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a. Abstract 
We will continue to provide the infrastructure within the Columbia Basin for legal, safe and efficacious erythromycin therapy integral to controlling bacterial kidney disease in salmon.   The University will provide the scientific support needed to continue Investigational New Animal Drug permit 6013, that allows for manufacture, shipment, and use of erythromycin feed additive at salmon hatcheries and ESA captive brood facilities in Washington, Idaho and Oregon.  As part of continuing the permit, we will conduct studies required by the FDA to address and quantify the effects of erythromycin treatment on the gut microflora of treated fish during and after erythromycin treatment, and determine the effects of treatment on environments associated with resident and migrating fish populations within and surrounding hatchery effluents.  All studies will be developed in consultation with FDA, and coordinated with regional agencies, and any other cooperating entities, so that data are collected in a manner that will satisfy the outstanding environmental and human food safety data needs for drug approval.  This project will enhance knowledge of the risks of antibiotic therapy to resident and migrating fish populations nearby hatcheries.

b. Technical and/or scientific background
Bacterial kidney disease (BKD) caused by Renibacterium salmoninarum is a serious and sometimes debilitating disease for anadromous Pacific salmonids, particularly for chinook and sockeye salmon (Evenden et al. 1993; Mesa et al. 1999).  The disease is stress mediated (Holey et al 1998; Mesa et al. 2000) but can be controlled in confined rearing environments with adaptive hatchery management practices, including careful use of the antibiotic erythromycin when the disease begins to emerge (Moffitt 1991; Moffitt 1998).  Erythromycin is not an approved drug by the US Food and Drug Administration (FDA) to control bacterial kidney disease. Hatchery and wild fish health monitoring in the Columbia basin has documented consistently high prevalence of R. salmoninarum in chinook salmon stocks, but in recent years, infection levels are lower in many stocks within the Columbia River basin, due to adaptive health management in captive stocks that includes broodstock culling, segregation, and use of erythromycin therapy (Elliott et al. 1987; Lee and Evelyn 1994).  

Regional agency and tribal fish health managers recognized the importance of obtaining an approved label for erythromycin therapy for salmon health management, and since 1989, Bonneville Power Administration has provided long-term funding for the University of Idaho for obtaining approval from FDA through: 1) drug development and formulation, 2) clinical and non-clinical trials to evaluate and define the best treatment regimes; 3) target animal safety; and 4) models of residue depletion following administration.  The Fish and Wildlife Service provided additional in-kind and financial support for this project through the Lower Snake River Compensation Program.  Fish and wildlife agencies, and tribal entities in Washington, Idaho, and Oregon have all provided cooperation for trials and in-kind support for sampling, logistics, and expertise.  All studies have been conducted under methods and procedures to satisfy federal code for a label claim approved by the FDA’s Center for Veterinary Medicine (FDA-CVM).  The efficacy, target animal safety and residue depletion portions of required studies have been completed and accepted by FDA-CVM.  Since the approval process began over a decade ago, the FDA has imposed additional requirements to satisfy drug approval, specifically the need to resolve questions of the human and environmental impact of resistant microorganisms that may be selected with erythromycin therapy.  

Among the outcomes of this basin wide effort to approve erythromycin therapy, the University developed and manufactured an experimental new animal drug (NAD) that is used a feed additive and mixed in finished feeds for treating captive juvenile fish.  This experimental feed additive is available through Investigational New Animal Drug (INAD) permit # 6013 held by the University of Idaho since 1987 (Moffitt and Haukenes 1995).  Public and tribal fish hatcheries and fish feed manufacturers have participated in this INAD and have collected data used to meet the requirements of FDA drug approval.  In addition, the research program funded by Bonneville provided protocols and detailed information on use of an injectable form of the drug (Erythro-100 or 200) on captive brood stocks and returning adults, when used in consultation with licensed veterinarians.    

From 1992 to 2000, an annual average of 219 metric tons of erythromycin containing feed was fed to salmon in the Pacific Northwest to control bacterial kidney disease under the INAD 6013.  In 2001, 87% of the erythromycin feed was shipped to Columbia River basin hatcheries  (Table 1).  The use of the feed additive is correlated with the number of yearling chinook salmon smolts released the following spring, and annual use averaged between 31 to 53 mg erythromycin base per smolt over the past 9 years (Figure 1).

Table 1.  Total erythromycin feeds delivered to hatcheries operating in the Pacific Northwest, the amount of active erythromycin used at all these hatcheries, and the percent of the total use within the Columbia River basin.


