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a. Abstract 
The recently published National Marine Fisheries Service Biological Opinion on Operation of the Federal Columbia River Power System (21 December 2000) identified a range of factors that may affect fitness of salmonid populations. Besides physical detriments related to dam passage, the review identified illegal harvest, predation, gill-net interactions, and disease as potentially important factors influencing mortality. Despite the potential importance of disease, there is very little information available on the distribution and ecology of infectious disease agents relative to watersheds and fish populations. We surmise that the lack of published data on disease ecology reflects the fact that fish pathogen assays, typically culture-based, are too cumbersome to apply to large numbers of samples. In the study outlined herein, we propose to develop and implement a monitoring protocol to assess the occurrence of fish pathogens in the Upper Middle Mainstem Subbasin of the Columbia Cascade Province using polymerase chain reaction (PCR) coupled with a DNA array-based reporting system. In addition, the proposed monitoring protocol provides a framework for quantifying the detection limit and the health risks associated with positive and negative results, key aspects for interpreting assay results relative to in-stream salmonid populations. 

The specific objectives of the proposed research are: 

(1)
Develop a DNA microarray coupled with PCR for multiplex detection of salmonid pathogens, 

(2)
Characterize the spatial and temporal occurrence of salmonid pathogens and associated fluctuations in selected water quality parameters within the Upper Middle Mainstem Subbasin of the Columbia Cascade Province, and 

(3)
Identify possible sources of salmonid pathogens and relationships between the occurrence of pathogens and specific water quality parameters. 

The proposed study will provide critical information on the temporal and spatial occurrence of planktonic salmonid pathogens within the Columbia Cascade Province. These findings alone are directly applicable in addressing key areas outlined in the NMFS' and USFWS' 2000 Biological Opinion and Action Agencies Implementation Plan. In addition, if salmonid pathogens are identified in the water column, the sampling methodology has been specifically designed to provide information on possible sources, fate, and transport as well as possible relationships with specific water quality characteristics. This additional information will be critical in identifying immediate needs for future research, including the development and implementation of best management practices.  

b. Technical and/or scientific background
Fourteen species of fish are currently listed as either endangered or threatened within Washington State. Species of concern include chinook salmon, sockeye salmon, steelhead, and bull trout; all species known to occur in the Upper Middle Mainstem Subbasin of the Columbia River. The recently published National Marine Fisheries Service Biological Opinion on Operation of the Federal Columbia River Power System (21 December 2000) identified a range of factors that may affect fitness of these fish populations. Besides physical detriments related to dam passage, the review identified illegal harvest, predation, gill-net interactions, and disease as potentially important factors influencing mortality. PATH modeling has identified hydrosystem operation and stock-viability-degradation (due to hatchery activities) as potential factors in delayed mortality. Importantly, for virtually every life history stage and migration phase in the life cycle of threatened and endangered fish, disease has been identified as potentially related to decreased fitness.

Despite the potential importance of disease, there is very little information available on the distribution and ecology of infectious disease agents relative to watersheds and fish populations. For detection of planktonic pathogens, Larsen (2000) isolated Flavobacterium psychrophilum, Yersinia ruckeri, and Aeromonas spp. from water samples collected from streams in Denmark. Ford (1994) isolated Aeromonas salmonicida from water at Atlantic salmon broodstock and production facilities. Powell and Loutit (1990) isolated Vibrio anguillarum from marine waters in New Zealand. All of the above studies used phenotypic, culture-based techniques (e.g., growth on selective media or utilization of specific carbon sources) to isolate and identify specific fish pathogens from the water column. 

We surmise that the lack of published data on disease ecology reflects the fact that fish pathogen assays are too cumbersome to apply to large numbers of samples. This is primarily due to the time needed to detect very fastidious pathogens, poorly developed assays, or piecemeal assay methods that prevent a systemic approach to pathogen ecology. For example, the causative agent for bacterial kidney disease (BKD) (Renibacterium salmoninarum) requires 2-3+ weeks incubation for microbiological detection (O.I.E. 2000). The same is true for other slow-growing, fastidious fish pathogens (e.g., Flavobacterium psychrophilum, F. columnare, F. bronchiphilum, and Flexibacterium maritmus). 

In the study outlined herein, we propose to develop and implement a monitoring program to assess the occurrence, source, fate, and transport of planktonic fish pathogens in the Upper Middle Mainstem Subbasin of the Columbia River using a comprehensive set of molecular-based assays. Molecular techniques (e.g., gene probes and polymerase chain reaction, PCR) target unique nucleic acid sequences characteristic of specific organisms or phylogenic groups, thereby eliminating the need for enrichment, isolation, and phenotypic classification. Our approach is particularly novel and analytically powerful due to incorporation of a microarray for multiplex detection of salmonid pathogens. Molecular techniques have been used to detect a number of bacterial, viral and protozoan fish pathogens (O.I.E. 2000), but primarily in the context of animal diagnostics with a limited number of organisms included in the screening process. While we recognize direct fish-to-fish contact is a mode of disease transmission, we have chosen to focus on pathogens suspended in the water column based on the premise that large-scale infections, the key data gap identified in the Subbasin Summary, are attributed to, or result in, the planktonic occurrence of pathogens.

