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Chief Complaint, Signalment, and History

e \What did the client call you for — Two veterinarians were at the trout farm to train veterinary
students in May 2024. The veterinarians and the producer discussed the pale to white lesions on
the backs of 5-month-old rainbow trout that had been transferred two weeks prior from a
windowless indoor hatchery building to earthen outdoor flow-through raceways. An estimate of
less than 5% of the trout were affected. There were no significant mortalities noted and feeding
and growth appeared normal to the producer. This was the first time this condition was noted on
this farm.

® Basic demographic information about the patient- domestic strain of rainbow trout raised on a
farm in southern Wisconsin for human consumption. No antibiotic or other drug treatment history.

® \What the owner reported to you -The producer indicated that the feed was more than
12 months old. Farm staff noticed that the feed smelled “different.” The producer
purchased new feed and began feeding the first week of July.


Presenter Notes
Presentation Notes
Two veterinarians visiting a trout farm in early May in Wisconsin for a veterinary student field training observed white lesions on the dorsal aspects of 5-month-old rainbow trout (Sp) that hand been transferred two weeks prior from a windowless indoor hatchery building to earthen outdoor flow-through raceways.  An estimate of less than 5% of the trout were affected.  There were no significant mortalities noted and feeding and growth appeared normal to the producer.  This was the first time this condition was noted on this farm.
The veterinarians asked about the feed.  The producer indicated that the feed was more than 12 months old.
The producer purchased new feed and began feeding the first week of July
The veterinarians were asked what this condition was and what may have caused it.  The veterinarians offered several differential diagnoses including sunburn, steatitis, Flavobacterial infection, and nipping by cohorts.
 
3. Subjective Findings 
The fish appeared to be active, alert, and showing normal swimming behavior.  The lesions appeared very symmetrical, and all associated with the dorsum of the fish.  Some trout had lesions that were approximately one third of the total length of the body and the width extended ventral equally on both sides of the fish approximately 10-20% ventrally toward the ventral mid-line.  The remainder of the body of the affected fish appeared normal.
4.  Objective Findings.  - necropsy findings?  water quality findings? other objective findings?
5.  Assessment – what was your list of differential diagnosis and your diagnosis?
6. Plan – 
The plan was to submit tissue samples for histopathology.
 
what were your treatment or control recommendations to the producer?
7. Outcome and Follow-up – if you were aware of the outcome or follow-up efforts?  















Physical Examination, Pondside Diagnostic Testing, and
Imaging

Physical examination findings -The fish appeared to be active, alert, and
showing normal swimming behavior. The lesions appeared very
symmetrical, and all associated with the dorsal surface. Some had
lesions that were approximately one third of the total length of the
body and the width extended ventral equally on both sides of the fish
approximately 10-20% ventrally toward the ventral mid-line. The
remainder of the body of the affected fish appeared normal.

Diagnostic testing performed “pondside” (water quality, wet mounts, cytology,
bloodwork, etc.) — skin scrape negative
Imaging (ultrasound, radiographs, etc.) -none



Clinician’s Differentials and Laboratory Samples

e The clinician’s differential diagnoses pre-laboratory testing -Sunburn,
steatitis, Flavobacterial infection, and nipping by cohorts.

e Samples collected and submitted to laboratory — Three affected fish were
euthanized and tissue which included normal and affected skin and muscle
was preserved in 10% buffered formalin and shipped to WADDL.





Presenter Notes
Presentation Notes
We received samples of skin from the lesions on the dorsal body wall
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Presenter Notes
Presentation Notes
MRI sections – dorsal fin at the top, subdermal skeletal muscle – pink-  and adipose tissue (clear/empty spaces)




Presenter Notes
Presentation Notes
https://biobook.estrellamountain.edu/BioBookDiversity_9
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Presenter Notes
Presentation Notes
Inflammation is bilaterally symmetric and centered on the dorsal fat pad, extending laterally into the subdermal skeletal muscle,
 extend deep into the subdermis and dorsal fat pad towards the vertebral body, largely replacing the adipose tissue. 




Presenter Notes
Presentation Notes
hypercellularity, which is bilaterally symmetric and centered on the dorsal fat pad, extending into the subdermal skeletal muscle towards the vertebral body, largely replacing the adipose tissue. Macrophages frequently form large individual to coalescing granulomas, characterized by a concentric ring of epithelioid macrophages and increased fibrous connective tissue. Inflammation is bilaterally symmetric and centered on the dorsal fat pad, extending laterally into the subdermal skeletal muscle; adjacent myofibers are multifocally shrunken and fragmented, with loss of cross striations. The overlying epidermis is markedly hyperplastic and infiltrated by moderate numbers of lymphocytes; few individual epithelial cells have hypereosinophilic cytoplasm, pyknotic to karyorrhectic nuclei, and loss of cellular detail (single cell necrosis/apoptosis). Scales are absent or embedded deep within the subdermis, occasionally within a cystic space lined by plump, hyperplastic epithelium. Embedded scales have scalloped edges and are lined by plump osteoblasts and multinucleated osteoclasts within Howship's lacunae (bony remodeling). Interspersed between inflammatory cells within the affected dermis and subdermis are markedly increased numbers of plump fibroblasts (fibrosis), which dissect between remaining skeletal muscle myofibers and adipocytes. 