Feed
Erythromycin
Columbia Basin 

Year
mt
kg
percent

1992
295
1,650
73

1993
275
1,325
82

1994
302
1,799
74

1995
216
1,420
65

1996
211
1,334
69

1997
224
1,526
75

1998
182
1,161
87

1999
193
1,338
83

2000
147
916
90

2001
148
1,021
90

Ten yr. avg.
219
1,353
79
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Figure 1.  Average mg erythromycin base used per yearling chinook smolt released the following year, for 9 brood years.    

Fish culture systems have come under increasing scrutiny by regulatory agencies and by natural resource advocacy organizations for reasons other than fish genetics.  FDA and other regulators have little knowledge of the effects of aquaculture chemicals and antimicrobials on natural aquatic communities associated with or nearby the hatcheries.  The Centers for Disease Control and Prevention (CDC) of the Department of Health and Human Services has been particularly concerned about the potential for development and transfer of resistant microorganisms from fish to humans either through effluents, environmental contact or from eating or handling fish coming from these systems (Howgate 1998).  The extent to which resistant bacteria with pathogenic potential for humans will move from the vicinity of an aquaculture facility to humans via the environment will depend on the nature and location of the facility. 

Rises in resistance with drug use have not been observed for all pathogens, or in all geographical areas (Smith et al. 1994; Keery et al. 1996).  Several published studies document resistance to antimicrobial agents in the vicinity of aquaculture facilities (Aoki 1997; Sandaa et al. 1992; Herwig et al 1997). Transferable resistance genes have been isolated from a number of natural environments that have a minimum of human disturbance (Jones et al. 1986).  Methods to investigate the risks of resistant bacterial resistance are complicated by the various methods researchers have used to monitor resistance and dynamics of sample sites (Vaughan et al. 1996; Smith 1998; Alderman and Smith 2001). 

The FDA has requested data from the University of Idaho on levels of drug resistance during therapeutic treatments and in post treatment phases.  FDA needs documentation of levels of background resistance in captive fish populations and whether and how long resistance extends into post treatment phases, and continues in fish that remain at a site until fish maturity, or is transferred to fish that migrate through affected areas.  

Water quality regulatory agencies defer to FDA in regulations of labeled therapeutants in hatchery effluents, the periodicity of loading in effluents, and what the appropriate risks of contact are.  To understand effluents within a geographic scale, analysis of risks must provide connections with additional factors such as populations density, waterways, flows and temperature regimes and other landscape level measures.

In this proposal we articulate the research questions and likely approaches we will use as starting points in dialog with FDA and other key researchers and regulators to design experiments to resolve these unknowns.  The exact design of these studies is currently in progress under the Bonneville contract (FY2002), and detailed designs will be ready for implementation in studies beginning in FY 2003.   

Conservation hatcheries and rearing ponds that use or have used erythromycin in the past decade are located throughout the Pacific northwest (Figure 2). Through this project, we will identify suitable sample locations, times, and appropriate techniques for sampling, analyzing and reporting results through extensive dialog and review with FDA regulators and with key scientists before data are collected.

Figure 2.  Locations of conservation hatcheries, and off site rearing ponds, with no history (green dots); some past history (yellow dots), and likely current use (green dots) of erythromycin feed additive to control bacterial kidney disease.

c. Rationale and significance to Regional Programs
This project is a system wide project in the Columbia River basin.  The proposal meets all of the General Qualification Criteria. The unique infrastructure supported by this project is unavailable elsewhere in the basin, and the knowledge at the University of Idaho about erythromycin therapy is a vital information source for fish health and hatchery managers in the region.  This project renewal has objectives that are 1) in line with the present investment in this project; 2) have a high probability of success; 3) use expertise and facilities within the region; and 4) employ cost sharing with state and federal agencies.  

This project has direct benefits for mitigation and captive ESA populations and in addition the feed additive has on occasion been used for research fish needs (RPAs175-179).  The project address Reasonable and Prudent Alternative (RPA) Action 184 for hatchery research, monitoring and evaluation.  Moreover some of the novel approaches in the project include the use of landscape approach to understanding hatchery wild interactions and potential interactions of hatchery released fish on resident biological communities, as well as human safety address RPA Action 169 to define a hatchery and genetics management plans for the most at risk species.

These data will contribute to understanding of artificial production tools such as antibiotic therapy for meeting fish recovery objectives, and will aid in an ecologically based scientific foundation to minimizing the impact and maximize the benefit to fish that spawn naturally.

