ACCESSION NO:  2025-0014 Addendum

ALASKA DEPARTMENT OF FISH AND GAME
DIVISION OF COMMERCIAL FISHERIES - FISH PATHOLOGY SECTION
333 RASPBERRY ROAD, ANCHORAGE, AK  99518-1599 - Phone (907) 267-2244/Fax 267-2194

REPORT OF LABORATORY EXAMINATION

LOT (YEAR, STOCK, SPECIES): Salcha River Chinook salmon, Oncorhynchus tshawytscha
							 
FACILITY: ADF&G Division of Commercial Fisheries Arctic-Yukon-Kuskokwim (AYK) 

CONTACT PERSON/ADDRESS: 	Zach Liller, ADF&G Div. Comm. Fish. AYK, 333 Raspberry Rd., Anchorage, AK 99518
  
SAMPLE DATE: 8/7/2024				DATE SAMPLE RECEIVED: 8/9/2024 		WILD: Yes

SPECIMEN TYPE: Paired kidney/spleen (♂) and kidney/ovarian fluid (♀)								LIFE STAGE: Adult	

NUMBER OF SAMPLES: 4 (two males and two females)

STATE: Bagged, numbered, chilled

HISTORY/SIGNS: These samples were submitted for pathogen screening for a special project to collect Yukon River Chinook salmon broodstock for a small eggtake to support investigations on Ichthyophonus disease in this stock that has been associated with high pre-spawning mortality and poor returns. 

ADF&G and USFWS have secured a grant from the Alaska Sustainable Salmon Fund (AKSSF) to undertake a three-year field study (2022-2024) to determine if Ichthyophonus infection is contributing to the hypothesized large-scale enroute mortality of Canadian-origin Yukon River Chinook salmon. Results of that ongoing study will be used to establish an annual monitoring program, estimate annual Ichthyophonus-associated mortality, and inform sustainable harvest management to achieve bilateral border passage and escapement goal objectives. The original project study design relied on low, mid, and upper river sampling locations to gain information about the in-river disease progression and lethal threshold associated with Ichthyophonus mortality. The proposed upriver location was Eagle Alaska, near the U.S./Canada border. Record low run sizes of Canadian-origin Chinook salmon past the U.S./Canada border resulted in multiple requests by Canadian First Nations to discontinue sampling at Eagle, until run sizes improve. Similarly, ADF&G has heard concerns for lethal sampling from some Alaskan stakeholders, including one formal request from the Eagle Advisory Council to discontinue the project for the 2023 season. In response, ADF&G has planned and alternative lab-based approach that would minimize the need to lethally sample adult Chinook salmon at Eagle, and still allow for a meaningful contribution to the high priority goal of estimating the lethal threshold of Ichthyophonus for Canadian-origin Chinook salmon.

Lab-based approaches have been used successfully to evaluate the lethal Ichthyophonus threshold associated with mortality of Chinook salmon. A previous study used fish from the Whitehorse Hatchery (Yukon Territory, Canada) to challenge with an Ichthyophonus isolate from Puget Sound and found that 30% of the Yukon Chinook salmon died compared to only 1% of the Salish Sea Chinook salmon stock (Elliott et al 2021).  However, this study did not use the endemic strain of Ichthyophonus that occurs in the Yukon, which has been shown to be genetically different (Gregg et al. 2022) and thus may result in a different lethal threshold. ADF&G has partnered with fish pathology experts from the U.S. Geological Survey (USGS) and Alaska Pacific University (APU) to conduct controlled laboratory studies that are directly applicable to the Yukon River situation. 