When molecular techniques are used to identify pathogens within aquatic environments, generally a large quantity of water (e.g., 1000 L) must be concentrated to a relatively small volume (e.g., 0.1 mL) because pathogens typically occur at low concentrations on an intermittent basis. The most common method to concentrate a large quantity of water is filtration. The targeted organisms are then eluted from the filter, the nucleic acid is extracted, and an appropriate molecular technique is used to identify the presence or absence of the target sequence. The above steps constitute a monitoring protocol. 

Three principal factors must be accounted for in a molecular-based monitoring protocol before using the results in management and control of engineered and natural systems. First, the detection limit of the molecular-based monitoring protocol must be established. The detection limit is influenced by the percent recovery of organisms off the filter, the extent of PCR-inhibition associated with compounds co-eluted from the filter (e.g., humic acids), and the overall sensitivity of the PCR assay (e.g., number of organisms necessary to produce a positive result). Inhibition varies between every sample and thus appropriate controls must be included for every sample that is tested. Second, molecular-based monitoring assays should provide flexibility to simultaneously detect multiple pathogens. This may be in the form of multiplexed PCR reactions coupled with enhanced detectors such as DNA microarrays suitable for discriminating between multiple pathogens. Third, an explicit statement of the health risks associated with positive or negative PCR results must be developed. The health risks should then be characterized with a dose-response model, a mathematical expression that relates the probability of death (infection and illness can also be used as endpoints) to a specified level of exposure to an etiological agent. 

All previous studies that used molecular-based protocols to monitor environmental samples for specific organisms report results in a +/- reporting scheme. There is no explicit statement of the detection limit, sources of variation, or the health risks associated with a positive or negative result (e.g., Jiang et al., 2001; Griffin et al., 1999). Recently, a comprehensive framework was developed for quantifying the detection limit of PCR-based monitoring protocol and the health risks associated with positive and negative results (Loge et al., 2001). The framework was used to evaluate the human health risks associated with recreational contact in waters polluted with non-point source runoff. We propose to adapt this risk-based framework to a novel methodology designed to simultaneously detect multiple fish pathogens in the water column. This framework will permit evaluation of the health risks associated with positive and negative assay results. 

c. Rationale and significance to Regional Programs
Our proposed study is consistent with the goals and standards set forth in the Northwest Power Planning Council's Fish and Wildlife Program.

· The draft report on the Upper Middle Mainstem Subbasin (prepared October 5, 2001 for the Northwest Power Planning Council) identified a critical data gap involving environmental and biological conditions that contribute to large-scale salmonid infections, and in particular the occurrence of Flavobacterium columnaris (formally called Flexibacter columnaris) and other fish pathogens.

· The proposed study will provide critical information for implementing management and control practices as part of Bonneville Power Administration's obligations under the Endangered Species Act. 

· In addition, findings generated as part of this study will assist regional efforts in the restoration and maintenance of salmonid populations including the Governor's Salmon Recovery Strategy and local, federal, and tribal planning efforts.   

Our proposed study is consistent with NMFS' and U.S. Fish and Wildlife Service's (USFWS) 2000 Biological Opinion and Action Agencies Implementation Plan. The proposed project relates directly to the following regional programs and recommendations:

· Section 11.2 of the FCRPS Biological Opinion (NMFS, December 21, 2001) specifically calls for evaluating the effects of FCRPS operations on infectious disease transmission including studies of exposure to pathogens relative to elevated temperatures.

· Action 141 (section 9.6.1.7.2, NMFS 2001) specifically calls for acquiring a better base of information to understand the sources of fish disease and mortality during critical fish migration periods and high temperature events.

· Section 9.6.1.1 (NMFS 2001) specifically calls for active investigation to reduce or resolve key uncertainties related to delayed mortality of which disease has been specifically identified as a potential factor for both juvenile and adult passage (see also 9.6.1.6.2).

· Improved disease monitoring and diagnostics may contribute directly to development of short-term measures of stock performance that can serve as proxies for standard population metrics (section 9.6.5).

· Action 184 (section 9.6.5.3.4, NMFS 200) specifically calls for hatchery research, monitoring and evaluation to include assessment of the frequency and magnitude of ecological interactions between hatchery and wild fish (i.e., competition, predation, and disease).

