Hierro s/u, 28040. Madrid,
S nio.uimblanco'o vei.ucuues

The great development of aquaculture in past decades has led to an increase of viral diseases',
producing important problems particularly in intensive fish production. Since no treatment is available
and virus vaccines are not widely used in fish medicine. viral disease control is based on the
enforcement of strict sanitary measures  facilities and fish movements! and rapid laboratory diagnosis.
PCR methods have shown to be high sensitive and specific and are being widely used for diagnosis of
viral diseases in mammals, Two novel Multiplex PCR systems have been developed for simultaneous
diagnosis of economical important viruses of fish. The clusters included a! OIE notifiable diseases
 Viral Hemorrhagic Septicemia virus  VHSV!. Infectious lIematopoietic Necrosis virus  IHNV!!, and
b! significant/emerging diseases  Infectious Pancreatic Necrosis virus  IPNV! and Sleeping disease
virus  SD!!. By. sequence analysis of 39 VHSV isolates and 31 IHNV isolates. specific primer sets for
VHSV and IHNV were selected from the protein G coding region, compatible for their use in an
individual and multiplex PCR. One-srep RT-PCR assays using VHSV or IHNV infected culture
samples showed each set of primer amplified specific products of 250bp and 200bp resp':tively.
VHSV/IHNV Multiplex PCR allows specific detection of VHSV or IHNV. with a sensitivity of 0,032
TCIDio/PCR and 0.11 TCID>a/PCR respectively. Specific primer sets for IPNV and SDV were selected
from VP2 and glicoprotein E2 genes respectively, after sequence analysis of 27 IPNV isolates and 1
SDV isolate. Primer sets were coinpatible for their use in an individual and muhiplex PCR. One-siep
RT-PCR assays using IPNV infected culture samples and biological samples clinically suspected of
SDV infections showed each set of primers amplified specific products of 104 bp and 250 bp
respectively. IPNV/SDV Multiplex PCR allows specific detection of IPNV with a sensitivity of 0.24
TCIDio/PCR. Samples from SD suspected trout were confirmed as positives by individual or
multiplex PCR assays.
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3. Tissue distribution kinetics of grouper iridovirus in Taiwan  TGIV! during infection: an in situ
hybridization study

Chia-Ben Chao . Chun- Yao Chen *, and Hon-Tu Huang'
'Institute for Animal Disease Prevention and Control. Kaohsiung. Taiwan vied� l 3'riksis. aced.nct.ivv
Aquatic Animal Health Program, Department of Microbiology aud Imniunology, College of Vetermary

Medicine. Cornell University, Ithaca, New York i@853 USA i.c i. r; i:prqel!.edu
'Department of Biological Sciences. National Suu Yat-Sea University. Kaohsiung, Taiwan

Grouper Iridovirus in Taiwan  TGIV! has caused heavy losses in grouper aquaculture in Taiwan.
Phylogenetically the virus is more closely related to Infectious Spleen and Kidney Necrosis Virus
 ISKNV! and Red Seabream lridovirus  RSIV! than to Epizootic Hematopoietic Necrosis Virus
 EHNV! or Largemouth Bass Virus  LMBV!. Common characteristic pathology found in TGIV,
ISKNV and RSIV is the widespread distribution of enlargcxl eosinophilic and basophilic cells in
tissues. Tissue labelling using i' sirn hybridization of a DNA probe  CY15 fragment! specific to TGIV
indicates that it is the basophilic enlarg& cells. but not the eosinophilic enlarged cells, contain TGIV
DNA in infected hybrid groupers  Epinephe1us maiabarieas x E. akauru!. These basophilic enlarged
cells appear mainly in kidney, head kidney and spleen. The number of these cens peaked at day 5 post
injection, then declined with time. There was. however, an early peak in cell numbers in the spleen at
approximately day 3, then they declined until a second peak at day 5. Basophilic enlarged cells could
also be found in liver. muscle. heart. gill. intestine and eye but in lower numbers. TGIV may first
infect and replicate inside the spleen before day 3. and then be transported through the blood to other
orgaiis.

4. Evaluation of methods of extraction of viral R1VA froin infected cell monolayers
Jose G.Olveira. Sandra Juiz-Rio. Susana Castro. Juan L.Barja and Carlos P. Dopazo

Dpi. Microbiologia y Parasitologia, lustiiuio de Acuicultura. Univ, Santiago de Compostela. Spain

Since the last decade, an increasing number of companies and laboratories have developed molecular
methods for detection of virus. especially to be used as a tool for diagnosis and control of int'ectious
diseases in commercial fish farms. Those techniques provide considerable savings in terms of time and
labour over the conventional procedures such as the serological ones, However, their sensitivity
depends upon the quantity and quality of the nucleic acid extracted from tissues or infected cell
cultures. In the present study. several methods for extraction of total RNA  TRIZOL LS-Reagent.
GIBCO-BRL; RNeasv Mini Kit. QIAGEN: NucleoSpin RNA. MACHEREY-NAGEL: Perfect RNA"
Eukaryotic Mini, EPPENDORF! were evaluated. using the traditional method of extraction by
Protcinase K / Phenol-Chloroform as the reference assay. The amount and purity of the extracted RNA
was measured by spectrophotometry and SDS-PAGE, In addition. we applied RT-PCR to evaluate the
quality of the RNA extracted by the different methods. The results obtained were different depending
on the technique employed for the evaluation of the extraction method. In this sense. when we used
spectrophotometry, TRIZOL LS yielded the highest concentrations of total RNA, although its quality
 in terms of ratio Ass JAi~,! was relatively low. The resin-based methods provide low concentrations
but higher ratios. When the extracted RNA samples were evaluated by acrylamide gels, the best
method was Nucleospin. Finally, the Perfect-RNA' and Nucleospin methods showed the best results
for amplification of the viral RNA by RT-PCR, even for small volumes of raw virus,
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5. The effect of stocking density and other parameters of the susceptibility of Atlantic salmon
 Sutmo salar L! to infectious pancreatic necrosis virus

Tim Bowden*. Keith Lockhart. David Smaik and Tony L'llis
FRS Marine Laboratory. Aquaculture and Aquatic Animal Health. 375 Victoria Road. Aberdeen, AB11 9DB.
Scotland. UK. ~i. '.howd~n <'ir»arlah.ac.uk. d<snlail 'ifinariab.ac.nk, t, ellis eisa<uriah, ac,iil,

The study of the effect of infectious pancreatic necrosis virus on adult Atlantic salmon has been
restricted by the lack of a reproducible challenge protocol. Wc have recently published a method tor
inducing mortality in post smolt salmon and have been looking at the effect of a range of parameters in
order to understand the factors that promote the development of this disease. Preliminary studies had
suggested that stocking density was an important factor in the progression of the disease and we have
studied this in more detail. Results show that there are clear effects relating to stocking density with
low stocking density producing low mortality. Other parameters were investigated including viral
concentration and time of infection following seawater transfer, Viral concentration variation showed
that low doses only extend the onset time. There seemed to be little variation in onset and mortality in
relation to the time of challenge following seawater transfer. We have also conducted some
preliminary investigations into the induction of antiviral proteins. 'I'hese are discussed.

6. Interference of the life cycle of fish nodavirus with fish retrovirus
S.C. Chi*, K. W. Lee, T. M. Cheng and J. R. Shieh

Departnient of Zoology, National Taiwan University Taiwan. R.O.C.

I'he interference of the life cycle of grouper nervous necrosis virus  GNNV!, a member of the fish
nodavirnses. by snakehead fish retrovirus  SnRV! has been studied in vitro. A new SnRV-persistently
infected fish cell line was induced by inoculating SnRV into a grouper fin cell line GF-1, and was
designated as SGF-1, The culture supernatants and cell pellets from GNNV-infected SGF-1 cells and
from GNNV-infected GF-I cefis werc collected and employed for viral productivity analysis, The
yield of GNNV RNA and capsid protein in GNNV-infecled SGF-I cells were similar to that in GNNV-
infected GF-1 cells. However, when GF-1 cells were used as a titration system, the titer of the culture
supernatant from GiNNV-infected SGF-1 cells was much higher than the titer of culture supernatant
from GNNV-infected GF-I cells. The titration result suggested that SnRV enhanced the infection or
cytopathic effect  CPE! of GNNV during GNNV/SnRV coinfection in GF-1 cell titration system.
although SnRV can not induce any CPE in GF-1 cells alone. nor increase the yield of GNNV after
GNNV superinfection of SnRV-persistently infected SGF-1 cells. Moreover, GNNV cDNA was
detected both in the pellet and the supernatant of GNNV-infected SGF-1 cells. This result indicated
that fish retrovirus reverse-transcribed GNNV single strand genomic RNA into cDNA during GNNV
superinfection in SGF- I cells, and created a new DNA stage in the life cycle ol fish nodavirus.
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7. Molecular diagnosis of fish diseases: the way forward
Carey O. Cunningham' and Mike Snow

FRS Marine Laboratory, PO Bcx 101, 375 Victoria RoacL Aberdeen AB 1 1 9DB. UK
c.ccnnin ~ ant rtni,'cdabsic.tik

The advent of molecular techniques to detect and analyse fish pathogens has given rise to a great
number of publications describing development of'new methods for disease diagnosis. Some of these
have already proven invaluable in the detection. identification and epizootiology of pathogens such as
infectious salmon anaemia virus  ISAV!. G> rodactyhis parasites. and viral haemorrhagic septicaemia
virus  VHSV!, and examples of their use in Scotland will be presented. However. molecular
techniques are not a panacea and care needs to be taken in their adoption and interpretation. A number
of relevant concerns and areas where more work is required will be highlighted and the present
condition of the field discussed. in deciding whether to adopt a certain molecular diagnostic method. a
number of important components must be considered. These factors. together with the prospect for
tuture application of molecular techniques will be described.

8, Fingerprinting of Fluvobaeterium psychrophilnm isolates by plasinid profile
Shotaro lzumi" and Hisatsugu Wakabayashi

'Physiology and Molecular Biology Division, National Research Institute of Fisheries Science. Yokohama
236-86411. Japan st7tinli a aft'rc,eo JIi
HW Fish Health Laboratory, Sendagi 3-22-11-717 Bunkyo-kn. Tokyo 113-0022. Japan

lllsii7! 8'll iil lncocn.nc.

Plasmid profiling was used to determine genomic variation in 169 strains of Flotobacterium
ps>chrophihrm isolated from ayu, rainbow trout, other salmonids and cyprinids in Japan or other
countries. The nucleotide sequences of two plasmids, pFPC814 and pFPC840 obtained from F.
ps>'chrophiltttrt FPC814  an isolate from rainbow trout! and FPC840  an isolate from ayu!,
respectively, were determined. Based on these sequences. plasmid-specific primer pairs were
synthesized and plasmid profiles were determined by PCR. A total of 72 strains of F. psychrophilum
were separated into 3 groups  I. Il and III! based on the plasmid profiles. Ninety-seven strains did ttot
harbor both plasmids  III!. Of the 31 strains with pFPC814  I!, 29 strains were isolated from rainbow
trout and two were from other fish species. The isolates from ayu were accotmted for 85'/o of the
strains with pFPC840  Il! �5/41!, This may suggest that outbreaks of bacterial cold-water disease
have been occurring among ayu independent of other fish species,
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9. Genotyping of Flavobacterium psychrophitum by PCR-RFLP analysis
Shotaro Izumi' and Hisatsugu Wakabayashi "

Physiology and Molecular Biology Division. National Research Institute of Fisheries Science. Yokohaina
236-8648. Japan»iziimi'6 affrc, >o. i
2 I IW Fish Health Laboratory. 3-22-11-717, Sendagi. Bunkyo-ku. Tol'yo 113-0022, Japan
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Genetic variability among strains of FIavobacterium psi chrophihwv was characterized using restriction
fragment length polymorphisim  RFLP! analysi» of their polymerase chain reaction  PCR! products. In
the tirst experiinent. the universal primers of Ci YR-1 and GYR-1R were used to amplify gyrase subunit
B gene .>rB!, The universal primer pair yielded approximately 3000 bp. 1200 bp and 300 bp PCR
products from all F. psychropht7um strains. In the RFLP analysis of thc products, the restriction
enzyme Hinfl produced two cleavage patterns  genotypes A and B! of the 300 bp products. which was
not considered to be the gvrB because of its size. Genotype A was found only in isolates from ayu
 n=l05!. Genotype B was found in isolates Irom coho salmon  n � 11!, aye  n � 31!, rainbow trout
 n=42! and other fishes  n � 32!. In the second experiment. the primers of PSY-G F and PSV-GlR
specific for F. ps3chrophilunt were used to amplify the ~ rB. The specific primer pair amplified the
expected size �017 bp! PCR products from all F, ps''chrophilum strains. In the RFI.P analysis of the
~ rB. the restriction enzyme Rvai produced two genotypes R and S. Genotype R was found in isolates
from coho salmon  n=6!, ayu  n=26!, rainbow trout  n=311! and other fishes  n=2!. Genotype S was
found in isolates from coho salmon  n=5!, ayu  n=110!. rainbow trout  n=4! and other fishes  n=30!.
There were no geographical features of the genotypes.

10. Studying mycobaeterial infection using small fish models and M. mart'tiatn expressing GFP
Gregory W, Broussard~. Lisa S. Granados, and l!on G. Ennis

Departmeiit of Biology. University of Louisiana. P.O. Box 42451. Lafayette. LA 70504-2451 USA
g M"0;nlrb; ay a.@du

1 he intracellular pathogen Mrcobacteriunr tuberculosis is responsible for -3 million deaths per year.
One of the defining characteristics of the chronic state af tuberculosis is the formation of granuloma».
Mycobacterium niarinum is the species of mycobacterium most closely related to M tubercutosis. with
a sequence homology of 99.4%. Systemic infection and the formation of granulomas characterize M
marinum infection in fish. 11 has been shown to he possible to induce both an acute and chronic
infection in goldfish. Carassius auratus. depending on the dose of M. marinum administered. This
makes it an effective model for the study of my cobacterial pathogenesis. In this study, goldfish were
injected intraperitoneally through the lateral abdoininal musculature by suspensions of M niarinuni,
which carried a plasmid containing a strong promoter sequence fused to the mGFP reporter gene.
Fluorescence microscopy was utilized to view the bacteria in fresh tissues. Infection by the bacteria
was observed by microscopy and plating of homogenized tissues at various points post infection.
These studies are being extended into larger-scale experiments involving other small fish models. in
particular medaka  Oi3=ias latipes!.



11. A microtiter plate assay method for mncosal adhesion of Aeromouas hydrophila using a water-
soluble tetrazolium salt  WST-1!

Nobuhiro Mano~, Aki Namba, and Haruo Sugita
'Deparnneni of IVfariiie Science and Resources. Nihoo IJuiversity Kameino l866, Fujisawa, Kanagawa 2<2-
8510.Japsa» 1'itr~ib i- .a .'

Aeroiiionas hpdrophiia is a pathogenic bacterium causing severe skin ulcers in a variety of fish species.
and its adhesion to skin surface has been recognized as the initial stage of infection, In the case of fish.
this skin surface is covered by a mucus layer. which is secreted by goblet cells located in the epidermal
layer. However, the significance of fish mucus as the first layer involved in microbial adhesion or as a
defense barrier against pathogenic invasion remains to be elucidated, This study was undertaken to
develop a simple microtiter plate assay method for measuring mucosal adhesion of A, hydrophila using
a water-soluble tetrazolium salt  WST-I !. Skin mucus exlract samples  SMES!, which were prepared
from eel skin, were placed in wells of a 96 weII-micropiate and incubated overnight at O'C. Then. each
well was washed three times with PBS to remove the excess SMES. AAer then, bacterial suspensions
at different densities were added into wells and the plate was incubated for several hours at 25 C, 'I'hc
wells were washed three times with PBS, incubated with WST-I for 3h at 25" ', and measured by a
model 550 Bio-Rad microplate reader at 450nm. As a result, it was found that adhesion of A.
hgdrophila to mucus was dependent on bacterial density loaded and incubation time. Moreover, results
of the new assay method were comparable to those of the direct count method using Giemsa staming,
These results strongly suggest that the newly developed method is effective for the study of mucosal
adhesion of bacteria.

12, First isolation of Vibrio auguillurum serotype io I from sole  Solea soka! in Italy
Arnedeo Manfrin'*, Mauro Doimi, Paolo Antonetti . Lourdes Delgado Montero, Katia Qualtieri .
Lucia Selli', and Giuseppe Bovo'

Fish Pathology Department. Istituto Zooprofilattico, Via Roinea I4/a, 35020 Legnaro  Padova!. Italy,
msoil IA 6' 92/si oocz!c'..4
D. & D. Consulting, Mestre  Vonezia!. in;~mrdoimi 'a',tiiijI
'Local Veterinary Service n.12 - Tronchetto 30125 Veuezia

During the last ten years a new interest in the farming of sole. Solea so!ca. has been stimulated for the
existing marine fish farming industry in order to diversify their production. In September 2001 a group
of 3,000 young common sole was caught from the Venice lagoon and introduced into a culture facility
in the North East of Italy. Six months later, when the temperature was increasing, an acute mortality
occured. Fish showing clinical signs were sampled and analized in our laboratory. Diseased fish
showed no apparent lesions and some depigmented and erosive areas of the skin have been detected,
Virological and parasitological tests were negative. while Vibrio anguiilaruin serotype Ol has been
isolated from the brain tissues. This strain was tested by agar diffusion method against some
antibacteria] agents and aAer a therapeutic treatment mortality stopped. This is the lust report of
Vibriosis in reared sole, Solea solea. in Italy.
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13. Cold shock response of Vibrio vuleificust with and without acclimation periods
Kristi L. Huels'», Shin Hee Kim, Haejung An . and Yolanda 3. Brady

'Auburn University, Department of Fisheries aud Allied Aquacultures. 203 Swingle Hall. Auburn. AL
36849-5419 USA hueJskJ.'o.ace~a >..uihupd,edu. ybr.~di «'accsaaaauburn.cdu
Auburn University. Department of Nutrition and Food Science, 362 Spidle Hall, Auburn, AL 36849 I JSA

U hii .'u I '« e3 .1a .'u a»''!allb .*d

Vibrio vulnificus is a gram negative, halophyllic, mesophile that is a human health concern, lt is
primarily transmitted via ingestion of raw molluscan shellfish, especially oysters and can cause disease
and even fatalities. The approach of this study was to examine the effects of cold shock on protein
levels and expression using one dimensional glycine and tricine gel electrophoresis. Cells were cold
shocked from 37"C to 15 and 4"C for up to 24 hours, Glycine gel electrophoresis indicates possible
shifts in glycolytic enzyme presence. The tricine gel electrophoresis was performed to examine the
presence of low molecular weight cold shock proteins  csp!. for example the major E. coli cspA
molecular weight 7.4 koa. Preliminary trials indicate possible presence of this protein which will bc
further investigated using radio isotope labeling and two-dimensional gel electrophoresis. The affects
of a 2 hour. 4'C shock prior to sub-0"C incubation was also invesl.igated. Plate count analysis indicates
decreased die off rates of cultures shocked prior to sub-0"C incubation. This information is critical to
the oyster industry because it will determine proper handling of the oysters immediately post harvest.
If it holds true that V. vulnijzciiv counts increase if given an acclimation period: chilling oysters
immediately post harvest will prove contradictory to the ultimate goal of reducing V. ndnificus counts
when they reach the consumer.

l4. Discriminant analysis ou the blood chemistry of Streptococcasiniae and Vibrio vutnificas-
infected tilapia, with references to histopathology

Chun-Yao Chen*' and Paul R, Bowser
'Aquatic Animal Health Program, Department of Mcrobiology and Immunology, College of Veterinary
Medicine, Cornell University, Ithaca, New York l 4853-6401 cc I <7.« coiwcJJ.cdu
Aquatic Arumal Health Program, Department of Microbiology aud Immuiiology. College ol Veterinary

Medicine. Cornell Uiiiversity. Ithaca, New York 14853-640I IJrb4 «co@Jell.edu

Blood chemistry of Nile tilapia  pure strain Oreochromis niloticus! kept in a Iaboratorv setting was
studied. Plasma samples were obtained from 30 healthy, 30 Srrepiococcas iniae-infected. and 30
Vibrio vainificus-infected tilapia. Thirty parameti~c were then measured and twenty were used in
discriminant analysis, The full model �0 parameters! yielded 93'r'» correctness in predicting
membership to the three groups  healthy and two infections!. A reduced 8-parameter model containing
sodium. potassium, sodium-to-potassium ratio. chloride. calcium, iron. anion gap, total protein yielded
92/o. while a 3-parameter model containing iron, anion gap and total protein yielded 88/». 'Ihis
indicates that these parameters contain extraneous information and careful selection of parameters can
still maintain enough predicting ability. Histopathology of fish from both infected groups were coded
and their correlation to blood chemistry parameters were calculated. Hepatic pathology is correlated
 correlation coefficient > 0.4! to bicarbonate, phosphate, total protein, aspartate aminotransferase and
creatine kinase. Renal pathology is corre/ated to potassium, chloride, bicarbonate, anion gap, total
protein and creatine kinase. Spleen pathology is correlated to potassium. chloride. bicarbonate. anion
gap. total protein and cholesterol, Pathology in head kidney is correlated to potassium. chloride, anion
gap, total protein, glucose. cholesterol and lipemia.
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ll. Antimicrobial profiles of meoibers of genus Serraiia considered typic'!ash pathogens
Jose A, Gonzalez, Carmen S. Gallardo, Ariana Pombar. Aldara R. Gallego. and Luis A. Rodriguez~

Facultad de Ciencias, Campus Ourense. Universidad de Vigo. Dpto. Biotogia Funcional y Cieucias de la
Salud, As Lagoas s/ii, Ourense 32004, Spain. 1~alp k. i a'8jk i 43.cs

Most of the members of Genus Serraiia described so far have been isolated from fresh water and lish.
suggesting they may be potential opportunistic pathogens ior animals and humans, Serratia spp. grows
well on ordinary media under anaerobic and aerobic conditions. Optimum growth of all strains has
been observed at temperatures from 10-37'C. In this work we have evaluated a total of 26
antimicrobial compounds including drugs commonly used in fisheries and other chemotherapeutics
with efficacy against members of Genus Serroiia, considered typical fish pathogens that not been
determinated until present. Drug resistence patterns of the isolates were determined by thc disc
diffusion method on MUIIer-Hinton agar using the chemotherapeutics agents. The minimum inhibitory
concentrations  MICs! werc determined using the plate dilution technique.