ADF&G, USGS, and APU have begun a multi-year (2023-2025) laboratory study where Alaskan-origin Yukon Chinook salmon smolts from the Tanana River will be used for Ichthyophonus infection trials, using the same parasite strain that infects Yukon River Chinook salmon.  In 2023, our research team conducted a feasibility study that addressed the logistics of transporting live smolts to USGS Western Fisheries Research Center, in Marrowstone, Washington, and provided preliminary infection insights. We sent 100 Ship Creek Chinook salmon smolts from the William Jack Hernandez Hatchery (WJH) that all survived transport in which 97% of the fish cleared the infection post-challenge (Pathology Lab Report Acc. No. 24-0018). The infection trial feasibility results confirmed that we can successfully ship Alaskan Chinook salmon smolts to the USGS lab in Washington. However, the preliminary infection results confirmed that non-Yukon Chinook salmon are not a suitable surrogate, and we must use the Yukon stock of Chinook salmon for these studies.

For the 2024 study year, we secured an Aquatic Collection and Transfer Permit to obtain and ship as many as 250 smolts from the Tanana River, near Fairbanks, to the USGS’s Western Fisheries Research Center in Marrowstone Washington. These fish will be used for short-term holding and experimental infection with the Yukon River Ichthyophonus strain. Smolt trapping efforts in the lower portion of the Chena and Salcha rivers were led by the Fairbanks ADF&G Division of Sport Fish. Smolt trapping occurred Monday – Thursday each week for the entire month of May 2024. Each day, up to 50 baited minnow traps were used. Despite this moderate level of effort, only 104 Chinook salmon smolts were captured. All smolts survived shipment to Marrowstone, WA, were successfully converted to eating processed food (ground herring) and actively underwent smoltification by systematically increasing salinity in holding tanks. 

The number of smolts obtained in 2024 was adequate for the minimum number of samples required for this pilot-study work but requires an increased sample size for year 2 (2025) through a small egg-take for more conclusive results and control of other pertinent factors. The study design requires a minimum of 90 smolts to support three treatments (injection trial, feed trial, and sham control), three replicates, and 10 fish per replicate. Therefore in 2025, we will increase the number of individuals per replicate trial and most likely include important co-factors, such as temperature and swim trials to more accurately reflect the range of natural conditions experienced by these fish in the Yukon River. This is only possible with increased numbers of smolts and since trapping wild fish has not yielded substantially large enough sample sizes, we are instead performing a small eggtake to provide enough resultant smolts to accommodate a wide range of laboratory infection and stress trials and mitigate mortality during rearing, shipping, and pre-trial growth. Collection and spawning of broodstock was coordinated with ADF&G, Division of Sport Fish. Fertilized eggs have been incubating at the Ruth Burnett Sport Fish Hatchery in Fairbanks, Alaska where fish will be reared with accelerated growth conditions to produce pre-smolts by next spring to transport to the USGS lab in Marrowstone, WA for infection trials. 

To reduce the likelihood of these fish developing BKD during this research project, kidneys from both females were submitted for BKD Family Tracking and tissues from both sexes were tested for other common pathogens as part of a normal Disease History update. 

REASON FOR SUBMISSION: 	BKD Family Tracking and update Disease History per stipulations of the 
				approved Aquatic Resource Permit # P-24-031 for this special project 
				involving Ichthyophonus infection trials for Yukon River Chinook salmon 

FINAL REPORT DATE: 10/8/2024; Addendum with thiamine results 11/22/24 


CLINICAL FINDINGS
FAT:	0/2 female kidneys positive for Renibacterium salmoninarum
		
ELISA:	0/4 kidney tissues positive for Renibacterium salmoninarum (Rs).  Mean optical density values   0.085 were considered positive for the antigen of Rs.