Finally, the proposed study is consistent with Federal trust and treaty responsibilities.  

d. Relationships to other projects 
 The environmental and biological conditions in the Upper Middle Mainstem Subbasin that potentially promote large-scale fish infections was identified in the subbasin planning process as a key data gap.  Hence, no project has been conducted to evaluate the occurrence, source, fate, and transport of fish pathogens in the Upper Middle Mainstem Subbasin of the Columbia River. Findings from the proposed study would assist in a Limiting Factors Analysis of the fisheries in the Columbia River, a project that has not been formally completed to date, by identifying potential relationships between hydropower, human, and agricultural practices and the concentration of fish pathogens.  In addition, the proposed study would assist future projects in the (1) development of best management practices (BMPs) to mitigate the impact of hydropower, human, agricultural, and hatchery practices on the health and maintenance of in-stream salmonid populations; (2) preparation of environmental impact studies (EIS) in response to future development activities, and (3) preparation of discharge permits under the Clean Water Act's National Pollution Discharge Elimination System implemented by the Washington State Department of Ecology.  

The proposed study will use findings from the following past projects in the experimental design and analyses of data of the occurrence, source, fate, and transport of fish pathogens in the Upper Middle Mainstem Subbasin of the Columbia River. Although no formal watershed assessment has been performed for the mainstem of the Columbia River between Wanapum and Chief Joseph dams, regional assessments performed by public utility districts, the Confederated Tribes of the Colville Reservation, Parametrix (2001), and Duke Engineering (2000a, 2000b, 2001a, 2001b) will be used to identify potential sources of pathogens and specific constituents (either abiotic or biotic) that promote pathogen survival and propagation. The Anadromous Salmon status reports prepared for the Chelan, Douglas, and Grant County PUDs (Chapman et al., 1994a; Chapman et al., 1994b; Chapman et al., 1995a; Chapman et al., 1995b) and historic water quality data collected by the Washington Department of Ecology will be used to further refine the sampling sites and to identify trends in selected water quality constituents that would influence pathogen survival and propagation.  

The proposed project will complement ongoing efforts to develop multiplexed pathogen detection for use as a diagnostic tool with fish tissues. The existing research effort has received limited funds from the WSU and UofI Salmon Recovery Project (Center for Reproductive Biology) to begin development of a DNA microarray detector for pathogens. Results from this effort are reported as preliminary data below.

e. Project history (for ongoing projects) 

Not applicable.  

f. Proposal objectives, tasks and methods
Hypotheses and Objectives

Hypotheses

Three principal hypotheses form the basis for the proposed study:

(1)
Hatcheries and other associated activities (e.g., fish transport) provide an intermittent load of fish pathogens to receiving waters, 

(2)
Point- and non-point sources discharges of anthropogenic constituents (e.g., organic material, nitrogen, and phosporous) promote the survival and propagation of in-stream concentrations of selected pathogens (e.g., bacteria), and 

(3)
Spatial and temporal variations of pathogen concentrations develop within the receiving water dependent on light, temperature, and aquatic habitat.

The above three hypotheses will be addressed in the following research objectives.

Objectives

The overall objective of the proposed study is to critically evaluate the spatial and temporal occurrence of salmonid pathogens within the Upper Middle Mainstem Subbasin of the Columbia Cascade Province.  The specific objectives of the proposed research are: 

(1)
Develop a DNA microarray coupled with PCR for multiplex detection of salmonid pathogens, 

(2)
Characterize the spatial and temporal occurrence of salmonid pathogens and associated fluctuations in selected water quality parameters, and 

 (3)
Identify possible sources of salmonid pathogens and relationships between the occurrence of pathogens and the extent of anthropogenic pollution. 

Timeline

The schedule for the proposed research is shown below. The anticipated start date is October 1, 2003.  Project activities during 2003 will focus on the development of the DNA microarray, site visits to develop a sampling strategy, and laboratory preparation.  The subsequent three years will focus on sample collection, data analyses, and dissemination of project findings.  The 39 month time line will provide a realistic schedule for completion of the proposed activities. 
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Research Approach and Methods

To meet the objectives of the proposed research, the project will be conducted in three phases as described below.  The phases have been subdivided into tasks where appropriate. An outline of the analytical process is provided in Figure 1. Note that the proposed monitoring protocol, encompassing sampling, detection, and risk based analyses, has already been successfully applied in aquatic habitats to monitor the occurrence of human pathogens.   This protocol will be adapted to fish pathogens in the proposed study.

Phase 1: Develop a DNA microarray for multiplex detection of salmonid pathogens. 

Polymerase chain reaction (PCR) is a molecular tool that is used to generate copies of specific genes in a sample of DNA. This “amplification” is needed to generate enough copies of a gene sequence to permit detection above background. In a complex environmental sample, many different versions of these genes may be present. The PCR copies (“targets”) are hybridized to a DNA microarray composed of “probes” that detect species-specific versions of the amplified genes. Alternative methods are available to discriminate between species-specific markers (e.g., Taqman). DNA microarrays, however, provide the best compromise between cost, sensitivity, and multiplex capabilities. We have already developed a prototype microarray for this project (see below).