16. Prevalence of Type E botulism in Ssh in the Lower Great Lakes
Rodman G. Getchell'*, Gregory A, Wooster . Natalija Topic-Popovic . William J. Culligan', and Paul
R. Bowser'

'Aquatic Animal Health Program. Cornell University. Department of Microbiology and Immunology. Upper
To R d.ilk ca,New York, 14853 USA r.wt,'«o cli,cdrt. s "5:r R;tl, tu;Rrttddc» li,d
Rudje Bosko tctnsdttue.Conte 1o M ' e sad Bnvtronteeotatke ck,dijerdcka54 10000Zndrek,

Croatia to~i~rod' r.ikk.tu
'Dunkirk Fisheries Research Station, New York State Department of Environmental Conservation, Dunkirk.
New York. 140411 USA kkjcjjliic.~i ~v dec.sia c.nv.us

Botulism has been documented in waterfowl during several mass mortality events on Lake Erie in
1999-2001. This project is focusing on the role of fish in these outbreaks, The specific objectives of the
project are to determine the prevalence of C1os ridiem bo/ulinum in apparently healthy. moribund. and
dead fish in areas of confirmed outbreaks of avian botulism and unaffected areas within the Lower
Great Lakes. We are also quantitating the amount of C. boru/inmn and toxin in carrier fish. In a
cooperative effort with the NYSDEC, we are collecting fish Iiom both Lake Erie and Lake Ontario,
The focus is on species of fish that have died in recent fish kills such as freshwater drum, smallmouth
bass. and round goby. Scheduled collections of these species of fish. as well as sampling during fish
kills and active outbreaks of botulism in waterfowl have or will be taking place. Standard necropsies
are being performed on all fish sampled including skin scrape. gill clip, and bacteriological culture of
the kidney. Tissue samples that are being archived for PCR assay of the type E botulinum toxin gene
include liver. blood. and intestinal contents. Those samples that test positive for C, botuIinum also will
be assayed for toxin by the traditional mouse bioassay and the number of bacteria present will be
enumerated by quantitative PCR, We hope ta better understand the circumstances under which fish-
eating birds can become intoxicated with type E botulism &om eating live or moribund fish.
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17. Mucus adhesion of bacteria isolated from intestinal tract of carp, Cyprinus curpio
Aki Namba*, Nobuhiro Mano. and Haruo Sugita

Department of Marine Science and Resources. Nihon University Kameino I S66, Fujisawa. Kanagawa 252-
8510. Japan ~33.iQ
 in O,anbisunihdpn-uris.

Although adhesion to the intestinal mucosa is in general regarded as the prerequisite for colonization.
growth and pathogenicity of microorganisms. little is known about the significance in fish, Therefore.
in this study, intestinal bacteria isolated from carp  Cyprinus carpio! werc examined for their abilities
to adhere to fish mucus. A total of 400 bacteria werc isolated fiom the content and wall surface of
carp's intestines. Mucus was coflected from carp and fixed on wells of a 96-well microplate. Bacterial
suspension was added into each well and washed with PBS. After then. bacteria adhered to inucus was
assessed by a colorimetric assay using WST-I. In addition. the partial iragments of amplified 16S
rDNA from 62 bacterial isolates, which showed high abilities to adhere to fish mucus, were sequenced
and their phylogenetic positions were analyzed. As a result, they were classified into six taxa,
inc]uding Aeronionas veronii, A. hi drophila, Citrobacter jreundii, rtcinerobacrerj unii, Pleeioinonas
shigelloides. and Pseadomonas gingeri. Of these bacteria, A. veronii and A. hidrophila were major
species.

I8. Screening of tuna's microbiota captured in different fishing grounds  Pacific, Indian and
Atlantic oceans!

Pablo Kego. Carmen S, Gal lardo, Teresa M. Sanchez. Belen Araujo. and Luis A. Rodriguez"
Facultad de Ciencias, Campus Onrensc. Universidad de Vigo, Dpto, Biologia Funcional y Cicncias dc la
Saiud. Facuilad da C as. As Sudoas s/u. Ourausc 32003. Spain ~l ~ i ~cz uci o.-

The sea fish has own microorganisms that are innocuous for human. however inadequate elaboration
process can introduce exogenous microorgamsms who became this product in a risk for the consumer
health. The security of fishing products depends on the present pathogenic agents in the fish just
captured, due to the presence of pathogenic microorganisms present in the aquatic ecosystem. based on
coastal containination or manipulation during the processing by the workers and means. The aquatic
environment is then one of the important factors that influence in the type of microbiota that is
developed in the fish, Parameters like water temperature. mineral concentration and own fish influence
in the type of microorganisms present in the fish. In this study we tried to compare microbiota present
in variety tuna fish captured in different zones. For it, the percentage of different microorganisms in
tunas captured in fisheries has been detenninated from the Pacific. Indian and Atlantic oceans. The
transport of the samples was made at freezing tnnperature. and once in the laboratory the> stayed to
room temperature before analitical assay. Aller defrosting, the analysis was made following official
methods of microbiological analyses.
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19. Effect of lactic acid and the supernatants from different lactic-acid bacteria strains against
Vibrio strain

Ariana Pombar, Maria J. Perez, Jose A. Gonzalez. Francisco J. Garcia. and Luis A. Rodriguez*
Facultad de Cieucias, Campus Oureuse. Vniversidad de Vigo. Dpto. Bielogia Fuucional y Cieucias de la
Salud, Facultadde Ciencias. As Laguas s/u, Ourense 32004. Spain I;d~o~ez~i usiae.es

In the present worl, the effect of lactic acid and the supernatants from different lactic-acid bacteria
against an isolate of Vibrio sp. pathogenic for turbot larvae was studied. Different lactic acid
concentrations werc added to microcosms of sterile marine water containing 10' CFU/mL of Vibrio
strain. maintained during 72 h at 22'C. Aliquots were taken from different microcosms at regular
intervals � h, 24 h, 48 h and 72 h! spread onto marine agar plates and incubated at 22'C for 24 h. The
supematants of lactic-acid bacteria were obtained aller centri fugation of 10 CFU/mL and 10' CFU/mL
at 2500 rpm durirIg 5 minutes, The filtered supernatants obtained were added to each microcosm,
maintained during 72 h at 22'C. Aliquots were taken from different microcosms at different intervals
time� h. 24 h,48 h and 72 h! spread onto marine agar plates and incubated at 22'C for 24h,

20. Interaction between dllferent populations of lactic-acid bacteria and typical virulent Vibrio
strain

Ariana Pombar. Maria J. Perez, Carmen S. Gallardo, Francisco J. Garcia. and Luis A. Rodriguez"
Facultad de Cieucias, Campus Ourease, Universidad de Vigo. Dpto. Biologia Funcional y Ciencias de la
Salud. Facidtad de Cieucias. As Lagoas s/u. Oureuse 32004, Spam,! el<>p<:~ o us~io.es

In the present work the interaction between a pathogenic strain of Vibrio sp, isolated from turbot larvae
and different stocks from lactic-acid bacteria were evaluated. The experiment was carried out using six
different lactic-acid bacteria strains against Vibrio strain in microcosm  sterile marine water!. A
concentration of 10 CFU/mL lactic-acid bacteria and 10 CFII/mL Vibrio sp. were used. Another
concentration of 10" CFU/mL lactic-acid bacteria and 10 CFU/mL of Vibrio sp. were used in order to
compare the possible effect between populations. Aliquots from microcosms were taken at regular
intervals � h, 24 h, 48 h and 72 h! and spread onto MRS plates for lactic-acid bacteria and marine agar
for Vibrio strain. MRS plates were incubated at 28'C during 48 h and marine agar plates were
incubated at 22'C during 24 h. Control microcosms werc performed with only one strain in sterile
marine water in the same incubation conditions. In the microcosm with a concentration 10" CFU/inL of
lactic-acid bacteria and 10' CFII/ml. of Vibrio sp.. was observed an independent behaviour between
microorganisms. similar to the control tubes. The Vibrio strain was not inhibited by the presence of
lactic-acid bacteria. When the microcosm used with a concentration of 10" CFU/mL of lactic acid
bacteria and 10' CFU/mL of Vibrio sp., was observed an exponential growth of the pathogenic strain
during the first 24 h. that does not agree with the behaviour of Vibrio sp of the control tube. The lactic-
acid bacteria strains were not affected by the pathogenic strain. and its behaviour was similar to those
control tubes obtained in.
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21. Cloning and characterization of a phospholipasc gene of Pasteure8a piscicida: this enzyme
shows hemolytic activity

Hiroaki Naka. Ikuo Hirono* and Takashi Aoki
Laboratory of Genetics and Biochemistry, Department of Aquatic Riosciences. Tokyo University of
Fisheries. Konaa 4-5-7, Miiiato-kiL Tokyo 108-8477. Japan b uouo a iok o-u-gsh.oc.' i

Pasteurellosis, caused by Pasleurella piscicida is a serious bacterial disease affecting yellowtail
Seriola quinqueradiara aquaculture in Japan, It also results to high losses in economically important
cultured marine fishes in the U.S.A. and Europe. P. piscicida virulence is presently little understood. It
is implicated that P. piscicida extracelluar product  ECP! was strongly toxic to fish. and ali the ECP
samples examined have notable phosholipase activity. Phospholipase is reported as a virulence factor
in several pathogenic bacteria. We cloned the P. piscicida phospholipase gene by screening a genomic
cosmid library using egg-yolk agar. Sequence analysis of this clone showed that the open reading
frame of P. piscicidu phospholipase is composed of 1.218 bp and 405 amino acid residues.
Comparison of the amino acid sequence of P. piscicida phospholipase gene with that of other bacteria
revealed high homology with the phospholipase or hemolysin of Vibrio species. The molecuiar size of
P. piscicida phospholipase is approximately 46 kDa, based on SDS-PAGE analysis. Blood agar assay
of the concentrated supernatant of E. cali transformed with P, piscicida phospholipase showed that P.
piscicida phospholipase could directly degrade fish erythrocyte phosphoiipid, and indirectly degrade
mammalian erythrocyte phospholipid depending on the addition of lecithin. The single gene knock-out
of this gene did not show phospholipase and hemolytic activity. and we suggest that this is the gene
which shows phospholipase and hemolytic activity in P. piscicida.

22. PCR detection of Pseudamonas anguilNsepiica from winter disease outbreaks in sea bream
Mar BIanco'*. Alicia Gibello', Marisa Arias, Montserrat Agiiero . Lucas Dominguez' and Jose F,
Fernandez-Garayzabal'

'Departamento de Sanidad Animal, Facuttad de Vetenuaria. UCM. Avda. Puerta de Hierro s%%d .2804 0
Madrid. Spain inmbianeo ii vet.uem.es
Ceiitro de lnvestigacion en Sanidad Animal, Carretera de Valdeolmos a El Casar s/n. 28130 Vaideolmos.

Madrid. Spain;~rig~i<i iuia. us

Pseudomonas anguilliseprica is an emerging fish pathogen that has gained clinical significance for
being responsible of mortality outbreaks in different fish species. Recent microbiological studies have
associated infection by P, anguiIIiseptica to the etiology of winter disease  WD! in sea bream. WD is a
multifactorial syndrome associated with the nutritional and immune status of fish and stressful
enviroiunental conditions. During the last years, several WD outbreaks in sea bream have been
reported in different marine fishfarms of the Mediterranean area, The severe mortality that can be
observed during the WD outbreaks, together with the fact that sea bream is one of the main sea
cultured non-salmonid fish species, make P. angui/Iiseptica a fish pathogen of emerging clinical
significance. The diagnosis of P. anguilliseprica infections is made difficult by the slow growth rate
and weak reactivity in most biochemical tests of this microorganism. The detection and identification
of fastidious microorganisms, like P. anguillisepiica, can be significantly improved by using molecular
techniques. A PCR-based detection system for Pseudomonas angniIIiseprica was developed based on
primers designed to amplify a fragment of one variable region of the 16S rRNA, The primer
combination PAF-PAR gave a unique and specific amplification product of 439 bp at an annealing
temperature of 46'C with all the P. anguiIIiseptica isolates and strains  n=56! but no amplification
products were observed with any other Pseudomonas species or phylogenetically related bacteria
tested. The PCR assay had a detection limit of i 70 to 200 cells per PCR tube, which was improved 8-
fold when the PCR amplification product was used as a nonradioactive probe in blotting hybridization
experiments. The PCR assay allowed the specific and reliable detection of P, anguilliseprica within 8
h. compared with up to 10 days required for its isolation and further characterization by conventional
inicrobiological approaches.
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23. Evaluation of API Staph for identiflcation of different species of genus Sraphylococcas isolated
from diseased rainbow trout

Carmen S. Gallardo*, Belen Araujo, Teresa M. Sanchez, Ariana Pombar. and Luis A, Rodriguez
Facultad de Ciencias. Campus Ourense. tlniversidad de Vigo. Dpto. Biologia Fnncional y Ciencias de la
Salud. As Lagoas s/n, Ourense 32004, Spain. 1 1

S/aphJ'lococcus spp. have been isolated lrom aquarium water and have been found in aquaculture pond
water in Africa. S/aphyiococcus aurens and Staph>.lococcus epiderrrridis cause staphylococcosis in
fish. In Spain the authors report the first isolation of Staph> lococcrrs u aimeri from diseased rainbow
trout. S/aphylococcus uanzeri is usiially found on human skin in very small populations. It ma> be
associated with a variety of human infections, such as septicemia. endocarditis, conjunctivitis and
urinary tract and wound mfections, ln the present study we have compared the accuracies of
commercially available identification system  API Staph,. Biomerieux. Spain! with those conventional
reference biochemical tests for the identification of members of Genus S/aphylococcus incubated at
22'C and 37'C.

24. Survival of virulent and aviruleut Hafnia alvei strains in fresh water microeosms
Carmen S. Gallardo", Jose A. Gonzalez'. Ariana Pombar'. Fernando Real, and Luis A. Rodriguez'

Facnltad de Ciencias. Campus Ourense. Universidad de Vigo. Dpto, Biologia Funcional y Ciencias de la
Salud. As Lagoas s/n, Onrense 32004, Spain. 1al~ocz'ri u~i~o.cs
'Facnliad de Veterinaria. Universidad de Las Palmas de Gran Canaria. Dpio. Patologia Animal, Arncas
35416, Las Palmas de Gran Canaria, Spain.

Hafnia alvei has been reported to cause epizootic haemorrhagic septicaemia in rainbow trout. brown
trout and causative agent of kidney pathology in cherry salmon. Hafnia alvei is a normal habitant of
surface water and soil. The influence of different environmental factors  temperature and presence of
sediment! on the survival of three strains of Hafrria ahei was studied according to laboratory desings.
Two Hafnia alvei virulent strains. isolated from diferent sources  XI and OR-1!, and one avirulent
strain ATTCC 13337 were used. The ability of these fish pathogenic bacteria to survive in fresh water
was studied in laboratory microcosms at 11 C and 22"C in presence and absence of two typical fresh
water sediments  sewage and sandy ground!. The microcosm were prepared in flask containing 100
mL of natural fresh water and inoculated to an initial concentration of approximately 10' bacteria/mL.
This bacteria were enumerated using selective medium  Salmonella Shigella, agar! and general
medium  TSA, agar! normal and ten fold diluted. The influence of temperature was clear being the
viability greater at 11'C than at 22'C, The presence of sediment in thc microcosm signiflicantly
enhanced the survival of the examined bacteria compared to the microcosms containing only water,



25, Hydrophobicity assays using virulent and avirulent Hafnia alver' strains
Carmen S, Gallardo'*, Teresa M Sanchez', Jose A. Gonzalez'. Fernando Real and t.uis A.
Rodriguez'
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Hajnia atvei isolates were evaluated for their relative ceil surface hydrophobicity by the soli
aggregation test  SAT!. 25 virulent and avirulent Hafnia ajvei strains were routinely cultured on
tripticase soy agar at 37 C and 22"C for 72 h. The bacteria were washed and suspended in sodium
phosphate buffer  pH=6.8! and centrifugated a 4000 r,p.m, during 20 min. The pellets obtained werc
resuspended in sodium phosphate buffer until optical density of the suspension was adjusted to 1.0 at
610 nm. An aliquot of 30iiL of this suspension was mixed with an equal volume of differents
concentrations �.05- 4 M! of ammonium sulphate  ~!.SO< on glass slides and rotated for 2 min at
room temperature. The SAT value was defined as the lowest molarity of  NH4!.SO, that caused a
visible agglutination of the test organism.

26. Siderochrome production by virulent and aviruleni strains of Hafnia alvei
Carmen S. Gallardo'*, Aldara R. Gal!ego'. Francisco J. Garcia', Fernando Real, and Luis A.
Rodriguez'

Facultad de Ciencias, Campus Ourense. Uiuversidad de Vigo, Dpto, Biologia Funcional y Ciencias de la
Salud. As Lagoas sfu, Ourense 32004, Spain. 1aligixi'a uv~io.es
Facultad de Veterinaria. Universidad de Las Palrnas de Gran Cauaria. Dpto. Patologia Animal. Arucas

35416, Las Palmas de Gran Canarla, Spain.