The project address 6 of the 10 Council-recommended policies to guide use of artificial production, and the research will assist understanding the relationships of artificial production to natural systems: 

1.The purpose and use of artificial production must be considered in the context of the environment in which it is used;

This project will help managers understand the environmental context of use of antibiotics in salmon culture and impacts on resident and migrating fish nearby hatcheries.  Few studies have addressed antibiotics in an ecological framework, and nearly all have addressed a different drug, oxytetracycline (REF) that has different chemical characteristics from erythromycin.  We have found nothing in published scientific literature on the monitoring of impacts of erythromycin, but have preliminary information that indicates the risks may be minimal due to the nature of the compound.  However, no carefully designed studies have been conducted clearly identify these.

2.Artificial production remains experimental. Adaptive management practices that evaluate benefits and address scientific uncertainties are critical. 

This project will enhance adaptive management, as it will help to explain relationships that are now uncertain.  The approaches used here can be extrapolated to develop models of other compounds in hatchery discharges.

3.Artificial production programs must recognize the regional and global environmental factors that constrain fish survival. 

This project will use a landscape-based approach to identify the regions of highest risk, and thereby address the regional environments that constrain fish survival.  It will consider the array of site characteristics such as flows, temperatures, and distribution of critical stocks.  

8.Because artificial production poses risks, risk management strategies must be implemented. 

Risk management strategies will be enhanced through this project, as we will be able to quantify elements that are unknown at this point.  

9.Production for harvest is a legitimate management objective of artificial production. But to minimize adverse impacts on naturally spawning populations, harvest rates and practices must be dictated by the need to sustain naturally spawning populations. 

We want to assure that there is no negligible impact on naturally spawning populations and that fish that are captured near fish hatcheries are safe for human consumption.

10.Federal and other legal mandates and obligations for fish protection, mitigation, and enhancement must be fully addressed.

The FDA legal mandates must be considered in the context of stock restorations and harvests of hatchery enhanced populations.  In addition, the NEPA process will be enhanced by knowledge gained on the impacts of antibiotic therapy on fish populations, and sediments surrounding hatchery outfalls.   To date, EPA has elected not to regulate FDA approved substances.

d. Relationships to other projects 
This project is closely tied to the state fish and wildlife agencies in Washington, Oregon, and Idaho, and to the FWS through their hatchery and captive brood programs.  The results of these studies will be provided to the Pacific Northwest Fish Health Protection Committee for use and dissemination before they are published.  Using this forum, the PNFHPC will help review approaches and results.  We will interact with investigators outside the region that are involved in therapeutic effluent research on approaches for use in these studies.  The project is not part of any USGS or FWS International Association partnership for aquaculture chemical research, but we provide and share information with them, and will interact with them at their annual INAD workshop in Montana in summer of 2002, and at a workshop planned for the Aquaculture American meeting in 2003.   Our BPA funded project is one of selected projects supported by the Department of Agriculture NRSP-7 program to increase the number of labeled compounds for minor use animal species.   The NRSP-7 program contributes in-kind support for enhanced visibility and communications with FDA, and with drug industry representatives once approvals are secured.   During the review process, NRSP-7 helps through a liaison stationed at FDA-CVM.   In the past, we have also had in-kind support from the FDA’s National Center for Toxicological Research through working memorandum of agreement with Dr. Jairij Pothuluri and his associates.  This relationship should continue until the completion of approval.  We also communicate with members of the Joint Subcommittee on Aquaculture, Working Group on Quality Assurance in Aquaculture Production via attendance at their meetings held at least once each year.    

Regionally, Mike Paiya at Warm Spring National Fish Hatchery has been in communication with the University of Idaho about potential FWS support for appropriate field studies at Warm Springs and Kooskia National Fish Hatcheries under FWS Regional Fisheries Operations Needs Process.  At this date, no obligations have been made, but the goals are consistent with their addressing hatchery reform Biological Opinion.  

e. Project history  

This is a continuation of a project begun in 2000 (Beginning FY 2000 = 20059; FY2001-2 = 200000700 under this same title) to provide an interim infrastructure at the University of Idaho for continuation of a critical need in the region to control bacterial kidney disease in cultured salmon while the FDA-CVM reviewed data and policies regarding new drug approvals.  The original project that generated the data for drug approval began in 1989 with Bonneville funding (DE-PS79-89BP9647), and for two years, it was supplemented with additional funding from the FWS (DCN no 14110-0091)(see also Sections b, Background).  Since the FY2000 “Infrastructure” project began, important milestones have been accomplished, and FDA has issued two findings.   A letter of record from FDA in January 2002, detailed their assessment of existing data gaps and FDA willingness to work with us designing the studies appropriate studies to collect the data necessary to resolve these gaps.  From our perspective, the groundwork for completion of a needed drug approval is finally in sight.  This continued additional support from Bonneville is pivotal to keep the drug viable and to accomplish the necessary research goals.  In addition this final phase of the project will provide the opportunity to provide new perspectives on the role of fish culture in recovering stocks of salmon and steelhead in the Columbia River basin.  