Table 1. Minimum list of pathogen probes to be included on the oligonucleotide array.

Bacteria

Aeromonas hydrophila

Aeromonas salmonicida

Edwardsiella ictaluri

Flavobacterium bronchiphilum

Flavobacterium columnare

Flavobacterium psychrophilum

Flexibacterium maritmus

Renibacterium salmoninarum

Yersinia ruckeri

Others:

Infectious pancreatic necrosis virus (IPNV)

Infectious hematopoietic necrosis virus (IHNV)

Myxobolus cerebralis (Whirling disease)

For this study, PCR will be used to generate “targets” that are then hybridized to pathogen specific oligonucleotide “probes” that constitute the microarray (Call 2001a,b). We will focus on pathogens important to wild and domestic salmonids (Table 1). PCR primers for conserved regions flanking variable segments of the 16S rDNA gene (for detection of bacteria) and primers specific for two viruses and for one protozoan will be combined in a multiplex reaction. An oligonucleotide microarray will be used to simultaneously screen the PCR targets for presence or absence of each pathogen. Both RNA viruses considered in this proposal will require a reverse transcriptase reaction prior to the PCR step.  
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We have already developed a preliminary DNA microarray suitable for distinguishing between several microbes. Figure 2 illustrates the results of hybridizing 16S rDNA products to an array composed of 11 microbe-specific probes.  Figure 3 illustrates the results from hybridizing PCR products from eight different species of bacteria to the same array design shown in Fig. 2. Details on microarray design and target detection are given below. Phase I will be completed with the addition and validation of remaining probe sequences (Table 1).
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Figure  1 . Overview of procedu re for detecting fish pathogens from water samples.  


Figure 2. PCR products from the Renibacterium salmoninarum (RESA) 16S rDNA gene were hybridized to an array composed of 12 probes (printed in replicate). Biotin spots served as array orientation points. Both the universal 16S probe (Univ) and RESA probes hybridized to the target. There was no significant cross-hybridization with non-specific probes.
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Figure 3. Absolute spot intensities for nine hybridization experiments (AESA = Aeromonas salmonicida; EDIC = Edwardisiella ictaluri; ESCO = Escherichia coli; FLPS = Flavobacterium psychrophilum; RESA = Renibacterium salmoninarum; YERU = Yersinia ruckeri; STIN = Streptococcus iniae; VASA = Vagococcus salmoniarium; NTC = no template control). The array was composed of 12 probes (Univ = universal detector). This version of the array did not include probes for STIN or VASA. FLPS did not hybridize to its respective probe, which reflects either an incorrect probe sequence or misidentified organism. All remaining targets clearly hybridized to their respective probes with minimal cross-hybridization.
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Phase 2: Characterize spatial and temporal occurrence of salmonid pathogens and associated fluctuations in selected water quality parameters. 

Task 2.1:  Identify sample locations.

Three principal strategies will be used to select the sampling sites in the proposed study.  During the first year of analyses, the sampling sites will be selected to provide a cursory overview of possible sources of pathogens and anthropogenic pollution and the relative extent of in-stream concentrations.  During the second year, sampling sites will be selected to characterize the spatial distribution of pathogens and the relative influence of aquatic habitat on pathogen occurrence.  During the final year of the proposed study, sampling sites will be selected to further define temporal variations in pathogen concentrations within aquatic habitats and to further document factors that promote survival and propagation.  Although each year of the project will have a different focus, seasonal variations in pathogen concentrations and associated water quality parameters will be evaluated over the entire project period. 

A schematic of the Columbia Cascade Province is provided in Figure 4.  Water samples will be collected throughout the study Province from a boat owned and operated by the Washington Water Research Center (Pullman, WA).  We anticipate it will require three continuous days to access all locations within the Upper Middle Mainstem Subbasin of the Columbia Cascade Province.  

The proposed sampling locations and frequencies are summarized in Tables 2 and 3, respectively, for the first year of the project. The specific days of sampling within each month will be selected based on a review of the historical water quality data discussed above under Relationships to Other Projects. We believe the proposed sampling locations and frequency for the first year are sufficient to characterize possible sources and in-stream concentrations of pathogens. The proposed sampling frequency is predicated on the assumption that substantial pathogen reproduction will occur during the summer months with warmer ambient air temperatures. The sampling frequency if sufficient to characterize both bi-monthly reproductive fluctuations in the planktonic pathogen concentration and baseline loads from potential sources.  

The location and frequency of sampling during subsequent years is dependent on findings from the first year.  We acknowledge the frequency and number of locations may need to be substantially modified.  Given the need for flexibility in selecting sampling sites and frequencies during the second and third year, we will consult representative members of local public utility districts, Washington Department of Fish and Wildlife, Bonneville Power Administration, Columbia River Inter-Tribal Fish Commission, and appropriate federal agencies and organizations in developing sampling scheme priorities to ensure we meet the needs of the funding agency. In addition, findings from past water quality and habitat ecology studies (discussed above) will be used in the selection of sampling sites during the second and third year.  