qPCR extraction and assay details: DNA from approximately 20mg of kidney tissue or 100uL of ovarian fluid was extracted following the modified Complex Workflow for the MagMAX CORE Nucleic Acid Purification Kit on a KingFisher Flex purification system. For the R. salmoninarum qPCR, the ATCC 33209 strain of R. salmoninarum was cultured to determine bacterial concentration prior to use in qPCR quantification.  Serial dilutions (ten-fold) of the bacterial suspension were analyzed using membrane filtration FAT. Dilutions of the bacterium were filtered through a 13 mm, 0.2µm Nucleopore polycarbonate filter and a 13mm, 5.0 µm Membra-fil cellulose filter, stained with FITC conjugated anti-Rs antiserum and counterstained with Eriochrome Black.  A standard curve was generated using the bacterial dilutions. The DNA from the bacterial dilutions were run in triplicate using qPCR representing a range of 40-4 x 106 R. salmoninarum cells/reaction.  The Ct threshold of 40 corresponds to approximately 103 cells/ml. The Limit of Quantification (LOQ) for the R. salmoninarum assay was 100 cells/reaction, corresponding to a Ct value of approximately 25.9. This qPCR was performed in accordance with Chase et al. (2006) that targets the Major Soluble Antigen (msa) gene where most isolates possess two copies, but some have been shown to have three copies. For the other qPCRs involving the remaining pathogens, a synthetically produced gene fragment, gBlock (Integrated DNA Technologies), was used for the standard curve. The LOQ for the F. psychrophilum assay was 10 gene copies per reaction, corresponding to a CT value of approximately 32.6 and equates to approximately 10 bacteria. This qPCR targets a single-copy gene for a hypothetical protein with unknown function and was performed in accordance with Marancik & Wiens (2013). The LOQ for the T. bryosalmonae assay was 10 gene copies per reaction, corresponding to a CT value of 32.7. This qPCR targets the 18S rDNA multi-copy gene and was performed in accordance with Bettge et al. (2009). Samples were diluted 1:30 and tested for Ichthyophonus in accordance with White et al. (2013), which targets the18S rDNA gene. Ichthyophonus is multinucleated making it difficult to determine the number of organisms and therefore is reported as copies/mg of tissue. Males and females were tested separately and had an LOQ of 10 copies with CT values of 32.7 and 36.2 respectively. 

Prevalence:		0/4	 tested positive for Renibacterium salmoninarum
1/4 tested positive for Flavobacterium psychrophilum (25%)
0/4 tested positive for Tetracapsuloides bryosalmonae 
3/4 tested positive for Ichthyophonus (75%)

Table 1. qPCR results for fish in present case screened for the presence of R. salmoninarum, F. psychrophilum, T. bryosalmonae and Ichthyophonus. 
	 
	(Gene copies/mg tissue)

	Fish #
	R. salmoninarum
	F. psychrophilum 
	T. bryosalmonae 
	Ichthyophonus

	Female 1
	Negative
	35
	Negative
	Negative

	Female 2
	Negative
	Negative
	Negative
	7.5 x 105 

	Male 1
	Negative
	Negative
	Negative
	1.2 x 105 

	Male 2
	Negative
	Negative
	Negative
	4.5 x 103



VIROLOGY:	

Females: 	0/2		positive for viral CPE. Ovarian fluids processed individually by quantal assay on EPC 
					and CHSE-214 cell lines at 15.5°C for 14 days and blind-passaged for an additional 14 
					days. Minimum level of detection was 5 infectious particles/ml of pooled sample. Cells 
					were pretreated with PEG to enhance viral infectivity.

Males: 		1/2		positive for viral CPE (50%). Kidney/Spleen were pooled for each fish and processed 
					individually by fish using the quantal assay on the EPC and CHSE-214 cell lines at 
					15.5°C for 14 days and blind-passaged for an additional 14 days. Minimum level of 
					detection was 50 infectious particles/g of pooled sample. Cells were pretreated with 
					PEG to enhance viral infectivity.

Virus-positive male #’s: 2. The virus from Male # 2 was isolated on the CHSE-214 cell line at 9 days post-inoculation and 8 days post-passage on this cell line. Viral CPE consisted of cellular swelling, vacuolation, and syncytia formation consistent with an aquareovirus. This was confirmed with a highly specific nested PCR for Aquareovirus Species B (Makhsous et al., 2017; see below).