We have published 4 peer-reviewed manuscripts and provided two FDA submittals since 2000 with support from the Infrastructure Project.  

Haukenes, A. and C.M. Moffitt. 2002. Hatchery evaluation of erythromycin phosphate injections in pre-spawning spring chinook salmon. North American Journal of Aquaculture. 64: in press

Kiryu, Y. and C.M. Moffitt. 2002. Models of comparative toxicity of injectable erythromycin in four salmonid species. Aquaculture in press.

Kiryu,Y. and C.M. Moffitt. 2001. Acute LD50 and kidney histopathology following injection of erythromycin  (Erythro-200) and its carrier in spring chinook salmon Journal of Fish Diseases. 24: 409-416.

Moffitt, C.M. and Y. Kiryu. 2001. Acute and chronic toxicity following parenteral application of erythromycin (Erythro-200) to maturing spring chinook salmon held at two water temperatures. Journal of Aquatic Animal Health. 13:8-19.

Moffitt, C. M. 2002. Reauthorization of INAD field trials, erythromycin feed additive. Submittal to U.S. Food and Drug Administration, Center for Veterinary Medicine, March 2002. One book.

Moffitt, C.M. 2001. Modifications to risk assessment for approval of erythromycin feed additive to control bacterial kidney disease in salmonids: Submittal to U.S. Food and Drug Administration. Center for Veterinary Medicine. January 2001. Two books.

During the earlier project, we published 7 peer-reviewed articles, and provided 12 FDA submittals.  The submittals are listed in section 10 with the PI vitae.  During the past two years, we have submitted detailed information from the scientific literature on the rate of replication of bacteria in natural environments, and summaries of the frequency and patterns of resistant organisms (any antibiotic) in the GI tract of fish following antibiotic treatment and in areas nearby fish culture operations.  The response to this submittal came in January of 2002, with specific questions to resolve, that we provide as the structure of objectives 2 and 3 (Section f), and indication by FDA of their willingness to assist in design of appropriate experiments to satisfy these needs.

f. Proposal objectives, tasks and methods
OBJECTIVE 1.  Provide an infrastructure to keep erythromycin registration efforts viable in the Columbia River Basin, while required studies are conducted.

Task1.1) Keep all files up to date and maintain archives of all data and communications with FDA.  

Methods: We will continue to organize and maintain all archives of data, FDA submittals, records of correspondence, and activities of INAD 6013. The FDA requires records be maintained for at least 3 years after the final drug approval. Since we have not had a final drug approval, we must keep building these records.  We will keep the archival system up to date and accessible. 

Task 1.2) Review and update aspects of the INAD management to make sure that access for erythromycin is maintained during additional approval studies, and during review and negotiations with FDA. 

Methods: We will continue to provide for the region access to experimental erythromycin feed additive for treatment of bacterial kidney disease, as we design and conduct experiments to satisfy FDA data needs.  In November 2001, FDA-CVM requested a reauthorization of INAD 6013 held at the University of Idaho.  We submitted a request for reauthorization in March 2002, with full details of all the trials planned or potentially possible in the region.  This submittal is currently under review and will be addressed in face-to-face meetings already planned for June 2002.  Reauthorization by FDA is only provided for experimental drugs with active research efforts working toward completion of the approval process.  We will continue to emphasize to FDA our intention to complete this approval at all meetings and communications.  In addition, the University of Idaho will continue to assure that all reporting needs on the INAD are met and that there is no risk of revoking the INAD.

Task 1.3) Assist in providing an active dialog with potential drug companies to obtain manufacturing support for this compound after the outstanding details with FDA are resolved.

Methods: Once the studies detailed in Tasks 2 and 3 of this proposal are completed and FDA review is underway, we will notify drug companies interested in sponsoring manufacture of the feed additive.  Since the U of I is currently the INAD sponsor, we have all manufacturing records and SOPs and the expertise for formulation.  We will work with the University of Idaho research office, and appropriate companies to complete this transition and reference the Public Master File created for this drug approval.  Drug companies such as Bimeda Inc. that supply the raw drug used in formulating the feed additive have stated that they plan no investments in approval studies, but will come forward after approvals are met.  