Figure 2.
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Table 3. Proposed sampling frequency during the first year of analyses.  

Sample Period
Monthly

Sampling

Frequency

January
1

February
1

March
1

April
1

May
1

June
2

July
2

August
2

September
1

October
1

November
1

December
1

Table 2. Proposed sampling locations during the first year of analyses.  

River outlets
Columbia Mainstem

Chelan
Colville Tribal Hatchery Discharge

Entiat
Wells Forebay

Methow
Chelan Hatchery Discharge

Okanogan
Turtle Rock Hatchery Discharge

Wenatchee
Rocky Reach Forebay


Wenatchee WWTP


Rock Island Forebay


Cresent Bar


Wanapum Forebay

Task 2.2: Sample collection.

At each location water samples will be collected in three 1-L Nalgene plastic containers for analyses of selected water quality characteristics (see below).  In addition, water samples, ranging in volume from 20 L to 2000 L, will be collected in sterile 20-L Nalgene plastic containers for analyses of selected pathogens.  The containers will be spiked with a known titer of a naturally-occurring non-pathogenic total coliform bacteria to evaluate the recovery off the FALP filter.  These samples will be concentrated on-site by pumping the water (stainless steel progressive cavity pump, Ryan-Herco Products Corp, Sacramento, CA) through a 1.0 (m pore size, 293 mm FALP filter (Millipore, Bedford, MA).  Filters will be pre-wetted with methanol and mounted on a sterilized stainless steel filter holder (Millipore).  Filtrate is collected in sterile 20-L Nalgene plastic containers and the pH of the filtrate is adjusted to 5 with 1N HCl. The filtrate is then pumped (flexible impeller pump, Ryan-Herco Products Corp, Sacramento, CA) through a 1-MDS cartridge filter (CUNO, Inc., Meridian, CT). The 1-L water samples and filters will be shipped on ice to Washington State University for analyses.  Filters will be eluted and concentrated within 24 hours of arrival and the resulting solutions stored at –20 (C.  The 1-L water samples will be processed immediately for the specified water quality characteristics.

Task 2.3: Analysis of selected water quality characteristics.

Table 4. Analyses techniques used to assess water quality at each sample location.

Water Quality Characteristic
Analysis Techniquea

Physical Characteristics


Temperature
Hydrolab

Light penetration and turbidity
Kahlsico Model 268WA360 underwater irradiameter or a Licor LI-1000 with a spherical quantum sensor; Hydrolab

Gravimetic Analysisb
2540

Total solids


Suspended solids


Dissolved solids


Chemical Characteristics


Organic 


Total organic carbon
5310C

Chemical oxygen demand
5220D

Biological oxygen demand
5210B

Inorganic


Nitrogen
4500-NH3C, 4500-NO2-B, 4500-NO3-E, 4500-NorgD

Phosphorous
4500-PB, 4500-PD

Dissolved oxygen
4500-OG

pH
Hydrolab

Conductivity
Hydrolab

Alkalinity
2320B

Hardness
2340C

Biological Characteristics


Total coliform
9221B

Fecal coliform
9221E

E. coli
9221F

Enterococci
9230B

The water samples collected at each location will be analyzed for selected physical, chemical, and biological characteristics to assess the relative extent of anthropogenic pollution. The water quality characteristics of interest in this study are summarized in Table 4.  

Unless otherwise noted, the procedures numbers listed in Table 4 are in reference to Standard Methods for the Examination of Water and Wastewater (Clesceri et al., 1998). The remaining methods are discussed below. Light attenuation in the water column at each station will be measured using two methods.  The first technique is the standard Secchi disc.  Both crew members will take independent readings and the results will be averaged.  The second method will use a Kahlsico Model 268WA360 underwater irradiameter or a Licor LI-1000 with a spherical quantum sensor to measure light intensity at 1-m or 2-m depth intervals within the photic zone. Vertical profiles of temperature, dissolved oxygen, pH, conductance, and turbidity will be measured with a Hydrolab Surveyor 3/ H20 DataSonde. Measurements will be completed at 1-m intervals within the top 10 m of the water column and at 5-m intervals for the remainder of the profile. More frequent determinations will be made below the 10-m depth if temperature changes by more than 1 oC or conductivity varies by more than 5% of the previous reading. This scenario was also used by the WRC during the 1997 field season when the first four parameters were measured in the forebay region of Priest Rapids reservoir and the water column was not thermally stratified. Temperature and dissolved oxygen will also receive additional attention at the below-dam sites.  If spilling is occurring during the monthly field event; the field crew will attempt to measure these parameters in the water that has gone over the spillway, through the powerhouse, and in the downstream mixing zone if the locations can be reached safely.

Task 2.4: Analyses of salmonid pathogens.