[bookmark: _Hlk104883139]PCR Confirmation:  Total RNA was extracted from infected cell culture supernatant using the Direct-zol™ RNA MiniPrep with TRI-Reagent kit (Zymo Research) per manufacturer’s instructions. Prior to PCR, RNA template was pre-treated in the thermal cycler by heating the preparation to 60°C for 10 min then stored on ice or 4°C for up to 30 min to maintain single-strandedness, reduce secondary structure formation, and allow the primers to bind during the RT step. RT-PCR was performed using a 50µl reaction containing 5µl of RNA template and 2.5µl of primers for Aquareovirus Species B (Makhsous et al., 2017) using standard thermocycling conditions. Gel electrophoresis was used to visualize the amplicon on a 2.0% agarose gel casted in Syber safe under UV transillumination. 

	Overall Aquareovirus prevalence = 1/4 (25%)

THIAMINE TESTING:	Newly hatched alevin from each of the two egg lots were tested for thiamine by 
						Dr. Cody Pinger, NOAA Auke Bay Lab

0/2	Alevin Lots were thiamine deficient (results below)

Alevin Lot 1: 9.2 nmol T/g = 1.3 nmol T/fry.
Alevin Lot 2: 8.0 nmol T/g = 1.2 nmol T/fry

COMMENTS/RECOMMENDATIONS:  The submitted samples from this eggtake for this special project were test-negative for R. salmoninarum by FAT, qPCR, and ELISA so all eggs are suitable for incubation. BKD Family Tracking results were emailed to hatchery and AYK staff on 8/19/24. One of the females tested positive for F. psychrophilum DNA at a low-level estimated to be about 35 bacteria/mg of kidney. This bacterium is ubiquitous in the aquatic environment and thus not a surprising result. Both males and one of the two females also tested positive for Ichthyophonus DNA, which is also not unexpected given the resurgence of this parasite and associated disease and mortality in Yukon River Chinook salmon in recent years. Although our estimates for Ichthyophonus infection density has used heart tissue, the kidney samples may have provided a reasonable proxy where the female and one of the males had a higher infection compared to the other male fish but were below the level regarded as high (>107 copies/mg) based on the monitor program that we are currently developing. In hindsight, heart samples would have provided a better estimate of Ichthyophonus infection density. Although the parasite was prevalent at various infection density levels, none of the fish exhibited clinical signs of the disease at spawning. This parasite has not been shown to be vertically transmitted, so this should not impact the planned infection trials in the future that will also include unexposed fish from this cohort as a negative control. None of the submitted samples were test-positive for DNA of the parasite T. bryosalmonae. 

A virus was isolated from one of the two males that was confirmed to be Aquareovirus Species B using the species-specific PCR assay. This virus is endemic to Alaska and other Pacific Northwest states of Washington, Oregon, and Northern California and has not been associated with clinical disease or mortality (Meyers et al., 2019). This virus is of low pathogenicity resulting in self-limiting infections with no evidence of vertical transmission. Therefore, the isolation of this virus from one of the two males is not of concern for Alaska, nor should it be for Washington where resultant progeny are to be transported next spring. 

FISH HEALTH INVESTIGATOR: J. Ferguson, T. Meyers
									[image: Close-up of a twig
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TECHNICAL ASSISTANCE: D. Stewart, F. Woitel, R. Morris

[bookmark: _Hlk94708958]COPIES TO: 	FY25, Yukon Ich, Hershberger (USGS), Wolf (APU), Barcelona (APU) Kocan (Univ. WA), 
				Ross (DFO), Clinton (SSSC), Linderman, Lee, West, Hamazaki, Borba, Tierman, Olson, 
				Pratt, Hyer, Savereide, Wuttig, ARLIS, R. Morris, Davis, Wilson, Vercessi, Pryor, Meyers  
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