Presenter Notes
Presentation Notes
subdermal inflammation - characterized by numerous macrophages and multinucleated giant cells with fewer lymphocytes and neutrophils
Interspersed between inflammatory cells within the affected dermis and subdermis are markedly increased numbers of plump fibroblasts (fibrosis), which dissect between remaining skeletal muscle myofibers and adipocytes.
adjacent myofibers are multifocally shrunken and fragmented, with loss of cross striations (myodegeneration)





Presenter Notes
Presentation Notes
Macrophages frequently form large individual to coalescing granulomas, characterized by a concentric ring of epithelioid macrophages and increased fibrous connective tissue. 




Presenter Notes
Presentation Notes
The overlying epidermis is markedly hyperplastic and disorganzied and infiltrated by moderate numbers of lymphocytes; few individual epithelial cells have hypereosinophilic cytoplasm, indistinct nuclei, and loss of cellular detail (single cell necrosis/apoptosis). some scales here, a lot of them are absent




Presenter Notes
Presentation Notes
deep clefting




Presenter Notes
Presentation Notes
Scales are absent or embedded deep within the subdermis, occasionally within a cystic space lined by plump, hyperplastic epithelium.




Presenter Notes
Presentation Notes
Embedded scales have scalloped edges and are lined by plump osteoblasts and multinucleated osteoclasts within Howship's lacunae (bony remodeling). 


Dorsal fat pad:

Steatitis, granulomatous, focally
extensive, severe, chronic with
fibrosis, myodegeneration,
dermatitis, and epidermal
hyperplasia (3/3 fish)
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« Associated with dietary exposure to
rancid fats

» Reduction in tissue vitamin E levels
and generation of free radicals

» Free radicals cause significant
tissue damage

» Excess UV light exposure may also
be a contributing factor

» Other signs include reduced growth, N
I I I I G | i bcut fat indicati f steatitis i
erratic swimming, increased steelhead fed oxidized fish o and exposed to ultraviolet ight
mortality, skin lesions and fin

erosion



Presenter Notes
Presentation Notes
Steatitis is a multifactorial lesion associated with dietary exposure to rancid fats, which can lead to reduction in tissue vitamin E levels and generation of free radicals, resulting in significant tissue damage, as seen in this case. Excess UV light exposure may also be a contributing factor
As a readily available source of long-chain (> 18 carbon) polyunsaturated fatty acids (LC-PUFAs), marine fish oil remains an important lipid source in some aquatic animal feeds. Although important in satisfying nutritional requirements of some species, LC-PUFAs are prone to peroxidation which can lead to rancid feed and diseased animals - steatitis which is characterized by inflammation of adipose tissue. The disease is generally associated with consumption of fish oil which can lead to reduction in tissue vitamin E levels (Goodwin, 2006; Huchzermeyer et al., 2013). Other signs of steatitis include reduced growth, erratic swimming, increased mortality, skin lesions and fin erosion 
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Occup Environ Med 2003;60:612-616


Presenter Notes
Presentation Notes
disruption of that balance between free radical injury and our defense/repair mechanisms - Having too many reactive oxygen species in relation to the available antioxidants, which leads to oxidative damage, causing that inflammation and tissue injury

1985, Helmut Sies: 1991, Sies: A disturbance in the prooxidant-antioxidant balance in favor of the former, leading to potential damage
Sources of ROS – exogenous – radiation (UV light), chemicals that promote superoxide formation or metabolized to radicals
	- endogenous – mitochondria, peroxisomes, inflammation/phagocytosis, xanthine oxidase, nitric oxide synthase, Cyp450 reductases