Elution of FALP and 1-MDS filters. The 293 mm FALP filters will be cut in half and laid flat in a sterile plastic tray containing 100 mL of 1.5% (w/v) beef extract in 1X PBS (137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 mM KH2PO4, pH 7.4). The filter is eluted by scrubbing the surface with a sterile nylon bristle brush for 10 minutes. Extracts are collected in 50 mL centrifuge tubes; the brush is rinsed with elution buffer and the liquid pooled with the extracts. Tubes are centrifuged at 3,000 x g for 12 min. After removing the supernatant, the pellet is weighed and distributed to 2 mL screw-capped microcentrifuge tubes. The maximum mass allowed per tube is 300 mg. The 1-MDS cartridge filters are eluted and organically flocculated as per (Fout et al., 1996).  The resulting pellet is dissolved in 8 mL of buffer (0.15M Na2HP04 . 7H20, pH 7.5) and concentrated using a Biomax-100K microconcentrator (Millipore) to a final volume of approximately 400 (L.  

Nucleic acid extraction and purification. Nucleic acids will be extracted from the FALP pellet using mechanical glass bead lysis (Cullen and Hirsch, 1998; Miller et al., 1999) with a Mini-Bead Beater 8 (BioSpec Products, Bartlesville, OK) operated at 2,510 rpm for 2 min. The resulting suspension is centrifuged at 14,000 x g for 5 min at 4 (C. The DNA pellets are redissolved in 100 (L of sterile double-distilled water and the solution is sequentially passed through PVPP (Sigma Chemical Co., St. Louis, MO) and Sephadex G200 (Amersham Pharmacia Biotech AB, Uppsala, Sweden) spin columns to remove substances that inhibit PCR (Tsai and Olson, 1992). ).  Serial dilutions are prepared from the concentrated sample and viral nucleic acid is extracted using a QIAmp Viral RNA Kit (Qiagen Inc., Valencia, CA).  The resulting nucleic acid extracts are passed through Sephadex G200 spin columns to remove substances that inhibit PCR.

Pathogen detection. Nucleic acid extracts will serve as templates for multiplex PCR reactions that include the 16S rDNA primers used to generate the data presented in Fig. 2 and Fig. 3. Additional primers will be included in the reaction for the two viruses and for one protozoan (Williams et al. 1999; Andree et al., 1998). After PCR is complete, resulting products will be hybridized to the microarray composed of pathogen specific oligonucleotide probes. The arrays will be constructed using 20- to 25-mer oligonucleotide probes derived from existing rDNA sequence data (Table 1). A universal positive control probe, a negative control probe (mouse gene), and a probe for Staphylococcus areus (see below) will be incorporated into the array. Methods for producing and using this type of array are well established in our hands (Call et al. 2001a,b). Hybridized PCR products will be detected using tyramide signal amplification and analyzed using image analysis software. Positively identified bacteria (ATCC accessions) will be used to validate probe specificity and sensitivity. Most stock cultures are available through an ongoing collaborative arrangement with the Washington Animal Disease Diagnostic Laboratory (Pullman, WA).

Baseline sensitivity of PCR assays. Nucleic acids will be prepared from stock cultures for use as positive controls in PCR assays. In addition, a baseline detection limit for the PCR assay will be established in RNase-free reagent-grade water for each pathogen. Serial dilutions will be made with the nucleic acid stocks. The concentrations of organisms from original stock cultures will be coupled with the volume used in the PCR reaction tube to estimate the minimum number of organisms necessary to produce a detectable signal on the microarray. The values obtained with the above procedure are accurate within an order of magnitude and represent a conservative estimate of the minimum detection limit.

Inhibition of PCR. The relative impact of inhibitory substances on PCR will be evaluated in the water samples collected from each location. An aliquot of the nucleic acid extract obtained from the FALP filter will be spiked with ca. 40 cells of Staphylococcus aureus prior to purification on the PVPP/Sephedex G200 spin column. The PCR detection limit will be determined using 10-fold serial dilutions of the purified samples. For each assay the concentration of cells in the spiked sample (estimated to within an order of magnitude) will be compared to the baseline sensitivity of the PCR assay to assess the relative impact of inhibitory substances on the minimum detection limit.  

Recovery from FALP filters. Recovery of fish pathogens from the FALP filters will be evaluated by comparing the concentration of total coliform bacteria spiked into the original sample with the concentration in the filter eluate. Appropriate controls will be included to quantify the in-stream concentration of total coliform bacteria.  

Quantification of the detection limit. Variables controlling overall detection limit included volume of sample processed through the filters (Vf), recovery of organisms from FALP filters (Re), inhibition of PCR assays (I), and fraction of concentrated sample analyzed with PCR (%Vp). The relative influence of each factor on the overall detection limit can be expressed as:
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where S is the sensitivity of the PCR assay. Both S and Vp (the volume of concentrated sample used in the PCR reaction vial) are constants for a particular pathogen. Inhibition (I) is sample specific and represents the dilution necessary to produce a positive PCR-result. (I) is expressed as the inverse of the dilution factor. Recovery (R) represents the fraction of organisms in the filter eluate relative to the concentration in original unfiltered sample. The above equation will be used in this study to quantify the detection limit at each sample location. 

