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Esocid Lymphosarcoma In Lake Champlain

Thomas E.Jones

Vermont Fish & Wildlife Department, 103 South Main Strel, South, Waterbury, Vermont
05671-0501

Esocid lymphosarcoma has been observed on northernrpikeke Champlain

for a number of years by governmental fisheries manageagemcies as well as
the sport fishing public. Through physical observation of guilié caught during

electrofishing activities during the spring months, estismatieprevalence of the
disease are as high as 20%. Observations of lesions kenappear to be
seasonally dependant with the majority of lesions regafteing late fall, winter

and spring months. Beyond this account, little is knowruatte impact of this

disease on northern pike or other Esocids in Lake Claamp
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The Case Of A Worm In A Bottle

Paul R. Bowser

Aquatic Animal Health Program, Department of Microbiol@nd Immunology, College of
Veterinary Medicine, Cornell University, Ithaca, N&ark 14853-6401

A case submission of 28 June 2005 to the Fish Disease Biaghaboratory at
Cornell consisted of what appeared to be a nematode sarhgle was presented
by a Cornell University faculty member who received @nfr a colleague in
Minnesota. The sample was submitted with the requestthieabrganism be
identified and with the question of potential risk to hansia The nematode had
been found in a fresh Chinook salmon fillet purchased grocery store. The
nematode was identified aisakis smplex, also known as the “sushi worm.”
The parasite does pose a zoonotic risk. Signs in humarys imstude
gastrointestinal pain, nausea and vomiting. The infectioften misdiagnosed.
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‘Bloat’ — The Most Abused Term In Fish Health?

John S. Lumsdershohreh Hesami, Spencer Russell and Véronique M. LePage

Fish Pathology Laboratory, Department of Pathobigldggiversity of Guelph, Guelph, ON,
Canada, N1G 2W1

How many different diseases or pathophysiologic pathwaysyou think of that
might lead to the clinical presentation of a fishhwé distended abdomen?
‘Bloat’, a colloquial term used widely for the clinicaymptom of a distended
abdomen, is used not just by hobbyists and on the inteabdiybaquaculturists
and by diagnosticians in the literature. ‘Bloat’ is useddescribe superficially
similar syndromes in a variety of species of farmed saids that are
pathophysiologically distinct. Using gastric dilatiordaair sacculitis (GDAS) in
salmonids as one pertinent example of ‘bloat’ and minti a novel occurrence of
this syndrome in cultured sturgeon in Ontario; the pitfals superficial
pathologic descriptions will be illustrated.
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Not Your Average Patient: Whale Shark Medicine 101

Tonya Clauss'Alistair D.M. Dove 'Christian Schreiber:Timothy Binder,
Christopher CocdRay Davis,'Ashlie Vinson,'Nicole LaBoveMichele
Moses,*Michael Maslanka:Michael Walsh, andJill Arnold

'Georgia Aquarium, 225 Baker Street, Atlanta, Georgia 303dajonal Aquarium in Baltimore,
Pier 3, 501 East Pratt Street, Baltimore, Maryland 21202

The whale sharkRhincodon typus, is the largest fish in the world; at seven
meters, a whale shark may weigh as much as 1500 kilograiis sheer size
creates numerous logistical challenges when handliesetnimals for medical
procedures. Principal among these is capture and restraimhanner that is safe
for the people and the animal involved. Additional chaiés include the
collection of morphometric information and diagnossamples, diagnostic
imaging techniques and the delivery of medications, supplementfluids.
Perhaps the most significant of the obstacles, howegemnalysis of the
biological specimens and subsequent interpretation amhacrl here is currently
no database of clinical information on whale shankd there remains much to
learn about the basic anatomy, physiology and etholo§ythis species.
Nonetheless, the experiences gained from husbandry terthaey practices with
the four whale sharks acquired by the Georgia Aquarium beilinvaluable in
future efforts to better understand and appreciate thegenaiic elasmobranchs
in both aquariums and their natural environment. We heeeome many of the
challenges involved in handling and performing medical proesdwith these
animals in a captive setting. Exciting collaborations desb lie ahead with the
other institutions maintaining whale sharks, in a collabee effort to increase
the knowledge base information and conservation efforthi®ispecies.
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Unusual Myocardial Pathology Of Farm Reared Atlantic Halibut
(Hippoglossus hippoglossus)

'Peter SykesDavid Gromanand*Larry Hammell

! Center for Aquatic Health Sciences a@ndquatic Diagnostic Services, 550 University Ave.,
Atlantic Veterinary College, UPEI, Charlottetown, P.EELA4P3 Canada

Production of Atlantic halibut Hippoglossus hippoglossus) is an ongoing
alternative species aquaculture industry in Norway, hcgl&cotland and more
recently Atlantic Canada. Inflammation within the cgpdium and on the
pericardial surfaces of aquaculture reared fingerling halibatbeen documented
in Norwegian, Icelandic and Canadian stocks, with suggesff a nutritional or
bio-mechanical etiology. To date there has been rar dlikkage to pathogens.
Recent observations of “grower” halibut, reared in prodacigstems in Atlantic
Canada, have revealed an unusually high prevalence of peogardial nodules
and adhesions. Bacteriology and virology analysisissuie from affected fish
have proved negative for infectious agents. Histologic@mination of heart
tissue from a range of fish with gross lesions hasaledea mix of proliferative,
inflammatory and vascular changes. Gross and histopathalata will be
presented with hypotheses as to etiology.



32" Eastern Fish Health Workshop

A Walk On The Wild Side: Selected Histopathologic Findings
From Endocrine Disruptor Studies

Jeffrey C. Wolfand Marilyn J. Wolfe

Experimental Pathology Laboratories, Inc., 456000 TerminakDSterling, Virginia, 20166

Although the concept of endocrine disruption (ED) is desad® research efforts
in this area have intensified during the past fifteen sygatimarily due to
government mandates and heightened public awarenessadmgly, chemical
production companies and regulatory agencies find themsehaes pressure to
rapidly provide data for use in ED risk assessment aralftsdownside of this
accelerated pace of investigation is that the biologibaracteristics of a test
species may not be fully understood prior to the creaim performance of ED
experiments. Potential consequences of this are subopsiondy design and
misinterpretation of study results, which may in tursdiéo misconceptions that
persist in the scientific literature. A specific prablén aquatic animal bioassays
is that information concerning the occurrence of spowotamehistopathologic
anomalies in control or reference site animals isrofacking. The primary focus
of this presentation will be the illustration and br@iscussion of various
reproductive tissue abnormalities, some of which could Ilomsidered
“background” lesions that have been identified in toxigaal studies.
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An Epizootic Of Cyprinid Herpesvirus 2 (Goldfish Herpesvrus) In A
Goldfish - Koi Production Farm

1Janet V.Warg?Jennifer Haugland, aridames W. Provo

! USDA-APHIS-VS National Veterinary Services Laboratories, Diagnogiiology Laboratory, P.O. Box
844, Ames, lowa 50016North Carolina Veterinary Diagnostic Laboratory Sgst&Raleigh, NC? USDA-
APHIS-VS,930 Main Campus Drive Raleigh, North Carolina 27606.

The cause of goldfish mortalities at a goldfish-koi praducfarm was investigated. The
clinical signs and lesions were consistent with tho$eherpesviral hematopoietic
necrosis. The goldfish were lethargic, swimming at tth)g and gathering around the
diffuser. Three dead and 3 live goldfish were receivediifmgnostic work-up. Petechial
hemorrhages of the skin were observed. The gills welee ppak to tan and some had
pinpoint white foci within the filaments. No fluid ife peritoneum was found. Some
fish had pinpoint white foci in the spleen and kidney3ther kidneys were pale and
small. A few fish had mildly enlarged spleens. Oné fimd exophthalmia and the
corneas were cloudy. Histopathological examinatioveated subacute inflammatory
lesions and intranuclear inclusion bodies in the bulls, liver, intestine, pancreas, and
adipose tissue. The caudal kidney and spleen exhibiteghlyinematopoietic necrosis
and intranuclear inclusion bodies. A 10% tissue homogenatie fnom a pool of kidney
and spleen from four goldfish was used for virus isomaticA sample of cell culture
fluids from koi fin cell cultures demonstrating CPE was cessed for electron
microscopy and nucleic acid extraction for use in PCResting performed in the
diagnostic workup including histopathology, bacteriology,uvirisolation, electron
microscopy, and molecular characterization of thel \edate supported the diagnosis of
cyprinid herpesvirus 2. This is the first report of sucedssyprinid herpesvirus 2
isolation on KF-1 cell cultures in the United State.
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Right Treatment; Wrong Results

'Carolyn Gunn!Peter Walker'Mandy Colburn, andCharlie Smith

'Colorado Aquatic Animal Health Laboratory, P.O. Box 1B8ysh, Colorado 80723:212Story
Hill Road, Bozeman, Montana 59715

Flavobacterium psychrophilum was isolated from the spleens of 10-centimeter
rainbow trout in a lot of 160,000 at Pueblo State Fish Haychn south central
Colorado in late December, 2006. The fish quickly responded tegime of
oxytetracycline administered in the feed, but mortalitietsirned to normal for
less than two weeks before a second round of bacteyemfianuch greater
severity broke out. This time virtually all fish werdfeated. Clinical signs
included fluid-filled blisters progressing to open sores, ettagdmia, pale gills
and livers, enlarged spleens, and grossly swollen and eai@l kidneys.
Histopathology of the hind kidney demonstrated necrosissahe kidney
tubules characterized by pyknotic nuclei. Many cellghini hematopoietic tissue
were enlarged and had large, often pleomorphic nuclei trext otintained 2 and
occasionally 3 nucleoli. Liver cells were also #am and often displayed
double, swollen nucleoli, while others were degenerate demnating karyorectic
nuclei. Macrophages were swollen and commonly seemnwiilood vessels
often attached to vessel walls primarily of of livawrsd kidneys. Steiner staining
showed that macrophages were engorged with short rods of distinct
morphologies. Cultures from kidney and spleen on TYEarAailed to growF.
psychrophilum; however, two species of gram negative, gelatinaseiypmdieta-
hemolytic short rods were isolated on Blood Agar. Thesee identified as
strains of Aeromonas hydrophila and Pseudomonas fluorescens. Both isolates
were totally resistant to oxytetracycline, Romet-3@ #orfenicol. The entire lot
of trout was buried and the raceways disinfected.
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Pigmented Tumors In Gizzard Shad From The Black Warrior
River, Alabama

!Amelia C. Knight *Jeffery S. TerhunéJohn M. Grizzle, an@William E. Garret

lDep’c'ttment of Fisheries and Allied Aquacultures, Auburn UniwgrsAlabama, 36849;
2Alabama Power Co. Environemntal Affairs, P.O. Box 264imBigham, Alabama

Some types of neoplasia in wild fish populations are thotmghte linked to
environmental contaminants. However, other types oplas@ may be caused
by viruses or inherited traits. In our study, gizzard Stizaosoma cepediaum)
were examined (n=200) from the Black Warrior River anPl@orgas, a fossil
fuel electric steam plant operated by Alabama Powerpgaos) in the summer of
2006. Four gizzard shad had raised, pigmented tumors, varnysige from 0.2
to 0.4to 0.7 cmto 1.0 x 1.6 x 1.7 cm, located in the skime frontal bone, and
less frequently in the skin of the fins. These tumonewetaneous melanomas,
and this diagnosis was verified by the Registry of Tramia Lower Animals.
Since the 2006 summer sample, an additional 400 gizzard lsinael been
collected and subsequent pigmented tumors were obsirged additional fish.
Histological examination of these latter samples isdpeg. Similar tumors in
gizzard shad have been described from several lakes mh@kh. Genetics,
viruses, and chemical carcinogens have not to been linkedthet tumors in
Oklahoma. Likewise, the cause of the gizzard shadotsinm Alabama is
presently unknown.
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Online Fish Disease Course At Kentucky State University

Robert M. Durborowand Boris I. Gomelsky

Aquaculture Research Center, Kentucky State Universignkfort, KY 40601
Phone (502)597-6581

The Kentucky State University Division of Aquaculture ngato offer Fish
Diseases as a 3-credit graduate (AQU 511) and undergraduate4R0)dourse
in the spring 2008 semester. Course lectures were video rdashe® the course
was taught in the fall of 2006. These lectures will be nadglable to students
taking the class in 2008 in Flash video format and willdbenloadable onto
hand-held iPods. Students who have taken other aquacudtunges in this video
format preferred it over online courses that were preseimt text and pictures
only. They were able to re-watch lectures to reinfaaoe/or review certain
concepts that they may have missed after the initealing of the lectures. For
fish diseases, video format has the advantage of béiegt@ present moribund
behavior of sick fish and videos of fish parasites andebactin addition, course
documents including video clips of fish pathogens and iafefish will be posted
for student access online on Blackbdamdlessages to students and grades will be
accessible on Blackbodtd and timed exams will be administered online.
Offering Fish Diseases online will make the course al&lto a greater number
and wider range of students compared to teaching the cousséamh-campus
students. Online courses in aquaculture at KSU have typicatl more than 20
students enrolled compared to the typical class siabait 9 for on-campus only
courses. If enroliment increases by 11 students when mgaatgourse online and
tuition is $900.00, university income will increase by almost $10000@er
course per semester. And students who may not be ablgtttheir job and go
back to school full time will be able to take this onlc®urse during their free
time during evenings and weekends.

10
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The Current Status Of The U.S. National Aquatic AnimalHealth
Plan

Robert Bakal

U.S. Department of Interior, Fish and Wildlife Service,tiblzal Aquatic Animal Health
Coordinator, 4700 Hillsborough St., Raleigh, NC 27606

The Joint Subcommittee on Aquaculture’s (JSA) Natidwplatic Animal Health

Task Force was tasked with developing a national aquatroahriiealth plan
(NAAHP) for aquaculture in cooperation with industry, ice@l organizations,
state, local, tribal governments and other stakeholdén& NAAHP is intended
to foster and support efficient aquaculture; protect tladtihef our nation’s wild

and cultured aquatic resources; and meet both nationaintardational trade
obligations. Development of the NAAHP required inputnfravorking groups

composed of individuals who represent certain sectatgecdquaculture industry.
The final draft of the NAAHP was completed and submittethe JSA in June of
2007. The plan will not be codified into regulation; hoagvmplementation of
certain elements, such as import requirements, mayreergrisions to existing
laws, regulations or policies. In this presentationyrarsary of key milestones
will be presented and discussed with regard to futuresgoal

11
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Comparison Of The Biology OfHematodinium Infections In Blue
Crabs (Callinectes sapidus) And Snow Crabs Chionoecetes opilio)

1Jeffrey D. Shields’David M. Taylor, and-*Hamish J. Small

lvirginia Institute of Marine Science, Gloucester RoMA 23062;’Department of Fisheries and
Oceans, CP5567, White Hills, St. John’s, Newfoundland, CBNA A1C 5X1; *Centre for
Environment, Fisheries & Aquaculture Science, Weymawhoratory, Weymouth, Dorset DT4
8UB, UK

Differences in the patterns of infection, life histagd histopathology between
disparate hosts may lead to a better understandingthef biology of
Hematodinium. We compardiematodinium infections in the temperate blue crab,
Callinectes sapidus, with that in the boreal snow craBhionoecetes opilio. In
heavy infections, crabs become weak and lethargic anfiadrehandling stress,
but blue crabs do not show a discoloration of the carajheteis a hallmark of
infected snow crabs. Snow crabs infected widmatodinium sp. develop an
unusual bitter flavor that does not occur in infected blabss We speculate that
both the discoloration of the carapace and the Higeor result from the duration
of the infection. In the blue crab, infections resala relatively short (<40 d),
acute disease, whereas in the snow crab, infections deagthy (12 mo+),
chronic process. Snow crabs live in temperatures as owla° C, which
decreases metabolic rates, perhaps resulting in lonfgztions. Histological
findings indicate potential differences in the lifestbries of the parasites in their
disparate hosts. The plasmodial filamentous trophociirs in early infections in
the hemolymph of blue crabs but does not occur in th@lyemph of snow crabs.
However, a different sheet-like plasmodial stage octutee hepatopancreas of
snow crabs but not in that of blue crabs. Such life hisldferences can be used
to further taxonomic and pathological comparisons betweese infections.

12
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Characterization Of Panulirus argus Virus 1 From The
Caribbean Spiny Lobster

'Robert E. RatzlaffMegan M. Montgomery-FullertoriMichelle Todd, Bill
“Newcomb,2Jay Brown2Jeffrey D. Shields, amtRoland A. Cooper

!Department of Biological Sciences, Old Dominion UnivigrsNorfolk, VA 23529;?Department
of Microbiology, University of Virginia School of Medicgy Box 800734, Charlottesville, VA
22908;*Virginia Institute of Marine Science, The College ofi&m and Mary, Gloucester Point,
VA 23062

Panulirus argus virus 1 (PaV1l) is a pathogenic virus that infects the Caribbea
spiny lobster Ranulirus argus) in the Florida Keys. PaV1l was isolated from
Florida Bay spiny lobsters with signs of disease. Rutifvirions were
morphologically similar to PaV1 previously reported irstis biopsies and were
infectious to healthy lobsters. PaV1l shares similaritgh wHerpesviridae,
Iridoviridae, and Ascoviridae families based on BLAST cbiamazation of DNA
fragments cloned from the virus.