OBJECTIVE 2.  Conduct laboratory and field experiments and design monitoring to understand the extent of erythromycin resistant microflora in the GI tract of fish following treatment with erythromycin to satisfy the articulated needs of FDA’s Division of Human Food Safety, Center for Veterinary Medicine.

Task 2.1. Assess the extent and length of resistant microflora in the GI tract following a normal treatment with erythromycin.

Questions to be addressed within rearing operations that need appropriate experimental design include: 1) What are the baseline levels of resistance in the intestinal track of fish populations?  2) What level of resistance occurs during treatment and what portion extends into post treatment phases? 2) How long will this disturbance persist? 

Methods - Laboratory Studies.   We will begin this task after collaboration with the FDA’s Division of Human Food Safety during the summer and fall of 2002 (ongoing project).  Since few data are available in the published literature to address the effects of erythromycin, our approach is to conduct preliminary laboratory experiments, and then conduct monitoring experiments at suitable hatchery sites determined after design of experiments and completion of a landscape-based analysis of the distribution and use patterns.  

We will use rainbow trout as the model for preliminary studies, then repeat experiments with chinook salmon.  For lab studies, eggs will be incubated and hatched in the CNR wet laboratory, and fish reared to  appropriate size.  Trials will be conducted at two water temperatures: 8 and 12°C.  We will use a design that uses tanks of fish as the experimental unit, and will also use approaches using individual fish in aquaria.  For the tanks of fish, a repeated measures analysis will be applied to determine the effects of time.  We will describe microflora, after sampling fish and aseptically removing the GI tract.  GI contents will be analyzed to identify genera, proportion and proportion of isolates that are resistant.  Approaches will likely include molecular or genetic screening.  

Methods – Field Studies –After the best methods of sampling and analysis are determined from the laboratory experiments, we will conduct field trials.  Suitable hatcheries will be selected for trials based on use patterns, availability of replicated rearing containers, and available fish for study.  The data will be analyzed for time to no measurable effect.  

Task 2.2.  Assess the extent and length of resistant microflora that remain in the GI tract of fish that remain in freshwater for the duration of their rearing to adult stage.   

The question to be addressed is will the resistance patterns persist into fish that remain in the system, especially for enteric Gram-negative bacilli in ponds with a history of treatment?  

Methods - The data needed for this aspect of the project will be more difficult to collect, as locations for entirely freshwater rearing in the Columbia basin are likely to occur in captive broodstocks, but the case could be made that if stock a of steelhead were treated, some smolts might residualize and remain in freshwater until maturity.  This question from FDA was most likely was driven by those within FDA considering that a label claim may facilitate use for other salmonid species that could remain in freshwater.  As a worst-case scenario, we will work with Idaho Department of Fish and Game to use data from sockeye and chinook salmon captive broodstocks.  This is a more difficult approach as these stocks can only be sampled at spawning, and have more frequent treatments applied to them. If this is not possible, we will investigate the feasibility of cage or net pen containers of treated fish held for long periods of time in field settings.  

OBJECTIVE 3.  Conduct experiments to address the fate of erythromycin in sediment ponds with a history of erythromycin treatment.

Task 3.1.  Prepare GIS based overviews of regional hatcheries, erythromycin use patterns, flows, salmon stocks and known resident species to determine areas of highest risk and likely sites for monitoring.

Methods - We will create GIS projections and coverages of hatcheries, ESA listed and threatened stocks, USGS gauging stations, human population density, locations of any water quality and effluent monitoring sites.  We will use historical use patterns from our INAD database, and select suitable sites to represent the range and distribution of environments.  Some sites will be selected for use in Tasks 3.2 and 3.3.
Task 3.2.  Determine the patterns of erythromycin resistance in bacteria isolated from sediment ponds receiving effluents from salmonid rearing systems with a history of erythromycin use, and those without such a history.

The questions regarding the environment surrounding fish hatcheries to be addressed include: 1) Is there an increase in resistance in bacteria isolated from sediment ponds receiving effluents from salmonid rearing systems with a history of drug use compared to those without such a history, especially in enteric Gram-negative bacilli?  

Methods - Once we have determined the areas of highest impact from Task 3.1 we will partner with scientists at the National Center for Toxicological Research (NCTR) in Jefferson, Arkansas to address these questions.  The PI collaborated on preliminary project that defined the methods to determine degradation of erythromycin in sediments (Assaf et al 1999).  The U of I will expand collaborations with NCTR scientists, and in communications with FDA-CVM environmental effects branch we will determine the best approach for laboratory analysis of field samples, microcosm and mesocosm approaches.      