Evaluation of the significance of pathogen occurrence

Epidemiological data will be obtained from the literature, where available, for each of the pathogens analyzed in this study. The epidemiological data will be used to calibrate either a beta-Poisson or an exponential dose-response model: 
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where P (d) is the probability of death for a given exposure, d, of a particular pathogen. N50, (, and r are model coefficients. The calibrated models will be used as a basis for interpreting the relative significance of pathogen occurrence.  Specifically, the probability of death, P(d), will be evaluated for a dose, d, corresponding to either the relative concentration associated with a positive result or the detection limit associated with a negative result.  

Phase 3: Identification of possible sources of salmonid pathogens and relationships between the occurrence of pathogens and specific water quality parameters.

The pathogen data collected on a temporal basis will be pooled according to sample location and evaluated in reference to watershed assessment data to identify potential sources of salmonid pathogens. In addition, appropriate statistical techniques, including t-tests, nonparametric statistics, and logistic regression, will be used to evaluate spatial relationships between the occurrence of pathogens and aquatic habitat and temporal relationships with specific water quality parameters. Statistically significant parameters will then be used as covariates for a linear model that relates pathogen detection relative to sample site and collection date (i.e., a repeated measures ANOVA). If a significant model is forthcoming, we will use contrast comparisons to identify specific sample locations and sample periods that were associated with the highest likelihood of pathogen detection. 

Monitoring and Evaluation

The laboratories in the Department of Civil and Environmental Engineering and Veterinary Microbiology and Pathology at Washington State University have stringent quality assurance/quality control (QA/QC) plans in place for current research projects sponsored by the U. S. EPA and the National Science Foundation. All principal investigators, technicians, and graduate students using the laboratories are required to certify on all parameters that are being analyzed. Each member of the research team will be required to demonstrate an understanding of proper techniques for the operation and maintenance of the instruments being used.  

The following QA criteria will be met for the proposed research. Appropriate standards, blanks, and spikes will be analyzed to assess precision and accuracy of the analysis procedures.  Frequency of QC samples will be proportional to frequency of analyses of research samples, but will not be less than one QC analysis per 20 research sample analyses. The criteria for determining the acceptability of data quality will be based on standard laboratory quality assurance procedures, such as the use of an adequate number of replicates, control charts, and periodic analysis of laboratory unknowns. Specific rules will be followed for the use of significant figures and rounding off numbers. All data generated will be subjected to a minimum statistical analysis, including the arithmetic mean (three replicates are averaged for any one determination), 95 percent confidence limits, range, and standard deviation. Control charts will be maintained for all historical data. Subsequent data collected that fall outside of the Lower Control Limit (LCL) and Upper Control Limit (UCL) will require repeat of the analysis.  

Data collected as part of this project will be continually analyzed to identify potential revisions in the sampling and analysis procedures (see timeline).  Appropriate adaptive management measures will be implemented if necessary.  Finally, the risk-based analysis of pathogen concentrations will provide a rational framework for interpreting the results and implications to in-stream salmonid populations.  

Expected Results and Benefit to Fish and Wildlife

The proposed study will provide critical information on the temporal and spatial occurrence of planktonic salmonid pathogens within the Upper Middle Mainstem Subbasin of the Columbia Cascade Province.  The risk-based methodology will provide a framework for interpreting the health implications associated with positive and negative results.  These findings alone are directly applicable in addressing key areas outlined in the NMFS' and USFWS' 2000 Biological Opinion and Action Agencies Implementation Plan. In addition, if salmonid pathogens are identified in the water column, the sampling methodology has been specifically designed to provide information on possible sources, fate, and transport as well as possible relationships with specific water quality characteristics. This additional information will be critical in identifying immediate needs for future research, including the development and implementation of best management practices.  

Information Transfer

We anticipate that findings from this project will be of interest to individuals with a broad range of backgrounds.  Consequently, we have selected four principal media to disseminate the results.  First, a web site will be developed as part of this project that will provide a description of the project, study site, sample locations, methods, and results. The site will be updated monthly to reflect current project activities and findings. The web site will be linked to appropriate auxiliary sites.  Second, appropriate aspects of the project will be compiled and transmitted to the funding agency for dissemination on a time schedule dictated by the agency.  Third, selected aspects of the project will be published in peer review journals that encompass a range in audiences (e.g., engineering, biology, ecology, and microbiology).  Finally, selected aspects of the project will be presented at national conferences and regional workshops. Data collected as part of this project will be archived in the Department of Civil and Environmental Engineering at Washington State University at the completion of the project and will be made available to all interested parties.  