Sources of ROS
•Radiation�UV light, x-rays, gamma rays 
•Chemicals that react to form peroxides Ozone and singlet oxygen 
•Chemicals that promote superoxide formation�Quinones, nitroaromatics, bipyrimidiulium herbicides 
•Chemicals that are metabolized to radicals�e.g., polyhalogenated alkanes, phenols, aminophenols 
•Chemicals that release iron ferritin 
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Presenter Notes
Presentation Notes
Lipid peroxidation or the degradation of lipids as a result of oxidative damage most often affects polyunsaturated fatty acids, because they contain multiple double bonds in between we have especially reactive hydrogen atoms. On the right is an example of an unsaturated lipid that becomes a lipid radical after losing that reactive hydrogen atom to a free radical
Free radical-mediated lipid peroxidation is prevented by inhibition of the initiation and propagation steps by antioxidants like Vitamin E, which disrupt this peroxidation process by scavenging lipid peroxyl radicals 
the propagation step by the formation of a vitamin E radical
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Presenter Notes
Presentation Notes
So why is lipid peroxidation a problem? Normal cell membrane on the left – provides that essential barrier – it’s made of cholesterol and phospholipids – hypdrophilic heads on the outside, hydrophobic tails on the inside
Hydrophobic interactions & orderly packing of fatty acid tails is essential for membrane stability. When we have oxidative damage - basically this free radical initiates a toxic ‘chain reaction’ that kinks that tail structure, causing disordered packing, loss of membrane integrity – that collapse of cell structure and cell lysis is what leads to tissue damage


0 = no steatitis/within normal limits

More severe steatitis scores in fish fed FO or 1 = minimal steatitis (low numbers of granulomas in 1 location)
OFO Compared Wlth flSh fed CO and in flSh 2 = mild steatitis (scattered granulomas in 2-3 locations)

3 = moderate steatitis (multifocal to coalescing granulomas in 1

exposed to UV light compared with fish exposed  location)

4 = moderate to severe steatitis (coalescing granulomas in 2-3 lo-

to fluorescent light cations)

5 = severe steatitis (numerous granulomas in > 3 locations)

Table 4

Mean growth responses and median steatitis scores of steelhead fed different dietary lipids and exposed to different light sources.
Response Supplemental lipid source Light source

Canola Control fish oil Oxidized fish oil Fluorescent uv?

Initial weight (g/fish) 1.7 1.6 1.6 1.7 1.6
Weight gain (%) 404.7 427.5 434.1 427.2 417.0
Final weight (g/fish) 8.5 8.5 8.8 8.7 8.5
Feed intake (% body weight/day) 2.2 2.2 21 2.1 21
Feed efficiency (g weight gain/g feed) 1.3 1.3 1.3 1.3 1.3
Survival (%) 98.4 97.3 99.0 97.8 98.7
Steatitis score 0b 1.5a 1.5a 1b 3a



Presenter Notes
Presentation Notes
Effects of dietary lipid and light source on steatitis in steelhead
a two-factor study looking at the interaction between dietary lipid source and ultraviolet (UV) radiation on growth responses, histology and tissue fatty acid profiles of juvenile steelhead was conducted. For 10 weeks, fish were fed diets containing canola oil (CO), fish oil (FO) or oxidized fish oil (OFO) while exposed to fluorescent or UV light. Each treatment was randomly assigned to triplicate groups of 50 fish initially weighing 1.6 g/fish. The main effects of lipid and light source on growth responses and survival were not statistically significant, but percent weight gain was significantly affected by interaction of the main effects. Whole body histopathology revealed significantly higher (more severe) steatitis scores in fish fed FO or OFO compared with fish fed CO and in fish exposed to UV light compared with fish exposed to fluorescent light. Whole body lipid concentration and tissue fatty acid profile were significantly affected by lipid and light source but not their interaction. These results suggest reducing dietary LC-PUFAs and minimizing UV light exposure may reduce steatitis in steelhead. 
canola oil – lower peroxides, 


Non-infectious
« Sunburn (A)

Infectious

» Flavobacterium columnare (B),
F. psychrophilum, Aeromonas,
Pseudomonas, etc.


Presenter Notes
Presentation Notes
sunburn cell, a distinctive ‘haloed’ malpighian cell observed in the epidermis prior to its sloughing to produce a severely inflamed, ulcerated dermis, 
epidermal hyperplasia and dysplasia with scattered apoptotic keratinocytes (“sunburn cells”).
edematous, infiltrated by innumerous degenerate lymphocyte and histiocytes, and is covered by a mat of 1x5um filamentous bacilli which are present at all levels of the inflamed dermis.


Clinician’s Actions

« What the clinician did with the laboratory results —The clinician discussed the
significance of the laboratory results with the producer, and the value of submitting
for histopathology in this case.

« The producer asked whether the fish that had been affected and survived
would still have while back lesions when they were processed (18-20 months of
age)? The clinician speculated that there would be partial recovery of the skin and
muscle. Follow-up histopathology is planned.

« Three months after switching to a different/fresh feed the producer reported
that he and his staff no longer see white back lesions on any trout.
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