Task 3.3.  Determine if the patterns of susceptibility in bacteria isolated from sediment ponds affect the intestinal mirocflora and their antibiotic susceptibility profiles.

The questions to be addressed is if there is a change in profiles from Task 3.2, does the change in susceptibility in those bacteria isolated from the sediment ponds affect the intestinal micro flora and their antibiotic susceptibility profiles of intestinal micro flora in any freshwater salmonids that live in the environment?

Methods – We will use laboratory and field approaches to address the question.  Laboratory microcosm studies can pursue the potential interactions with biota over affected sediments, but cage studies and interrogation of fishes in the vicinity of hatchery effluents are likely to be needed.  Cages will be placed near hatcheries that have previous erythromycin treatments, and those with no previous history of treatment.  With assistance from statistical advisors, and in cooperation with FDA representatives, we will design a monitoring program for sampling fish populations nearby fish hatcheries to provide data on background resistance in fish in hatcheries and in areas down stream and upstream of hatchery impact zones.

OBJECTIVE 4.  Provide submittals to FDA that detail results and publish in peer-reviewed journals the results of key studies accomplished during drug approval.

Task 4.1.  Summarize the results of studies into complete and comprehensive data submission for review by FDA.  

We will provide careful summary and complete documentation of studies conducted, with copies of original data sets, and analyses conducted.  All pivotal laboratory studies will be conducted with Good Laboratory Practices, and all details regarding these studies including quality control unit data will be provided in the submission.  We will provide documentation of all protocols, data, including electronic copies for FDA reviewers.   

Task 4.2. Continue to submit for publication data submitted to FDA in previously conducted research, clinical and non-clinical trials of erythromycin therapy conducted with Bonneville funding.  

We will continue to complete and submit manuscripts from our studies of erythromycin at the University of Idaho.  Manuscripts that have been drafted from previous studies of juvenile toxicity and target animal safety, residue depletion curves, and a meta analysis of the results from regional clinical trials of efficacy will be submitted for publication in peer-reviewed journals. These publications have and will continue to enhance the visibility of the Bonneville supported research beyond the region, and have provided important findings to scientists and managers.  

Task 4.3.  Provide publication of new trials and assessments conducted in final approval stages.

Our new efforts in defining the limits of environmental assessments will constitute major contributions to the literature on effects of antibiotic therapy on salmonids.  Our new GIS based approaches will be helpful to many parties looking at the more regional impact.   

g. Facilities and equipment
The Department of Fish and Wildlife will provide office space and computer support for project staff and students.  

The Geographic Information Systems (GIS) Laboratory in the College of Natural Resources consists of fifteen workstations attached to the University of Idaho internet.  The laboratory has access to all materials in the Idaho Gap project.  The laboratory has a full time coordinator available as consultant.  Peripherals to the network include a Calcomp 9100 digitizing tablet (48 C 53 in), a Calcomop color plotter, a Spark lazer printer. Primary GIS software (ARC.Info 8.0.1, ARCview 3.2, ERDAS imaging 8.4, Applix, gear CD-masting) is augmented by statistical software packages such as SAS and PC SAS.   The lab has several word processing packages that provide desktop publishing capabilities.  

The College of Natural Resources Analytical and Pathology Laboratories contain dedicated space for limnology and water analyses, and fish health and physiology.  Laboratories are equipped with autoclaves, low temperature and heated incubators, pH, O2, and conductivity meters, water bath shakers, power source and cooling plates for immunoelectrophoresis, ELISA readers with computer and software, research grade phase-contrast fluorescence microscope, inverted microscopes, electronic balances, refrigerated centrifuges, spectrophotometers, laminar flow hoods, - 90°C ultra freezers, vacuum ovens, preparation facilities for paraffin histology, and walk-in and freezers and refrigerators, ABI 377 automated sequencer, ABI 7700 PCR quantification system and associated software.  The College of Forestry employs a laboratory manager who supervises equipment use and serves as a reference on microbiological, and analytical techniques.  

The College of Natural Resources Wet Laboratory contains more than 3,000 sq. feet of floor space.  Within this lab are five isolation rooms that have individual control over air temperature and length of photoperiod. The laboratory is supplied with de-chlorinated, pathogen-free water from deep wells owned by the University of Idaho.   The laboratory has two 5,000 gal underground holding tank for additional water treatment or storage for specialized needs.  Fish can be maintained in modular with single pass or reuse systems.  All effluents from the laboratory are treated by the sewage treatment facility of the city of Moscow.  Two large-capacity chillers, linked with 16 mixing valves supply water of constant temperature that can be selected from 6-17oC.  The laboratory is equipped with a variety of containers for rearing fish, including egg incubators, circular tanks, aquaria, troughs, an artificial stream and river channel.  Many units are modular to allow for flexibility of design.  

