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Ulcerative dermal necrosis (UDN), a chronic skin condition, affects primarily mature wild

salmonids returning from the sea to freshwater for their spawning. The involvement of

water moulds such as Saprolegnia parasitica as a secondary pathogen in this disease is clear

but the identification of a primary cause or of primary pathogen(s) remains elusive. In this

opinion article, we re-visit UDN regarding epidemiology, pathology and aetiology and spec-

ulate the potential involvement of UV radiation in the initiation of UDN in salmonid fish

returning from the sea.

ª 2022 The Authors. Published by Elsevier Ltd on behalf of British Mycological Society. This

is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

The first reported outbreak of ulcerative dermal necrosis

(UDN) was in 1877, occurring in Scottish rivers of the Solway

Firth. However, according to a Report of HM Inspector of
. van West).
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Salmon Fisheries (England and Wales, 1882), the disease

had existed in rivers for a long time before initially being

referred to as ‘Salmon Disease’. Evaluation of related litera-

ture has shown the existence of UDN at periodic intervals

since the 1860s.
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UDN as primarily a lesion of epidermal and dermal layers

of the head area is believed to start during homeward migra-

tion and characteristically found in adult fish as they congre-

gate prior to entering freshwater for upstream rivermigration.

Confirmation of UDN however requires histological examina-

tion of early skin lesions which are considered to be the only

specific signs of the disease. The likelihood of a correct diag-

nosis is reduced by the lack of an agreed UDN case definition

and also by the infection of the skin lesions by water moulds,

such as Saprolegnia parasitica that are a normal part of the river

ecological system. Despite the similarity between saproleg-

niosis (the disease caused by Saprolegnia species) and UDN

i.e. grey patchesmostly on unscaled skin areas, saprolegniosis

does not cause skin ulcers nor cell necrosis. It should be noted

that S. parasitica should also be considered as a primary path-

ogen, but we do not discuss this further in this current opinion

article (references include: Belmonte et al., 2014; Sandoval-

Sierra et al., 2014; Trusch et al., 2018).

Due to dramatic losses and public concern regarding the

1960e70 outbreak several groups attempted to identify the

aetiological agent/s. However, to date the primary cause/s of

this complex condition remains unsolved. Historically, some

researchers thought that the available evidence suggested

that Saprolegnia is the primary parasite in UDN or that an

extremely close relationship existed between an unknown

primary parasite and Saprolegnia (Stuart Fuller, 1968), others

defined putative bacteria or virus aetiology (Carbery and

Strickland, 1968). Indeed, combinations of bacteria are occa-

sionally detected in cultures of UDN lesions, although these

are primarily fish pathogens and not related to the character-

istics of skin lesions of UDN (Bissett, 1946; Roberts, 1993).

Thus, although many studies have been led regarding the po-

tential involvement of bacteria, oomycetes or virus, the spe-

cific factors leading to the onset of the characteristic lesions

of UDN in wild salmonids remain to be elucidated. In this

opinion article we will discuss the possible synergetic associ-

ation between oomycete and environmental factors, more

precisely ultraviolet (UV) radiation, in the occurrence of UDN.
2. How prevalent is UDN?

Originally it was believed the disease was restricted to wild

Atlantic salmon (Salmo salar L.), but later UDN like conditions

were also observed and reported affecting, sea trout (Salmo

trutta L.), brown trout (Salmo trutta L.) as well as farmed

rainbow trout (Oncorhynchus mykiss gairderi) (Eiras et al., 1988;

Lounatmaa and Janatuinen, 1978; Roberts, 1993). To date, the

disease has been reported on several occasions in the United

Kingdom and Ireland (Stirling, 1879; Carbery and Strickland,

1968; Roberts et al., 1972; Roberts, 1993, Noguera and Marcos-

Lopez, 2019), France (De Kinkelin and Le Turdu, 1972), Sweden

(Johansson and Ljungberg, 1977), Switzerland (Meier et al.,

1977), Finland (Lounatmaa and Janatuinen, 1978), Portugal

(Eiras et al., 1988), Norway (Poppe, 2016) and Poland

(Ciepli�nski et al., 2018), with huge economic losses of wild

salmon broodstock occurring during an epidemic (Roberts,

1993; Roberts et al., 1972).
Macroscopically UDN develops from focal to small, super-

ficial grey to white areas of roughened skin, to deep ulcers

involving much of the head and covered with a grey-white

fungal mycelium (Fig. 1). Lesions appear primarily in unscaled

areas of the body, initiallymostly the fish head (snout, opercu-

lum) or near the tail, such as the adipose fin (Munro, 1970;

Roberts et al., 1970; Roberts and Hill, 1976). It is believed that

this skin damage favours further secondary infections caused

predominantly by Saprolegniales (Roberts, 1993). Oomycete

infections can gradually spread all over the entire body of

the fish leading to serious damage to the epidermis and

dermis under the mycelial excrescence (Johansson et al.,

1982; Munro, 1970; Roberts and Hill, 1976).