g. Facilities and equipment
Dept. of Veterinary Microbiology and Pathology 

Dr. Douglas Call has office space and 500 ft2 of lab space (BL-II certified) dedicated to nucleic acid detection and analysis. Facilities include PCR preparation hood, Eppendorf Master Gradient thermalcycler, waterbaths, pipets, electrophoresis equipment, hybridization oven, hybridization chambers, vacuum oven, centrifuges, spectrophotometer, chemical hood, biosafety cabinet, four Pentium class computers and a Silicon Graphics O2 system for array analysis. The lab is also equipped with an Affymetrix 417 Arrayer and Applied Precision array WoRx scanner that are dedicated to development of microarray based pathogen detection, fingerprinting, genotyping, and gene expression research. The Department of Veterinary Microbiology and Pathology maintains core facilities for centrifugation, gel analysis, chemiluminescent imaging, real-time PCR, sequencing, liquid handling robotics, and automated microarray hybridization. 

Dept. of Civil and Environmental Engineering 

Dr. Frank Loge has office space and maintains 8,000 ft2 of laboratory space for analysis of water, soil, and air samples. The facilities include a PE ABI thermalcycler (9700), Idaho Technology air thermalcycler, Hoefer UV cross-linker and light box, BioRad vacuum blotter and sub-cell, Sorvall RC 5C centrifuge, biohazard safety cabinet, Olympus fluorescent microscope (BH-2), CO2 incubators, constant temperature shaker table, high head pump and filter support, six walk-in environmental chambers and a Packard liquid scintillation counter. A portion of this space is biosafety level II certified and radiation certified. 

State of Washington Water Research Center (WSU Campus)

Dr. Barber is Director of the Washington Water Research Center.  The Center maintains three boats that are available for this project: (1) 24’ Seawolf with 225 HP Mercury Outboard, electric winch, Onan generator, and Lowrance GPS system, (2) 18’ Reinell I/O equipped with a gasoline powered winch, and (3) 16’ Hewes Craft with a 25 HP Evinrude outboard as well as a gasoline powered winch. Facilities include a Hydrolab Surveyor 3 with H20 DataSonde equipped with depth, temperature, dissolved oxygen, specific conductance, ORP, low ionic strength pH, and turbidity sensors; Kahlsico Model 268WA360 underwater irradiameter; Trimble GeoExplorer GPS Units; complete set of field equipment to complete primary productivity determinations in situ using radioactive isotopes; zooplankton nets; miller sampler; integrated samplers; Secchi discs; Niskin-type samplers; Shipek, Ponar, and Ekman dredges; Clarke-Bumpus plankton sampler; Marsh McBirney 201D velocity meter; in-house shop facilities capable of fabricating custom field sampling gear; Packard Tri-Carb 2200CA liquid scintillation counter; Technicon AutoAnalyzer II; Alpkem RFA 300 auto analyzer; Beckman DU‑65 spectrophotometer; Varian SpectrAA 300/400 atomic absorption spectrometer; Barnstead E-Pure water filtration system; Corning glass distillation unit; Castle 122 Gravity Steam Sterilizer; Scimadzu TOC-5000 Total Organic Carbon Analyzer; Dohrmann DC-190 Total Organic Carbon Analyzer; Denver Instrument and Sartorius analytical balances; GCA/ Precision Scientific drying ovens; Lindberg muffle furnaces; and several walk-in temperature control rooms.  
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Responsibilities Associated with Proposed Study

Dr. Frank Loge will serve as the principal investigator of the proposed study.  He will be responsible for the management of all aspects of the project, including the collection and analyses of data, project reporting, quality assurance/quality control, and dissemination of findings.  Given the diverse and multiple tasks associated with the proposed study, Dr. Loge will be the principal lead person on sample collection and water quality analyses.  FTE allocation = 20%.
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· 7/00–present, Assistant Professor of Molecular Epidemiology. My research program emphasizes use of microarray technologies for molecular epidemiology, diagnostics and genetics of emerging pathogens. This work includes development of salmonid diagnostics in conjunction with the WSU and UofI Salmon Restoration Program. I have additional interests in environmental sampling of pathogens, evolution of antibiotic resistance in food animals, comparative genomics, and immunology.
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Dr. Call will serve as co-PI on the proposed study. He will be directly responsible with development and implementation molecular assays, including development of an appropriate quality assurance program, data management and interpretation.  FTE allocation = 20%.  
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Overview of Sponsored Research Projects

Dr. Barber has participated in numerous field investigation projects on the Columbia and Snake Rivers throughout his WSU career and his involvement with the Water Center.

Responsibilities Associated With the Proposed Study


Dr. Barber will serve as co-PI on the proposed study.  He will assist in site selection, sample collection, water quality analyses, data analyses, and the dissemination of project findings.  FTE allocation = 10%.  
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