The role of Hafm'a ajvei as an environmental bacterium has been reported many times. H. aIvei is a
normal inhabitant of surface water and soil. And this organism has generally been considered an
opportunistic pathogen occurring with other predisposing factors and recently has been reported to
cause haemorrhagic septicaemia in brown trout. The availability of iron has been shown to be an
important factor in the pathogenicity of microorganisms associated with fish diseases, The aim of the
present work was to evaluate the possible relationship between siderochromes production with virulent
and avirulent Hafnia alvei strains. Twenty-five Hafnia alvei strains isolated from different sources and
reference strains were examined. The production of siderochromes was determined by chemical
method of Schwyn and Neilands �987!. '1'he medium MM9 augmented with Chromeazuroi S  Sigma!
and hexadecyltrimctylammonium bromide  HDTMA, Sigma! was used.
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27. Effect of mainteinance at refrigerated temperatures of Hafnia alvei strains on their biochemical
profiles

Carmen S. Gallardo'*, Pablo Rego, Dario G. Corbillon, Fernando Real, and Luis A. Rodriguez'
' Facultad de Cieucias, Campus Ourense. Uuiversidad de Vigo. Dpio. Biologia Fuucioual y Cicncias de la
Salud. As Laguas s/u. Oureuse 32004. Spain I.i! iipez ri iri j~ o,cs
Facut tad de Veterinaria. Universidad de Las Paimas de Gran Cauaria. Dpto. Patotogia Auimak Arucas

35416, Las Palmas de Gran Caiiaria, Spain.

Hofnia a1vei is an environmental bacterium that has showed to be an opportunistic pathogen in fish.
causing kidney pathology in cherry salmon and septicemia in brown trout where typical fresh water
temperature is arround 11'C, The aim of the present study was to evaluate the influence of this low
temperature �1C! in a typical mesophylic bacterium in terms of feasible changes on biocheinica1
profiles of Hafnia ahei. Twenty-five typical and atypical Hafnia a/vei strains isolated from difTerent
sources and reference strains were selected for testing. Strains were incubated at ] 1'C using TSA with
5'/o fish blood during one month in order to simulate the natural conditions of these bacteria inside fish.
The following biochemical test were performed: methyl red, Voges Proskauer reaction, indole
production. mtrate reduction, Citrate Simmons utilization, hydrogen sulphide production. gelatinase
production. acid production from glucose, sucrose. rhamnose, arabinose, melibiose, sorbitol, mannitol.
inositol, arginine dihidrolase production. Iysine and ornitine decarboxylase production.

28. Hafnia aivei: determination of time and temperature correlation when using API 20E
Carmen S. Gallardo'*. Teresa M. Sanchez'. Fernando Real . Ariana Pombar, and Luis A. Rodriguez'

Faculiad de Cieucias. Caiupus Oureuse. Uuiversidad de Vigu. Dpto. Biologia Fuuciuual y Ciencias de la
Salud. As Lagoas s/u, Oureuse 32004, Spain. Ia! u iet r'" ui i au, cs
Facuttad de Veterinaria, Universidad de Las Palrnas de Gran Cauaria, Dpto. Patologia Animal. Arucas

35416. Las Palmas de Gran Canaria. Spain.

Hafnia a/vei as an opportunistic pathogen causing mortality in brown trout. septicaemia in rainbow
trout and kidney pathology in cherry salmon and usually surviving for long in different environmental
sources as water. soil or mud. With the expansion of aquaculture there has been an increasing interest
in reducing time required for the identification of microorganisms associated with fish diseases, The
API 20E is currently one of the most used miniaturized systems of rapid diagnosis of bacterial fish
diseases. Different researchers used different times and temperatures with different results. The aim of
this study was to determine the most suitable time and temperature for diagnosing Hafnia ulvei. We
have collected virulent and avirulent Hafnia aivei strains from different sources and reference strains
from culture collections. All strains were subcultured on +antone soy agar  TSA! at 11'C and 22'C,
The API 20E system was run on 24- to 72-hour cultures depending upon rate of growth. Incubations
were performed at 11'C and 22'C for 48 and 72 hours. We concluded that some strains of Hafniri aIvei
are misidentified.
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29, Early events of the infection of Piscirickettsia salmonis of CHSE-214 cells by confocal
microscopy
Jorge Contreras. Julio Larenas, Claudia Venegas, Paula Vera. Alvaro Guajardo and Pedro Smith*

Faculty of Veterinary Sciences, University of Chile, Santiago, Chile, Casilla 2 Correo 15 Sautiago, Chile

The aim of the present work was to document thc inf'ection process of P, sttlmonis in CHSE-214 cells
by confocal microscopy. The SLGO-95 strain of P. saIrnonis was used to infect monolayers of cells
grown in round coverslips. Observation was performed at the following post inoculation times  pi!:
5min, 10min. 15min. 30min. lh. 3h. 6h. 12h and 24h. P. salmonis was visualized using two methods.
One of them was fixing the microscopical preparations and labelling the bacteria by means of an lFAT
using monoclonal antibodies. The other method consisted of labelling the bacteria with a vital
fluorescent dye in order to observe in vino the fate of P. salmonis in the CHSE-214 celi monolayers,
The membranes of the eucaryotic cells were labelled with another fluorescent probe. with a different
wavelength absorption and emission spectrum, in order to facilitate the bacteria location on the live
fluorescent specimens. Results showed that P. sairnonis was found attached to the plasma membrane as
early as 5min pi. The microorganisms remained on the cell surface from 5 to 30min pi. At 1 and 3h pi
the bacteria could be observed on the cell surface and/or embedded in the plasma membranes. Finally.
from 6h and longer pi times �2 and 24h! P, sa/monis was found inside the cytoplasm of the cells.
According to the results it seems that the early infectivity events of P. sabnonis in CHSE-214 cells
involve a fast attachment step  < Smin pi! and a further cell penetration through the plasma membrane
which occurs mainly between 3 and 6h pi. Financed by Fondecyt grants 1010544 and 1000788.

30. Vertical transmission of Piscirickertsia salmonis and a study of the mode of entrance into the
ovuln

Juho Larenas'. Oscar Troncoso, Humberlo Ledezma, Soledad Femandez. Nieves Sandoval, Paula
Vera. Jorge Contreras. and Pedro Smith»

Author for correspondence. j]~reams'. iuch Il~.ci. Departarueoro de Par ologia Animal, Facultad de Cieocias
Veterioarias. Urriversidad de Chile, Casilla 2 Correo 15. Chile

Piscirickettsia salmonis is a pathogenic rickettsial agent causing septicaemic disease in salmon that
was firs isolated in Chile in 1989, where it has since produced high mortality rates in salmon farms.
Little information exists regarding the mechanisms of vertical transmission of this pathogen.
Experimental vertical transmission was established in the present study by inoculation of male and
female breeders with Piscirickettsia saimonis. P. saimonis was detected using indirect
immunofluorescence in semen and celomic fluid of the majority of' inoculated breeders �4/15!, Fry
infection occurred when either both or only one parent was inoculated, although none of the infected
fry presented symptoms of the disease. Positive progeny were also obtained through fertilization of a
group of ova proceeding from non-inoculated females in a medium containing a rickettsial suspension.
demonstrating transmission during the process of fertilization. A group of ova infected in vitro were
studied at different times by scanning electron microscopy. showing that the rickettsia attaches to the
ova by means of membrane extensions similar to multiple podosomes. structures which we have called
Piscirickettsial Attachment Complex  PAC! and which would allow later penetration into the ovum.
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31, Infectivity study of PisecriekerCsia saimoccc's in CHSE-214 cells by immttnogold and standard
transmission electron microscopy

Pedro Smith*, Felipe Reveco, Jorge Contreras. Julio Larenas. Paula Vera and Alvaro Guajardo
Faculty of Veterinary Sciences, Vuiversity of Chile, Santiago, Chile CasiHa 2 Correo 15 Santiago, Chile
i s ninth: '

The purpose of this work was to observe the early events of the infection process of P. sabnonis on
CHSE-214 cells by standard electron microscopy  TEM! and immunogold. The SI.GO-95 strain of P.
salmonis was used. The bacteria were grown in monolayers of CHSE-214 cells as described by Fryer
et al. �990!. Inocula were prepared from spent supernatants which were filtered �'! to remove
clumps and the nondisrupted CHSE-214 cells. The bacteria were used to infect monolayers of CHSE-
214 cells grown in 25 cm flasks, Standard procedures were used for TEM. For the immunogold. a
polyclonal antibody was used as the first antibody  Lannan and Fryer. 1994! and a commercial gold
�0nm! labelled antibody as the second one. Observation was performed at the following post
inoculation times  pi!: 15min, lb. 4h, 6h, 24 h. 45 h and 7 days. At 15 min, lh and 4h pi no bacteria
could be found inside the cytoplasm of the CHSE-214 cells, At 15 min pi a number of rounded empty
structures. only made up of a membrane and similar in size to P, sahnonis. were found outside but
close to the plasma membrane of the cells. At 4 h pi P. salmonis was observed very close to the plasma
membrane. Finally, from 6h and longerpi times �4 and 45 h and 7 days! P. saiinonis was found inside
the cytoplasm of the cells. These results are similar to those obtained in another study of the same kind
but which used confocal microscopy, Financed bv Fondecyt grants 1010544 and 1000788.

32. Experimental infection of coho salmon  Oncorhynchccs kiscctch! exposing tbe surface of skin, gills
and intestine with Piscircchelrsicc scclmocccs

Pedro Smith*, Daniel Estay, Julio Larenas. Jorge Conn'eras. Paula Vera. Maria E. Rojas and
Alvaro Guajardo

Faculty of Veterinary Sciences, Uuiversity of Chile, Santiago, Chile Casilla 2 CoiTeo 15 Santiago. Chile,
psniilh 'ii uchi le.cl
In a previous work it was determined that skin and gills. and primarily the former. were the main
routes of entry of Piscirickeccsia saimonLr in rainbow trout  O. mykiss!  Smith et al., 1999!. In order to
get further information on piscirickettsiosis pathogenesis. some tissues were tested as entry portals of
P. saimonis in coho salmon. Juvenile fish  n = 150!. weighting 10 g. were used in this trial, Inocula
were prepared using the strain SLGO-95 of P. salcnonis. The microorganism was cultured in the
CHSE-214 ceH line as it has been previously described by Fryer et al. �990! and three doses
containing 10'. 10 and 10' TCIDqq, were prepared. Each dose was used to infect the fish in the surface
of the skin, gills and intestine. Skin and gills were exposed by a drop. and the intestine by an intubation
through the anal opening. AAer exposure fish were held by 30 min immersed in minimal essential
medium. In addition some fish were injected intreperitoneally with the same P. salrnonis doses, as
positive virulence controls. Appropriate negative controls were also included. Piscirickettsiosis was
experimentally reproduced with all the inoculation methods employed herein. There was a dose-
response pattern en every case. Cumulative mortalities and survival analyses showed that the most
effective way of entrance was skin followed by intestinal intubation and finally by gill infection. In
previous studies in rainbow trout. gill exposure resulted in higher mortalities than the ones obtained by
intestinal intubation, but in both sahnonid species the skin proved to be the most efficient way of
entrance of P. salmonis. Financed by grants Fondecyt 1010544 and 1000788.
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33. Characterization of a piscirickettsiosis-like disease in Hawaiian tilapia
Michael J. Mauel*, Debra L. Miller, Kendall Frazier, Alan Liggett, and Eloise Styer

Veterinary Diagnostic and Investigational Laboratory. College of Veterinary Medicine. The University of
Georgia

Early in the 1990s tilapia in flawaii, USA. started showing signs of a disease syndrome similar to
piscirickettsiosis. caused by Pisciriciiettsia sabnonis, an obligate intracellular bacterial pathogen of
salmonids, Infected tilapia often swim erraticallv. appear to have trouble staying at depth, have
occasional cutaneous hemorrhages in the skin and regularly have exophthalmia. But frequently the first
sign of disease is death, The gills show epithelial hyperplasia, with some severe consolidation of
secondary lamellae. Multiple white granuhnnas are observed in the gills and tissues. The
piscirickettsiaosis-like syndrome does not form ring shaped lesions in the liver as seen with P.
salmonis infections and the agent is active at temperatures higher than P..~a mani s. The organisms are
inconsistently visualized with Giemsa and Warthen Starry stain, but stain svell with Lillie Twort stain,
In blood smears moderate to large numbers of intracellular bacteria are noted with rare circulating
monocytes. Some predilection for nervous tissue including peripheral nerves, spinal cord and brain is
observed in histological sections. In TEM pleomorphic bacterial organisms, generally coccoid in
shape. 0.4 � 0.67 x 0.5 � 0.89 !im, are observed free in the cytoplasm and within phagolysosomes, The
organisms have a double cell wall with no defined nucleus and variable electron dense and electron
lucent areas.

34. Investigation of fish to fish variation in oxolinic acid coacentratiotts in commercially farmed ftsb
and laboratory held fish following conimercial oral therapy

Rosie Coyne'*. Ole Samuelsen', Oivind Bergh'. kleidi Kongshaug', Audun Haylandskja:r, Bjarn Tore
Lunestad, and Pete Smith'

Institute of Marine Research, Division of Aquaculture. P.O. Box 1870 Nordocs. N-5817 Bergen. Norway.
ros«raa>i.covac ci iou.ac' ol«.samacjs«o r>'imr.n > oh ind.h«rah iiimi.ao h«idkkoa«shag ~ ct'imr.ao
Directorate of Fisheries, Institute of Nutrition, Sirandgaiea 229. 5804 Bergen

h'ora.iuaesiad'~r ouir.giske>idir.ao
'Fish Disease Group. Department of Microbiology, National Universitv of Ireland. Galway. Galway, Ireland
p!«ter. snihh'  'n<ii<'ahvav.i«: l i sa.parse]1 q iiuig>air~�a~~.i c
'Deparlroent of Pharmacology, University of Bergen. Bergen

In the context of antimicrobial therapy in commercial fish farms, the predictions of the probable
outcomes of the antimicrobial therapies are made through comparisons of the susceptibility of.
pathogenic bacteria  MIC! with the concentration of antimicrobial agent concentrations  plasma Cmax!
that can be achieved in the host. The majority of published pharmacokinetic studies have not studiixl
multiple dose oral administrations by natural feeding. Even when this commercially rein, ant inethod of
administration has been employed. the fish studied have frequently been small populations of healthy
fish held under laboratory conditions. In commercial farms. however. variahons in feeding rates
between individual fish and between healthy and infected fish may be predicted to contribute to a
significant heterogeneity of Cmax values in a treated population. In order to assess the extent of this
heterogeneity and the commercial relevance of mean plasma Cmax values generated in laboratory
based studies. paired laboratory and field studies were performed. Plasma oxolinic acid  OXA!
concentrations were determined in large samples of fish collected during administration of this agent in
two independent commercial fish farms. Two laboratory studies were designed to replicate these field
studies with respect to species, temperature, salinity. dose and administration method. Data on mean
plasma OXA concentrations and its variance were obtained under farming conditions from apparently
healthy rainbow trout  n = 20! and Atlantic salmon  n � 18! in seawater farmed a'. approx. 12 C and
6'C, respectively. These are compared to similar data from health> rainbow trout and Atlantic salmon
held under laboratory conditions.
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35, ln viiro metabolic profiles to characterize aud predict drug residues in aquacultured finfish
Jaime F. Gonzalez'*. Renate Reimschuessel, Badar Shaikh . and Andrew S. Kane'

Aquatic Pathobiology Center, University of Maryland, Department of Veterinary Medicine. 8075
Gee adDei e,C 11eg P k,MD20742USAdG77' », »::l l. ua; ak aad n aau ~ kaaak,ada'
'Center for Veterinary Medicine � Food 4 Drug Adrniuistratioii Agency, Laurel. MD 20708 USA
rceiuksch'a ckn7eidaeauk; balk iith'u Cy Pi,i'da.uui

As infectious and parasitic diseases are major obstacles for aquaculture growth. there is a vital need to
expand the repertoire of therapeutic drugs for veterinary use in fish species. Compared with traditional
farm species, v~ few drugs are currently approved by the US FDA for use in aquaculture. In order to
facilitate the drug approval process for cultured fish species. it is desirable to establish species crop
groupings based on similar drug metabolic profiles and residue patterns between species. These factors
determine the appropriateness of therapeutic drugs used in aquacultured species destined for human
consumption. Studies of mammalian drug metabolism in vitro are predictive of the fate of particular
metabolic capacity. Our study investigates drug metabolism in iitro. in multiple fish species. and will
develop a model to predict drug residue patterns m edible tissues. Fish species evaluated in this study
include rainbow trout. Atlantic salmon, channel catfish, hybrid striped bass. tilapia. bluegill, yellow
perch and largeniouth bass. Both phase I  cytochrome P-450 dependent! and phase II  conjugation!
pathways of drug metabolism are being studied to evaluate differences or similarities in drug
metabolizing kinetics among species. The metabolic profiles determined in vitro will be compared with
data obtained from in vivo drug residue experiments. The likelihood of deriving species groupings will
be based on similarities or dissimilarities in biotransformation profiles between species.

36. Resistance to oxytetracycline in bacteria from salmon farming in Chile
Claudio D. Miranda'* and Raul Zemelman

'Laboratorio de Patobiotogia Acuatica. Departarneuto de Acuicultura, Uuiversidad Catolica det Norte, Casilla
117. Coquinibo. Chile cdiuirauii'4.uuk.u.cl
Laboratorio de Aniibioticos. Depaitamento de Microbiologia, Facultad de Ciencias Biologicas. Universidad

de Coucepciou. Casilla 152-C. Con cepcion. Chile

The use of oxytetracycline for preventing and controlling bacterial pathogens in salmon farming is a
&equent practice in Chile. In this work the frequency of oxytetracyclinc-resistant bacteria from water.
pelletized feed and fingerlings from four Chilean freshwater Atlantic salmon farms, as well as the level
of resistance of selected strains was investigated. High proportions of low- and high-level
oxyteb'acycline resistant bacteria  selected in agar plates containing 30 !ig/ml and 100 !ig/ml,
respectively!. mainly from pelletized feed and effluent samples of the fish farms were found. The
highest proportions of resistant bacteria were found in the effluent samples, and were significantly
higher  P�.05, Tukey's test! than those from the other samples studied. On the contrary, influent
samples exhibited the lowest proportions of resistant bacteria. One-hundred and three resistant Gram-
negative isolates, which represented the oxytetracycline-resistant bacterial populations. were isolated.
A large number Of nOn-fermenting baCteria �7.7D242! Were identified. PSeudOrnOnaS fluOrescens
�8.2/dk!. Aerontonas hydrophila  9.7'/D!. Stenotrophomonas maltophilia �.8'ID!. Sphingomonas
paucimobilis �.8 lo!, Acinetobacter leo+i �.8/o!. and Pseudomonas putlda �.8'JD! were the most
&equent. P. fluorescens and A. hydrophila prcdoniinatcd in salmon fingcrlings. whereas A, /wo+i and
S. niultophilia were predominant in pellet samples. Selected strains exhibited high levels of
oxytetracycline resistance. with minimum inhibitory concentrations  MICs! ranging &om 64 to 2048
!ig/ml, whereas MIC~ of oxytetracycline for each farm variixl between 1024 !ig/ml and 2048 pg/mk
The high incidence of oxytetracycline resistant bacteria in Chilean salinon farms e an
important risk to public health for workers involved in fish culturing and processing,.
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37. Metotnidate anaesthesia in turbot

Magne K.. Hansen *, Ulf Nymoen, and Tor E. Horsbc~
Norwegian School of Veterinary Science. Department of Pharmacology, PO Box 8156 Dcp N-0033 Oslo.
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Norwegian School of Veterinary Science, Department of Pharmacology, PO Box 8156 Dep N-0033 Oslo.
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'Norwegian School of Veterinary Science, Department of Pharmacology. PO Box 8156 Dep N-0033 Oslo,
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Metomidate is a hypnotic agent with a large therapeutic range used in marine fish species. We have
studied pharmacology of metomidate in turbot following intravenous. oral and bath administration,
Estimates of elimination half-fife, volume of distribution, clearance. bioavailability, and induction- and
recovery times are presented. Anacsthetizing/immobilizing fish is usually performed as a hath
treatment. In free-swimming fish  large aquariums!, the capturing/netting for handling procedures,
including anaesthesia. often impose stress and damage to the fish. Further studies are noded to explore
the possibility of using oral administration of metomidate to anaesthetize/immobilize/calm fish.