13
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Primary Culture Of Hemocytes From The Caribbean Spiny
Lobster, Panulirus argus And Their Susceptibility To Panulirus
argus Virus 1 (PaVvl)

Caiwen Liand Jeffrey D. Shields

Virginia Institute of Marine Science, The College ofil@m and Mary, Gloucester Pt, VA 23062

Primary cultures of hemocytes from the Caribbean sjobgterPanulirus argus
were developed for studies on flnevitro propagation oPanulirus argus Virus 1
(PaVv1l). A modified Leibovitz L-15 medium supported the bsstvival of
hemocytes inin vitro primary cultures. However, degradation of the cultures
occurred rapidly in the presence of granulocytes. AdHestep gradient was
used to separate hemocytes into three subpopulationdeahric hyalinocytes,
semigranulocytes, and granulocytes, respectively. Whdtured separately,
hyalinocytes and semigranulocytes maintained high viab{ityB0% survival)
after 18 days incubation compared with granulocytes, whichadedrover 2-3
days. Susceptibility of the cell types was investigated alleige studies with
PaV1l. Hyalinocytes and semigranulocytes were susceptifaV1l. Cytopathic
effects (CPE) were observed as early as 12 h postiataoy and as the infection
progressed, CPE became more apparent, with cell detticalular exudates
present in inoculated cultures. Cell lysis was noticeaftlein 24 hrs of infection.
The presence of virus within cells was further confirmednbgitu hybridization
using a specific DNA probe. The probe gave a unique stainingrpdt cells
infected with PaV1 24-h post inoculation. Cells in twntrol treatment were
intact and negative to hybridization. This assay washér applied to the
guantification of infectious virus in hemolymph using a 5@%sue culture
infectious dose assay (TGJ§) based on CPE. These tools will now allow the
guantification of PaV1 using established culture-based methods.

14
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Ailments In Captive Crabs

Gretchen Messick

Cooperative Oxford Laboratory, Center for Coastal Enviremia Health
& Biomolecular Research at Charleston, USDOC/NOABSMNCCOS, 904 S.
Morris Street, Oxford, Maryland 21654-1323

The blue craltCallinectes sapidus is an essential component of Chesapeake Bay’s
ecology and supports an important commercial fisheryse&eh indicates that
extended captivity can impart stress on blue crabs, leadlieghanced prevalence
and intensity of disease. Captive crabs can havehaitsgdence of shell disease.
Although initial mortalities are often attributed to gemlized bacterial infections
associated with inflammation and nodule formation issue, mortalities
occurring in crabs held in captivity for prolonged periods adag be due to viral
infections. Viruses that have been encountered in @ptrabs during
investigations include reolike (RLV) virus and rhabdolike (Rh\WA&us, a virus
sequenced as aquareovirus reoviridae, Chesapeake Bay vilv} #6®8 Bifaces
virus (BFV). In addition to bacterial and viral infect®y other pathogens in
captive crabs have included microsporidians, fungus, rgikeike infections and
ciliates. Histological abnormalities have also bebserved, including scab-like
gill lesions and an unusual strand-like structure in thenelu of the
hepatopancreas. Some or all of these parasites orasi@tibns of disease may be
latent in the crab until stress causes infectionsbézome patent. The
development of molecular detection methods for virusestleer parasites would
provide diagnostic tools needed to assess environmental tsnmac crab
populations in the Chesapeake Bay, and monitor the rstatils of captive crabs.

15
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Parasites And Diseases Of Blue Cral;allinectes sapidus From
Tampa Bay, Florida

Yasunari Kiryy Jan H. Landsberg, Anne L. McMillen-Jackson, ChaRes
Crawford, Susan D. Gerhart, Angie M. Machniak, Jay Ahlscdtalina E. Brown,
and Noretta E. Perry

Florida Fish and Wildlife Conservation Commission, Fisd &¥ildlife Research Institute, 100
Eighth Avenue Southeast, Saint Petersburg, Florida 33701-5095

In spite of recent significant declines in blue craballinectes sapidus,
commercial fishery landings, we have little knowledgewlihe general health
status of this species in Florida. A preliminary study w@asducted from June
2004 — July 2006 to monitor the general health of blue crabs nmpdaBay
(Florida central west coast). Blue crabs were ctdlbcweekly from traps
routinely monitored at five locations: BH, Bayboro HarbaB, Apollo Beach;
AR, Alafia River; AP, St. Petersburg/Clearwater Ingional Airport; and SH,
Safety Harbor. At each site, randomly selected live lokabs were brought back
to the lab for necropsy. Hemolymph was drawn and obdefwe light
microscopy (LM) (using Giemsa stain) and bacterial swis were attempted.
Internal tissues were prepared for wet mount LM, reutt&E histology. From
histology and stained hemolymph slides, the prevalencéneofdinoflagellate
parasiteHematodinium was 9.5% (BH; N=21), 13.0% (AB; N=23), 20.0% (AR;
N=20), and 7.3% (AP; N=41). Prevalence of the microspamidbarasite,
Thelohania sp. was 8.7% (AB), 10.0% (AR), and 9.8% (AP). Neither
Hematodinium nor microsporidia were detected from SH (N=32}icrophallus
basodactylophallus metacercarial cysts were detected at all sites (10.0% -
30.4%). Tetraphyllidean cestodes were ubiquitous, with agrgvalence at AR
(45.0%). Vibrio was commonly isolated from the hemolymph. Results ball
reviewed for potential management applications.

16
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Aspects Of The Molecular Biology OfHematodinium sp.

'Eric Schott ?Gretchen Messick, arid\len Place

'Center of Marine Biotechnology, 701 East Pratt StreattiBore, MD 21202;
Cooperative Oxford Laboratory, (CCEHBR) USDOC/NOAA/NOSMOS, 904
S. Morris St., Oxford, Maryland 21654

Hematodinium sp. is a parasitic dinoflagellate that infects the btrab
(Callinectes sapidus) and other crustaceans. Blue crab populations in theaMD
VA coastal bays, and the lower Chesapeake Bay, haveiexped occasional
losses as a result éfematodinium sp. infections. WhileHematodinium sp. is
most prevalent in high salinity, it may be carried sbs as they migrate into and
out of water of lower salinity. We describe the udeaohighly sensitive,
guantitative PCR assay (Q-PCR) that can detect pai@hite corresponding to
less than a single cell. We are using the Q-PCR assmyallel with histology to
asses$iematodinium sp. prevalence and intensity in blue crabs from Chesapeak
Bay and MD coastal bays. In a retrospective study, awe lalso applied the Q-
PCR assay to archived DNA samples of crabs from nadisehareas of the
Chesapeake Bay, and have detected a 10% prevalence affeghions. The Q-
PCR assay is directed towards the multicopy rRNA loByscomparing Q-PCR
standard curves of parasite cell dilutions versus Q-Pt@Rdard curves on
dilutions of the cloned rRNA gene target (gift of R. L 8&IO) we find evidence
for nearly 40,000 copies of the rRNA gene cluster per chilestigations are
underway as to whether there is variation in the DNAusace among these
copies, and whether structural geneslefatodinium sp. also exist in multicopy.

17
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Shrimp Hemocyte Immunity: Peroxinectin Expression In
Response Td/ibrio Infection

'Erin J. Burge®Louis E. Burnett, an@Karen G. Burnett

! Department of Marine Science, Coastal Carolina UsiierPO Box 261954, Conway, SC
29528; 2 Grice Marine Laboratory, College of Charleston andlinigé Marine Laboratory
NOAA/NOS, 331 Fort Johnson Rd., Charleston, SC 29412

The purpose of this study was to examine changes inghigetievel hemocyte
distributions of the Pacific white shrimpjtopenaeus vannamei, in response to
challenge with a bacterial pathogelVe quantified by real-time PCR the gene
expression of peroxinectin, a multi-functional immupeotein expressed by
shrimp hemocytes. Biological functions of peroxinedtinlude roles in cell
adhesion, degranulation, opsonization, encapsulation p@ndxidase activity.
Peroxinectin gene expression (as mRNA) was quantified tissbies and in
circulating hemocytes for 48 h following intramusculajection of shrimp with
Vibrio campbellii. Peroxinectin signal increased significantly in the rauatthe
site of injection between 1 and 4 h and returned to ablatvels within 24 h of
injection. Surprisingly, changes in peroxinectin expogsgi the circulating pool
of hemocytes were not correlated wittibrio injection, suggesting that
recruitment of hemocytes to the site of injectiorfirasn existing tissue localized
hemocyte subpopulations or that recruited hemocytestasuladly upregulate
peroxinectin within 4 h of infection. Vibrio-injected shrimp experience an
increase in peroxinectin expression within the gill by 48 ht-ppsction,
supporting the hypothesis that localization and encapsulafibacteria in the gill
IS an important aspect of crustacean immunity to bacteBupported by NSF
Grant No. IBN-021292 to KGB and LEB.

18



32" Eastern Fish Health Workshop

The Role Of Microorganisms In Development Of EpizootiShell
Disease In The American Lobster

Andrei Chistoserddy Sai Laxmi Guballh Roxanna Smolowitz

YUniversity of Louisiana at Lafayette, P.O. Box 42451, Laf@yel A 70504-24517? Marine
Biological Laboratory, 7 MBL Street, Woods Hole, MA 0254215

Epizootic shell disease found at high levels in wild poputatiof the American
lobster appears to have bacterial etiology. The rhiafccommunity associated
with epizootic shell disease lesions consists of twdive dominant strains of
bacteria. DGGE of PCR amplified 16S rRNA genes (PCRGE{ from DNA
isolated from lobster lesions, indicated that lesiohobsters always harbor at
least two microorganisms: a strainAduimarina sp. and either an unidentified
a-proteobacterium or &seudoalteromonas sp. strain. Although our attempt to
verify the Koch postulate fohquimarina sp. was not successful, the importance
of Aquimarina in pathogenesis should not be underestimated. It is c@idei
that other precursory pathogens weaken the immune sysferobsters,
preventing effective defence against epizootic shekatis. If such pathogens
existed, they must cause a latent, otherwise unnoticedbtgion. Necropsies of
over 60 lobsters carried out over the last two yeamsjodstrated that lobsters
with shell disease have cubicula lesions but are wikerhealthy. To investigate
the possibility that unknown eukaryotic microbe mayrb®ived, we carried out
PCR-DGGE analysis of 18S rDNA amplified from DNA ideld from lesions
and hemolymph of diseased lobsters. No other eukaryotic BN#mplifiable
from hemolymph except lobster's one. 18S rDNA of a bawmterus nematode
(Geomonhysteria diguncta) was detected in lesion of all tested lobsters, and that
of barnacles, bryozoans and protozoans in lesionshé.so
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Effects Of Lipopolysaccharide On Total Hemocyte Counts OT he
Blue Crab, Callinectes sapidus

Natasha J ShayiRachel A Ryan and Marius Brouwer

Gulf Coast Research Laboratory, University of Southiglississippi, 703 East Beach Drive,
Ocean Springs, MS 39564

In contrast to vertebrates, the crustacean immune msspadoes not include an
adaptive component based on immunological memory, g&t ithmune systems
are extremely complex, efficient and highly developecdrustaceans, circulating
hemocytes perform essential roles in immunity; phatpsty, encapsulation, and
lysis of foreign cells. Lipopolysaccharides (LPS), ad@&oxins, are an integral
component of the outer membrane of gram-negative lactelPS exposure
induces rapid degranulation of hemocytes resulting in bagtopenia (hemocyte
depletion). We investigated the effects of injected LPSigrulating hemocytes
of the blue crabgCallinectes sapidus, to determine: 1) the concentration which
induced the most severe haemocytopenia, 2) the time th resximum
haemocytopenia, and 3) the time course of recovery sudvrethal doses. Severe
haemocytopenia was induced at 0.5ug/ul per gram of wet weldh®
concentrations of 1, 2 and 5pg/ul resulted in mortality. OALpg/ul LPS
maximum haemocytopenia was reached within 2 hours postiamecwith
recovery to pre-injection levels by 12 hours. Our data sHothat dramatic
decreases in the number of circulating hemocytes cardbeed after exposure to
non-self molecules such as LPS. Haemocytopenia induceagdimfection
constitutes a serious threat to the health of an dragnaompromising its ability
to fight off invading microorganisms therefore, the rapidovery of hemocytes is
essential to combat infections. The ability of the dugb to rapidly replenish
hemocytes may be a necessity given the environmerhichvt lives.
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An Overview Of Clam Health In The Chesapeake Bay

'Shawn M. McLaughlin’Lewis M. Collier,*Robert M. Bingaman, antDorothy
W. Howard

'NOAA/NOS/CCEHBR; *Maryland Department of Natural ResourcédHT Services, Inc;
Cooperative Oxford Laboratory, 904 S. Morris Street, @kftMaryland 21654

Mollusks are infaunal benthic organisms important to ébelogy of estuaries.
Clams and other members of the benthic community arabfeliand sensitive
indicators of habitat quality because they reside ittobo sediments where
exposure to contaminants and oxygen stress frequently. &@enthic organisms
are known to respond to multiple types of environmerttalss and to reflect
environmental conditions that vary over time. In 2006-2007, natne exotic
clams were collected monthly from relatively cleard golluted sites in the
Chesapeake Bay and their tissues examined for histopathokgyverview of
the health status of several clam species will begmted. For example, infection
prevalence and intensity 8frkinsus sp. parasites increased in the late summer in
Baltic clams at two sites in the Tred Avon River.ghimortalities of Baltic clams
were associated with increasing parasite burdens coupled hs#h stress.
Disseminated sarcomas were also observed in clam gissuasights into
historical and current impacts of potential pathogenslacoma balthica, Rangia
spp., andCorbicula fluminea will enhance the development of diagnostic and
predictive tools needed to more adequately assess eamosys$iealth.
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Antimicrobial Peptides From The Suppression Subtractive
Hybridization cDNA Library Of Zebra Mussel ( Dreissena
polymorpha) Byssus Glands

Wei Xuand Mohamed Faisal

Pathobiology & Diagnostic Investigation, College okt¥rinary Medicine, Michigan State
University, East Lansing, Ml 38824

As a special apparatus located at the root of the zelussah Dreissena
polymorpha) foot, byssus maintains the adhesion through its ehfeespan.
However, the current studies on the attachment mechargsmloyed by zebra
mussels are extremely limited. In this study, 2418 ExpreSszfience Tags
(ESTs) were obtained from the Suppression Subtractieritzation (SSH)
cDNA library constructed with zebra mussel foot. 750 naligned ESTs
remained after the analysis of sequences alignment pno@antig Assembly
Program 3 (CAP3). The homologues search with BLASTxalswvhat 470 ESTs
had putative functions, while 280 of them were unpredictadlehe ESTs were
divided into 5 groups according to the putative functions eir thomologues,
which included attachment related genes, exocrine gland eggehes, defense
related genes, normal cell functioning genes, and unknogsabgenes. The full
length antimicrobial peptides genes were cloned and sequencedajy
Amplified CDNA Ends (RACE). The expression analysis tbé molecules
induced by different stimulation was analyzed by Rea¢timCR and the
recombinant expression of the antimicrobial peptidesapasied in the biological
activity assay to detect the inhibition of the growthGym-positive and Gram-
negative bacteria. As a result of this study, a nurobg@reviously undiscovered
zebra mussel byssal gland ESTs were added to the &83abkase providing a
powerful tool for the further study of zebra mussel &itaent mechanism.
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Identification Of Microbial Communities Associated With The
Zebra Mussel Oreissena polymorpha)

laAndrew D. Winters®Terence L. Marsht*Mohamed M. Faisal

!Department of Fisheries and Wildlife, Natural ResouBeitding, 2Department of Microbiology
and Molecular GeneticSDepartment of Pathobiology and Diagnostic InvestigatMighigan
State University Plant, East Lansing, Michigan 48824

Although much research has been conducted concerning thleggcand
physiology of zebra mussels since they were firsbduced into the Great Lakes
region, little is known concerning microbial communiteessociated with zebra
mussels in Great Lakes ecosystems. In these studiespbimal community
diversity was investigated in zebra mussel gill, gud &emolymph samples
collected from inland lakes and tributaries in Michigan'sveo Peninsula. To
determine microbial diversity we applied two moleculahteques — sequencing
of 16S rRNA genes through the construction of clone riesaand community
analysis using T-RFLP (Terminal-Restriction Fragmeandth Polymorphism)
genotyping. Clone library analysis identified ecolodicdiverse bacteria from 11
phyla and revealed distinct microbial assemblages assbaiatle each sample
type. Cyanobacteria accounted for 24.1% of bacteria isbfadben gut samples.
Members of the Microbacteriaceae family were only fotm@le prevalent in gill
samples. T-RFLP may represent a powerful tool to bd tesédentify and track
disease in zebra mussel populations. These findings hadeations for the
fields of biological control, limnology, and water qtglimanagement and
warrant further investigation.
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Health Evaluations Of Impinged Fishes At Steam Generating
Power Plants

!Amelia C. Knight “Jeffery S. Terhune, arftVilliam E. Garret

!Dept. of Fisheries and Allied Aquacultures, Auburn Univgréidabama, 3684%Alabama
Power Co. Environmental Affairs, P.O. Box 2641, Birmingh&labama.

