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REPORT OF LABORATORY EXAMINATION

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

CONTACT PERSON/ADDRESS: Zach Liller, 333 Raspberry Rd., Anchorage, AK 99518 
  
SAMPLE DATE: 7/19/23				DATE SAMPLE RECEIVED: 8/17/23

SPECIMEN TYPE: Inoculum 				LIFE STAGE: Adult										WILD:	 Yes 

NUMBER OF SAMPLES: 2 (1 high dose and 1 low dose)

STATE: Chilled in MEM

HISTORY/SIGNS: Heart explant cultures were collected from Yukon Chinook salmon at Pilot Station from 6/28-7/6/23 as part of the larger Ichthyophonus study and represents samples collected from Fish #’s 75-117. Liver/Kidney/Spleen/GI tract were collected from four Yukon Chinook salmon at Rampart Rapids from 7/6/-7/23. Viscera from burbot were also collected from the river. All this material was sent to Dr. Paul Hershberger at the USGS’s Marrowstone Field Station for a pilot study to experimentally infect juvenile Chinook salmon with the Yukon River strain of Ichthyophonus as part of ongoing investigations on the impact of this parasite on Yukon River Chinook salmon. The burbot tissues arrived warm and autolyzed but were assessed for infection by wet mount and found to be negative so this material was excluded from the study. The Chinook salmon viscera and heart explant tissue samples arrived in good order and were utilized for experimental challenges.

Ship Creek Chinook salmon smolts were challenged with the parasite via intraperitoneal (IP) injection and per os. Approximately 100 Ship Creek Chinook salmon smolts were transported from the WJ Hernandez Sport Fish Hatchery in Anchorage, AK to Dr. Hershberger’s lab in Marrowstone WA. There were no transport mortalities and fish were immediately vaccinated against Vibrio anguillarum and V. ordalii by bath immersion. These fish arrived on station on June 5th and had successfully transitioned to full strength seawater (29 ppt) by June 9th.  

Forty-three heart explant culture samples were received at Dr. Hershberger’s lab on 7/11/23 where he screened these samples under an inverted microscope and determined that 15 of them contained viable Ichthyophonus parasites (34.9% prevalence). These were pooled, large chunks of heart were macerated, and the material was washed several times. The prepared inoculum was stored overnight in MEM-5T+A (MEM-5 with tris and antibiotics) at 15°C. The media was replaced the next day with TAP (MEM without any supplements) prior to injection. Fish were split into three groups comprised of three tanks containing 10 fish each: 1) negative/sham injected control (10µl of TAP), 2) high dose (407 schizonts/100µl), and 3) low dose (102 schizonts/100µl). For the per os challenge, viscera from four Chinook salmon collected at Rampart Rapids (one with gross lesions) were received at Dr. Hershberger’s lab on 7/12/23 and assessed for infection via wet mounts the following day. Liver, spleen, and kidney were found to be the most heavily infected tissues so approximately 240g of this material was pooled, macerated, and divided to feed the Chinook salmon smolts in each of the three replicate tanks of 10 smolts each. Fish in each of three tanks were initially fed 15g of pooled tissues based on estimated fish body weights of approximately 15g each that equated to 150g of fish/tank and a feeding rate of 10% body weight/day. The fish reportedly consumed the first few bites of tissues aggressively, but then appeared to reduce their feed response. There was an abundance of remaining tissues at the bottom of the tank after feeding had commenced. Fish were fed out an additional 15g/tank/day until the tissues were completely utilized (approximately 5.3 days). Wet mounts were assessed on a subsample of the infected tissues fed to fish for several of the feeding days where germinating schizonts were present and appeared intact and pigmented. The last feeding of infected tissues represented 11 days post-collection at Rampart Rapids. Fish were held up to 30 days post-challenge where fish were subsampled throughout the experiment for re-isolation of the parasite by heart explant culture. There was approximately 36.7% mortality in the high-dose IP injection group (11 of 30 fish) and 3.3% for the feed challenge group with an unknown dosage (1 of 30 fish). The parasite was re-isolated in explant culture from 3 fish in the high-dose IP group at 7, 10, and 30-days post-exposure, respectively. All other mortalities were test-negative for the parasite as were the remainder of the fish at the end of the 70-day trial. 