38. Effectiveness of comniercial disinfectants against typical bacterial fish pathogens
Teresa M Sanchez. Pedro Araujo, Carmen S.  ra! lardo. Pablo Rego. and Luis A. Rodriguez'

Facultad de Ciencias. Catnpus Ourense. Universidad de Vigo. Dpto. Biologia Funcional y Cicncias de la
Salud, Facultad de Ciencias. As Lagoas s/n, Oorense 32004, Spain. 1 1

Sanitary conditions aud biosecurity are essential in combating and preventing fish diseases. With the
rapid increase in intensive aquaculture, the application of disinfectants has also increased. Entry and
growth of pathogens into the fish must be minimized through use of disinfectants in water. tanks.
equipment, or m the owner fish. The effects of typical aquaculture disinfectants are indicated at all
types of infectious agents  bacteria, fungi, viruses and protozoa!. It is quite difficult to find disinfectant
treatment against a specific microorganism. The disinfectant must come into direct contact with the
organism. It is important that surfaces be clean of organic matter before disinfection. This is best done
by physically cleaning the surfaces with soap and water prior to using the disinfectant. 'I'he choice of
disinfectant is affected by not only cost but also by efticacy. speed of action and other hazard related
concerns. The aim of the present work was to evaluate the effectivity ol different commercial
aquaculture disinfectants against typical bacteria fish pathogens. Vibrio p., Staph~~iococeus warneri,
Hafnia a1vei Aeromonas hydrophila, Aeroinonas salmonicida, and Versinia racieri were used. The
evaluation was realized with a qualitative verification of the inhibiting effect by means of a method of
diftusion in agar  DRA WERT, 1982!. a quantitative determination based on the Minimum Inhibitory
Concentrations  CMI!  BECK ET al., 1977; BORNEFF ET al., 1981!. and the determination of the
lethal effect by a method of suspension  BECK ET al.. 1977: BORNEFF ET al,. 1981: German
Agricultural Association. 1983!.
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39, Lesions of estuarine fish in Florida: are they caused by the same pathogen?
Emilio R. Sosa", Jan H. Landsberg'. R. Wayne Litaker . and Ann 8. Forstchen'
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The occurrence of ulcerative mycosis  UM! in fish along the eastern seaboard of the United States has
been weff documented, ln Florida, the appearance of lesions in estuarine fish has been reported since
the 1970's. These skin lesions are generally bloody in appearance. have raised irregular margins, and
usually have deeply penetrating fungal hyphae in the surrounding muscle tissue. The most commonly
affected species of estuarine fish are striped muffet  Magii cephaiits! and silver mullet  Mitgi! curetna!,
The majority of these lesions seem to occur in areas of lower salinity or in estuaries that commonlv
experience heavy freshwater inIIux. Lesioned fish were collected from three different areas in Florida
and examined histopathologically and in fresh squash preparations for the presence of fungal hyphae,
The fungal pathogen, Aphanomrces invadans, was isolated and identified by PCR analysis from
lesioned American shad  Alosa sapidr'ssirna! collected in the St. Johns River. Other fungal isolates
have been obtained from lesioned fish in the St. Lucie and Caloosahatchee Rivers. All isolations were
performed using a glucose-peptone growth medium and all incubations were maintained at 22" C.
Sporulation was achieved by transferring the isolates from freshwater to a salinity of I psu using
previously described methods. Secondary zoospores were noted affer 24 hours and continued to
produce for four days at room temperature. PCR analysis is being used to determine if the fungal
isolates obtained from the St, Lucie and Caloosahatchee Rivers are also ApiranomJ ces invadans.

40. Mixed iafectioii of fungal disease in snakehead, Channu stnatus  Bloch! in Thailartd
Panarat Phadee and Kishio Hatai*

Division of Fish Diseases. Nippon Vetermary and Animal Science University, 1-7-1 Kyo»an-cho,
Musashino, Tokyo 180-8602. Japan

In January, 2000. a single diseased snakehead, Channa striatus  Bloch! was found in a fish culture
pond in Thailand, Two species of fungus, Aphanomp.c:es piscicida and Achiya sp. were isolated from an
ulcer lesion on this fish. The lesions were mainly observed on the head, body surface, dorsal fin and
caudal fin. The fungal pathogens were identified based on their morphological and biological
characteristics. Mycotic granulomatosis was seen in histological sections of ulcerative lesions. The
pathogenicities of the two isolates were determined by artificial infection tests Goldfish  Carasirrs
artratus! were injected with A. piscicida. and platies  Xiphophorrta maculatus var.! were placed in a
cooled bath containing AchIya sp. These tests revealed that A. piscicida was highly pathogenic to
goldfish and Achlya sp, was moderately pathogenic to platies. These findings indicate that AchIya sp. is
an opportunistic pathogen that can become established in the presence of some other stressor. In
goldfish. but not in platies, granulomas with fungal hyphae formed in the muscle,
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41, Ulcerative mycosis, salinity, aiid grannloma formation in Florida Ash
Christy M. Stephenson* and Jan H, Landsberg

Aquatic Health Group, Florida Fish and Wildlife Conservation Conunission, Florida Marine Research
Institute, 100 3' Avenue SE. St.Petersburg FL 33701 christi,stg benson,'a 1'v,c.suneal.us;
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Ulcerative mycosis  UM! is a widespread disease problem iti estuarine fish along the eastern seaboard
of the United States. Aphanomyces is a fungus that has consistently been isolated from fish lesions and
is thought to be the primary pathogen in UM. Over 600 histological slides of various tissues &om fish
collected during UM events in Florida since 1980 were examined. Environmental data was also
correlated with UM presence, Skin, ulcer, and muscle tissue samples of Mttgi/ cephaltts, /I>/tungi/
citrema, Brevoortia tp>ranntts, Alosa sapidissima, C>'noscion regalt's, and A rchosargns probatocepha/us.
were included. Analysis of these slides and the correlative environmental data suggests that salinity
appears to play an important role in the tissue response of the fish to the fungal hyphae. Granuloma
development appeared to correspond to increasing salinity. Tissues Irom fish found in areas of higher
salinity  greater than 15 ppt! had more granulomas � walhng off of the hyphae in an attempt to destroy
them and to minimize hyphal penetration. However, fish from lower salinity areas �5 ppt or less! had
fewer granulomas with more free hyphae in the tissues. Since Aphanomvces is more Apically tolerant
of lower salinities. it is likely that under these conditions the fungus penetrates the tissues quickly
before the fish's immune system can mount a cellular granulomatous response. Water management
activities may have a significant influence on fish health in estuarine systems. where sudden salinity
decreases inay stress fish and allow for infection.

42. Sanitary/epizootic state of sturgeon fish plants  SFP! froin the Azov sea basiii
H.V. Shestakovskaya. T.V. Strigakova, A.A. Podzorova. and A.V. Kazarnikova

RosrubNIIproject ichihyopathological lab., Oborona st.. 49, Rosiov-on-Don, Russia, 3440008
1 arwniilioi;i 'r.' aaanenru

The main source and maintenance of sturgeon stocks in present conditions is the rearing of juveniles at
fish plants and commercial fish farms. For sturgeons being reared several infectious diseases  fungal,
bacterial. viral!. invasive  trichodiniosis, polypodioses etc.! and non-infectious  gill necroses. gas
vesicle disease, alimentarian! nature were described. In 2000-2001. infection of sturgeon by parasites
did not rise to an epizootically significant level. Therewith in literature described cases of diseases and
mortality of juvenile sturgeons caused by representatives of families Chilodonellidae. Trichodinidae.
and Diplostomidae. At some plants losses of caviar and juveniles were caused by the fungus
Saprolegnia  Saprolegnia parasitica, S. ferax. S. mtxta. etc.!. One hundred twenty-seven relatively
pathogenic cultures �0 species! were identified: 72 strains from water and 55 strains from
parenchymatous organs of sturgeons. Aeromonads were dominant in the spectrum of relatively
pathogeruc organisms. To define relatively pathogenic organisms we took some species of oxidase-
positive bacteria. which had been mentioned by several authors as agents accompanying infectious fish
diseases. and oxidase.negative bacteria from 3 genera: proteus. Cttobacter, and Enterobacter.
Bacterial cell counts for sturgeon juveniles from fish plants were 0.9 x 102-1.98 x 105 CFU/g and
oxidase-positive bacteria were 2.2 � 23.1/o from defined microflora.
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43. Parasitological and bacteriological fmdings in freshwater ornamental fish imported in Italy
Amedeo Manfrin'o. Momca Caffara . Federica Marcer . Daniela Florio', Silva Rubini'. Loris
Alborali', Mirco Volpin', and Maria L. Fioravanti
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From 1997 to 2001 a parasitological survey of 747 imported freshwater ornamental fish was carried
out. The fish were from Singapore �94 subjects!, Malaysia  82!, Sri Lanka �2!, Thailand �5!, China
�0!. Israel �5!, Hong Kong �3!, Colombia �0! and the Amazon �!. Parasites were detected in 406
�4.3 lo! out of 747 examined fish and the highest prevalence was found in fish from Malaysia
 90.2oo!. Israel �0'!o! and Singapore �6,1'/o!. The most frequent genera of parasites isolated were:
Myxobolus, Daclylogjras, Goussia and Cenrroces/us. The following genna werc observed with a
lower prevalence  <10'/o!: Gj:rodacrj'lus, Crjptobia, Trichodina. Chilodonella. Ichrhpobodo and
Ichrhj'ophthirius. Some Myxozoa. i.e. Thelohanelliis. Sphaerospora, Zschokkella, Mjxidinm and
Kudoa were occasionally found. Starting in 1999. bacteriological analysis on 334 imported ornamental
fishes and 31 samples of shipping water were also carried out. The most frequent bacteria isolated
were A eromonas hj drophila, Vibrio cholerae NAG  non 01!, Vibrio spp. and Shewanella
piarefaciens. Three water samples were positive for V. cholerae NAG  non Ol!, whereas all the
samples were negative for SaImonella spp. Furthermore. few samples of fish and water were positive
for Mjcobacteriiim spp. According to these preliminary results we could assume that the risk of
introducing non-indigenous parasites or bacterial diseases by means of the imported exotic freshwater
fish in Italy must be taken into consideration and the importance of carrying out further surveys in this
field must be stressed. This research was partially supported by grant Ministry of Health - IZSVE
06/99.

44. Health management for offshore aquaculture of red drum
D,H, Lewis 1* and Christopher I, Bridger2

'Department of Veterinary Pathobiology. College of Veterinary Medicine. Texas A&M
University, College Station, TX 77843-4467 dlewisQacvm.tamu.edu
College of Marine Sciences. The University of Southern Mississippi. 703 East Beach Drive,

Ocean Springs. MS 39566 chris.brid er a3usm.edu
The potential emergence of offshore aquaculture in the Gulf of Mexico presents new challenges tor
health management of finfish in a unique environment. In addition to the paradigm 'know your fish.
know your disease, know your treatment," consideration must be given to various stressors associated
with the unique production scenario. Factors to be considered in a long term health management plan
include: fish health education/training of fishery personnel, quality of brood stock and offspring.
nutrition. health examination  and status!of the fish at various production stages, periodic assessment
for stress indicators, resistance/immunity to well recognized pathogenic agents, and the impact of
production design on fish health considerations.
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45. SDS-PAGE and Western blot analysis of the Triactinomyxon spores, the cause of whirling
disease in salmonid fish

Hatem Soliman', Klaus Geissler', Rudolf W. HotTmann'. and Mansour El-Matbouli'*
Institute for Zoology, Pish Biology and Fish Diseases. University of Munich, Kaulbachsirassc 37. 80s39
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Considerable research is directed towards whirling disease because it is an economicallv devastating
parasitic disease of salmonid fish in Europe and USA. In this presentation. we will provide the
preliminary results of molecular studies on the triactinomyxon spores of hfphobojtih. h.erebraJis, the
cause of whirling disease. The soluble whole-cell protein profile of the triactinomyxon spores was
examined using sodium dodecyl sulphate- polyacrylamide gel electrophoresis  SDS-PAGE!. The
pattern was reproducible and polypeptides of various molecular weights were detected. Western blot
analysis was carried out to detect the antigenic proteins associated with the soluble protein of the
spores, A strong reaction was observed with specific antibodies against the parasite raised in rabbit.
Some antigenic polypeptides which were detected following western blotting did not appear in the
SDS-PAGE silver-stained gels indicating the superior sensitivity of the western blotting analysis.

46. First report of subsidiary protrusions on the caudal processes of two novel types of
hexactinomyxon spores  Myxozoa!

Sascha L. Hallett, Stephen D. Atkinson and Mansour El-Matbouli*
Ihhstithhte for Zoology. Fish Biology and Fish Diseases. University of Munich. Kaulbachstrasse 37. 80539
MuhhiCh. Gemhauy

ln the course of documenting actinosporeans from freshwater oligochaetes in Bavaria, Germany, we
isolaied two novel hexactinomyxons that differ from previously described Iorms both in
morph ometrics and in that they possess additional structures on their caudal processes.
Hexacrinomyxon type I nov. and Hexactinom>eon type 2 nov. spores are triradially symmetrical and
are'. comprised of a spore body. style. and six caudal processes. The caudal processes arise from the
division of each of the three valve cells into an equal pair of projections at the base of the style, One of
each pair is fused conspicuously to its nearest neighbour for one-fifth to one-quarter of their total
length. Distally. each process possesses subsidiary protrusions which are irregularly shaped and
irregularly positioned extensions of the valve cell; a feature not observed previously in actinosporeans.
Scanning electron microscopy of Hexactinomyxon type 2 nov. revealed that these protrusions are a
seamless extension of the valve celt wall. The protrusions branch distally, and terminate in a distinct
bulbous structure. The small subunit ribosomal �8S! DNA genes of both hexactinomyxon types were
amplified through ~ested PCRs and partially sequenced. Each hexactinomyxon had a unique sequence.
These are the tirst sequence data for this group of actinosporeans.
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47. Coccidiosis in bluegill
David J. Pasnik*. Stephen A. Smith and David S. Lindsay

Aquatic Medicine Laboratory. Department of Biomedical Sciences and Pathobiology, Virgmia-Maryland
Regional College of Veierinary Medicine, Virginia Polytechnic liLstitute and State University. Btacksburg,
Virginia 2406 I USA. dg;isnih.~i. ia.~~lg. sLsiliith .. il l t.Ldq; liihi~",i~ il o it.gdii

In February 2002, a large lake in eastern Virginia experienced moderate morlalities among youn -of-
thc-year bluegill  Iepomis macrochinis!. A sample of the affected population was submitted to the
Aquatic Medicine Laboratory ol the Virginia-Maryland Regional College of Veterinary Medicine for
diagnostic evaluation, Gross external examination revealed small, anorexic. kethargic bluegill. Wet
mount biopsies of gill samples showed moderate mucus production and mild telangectasia. Gross
internal examination elicited the presence of numerous white nodules on the liver. gastrointestinal
tract. spleen, and posterior kidney, Squash preparations of these nodules showed that they contained
larval digenetic trematodes. Bacterial cultures taken from the posterior kidney did not yield significant
growth. Histopatbology confirmed a mild infestation of larval digenetic trematodes in the liver. spleen.
and muscular layer of the gastrointestinal tract. The presence of a few nematodes and cestodes in the
lumen ol the intestines was associated with minimal pathology. 1lie gastrointestinal tract of fish also
exhibited a mild to moderate coccidian infestation, which was associated with sloughing of the
intestinal mucosa. While coccidia infestations have been reported in wild populations of sunfish and
bass. to the authors' knowledge. this is the first reported coccidia infection in bluegill. It is not known
whether the coccidial infestation was sufficient to cause the observed mortalities in the population.
However, this case suggests that such an infestation can contribute to mortalities among smaller fish.
Additional samples from this population werc obtained for further examination of the parasite.

48, Tricaine dramatically reduces the ability to diagnose protozoan ectoparasite  Iehthyobodo
necator! infections

Heather A. Callahan~ and Edward J. Noga
Department of Clinical Sciences, College of Veterinary Medicine, North Carolina State University, 4700
Hillsborough Street, Raleigh, North Carolina 27606 USA hnc.i0ah'~t Unity.llcsicedU; cd Iiiiaa c .ncsll.edn

Tricaine  MS-222! is a widely used anaesthetic and euthanasia agent for fish. While evaluating hybrid
striped bass  Morone saxatilis male x M oh'!sops female! for the presence of the kinetoplastid
ectoparasite. Ichth>>obodo neoator  -costia"!. we discovered that unbuffered tricaine caused the rapid
detachment and mortality of this parasite. Solutions of unbuffered and buffered  with sodium
bicarbonate! tricaine were prepared and serially diluted to ffnal concentrations of 1000. 250, 100, 50,
25, and 0 mg tricaine/L. Blind trials were conducted by placing scales, heavily infected with costia.
into different treatments following a split plot design. Parasite motility was then scored and statistically
evaluated using ANOVA. The motility of costia decreased with increasing unbuffered tricaine
concentrations. Motility in buffered tricaine remained unchanged. As the unbuffered tricaine
concentration increased, the pH of the solution dramatically decreased to as low as pH 3.3. To rule out
the effect of pH. water was adjusted to either pH 7,4 or 3.3 and parasite motility scored as before.
Differences in motility between pH values were evaluated using the Wilcoxon rank test. There was no
pH effect on the motility of costia. Additional fish were euthanized in unbuffered or buffered tricaine
  l000 mg/L! and cross-sectioned starting at the posterior portion of the dorsal fin. Parasites remained
attached to the skin of fish that were euthanized in buffered tricaine but detached almost completely
from the skin of fish that were euthanized in unbuffered tricaine. Our results indicate that tricaine
should always be buffered when clinically evaluating fish for ectoparasites.
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49. Inhibition of reproduction in the roach  Ralilus ritri7ux! by the tapeworm Ligula intestinafiv
V. Carter'*. D, Hoole . R, J. Pierce, S. Dufour, and C. Arme'

'School of Life Sciences, Keele University, UK
Pasteur Institute. I.ille. France

'Museum Nationale d'Histoire Naturelle. Paris. France

'l'he pseudophyllidean cestode Ligula in/ex/inalis is a common parasite that causes, amongst other
pathological effects. inhibition of reproduction in its fish intermediate host. We have been
investigating one level of this interaction, nainely the effect of the parasite on the pituitary gland. in
particular. the pituitary gonadotrophs. Previous attempts to identify sex steroids produced by Ligula.
which could suppress gonadotrophin  GtH-II! production and hence gonadal developm«nt, have thus
far been unsuccessful. Cytological differences have been reported in pituitary glands of infected and
uninfected roach  Ruti/u~ ruti1tts! and radioimmunoassays have shown that infected fish contain
significantly less GtH-Il than non-infected individuals  p=<0.0001!. The current study builds on this
data in several ways. Firstly, a primary pituitary cell culture was established to study the effects of
parasite excretory/secretory  E/S! products on an eel pituitary system. Preliminary data show that
Ligu1a E/S are able to affect eel pituitary cells compared to PBS and a related cestode, S«istocephaItts
so/idus, which do not have the same inhibitory effects on reproduction. Currently. the effects of
parasite E/S products are being investigated by in viva injections. These studies have demonstrated for
the first time a direct physiological effect of the parasite on the pituitary-gonadal axis and op«n up th«
area for molecular studies on gonadotropin gene expression,

50. Susceptibility and inflammatory response to Aeromanas hydrophita in 17a-methyltestosterone-
induced sterile common carp, Cyprinas carpio  Linn.!