Gardner (1974) reported a case of UDN disease affecting

osmoregulation in Atlantic salmon. Their research showed a

decrease in plasma osmotic pressure along with the sodium

concentration, and suggested a negative effect of changes in

salt level on disease severity. More recent studies (Kurhalyuk

et al., 2009, 2010; Tkachenko et al., 2014) claimed that UDN af-

fects antioxidant defence mechanisms in trout, causing a

decrease in the antioxidant enzyme activities and total antiox-

idant activity in the muscle, heart and liver tissues, and an in-

crease in oxidative stress markers.

Recently, a new finding has pointed to fungi belonging to

the genus Fusarium potentially playing a role in UDN (Pękala-

Safi�nska et al., 2020). Fusarium infections are reported in

aquatic animals and notably cause black gill disease in crusta-

ceans (Sarmiento-Ram�ırez et al., 2010). Species from the genus

Fusarium are known to produce mycotoxins (e.g. nivalenol,

zearalenone and moniliformin), which affect both animals

and humans (Sugiura, 2012; Asam et al., 2017). Interestingly,

zearalenone was detected in the organs of brown trout (Salmo

trutta morpha trutta) that were affected by UDN. These brown

trout were collected from the S1upia River in Poland and toxi-

cological analysis of organs (i.e. gastrointestinal tract, liver,

kidney) revealed the presence of zearalenone which supports

the hypothesis of a possible involvement of Fusarium sp. in

UDN (Pękala-Safi�nska et al., 2020). Further studies on this

will be informative, although many detailed studies have

been carried out on the aetiology of UDN, none so far have

been able to conclusively demonstrate the role of a specific

factor or organism.

Why has the aetiology of UDN remained elusive for so

long? Are there synergistic cryptic factors involved? Could

one factor be UV radiation?
3. Ultraviolet radiation and fish

Ultraviolet radiation (UVR) is divided into 3 spectral wave-

lengths bands: UVA (320e400 nm), less harmful; UVB

(280e320 nm), moderately harmful and UVC (200e280 nm),

highly harmful but mostly absorbed by stratospheric ozone

and oxygen (McKenzie et al., 2007). In nature, an increasing

number of stations and networks have shown that there

has been an increase in solar UVR at the surface of and

within aquatic systems which corresponds with strato-

spheric ozone depletion (Wassmann et al., 2010).



Figure 1 e Wild Atlantic salmon skin lesions. A. Wild Atlantic salmon showing later stage lesions. B. Skin lesion showing

necrosis of superficial epidermal layers and focal separation of the basal membrane.
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Stratospheric ozone dynamics and climate change interact

strongly, increasing the potential exposure of fish to UVR un-

der water. Fish are then exposed to new and complex inter-

actions between UVR and environmental stressors (biotic

and abiotic), which potentially affect fish growth and sur-

vival (Alves and Agust�ı, 2020).

Aquatic ecosystems play an important role in nature and

they are being threatened by the increased UV radiation

(Hader et al., 2011). Nevertheless, aquatic environments vary

tremendously in their UV attenuation. Depending on the wa-

ter transparency, organic/inorganic material, among others,

different optical properties are achieved. Freshwater habitats

have a higher UV absorption (Bullock, 1982; Hader et al., 2007)

than seawater habitats.

Despite reports in the literature as early as 1820 suggesting

a correlation between dorsal skin damage in fish and ultravi-

olet light, it was not until the 1960s, when the pioneering

work of Jerlov (1968) and Steeman-Nielsen (1964) on UV pene-

tration in oceanic waters was published, that the potential

hazard of solar UV within the aquatic ecosystem was recog-

nised (Bullock, 1988).