Section 316(b) of The Clean Water Act of 1972 Section 31ig¢@dpires that the
best available technology (BTA) be implemented in timca design,
construction, and capacity of cooling water systerakimt(CWSI) structures in
efforts to reduce adverse environmental impacts (AEInceSits enactment the
interpretation of how to define and measure BTA’'s and’fAB&s been highly
debated. A major component of AEI is impingement. Impimg@ occurs when
larger organisms, unable to pass through the screenssbrraeks of the CWSI,
are trapped against the intake screens by the waterityeloic the intake.
Impinged organisms trapped against the screen and may inay amd possibly
death. Previous studies have examined factors that fieay Enpingement rates
of fishes including: CWSI velocity, temperature, turbidipH, and dissolved
oxygen. The purpose of this study is to (1) to evaluat@ittealence of disease
in impinged fish versus designated treatment and open watereference fish
from the steam generating plants of interest, (2v&duate disease prevalence in
impinged fish versus open water river reference fish ladipus over multiple
seasons and geographic regions. The overall goal ofttidy $s to obtain a
better understand how and why fish are impinged, and to tdtiyewer the
impingement rates of fish at steam generating powetlagtudy sites include
four plants in Alabama and four plants on the Ohio RiMenpinged fishes were
collected from all plants, and reference fish colldctat each plant by
electroshocking and gill netting. The complexity of (B&/SI structure at Plant
Gorgas (Alabama Power Co.) called for two additionaitiad treatments, the
intake canal, and the intake pit. Preliminary ressutggest there are significant
differences between impinged and reference fish, a$ ageladditional Plant
Gorgas treatments in pathogen prevalence (p<0.001). Fumberactions
between treatments and power plants, species, andséisaetors will also be
examined and discussed.
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Strategies For Field Sampling When Large Sample Sizes Are
Required

LJulie A. Bebak'Craig A. ShoemakefCovadonga R. Arias, artéhillip H.
Klesius

'Aquatic Animal Health Research Laboratory, AgricultuRésearch Service, United States
Department of Agriculture, 990 Wire Rd., Auburn, AL 3683Rgpartment of Fisheries and
Allied Aquaculture, Auburn University, Auburn, AL 36849

Estimates of prevalence or incidence of infection waithathogen endemic in a
fish population can be valuable information for developmaend evaluation of
aquatic animal health management strategies. Howevedrdus of unbiased
samples may be required in order to accurately estithase parameters on a
catfish farm, which is an especially inhospitable emmnent. The high ambient
summer air temperatures, lack of shelter and electpoater, and the large
number and size of the ponds contribute to the chatigngonditions. One
strategy that can be employed to reduce the numbemgsles needed is the use
of the “herd”, or epidemiological unit, concept. Eveithwthe use of the
epidemiological unit, however, hundreds of samples mdist likely be needed,
so it will be impractical to process each fish atpbad side. Quick freezing fish
on dry ice and storage at “TDfor assay at a later time may be a viable option,
but should be validated before use in the field. Thed'heoncept and the
validation of the use of frozen fish as samples fothqgen assay will be
discussed during this presentation.
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Genomics And Proteomics: What Do These Add To Fish Hddth
Research?

Laura L. Brown

National Research Council of Canada (NRC) Institute Marine Biosciences, 1411 Oxford
Street, Halifax, NS, B3H 371, Canada

Genomics and proteomics technologies have resulted ex@lnsion of data in
the biological sciences. Examples of tools and methoel&apressed Sequence
Tags (ESTs), whole genome sequencing, Serial AnalysiGenle Expression
(SAGE), microarray-based transcript profiling, mass-speattry analysis of
protein expression. These can all provide important datanderstand the
biochemical and molecular mechanisms of infection. &ie, caution must be
exercised when contemplating using these methods. Capitghment can be
costly, operating expenses are high and advanced trainingualy required.
Moreover, some of the data that are generated mushdigsad by specialized
methods. This session will examine some of thosentdabies and will illustrate
the advantages and disadvantages of each, using presesgearch programs as
examples. The objective of this session is to shbenywhy, and how genomics
and proteomics techniques can be used to benefit fish meadtarch programs.
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Genomic Approaches For Studies Of Fish Responses To
Pathogens And Pollutants

Matthew L. Rise

Ocean Sciences Centre, Memorial University of Newtbaimd, St. John’s, NL, Canada A1C 5S7

Pathogens and pollutants are serious threats to fish piopsla Genomic
techniques, such as high-complexity cDNA library consioacand microarray
hybridizations, have been used to identify fish genes res@ohs pathogens
(bacterial, viral, fungal, protozoal) or environmentatitants (e.g. heavy metals,
pesticides, dioxins). There are excellent genomicuress available for several
fish species. For example, there are more thannali®n zebrafish Danio
rerio) expressed sequence tags (ESTs) and over 436,000 Atlantmns@hlmo
salar) ESTs in the National Center for Biotechnology Infatibn (NCBI) EST
database. Available fish DNA microarrays include a ~16,060e (16K)
salmonid cDNA microarray from the consortium for @emc Research on All
Salmon Project (cGRASP) and commercially availabkources such as a 21K
zebrafish oligonucleotide microarray (Agilent). Whderrently available fish
DNA microarrays can provide valuable information on thelecular pathways
altered by exposure to pathogens or toxicants, these cesoaire missing some
important defense-relevant genes. A complete understammd the molecular
mechanisms by which infections and pollutants alter fislsipliggy will require
the development of new genomic resources such as suppressbtractive
hybridization (SSH) cDNA libraries generated from immurand toxicant-
challenged fish tissues. SSH libraries have beewrsho be effective means of
identifying novel fish genes responsive to immunogenic stimufunctional
genomic research may lead to the development of nels foo detecting and
combating emerging diseases of fish.
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Application Of Genomics To Study Host-Pathogen Interactios In
Oysters

Marta Gémez-Chiarri.

University of Rhode Island, Department of Fisheri@simal and Veterinary Science, 20A
Woodward Hall, Kingston, Rl 02881

Oysters are one of the oldest and most productive segroéhiS aquaculture.
Unfortunately, habitat degradation, over-fishing, diseasd, lack of successful
sets have severely impacted oyster populations in UStates coastal waters.
Parasites likePerkinsus marinus and Haplosporidium nelsoni place a large
economic burden on the oyster industry. Basic knowlefigeate immunity and
the mechanisms used by pathogens to evade host responsasalkto develop
strategies for promoting disease resistance and managingotics. The recent
development of genomic resources for oysters has provitedneans for an
explosion in oyster disease research. These resoinaade several collections
of expressed sequence tags (ESTs) from a variety ofakabi@s, subtractive
libraries of genes differentially expressed in respotseinfection, oyster
microarrays, and BAC libraries. More importantly, theint Genome Initiative
has agreed to sequence 150,000 cDNA clones from the Pacstierand 133
BAC clones. We are using these resources to isoladecharacterize genes
involved in host-pathogen interactions in oysters. Althougtogecs resources,
combined with other more traditional approaches, have giréad to the
identification and characterization of several males with immune function in
oysters, the large majority of the genes in oyster dats do not match
sequences in other databases and have unknown functionsavelihg the
biological function of the large amount of genes derivedh the oyster genome
project will be a major challenge.
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Real-Time Immunology: Analysis Of Gene Expression To
Determine Fish Health

Mark D. Fast

Stony Brook University — Marine Sciences and Reseasttiedf (MSRC), Stony Brook, New
York, USA 11794-5000

The bane of the fish health field has long been theigyaa€t biomarkers and
reagents to accurately assess immunological statasviense fish species. As we
slowly address the issue of antibody and ELISA appraatheuantify immune
effector molecule regulation, expansion in fish gensnhiave opened a door to
study host-pathogen interactions in another way. The afssuppression
subtractive hybridization and microarray analysis aneguful tools for isolating
and identifying, 10s to 100s; to possibly 1000s of differdmgti@ixpressed
transcripts, over a short period of time. Real-tif@RAs a technique, which can
build upon SSH and microarray analysis to accurately guahese expression
differences. It has an accurate dynamic range of& e orders of magnitude
without post-amplification manipulation, can discrintmdgetween mRNAs with
nearly identical sequences and is extremely sensiggs RNA required). Here
we will discuss the considerations and pitfalls of thishnology, highlighting the
different chemistries, many types of normalizationec®n of housekeeping and
effector genes and most importantly how these have alhdevapplied to fish
health.
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DNA Microarrays To Study Bacterial Pathogenesis In Fish Halth
Research

John H.E. Nash

National Research Council of Canada (NRC) Institutdfological Sciences, 100 Sussex Drive,
Ottawa, ON, K1A OR6, Canada

Using a draft sequence of the genome Aeromonas salmonicida subsp.
salmonicida, we designed and constructed a DNA microarray of 2068 genes
selected on the basis of “involvement in some aspecviroflence”. This
microarray was used to study the comparative genomicsewdral wild and
clinical isolates ofA. salmonicida as well as to study gene expression of the
pathogen grown unden vitro low iron conditions and withimn vivo implants.
The latter experiments were performed to test the hgsaththat that genes
associated with iron regulation would be differenyialéxpressed inA.
salmonicida grown under low-ironn vitro culture, and insiden vivo implants, as
compared to under iron-repleite vitro conditions. Many of the genes observed
to be up-regulated by vitro growth in low iron are involved in iron acquisition
or transport, heme synthesis, contain iron-sulphurteisisor are iron-regulated.
Complementary proteomics studies of the s&rms&lmonicida samples indicated
that the levels of >60 proteins increased or decreasedIegsat50% in low iron
medium. Many of the up-regulated proteins are involved m l@meostasis, and
several match genes up-regulated in our low iron micagaexperiments. We
have also identified additional genes and proteins, natciased with iron
regulation, that are differentially expressed undervivo implant growth
conditions. We are correlating these results wata from other studies from our
laboratories to determine molecular mechanisn edlmonicida pathogenicity.

30



32" Eastern Fish Health Workshop

Metabolomics; Continuing Post-Genomics Refinement

'Andrew Dacanay'lan Burton, Tobias Karakach?Kirty Solanky,*John Walter

!National Research Council of Canada Institute forrita Biosciences, 1411 Oxford Street,
Halifax, NS, Canada;’Current Address: Bruker Biospin, 15 Fortune Drive, Bidie,
Massachusetts 01821

Despite the relative novelty of genomics it is ofsand that we are already in the
post-genomics era, defined by gene function rather than geesence.
Transcriptomics, proteomics and metabolomics respegtiagiempt “global”
surveys of the successive molecular events occurriagbinlogical system under
given conditions. Metabolomics aims to measure theumts and fluxes of low
molecular weight metabolites, which are products offleminteractions among
cellular components that originate from the protein pradatRNA transcription
and subsequent post-translational modifications. Metalsoltay be measured
principally by Mass Spectrometry (MS) or Nuclear Magnet¢sonance (NMR)
spectroscopy. This talk will concentrate on protofH)( NMR-based
metabolomics, which has advantages that complementr othemics”
technologies. Usually applied to biofluids or tissu&raets, it measures signals
from all hydrogen-containing small molecules in proportida their
concentrations, provided that the molecules are in $adation and are not
adsorbed to macromolecular or solid surfaces or othervastricted in their
motional freedom. In some circumstancés, NMR can be applied to whole
organisms, organ preparations or cell cultures. It permigsabolites to be
surveyed with little or no bias, relative to other spesitopic or spectrometric
methods. Although the proportionality of signal ar@aoncentration is close to
constant for each hydrogen atom in a molecular spetiesjdtailed shapes of
peaks imH NMR spectra are complicated by coupling and exchange prers
which are in turn indicative of molecular structure. dslecombined with
separation techniques or specialized pulse sequences tbatived) detect
particular molecular classes, the method produces spedtigh are sums of the
spectra of individual metabolites, and concentration gasumn minor components
may be obscured by overlapping signals from major compen@omparisons
can be made between individual samples, or betweerotwoore groups each
consisting of multiple individuals, by means of principaipmnents analysis or
other statistical techniques. Metabolites contributing S8aamtly to inter-group
differences can be chemically identified. Metabattamis a valuable
complement to existing nucleic acid and protein-based témiies, with
numerous uses in human medicine. Increasing applicat@mmrguatic systems
include studies of aquatic animal health from which illugirs will be drawn.

31



32" Eastern Fish Health Workshop

Expression of Antimicrobial Peptide Genes (Hepcidin 1 Ath 2) In
Largemouth And Smallmouth Bass

Laura S. Robertsoand Luke R. lwanowicz

USGS-BRD, Leetown Science Center, Aquatic Ecology &manl11649 Leetown Road,
Kearneysville, WV 25430

The coincidence of intersex and fish lesions in larggmo(Micropterus
salmoides) and smallmouthM. dolomieu) bass in the Potomac and Shenandoah
Rivers suggests a putative relationship between the peesehestrogenic
endocrine-disrupting compounds (EEDCs), endocrine dismptamd altered
immune function. Estrogen or EEDCs, which may cautgrsax in smallmouth
bass, may also interfere with the expression of gewedsed in innate immunity,
e.g. hepcidin, thus increasing susceptibility of fish to baatenfection. We have
identified two distinct hepcidin sequences in both largemounth samallmouth
bass (four hepcidin genes). Hepcidin is a small, catiotisulfide-bonded
antimicrobial peptide that exhibits antibacterial and anghl activityin vitro. In
mammals, hepcidin is an important iron regulatory harenthat blocks uptake of
iron from the intestine and release of stored irommframacrophages, thus
decreasing available iron. Expression of mammalian Hepe stimulated by
interleukin-6 and expression of interleukin-6 is inhibitadestrogen. Hepcidins
have been identified in several species of fish anghe@ominantly expressed in
the liver. Expression of these antimicrobial peptidesnduced by bacterial
infection (or structural components of bacteria, inaigdlipopolysaccharides).
We will discuss the constitutive and inducible tissue-speeifipression of two
hepcidin genes in largemouth and smallmouth bass andféot ef estrogen on
these expression patterns.
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Immunohistochemical Localization Of Two Putative Defense
Lectins, Rainbow Trout Ladderlectin And Intelectin In Diseased
Rainbow Trout (Oncorhynchus mykiss) Tissue

Spencer RusselM. Anthony Hayes, Karrie M. Young, John S. Lumsden

Fish Pathology Laboratory, Department of Pathobioldadpiversity of Guelph, Guelph, Ontario,
Canada N1G 2W1

To investigate the role of lectins in susceptibility aedistance to disease, we
isolated and characterized ladder lectin (RTLL) and ectel (RTIntl) from
rainbow trout Oncorhynchus mykiss) plasma based upon their carbohydrate-
dependent affinity. Both RTLL and RTIntl bound Agromonas salmonicida
subsp.salmonicida, Aeromonas hydrophila, Yersinia ruckeri, Pseudomonas spp,
chitin and artemia cyts (chitinous walls). As bothiteappear to be associated
with peripheral blood leukocytes, their role in recognitard/or processing of
foreign material is suggested. We used immunohistochgnfistthe localization
of rainbow trout ladderlectin and intelectin in tissuanf rainbow trout submitted
for examination from clinical cases of infectious dis® Based on these results,
we discuss the possible biological and defensive functithese lectins.
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Analysis Of A Novel And Phylogenetically Conserved Pattern
Recognition Receptor (PRR)

L. Jaso-FriedmanrM. A. Connor, J. H. Leary lll, L. D. Moss and D. [Evans

Department of Infectious Diseases, College of Veteyivedicine, University of Georgia, USA

Pattern recognition receptors (PRR) are important coemqts of the vertebrate
immune system for recognition of microbial structuresl dhe subsequent
inflammatory responses to danger signals. We have préyialescribed a

member of the PRR family (scavenger receptor) whichasegmt on nonspecific
cytotoxic cells (NCC) of catfish. NCC are teleost Mike cells important in

innate immune mechanisms against parasites, viruses andadct¢he present
study we describe the expression of another PRR in W@iCh is a novel and
phylogenetically conserved molecule. This new PRR is esgad on the
membrane, in the cytosol and in granule extracts @ and it is referred to as
nonspecific cytotoxic cell cationic antimicrobial preotdi/ncamp-1. Its name
derives from its bifunctional activities: on the memi@ancamp-1 binds ligands
(dinucleotide, polyguanosine, etc.) and in recombinant foxwamp-1 lyses
bacteria. The relevance of ncamp-1 in innate immune responas recently
supported by finding a mammalian orthologue on mouse leukocylssig an

anti-ncamp-1 monoclonal antibody we identified its egpi@n in subsets of
mouse leukocytes. These studies demonstrated that telgiostar to mammals
express heterogeneous families of PRR that may bearglen the design of
future vaccine formulations against infectious agents. Rasesupported by
BARD and USDA.
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A Novel Pattern Recognition Receptor On Nonspecific Cytoxic
Cells Has Bimodal Functions Of Membrane Expression And
Bactericidal Activity

M. A. Connot J. H. Leary lll, L. Jaso-Friedmann and D. L. Evans

Department of Infectious Diseases, College of Veterindedicine, University of Georgia,
Athens, GA

A novel cationic antimicrobial protein (nonspecific tatpxic cell cationic
antimicrobial protein-1/NCAMP-1) was identified from gashf (cf) NCC.
Ncamp-1 is believed to have a bimodal action: as a namelrotein it may be a
pattern recognition receptor (PRR) and in soluble recombifoam is a potent
antimicrobial. When expressed in recombinant form, ncarhpsl bactericidal
activity. Expression of ncamp-1 as full length or truadgpeptides and testing in
killing assays determined that the bactericidal actigigpinst Gramand Gram
pathogens was associated with expression of lysinal bastfs of the synthetic
protein. To assess the biological significance of mednm cf innate immunity,
clinically relevant bacteriological isolates from 8nical cases and a vaccine
strain of Edwardsiella ictaluri were tested imn vitro antimicrobial assays. The
bactericidal activity of recombinant ncamp-1 was alsordeted againsk. coli
from chickens and from bovine mastitidn order to evaluate the relationship
between ncamp-1 membrane expression and immune fundaiom@s)ti-ncamp-1
monoclonal antibody (mab 9C9) was derived. This mals wtlized to
investigate the potential signaling activity of ncamp-1. FHgtometric analysis,
using mab 9C9 binding, indicated that PMA activation up-regdlathe
membrane expression of ncamp-1 on NCC. iheivo role of ncamp-1 in
Edwardsiella infection models is currently being investigated. Research
supported by USDA and Veterinary Medical Experiment Statio
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Immune Response Of Hybrid Striped BassM orone saxatilis
X M. chrysops) To A Commercial Vibrio Vaccine

John W. Machemand Stephen A. Smith

Aquatic Medicine Laboratory, Department of Biomedicale8ces and Pathobiology, Virginia-
Maryland Regional College of Veterinary Medicine ,VirginPolytechnic Institute and State
University, Blacksburg, Virginia 24061-0442