K.V.Mohire'*. C.V. Mohan, G.P.Satyanarayana Rao', K.M. Shanker . and K.Sushmita
'University of Agricultural Scieoces, Inland Fisheries Division, Baugalorc 560024. India
University of Agricultural Sciences, College of Fisheries, Maogaiote S75002, hidia

Susceptibility and infiammatory response to Aeromonas hp'draphila in 17o.-methyltestosterone  MT!-
induced sterile common carp was evaluated, At each of the challenged levels. where mortality took
place. the time taken to induce inortality was shorter in controls compared to sterile fish. Development
of gross ulcerated lesions was consistently quicker in the control than in the sterile fish. Similarly the
percentage of fish with completely healed ulcers was more in the sterile fish group than in the control
at the end of 10-day experimental period. This difference was very obvious at the cellular level. In
controls. at the end of 10 day, the lesion sites were still in the initial stages of resolution and
reorganization. while in the sterile fish. the lesion sites were either completely healed or were in
advanced stage ot resolution, The difference between the two groups was very clear when the
sequential inflammatory response was examined daily till 10'" day post-challenge with A. h>'drophila.
In controls. up to the 3 day post-challenge, large numbers of bacteria were visible in between the
myotomes at the injection site. Macrophage infiltration to the injection site was slow. Increased
macrophage activity, myophagia, vascular activity and reorganization were seen only Irom 4-6 day
post-treatment. At the end of 10 day, the lesion sites were still in the initial stages of healing.
However in the sterile fish, there was macrophage activity right from day one post-challenge. The
magnitude of macrophage infiltration was much more coinpared to control. Bacteria were not visible in
between the myotomes from 2" day post-challenge. At the end of the 10 ' day. the lesion sites were
either completely healed or in the final stages of healing,
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51. The developnient of expressed sequence tags and a cDNA microarray for studying the immune
responses of Atlantic hahbut  Hippoglossus hippoglossus L.!

K,C. Park*. J.A. Osborne. S,C.M. Tsoi. 1.,L, Brown. and S,C Johnson
Insutule for Marine Bioseiixiees, National Research Council Canada 1411 Oxfoid St. Halifax. NS Canada
B3H 3Z> k' ~l'. I l' .:; I: . I:I;: .;;. >IHIB .1.: .,i: l,>u;BB«»
.'BLe3>. art ..iJ>h»ii»> 'cH»i e3 L:>

We are using immunological and molecular techniques to investigate the response of Atlantic halibut
to vaccination and pathogen exposure. Analysis of partial cDNA sequences expressed sequence tags"
 LSTs! is a useful approach for gene identification and profiling of expressed genes, Atlantic halibut
were immunized with a commercial injectable vaccine against Vibrio anguillaruni and Aeromonas
salmonicida, At 2, 7, 14 days post-vaccination, liver. spleen, and kidney tissues were collected. A
combined mRNA pool from these tissues was used to construct a cDNA library with a titer of 2 x 10'
pfu/!iL Two hundred clones were randomly selected to determine insert sizes. Seventy five percent had
inserts that ranged from 600 bp to 1.0 kb and the other 25'1» had inserts over 1.0 kb. From 600
randomly selected clones that were submitted for sequencing. 51 clones  8.5/3>! contained immune
relevant genes: specific immune system genes �!. complement components  9!, acute-phase proteins
�!. other immune relevant genes �1! including hepcidin an anti-microbial peptide. These genes and
others identified &om a normalized full-length cDNA library constructed fiom the same tissues are
being used to construct a microarray that will allow us to determine tissue-specific expression. This
microarray will also provide an important tool for further studies of the Atlantic halibut immune
system. Supported by AquaNet, Networks of Centres of Excellence.

52. Identi5eation of a single major QTL controlling nonspecific cytotoxic cell  NCC! activity in an
OSU x HC rainbow trout model

Anastasia Zimmerman". Jason Evenhuis', Gary Thorgaard . and Sandra Ristow'
'Animal Sciences Department. 'School of Biological Sciences. BAgrieuliural Research Center. Washington
State Umversity, Pullman. WA USA

Nonspecific cytotoxic cells  NCC! are the teleost equivalent of inainmalian natural killer cells. As
such. NCC protect against bacteria, protozoan parasites, viruses and tumor growth. We have identified
and propagated two clonal lines of rainbow trout that diAer in their ability to lyse xenogenic YAC- I
cells in virro. Our HC clonal line exhibits a higher level of NCC activity when compared to our OSU
clonal line. To discern the genetic basis of this segregation. HC  YY! and OSU  XX! were crossed to
produce an all male  XY! Fl generation whose sperm was used to generate a doubled haploid  DH!
population by androgenesis. A total of 106 OSU X HC DH individuals were genotyped at 484
polymorphic AFLP markers to construct a genetic linkage map. Levels of NCC activity for 75 of these
fish were also determined in triplicate over periods spanning 3 weeks. Using this genetic map and
quantitative trait data. a single major QTL controlling NCC activity was identified, We are currently
attempting to further elucidate the genetic basis of NCC activity in rainbow trout using both candidate
gene and cDNA-AFLP subtraction techniques. Identifying the actual genQs! controlling NCC activity
in our trout model may discern whether a series of genes analogous to the natural killer gene complex
identified on syntenic portions of mouse chromosome 6. human chromosome 12 and rat chromosome 4
exists in rainbow trout. Such information would prove useful for divulging evolutionary relationships
concerning innate immunity between higher and lower vertebrates.
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53. Isolation and partial characterisation of serum iminunoglobulins  IgM! from sterlet  Acipenser
rurhentis!, Russian  A, gii jdenstadri! and Siberian  A, baeri! sturgeon

Galina Jeney, K.D. Thompson . A. Adams and Zs. Jeney
'Research Institute for Fisheries. Aquaculture and Irrigation. Szarvas. P.O. Box 47. H-5540 Hungary
'lnstitue of Aquaculture. University of Stirling. Stirling. Scotland FK9 4LA

Serum immunoglobulins  IgM! from three species of sturgeon were purified using affinity
chromatography. The fish had been immunized with purified goat IgG, and the specific antibodies
from the immune serum collected using a goat IgG-immobilized agarose gel column. The molecular
weights of whole IgM molecules were determined by native gel electrophoresis to be approximately
900 kDa for all three species of sturgeon. The molecular weights of the heavy and light chains of the
IgM were then determined for the three species using SDS-PAGE. They were composed of single
heavy cham, weighting approximately 75 kDa for the Russian sturgeon IgM. 66 kDa for the Siberian
sturgeon IgM and 60 kDa for the sterlet sturgeon IgM. Differences were noted in the number of light
chains between the three species of sturgeon. with two bands evident at 20 and 14 kDa in the Russian
sturgeon IgM, one at 10 kDa in the Siberian sturgeon IgM and one at 16 kDa in the sterlet sturgeon
IgM. Mouse polyclonal antisera were produced against IgM purified from the three sturgeon species.
The antisera reacted with both the high and the light chains of the lgM molecules in Western blot
analysis. All IgM were of a similar tetrameric arrangement, but differences in the molecular weight of
their constituent chains suggest some structural heterogeneity.

54. Serum imniuuoglobuliu of hybrid striped bass  Morose cIrrysops x I saxaa7is!
Richard A. Shelby». Craig A. Shoemaker. and Philip H. Klesius

Aquatic Animal Health Research Laboratory. USDA-ARS, 990 Wire Road. Auburn Alabama 36830.
sh< lbri ii vctincd.auhunl edu

An immunoassay to evaluate the humoral immune response of hybrid striped bass  HSB! would be
useful to monitor response to disease and vaccination. as well as general health, A group of hybrid
striped bass were given intraperitoneal injections of bovine serum albumin  BSA! at 14 day intervals.
Fourteen days after the second injection, the fish were bled and the specific anti-BSA immunoglobulin
 Ig! was atrinity purified by means of an agarose gel-BSA column. The purified native Ig had an
apparent molecular size of 893 kDa. by size exclusion chromatography. and when examined by
polyacrylamide gel elctrophoresis under denaturing conditions. produced heavy and light chain
fragments of 76 and 27 kDa, respectively. The purified native Ig was used to produce both specific
anti-HSB Ig polyclonal and mottoclonal antibodies, Data will be presented utilizing these antibodies in
an Ei ISA format to measure specific anti-BSA Ig as well as total Ig.
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55. Passive immunization of rainbow trout  Oncorhynchus mykiss! against Flavobacrerium
psychrophilum
Benjamin R, LaFrentz', Scott E. LaPatra . Gerald R. Jones, and Kenneth D. Cain

'Departmeut of Fish aud Wildlife Resources. University of Idaho. Moscow ID &3&44-1136, U.S.A
iCleas Springs Foods Itic.. Research Division, P.O. Box 712, Buhl, ID &3316, U.S.A

Flat>obacleri um ps> chrophilum. the causative agent of bacterial coldwater disease  CWD! and rainbow
trout fry syndrome  RTFS!. causes high mortality in cultured salmonids. The present study was
designed to determine the role antibody plays in conferring protection to rainbow trout fry
 Oncorh> nchus m>kiss! by passive imrnutuzatiott experiments with hyperimmune trout serum, serum
from adult rainbow trout immunized with F. psychrophilum, and goat anti-F. psychiophihim serum.
Rainbow trout fry were injected intraperitonea! ly  i,p,! with antiserum and challenged by subcutaneous
injection of a virulent strain of F. psychrophilum 24 h post-immumzation. Relative percent survival
ranged from 9-42 /o wheri rainbow trout &y  mean weight. 1.3 g! were injected with a 1:2 dilution of
25 ItL of hyperimmune serum ranging in antibody titers front 1.600-102,400. Rainbow trout fiy  meati
weight. 1,0 g! passively immunized with 25 pL of serum from iinmunized adult fish exhibited relative
percent survival values of up to 52'/o. Passive immunization with 25 or 50 pL goat anti-F.
psychrophilum serum did not confer protection to fry  incan weight. 1,3 g!, The results suggest that
antibody plays some role in conferring protection to F. ps>chrophilum. however, other conipouetits of
the immune system may be important to confer complete protection.

56, Soine medicinal plants as unmunostimulant for fish
Silheyla Kara~ Diigenci'~, Akm Candan'*, and Nazlt Arda-**

Istanbul University. Faculty of Fisheries, Department of Fish Diseases, Ordu Cad, No;200 34470
I aleli/Istanbul. Turkey
'Istanbul University, Faculty of Science. Department of Biology, Section of Molecular Biology. 34459
Vemeciler/1st uubul, Turkey

For centuries large number of plants have been used in traditional medicine  Duke. 1987!. These
traditional uses are dependent on the active constituents, which have several biological activities. such
as antimicrobial, antiviral, inununosupressive etc., in the plants. Various extracts of mistletoe   Viscum
album!, nettle  Urtica dioica! and ginger  Zingiber o+cinale! have been found to posses
immunomodulatory activity, The aim of this work was to investigate the immunostimulant effects of
the aqueous exrtracts of these plants on rainbow trout  Oncorh>:nchus in> kiss!. For this purpose various
parameters of non-specific defense mechanisms, including respiratory burst activity, phagocytosis in
leukocytes and total protein level of plasma in rainbow trout fed with diet containing plant extracts in
different percentages. were examined. Lyophilized extracts were added to fish food. individually in 0.1
/n and 1 '/o percentages. Rainbow trouts were fed with these plant extracts in feed at a rate of 2 '/o of
body weight per day for three weeks. At the end of the period, I' or the non-specific immune response.
extracellular and intracellular respiratory burst activities. phgocytosis and plasma protein levels were
determined. Specific growth rates  SGRs! and condition factors  CFs! of the fish were also measured.
Among the plant materials tested as immunostimulant as feed additive. ginger was the best one and the
rainbow trout fed with the diet containing I'/o aqueous extract of powdered ginger roots for three
weeks exhibited a significant stimulation on the immune system of rainbow trout and caused an
enhanced phagocytosis and respiratory burst activity  p�.001!, It needs future studies to include
determining the optimal doses, protocols for feeding and the w1ive principle in this plant extract,
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57. Nitric oxide production in the culture of bead kidney leukocytes of carp  Cyprinus carpio! and
synergistic effeet of recombinant human cytokines

Toshiaki Itami'». Takuo Jikumaru', Nobutaka Suzuki'. Yasuhiro Ohno'. Masakazu Kondo'. Yukinori
Takahashi' Minoru Maeda, and Yuichi Yokomizo'

'National Fisheries University, Shimonoseki, Yamaguchi 7'59-6s95, Japan
Kyushu Medical Co. Ltd. Kiiakyushu. Fukuoka 803-08 I4. Japan

i Naiional Institute of Animal Health. Tsukuba. Ibaraki 305-0856. Japan
Nitric oxide  NO! is recognized as an important chemical mediator that controls the iminunodefense
system in vertebrates. To demonstrate the production of NO from carp leukocytes. head kidney
leukocytes were stimulated with lipopolysaccharide  LPS! in iilro. and fluorometric measurement and
electron spin resonance  ESR! were used for examination on NO production. The supernatant of a
leukocyte culture afler LPS stimulation showed an increase in fluorescent intensity and this intensity
decreased with addition of L-NMMA. a NO synthase inhibitor. ESR analyses revealed that the signal
detected in carp leukocyte culture supernatant after LPS stiinulation was identified as NO. To clarify
the interaction between cytokines and NO production of leukocytcs, recombinant human  rh! cytokines
and/or LP'S were used as stimulants. Cytokines  rhIFNu. rhIFNy, rhTNFa. rhIL-la! could not produce
NO Irom leukocyte culture but only rhIL-6 could. When LPS was added together with cytokines,
rhIFNa. rhTNFu and rhIL-la significantly enhanced NO production in the culture. NO production
was somewhat suppressed by rhIL-6 in the presence of LPS. These evidences clarified that in vitro
culture system of carp head kidney leukocytes could produce NO after LPS stimulation and the
fluorometric method can be used for the detection of NO. 'Ihese results suggest that human
proinflammatory cytokines biologically act with fish leukocytes and affect NO production.

Hypoxia induces HSP 70 production in juvenile Nile tilapia, Oreochromis niVoticus  L.!
Mary A. Delaney* and Phillip H. Ktesius

USDA-ARS. Fish Diseases and Parasites Research Laboratory. P.o. Box 952. Auburn, AL 36831 USA
!1'I@de!ancv'n'ars. usda.cuv

Enzyme linked immunosorbent assay  ELISA! was used to determine levels of the inducible heat
shock protein 70  hsp70! in response to prolonged anoxic conditions in juvenile Nile tilapia, This
protein was detected in brain. liver. muscle and head kidney. A significant difference between
treatments  p&.01. n=30! was observed between control and hypoxia treatments in brain and muscle
tissue. A significant difference was not observed in liver and head kidney tissues. Kcscarch on using
stress proteins to measure environmental stress in field situations and natural populations is ongoing.

226



59. The eII'ect of dexamethasone on crucian carp  Carassias carassius, L! leukocytes
Benjamin R. Mikryakov, Daniel B. ~akov, and Anatoliy V, Popov

Institute for Biology of inland Waters Russian Ac»deruy of Sciences, Borok. 1Vekouz. Y»rosl»vl, 152742,
Russia unr >i ihiw.i »i osl»v l.ru

This study investigated the effect of a cortisone analogue on the composition and function of
leukocytes of the crucian carp  Carassius carassius. L!. Second-year crucian carps were used in the
experiments. Fish were kept in aerated aquaria at I 8'C water temperature. and were each injected with
0.2 ml. dexamethasone  KRKA, Novo mesto, Slovenia!. l,eukocytes composition and function was
studied by recording changes in numbers of Ieukocytes. oxygen-dependent metabolic activity and
intensity of lymphocytolysis. Metabolic activity of Ieukocytes was determined by spontaneous  SPL!
and zymosan-stimulated  ZSL! chemiluminescence, lymphot+olysis intensity � by content of live and
dead Ieukocyies. Materials were collected at l. 3. 7. 15, and 18 days aAer intra-abdominal injection of
the hormone. Fish responded to the hormone injection by dc and restabilization of leukocytes
composition and changes of functional state. Inhibition of leukocytes hemiluminescence activity. a 25-
60'ro decrease in the number of Iymphotytes and a 30-50'lo increase of granulocytes in the
experimental fish as with the control was registered. Suppressive and destabilizing effects on fish
leukocytes were revealed during the first 7 days  of the experiment!. The processes of lymphocytes
cvtolysis are intensified in the presence of the hormone.

60. Pro-opiomelanocortin  POMC! r elated hor inones eA'ect of carp CJprinus carpio phagocytic cells
Hironobu Watanuki'*. Masahiro Sakai', and Akikazu Takahashi'

'United Graduate School of Agricultural Sciences, K»goshiut» University, K»goshim» 890-0065. Japan,
hire ii»i»  i>u»c,ceui
Faculty of Agriculture. Miy»z»ki University, Miy»z»ki, SS9-2192. Jap»u. tn.s»k»i <ice.titian»z»l i-usic.' .

*SchooI of Fisheries Sciences. Kit»s»to University. Iwate, 022-01, Japan. »ki i ushi a uc.kit»s»tu-u.ac.'

The pro-opiomelanocortin  POMC! gene is composed of three exous and two introns that are spliced
from the primary transcripts to generate POMC mRNA, this is then translated into a single primary
protein product, Subsequent tissue-specific processing by pro-hormone convertases and post-
translational modifications generate the regulatory neuropeptides adrenocorticotropin, melanocyte
stimulating hormones  a-, P-, y-MSH!, Plipotropin and  -endorphin. The immuno-modulatory effects
of POMC were studied both in vivo and in vitro in rainbow trout  Oncorh»nous m»itiss! and common
carp  Cyprinus carpio!, The production of superoxide anion in kidney phagocytic cells increased
significantly, in rainbow trout and carp. when treated with u-MSH and Pendorphin. The chemotaxis
and bactericidal activity also significantly increased in kidney phagocytic cells of rainbow trout treated
with P-endorphin. The proliferation of carp Iymphocvtes increased significantly, when treated with I!-
endorphin. These results suggest that POMC in fish activates the function of phagocytic cells, This
indicates the potential role played by POMC to activate the immune response.
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61. Oral immunization of sabnonids witb biodegradable microparticle-based vaccines
Linda M, Bootland'*. Malcolm A. Lizama', Wu Lin . and Kira Salonius

'Aqua Health Ltd. PO Box 17. Victoria. Prince Edward Islaml Canada. COA 2GO
Imda.boodand'cl'did.flo'i'ai tis, :<31Yl
'West Pharmaceutical Services, Albett Einstein Centre. Nottuigham Science aod Techoology Park,
Nottuigham, UK Wu Lin'a west hattu;cconi

Oral vaccine delivery as a primary or booster immunization would be highly valuable to the
aquaculture industry because of the ease of administration. reduced fish handling and it is the only
method suitable for the mass immunization of fish of all sizes, However. few oral vaccines are

commercially available. To successfully immunize gastric fish by the oral route, antigens must be
protected Irom degradation bv the acidic pH oi' the stomach and be absorbed in the hind gut to mduce a
protective immune response. Ideally an oral vaccine should also induce long-lasting immunity. In this
study. two oral microparticle-based vaccines were evaluated in Atlantic salmon. Killed Vibrio was
encapsulated into polylactide  PLA! microparticies and for the second vaccine. antigen was adsorbed
to polymeric lamellar substrate particles  PLSP!. Both vaccines were incorporated into the diet at three
doses   I-I0/o! and feed for ten days. Both microparticle types and all vaccine doses induced high
levels of protection with the relative percent survival  RPS! ranging from 83-100'/o. Protection was
equivalent or better than that observed in fish immersed in a commercial vibriosis vaccine  RPS 86'/o!.
Negative control mortality was 57'/o. Thus, oral delivery of microparticle-based vaccines is a feasible
and very effective approach to protecting salmonid lish against the bacterial disease vibriosis.