The Statistical Consulting Center in the Division of Applied Statistics at the University of Idaho provides free assistance in experimental design and analysis to members of the university community. The center has several faculty consultants and graduate students who provide assistance by appointment.  Members of the Center have extensive experience in experimental design, modeling, Bayesian, multivariate, and frequentist methods of statistical analysis using a variety of computer programs.  Members of the Center have expertise to in problem solving, analysis and design for crop agriculture, animal production, biological sciences, human behavior, education and natural resource management. 

The Hagerman Fish Culture Experiment Station. The station uses diverse molecular technologies such as cloning, PCR amplification, RAPD analysis, mitochondrial RFLP analysis, and DNA fingerprinting, and the laboratory can address most questions concerning the genetic structure of populations, the conservation of genetic diversity and phylogeography, as well as other areas where molecular genetic markers can be applied to questions of individual genetic identity, parentage, and kinship.  The lab recently added new equipment that to provide a quantitative assessment of the amount of genetic materials in a sample (QPCR).   
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Section 10 of 10. Key personnel

Dr. Christine Moffitt will direct the project with assistance and support of a postdoctoral associate.  Two graduate students and one post-doctoral scientist will conduct laboratory and field studies with assistance and direction from the PI.  Part time clerical staff will provide support for maintaining the INAD files.  Submittals and negotiations with FDA will be written and provided by Dr. Moffitt.  All reports and manuscripts will be written under direct supervision of PI.

Christine M. Moffitt, Principal Investigator, No Salary Requested, 320 h

Professor of Fishery Resources

Expertise in Ecology, Physiology, Health, Toxicology and Management of Captive and Free-ranging Fishes.  Analytical and experimental approaches include pathology, laboratory and clinical field trials, meta-analysis, probit and survival analyses, epidemiology.  Author of more than 25 peer-reviewed publications on fish health of captive and free-ranging fishes. Extensive experience with FDA drug approval.

EDUCATION BEYOND HIGH SCHOOL:
Ph.D., Fisheries Biology, 1979, University of Massachusetts, Amherst

M.A., Biological Sciences, 1973, Smith College, Northampton, Massachusetts 

B.A., Biology, 1969, University of California, Santa Cruz, California 

RECENT EXPERIENCE:

2002 (appointment begins August 2002). Assistant Leader, Idaho Cooperative Fish and Wildlife Research Unit. University of Idaho

2000 - 2002, Research Professor, Department of Fish and Wildlife Resources

1989-1999, Adjunct Associate Professor, Department of Fish and Wildlife Resources

PUBLICATIONS:
Refereed Journals 2 years):
Kiryu, Y. and C. M. Moffitt. in press.  Models of comparative acute toxicity of injectable erythromycin in four salmonid species.  Aquaculture. Available online since December 2001.

Hiner, M. and C. M. Moffitt. 2002.  Epidemiological modeling of Myxobolus cerebralis infections in trout: associations with habitat variables.  Whirling Disease Symposium Proceedings. American Fisheries Society. Symposium Series 26: .

Haukenes, A. H. and C. M. Moffitt. 2002. Hatchery evaluation of erythromycin phosphate injections in prespawning spring Chinook salmon. North American Journal of Aquaculture 64: 167-175. 

Kiryu, Y. and C. M. Moffitt, 2001.  Acute LD50 and kidney histopathology following injection of erythromycin (Erythro-200) and its carrier in spring chinook salmon  Journal of Fish Diseases.

Williams, C. J. and C. M. Moffitt. 2001. A critique of methods of sampling and reporting pathogens in populations of fish.  Journal of Aquatic Animal Health

Hiner, M. and C. M. Moffitt. 2001.  Variation in Myxobolus cerebralis infections in field exposed cutthroat and rainbow trout in Idaho.  Journal of Aquatic Animal Health 13: In press

Moffitt, C. M. and Y. Kiryu. 2001.  Acute and chronic toxicity following parenteral application of erythromycin (Erythro-200) to maturing spring chinook salmon held at two water temperatures.  Journal of Aquatic Animal Health 13: 8-19.