Striped bassMorone saxatilis) and hybrid striped bas#$1frone saxatilis X M.
chrysops) are both a sport fish and food fish, with current s@rcial aquaculture
significance. Striped bass and their hybrids are subtepd a diverse variety of
pathogens, including viral, bacterial, fungal and parasigents. Of these
pathogens, bacteria of the genlibrio are a major pathogen of cultured marine
species. This study was undertaken to evaluate the nenmasponse of hybrid
striped bass to vaccination with a commerd®iddrio vaccine (Vibrogen 2, Aqua
Health Ltd.). Two test groups (IP injected and bath immeysand a PBS control
group of fish (n=80 fish each) were evaluated for antibledgls to theVibrio
vaccine for 56 days post-vaccination. An ELISA was deexdao assess specific
immunoglobulin levels using a previously developed affinityfgd rabbit anti-
striped bass antibody as one of the ELISA reagenth (R=8) were non-lethally
bled on days 0 (pre-), 4, 7, 14, 21, 28, 35, 42, 49, and 56. Bloodlwagd to
clot, the serum separated by centrifugation, and framei ELISA analysis.
ELISA results of the three groups were compared to eden otver the course of
the experimental period.
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Girlie Boyz: Low-Level Endocrine Disruption In Fatheads

Andrew S. Kaneand James D. Salierno

Aquatic Pathobiology Center, Department of Epidemiolaggt Preventive Medicine, University of
Maryland, 8075 Greenmead Drive, College Park, Maryla0@d42

The ability of male fathead minnow®imephales promelas, to compete for,
maintain, and defend a spawning substrate is paramounpriodtetive success.
This study quantified alterations in male fathead minnepraductive behaviors
after exposure to environmentally-relevant concentrai{ond0, 20 or 40 ng/L) of
17a-ethinylestradiol (EE) for 21 days. A video-based behavioral quantification
system was used to examine changes in male-male congdig¢haviors (i.e.,
chasing and head butting), and the ability of males to aiaispawning substrates
(i.e., nibbling and scrubbing). Male behaviors analyzed incluchee under the
spawning substrate, frequency of substrate cleaning, and cditspggression.
Plasma hormone levels (11-KT, T, ang),Evitellogenin (VTG), secondary male
characteristics (tubercle count and dorsal nape pad,rgokpdal somatic index
(GSI), and gonad histology were also evaluated. ExposurdOt ng/L EER
decreased the ability of exposed males to compete withotomales for spawning
substrates (p = 0.09). Further, exposed males displayedetediequency of
substrate cleaning activities as well as chasing mafpettors (p< 0.05). 11-KT,
T, and E were lower, and VTG was notably higher, in ;Exposed males
compared with control males §0.03). EE exposure in males was also associated
with reduced number and size of tubercles, lower GSI anddgb maturity ranks,
and presence of an ovipositor (p < 0.001 for each endpdihgse data reveal clear
alterations in male reproductive behavior that coincidéh wiecreased hormone
levels and secondary sex characteristics. Behaviadgaents to discern potential
ecological consequences in fish exposed to low concemtsatof endocrine
disrupting compounds may provide sensitive and functionalesf exposure.
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Assessment Of Environmental Nitrate Stress Effects IRishes

Samuel J. Lupicand John W. Turner

Department of Physiology, Pharmacology, Metabolism @addiovascular Sciences, University
of Toledo, College of Medicine

Aquatic environments are in decline worldwide due to bothurahtand
anthropogenic stressors including coastal development,ultgrad runoff and
sewage. Chronically elevated cortisol in responserésstan lead to impairment
of immune response, reproduction and growth. Cortisioécuently determined
in plasma samples as a measure of stress. Since smmeoftisol is excreted in
feces, measurement of fecal cortisol can servestress response indicator. Fecal
samples offer ease of collection, minimal assodiatess and elimination of
potentially misleading acute hormone spikes seen in bldbé. aim of this study
was to determine the effects of nitrate, a common agymilutant, on fecal
cortisol levels in fishes. Butterfly koiCfprinus carpio) were chosen as a
conservative model species, since they are hardy andtelgoor water quality.
Fishes were maintained group-wise (n=7) in 96 L aquaria. atditfas sodium
nitrate) was added to the water in 0.4 g/L increments appabaiyn weekly
beginning at 0.4 g/L and ending at 1.6 g/L. Fecal samples vadlected daily
and alternative-day samples were extracted and assayecbitisol by EIA.
Nitrate effects were compared in both baseline (12 dagsireatment (12 days)
and control group (n=7) vs. treatment group (n=7) conditioNgrate treatment
significantly (t-test, p<0.0001) increased cortisol exore{9-fold, from a pre-
treatment mean of 49.5 pg cortisol/g dry feces to a tredtmean of 329.1 pg
cortisol/g dry feces). Additional nitrate incrementedquced no further increases
in cortisol. This study demonstrates that fecal cdriseasurement in fishes can
be useful as an indicator of nitrate stress in thetageavironment.
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Advances In Our Understanding Of Phaeohyphomycosis

!Akinyi Nyaoke “E. Scott Weber’Charles Innis’Donald Stremme’Cynthia
Dowd, “Christian Keller!Lynn Hinckley,>Timothy Gorton Brian Wickes,
’Elizabeth ThompsorPeanna SuttoriSybren de Hoog, an$alvatore Frasca

Jr.

Department of Pathobiology and Veterinary Science ¥@ehter for Excellence in Vaccine
Research, University of Connecticut, Storrs, CT 06269-3t88w England Aquarium, Boston,
MA 02110-3399; *Adventure Aquarium, Camden, NJ 08103-1060gnnessee Aquarium,
Chattanooga, TN 37401-204%epartment of Microbiology an@Fungus Testing Laboratory,
Department of Pathology, The University of Texas He&tience Center at San Antonio, San
Antonio, TX 78229-39002Centraalbureau voor Schimmelcultures, Uppsalalaan 8, 3984 C
Utrecht, The Netherlands

Melanized, also known as phaeoid, fungi have been ifdghtas agents of
cutaneous lesions or systemic infections with gredteguency among
submissions from aquaria to the Connecticut Veterinarylids¢ Diagnostic
Laboratory (UConn, Storrs, CT) during the last 3 ye#émsconjunction with
several commercial aquaria, a concerted effort touiltissue samples from
specimens identified as having fungal lesions has ledetatifecation of several
Exophiala species, including a novel species isolated from seadragons
(Phyllopteryx taeniolatus and Phycodurus eques). Recent efforts have resulted in
isolation of Exophiala angulospora from lumpfish Cyclopterus lumpus) with
cutaneous and systemic lesions. Associatiok.angulospora with lesions in a
vertebrate animal represents a novel finding regardirgy ghpecies, which is a
well-known environmental isolate. Phylogenetic analygesbroad assortment of
melanized fungi, includingExophiala species from aquarium sources, have
provided insights into relationships between these futhgir hosts and growth
conditions.
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Histopathologic Interpretation Of Lesions In Cephalopods

!salvatore Frasca.JfRichard J. Montali, antRoxanna Smolowitz

!Department of Pathobiology and Veterinary Science, Usitye of Connecticut, Storrs, CT
06269-30892Department of Molecular and Comparative Pathobioldgiins Hopkins School of
Medicine, Baltimore, MD 21205Marine Biological laboratory, Woods Hole, MA 02543

Cephalopod mollusks, which include octopus, squid, cuttlefidhnantilus, have
unique features regarding their neurobiology, immunologyoamaand behavior
that impact management of these invertebrates and thereicce of disease in
aquaria. Reports describing lesions and mortalities assdcmaith captive
cephalopod populations have highlighted integumentary and opithigisions
as among those frequently encountered by biologists, ialsicresearchers and
pathologists. Consistent with previous reports, mantleers, erosive and
ulcerative dermatitis involving bacteria and protozoae&lonin combination, and
ophthalmic lesions involving both globe and lens, were amioagriost common
findings from aquarium submissions to the Connecticutenfery Medical
Diagnostic Laboratory (UConn, Storrs, CT) during the mkefiom 2002 to 2007.
At the MBL (Woods Hole, MA), the most common dernpabblems resulted
from trauma-induced erosions and ulcerations. Recogmiticgalient histologic
features of the skin and eyes of several cephalopodespeontributes to an
improved histopathologic interpretation of lesions andsisential to meaningful
comparative assessments of histopathologic changes. Hyisimturn provide
useful insight into the management of disease conditiontank and other
aquarium environments.
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Microbiology Testing For Aquatic Systems: Findings And
Potential Implications

Scott WeberSusan Goodridge, and Kathryn Charron

Animal Health Department, New England Aquarium, Central \yiBamiston, Massachusetts
02110.

Analyzing environmental quality for aquatic systems is aemsal component
for preventive health. Most aquarists measure watea &tandard set of physical
and chemical parameters that typically includes: temperapH, salinity, DO
(Dissolved Oxygen), ammonia (Total Ammonia Nitrogen), mfrinitrate,
phosphate, and alkalinity. Depending on resources andalabprcapabilities
additional chemical and physical testing can also be done&heck more
comprehensive water quality for more complex systerasoral reef exhibits),
monitor chemical/treatment additions, and identify toxmetal/chemical
contamination. In public aquaria, microbiology is alsofqrened to assess total
coliform levels for systems designed to maintain n@nmammals for display
purposes. At the New England aquarium, microbiology tgstas been
expanded to test for Enterococcus and total coliformagimtic systems, which
house only pokilotherms. The following presentation wdiscuss some
preliminary findings for these systems, problems assatiaith high levels of
bacterial detection, and potential implications for aigrand staff.
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Phagocytosis In Nurse SharkGinglymostoma cirratum)
Peripheral Blood Leukocytes

Christina A. Gargan

National Aquarium in Baltimore, 501 East Pratt Str&sdltimore, MD 21202; University of
Maryland, Baltimore, Department of Medical and Reseafechnology, 100 Penn Street,
Baltimore, MD 21201

Chondrichthyans (elasmobranchs and holocephaland)eddest extant class of
vertebrates to have a fully functional adaptive immsystem. Molecular studies
examining the immune system elements are ongoing. Hawetudies on
phagocytosis and evaluation of the function of periphielood leukocytes (PBL)
have been confusing due to nomenclature discrepancies laaswalriations in
species of elasmobranch used, targets, and treatmeellof This study attempts
to begin standardization for the identification of agibes based on function,
using a cell atlas derived from sandbar shatkr¢harhinus plumbeus) PBL.
Whole PBL were exposed to fluorescein isothiocyanatd QF conjugated
bacterial targets and phagocytosis was evaluated by ffoymetry, microscopic
examination, and differentiation of cell types. Baielle species examined
included Escherichia coli, Staphylococcus aureus, and Vibrio alginolyticus.
Opsonization of the bacteria with shark plasma and bidéking studies were
also performed. Results showed the most actively pyigaell to be the coarse
eosinophilic granulocyte (CEG). Interestingly, somenphocytes were also
shown to be phagocytic. OpsonizZédcoli andVibrio sp. were taken up by cells,
but nonspecifically. Opsonizesl aureus were taken up in significant amounts by
washed PBL when compared to unwashed PBL, and blockingies to
determine the involvement of shark antibodies in the uptaggested that other
serum factors were involved.
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Head and Lateral Line Erosion Syndrome In Ocean Surgeoigh
(Acanthurus bahianus), Current Efforts To Determine Etiologies

Allison L. Corwin Anne J. McCoy, Michele M. Kittell, and M. Andrew Stampe

Disney’s Animal Programs, The Seas, EffcaWalt Disney Worl@ Resort, EC
Trl. W-251, 2016 North Avenue of the Stars, Lake Buena Vidte82830-1000

Head and lateral line erosion syndrome (HLLES) or chrerosive dermatopathy
(CED) in fish has long been a frustration of the aquarand pet industry. The
anatomy of the head and body regions along the lalieelhas been clearly
described as well as the pathology of a disease. et of this syndrome,
however, is still unknown and has been a focus of hmdebate. Implicated
causative agents include (not all-encompassing) adfivatgbon, parasites,
carbon dust, heavy metals such as copper, electricantsyrendotoxins, ozone
exposure products, ultraviolet radiation exposure productsyedisas nutrient
deficiencies including vitamins A and C. Of these, the asthmould only
determine that heavy metals have been formally studiedcontrolled situation.
Over the last several years, staff from The SedSpabt and the University of
Florida has been systematically examining possibleogfiobgents for HLLES in
ocean surgeonfisPAtanthurus bahianus). To date, in-line ultraviolet radiation,
activated carbon, foam fractionation, ozone, and wvitamA have been
preliminarily examined with controls. Even though thapplications need to be
examined in more detail, only carbon and ozone have prdddesmatitis in
distinct and consistent areas of the skin, includingldteral line region. Future
studies plan to investigate causative agents in furtheril deya varying
applications rates and concentrations of these agents.
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Gas Supersaturation In A Large Avrtificial Reef Exhibit: An
Unusual Presentation And Resolution

Catherine A. HadfieldLeigh A. Clayton, Stacey R. Gore, Leah M. Neal

National Aquarium in Baltimore, 501 E. Pratt St., Batinen MD 21202

A 335,000-gallon artificial seawater exhibit containing 380 telefish
(Perciformes, Tetraodontiformes, and Beryciformeg) three stingrays has been
in operation at the National Aquarium in Baltimore for 2€ang. In early
September 2006, acute mortalities were seen in two blue su@aanx crysos).
The animals were in good body condition, and showed réoedtintake and no
evidence of significant pathogens. The gills showed gdskmithin the blood
vessels and telangectasia. Other clinical signs enetthibit included decreased
food intake and increased gilling rate and effort in tleeliom-to-large sized fish.
Total gas pressure was recorded at 102-103% with a peak on Bept2nof
105-106%. Two blue runner mortalities occurred on September 27 aobdeDd.
Mortalities were not seen in any other species. Acutesgpersaturation in an
aquarium is usually due to air injection into a pump tliatva gas to become
trapped under high pressure. The five pumps on this system werking
normally. The source of the gas supersaturation wasaatetl water level in the
exhibit that created flow within a 40-ft vertical overflgmpe into the biotower;
there was insufficient off-gassing before the pumps brotightwater to the
exhibit. The water level was corrected on October 7alTgas pressure has
subsequently been 99-100% and no further clinical signs learedeen.
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Retrospective Summary Of Diseases Affecting Captive Seaherss
At The Toronto Zoo

véronique M. LePagéJeff Young,’Cynthia Lee!Spencer RusseftKarrie
Young,Lowia Al-Hussinee, andJohn S. Lumsden

'Fish Pathology Laboratory, Department of Pathobiglddgiversity of Guelph, Guelph, ON,
Canada, N1G 2W12Metro Toronto Zoo, 361A Old Finch Avenue, Scarborough, ONa@a,
M1B 5K7

Wild seahorse populations are in sharp decline from ovenfjsfor aquaria,
curios and traditional medicine. Captive rearing of eesg¢s has been practiced
for decades and husbandry has improved yet seahortgsatide a challenge
for aquarists. Infectious disease and management defesesie common causes
of morbidity and mortality but are often poorly documenté&/e are conducting a
five-year retrospective review of seahorse cases stdahiyy the Toronto Zoo. To
date, approximately half of cases (of 100 total) have beeewed. The major
reoccurring problems are; a bilaterally symmetrical rodal chronic active
myopathy, enteritis with bacterial overgrowth, bactedatmatitis (‘redtail’), a
suspect viral enteritis, protozoan dermatitis and ergeatid a variety of systemic
bacterial lesions, among other less common diagno$esmyopathy was found
to be the most prominent problem, occurring to varying asgire approximately
80% of cases reviewed thus far. Because the myopathyowag fo be bilaterally
symmetrical, it is presumed that it is nutritionaloingin. Supplementation of the
diet (brine shrimp primarily) did seem to resolve, bott @liminate the myopathy.
Lesions caused by bacteria and protozoa were observed in apately 20 and
five percent of cases, respectively.
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Surgical Treatment Of Lymphoma In A California Moray Eel,
Gymnothorax mordax

Caryn P. Poll

Medicine Section Chief, Department of Animal Healtbhd G. Shedd Aquarium, 1200 South
Lake Shore Drive, Chicago, IL 60605

An adult California moray eelGymnothorax mordax, was presented to the
Veterinary Service at the John G. Shedd Aquarium foluatian of an ovoid,
intracoelomic mass. Diagnostics including plain and esttrradiography,
ultrasound, and fine needle aspiration with cytologyl dvacterial culture
suggested an undifferentiated, malignant neoplasm of ntegeat origin. The
eel was anesthetized and surgery was performed to téseatass, which was
associated with the gastrointestinal tract and spl@esection of stomach and
intestine was resected and anastomosed in a 3.5 hour ysukfedical and
nutritional post-operative care along with the eel'sured wound healing ability
resulted in an uneventful recovery. Histopathology cordd the mass as a high-
grade lymphoma.
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Fish Sutures: Tying Things Together

Gregory A. Lewbartand Craig A. Harms

Department of Clinical Sciences, North Carolina Stéeversity College of Veterinary Medicine,
4700 Hillsborough Street, Raleigh, NC 27606

Many suture types have been used successfully in fish. fileoment absorbable
skin sutures are generally recommended to decreaseskhefnvicking bacteria
into the wound (synthetic absorbable sutures may nogduily absorbed in fish).
Other factors in suture selection are tissue reactasity healing time. Needles
with a cutting tip facilitate skin penetration. Simp&®ntinuous, simple
interrupted and continuous Ford interlocking patterns héusean used for skin
closure with satisfactory results. Continuous pattproside less surface area for
bacterial and epibiont colonization, and subjectivelyehbeen associated with
less suture reaction than interrupted patterns, but ifptaated with adequate
tension or without excellent knot security at eithed,edehiscence is more likely.
Single or two-layer closure can be employed dependindhernhickness of the
body wall. Studies have shown that surgical adhes&@s ¢yanoacrylate), either
alone or in combination with sutures, can contributdeoiscence, delay healing,
and cause local irritation. Results from a studyan(yprinus carpio) indicate
that monofilament materials like nylon and polyglycon@axon®) are slightly
superior to braided sutur@nce sutures have been placed, a topical antimicrobial,
like povidone iodine (Betadine®) ointment or triple antilmodintment, can be
applied with care to the wound. In many cases suture ialatare removed in 10-
14 days; fish wounds heal quickly when optimal environmentarpeters are
present.

a7



32" Eastern Fish Health Workshop

To Cut Is To Cure: Surgical Cases In Fish Medicine

Helen E. Roberts

Aquatic Veterinary Services of WNY/5 Corners Animal Hospi2799 Southwestern Blvd, Suite
100, Orchard Park, NY 14127