62. Distribution, persistence, and pathological analysis of a DNA vaccine against infectious
Itematopoietic necrosis virus

Kyle Garver *, Diane Elliott . and Gael Kurath'-
'Deparnnent of Pathobiology, Umversiiy of Washington. Seattle, WA 98195. USA
ka 'cruet 4' u.wushin iion.cdu
'Western Fisheries Research Center. United States Geological Survey, Biological Resources Division, 6505
NE 65' St, Seattle. WA 98115, USA iiacl kurath'r~.us is.uov

The development of DNA vaccines offers the prospect of a safer and more cost-effective alternative to
conventional vaccines. DNA vaccines have been shown to be immunogenic, stimulating ceII-mediated
immunity as well as antibody. However. to date concerns over the biosafety of such vaccines have
limited their use to laboratory settings. Many of the safety issues concerning DNA vaccines involve the
biodistribution, persistence. and pathological changes following DNA vaccination. Therefore this
study examined the fate of an intramuscular' inoculated plasmid DNA expression vector  pWG!
encoding the glycoprotein &om infectious hematopoietic necrosis virus  IHNV!. The trafficking of
DNA after inoculation was evaluated by polymerase chain reaction  PCR! analysis at various time
points from 10 minutes to 2 years post vaccination in rainbow trout. After intramuscular admistration.
plasrnid pWG was rapidly disseminated in all tissues, but at later time points was found primarily in
the muscle at the site of injection. Similar tissues and time points were examined to assess possible
histopathological changes caused by vaccine administration.
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63, Comparative study ou inII«mmatory changes in different species of sahnonids vaccinated
intraperitoneally with oil-adjuvaated vaccines

Stephen Mutoloki'. Ola B. Reite'. Bjarn Brudeseth . and Oystein Fvensen'*
' Section for Aquatic Biology, Norwegian School of Veterinary Science. P.O.Box 8146 Dep., 0033 Oslo
NORWAY o~ stein.cvcnscn 'elan cths.iro
Alpharma. Animal Health, PO Box 1 58 Skoyerr. 8-0212 Oslo. Norway

Vaccination against furunculosis in sahnonids requires use of adjuvanted vaccines and vaccination by
injection, which results in development of injection site reactions in the peritoneal cavity. The
underlying cellul«r inechanisms have not been studied in any detail. We have compared the kinetics of
the inflammatory changes over time in different salmonid species, Atlantic salmon  Salmo salar L!,
rainbow trout  Oncorhynchrts mykiss!. «nd grayling  Th>mallrrs th>>mallrts!. Fish were injected
intraperitoneally with oil-adjuvanted. emulsion vaccines. Fish were sampled at 2. 4. 8, 12, and 16
weeks post vaccination and specimens from pyloric caeca were processed for light microscopic
evaluation, where the inflamed area was measured in HkE sections using computer-assisted
microscopy. Characterization of leukocytes involved in inflammatory reactions was done on
morphological basis, Each leukocyte type was estimated as a percentage of total cells. For Atlantic
salmon neutrophil-like cells predominated the earlv stages followed by a second wave of macrophage-
like cells that persists beyond 16 weeks. Mast cells and lymphocyte-like cells increased over time but
were found in small numbers. Neutrophil-like cells declined in number beyond 4 weeks, In rainbow
trout macrophages predominated the cellular reaction throughout the observation period with a marked
decline towards 16 weeks, In grayling macrophage-like cells predominated the cellular reaction from 2
weeks lo 4 months and were on an increasing trend at 16 weeks. Neutrophil-like and lymphocyte-like
cells were also observed while no mast cells were observed. Marked differences were observed

between species, rainbow trout responding quicker and resolving the inflammation quicker. Salmon
and grayling were on an increasing trend at 16 weeks.

64. Pathology in weedy sea dragons  Phyllopferp>x taeuiolatus! and leafy sea dragons  Php>codurus
eques! associated with a mixed bacterial infection

Stephen A. Smith~. Kathleerr P. Hughes and Rote' George
Aquatic Medicine Laboratory. Deparrmeirt of Biomedical Scierrces and Pathobiology, Virginia-Maryland
Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State University. Blacksburg,
VA 24>» i> U>A.r.tr» ith, i >. d s l~l

A mixed population of captive born weedy sea dragons  PlrrllopterJx taeniolatus! and Ica& sea
dragons  Phycodrtras eqaes! housed at a public aquarium had been experiencing chronic morbidity and
mortality over several months, Clinical signs included; lethargy, inappetence, fin erosion, focal areas
of skin ulceration, and tail necrosis. Skin scrapes of examined individuals were negative for any
obvious external parasites. Bacterial cultures from the ulcerative skin lesions grew Staphylococcus sp.
A long-term bath immersion of erythromycin �0 mg/liter! was initiated in the more severely affected
sea dragons, however, their condition ultimately deteriorated and all treated individuals died.
Histopathology of three weedy sea dragons and two leafy sea dragons revealed a severe bacterial
septicemia involving at least two different bacteria in multiple organs. Numerous bacterial thrombi
were located in several inajor vessels, the pill, heart, kidney and hepatopancreas. Special stains
 Brown-Hopps, Ziehi Neelsen! confirmed that the predominant bacteria was a Gram  +! positive cocci
organism which had disseminated to numerous visceral organs. including the heart. gill,
hepatopancreas. kidney, intestine, muscle. mesenteric tissues and brain. This Gram  +! positive
organism was morphologically consistent with the external isolate of Staphylococcus sp, ln addition,
distributed among various tissues and also in discrete granuiomas were less numerous Gram  +!
positive. acid-fast positive organisms. The acid-fast organism was cultured on Lowenstein-Jensen
media and fit the criteria of a Mycobacterirtm sp. Incidental findings included several metazoan
parasites. including mature cestodes in the intestinal tract of one individual and numerous encysted
larval nematodes in the mesenteric cavity of several of the sea dragons.
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65. Cotnparative histopathology of Streptococcnsiniae and S. difficile-infected tilapia
Chun-Yao Chen'*. Chia-Ben Chao', Ana L. Alcaraz . and Paul R Bowser
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Streptococcus iniae and S. docile infections have similar clinical signs, but difl'erent histopathological
presentations in tilapia  Oreochrontis hybrids! during natural infections. S. iniae causes pericarditis.
epicarditis. myocarditis. meningitis. and macrophages containing intracellular cocci. Inflammatory
responses were noted in intestine and skeletal muscle. Similar to S. iniae. S. di+cile also caused
pericarditis, epicarditis, myocarditis, meningitis. Additionally, necrotizing splenitis. hepatocellular
vacuolar degeneration, nephritis and inflammation in gills were evident in S. docile-affected fish.
Large numbers of cocci were present in tissues and the circulation of S. docile but not S. iniae-
infected fish. In some S. iniae-infected tilapia we observed accumulation of eosinophilic substances in
the cytoplasm of renal tubular cells, and mild granuloma formation in the spleen and head kidney.
Pathology similar to S. docile infection can be reproduced using high dose intraperitoneal injection of
S. iniae. This suggests that the pathogenesis of both bacteria in tilapia may be similar. Tilapia may
have better control of S, iniae infection. resulting in a more chronic form of disease compared to that
caused by S. di+cile.

66. The spread of pikes  Fsar facias! with tumors in the Chernobyl zone  Kyiv Reservoir, Dnieper
River, Ukraine!

Rostyslav F, Bazeev' and Otto N. Davydov
Head Department of Ecological Cjrounds of Parasite Control, Institute of Zoology, NAS of I Jkraine, B.
Chrnelnitski St.. 15. 01030, Kyiv-30, MSP, Ukraine arasitolo .cimail.rv

A wide range of anatomic and physiologic defects in fish from radio-contaminated reservoirs has been
detected by many authors. 344 pikes from Kyiv reservoir have been tested during 2000-2001. The
number of pikes with tumors accounts for 18.1 /a  it varies from 11.6 'to to 25.8 'lo in varies parts of
reservoir!. The size of a tumor is Rom 0.5-0.7 cm to 3-5 cm. The number of tumors a pike has varies
from 1 to 5-6. Sometimes 30-40 '!0 of fish body is covered with tumors. The largest number of pikes
with tumors has been registered during spring  the spawning period! � 19.5 'lo less in autumn � 6,4 '/o.
The correlation of ectoparasites and tumor pike contamination has been detected. Such ectoparasites as
Hennege'a psorosperntia, Trichodina esocus, Teiraonchus ntoneuteron, Ergasilus sieboldi, Arg~tlus
foliaceus have been found in 2.4-5.6 times more often in pikes with tumors. Map-scheme of the spread
of pikes with tumors and the recommendation on the limitation of the number of pikes with tumors in
the Kiev reservoir are enclosed.

230



67. Physiological indices of pikes  Esox Lucius! affected by tumors within Cheruobyl Catastrophic
 Kyiv Reservoir, Dnieper River, Ukraine!

Otto N. Davydov* and Larisa J. Kttrovskaja
Head Department of Ecological Grounds of Parasite Control, Institute of Zoology, NAS of Ukraine, B.
03ee I ltekl St., t5.0t030. Kki -30. MSP. Ultr 'ee tte it ltel

Two series of experiments have been performed. I' series; Erythrocytes amount of healthy E. /ucite
 standard! fluctuates fiom 1.35 to 2,5 million/mm'. leucocytes number � 43-70 thousands/mm'.
hemoglobin level � 5-6 '/o. ervthrocyte sedimentation rate  ESR! � 1 mm/h. Fishes aAected with 1-2
tumors have etythrocytes and hemoglobin amount on 20-30 '/e below and leucocytes amount and E03R
on 40-50 '/33 above accordingly. Erythrocytes. hemoglobin. leucocytes concentrations of fishes affect
bv 3-5 tumors decrease on 60-70 '/03 and ESR increase on 100-120 /o in contrast with standard. 2""
series: The level of water amylolytic and proteolytic activity in muscles of healthy E. /acies  standard!
is lower on 30-80 '/03 in contrast with tumor tissues, The differences in protein. acid and alkaline
phosphatases concentrations in muscles affected by tumors and in standard are not registered.
Phvsiological data indexes deep pathological processes concomitanting by general intoxication and
leading lethal outcome.

68. Methods of diagnostics of 6shes' illnesses
Otto N. Davydov*, Juri D. Temnihanov, Larisa J. Kurovskaja, Natalia M. Isajeva, and Rostyslav E.
Bazeev

Head Department of Ecological Grounds of Parasite Control. Institute of Zoology. NAS of Ukraine, R.
Chmehutski St.. 15, 0l030. Kyiv-30, MSP, Ukrame Pyt asitoltk<~~ 3ie'n taikru

The original methods of lifetime diagnostics of fishes' illnesses in aquiculture are developed and
modified These methods allow performing repeated and chronic experiments on the same individual
fish without breaking its vital signs. Physical and chemical methods: definition of nitrates, nitrites and
ammonia in slime of a fishes skin by the test reagents: definition of a fishes body temperature by
means of the quick-response thermometer; definition of a condition of ill and healthy fishes by
electroresistance. Biochemical methods: definition of alkaline phosphatase activity in slime of fishes
by molybdenum a reagent; definition of pH, protein. glucose, ketone and hemoglobin in fishes tissues
by means of diagnostic stripe; definition of blood coagulability time. hnmunological methods;
definition of natural heterohemagglutmins and hemolysins titer; revealing of antibodies to parasites by
means of passive hemagglutination reaction  PHAR!; revealing of antibodies to bacterial antigens of'
bacterial hemorrhagic septicemia activators by PHAR an estimation of a blood monocytes to
macrophages transformation level; registration of morphological changes blood erythrocytes at
pathogens influence: revealing of the toxins with antigenic properties. Examples. circuits of
experiments statement and tables with each of described physical and chemical, biochemical and
immunological methods are represented.
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69. Sanitary condition of niarine tnollusks cultured in Mexico
Jorge Caceres Martinez

Laboratorio de Biologia y Patologia de Organismos Acorticos. Centro de Invesiigacidn Cientifica y de
Mucacion Superior de Enseriada  CICESE!. AP 2732. CP 22860 Ensenada Baja California, h4exico
jcaceires'ii cicese.iox

Marine mollusks aquaculture in Mexico is an increasing industry; it is carried out in the Pacific and
Atlantic coast of the country. In the Gulf of Mexico the American oyster Crassostrea virginteu is
cultured using extensive methods. while several niollusks species such as the pacific oyster
Crassostrea gigas, blue mussel Afl'tilus galloprovinciatis. lion clamp scallop L>:ropecten suhnodosris,
catarina scallop Argopeeten eiretduris, pearl oyster Ptnia sterna and abalone species Haliotis spp. are
cultured in the Northwest of the Pacific coast using extensive and intensive method~. Several
infectious diseases in mollusks have been recorded around the world. some of them has been
considered subject of certification by international regulations and their control is necessary. Since
1994, the Laboratorio de I3iologia y Patologia de Oreanismos Acuaticos from CICFSE has been
carried out different studies on the parasitic load of cultured mollusks in the country, DiNerent
methods have been used, including parasitology, bacteriology. histopathology and molecular tools  In
situ hibridization, PCR!. Results have shown the presence of different parasites and diseases. including
a wide spectrum of species. since metazoans to virus. Among them are marine mites in musseis,
copepods such as Pseudom>>ieola spinosus, the protozoan Margolisiella haliotis in abalone.
intracellular bacteria  Rickettsiales! in oysters and abalone, and viruses in the pacific oyster, A
summary of these results and sanitary recommendations to producers and sanitary authoritics are
presented in this work,

70. An East Coast estuary without dermo or MSX? The presence of Perlrinsus or Huplosporidium
pathogens is undetectabie in bivalves from Delaware's inhind hays

Adam Marsh. Paul Ulrich. John W, Ewart~ and Kevin Fielman
Graduate College of Marine Studies, University of Delaware. 700 Pilottown Road. Lewes. Delaware 19958
USA ~ssznijudchcdo

A standard polymerase chain reaction assay targeted at ITS domains between rRNA genes in both
Perkinsus nrarinus and Haplosporidium nelsoni wm used to screen DNA extracted from hemolymph
samples taken I'rom wild and cultured bivalves around Indian River and Rehoboth Bays, two shallow
coastal lagoons in southern Delaware. Over 75 oysters  Crassostrea virginica!. hard clams
 Mercenaria mercenaria!. and ribbed mussels  Geukensia demissa! from a variety of locations were
sampled to assess the regional distribution of these pathogens within this mid-Atlantic estuary.
Remarkably, in only one individual  oyster! was the presence of P. marinus detectable. and this at
barely distinguishable levels. No individuals evidenced the presence of H. nelsoni. In contrast, oysters
collected from the nearby Choptank River, Maryland, evidenced high body burdens of both pathogens
in paralle! assays. Given the ubiquitous distribution of these protozoans along the Atlantic seaboard. it
is surprising to find an estuary that does not evidence any significant presence of these pathogens. An
oyster aquaculture demonstration project has experienced more than three years of excellent growth
with low mortality and no incidence of either MSX or Dermo disease. Some possible explanations for
the relative absence of Perkinsus or Haplosporidium pathogens are presented.
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74. A novel lysozyine purified from the plasma of the eastern oyster, Crttssostrea virginica
Qing-Gang Xue'*. Jerome F, La Peyre', Aswani K, Volety, and Fu-Lin E, Chu
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Lysozyme is the common name for 1, 4-P-acetylmuramidases which cleave the glycosidic bond
between N-acetylmurami«, acid and N-acetylglycosamine, Several types of lysozymes which differ in
biochemical properties and amino acid sequences have been identified in a large variety of organisms.
Lysozymes purified from a few bivalve species showed molecular weights in the 11-18 kDa range.
Their N-terminal amino acid sequences indicated that they belonged to i-type lysozyme. We have
purifiixl a lysozyme from the plasma of eastnn oysters  Crassostrea virginica! by ion exchange and
gel filtration chromatography. The molecular weight of the purified lysozyme was 18.4 kDa and its
isoelectric point was higher than 10 as determined by iso-electric focusmg. Its N-terminal amino acid
sequence �3 residues! did not show any homology with i-type lysozyme nor was there any sequence
similarity with other proteins in available databases. The optimal activity for the purified lysozyme
was in the pH range of 5,5-6,0. ionic strength  i! range of 0.180-0,200, and a temperature of 43 C. Its
activity remained high at low temperature and it was stable below 60 C. Na' showed no specific
effects while Ca ' and Mg ' significantly enhanced its enzymatic activity. Seawater at 2 ppt increased
its activity but higher salinity was inhibitory, This is the first lysozyme purified from oysters. and also
the first lysozyme purified &om bivalve hemolymph. Its biochemical property and N-terminal
sequence indicate that this lysozyme is novel.

12. Kxtracellular euzyme activities of Perkinsns arlantt'cns iu culture aud comparison with Perkinsus
marin us

Sandra M. Casas", Jerome F. La Peyre . and Antonio Villalba'
Ceutro de Iuvestigacious Marines, Xuuta de Gaticia. Aptdo. 13. E-36620 Vilsnova de Arousa Spain
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Perkinsus-like parasites are widespread in clam populations along the European and North Africari
coasts. Perkinstts atlanticus has been occasionally associated with mass mortalities of the clam species
Tapes decttssattts and Tapes philippinarum. Recently. continuous in vitro cultures of P. atlanticus have
been established. A study of the extracellular proteins  ECP! of P. atiantictts cultures is ongoing to
better understand host-parasite interaction. As part of the study. ECP enzyme activities of P. adanticus
cultures initiated trom three different sources  infected «1am gill, infected clam hemolymph and
parasite hypnospores! were investigated using the commercial kit ApiZYM. The following enz3snatic
activities were detected: esterase, esterase lipase, acid phosphatase. naphthol-AS-BJ-
phosphohydrolase, P-glucosidase, a-inannosidase, alkaline phosphatase, lipase. leucine arylamidase.
valine arylamidase, P-galactosidase and a-glucosidase. Significant differences in enzymatic activities
wne found in ECP of cultures initiated from different sources, Surprisingly. no activity of the serine
proteases. trypsin and a-chymotrypsin, were detected in ECP of P. atianticus cultures. This is in
contrast to the ECP of cultures of the eastern oyster parasite P. ntarinits which has high a-
chymotrypsin activity and low trypsin activity. This difference may be important considering the
suggested relationship between protease production and parasite pathogenicity. The lack  or very low!
production of serine proteases by P. atlanticas in vitro and the typical host defense response of the
clam, whose hemocytes encapsulate the parasite. may explain the suggested lower virulence of P,
atianticus to T. decttssattjs in contrast to the high v.' ulence of P. marintts to eastern oysters
 Crassosi'rea virginica!.
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73, Effects of growth factors, hormones and lectins on Eastern oyster cells in primary cultures
Kim-Lien T. Nguyen~. Yanli Li and Jerome F. La Peyre
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No oyster cell line has been developed despite numerous attempts. A major difficulh is that
proliferation of oyster cells cannot be maintained in vitro. Moreover while numerous procedures have
been used to prepare and maintain primary oyster cell cultures, the viability and survival of oyster cells
obtained from dissociated tissues have been disappointing. We recently developed a defined culture
medium LA-3 that increased the survival and metabolic activity of oyster cells in primary cultures.
This defined niedium allowed investigations on the effects of 27 potential mitogens on oyster cells.
These mitogens included growth factors. hormones and lectins. These potential mitogens were initially
tested individually by measuring their effects on the metabolic. activity of oyster ventricle cells using
AlamarBlue" cell proliferation assay. This extremely sensitive assay allows monitoring of cells over
extended periods because AlamarBlue is not toxic, Results indicated that 13-fibroblast growth factor
�-FGF!, insulin and endothelial cell growth supplement  FCCiS! significantly increased oyster cell
metabolic activity. Based on these observations. a final experiment was conducted to determine the
effects of these chemicals in combination on the metabolic activity and. DNA and RNA content of
oyster cells cultured for one. three and seven days. Insulin �00 pg/ml! with ECGS �00 Iig/ml! was
found most effective in increasing cell metabolic activity and RNA content. Although cell DNA
content decreased in all treatments. the decrease was less in cells treated with a combination of insulin

and ECGS. Results froin this experiment will be used to aid in the development of an oyster cell line,