Major Submittals for FDA Drug Approval:

Moffitt, C. M. 2002. Reauthorization of INAD, Field Trials, Erythromycin Feed Additive. Center for Veterinary Medicine, U. S. Food and Drug Administration. March 2002. One book.

Moffitt, C. M. 2001. Modifications to Risk Assessment for approval of erythromycin feed additive to control bacterial kidney disease in salmonids:. Center for Veterinary Medicine. January 2001. Two books.
Moffitt, C.M.  1997.  Estimating the effect of temperature on the rate of replication of bacteria in different aquatic environments.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  December 1997.  One book.

Moffitt, C.M.  1997.  Clinical field trials, erythromycin feed additive to control bacterial kidney disease in salmonids: pivotal and corroborative data presentation and analysis.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary medicine.  June 1997, Six books.

Moffitt, C.M.  1996.  Data on target animal safety of erythromycin as a feed additive to juvenile and age zero salmon; INADs 6013, 4333.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  December 1996.  11 Books, follow up October 1979 with 1 book and all electronic data.

Moffitt, C.M.  1996.  RE:  INAD 6013 H002.  Follow up to response of U of I submittal November 1994, and meeting 1 November 1995.  Letter from CVM 21 November 1995.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  May 1996.  Three Books.

Moffitt, C.M.  1994.  Dose titration of erythromycin thiocyante against acute infections of Renibacterium salmoninarum in salmon addendum to submittal dated 20 July 1994.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  Two Books.

Moffitt, C.M.  1994.  Procedures for determining residues of erythromycin in salmonids following injection or feeding of erythromycin, and preliminary data from laboratory and field trials, INAD 6013, 4333, and 6430.  1994.   Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  November 1994.  Two Books.

Moffitt, C.M.  1994.  Dose titration of erythromycin thiocyante against acute infections of Renibacterium salmoninarum in salmon addendum to submittal dated 20 July 1994.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  Five Books.

Moffitt, C.M.  1994.  Palatability to individual chinook salmon of rations made with two different carriers for erythromycin thiocyanate April 1994.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  Two Books.

Moffitt, C.M.  1993.  Palatability to groups of chinook salmon of feed additives containing erythromycin thiocyanate.  November 1993.  Submittal to U.S. Food and Drug Administration.  Center for Veterinary Medicine.  Two Books.

Alf H. Haukenes – 

Post Doctoral Scientist - FTE – Full time

Expertise in hatchery and laboratory studies.  Physiology, pathology, experimental design and analysis, GIS analysis.  Post doc will provide leadership in identifying sites for studies, and expertise for field and laboratory tests.

Education
PhD
2001. Biology. University of South Dakota

MS. 
1995. Fisheries Resources University of Idaho

1994:
Salmonid Disease Workshop, Newport, Oregon

1985:
United State Peace Corps Aquaculture Training Course, Kenya

BS
1985. Biology University of Wisconsin-River Falls

Professional Experience
2001:
Post Doctoral Scientist: Department of Fish and Wildlife Resources, University of Idaho, Moscow, Idaho

1997- 2000:
Graduate Research Assistant: Department of Biology, University of South Dakota, Vermillion, SD.

1993-1996: 
INAD Field Trial Coordinator, Department of Fish and Wildlife Resources, University of Idaho, Moscow, Idaho

1990-1992:
Graduate Research Assistant: Department of Fish and Wildlife Resources, University of Idaho, Moscow, Idaho

1989-1990:
Biological Aide: Collect, Idaho Department of Fish and Game, Boise, Idaho

1988:
Foreign Fishery Observer: Oregon State University, Corvallis, Oregon

1985-1987:  
Aquaculture Extension Specialist: United States Peace Corps, Kisumu, Kenya, East Africa

Publications:
Haukenes, A. H. and C. M. Moffitt. 2002. Hatchery evaluation of erythromycin phosphate injections in prespawning spring Chinook salmon. North American Journal of Aquaculture 64: 167-175. 

Barton, B. A., and A. H. Haukenes.  2000.  Physiological stress and behavioral responses of juvenile walleye associated with handling and transport during stocking operations in South Dakota: Completion Report No. 00-01.  South Dakota Game, Fish, and Parks.  Pierre, South Dakota.

Haukenes, A. H., and C. M. Moffitt.  1999.  Concentrations of erythromycin in maturing chinook salmon after intraperitoneal injection of one of two erythromycin formulations.  Journal of Aquatic Animal Health.  11:61-67.
Moffitt, C. M., and A. H. Haukenes.  1995. Regional investigational new animal drug permits for erythromycin as a feed additive and injectable drug. Progressive Fish Culturist.  57(2):97-101
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