Surgical treatments have been historically used commianigany companion
animal species, including dogs and pets. With the increasuageness of the
availability of companion animal/exotic animal veteriaas that are willing to
treat pet fish, a few procedures have become relatiwetymon in pet fish
surgery. Epidermal mass removals, enucleations, repiaumatic injuries and
exploratory celiotomies are examples of the typstaeries that may be seen in
companion animal practice. Fortunately, fish make exoeburgical candidates.
A few select case reports of surgical cases seen watpriaquatic veterinary
practice will be presented.
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Endoscopic Sex Determination And Sterilization Of Gui
Sturgeon Acipenser oxyrinchus Desotoi)

'Robert S. BakafStephen J. Hernandez-DiveiBrian H. Hickson?Clarence A.
Rawlings,’Heather G. Wilsor’MaryAnn Radlinsky?Sonia M. Hernandez-
Divers, and'Samuel R. Dover

'U.S. Fish and Wildlife Service, 4700 Hillsborough St. RgleNC 27606 Department of Small
Animal Medicine & Surgery, College of Veterinary Medicithniversity of Georgia, Athens, GA
30602;%U.S. Fish and Wildlife Service, Warm Springs Regidfiaheries Center, 5308 Spring St.,
Warm Springs, GA 31830‘Channel Islands Marine and Wildlife Institute, Santa Barb&A
93117

Seventeen Gulf sturgeon underwent endoscopic sex detaomiraaid various
procedures as part of a study to determine whether steérdizinals could serve
as sentinels. The fish were anesthetized with trecanethanesulphonate (MS-
222) and maintained on a re-circulating anesthesia madhi®enm cannula was
placed just off ventral midline, midway between pectoral pelvic fins, which
allowed insertion of a 5 mm telescope. Emptying the swadd#r coupled with
CQO; insufflation provided excellent visualization of the aghic cavity. Two
additional cannulae were placed laterally, cranial amdlal to the first cannula
for introduction of surgical instruments. Sex determavatwas successfully
performed in all fish; with 5 of 17 fish requiring gonadal byp8ilateral
ovariectomy or orchidectomy was successfully performed imales and 4
females. Unilateral ovariectomy and bilateral ligatafrthe midillerian ducts was
accomplished in an additional three females. Endoscagypfovided tremendous
advantages over classical surgical techniques allowing osnionize trauma to
the animals and improve our success rates.
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Ophthalmic Surgical Procedures In Public Aquarium Fishes

Charles J. Innis

New England Aquarium, Central Wharf, Boston, MA 02110-3399

Ophthalmic disorders, including corneal abrasions, sjcegxophthalmia,

buphthalmia, uveitis, hypopyon, hyphema, cataracts leration, gas bubble
disease, proptosis, and various retrobulbar disordersvang common in

aquarium fish. Deep corneal ulcers may require surgiealridement and grid
keratectomy. Protection of the ulcer with cyanoadeylsurgical glue has been
effective in some cases, but appears to have causeel tessttion in other cases.
Lens removal may improve vision, decrease pain, andrediaiuveitis in cases of
lens luxation or advanced cataracts. While advanced techniguels as

phacoemulsification could be used, good results are often s& simple

keratectomy and lens extraction. The cornea is closdd &0 to 8-0 suture.

Unilateral or bilateral pseudobranch ablation via bipolantery has shown

approximately 50% success in cases of recurrent gas a@ianuh the anterior

chamber or retrobulbar space. Enucleation is a reasacaltdrieative for incurable
ocular disease, but closure is challenging in a fish aviilery large orbit. Several
reports of successful ocular prostheses in fish have described.
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Anesthesia Of Fish: | Don't Want To Make The Wrong Mistale
(Yogi Berra)

Alan M. Klide

Section of Critical Care (Anesthesia), School ofevitary Medicine, University of Pennsylvania,
Philadelphia, PA 19104

Many substances have been used to anesthetize figbain€ris probably the
most commonly used agent and is the only one approved bytwednd Drug

Administration for use in food fish in the United Statdowever, it has a
withdrawal time of 21 days. Depending on the specific drug Hrel

circumstances they may be administered by intramusaykation intravenous
injection, orally, the drug may be put in water and fidted in water or the drug
may be put in the water and the water pumped into thesfislbuth and over the
gills. 1t needs to be pumped fast enough to deliver enougktlaetic and to
ventilate the fish i.e. maintain normal arterial oxygand carbon dioxide
concentrations. The system should have an aeratoe stoit which bubbles air
into the water. The basic scheme of stages of armathe the fish can be
described as: awake, excited, turn to lateral or dorsainieency, sink,

anesthetized. Heart rate may be monitored by use &Ci, a Doppler flow

probe, or a pulse oximeter. These different monitorske&grinconsistently
between fish and sites in each fish, but when they Wk are very useful. For
recovery the fish should be ventilated with water fofeanesthetic until they
make strong opercular movements and then be put in theergctank. The

water should have an aerator stone in it, which bubblastaithe water. There
is much discussion and disagreement about the questmairoin fish. Until the

issue is resolved with assurance, analgesics shouldeisigred.
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Comprehensive Wound Care Management In A Cownose Ray
(Rhinoptera bonasus) And A Blue Catfish (I ctalurus furcatus)

Tonya M. Clauss*Anthony C. CapomacchidRichard E. Wooley, antBranson
W. Ritchie

'Georgia Aquarium, Veterinary Services and Conservatledicine, 225 Baker Street, Atlanta,
GA 30313;“University of Georgia, College of Pharmacy, Athens, GA 3080QRiversity of
Georgia, College of Veterinary Medicine, Emerging Bses Research Group, Athens, GA 30602

The primary function of the integumentary systemasptovide a protective
barrier between the internal organs and the environmerffish have
integumentary adaptations that permit them to live in guoneaus habitat.
Anatomical or physiological insult to the skin may gromise homeostasis,
immune competency and sensory mechanisms leading eagez morbidity and
mortality. Wounds of varying severity and origin are afighe most common
problems in captive aquatic species. The unique and sophisted@eatteristics
of fish integument and exposure to a constantly moisttsate enable fish to heal
rapidly. However, factors such as wound severity, icadcondition of the
animal, nutrition and water quality can influence healingetinComprehensive
wound management in fish may entaill mechanical proceduues s
debridement or closure, local and systemic chemotherapgstiess reduction,
proper nutrition and provision of optimal water quality. AtetGeorgia
Aquarium, the use of Tricide-Neo, a potentiated antinbiedopreparation, and
Regranex™, a recombinant platelet-derived growth factore wised to treat a
cownose ray and a blue catfish with injuries sustainaeh tank mate aggression.
The complicated nature of their wounds required a maéteed approach to
control infection and facilitate healing.
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Comparison Of Lethal And Non-Lethal Sampling Techniques For
The Detection OfAeromonas salmonicida And Other Fish
Pathogens In Populations Of Ontario Salmonids

Robert A. Quinrand Roselynn Stevenson

Fish Health Laboratory, Department of Molecular andlul2e Biology, University of Guelph,
Guelph, Ontario, Canada N1G 2W1

To monitor bacterial fish pathogens for the Ontario stiyi of Natural Resources
(MNR), the Fish Health Laboratory routinely uses cartional bacteriological
culture of fish organs collected by lethal sampling.aAson-lethal approach, we
used culture, PCR and PCR-Denaturing Gradient Gel Efgwatresis (DGGE) to
detect Aeromonas salmonicida and other fish pathogens in fish mucus. Wild
chinook and coho salmon (n=60 and 52) from the Credit Ravelr lake trout
(n=27) from a MNR culture station were sampled lethalhg non-lethallyA.
salmonicida was isolated on Coomassie Brilliant Blue agar froncusuof 43
chinook and 31 coho, while it was cultured from kidney2®fchinook and 15
coho. PCR for therapA gene was positive in the mucus of 30 chinook and 21
coho.A. salmonicida was not detected in mucus or kidney tissue of the lake t
by either culture or PCR. When mucus samples were umed hested PCR
amplification of a 193bp segment of eubacterial 16S rDNAake trout had
bands coincident to the migratory distance of the bamdglified from control
cultures ofA. salmonicida. Bands were also found suggestifigruckeri (4 fish)
and A. hydrophila (9 fish). As DGGE can separate species-specific segsience
from a mixed microbial community, PCR-DGGE may be usefuhdicating the
presence of multiple pathogens in fish mucus simultaneodshywever, analysis
of results may be complex, in terms of matching bamgration patterns and
discerning the presence of bacteria with multiple baattems, includingA.
salmonicida.
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Efficacy Of Common Disinfectants AgainstAeromonas spp. And
Edwardsiella spp.

Stephen A. Smitland Mary E. Mainous

Aquatic Medicine Laboratory, Department of BiomedicaleBces and Pathobiology, Virginia-
Maryland Regional College of Veterinary Medicine, VirginPolytechnic Institute and State
University, Blacksburg, Virginia 24061-0442

Bacterial pathogens are one of the main disease-cpagents of the aquaculture
industry. As many potentially pathogenic bacterial speeies water-borne,
disinfection is essential for both disease cong&mdl for enhanced biosecurity.
This study examined a variety of commercially availaldengounds for their
efficacy to reduce or eliminate specific bacteria frtma water, and included
Clorox (50,000 ppm, 200 ppm, 100 ppm, 50 ppm), ethanol (70%, 50%, 30%),
Roccal (1:256), Lysol (1%), iodine (100 ppm, 50 ppm), formalin (269Qpp
Chloramine-T (15mg/L), glutaraldehyde (2%) and Virkon (1%)Hzeompound
was tested for various time intervals agaifskvardsiella ictaluri, E. tarda,
Aeromonas hydrophila, Aeromonas salmonicida, and Aeromonas salmonicida
subsp achromogenes. In addition, the threéeromonas species were tested at
various temperatures (22C, 15C, 10C, 5C). Both speciésiwdrdsiella were
killed within one minute of contact time by all compoundsegt Chloramine-T
and formalin, which were both ineffective, even aiérminutes. Similarly, all
compounds, except Chloramine-T and formalin, killed theeetiAeromonas
species within one minute of exposure time regardless opeteture or
organism. The effects of Chloramine-T were temperatupertient, and also
varied with the organismA. hydrophila was killed within five minutes exposure
regardless of temperaturk. salmonicida was also killed within five minutes, but
only at 22C, 15C and 10C, while an exposure of 10 minutes waisaeat 5c. In
contrast, A. salmonicida subsp achromogenes, survived up to 30 minutes
exposure at all temperatures, while no growth was detemte@0 minutes.
Formalin was the least effective disinfectant testeailyeing less than a one log
reduction in bacterial growth even after one hour gbosyre regardless of
temperature or organism.
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Florfenicol Uptake And Depletion In Tilapia (Oreochromis
niloticus) Of Various Sizes

!paul R. BowsertRachel E. Kosoff\Chun-Yao ChentGregory A. Wooster
'Rodman G. GetchelfAmel Clifford, 2Scott E. Wetzlich andArthur L.
Craigmill

'Aquatic Animal Health Program, Department of Microbigiognd Immunology, College of
Veterinary Medicine, Cornell University, Ithaca, Nework 14853-6401;?Department of
Environmental Toxicology, University of California -aldis, Davis, California 95616

Nile tilapia Oreochromis niloticus, of three different size groups were medicated
with florfenicol (Aquaflor, Schering-Plough) via a medichtation at 15 mg
florfenicol/Kg fish body weight/day for 10 days to compalimination kinetics
of the test article. This study was a part of a lagftart to develop a species-
grouping concept for the labeling of therapeutic compoundscdtiured fish.
Tests were conducted on tilapia weighing 100 gm, 250 gm and 508t gm
temperature of 25° C to determine if depletion of florfehigas impacted by fish
size. Animals were acclimated for a minimum of 7 dagfre administration of
the medicated feed and held for up to 28 days after the 1Medigation period.
Fifteen fish were sampled at the following time paifsiays after the initiation
of the medicated feeding period (mid-point of medicatiomopk and at 1 hr, 1 d,
2d,4d, 8d, 14 d and 28 d post-medication period. During acdimand after
the medicated feed was administered a control dietgves. Results indicated
that for tilapia at 25° C there is a trend for mog@dalimination in smaller fish.
For both 100 and 250 g fish, concentrations of florfenicolimed below the
action level within 8 days and for 500 g fish, within 14 days.
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Minimum Inhibitory Concentration Testing of Flavobacterium
columnare

!Ahmed M. Darwish'Bradley D. Farmer, andohn P. Hawke

"Harry K. Dupree-Stuttgart National Aquaculture Researeht€, Agricultural Research Service,
United States Department of Agriculture, P. O. Box 1050, 288% 130 East, Stuttgart, Arkansas
72160;’Department of Pathobiological Sciences, Louisiana $tateersity, School of Veterinary
Medicine, Baton Rouge, Louisiana 70803

A simple, accurate and reliable microdilution method besn developed to test
the susceptibility ofFlavobacterium columnare to antibiotics. The method has
been used to determine the minimum inhibitory conceatratMIC) of 23 F.
columnare isolates. The developed method conducted at 28 °C for 48dh use
standardized inoculum, Mueller Hinton broth at 1/5 tb# strength (4g/l),
reference isolate, a positive and a negative contrdls and a standardized
custom made microtitre plates, Sensititre® Susceptidflates for Aquaculture
(Trek Diagnostic Systems, Inc.Escherichia coli, ATCC25922 was used as the
reference isolate and produced MIC values within the rangdished by the
Clinical and Laboratory Standards Institute (CLSI), nfally the National
Committee for Clinical Laboratory Standards (NCCLS\ueller Hinton broth at
1/5 the full strength (4 g/l) was found to support significaitter growth for
Escherichia coli, ATCC25922 and~. columnare type strain, ATCC23463, than
Mueller Hinton broth at 1/7 the full strength.
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Sequence Analysis Of Th&ersinia ruckeri Multidrug Resistance
Plasmid pYR1

Timothy J. Welch

National Center for Cool and cold Water Aquacultur8PA-ARS, 11876 Leetown Road,
Kearneysville, WV, 11871

Antimicrobial resistance inYersinia pestis constitutes a significant threat
considering that antimicrobials are used for both plageatment and for the
prevention of human-to-human transmission. For #son, the discovery of a
multiple antimicrobial resistant (MDR) isolate ¥f pestis (strain IP275) in 1997
caused considerable alarm. This isolate contains adeifygansmissible plasmid
(pIP1202) that confers resistance to at least eight emtimals including several
of the drugs recommended for plague treatment and prophylaaisparative
analysis of the DNA sequence of pIP1202 revealed an InpR€inid backbone
that is shared by MDR plasmids isolated fr&@@monella enterica serotype
Newport SL254 and the fish pathogésrsinia ruckeri YR71. The high degree of
sequence identity and gene synteny of this shared plasmoibdiee suggests
recent acquisition of these plasmids from a commaestor. In addition, PCR-
based plasmid typing and rapid detection methods werd tsescreen a
collection of MDR isolates ofalmonella, Escherichia coli andKlebsiella for the
pIP1202 backbone. Strains tested were isolated from ne¢ait samples collected
between 2002 and 2005. Thé pestis plP1202-like plasmid backbone was
detected in 65 isolates, including several serotypeSabhonella as well as
severalEscherichia coli andKlebsiella strains. The plasmid-positive strains were
found in bacteria associated with beef, chicken, turkelyork, and were found
in samples from the following states: CA, CO, CT, G4D, MN, NM, NY and
OR. These studies reveal a common plasmid backbone ishdiroadly
disseminated among zoonotic pathogens associated with agecullhese
plasmids represent a reservoir of mobile resistanterrdeants and have the
potential to disseminate t¥. pestis and other human and zoonotic bacterial
pathogens of public health importance.
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Pharmacokinetics Of Oxytetracycline In The Horseshoe Crab

Michael W. Nolanand Stephen A. Smith

Aquatic Medicine Laboratory, Department of BiomedicaleBces and Pathobiology, Virginia-
Maryland Regional College of Veterinary Medicine, VirginPolytechnic Institute and State
University, Blacksburg, VA 24061-0442

The American horseshoe crdbmulus polyphemus, is commonly maintained in
research laboratories and public aquaria. Concerns tbeehealth of these
captive animals make the clinical diagnosis and treatnof pathological
conditions in L. polyphemus essential. This study investigated the
pharmacokinetics of oxytetracycline in male and fenadalt horseshoe crabs
following either intravenous or oral dosing. A non-cormp&ntal model was
developed to describe the pharmacokinetics of oxytetraeyah the horseshoe
crab. The following parameters were determined for@esintravenous bolus of
25 mg/kg oxytetracycline: AUC = 9524.60 pg*h/mL, MRT = 443.65 h, €I
0.044 mL/min/kg, Vss)= 1.164 L/Kg, 1= 128.3 h, Gax = 55.90 pg/mL, Ge=
27.39 pg/mL. After a single oral bolus of 20 mg/kg, théoWihg parameters
were determined: AUC = 5861.81 pg*h/mL, MRT = 395.89 h, €10.071
mL/min/kg, Vuss)= 1.688 L/kg, 12 = 210.0 h, Gax = 7.83 pg/mL, Ge = 2.89
pa/mL, F = 61.56%. As compared with the intravenous rquéee 100%
bioavailability), oral absorption of oxytetracycline sv@bserved at a rate of
61.56% In the horseshoe crab. Because absorption ificagtly reduced in the
oral route as evidenced by the relatively low bioavditgbiit is recommended
that intravenous injection is a more appropriate roateterapeutic dosing of
oxytetracycline in the horseshoe crab. This preferemecoute of administration
is further supported by the ease with which an intravebolus can be delivered
into the cardiac sinus of horseshoe crabs.
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Use Of 17-Alpha-Methyltestosterone For Masculinization Of
Ornamental Fish

'Roy P. YanongChris J. Daniels, Jeff E. Hill, and Craig A. Watson

Tropical Aquaculture Laboratory, Department of Fisheeded Aquatic Sciences, Institute of Food
and Agricultural Sciences, University of Florida, 1408 34. SE, Ruskin, FL 33570