74. Development of serological techniques to study host induced proteins of the oyster parasite
Perkinsus marinus

Christopher G. Eainhart" and Stephen L. Kaattari
Virginia Institute of Marine Science, College of William and Mary, P.O. Box 1346. Gloucester Point, VA
23062 USA haaiiari'a i ims.edu

The protistan oyster parasite. Perkinsus marinus, produces multiple extracellular products  ECP!,
including both constitutive and inducible serine proteases. in viiro. Quantification of in vivo expression
of these products, and correlation with virulence would be facilitated by specific serological detection
and molecular characterization. To facilitate the production of the requisite probes, ECP protein and, in
specific. serine protease expression was modulated in vitro using products from the host, Crassosnea
virginica. The modulated ECP pattern continues to be expressed affer transfer to a chemicafl> dkfin&
medium, thus providing a source of P, marinus antigens devoid of potentially immunogenic medium-
derived proteins. Serine proteases and other extracellular products produced in this manner are
concentrated by ultrafiltratioii for use as immunogens in rabbits and mice. Polyclonal immune serum
from rabbits was routinely found to be of low titer, while ECP appeared to be toxic in mice.
Immunization with ECP in Freund's complete adjuvant was lethal. and immunization with incomplete
adjuvant was associated with progressive necrosis of distal tail and ear tissues. as well as deleterious
immunological effects. Co-administration of oyster hemolyrnph with ECP caused a diminution in the
anti-hemolymph titer. even when administered 12 weeks aAer the FCP, Mice immunized with ECP
demonstrated a restricted response by Western blot. FCP appeared to destabilize the adjuvant
emulsion. and further investigation revealed that a surfactant present in a media component was co-
concentrated with the ECP. Ion-exchange chromatography was used to separate the surfactant from the
ECP. This purified ECP has proven to be less toxic, and is associated with a broader recognition of
ECP components,



75. Post capture muscle necrosis in the Norway lobster, JVephrops norvegicus, and its physiological
consequences
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and Steve W Feist
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A post-capture. abdominal muscle necrosis of rapid onset has been identified in Norway lobsters,
Nephrops norvegicus  L!. captured off the West coast of Scotland, Atfected animals show signs ol this
condition within hours of capture, and usually die within days. The time-course of this necrosis, from
the whitening of individual fibre bundles of the abdomen to a complete opacity af the abdominal
musculature has been characterised using an index of progression. The pathology. which involves a
condensation of myofibrils and an infiltration of necrotic regions by granulocytes, causes a loss of the
normal tail flip swimming in this species. The condition most closely resembles idiopathic or
spontaneous muscle necrosis, a pathology previously reported from both wild and cultured crustaceans,
Damage to the integument in conjunction with exposure to various stressors both during and
immediately after capture is its most likely cause. The physiological responses of the lobsters to
development of muscle necrosis have been determined through changes in abdominal muscle
glycogen. blood glucose. and lactate concentrations. The relative effects of trawling stress and post
capture aerial emersion time on these parameters are also being examined. The rapid onset of the
pathology has implications for the post-capture handling procedure for N. norvegicus and their
subsequent vivier  live well! transportation to market. It may also be partially responsible for the high
mortality rate of undersized N. norvegicus returned to the sea  discards! following their capture and
aerial emersion.

76. Proteomie analysis of hemolyniph from Litopenaeas vannamei infected with white spot
syndrome virus

Severine A. Patat ~, Ryan B. Carnegie . and Kevin L, Schey'
'Department of Pharmacology. Medical University of South Carolina. 171 Ashley Avenue. Charleston, South
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Bacterial or viral infections can be catastrophic not only for shrimp aquaculture farms but also for
natural stocks. therefore a better understanding of the shrimp iinmune system is needed for preventioii
and control of diseases. Although penaeidins. small bacteriostatic and antifungal peptidcs. have been
characterized. little is known about shrimp viral defenses. The objective of this study is to employ
proteomics to understand shrimp responses to viral infection. Li1openaeiLr vannamei hemolymph
proteomes were analyzed before and after White Spot Syndrome Virus  WSSV! challenge. Several
analytical methods  SDS Page gels, 2D gels. gel filtration and liquid chromatography! were used to
separate plasma or hemocyte proteins from control and WSSV-challenged animals over time.
Differences in protein expression between infected and control animals were then analyzed using mass
spectrometiy. Several plasma proteins were identified as hemocyanin cleavage products. Peptides
cleaved from the hemocyanin C-terminus have recently been shown to have antifungal activity. so the
presence of these tragments may be significant for shrimp immunity. In the challenged and
unchallenged hemocytes, high levels of histones H2A. H2B, H3 and H4 were found. Litopenaenv
vannamei histone H2A was sequenced and its N-terminus is highly homologous to parasin I and
buforiii I. antimicrobial peptides found in a variety of aquatic organisms, The role of these proteins in
shrimp viral defense mechanisms is being further elucidated.
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77. Putative attenuated infectious bypodermanal and hematopoetic necrosis  IIIIIN! virus: case
study with Lirapeuaeus vannamei
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Pacific white shrimp Lilopenaeus vanname/  -25g! cultured in an indoor recirculation system tested
positive by dot blot for Infectious Hypodermal and Hematopoetic Neuosis Virus  IHHNV!. although
they were asymptomatic. A second tank of shrimp  -Sg! connected to the same system tested negative
and were moved to a new system. Three months later these shrimp tested positive for IHIINV with no
clinical signs of the disease. Therefore, a study was perfomed to determine if IHFINV was the
pathogen. Six control and experimental groups of 30 SPF juvenile L vannarnei �.56+0,54g! each were
placed in aquaria and reared for six weeks. A cell iree tissue homogenate was prepared from the
IHHNV positive shrimp. Experimental groups were injected with a I: I w/v shrimp tissue:0.75 to saline.
Controls were injected with saline. Shrimp were monitored weekly using four diagnostic techniques:
dot blot hybridization, PCR, histology and in situ hybridization. At the end of week one, all four
diagnostic tests indicated some degree of infection in the experimental groups, although results varied
with diagnostic test: 17ro by histology to 100/o with dot blot. At termination, all tests indicated that
100'/o of the shrimp examined were IIIHNV positive. Shrimp did not develop clinical signs of
infection. This indicates that shrimp were infected by a putative attenuated strain of IHIINV.
Confirmation of attenuation needs to be undertaken by bioassay with a susceptible strain  e.g. P,
sr! iiros/ris! or bv comparison to a known virulent strain of IHHNV using molecular techniques.

78. Horseshoe crab  Limulus polyphemus! bemolymph biochemical and immunological parameters
Stephen A. Smith'*, James M. Berkson, and Ruth A. Barratt'
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The horseshoe crab  LinruIus polyphenna! is one of four extant species remaining worldwide, and can
be found along the western Atlantic coast from Maine to the Gulf of Mexico. While the charactnistics
of the crab's -blue blood" and the composition of LAL have been studied in detail. basic information
on the horseshoe crab's physiological parameters are completely lacking. To better evaluate the health
of wild populations of horseshoe crabs. biochemical parameters of the horseshoe crab's hemolymph
were determined from a collection of fifty veld adults �9 male and 21 female!. Results of the
biochemistry parameters  mean values! for the hemolymph of the horseshoe crab were: total protein
 8.15 g/dl!. glucose �8.5 mg/dl!. creatinine �.7 mg/dl!, cholesterol �.8 mg/dl!, sodium �89,5
mEq/I!. potassium �2.5 mEq/1!, chloride �45.1 mEq/1!. calcium �9.0 mg/dl!. magnesiuin  96,1
mg/dl!, phosphorus �,4 mg/dl!, triglycerides �.3 mg/dl!. amylase  9.3 U/I!!. Iipase �2.7 UR!. alkaline
phosphatase �2.1 U/I!, aspartate aminotransferase �.4 U/I! and gamma glutamyl transferase �.92
U/1!. In addition. the taxonomic position of horseshoe crabs in the Phylum Arthropoda has been
debated. specifically their systematic proximity to crustaceans and arachnids. Using SDS-PAGE.
Western blotting and agarose gel immunoprecipitation techniques, hemolymph proteins were
compared between a horseshoe crab  L poIyphemas!; representatives of nustaceans: the American
lobster  Homarus arnerieanus! arid blue crab  Callinecres sapidrrs!; insects: the Madagascar hissing
cockroach  Gromphadorina porrenrosa!; and arachnids: the emperor scorpion  Pandinus inrperaior!
and the Mexican red-legged tarantula  Brae3pelrna emilia!, Our immunological results support the
conclusion that horseshoe crabs are more closely related to arachnids than crustaceans and insects,
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79. Histological teebiiiques and nianifestations of abnormal protrusions in copepods from Michigan
lakes
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Crustacean zooplankton in the Great Lakes region have been reported with gross abnormalities
 copepods! or reduced numbers  amphipods!. Protruding lesions or tumor-like abnormalities  TI.As!
have been observed on copepod species since 1995 and Dipnreia amphipod populations have been
declining since 1992. Two separate investigations assayed histologic characteristics of protrusions in
copepods and disease in amphipods. Protrusions on copepods had diverse histological characteristics:
over 50'/a of TLAs contained necrotic tissue; some were composed of aceltular. granular. or non-
staining material, Some TI.As had hyaline crystal-like structures either on the surface or embedded
within the TLA. Nearly 40%%d of TLAs appeared to be herniated host tissue, usually muscle, hemocytes.
or lipid. but occasionally gonad or gut. In histological sections. elongate transparent TLAs resembled
ellobiopsid parasites containing granular material and eosinophilic round bodies, Initially th»
population decline in Diporeia spp, was thought to be due to zebra mussels Dreissena po1ymorpha
intercepting food material before it settled to the bottom. but sampling efforts have shown there is
sufficient food available to the amphipods. An alternative explanation for the amphipod population
decline may be pathogens. Surveys revealed numerous parasites in amphipods including rickettsia-like
microorganisms, yeast-like organisms, a haplosporidian-like organism, a rnicrosporidian-like
organism, external ciliates, gregarines, and worms. No one etiologic agent has been identified as
causing the amphipod population decline but several parasites identified during this investigation likely
result in amphipod mortalities.

SO. Detection of white spot syndrome virus  WSSV! genome in frozen comniodity shrinip sold at
Massachusetts supermarkets

Cara Reville', Jennifer AI-Beik', Dawn Meehan', Zhenkang Xu'. Michele Goldsmith', William Rand,
and Acacia Alcivar-Warren'*

'Department of Eaviroameiital and Popiilation Health. Tufts University School of Veterinary Medicine.
North Graftoii, MA 01536 USA acacia.~ arreo   'mfia.cdu
Departrueiit of Comrnuiiity Health, Tutts University School of Medicine. Boston. MA 02110 USA
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One of the most damaging viral diseases affecting the shrimp industry is White Spot Syndrome Virus
 WSSV!. which causes high morbidity and mortality rates in penaeid shrimp and other crustaceans.
'I'he rapid spread of WSSV within wild and cultured stocks of shrimp may be caused by uiireguiated
processing, disposal of infected unported shrimp, or the use of contaminated broodstock, The risk of
introducing this virus to cultured and wild shrimp and other native species of crustaceans in the United
States warrants investigation. The aim of this study was to examine the prevalence of WSSV in frozen
commodity shrimp sold at four stores in the Boston area belonging to different supermarket chains.
Samples from two size classes were collected in two different batches a month apart. Pol> merase chain
reaction was used to amplify a portion of the WSSV genome using a commercial PCR kit
 Shn'mpCare, DiagXotics!. WSSV positive samples were visualized by electrophoresis and amplified
product of selected samples was sequenced. Results showed a range of 0-38.7'/o for WSSV prevalence
rates, with an overall prevalence of 4.7'/o. Significant  P<0.001! differences in WSSV prevalence were
observed between shrimp Irom the two batches, the two size classes. and the four test stores, DNA
sequence confirmed the presence of WSSV genome in PCR-positive samples. The results provide
preliminary evidence that an appreciable proportion of the shrimp sold in Massachusetts' supermarkets
are carrying WSSV. Further investigation is necessary to determine the risk of release of this virus into
the aquatic environment in Massachusetts and across the United States.
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$1. Heavy metals in wild and cultured marine shrimp from different geographic regions and in
frozen coinmodity shrimp sold in Massachusetts supermarkets: preliminary results
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Previous research revealed a potential negative association between genetic differentiation and IHIINV
prevalence in wild Penaeas monodon of the Philippines. It is possible that other variables and their
interactions may affect disease prevalence. such as chemical pollutant load and host susceptibility.
Moreover. no information is available on safety of frozen commodity shrimp. Thus. a database on the
genetic structure, disease prevalence. and pollutant load in wild and cultured populations of major
shrimp-producing countries is being constructed. In this pilot study. trace concentrations of seven
heavy metals were examined in wild and cultured shrimp from various geographic regions and shrimp
sold in Massachusetts supermarkets. Preliminary results show that levels of heavy metals in
coinmodity shrimp appear to be lower than those present in wild and cultured shrimp. Though a larger
sample size needs to be analyzed before tmal analysis and conclusions are made, the high levels of
some of these metals are of potential concern to animal health.

82. Estrogenic potential and viieIIogeniu inductiou in fish related to sewage plants effluents
M. Carballo~. J.M. Roset, S. Aguayo, A. De la Torre, and M.J. Reoyo

Animal Health Research Centre  CISA-INIA!, 28130 Valdeolmos. Madrid. Spain Carhsito'ii uiin. cs

It is well documented that sewage treatment plant eAluents  STPEs! include numerous xenobiotic
compounds and xenoestrogens, Their discharge in the aquatic environment can produce endocrine
disrupting effects on fish populations living in the receiving rivers. I'hese findings demonstrate thc
necessity of studying these efHuents and determine their environmental impact. In this work. 11 STPI',s
were studied to determine �! their intrinsic estrogenic potential. �! the presence of natural and
synthetic estrogens and xenoestrogens and �! the vitellogenin induction in common cyprinid
freshwater fish captured in rivers receiving sewage treatment eNuents. Both 24 h and punctual
samples were taken, concentrated using solid phase extraction C» cartridges and eluted with methanol.
To assess estrogenic potential. the extracts were tested using the yeast-assay. They were also analysed
by GC/MS  SIM mode! to detect 4-t-octylphenol, 4-nonylphenol, bisphenol A. 176-estradiol, 17u-
ethynilestradiol and estrone. Additionally the presence of other estrogenic compounds was confirmed.
A field study was carried out in order to assess estrogenic effects by vitellogenin assay in C>prinuv
carpio. After injection of 17a- ethynilestradiol, vitellogenin induction was measured. At each of three
different rivers, 10-29 carps were captured. Plasma vitellogenin was determined by Western blot and
ELISA analyses, other blood parameters  hematocrit value and total plasina protein!. and somatic
indexes. Results show that river eff!uents have estrogenic compounds that are biologically active. INIA
SC00-040.



83. Chronic effects of bromodichloromethane on inedaka
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Bromodichloromethane  BDCM!, a drinking water disinfection by-product. is found in the drinking
water suppl> in the USA. The purpose of this study was to determine the chronic toxic effects of
BDCM in an alternative animal model, Japanese medaka fish  Qz=ias laripes!. Seven-day-old fry
 N=30 per concentration! were exposed to 10 or 25 tng/L BDCM in DMSO for 10 days. Spring water
control and a DMSO carrier solvent control were also used in this study. At the end ol the exposure
period fry were grown out for six months, killed by giving an overdose of anesthesia, and evaluated
histologically. No toxic effects were noted in the liver, kidney. brain. pancreas. eye. gills. heart,
intestine, muscles. olfactory organ, pseudobranch. and skin. An increased prevalence of thyroid
follicular proliferation was observed in fish exposed to 10 mg/L BDCM. Gonadal abnormalities
observed were ovo-testis �0mg/L BDCM!, and the male/female ratio was skewed towards more males
at 10 mg/L BDCM and towards more females at 25 mg/L BDCM and DMSO control. Other lesions
observed in the gonads of these fish were cystic ovaries. 1!uid-filled follicles, cysts and infiltration of
adipose tissue in the testis. The results from this study have biological significance, raising the
question of potential endocrine disrupting effects and that further studies are indicated.

84. Hepatic and gonadal lesions in medaka  Oryzias talipes! exposed to trichloroacetic acid as
embryos

Ahmed Bashir. Jr-Peng Lan, Pablo Fonseca, Arunthavarani Thiyagarajah. and William R. Hartley
Department of Envitotunental Health Sciences, Tulane University Health Sciences Center. New Orleajis. LA
70112USAIudu "d":t I u . de jlut'iitl u I; Ilt 0 i.tul » . It: tu e: 'tutee .*0:
hartlt i 'titijlatje.e<lu

Trichloroacetic acid is one of the haloacetic acids found in drinking water disinfection by-products.
Based on epidemiological studies. the toxic effect of drinking water disinfection by-products is of
major concern, The purpose of this study was to determine the effects of trichloroacetic acid at
environmentally relevant levels, in medaka. The major endpoints evaluated were hepatic and gonadal
pathology, Medaka embryos  N � 250 per concentration! at early high blastula stage were exposed to 0,
7, 12. and 50 pg/L and 50 mg/L tricMoroacetic acid for 10 days and then transferred to contaminant-
free water and allowed to hatch. Fry were grown-out for six months then evaluated histologically. Data
analyses are currently being conducted, Based on the preliminary evaluation, the hepatic lesions
observed were cysts and spongiosis hepatis. The gonadal lesions observed were testicular cysts.
testicular hypoplasia, cystic ovary and immature gonads. The preliminary results from this study
suggest that trichloroacetic acid. at environmentally relevant concentrations, has impacts on the health
of developing medaka,
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85, The use of immunological parameters of water animals as a criterion of environmental
condition
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Deparunent of Physiolo~ of Microorganisms ak'o ll.cclliiuiu.hioimsu.ru
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The object to maintain biodiversity can be attained by using reliable criteria of environmental
conditions for organisms, populations and communities. One fruit6il modern approach to assessing
such criteria is comparative investigation of immuno-defense reactions in mass species of water
animals in norm. pathology and under man-caused influence. We have shown that stresses and adverse
environmental conditions change innate and adaptive immunity  concentration of total protein and
lysozyine in blood serum and blood cells. titer of specific Igs in blood serum! in rainbow trout
 Oncorhpzichus m>:kiss! therefore low-pathogenic bacterial symbionts of fishes can cause diseases in
aquaculture. Invasion of White Sea navaga  EIeginus navaga! and cod  Godet morhua maris-aIbi! by
EchinorIi>'nehus gadi decreases concentration of blood cells and haemoglobin. raises concentration of
total protein and lysozyme in blood serum. and causes the appearance of new protein fractions in blood
serum. Environmental attacks aud injected or added antigens  BSA. LPS, HRBC! induce immune
reaction in White Sea starfish  Asterias rubens!: arnoebocytes concentration increases 3-fold during the
first 24 hours, protein concentration increases 2-fold, lysozyme concentration increases 3-fold
Injection of various antigens  BSA. HRBC. India ink! into White Sea mussel  M>'rilus edulis! under
laboratory conditions raises concentration of haemocytes �-fold! and total protein �-fold! during the
first 24 hours. The existence of short-term immunological memory in mussels after immunization with
HRBC has been shown for the first time. Parameters of innate and adaptive immunity of fishes.
starfishes, and mussels reflect the status of water animals and consequently environmental conditions.