The inoculum used for the high and low dose IP injections were submitted to the Fish Pathology Lab to estimate the dosage based on gene copy numbers via qPCR as a standardized assessment. Unfortunately, tissues from the fish were not collected for qPCR testing and histopathology due to abruptly terminating the experiment because of an impending federal government shutdown.

REASON FOR SUBMISSION: 	Estimate dosage of high and low dose inocula for Ichthyophonus experimental infection trials

FINAL REPORT DATE: 1/24/2024


CLINICAL FINDINGS
qPCR: For inoculum tissues

Extraction and assay details: DNA from approximately 100µl of inoculum was extracted from each dose in triplicate using the Digestion Workflow for the MagMAX CORE Nucleic Acid Purification Kit on a KingFisher Flex purification system. A synthetically produced gene fragment, gBlock (Integrated DNA Technologies), was used for the standard curve. The Limit of Quantification (LOQ) for this assay was 10 gene copies per reaction, corresponding to a CT value of 36.1. This qPCR targets the multicopy 18S rDNA gene and was performed according to the validated qPCR assay by White et al. (2013). The mean qPCR value for each dose was used to back-calculate gene copies/100µl of inoculum. Results are presented in Table 1 below.
 
Table 1. Summary of qPCR testing results for high and low dose inocula.
	Dosage
	Schizonts/100µL
	Gene copies/100µL

	Low
	102
	7,046,520

	High
	407
	42,112,980



COMMENTS/RECOMMENDATIONS: The low dose and high dose of the inoculum were estimated to contain approximately 7.1x106 gene copies/100µl and 4.2x107 copies/100µl, respectively. It was not possible to assess the infection density in the three fish where the parasite was re-isolated in explant culture due to the abrupt termination of the experiment as previously indicated. Based on our monitoring program, we have found that a high density of infection in Yukon River Chinook salmon is approximately 1.0x107 copies/mg of heart tissue that corresponds to triple-digit counts of schizonts/mm3[~mg]. It is likely that the high dose that was administered via IP would have produced such high infections in a susceptible host, such as Yukon River stock of Chinook salmon. Tissues will be collected in future infection trials to assess infection density. 

One of the most remarkable findings from this pilot work is that the Ship Creek Chinook salmon stock appeared to be relatively resistant to Ichthyophonus infection compared to Yukon River Chinook salmon. This was consistent with previously published results that showed that Yukon River Chinook salmon juveniles had 23% mortality compared to only 1% mortality of Salish Sea Chinook salmon when challenged per os with a Salish Sea isolate of the parasite (Elliott et al., 2021). These authors also showed that the Yukon Chinook salmon stock displayed persistent and progressive infections that were associated with dissemination, histopathologic changes, and mortality compared to the transient infection without associated pathology and mortality of Salish Sea Chinook when experimentally infected. Similarly, Jones & Dawe (2002) showed that Yukon River Chinook salmon juveniles challenged by IP injection had elevated prevalence and severity of infections compared to those from the Salish Sea stock. Elliott et al. (2021) hypothesized that the difference in the Chinook salmon stock susceptibilities could be due to the lack of co-evolution of the parasite and host. Indeed, Gregg et al. (2022) showed that the isolate from the Yukon River is genetically distinct from the Salish Sea isolate so Yukon River Chinook salmon would not have experienced prolonged previous exposure to this isolate, thus explaining their increased susceptibility. Interestingly, both parasite isolates are sympatric in the Gulf of Alaska where the parasite has not been problematic in Chinook stocks in this region. Although speculative, perhaps Yukon Chinook salmon have been exposed to the parasite in relatively recent times due to the northward movement of carrier fish, such as pollock, under warming ocean conditions. Therefore, there would have been less time for the co-evolution of the parasite and Yukon Chinook salmon that would explain the high susceptibility to infection and subsequent disease in this Chinook salmon stock. Future experimental infections with actual Yukon River Chinook salmon will utilize the strain of the parasite that occurs in the Yukon River to account for this possibility.    
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