The compound 17-alpha-methyltestosterone (MT) has bee&hinsgquaculture
for many years. In the U.S., MT is available throughF&#A INAD for use as a
masculinizing feed additive for more efficient productiohtitapia. MT has
additional potential applications in ornamental specigany ornamentals,
including swordtails, African cichlids, dwarf gouramis, ro®arbs, and
rainbowfish are sexually dimorphic, and phenotypic saéen having greater
economic value than phenotypic females. MT may plewide a mechanism to
reduce population growth in aquarium exhibits, by allowing stacloef all
males/male phenotypes and/or by sterilization of fisliclv may also be
desirable in other situations. Under a current FDA INAD fwrnamental
swordtails, ongoing studies in Florida through the Tropiéajuaculture
Laboratory have demonstrated 100% masculinization inféd8% or 5% body
weight of a 60 mg MT/kg feed, as defined by development ofualatafin
extension (“sword”) of seller size phenotypic femé#h during in-tank trials.
Commercial field trials for swordtails are currenplanned. Other laboratory
trials using limited combinations of different life stage2-week-old, ~6-week-
old, and broodstock) and treatment regimens (10% or 5% BWhiged 60 mg
MT/kg feed; for 28, 56, or 84 days)in zebra danios have also bempleted.
Histological analysis of representative fish as wadl breeding experiments
demonstrated differences in effectiveness depending uponizéfage of fish
exposed, with 2-week-old fish appearing to be masculinmest successfully.
Additional studies are planned for other species.
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Preliminary Investigations Into The Use Of Metomidate
Hydrochloride (Aquacalm®) In Ornamental Cichlids

'Kathy H. Kilgore *Jeffrey E. Hill,'Roy P. E. Yanong, arfidames F. F. Powell

Tropical Aquaculture Laboratory, Department of Fishedasl Aquatic Sciences, Institute of
Food and Agricultural Sciences, University of Floridapa 24" Street SE, Ruskin, FL 33570;
’Syndel International, Inc., 9211 Shaughnessy Street, VancoBsiish Columbia, V6P 6R5,

Canada

Metomidate hydrochloride (Aquacalhis used for anesthesia or sedation of fish
for procedures such as tagging, weight sampling, spawningtramsportation.
However, its usefulness as a sedative during transpornamental fish has yet
to be fully determined. Based on the results of sév@lat studies, convict
cichlids (~4.5 cm TL)Archocentrus nigrofasciatus (Cichlidae) were chosen as a
test species to evaluate sedation with metomidate duramgsport. Three
metomidate concentrations (0.2 ppm, 0.5 ppm, and 1.0 ppm) anaral aeere
evaluated. Fish were stocked at a density of twenty{iiee bag, and eight
replicate bags were run for each metomidate concentraiAfter approximately
24 hours of exposure to metomidate (including 4.5 hours tfaaisport), the fish
in each shipping bag were transferred to a 5-gallon “exgdvtank for data
collection over a 7-day observation period. Water qualdta (including total
ammonia nitrogen, dissolved oxygen, temperature, and pH}alihpdata, and
appearance and behavior scores were collected at vamoes throughout the
observation period. Statistical analyses of cunudamortality data as well as
mean ranks of appearance and behavior scores revealadhigatdose (1.0 ppm)
of metomidate resulted in fewer mortalities and improvpgearance during

shipping.

60



32" Eastern Fish Health Workshop

Gene Discovery Inl chthyophthirius multifiliis: A Complementary
DNA Resource

Donna M. Cassidy-Hanlegnd Ted G. Clark

Dept. of Microbiology and Immunology, Veterinary Medigaénter, Cornell University, Ithaca,
NY 14853

Ichthyophthirius multifiliis (Ich) is a major pathogen of freshwater fish with
substantial impact on commercial aquaculture. No vaceaireesurrently available
for this agent, and treatment options are restrictedeaise of chemicals that are
both costly and toxic to the environment. We have asieihrand analyzed a
comprehensive collection of 24,741 ESTs representing genegsegdr at 2
different stages of the Ich life cycle, the matuophozoite (trophont) and the free
swimming infectious theront. Analysis of these sequernes resulted in the
identification of 5311 unique transcripts (UniScripts), 3666 fritvm trophont
stage and 2083 from the theront stage. We have documenteficaig
differences in gene expression between the stages examwhéxh strongly
reflect the predominant physiological activities occurrgeach developmental
stage. This annotated EST collection should aid in theodery of potential drug
and vaccine candidates for the treatment and preventitwahiite spot” disease,
and in the elucidation of metabolic pathways that adwnirulence and parasitism
in 1. multifiliis and more distantly related parasitic protozoa within theotate
clade. Expression profiling of the genes that are aetivéifferent stages of the
life cycle, along with comparative genomic analysedree-living ciliates and
apicomplexans, should also lend fundamental insigbt tinlt genes involved in
ciliate pathogenesis.
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Cormorants As Mechanical Vectors OfHeterosporis sp.

Mark A.J. Quinnell*Julia Parkman‘Dale Smith,)Spencer Russefipan
Sutherland, antlohn S. Lumsden.

Fish Pathology Laboratory, Department of Pathobiglddgiversity of Guelph, Guelph, ON,
Canada, N1G 2W1?Department of Biology, University of Wisconsin-La Gse, La Crosse,
Wisconsin 54601

Heterosporis sp., an emerging microsporidial fish pathogen in NortieAca, has
a wide host range and infects skeletal muscle renderungpélatable for human
consumption. The potential for cormorar®bdlacrocorax auritus) to spread this
parasite was investigated. Eight cormorants were usesk tontrol birds; and
five experimental birds each fed 20g laéterosporis sp.-infected yellow perch
(Perca flavescens) muscle daily for three days. The affected yellow penuiscle
was confirmed to contaitdeterosporis sp. by nPCR and sequencing of the
product obtained. Feces were collected daily from eachpgod birds for one
week after the first bolus of infected muscle was givelRathead minnows
(Pimephales promelas) wereused to detect the presence of viable parasites. Two
tanks housed control fish that were fed daily for onekwbene shrimp mixed
with 2 ml of fresh feces from the control birds. Ttaoks of fish were exposed to
feces from cormorants fed infected muscle followingnailar procedure. One
tank of fish was given on two successive days, 0.1 nmeaddper os, from birds
fed infected muscle. Another tank of fish was fed nateer infected yellow
perch muscle for three days, and served as positiveotsintAt approximately
monthly intervals over four-and-a-half months, groupsisii fvere euthanized
and examined for evidence dfleterosporis sp. by histology and nPCR.
Heterosporis sp. was detected only in the fish fed infected mussdeid. At least
under the experimental conditions employed here, cor®dmnot appear to be
mechanical vectors dteterosporis sp.
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Renal Trematodiasis Of Largemouth Bass And Development Of
PCR Methods

'Roxanna M. SmolowitZR.S.ShafflJ.E.Defaveri, anéS.A.Roberts

*Marine Biological Laboratory, Woods Hole, MA 02548ollege of Veterinary Medicine, U. of
lllinois Urbana-Champaign, Urbana, IL 618G%chool of Aquatic and Fisheries Science, U. of
Washington, Seattle, WA 98195

Acol penteron ureteroecetes (suborder Monopisthocotylea, family
Caleostomatidae), is a monogenean trematode thatitivee renal tubules of
large mouth bassviicropterus salmoides. In July, 2005, a new fresh water MA
aquaculture venture purchased fingerlings from a commerdictdrg. The fish
were placed in recirculating raceways upon arrival in.MAorder to get the best
growth of the large mouth bass in this system, and to nth&eventure
economically profitable, the temperature of the wates eld at 27°C. By
November, 2005, when the fish averaged 9" in length, miyrtediunts of 75
animals/day were routine. Moribund fish from the ilflgc showed lesions
consistent with renal trematodiasis. The water teatpee was lowered to 24°C
and mortality decreased significantly. But, the glowate also decreased
resulting in a poor, long term economic outlook. Theagorequested a method
for screening fingerlings. A PCR based diagnostic test prevae&uick and
sensitive method. DNA was initially amplified using famspecific primers.
Species specific primers were then developed and used ornesanfpgnfected
kidney tissue, trematodes only and eggs only. Resuliweshthat the primers
selected for our PCR test method were successfuleatifiging parasites and
eggs. This test could provide uninfected fish that can betana@ad at higher,
growth promoting temperatures which will decrease time toket and will
increase economic viability of bass aquaculture.
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Biology And Management Of A Monogenean Trematode
(Acolpenteron ureterocetes) Infecting Largemouth Bass
(Micropterus salmoides)

1Jennifer Dill *Stephen K. O’'Shed&Roxanna Smolowitz, artDale Leavitt

!Department of Chemistry, Roger Williams University,eé3dld Ferry Road, Bristol, Rl 02809,
“Marine Biological Laboratories, MBL Street Woods HdWA 02543 *Department of Marine
Biology, RwWU

Recently a fish farm in Massachusetts experienced afit@s$ in
largemouth basaMicropterus salmoides) starting three months after delivery as
fingerlings from a commercial hatchery. Upon examimati®r. Roxanna
Smolowitz, DVM found numerous trematodes in the kidaeg ureters. The
diagnosis indicated a unique and understudied monogenatimatode,
Acol penteron ureterocetes, as the primary cause of fish mortality. Bass finggdi
from the same cohort, housed at Roger Williams Uniwergiere also examined
and also found to host the trematode but with less isgwedrinfection. To better
understand the etiology of this parasite, the major fafuthis project was to
develop a rapid and accurate diagnostic protocol to eealba degree of parasite
load in fish. A fresh tissue smear technique was develope@ad@mnpared with a
histopathological inspection/evaluation protocol. The aqerickeasier and less
expensive fresh smear protocol proved to be reliable apaatifiable indicator
of parasite prevalence. The effects of the commeasisittrematode treatment,
Praziquantel, were also studied. This research focusétedmssue uptake of the
drug, administered under controlled conditions (1.5mg/L @dthhour exposure)
to largemouth bass fingerlings (8-10cm) and compared to amodtbantrol
treatment (112 ppm with 24 hour exposure). The body burden nfjpeantel in
the bass kidney, liver, gills, and muscle was measurecdHBYC, UV/Vis
spectroscopy A =220nm) and fluorescence spectroscopgx£260nm and
Aem=285nm, 100ng detection limit). The degree of uptake byotlrebaiss tissue
compartments was quantified along with the elapsed tinsetpsatment where
detection of residual praziquantel and metabolites in fible tissue were
measurable.
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Prevalence And Impact Of Leeches Parasitizing Fish Of Lak&t.
Clair, Michigan

Carolyn A. Schulz’Michael V. Thomas3Scott Fitzgerald®* Mohamed Faisal

!Department of Fisheries and Wildlife, Michigan Stateiversity, East Lansing, Ml 48824;
“Michigan Department of Natural Resources (MDNR) — L&keClair Fisheries Research Station,
Mt. Clemens, Ml 48045%Department of Pathobiology and Diagnostic InvestigatMithigan
State University, East Lansing, Ml 48824

Lake St. Clair (LSC) plays a critical role for reatienal and conservation
fisheries. The purpose of this study was to identify tlestnprevalent leech
species parasitizing LSC fish and to assess damage cautiesl legches to their
host. Fish and leeches were collected via trapnets eoyfifbNR during May

2006. Leeches were identified morphologically accordingeie@ral keys. Three
species of leech were identifiedctinobdella pediculata, Myzobdella lugubris,

and Placobdella montifera. Of the threeM. lugubris (83.29%) was the most
widespread. Freshwater drumplodinotus grunniens, (18.21%) and channel

catfish, Ictalurus punctatus, (18.13%) were the most prevalent leech hosts. The

pectoral fins (29.21%) were the most common attachment kgech attachment
sites were associated with epidermal erosion, hengedhaedema, massive
expansion of the connective tissue, and congestion. eTimegings show that
leeches do cause damage to their hosts and could poyebgadissisting other
pathogens to cause harm.
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Toxin Production And Virulence Factors In A Polymicrobial
Disease Of Corals

Laurie L. RichardsonMiroslav Gantar, Longin Kaczmarsky, Jamie L. Myend
Raju Sekar

Department of Biological Sciences, Florida Internalddniversity, Miami, Florida 33199

Black band disease (BBD) of corals is a complex, palyotial infection that
migrates as a distinct mat across the surface of bosis, lysing coral tissue.
We have been investigating the etiology of this disesseg microbiological,
molecular, and analytical techniques. It appears thatpieutoxins and virulence
factors are involved in disease pathogenesis. Firsbpigerespiration by BBD
community members results in permanently anoxic zaméisei middle and base
of the 1 mm thick band, extending up into the diffusive loawy layer above the
mat at night. The anoxic conditions select for self@ducing bacteria, which
generate toxic sulfide that accumulates to concentsatio the band that are
lethal to coral. Experiments using the inhibitor Na rbdBte revealed that while
sulfide production is not required for coral tissue lysid disease progression in
an actively migrating band, it is required for disemdgation. We have found a
second BBD toxin, the cyanotoxin microcystin. Using HRUS we detected
microcystin in 22 field samples of BBD from regionstleé northern Caribbean,
but not from the eastern Caribbean or the Philippin®scrocystin was also
produced in cyanobacterial cultures isolated from BBDoxid activity was
confirmed by ELISA and the protein phosphatase inhibiticas In addition to
the above, we have consistently detected numerous 16S gehN\sequences in
clone libraries constructed from BBD samples that apstrolosely matched to
bacteria associated with Paralytic Shellfish Toxin TPSproducing
dinoflagellates suggesting additional toxins.
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Antibacterial Activity Of Cyanobacteria Associated With Black
Band Disease

Miroslav Gantar Longin Kaczmarsky, and Laurie L. Richardson

Florida International University, Dept. of Biologicali€aces, University Park, Miami, FL. 33199

One of the most common coral diseases is black basehsk (BBD). This
complex microbial community contains a great numbetagbnomically and
metabolically diverse microorganisms among which cyarebacare dominant.
It is currently believed that the disease is caused hgrgistic action of the
members of this consortium. Cyanobacteria are knowsrdduce a vast number
of different biologically active compounds. In this wowke are testing the “Coral
Probiotic Hypothesis” according to which the “right” arabial population
associated with coral mucus and tissue can provide resstanpathogens. To
assess the potential of coral reef cyanobacteriafféatabacterial growth, we
tested 19 cyanobacterial strains that were isolated B&D and non-BBD
associated cyanobacterial mats on the reef. Theicteias tested on 10 strains of
heterotrophic bacteria isolated from BBD and 10 strairfsetdrotrophic bacteria
from the mucus of apparently healthy corals. Taxonoméntification of all
microorganisms was performed by 16S rRNA gene sequencing éalldy a
BLAST search. Of 19 cyanobacterial strains tested, Iwesth antibacterial
activity against at least one target organism. The mdisearyanobacterial strain
was aleptolyngbya isolated from a non-BBD source, and the second madistac
was a BBD Geitlerinema. The most susceptible bacterial strain wWébrio
harveyi that was isolated from BBD and that is known to lm®@mon pathogen
for many marine organisms. These preliminary data inelitl@t cyanobacteria
indeed produce antibacterial compounds effective against @dteBBD
pathogens.
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Comparison of Collection Methodology, Location, Coral Specg
and Health Status on Acroporid Coral Microbial Community
Composition

1.2 Shawn W. Polsoand®Cheryl M. Woodley

Marine Biomedicine and Environmental Sciences Centedit4l University of South Carolina,
221 Fort Johnson Rd., Charleston, SC 294C&nter for Coastal Environmental Health and
Biomolecular Research, NOAA/National Ocean Servicelligs Marine Laboratory, 331 Fort
Johnson Rd., Charleston, SC 29412

Acropora spp., once dominant corals on Caribbean reefs, have suffeg@®n-
wide declines over the past two decadés.palmata andA. cervicornis are the
first corals to be listed as threatened species uh@ettS. Endangered Species
Act. These corals harbor diverse microbiota, likedyrticipants in coral health
and disease processes. Several investigators have phevaitempted to
ascertain the structure of microbial communities assediwith these corals by
various methods, often with conflicting results. Thigdy used a larger-scale
genomic approach to analyze the microbiota. Repliciajgsies from apparently
healthy and diseased acroporid colonies were collectsnt aites in the Florida
Keys and Dry Tortugas. Three different processing methveds used in parallel
to process the samples. Individual 16S rRNA gene librargge generated from
each of 56 samples with over 17,000 clones sequenced to Rasellts indicate
that the methodology employed to process a given sampbduces significant
variability into the microbial community composition deted. Of the three
methods used, coral mucus samples reveal the most temhsisicrobial
composition between similar samples, with minor \ame introduced by
differing geographic location and coral species. Sewg@lps of bacteria that
were differentially detected in healthy versus diseaaatpfes are currently under
investigation.
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Defense Mechanisms In Gorgonians Against Infections By
Aspergillus sydowii

'Garriet W SmittfChad L Leverett€Melissa Warren, antMarie-Ange Smith

!Dept. of Biology and Geology, Univ. of South CaroliAiken Aiken, SC, 29801%Dept. of
Chemistry and Physics, USCA

Gorgonian defense mechanisms against infections includemadation of

amebocytes, increased production of antifungal compounub elevated

production of gorgonin, melanin and chitinase. The most appassponse,
however, is the production of pigmented sclerites. |Unatw the chemical nature
of the pigment remained unknown. We report here, usingfocal Raman

microscopy, that the pigment is a carotenoid with &eme chain containing
between 14 to 15 carbon double bonds. Antifungal activityanbtenoids has
been reported and we are currently testing this againgydigonian pathogen
Aspergillus sydowii.
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Histopathology Of White Plague-Diseased Corals

L%Esther C. PeteréGeoffrey M. Cook, andRobert B. Jonas

Tetra Tech, Inc., 10306 Eaton Place, Suite 340, Fairfarginiéd 22030;°George Mason
University, 4400 University Drive, Fairfax, Virgini2@30-4444