86. White cachama  Piaractiis bracltypomus! as a bioindicator of cadmium-polluted waters
Yehen Rojas', Karen A. Barbosa' and Jaime F. Gonzalez *

'School of Industrial Chemistry � Corporacion Tecuologica de Bogota
'Laboratory of Aquatic Toxicology � School of Veterinary Medicine 4, Animal Science. Uuiversidad
NacionaldeColombia.Bogotii.DC.~di n n c abo, »

Cadmium as a hazardous water contaminant can induce drastic effects on fish health populations and
humans. This work was conducted to provide information that could suggest the use ot' cachama  a
characin fish from Orinoco and Amazonas rivers basins! as a bioindicator of Cd-polluted waters. Two
bioassays were performed in a static-renewal exposure system. In the first bioassay. 58 cachamas were
randomly distributed in 6 treatments  factorial experiment: 2 water hardness levels: 67. 1I5 ppm
CaCOi! and 3 Cd concentrations �.0. 0.1. 0.32 ppm Cd: 96 h exposure!. Changes in behavior and Cd
bioaccumulation in kidney. liver and gills were used as endpoints. The gills had the highest Cd
bioaccumulation. as assessed by flame atomic absorption analysis  X= 55.1 +/- 11.4 ppm! followed by
kidney  v � 24.0 +/- 10.0! and liver  x � 8.9 +I- 1.7!. Significant differences were found when looking
for interaction of hardness upon Cd concentrations. Changes in swimming patterns  motionless fish!
and reduced feed intake were features of the highest Cd concentrations-exposed fish. In the second
bioassay, 20 cachamas were distributed into controls and Cd-exposed �.38 ppm! and tested during 216
h. Hardness levels in waters were  ppm CaCO>!: 32.2  control! and 34.4  Cd-exposed!. No Cd
accumulation in muscle dissected from fish was revealed after experimental time. Easy laboratory
handling of specimens. rapid body weight gain and prominent renal tissue easily dissectible. make
cachama a good bioindicator of Cd-polluted waters, offering the possibility for testing. surveillance
and quality control of eNuents Irom industrial sources.
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87. Waterborne nitrite exposure in white cachama  Piaractus brachypomus!
Diana M. Ochoa, Luis C, Pena. and Jaime F. Gonzalez*
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Unique physicochemical properties of Amazonas River waters have led to adaptive mechanisms in
indigenous fish. White cachamas  N=120! were used to evaluate the response to waterborne nitrite
 NO !. Percent methemoglobin  MetHb!. liver and blood nitrite concentrations and gross lesions were
evaluated as endpoints, First phase experiments were conducted testing 4 N-NO concentrations  ppm!
 T1=0. T2=35, T3=50. T4=65! �5 fish/treatment! in a static-renewal exposure system  96h!. MetHb
values were significantly different between exposed and control  Tl= 0.0 + 0,0, T2= 51,3 + 21.9. T3=
56.8 + 11.1. T4= 57.3 + 20.8!  no differences were found among NO concentrations!. Liver N-NO-
 ppm!  T1= 1.8 + 2,2. T2= 14.4 ~ 9,4. T3= 19.3 + 9,6. T4= 17.5 + 6.9! and blood N-NO  ppm!  Tl�
0.1 4 0.26, T2= 32.1 + 13.7, T3= 39.3 L 9.7, T4= 46.8 4 20.0! increased as [NO.] in waters was higher.
Interestingly, there was no NO. bioconcentration in exposed cachamas in contrast to NO.
toxicokinetics followed by most fish species. Eye opacity was a significant feature in some of the NOi-
exposed fish. In the second phase. 12 fish per treatment  'I'1= control, T2= 24h exposure. T3= 48h.
T4= 72h, T5= 96h! were exposed to 35 ppm N-NO>. Na major changes in measured endpoints were
found despite differences in exposure time. White cachama showed a remarkable resistance to NO.
exposure in comparison to other fish species such as rainbow trout and tilapia. Further research is
needed to investigate specific adaptive mechanisms to explain this particular resistance.

88. Quantitative analysis of lish swimniing and startle behaviors in response to low level stressors
James D.Salierno. Geoffrey T, Gipson and Andrew S. Kane*

Aquatic Pathobiology Center, Department of Veterinary Medicine, University of Maryland, College Park.
MD 20742 USA

Behavioral alterations serve as important sublethal endpoints of stress. toxicant exposure and disease,
However, the effects of sublethal stressors on behavior have historically been difficult to quantify. To
meet this challenge. we designed and developed a video analysis systein to quantitatively investigate
changes in fish movement in response to controlled stress exposures. Ten fish were individuallv
housed in 14 liter exposure arenas and automatically videotaped at multiple, discrete intervals during
exposures to MS222, a fish anesthetic, and brevetoxin  PbTx2. a harinful algal bloom toxin!, Analog
video was digitized. converted into  x, y! coordinates, and fish paths were generated and quantified
using software developed at the UM Aquatic Pathobiology Center. Quantitative endpoints discerned
from control and stress-treated fish included velocity, distance traveled, angular change, percent
movement, space utilization. and Iractal dimension  i.e.. path complexity! and startle response.
Analysis of movement data from fish exposed to MS222 indicated that swimming behaviors and startle
responses could be characterized accurately through the use of our behavioral analysis system.
Specifically, percent movement, movement duration. velocity. distance from cerrter of the arena, and
burst acceleration were significantly increased in MS222-treated fish. In contrast, a significant
decrease in path complexity occurred in MS222-treated fish versus control fish. Fish treated with the
anesthetic displayed reduced startle response behaviors. i,e,. decreased velocity, distance traveled. and
'/0 responders, We have found that each of the movement endpoints contribute specific insights into
fish locomotion and response to stimuli during stressful events. Sublethal behavioral alterations
provide a valuable tool for quantifying changes in reproductive behaviors. predator-prey interactions.
alterations associated with parasitic or infectious agents, and evaluating changes across environmental
gradients.
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The toxicokinetics of oxytetracyciine  OTC! and copper, representing two classes of anthropogenic
contamination  pharmaceuticaVpesticide and heavy metal!. were studied using shrimp as a crustacean
model. Inputs of OTC to the environment include crop production. livestock farming, aquaculture, and
treated sewage. Copper. measured in national monitoring programs, has been increasingly discharged
to the environment from industrial. agricultural, and residential sources. Basic toxicokinetic properties
of OTC in the subadult white shrimp, / itopenaeas setiferi/s, and copper in the adult grass shrimp.
Pcilaemonetes pugio, were derived to be used in risk assessment modeling of estuarine contamination,
Toxicokinehc studies help assess potential for environmental impact by determining those parameters
that determine chemical uptake, bioavailability tissue accumulation. depuration time, and persistence.
OTC studies included intravascular dosing and feeding studies: intravascular toxicokinetics allow'
parameters to be obtained independent of the rate and extent of absorption. Copper studies compared
waterborne and oral exposure routes. OTC was analyzed by HPLC; copper determinations were by
ICP-MS with operating conditions optimized. Both OTC and copper were bioavailable to shrimp. OTC
concentration versus time profiles following intravascular administration were well described with a
biexponential equation, suggesting a two compartment pharmacokinetic model. Whole body
accumulation of copper from water by shrimp was well described with a monoexponential equation.
suggesting onc-compartment toxicokinetic disposition resembling constant-rate intravenous infusion.
In addition to assessing the possibility of impact from environmental containinants, kinetic information
can be useful for determining the minimum efficacious pharmaceutical treatment regimen in farmed
animals to minimize input to the environment.

90. Initial assessment of sediment quality and benthic condition within the Lower St. Johns River
estuary

Cynthia Cooksey'. Jeffrey Hyland. Daniel Bearden, and W, Leonard Balthis
NOAA, National Ocean Service, National Centers for Coastal Ocean Science. Center for Coastal
Environmental Health and Biomolecular Research, 219 Fort Johnson Road, Charleston, South Carolina
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A large, multi-disciplinary research program was initiated in October 1999 to evaluate potential
relationships between water- and sediment- qtndity variables, occurrences of harmful algal blooms, and
the incidence of fish diseases and other biological impacts within the Lower St, John's River estuary
 LSJR!, Florida. One aspect of the overall program is the monitoring of benthic macroinfaunal
communities and associated analysis of chemical contaminants and other stressors  e.g., ammonia.
sulfide! in sediments, thereby providing the overall program with a basis for interpreting potential
biological impacts in the LSJR in relation to multiple stressor inputs, Potential pollution inputs include
shipping, marinas. commercial shipbuilding and repair. military bases, pulp and paper manufacturing.
petroleum storage faciTities, power generation. urban and high-density residential development. and
water-based recreation. The river also supports commercial and recreational fishing. a wide variety of
agricultural activities. and includes several supert'und sites. Reported here are the results from the
initial sampling event of July 2000, Benthic macroinfaunal communities at five of the seven sites
sampled in the LSJR show indications of stress that coultl be associated with anthropogenic activities.
Four sites are dominated by species indicative of polluted environments and one additional site shows
degraded condition based on values of several benthic community measures. Chemical contamination
of sediments likely to have adverse effects on benthic fauna was observed at ttu' c stations. However,
concentrations of man-made pesticides or other chemical substances typically associated with human
activities  e.g�PCBs! were deteciabk ai all stations,
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91. Pathogenesis of the Acute Ulceration Response  AVR!
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Previously, we discovered that acute confinement stress causes rapid ulceration of the fins of hybrid
striped bass  Morone chri sops female X Morone saxa/itis male!. In the present study, hybrid striped
bass werc confined for 2 hr and tissues were examined in a time-course response by light and electron
microscopy. The earliest detectable change was swel/ing of the outermost layers of the epidermis and
loss of microridges. Within 30 min, the epidermis sloughed off and progressed rapidly leading to
ulceration of all fins. Both ntx:rotic and apoptotic cells were found in the epidermis. The basal
epidermal layer developed severe spongiosis. in which intercellular spaces were widened, and the
dermis became edematous. Melanophores aggregated near the basement membrane and dermis, which
caused fin blanching. This pathology, which we have named the Acute Ulceration Response  AUR!,
caused fin rays  lepidotrichia! to split and the fins to become ragged at the distal tips. In severely
damaged areas. the epidermis was completely ulcerated and the basement membrane was exposed to
the environment. In addition. corneal ulceration of the eye was present. Skin at the head and operculum
was not affected. Also. we reproduced the AUR in the guppy  Poecilia rericulara!. angelfish
 Pterophyllurn scalare! and channel catfish  lctatunLr pane!a/us! after 2 hr confinement stress. This
study indicates that acute confinement in many fish can rapidly cause significant epidermal damage,
The Acute Ulceration Response might be a primary cause of morbidity in many acutely stressed fish.

92. Evolution of microbial quality of Mertucius mertucr'us during the storage in ship using coolers
with ice

Aldara R. Gallego. Carmen S. Gallardo. Jose A, Gonzalez. Francisco J. Garcia. and Luis A.
Rodriguez*
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Seafood is still predominately a wild-caught flesh food that must be harvested under frequently
difficult conditions and at varying distances -often quite significant- from processing. transport. and
retail facilities. These conditions, distances. and duration of fishing trips can tax any system of controls
designed to assure safety and prevent spoilage. Microorganisms are fourid on all the outer surfaces
 skin and gills! and in the intestines of live and also caught fish, The total number of organisins varies
enormously  a normal range of 10 -10 cfu/cm on the skin surface and between 10' and 10" cfu/ in the
gills and the intestines! nevertheless fish tissue is almost sterile. When the fish dies, the immune
system stops functioning and bacteria are allowed to proliferate freely.. On the skin surface, the bacteria
to a large extent colonize the scale pockets. During storage. they invade the mesh by moving between
the muscle fibres. It was found that only a very limited number of bacteria invaded the mesh during
iced storage. The aim of this work was to determinate the evolution of microbial quality of Merluccius
rnerlucius from Ireland fisheries during the storage in ships. Samples were taken at different times.
starting at the time of capture, and after 24, 48 and 72 h of storage in coolers with ice. The fmal
samples were taken when the ship arrived in port.
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93. Evaluation of the microbiota present in ice used in the freezints of captured fish
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Afler fish are captured. they must be quickly cooled to freezing temperatures. since fish are a
perishable product. Ice allows a fast cooling of the product. The freezing is a conservation system that
allows the maintenance of this excellent source oi'nutrients. and to have fish during times of shortage.
The conservation with ice becomes by simple mixture of this one with the fish deposited in boxes,
which are generally of plastic, and take in its base orifices that allow that the water that takes place
when heing worn away the ice. slips easiiy. The ice is added the most crushed possible, mth the
purpose of obtaining the Maxima faying surf'ace with the body of the animal and, not to produce
traumatic effects. it is deposited in proportions from the 10 to 15% in layers alternated of about S
centimeters in thickness. If the ice is sufficient to cover all the organisms, the conservation can last up
to 10 days. It is important to make the process of freezing of a correct form to avoid the alteration of
the fish  the temperature and the speed of cooling it is important to avoid the contamination of
captured products!. but also is important the quality of the ice used during the freezing because it can
influence in microbiota final present in the fish. In this study microbiological analyses of different used
ice samples have been made during the freezing from captured fish on the high seas. The samples were
collected afler once being in contact with the fish and were preserved in sterile containers. Once the
samples arrived at the laboratory. they were analyzed following official methods of inicrobiological
water analyses.

94. Evidence for itnmune-regulated transgene expression in chaanel catfish, IctaIurus purtcrrrrus
Richard K, Cooper' *, Jaqueline McManus'. and Brandye Smith'
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of Veterinary Medicine, Baton Rouge. LA 70&03 USA

Diseases effecting aquaculture species continue to be a source of lost revenue for farmers. In channel
catfish farming. ECu ardsiella icralari and Flavobacrerium columnare continue to cause high mortality
rates with little recourse for fighting these pathogens. Only two FDA approved antibiotics are available
to eliminate these pathogens and resistant strains of each have been identified. In addition,
development of vaccines to these bacteria has been slow with the only commercial vaccine in the near
future being to E. icraluri. An alternative method for enhance ing resistance to pathogenic agents is
incorporation of a gene encoding disease resistance into the catfish genome. For maximum effect. this
gene should be under control of the flsh immune system so expression occurs only when a pathogen or
stressing agent is present, To accomplish this, genes encoding lytic peptides have been cloned
downstream of an acute phase promoter that is regulated by interleukin-l. Using a transposon-based
vector for gene delivery. lines of transgenic fish were made to each of the lytic peptides and the
efficacy of each in preventing disease was tested by challenge with E. icralurL Using this approach.
mRNA corresponding to lytic peptides was demonstrated only after challenge with E. icra uri. A
reduction in mortality was seen in channel catfish carrying either the lytic peptide for cecropin B or
phor21. The data presented here suggests a transgenic approach to preventing disease caused by E.
icraluri is feasible and could be a viable alternative for broad spectrum disease resistance.
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Research in our laboratory has demonstrated successful generation of transgenic fish with enhanced
disease resistance. However. to obtain FDA approval for using transgenic fish, one of the hurdles that
must be overcome is proof that the animals are sterile. The most common method used in aquaculture
to date has been creation of triploid lines that are not capable of reproduction. Production of triploids
though, is labor intensive, time consuming, and requires certification as iriploid. thus making their use
in aquaculture cost prohibitive. To overcome this problem. we have begun developing a method for
disrupting the reproductive cycle by expressing a peptide that will target gonadal tissue and destroy the
reproductive cells. By delivaing a gene encoding a fusion peptide consisting of a lytic peptide linked
to fragment of leutinizing hormone that binds a receptor on the gonads, we have been able to destroy
gonads in both male and female goldfish.

96. Fish diseases education: use of a DVD-ROM for teaching producers, students, and coUeagues
about fish pathogens

Robert M. Durborow
Aquaculture Program, Cooperative Extension Facility, Kentucky State University, Frankfort, Kentucky
40601 USA hdurhorow a gmiuaihkv su.cdu

Use of a fish diseases educational DVD-ROM for teaching fish producers, students and colleagues in
the fish health field will be demonstrated. The videos Diseases of 8'annivater Fish and Trout Diseases
produced by Kentucky State University and collaborators from Rangen Feeds, Hagerman, Idaho: North
Carolina State University, Fletcher, NC: IJniversity of Idaho, Twin Falls, ID; Clear Springs FoixL~,
Inc., Buhl, Idaho. Stuttgart National Aquaculture Research Center. Arkansas: Mississippi State
Umversity College of Veterinary Medicine: and University of Kentucky Animal Disease Diagnostic
Laboratory, Lexington, KY were produced in DVD format to be more effective as a teaching tool. In
this DVD, specific viral. bacterial. and parasitic pathogens can be selected from a menu and played by
viewers, rather than having to fast-forward or rewind through a linear videotape to locate certain
pathogens. Also included in this DVD-ROM are 53 aquaculture fact sheets published by the Southern
Regional Aquaculture Center  SRAC!. the booklet Catch Farming In Kentucky �000!, and Web
Links to aquaculture and fish health sites on the Internet,
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97. Fishdisease.net � an online dome for aquatic aainial health professionals
Alistair D,M, Dove and Prateep Bandharangshi

Cornell College of Veterinary Medicine, Marine Disease Pathology and Research Consortium, c/o Marine
Sciences Research Centre, Stony Brook University. Stony Brook, NY 1 1794 USA
ildk31 e dl'1263ted.cc.slluvsb.edlf; Ql'Btce~3c ,:lfHcc:l.llL3t

The global community of aquatic animal disease professionals does not have a centralized weh
presence at present. We have established Fishdisease,net to provide just such a web resource. The two
main purposes for Fishdisease.net are: To provide aquatic disease-related content to aquatic animal
health professionals and students including iinages, links to researchers attd institutions, and data and
articles about aquatic diseases; and To iiaprove comaiuaicatioa anioag aquatic animal health
professionals by providing a web forum for promoting conferences. societies. job opportunities and
events. Also. through an email list. Fishdisease.net seeks to facilitate discussion of topics relevant to
aquatic disease research and management. Through these two purposes, Fishdisease.net aims to draw
together experts from aH the disparate disciplines that take part in aquatic disease research and to
provide them a hetter web focus, Fishdisease.net is particularly interested in supporting students hy
providing them with useful content and a forum in which to promote their research to other aquatic
disease professionals. The database behind Fishdisease.net will allow users to add their own content,
edit their own profiles and promote courses, discussions, cotifercnccs or any aquatic disease related
content themselves in real time; thus the success of Fishdisease.net will be greatly enhanced by users
submissions. Fishdiseuse. net is a not-for-profit site.

98. Interdisciplinary training in aquatic aniaial health at the University of Florida
Ruth Francis-Floyd' *, Deidrich Beusse', Eleanor  iseen', William J. Lindberg, Peter A, Anderson'.
and Charles H. Courtney'

'The Department of Large ~ Clinical Sciences. University of Florida. P.O, Box 100136, Gainesville.
Florida 32610-0136 USA RFFVd.mui!.ifus.ug.cpu; gr~eul- d/m;nl,ictmcd,ull,cdu
The Departtnent of Fisheries and Aquatic Sciences, University of Florida.. 7922 NW 71 Street. Guinesville.

Florida 32633 USA ~1;:oll,ado
' The Department of Small Aninud Clinical Sciences, University of Florida. P,O, Box 100! 25. Gainesville,
Florida 32610-0125 USA I'tltusseD.dinlail i clmcd.ul'l.cdu
'The Whitney Laboratory, University of Florida, 9505 Ocean Shore Blvd, St. Augmliue, FL 32080 USA
Jtuu.dr 2vl>ituev.uib edlu
'College of Veterinary Medicine, Box 100125. University of Florida. Gainesvilie. FL 32610-0125 USA
Cotirtucg c."2 i 2txalb vctntcd.utLC du

The University of Florida has offered veterinary. graduate. and continuing education courses in aquatic
animal health for many years, Increasingly. university adininistrators recognize that this highly
specialized field provides an excellent opportunity to develop interdisciplinary programs that use
resources Irom diverse areas within the university coinmunity, At the University of Florida. existing
programs are heing expanded. and new ones planned, that will use facilities and faculty within three
distinct units to create a comprehensive program that will enhance the education of veterinary students.
non-veterinary graduate students, and graduate veterinarians. Significant coHaboration with specialists
in the private sector. and within other state agencies. wiH further enhance these educational programs.
Barriers within the university itself have been removed due to willing collaboration, and effort, from
all participating units. Administrative barriers to development of these programs can be challenging to
overcome. but our experience indicates that the benefit of shared resources and productivity outweighs
the costs of a more traditional approach.
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