Knowledge of the microscopic structure of cells andiéssprovides clues to their
function and is necessary in the study of diseasa#i arganisms. One concern
about the health of the scleractinian or stony comateghe early 1970s has been
the rapid loss of polyps and coenenchymal tissue resuttiogmpletely denuded
exoskeleton within a matter of hours. Using standard logital techniques and
examining the stained tissue sections by light microsagwealed bacterial
aggregates in some affected coral species and not imsptleading to the
separation of the white band and white plague diseased. ti3stees have been
sampled during disease outbreaks on reefs in the Carildehrindo-Pacific
during the last 10 years. Histopathological examinatienge shown that similar
gross signs of tissue loss can have apparently diveislgas, including
bacteria, non-bacterial-associated apoptosis, and omractators. Refined
protocols that trap the receding tissue margin of diseaseals and stain the
tissue for bacteria and mucus have resulted in a cle@eal image of white
plague, at least as it affects Caribbean corals of¢meisMontastraea, but have
obfuscated the etiology. Corals having signs matching therdufield diagnosis
of “white syndrome” require the application of histopdtigical and
microbiological methods to distinguish the etiologic rdgeresponsible for rapid
tissue loss and to help explain mechanisms of action.
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Large-Scale Geographical Comparisons Of Bacterial
Communities Associated With Corals Exhibiting Signs Constent
With White Plague Type Il

1Geoffrey M. Cook*Karen SantoraMasoumeh Sikaroodt?Esther C. Peters,
!patrick M. Gillevet, andRobert B. Jonas

'Department of Environmental Science and Policy, Georgsdil University MSN 5F2, 4400
University Drive, Fairfax, Virginia 22030-444#Tetra Tech, Inc., 10306 Eaton Place, Suite 340,
Fairfax, Virginia 22030

The objectives of this project focus on fundamental duestpertaining to a
possible white-disease syndrome affecting hard coralseefs throughout the
greater Caribbean region. Ultimately, this investigatsoms to establish the
cause of this disease by characterizing the microflesacated with diseased and
apparently healthy coral tissue spanning the reported geograpge o& white
plague type Il: the North Atlantic Ocean (Bermuda), Thepical Western
Atlantic (Lee Stocking Island, The Bahamas, the Doytligas, and the Florida
Keys), the Caribbean Sea (Little Cayman and St. Cid8y1), and the Gulf of
Mexico (the Flower Garden Banks National Marine SamgjuaSamples of coral
tissue, skeleton, and mucus were collected from colorfigbeoMontastraea
annularis species complex exhibiting signs consistent with whitguysatype II.
Using culture dependent and culture independent techniquespattterial
communities associated with diseased and apparently headtly tissue and
skeleton were characterized and quantified. Preliminasylts suggest that
microflora associated with diseased and apparently Hyedlssues are not
dominated by a single organism and differ on both smallaageé spatial scales.
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Molecular Genetic Screening For Putative AntimicrobialGenes
In Anthozoans: A Possible First-Line Defense Against Gal
Disease Pathogen

Katherine A. Beauchamp

National Fish Health Research Laboratory, Leetowier®e Center, USGS, 11649 Leetown
Road, Kearneysville, West Virginia, 25430

Coral reefs worldwide are undergoing a significant dedhngpecies abundance
and changes in community structure. Coral disease is mougit to be a major
cause of reef decline and epizootics have been reportesgveral coral species.
To date, 18 coral diseases affecting at least 150 anthanohydrozoan species
have been described from the Caribbean and the Indod?aifitimicrobial
peptides and pore-forming toxins are widespread in nature argyrthesized by
microorganisms as well as by multi-cellular organismsesg naturally occurring
agents form a first-line of host defense against pathogadsare involved in
innate immunity. Preliminary results of genetic screenin@®yR and sequencing
of putative genes in antimicrobial agents will be preskri¢e corals and sea
anemones. Conserved sequence motifs in these geneshozaans will be
compared to those same genes that have been characteraber organisms.
Target genes to be screened in this study include anbiomdr peptides
(metalloproteinases, cystine and serine proteases) andfoporag toxins
(equinatoxin, hydralysin, neuroysin). This study will better understanding of
disease mechanisms and to assess the status cotial heal
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Correlation Between API-ZYM And 16S rRNA-RFLP Profiles
Of Ontario Flavobacterium psychrophilum Isolates

1Shohreh HesamflLaura L. Brown!John S. Lumsden aridanet I. Maclnnes

'Fish Pathology laborator§Department of Pathobiology, University of Guelph,
Guelph, Ontario Canada N1G 2WNRC Institute for Marine Biosciences, 1411
Oxford St., Halifax, NS B3H 371

Two genetic lineages (I and 1) &t psychrophilum have been described. The
goal of the present study was to identify these lineagé% isolatesof F.
psychrophilum that were collected from farmed salmonids with coldwate
disease in Ontario, Canada. The Ontario isolates warphologically and
serologically homogeneous but two distinct biovars weratified by API-
ZYM. A 194 bp PCR product was generated from all Ontariates and was
digested individually with Maelll or with Mnll. PCR-RFLRanalysis
demonstrated four restriction patterns with a cor@tabetween biovar | and
digestion with Maelll (lineage II), and between biovhaahd digestion with
Mnll (lineage 1). Mnll digestion produced two fragments of Hofl 62 bp in
16 of 33 isolates belonging to biovar Il, but digested only oikdhe PCR
products from biovar | isolates. Digestion with Maellvgaise to fragments
of 128 and 64 bp in 40 of 45 isolates belonging to biovar redsonly one
biovar Il isolate had a PCR product that was digested wéalM One isolate
of biovar | was cut by both, and two isolates of biovand 16 isolates of
biovar Il was cut by neither, of the restriction enegnSequence analysis of
the 194 bp ribosomal RNA fragment led to the conclustbat F.
psychrophilum isolates from Ontario are composed of at least dterdnt
PCR-RFLP clusters indicating the existence of polymorph&mong the
isolates.
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Cold-Inducible Proteins Of Flavobacterium psychrophilum, The
Cause Of Coldwater Disease

'Arman YazdanpanatPaul Huber?Janet I. Macinnes arfdohn S. Lumsden.

'Fish Pathology LaboratoryDepartment of Pathobiology, University of Guelph, Guelph,
Canada, N1G 2W1

Coldwater disease is a worldwide problem in temperate Vilag aquaculture
and is caused by the Gram-negative bacterfitlavobacterium psychrophilum.
There are numerous manifestations of this organism includihgot/peduncle
disease, necrotic myositis, osteochondritis/scéeriind rainbow trout fry
syndrome. As the name ‘coldwater disease’ suggestsywéer temperatures are
characteristic of all of the presentations. Our hypashes that there will be
differential expression of proteins from a given straf F. psychrophilum grown

at &C vs. 18C and that these proteins may be associated with vieilet-
PAGE is used to examine spot-pattern differences of sikains (ATCC and
Ontario) ofF. psychrophilum. The spots of greatest interest are those thatrdye o
present at ® or those that are more prominent &€ 8. 18C. So far the
conditions for 2D-PAGE ofF. psychrophilum have been established and the
identification of spot differences is being evaluated usingPRO- and
Coomassie-stained gels and densitometric quantification. 8pbtse manually
excised from gels for analysis by mass spectroscopyL(dMAof) and MS/MS
(tandem mass spec.) for internal amino acid sequence.
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A Prospective Case-Control Study Of Bacterial Gill Disease
Outbreaks In Ontario, Canada Government Salmonid Hatcheries

Christopher M. GoodfMargaret A. Thorburr?S. Wayne Martin®Roselynn M.
Stevenson, antCarl S. Ribble

The Conservation Fund Freshwater Institute, SheplosvdstWV; 2Dept. of Population
Medicine, University of Guelph, Ontario, Canad®ept. of Molecular and Cellular Biology,
University of Guelph, Ontario, Canad&Faculty of Veterinary Medicine, University of Calgary,
Alberta, Canada

Bacterial gill disease (BGD) is an important concierfreshwater aquaculture. It
has been a persistent problem at Ontario Ministryaifisil Resources (OMNR)
salmonid hatcheries and the Alma Aquaculture Reseasatio®Si{AARS), where
outbreaks have been associated with rapid and high mprialels. The
causative agent of BGDJFlavobacterium branchiophilum, is considered
ubiquitous in fresh water; therefore, outbreaks are thotmgbe precipitated by
environmental conditions favoring opportunistic infections.espite the
importance of BGD, little epidemiological researchs hbeen conducted to
examine risk factors for this disease. This paper preaeitsmonth (July, 2002 —
September, 2003) prospective case-control investigationeaOMMNR hatcheries
and the AARS, to identify and quantify important riskttas for BGD outbreaks.
Daily data for all early-rearing (<9 months of age) umese collected, and all
outbreaks of BGD were confirmed at the Fish Healthokatory (University of
Guelph). Control tanks were matched to individual casiks based on time,
hatchery, and species, and the case-control dataanalgzed using multivariable
logistic regression modeling. Results of the final madeicated that tanks with
confirmed BGD outbreaks were significantly more likety have lower fish
numbers, lower individual fish weights, higher mortalévels and higher feeding
rates during the week preceding observed BGD outbreaks theme w
asymptomatic control tanks. Refinements in the observatnd manipulation of
these factors can therefore aid in the prevention bf lbsses associated with
BGD outbreak mortality spikes.
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Unique Mycobacterial Resistance And Clearance In Charet
Catfish (I ctalurus punctatus)

Toby L. Lowry and Stephen A. Smith

Aquatic Medicine Laboratory, Department of BiomedicaleSces and Pathobiology , Virginia-
Maryland Regional College of Veterinary Medicine, VirginPolytechnic Institute and State
University, Blacksburg, VA 24061-0442

A novel model for studyingMycobacteruim marinum was compared with an
existing fish model to help expand the knowledge base effigh immune
function to this bacterial pathogen. Juvenile chanatist (ctalurus punctatus)
and hybrid striped bag®orone saxatilis x M. chrysops) were injected I.M. with
M. marinum at 3.84 X 16 colony forming units per gram of fish weight. Splenic
bacterial counts, macrophage assays (i.e. respirdtarst and phagocytosis),
histopathology, clinical signs and mortality were otsed over an 84 day period.
Significant differences were seen between the twoiepagith hybrid striped
bass exhibiting progressive classical signs of patholodydeaease. In contrast,
channel catfish developed minimal pathology at the iigectite and no internal
organ lesions, based gross observations and on histopathSlolgnic bacterial
counts in the channel catfish remained low through DagrizZilwere completely
absent of M. marinum growth after Day 35. There are no reports of
mycobacteriosis in channel catfish, and no otherdpsities has been reported to
spontaneously clear a mycobacterium infection. Dudnéounique nature of the
complete clearance of bacteria from splenic counts hangel catfish, in
conjunction with the occurrence of minimal histopathglothe channel catfish
offers a new model to study. marinum.
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DNA Fingerprinting of Edwardsiellaictaluri Using Pulsed Field
Gel Electrophoresis And Repetitive Sequence-PCR

Michele L. Williams *Mark L. Lawrence, an@Michael J. Mauel

'College of Veterinary Medicine, Mississippi State Unsity, Mississippi State, MS 39762;
*Thad Cochran National Warmwater Aquaculture Center, SilteeMS 38776

As a result of the currerEdwardsiella ictaluri genome sequencing project, we
have discovered the presence of numerous mobile elem&he sheer number of
these mobile elements has led us to investigate how 8tesins have changed
molecularly, if at all. An epidemiological analysifarchivedE. ictaluri isolates
was performed. A total of 88 isolates®fictaluri were analyzed by repetitive
sequence PCR using BOX and GTG-5 primers, and 20 of theses sivare
subsequently analyzed by restriction enzyme digestRviiél and Spel followed

by separation by pulsed field gel electrophoresis. Thesinstwere isolated
between 1978 through 2006 from Mississippi, Louisiana, Alabarkansas,
Georgia, and South Carolina.
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Pseudokidney Disease In Captive Salmonine Broodstocks

Thomas P. Locland Mohamed Faisal

Department of Pathobiology and Diagnostic Investigati€ollege of Veterinary Medicine,
Michigan State University, S-112 Plant Biology BuildingsElansing, Ml, 48824

Carnobacterium maltaromaticum, the etiological agent of pseudokidney disease,
has recently been isolated from captive lake trds#lvflinus namaycush),
rainbow trout Oncorhynchus mykiss), and brown trout$almo trutta) brood-stock
experiencing elevated mortality rates in Michigan. Alblates were Gram-
positive, nonmotile, facultatively anaerobic, asporogenwsods arranged in
palisades. They did not produce catalase, cytochrondasxi or KIS, and did
not reduce nitrate to nitrite. Isolates hydrolyzed escubroduced arginine
dihydrolase, produced acid from inulin and mannitol, and grewath Tryptic
Soy Agar and Cresol Red Thallium Acetate Sucrosermyyjar, a selective and
differential medium forCarnobacterium spp. External clinical signs observed in
infected individuals include ulceration, melanosis, varyimggrees of
exophthalmia, and ocular hemorrhage. Internal signeded pseudo-membrane
formation, hepatic and renal hyperemia, splenomegalgule formation within
the kidney, and the presence of a transparent mucoid exwiatn the lumen of
the swim-bladder. Sites from which this bacterium wavered include the
liver, spleen, kidney, swim-bladder exudate, and extercakrations. Molecular
characterization and phylogenetic analyses of the e®lasing 16S and 23S
rRNA regions specific t&. maltaromaticum will be presented. The impact of this
infection on broodstock will be discussed.
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Molecular Cloning, Expression And Genome Organization Of
Channel Catfish ( ctalurus punctatus) Matrix Metalloproteinase-9

Hung-Yueh Yehand Phillip H. Klesius

U.S. Department of Agriculture, Agricultural Researemn&e, Aquatic Animal Health Research
Unit, 990 Wire Road, Auburn, AL 36832

In the course of studying pathogenesis of enteric saptacof catfish, we noted
that channel catfish matrix metalloproteinase-9 (MMRy&)e was up-regulated
after Edwardsiella ictaluri infection. In this study, we cloned, sequenced and
characterized MMP-9 gene. The sequence of the CC MMBI9A gene
consisted of 2562 nucleotides that potentially encode a 686G amid peptide
with a calculated molecular mass (without glycosylgtiof approximate 77.4
kDa. In addition, analyzed by the SiganllP 3.0 programCtGeMMP-9 included
a signal peptide with a cleavage site at positions 20 an(AR4S-HP). CC
MMP-9 analyzed by the NetOGlyc 3.1 program had potentiathavia O-
glycosylation sites between positions 447 and 490. CC MMi@nsisted of
many structural domains, including a signal sequence, mattalloprotease
domain, matrixin, fibronectin type Il domain 1, fibronectype Il domain 2,
fibronectin type Il domain 3 and hemopexin-like repeats.addition, the pair-
wise comparison of amino acid sequences showed that kie-84was highly
conserved among fish species (70% - 74%), but not in mammahéR-81(e.g.
55% with human MMP-9). The complete sequence of the N\Mfenomic DNA
consisted of 5663 nucleotides. Analysis of the sequen@alesl that channel
catfish MMP-9 contains 13 exons (#1 - #13). The numberss# pairs of each
exon are as follows (exon 1 — exon 13): 160, 236, 151, 130, 177, 174,50(7,
236, 142, 155, 107 and 108, respectively. These results will prowfa@enation
for further exploration of the role of MMP-9 in eadtage of infection.
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Viral Hemorrhagic Septicemia Virus (VHSV) Type IV'b’
Experimental Infection In Ontario Rainbow Trout

!| owia Al-Hussinee®Eva NagyRoselynn M.W. StevensofSpencer Russell,
'Karrie M. Young,*Paul Huber!Véronique M. LePage arfdohn S. Lumsden

'Fish Pathology Laborator§Department of Pathobiology, University of Guelph, Guelph, ON
Canada, N1G 2WZ£Fish Health Laboratory, Dept. of Molecular and Cellulai@yy, University
of Guelph

The purpose of this study was to determine the effecH8WIV ‘b’ (freshwater

drum isolate) on an outbred strain of Ontario rainbawttused by commercial
aquaculture operations to stock freshwater netpens ingiaeoBay. Fish were
held for five months before the experiment and wereraéted to be healthy
(VHSV-free) by virus isolation, tissue RT-PCR, bactiegy and histopathology.
Treatment groups used (triplicate tanks of 40, ~10-12g fishg wéraperitoneal
(i.p.) injection and three graded waterborne dosages tteitee TCID titres of

10"%0.1ml, 1G%ml, 16%ml, and 16%ml, respectively; with three tanks of
control fish (media). Fish exposed in the water wezlel in 2L of aerated water
for two hours before being returned to the tanks. Fiste wmeused in 60L tanks
with flow through water at P2 and three fish per tank were sampled at weekly
intervals. We evaluated morbidity (behavior indices) rtaiby, histopathology
and immunohistochemistry for VHSV, RT-PCR on tissw@a®| virus isolation on
EPC cells. As early as seven days post infectionyithe was isolated from trout

in the i.p. and the highest waterborne dosage treatmempgrdhe infection trial

is presently still in progress.
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Viral Hemorrhagic Septicemia In New York State

'Geoffrey H. Groocock'Rodman G. GetcheltStephen A. FrattinitSarah H.
McConnachielKatherine H. Kohler'Gregory A. Wooster'Kelly L. Britt,
YYoung-Sook Kim2James R. WintorfRufina N. Casey:James W. Casey JW,
and'Paul R. Bowser

'Aquatic Animal Health Program, Department of Microbigiognd Immunology, College of
Veterinary Medicine, Cornell University, Ithaca, NY 1483Bnited States Geological Survey,
Western Fisheries Research Center,6505 NESB#et, Seattle, WA 98115-5016

In May 2006 mortality events of Round Gobigdedggobius melanostomus)
occurred in the St. Lawrence River and Lake Ontahivestigation revealed the
isolation of Viral Hemorrhagic Septicemia virus oéthvb genotype which has
previously been described in Muskellunge in Lake St. Clairurdey of multiple
bodies of water across New York State was performedyusbculations on cell
culture and a newly developed quantitative PCR technique. rékudts indicate
the presence of Viral Hemorrhagic Septicemia in a waggye of species in all the
Great Lakes waters of New York State and one inlanditotd_ake Conesus.
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Emergence And Spread Of VHSV In Michigan

Mohamed Faisal

Department of Pathobiology and Diagnostic Investigati€ollege of Veterinary Medicine,
Michigan State University, S-112 Plant Biology BuildingsElansing, Ml, 48824

Viral hemorrhagic septicemia virus (VHSV) was isotht#om muskellunge
(Esox masguinongy) caught from the northwest portion of Lake St. Clair,
Michigan from 2002-2005. Affected fish exhibited congestion tdrimal organs
associated with hemorrhages in the inner wall of thémswladder. From
mortality episodes affecting Lake St. Clair gizzarddsland muskellunge in the
spring of 2006, VHSV was retrieved in high titers from &héso fish species.
Histopathology and electron microscopy provided evidencé WSV has
caused such mortalities. VHSV was also isolated frorardtbh species (northern
pike, freshwater drum, rock bass, shortnose redhorseilaedredhorse suckers)
not experiencing mortalities, yet exhibiting clinicagrss. The identity of all
isolates was confirmed to be the North American of VHfy RT-PCR and gene
sequencing. VHSV seem to have spread to Lake Huron and caostdities in
walleyes and lake whitefish. Molecular studies pertxtran isolates determined
they are members of the North American genotype of WH®wever, they are
sufficiently distinct to be considered a separate suladiee The impact of VHSV
on Lake St. Clair and the Great Lakes fish stocks msn&d be urgently
determined.
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Federal Regulatory Issues Regarding Viral Hemorrhagic
Septicemia (VHS)

Peter Merrill

U.S. Department of Agriculture (USDA), Animal and Plan@alde Inspection Service (APHIS),
National Center for Import Export, 4700 River Road, Ria¢gdMD 20737

A Federal Order (originally effective October 24, 2006 anctradted Nov 14,
2006) issued by USDA APHIS stipulated the conditions under hwépecified
VHS-susceptible livefish may be imported into the United States from two
Canadian provinces (Ontario and Quebec) or be movebtiate from the eight
states bordering the Great Lakes. The Federal Ordenataintended to remain
in effect on a long-term basis, especially as theospizlogy of VHS in Canada
and the United States is still only partially understoddéew regulations in an
interim rule would establish requirements for impootatiand interstate
movement of live VHS-susceptible fish from affected are@isis presentation is
intended to provide an update of the current status of Fedsgalatory issues
regarding VHS.

83



32" Eastern Fish Health Workshop

Molecular Correlates Of Infectious Salmon Anemia Virus
Virulence

Frederick S. KibengéMolly J. Kibenge 2Yingwei Wang,"“Biao Qian,
1°Shebel Hariharan ari$andi McGeachy

'Department of Pathology and Microbiology, Atlantic \fetary College andDepartment of

Computer Science and Information Technology, UniversityPrince Edward lIsland, 550
University Ave., Charlottetown, P.E.l., C1A 4P3., Canathew Brunswick Department of
Agriculture, Fisheries and Aquaculture, Fredericton, NB3B 5H1., Canada'l7 Rosedale

Drive, Charlottetown, P.E.l., C1A 6S5., Canad@plling Hills Pet Hospital, 2457 Fenton St.
Chula Vista, California, 91914.

Infectious salmon anemia virus (ISAV) is classified in tHamily
Orthomyxoviridae, genuslsavirus. Although virulence variation of ISAV can be
demonstrated experimentally in fish, virus strain idergifan is ambiguous
because the correlates of pathogenicity and/or antige@tit$AV are not well
defined. Thirteen ISAV strains isolated from differestdtions and characterized
for ability to kill fish were used to search for markers virulence. Genetic
analyses revealed two genotypes of ISAV, North Amerigaad European. The
European genotype was further separated into two genogreapguropean and
European-in-North America. Deletion/insertion ©f13 amino acids and the
presence of two specific motifs in the HE protein, in contimnawith a specific
motif very close to the trypsin-cleavage site of Ehprotein were correlated with
reduced cytopathogenicity and reduced virulence for Atlaniimesa A novel
phylogenetic software program, BACKTRACK, we wrote estedathat the
North American and European genotypes diverged between 18798&id
whereas the European-in-North America genogroup divergem fite real-
European genogroup between 1976 and 1988.
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Diagnostic Methodologies For Detection of Beta-Nodavirus
Infections Of Atlantic Cod (Gadus morhua)

Tokinori lwamoto,'David Groman'Carmencita YasoriNellié Gagne, and
3Stewart Johnson

! Aquatic Diagnostic Services, 550 University Ave., AtlanVeterinary College, UPEI,
Charlottetown, P.E.l. C1A4P3 Canada;Fisheries and Oceans Canada, Molecular Biology,
Aquaculture and Environmental Sciences, 343 Université, Monbt.B. EIC 9B6 Canadd;
Aquatic Animal Health, Institute for Marine Biosciencdsational Research Council, 1411
Oxford St., Halifax, N.S., B3H 3Z1 Canada

Current methodologies for detection of Betanodavirus innadm-fish included
virus culture in SSN-1 or E-11 cells and confirmation by RJR using a single
primer set designed to amplify the T4 variable region (45&$) ofStriped Jack
Nervous Necrosis Virus (SINNV) coat protein geneAtlantic Cod Nervous
Necrosis Virus (ACNNV) has routinely been isolated and identified usimgilar
techniques (SSN-1 cells and primers specific to the sagierrin ACNNV). We
undertook a study to compare the efficiency of virus ismtabetween SSN-1 and
E-11 cell lines. In addition, we compared the use of-Rew PCR with RT-PCR
technologies using a new primer set constructed frornaeceed region of the
coat protein gene of all 4 existing Betanodavirus cladst ré€sults indicated that
the use of E-11 cells provided a minimum of 24 hr. timeaathge over the SSN-
1 cells for virus isolation. Similarly, we confirmetiat the Real-time PCR
increased sensitivity of detection by 1 log in titratissays with these new
primers. We propose an improved protocol for isolatiod detection of
ACNNYV which utilizes E-11 cells and Real-time PCR whialhgets a conserved
coat protein primer set. Supporting data is presented.
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Tadpole Edema Virus: Comparative Susceptibility Among Early
Life Stages of the Fowler's ToadBufo fowleri)

Christine L. Densmorand Philip E. McAllister

National Fish Health Research Laboratory, U.S. Ggohl Survey, 11649 Leetown Road,
Kearneysville, WV 25430

Tadpole edema virus (TEV) is one of a group of ranaviruséisogenic to
amphibians. Ranaviruses have been isolated from bothdiseased, and
diseased or deceased amphibians. Factors that influenceeneeul host
susceptibility and pathogenesis are not well describede, ke investigate the
comparative virulence of TEV among aquatic life stagethefFowler’s toad, a
common anuran species, from hatch to metamorphossmgle mass of fertilized
Fowler's toad eggs was field collected, and the hatchépdotes reared under
laboratory conditions. Replicate groups of untreatedrobmeiggs/tadpoles or
groups challenged with TEV (aqueous exposures dT0Dsy/ml for 24h) were
maintained for 14 day trials for the following approximatiée $tages: Gosner
stage 20 (hatchlings), Gosner 25 (mouth parts developed), &@Gear limbs
developing), and Gosner 42 (metamorphosis). Mortality reaorded daily, and
dead tadpoles and representative survivors were evaluat@defence and titer
of virus using a quantal viral infectivity assay to detaem0% endpoint in cell
culture. Mortality levels were negligible for all dool groups, and no virus was
detected among any control groups or the pre-screened eggsndmyos
Among the TEV-challenged groups, there was variability iartality and
associated detection of virus among the 4 life stagegh hhortality associated
with TEV was observed among the earliest and latfessages (Gosner 20 and
Gosner 42) while lower mortality levels were observemimfrthe intermediate
aquatic life stages examined. Viral titers among exposedvets and tadpoles
dying with TEV ranged from f0to 10 TCIDsy/g. Susceptibility appeared
greatest during the periods of heightened physiologicakstnear hatch and
metamorphosis.
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Pathogens Associated With Native And Exotic Trout Populations
In Shenandoah National Park And The Relationships To Fish
Stocking Practices

'Frank M. PanekJames Atkinson, antdohn Coll

! U.S. Geological Survey, National Fish Health Resedraboratory, 11649 Leetown Road,
Kearneysville, West Virginia 25433; U.S. National Park Service, Shenandoah Nationak, Par
3655 U.S. Highway 211 East, Luray, VA 2283%).S. Fish and Wildlife Service, Lamar Fish
Health Center, P.O. Box 155, Lamar, PA 16848

Threats to native fish populations from practices sudishsstocking and from invasive
and non-native species and their associated disease coraernmportant natural
resource management issues in National Parks. Prohibitivestrictive fish stocking
policies in National Parks were developed as early as 1986der to preserve native
fish assemblages and genetic diversity. Despite recemtsfb understand the effects of
non-native or exotic fish introductions, park managers hmited information regarding
the effects of these introductions on native fish communiBegnandoah National Park
(SHEN) was established in 1936 and brook trout restoratidninagelected streams in
the park began in 1937 in collaboration with the Virginia Depant of Game and Inland
Fisheries (VDGIF). The only known records associated patii streams stocked during
the 1930s were in the survey reports completed by the US FRisWddlife Service in
Leetown, West Virginia. These reports suggest that mosesaible streams were
annually stocked by the Commonwealth of Virginia with hatcheayed fingerlings and
catchable size trout through 1949. This practice was cadity the US Fish and
Wildlife Service through 1955. We know that all fish stocke&thin Shenandoah
National Park originated from a limited number of hatees including the former Fish
Culture Station at what is now the Leetown Science Cetiter Erwin National Fish
Hatchery in Erwin, Tennessee and the Montebello Fishu@lltStation in Nelson,
Virginia operated by the VDGIFA preliminary sampling of brook, brown and
rainbow trout from 28 streams within SHEN from 1998-2002 rexk#ie presence
of several pathogens. These pathogens incluBedbacterium salmoninarum,
Yersinia ruckeri, and infectious pancreatic necrosis virus (IPNW) order to
investigate the relationships of the occurrence of fish patlBogeth stocking
histories we classified the streams in three categoti) streams within the park with
no known stocking records, 2) streams within the park thet Wstorically stocked,
and 3) streams within the park that were historicalbcletd and presently stocked
downstream of the park boundary by the VDGIF. The occursenéethe three
pathogens above were summarized relative to this stockitmryhisin general, we
found an increase in the occurrence of pathogens in brook, tzedvrainbow trout
associated with stocked streams.
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Perspectives For Trout Management And Fish Health In The
Batten Kill

Thomas A. Wiggins’Kenneth M. Cox, andThomas E. Jones

YVermont Fish & Wildlife Department, 103 South Main Strel South, Waterbury, Vermont
05671-05012Vermont Fish & Wildlife Department, 100 Mineral StreSyite 302, Springfield,
Vermont 05156

The Batten Kill stands out as one of Vermont's mfashous trout streams.
Between 1994 and 1996, wild brown trout abundanees (inches) declined
precipitously despite continued evidence of abundant reprodudduring this
same period, wild brook trout populations remained relgtigeable. In 2002,
both brook and brown trout were found positive for thesesive agent of
Whirling Disease Nlyxobolus cerebralis). This was the first documented
occurrence of the pathogen in Vermont waters. In 2000V#renont Fish &
Wildlife Department (VTFWD) established an inter-agerg@atten Kill Study
Team charged with investigating a list of likely causegHherbrown trout decline.
Of all the possible causes for the brown trout populatiecline that were
investigated over the next six years, the most compelimdjng was that fish
cover in the river is inadequate. Nonetheless, theesmast of WD in the Batten
Kill has potential implications for its resident trqapulations but more broadly
is a risk to other trout waters in the region. Tlenes the VTFWD is committed
to monitoring for fish pathogens, including WD in the Batkdll as well as other
state waters. Additionally, the VTFWD continues effotts increase public
awareness of the issue, and inform user groups of ther inokurbing the
potential spread of pathogens to other waters.

88



32" Eastern Fish Health Workshop

CSI Shenandoah: The Importance Of Understanding FisliHealth
In A Riverine Fish Kill Investigation

Stephen J. Reeser

Virginia Department of Game and Inland Fisheries, P.O. Box/@96na, Virginia 24482

Between 2004 and 2006 unexplained fish kills occurred throughosit t
Shenandoah River in Virginia. These mortality eventslied only the adults of
mainly three specieMicropterus dolomieu, Lepomis auritus and Hypentelium
nigricans. Small numbers of other species were also affeckedome cases an
estimated 80% of the aduMticropterus dolomieu andLepomis auritus perished in
long (>50 km) reaches of the river. The Kills involvidgcropterus dolomieu and
Lepomis auritus occurred in the early spring aktypentelium nigricans mortality
took place in late May and again in early December. Sauie anortality was
associated with the beginnings of these kill eventsl, these fish showed no
outward signs of stress. However, the bulk of thetatioyr was chronic with fish
exhibiting bacterial lesions, eroded fin rays, excessivasgnmucus production,
and fungal infections. Fish kill episodes lasted fmveral days to three months.
Diagnosis by fish pathologists indicated that the olexkrsymptoms were
“secondary effects” and not the origin of stress. date the cause of these fish
kills is unknown. Suspect causes being investigated incledeironmental
stressors, pathogens, contaminants, and immune systeressippr Much of the
data collected thus far points to multiple stressoradifegy to mortality.
Researchers with the Shenandoah River Fish Kill TaskceFcand the
Environmental Protection Agency’'s Casual Analysis/Diagno®ecision
Information (CADDIS) team have placed a high prioritpm dish health
information in determining the cause(s) of fish matyali Histopathology,
virology, bacteriology, and parasitology of fish havereonducted and analysis
is pending. Investigators hope to use fish health diagsast solve the mystery
of fish stress and mortality in the Shenandoah River.
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Bio-Indicators Of Estuarine Health: A Multivariate Approac h
Linking Source To Resource

John M. JacohsR. Heath Kelsey, A.K. Leight, Earl. J. Lewis, $imaM.
McLaughlin, Gretchen Messick, and Bob Wood

NOAA/NOS/CCEHBR/Cooperative Oxford Laboratory, 904 S. MopBtreet, Oxford, Maryland,
21654

There is a recognized need among management entitiegedoriptive indices
that simply and concisely convey ecosystem healthweyver, individual
indicators are often inadequate for estuarine systemsuseaaf the inherent
variability in these environments and the inability to irdausality from observed
responses. These issues may become more apparerdsasresds are performed
over broader spatial scales. The NOAA/NOS Oxford Lab¢caoperation with
federal, state, and academic partners, is implementmgneegrated biotic
ecosystem assessment on a sub-watershed (14-digit bigidr&lnit Code) scale
in Chesapeake Bay. Sub-watersheds were chosen basedtisticat analysis of
land use patterns to represent a gradient from developgtitwltural. A random
stratified design was developed and sampling approaches atedivithin this
structure to allow for robust system comparisons. fpecach is hierarchal, with
metrics chosen to represent a range from communitellalar level responses
across multiple organisms. Particular attention isu$ed on the use of
pathobiology as a tool for assessing environmental condiBy integrating the
biotic component with water quality, sediment indiceg] &nd-use information,
a holistic evaluation of ecosystem health will providanagement entities with
information needed to inform local decision-making proegsand establish
benchmarks for future restoration efforts.
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Evaluating Population Health Of Endangered Fishes By
Non-lethal Analysis Of Microbial Diversity

Rocco C. CiprianpChristopher Ottinger, and Cynthia Baker

US Geological Survey/Leetown Science Center, Natibisll Health Research Laboratory, 11649
Leetown Road, Kearneysville, WV 25430

When a bacterium initiates infection and diseasd, iareventually cleared from
an affected population, it influences the normal baaitéidra on external surfaces
of individual fish. Understanding how microbial diversisy affected by the
presence, replication and clearance of a pathogen canderan index of
population health. Such analysis is non-lethal, whialeisessary when working
with an endangered species. To further understand patlfogkemormal flora
interactions, Lost River Oetistes luxatus) and Shortnose Chasmistes
brevirostris) suckers were studied in the Upper Klamath Lake (ORide¥pread
habitat destruction and water quality degradation have dalrsstic declines in
both species, which were listed as endangered in 1988 (53 FR 2713@).
Occurrence of diseases within the lake, especially ColusnBasease, threatens
population recoveries. Analyses of the microbial flaféecting these fishes
become important metrics to monitor population health andir@anmental
guality, which are vital to species' recovery plansthia study, gills and skin of
Lost River and Shortnose suckers were evaluated fromnspgvadults (4/06),
juveniles (9/06), and in adults prior to winter (10/06). Terobial flora from
blue chubs@Gila coeruleawas also compared to adult suckers (8/06) to determine
if the former species could serve as a surrogate mdeksults were based upon
49,421 total bacterial identifications. Neither sucker sgewias significantly
impacted by bacterial infections in 2006; - no bacterigceytics were reported to
this laboratory nor were any obligate pathogens isolatddvobacterium
columnare, cause of Columnaris Disease, was not isolated fromsaoker and
was isolated only from the gills of one chub. Althouglere were instances
where the incidences of facultative pathogens (mostlytilen@eromonads)
increased among adult suckers, they rarely supplanted tinealnbierarchical
order of the normal flora and were not deemed to shvargact population
health. There were strong hierarchical shifts amongnie fish (9/06) and
adults obtained during August in which motile aeromonatisalg displaced the
normal flora of the suckers. When combined with certainrenmental stressors,
such shifts could potentially impact survival. Finally, thacrobial flora
associated with blue chubs differed from those of thkessctherefore, these fish
were not appropriate surrogates for the suckers.
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