Some of the UVR effects described in fish include: a reduc-

tion in growth, an impaired development, behaviour changes,

development of skin and eye lesions, a reduction in mucus

producing goblet cells in the skin, an impaired immune sys-

tem, increased diseases susceptibility, DNA damage and a se-

ries of metabolic and physiological stress changes (Browman

et al., 2003; Hunter et al., 1982; Salo et al., 2000a; Sandrini

et al., 2009; Sharma and Katiyar, 2005; Kaweewat and Hofer,

1997). Stress factors have been implicated in the onset of

UDN. Stress in fish may lower the immune system subse-

quently making fish more susceptible to disease (O’Brien.,

1974; Beckmann et al., 2020). Such stress could be encountered

naturally notably during adaptation of salmon returning from

the sea to freshwater. This also may be compounded by UVR

should the levels of the rivers be particularly low.

Several cases of sunburn due to overexposure to high nat-

ural solar radiation resulted in numerous losses in aquacul-

ture fish farms during the 1980e1990s, particularly in those

where fish were grown in outdoor tanks (Bullock and

Coutts, 1985; Bullock, 1982, 1988). As mentioed above for

UVR effects described in fish, abnormal behavioural changes

have also been recorded associated with UDN and it was
proposed that UDN causes disruption of the Central Nervous

System of the fish which could explain these behavioural

changes (Roberts et al., 1970). Under particular weather con-

ditions and river levels, UVR could initiate or exacerbate

early pre mycotic lesions, usually limited to epidermal acan-

tholysis and pemphigoid-like degeneration of the lower

layers, alongside swelling and degeneration of the melano-

phores immediately below the basal layer (Bruno et al.,

2013). Since the cases of sunburn reported in the 1980s -

1990s, more recently, Sweet et al. (2012) described extensive

melanosis and melanoma (skin cancer) in wild populations

of the coral trout Plectropomus leopardus due to UVR exposure.

UV radiation can also act as an indirect virulence factor by

promoting the loss of epidermal integrity facilitating the en-

try of pathogens and causing osmotic disturbances (Zagarese

andWilliamson, 2001). Lesions are rapidly colonised by path-

ogens leaving the original damage difficult to identify. Alter-

ations related to the fish physiological stress response,

increased plasma cortisol (stress hormone) concentration

followed by blood lymphopenia and granulocytosis were

detected in roach (Rutilus rutilus) exposed to moderate levels

of UVB doses but no visible signs of oedema, sunburns or

signs of infection in the skin of fish were induced (Jokinen

et al., 2001; Salo et al., 1998, 2000a, 2000b).

Skin lesions were also found in natural fish populations

inhabiting environments with high UV radiation levels, such

as residual waters on the tidal flats (Berghahn et al., 1993).

Several researchers have also observed the deficiency of

mucus on the surface of the skin in areas affected by UDN

(Roberts et al., 1970; Johansson et al., 1982). Moreover,

Kaweewat and Hofer (1997) found that the number of goblet

cells (mucus secreting cells) in the dorsal epidermis of two sal-

monids species (Oncorhynchus mykiss and Salvelinus alpinus)

was significantly reduced following UV-B radiation. A lower

number of goblet cells would likely result in less mucus pro-

duction and thus a reduced protective barrier against

pathogens.

Interestingly, UV in combination with Saprolegnia also

seems to play a significant role in the decline of amphibians

world-wide (Kiesecker and Blaustein, 1995). It was found

that a synergistic effect between UV-B radiation and Saproleg-

nia increased the mortality of amphibian embryos compared

with either factor alone.
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4. Conclusion

Evidently Saprolegnia species play an important role in UDN

outbreaks since sporulating mycelia infected tissue is the

main visual sign in UDN-affected fish. We know that warmer,

drier springs - weather conditions with higher UV intensity -

can be correlated with increased S. parasitica infections. If

the river depth decreases during hot and dry weather, salmo-

nids returning from the sea will have less chances of escaping

from UV radiation. This could lead to longer UV radiation

exposure, which in turn gives rise to changes in behaviour,

more skin wounds, fewer goblet cells, reduced mucus levels

and ultimately increased stress levels. Stressed and immuno-

compromised fish aremore prone to an increased incidence of

S. parasitica infections (Beckmann et al., 2020; de Bruijn et al.,

2012; Johansson et al., 1982; Kaweewat and Hofer, 1997;

Roberts et al., 1970; Salo et al., 2000a; Zagarese and

Williamson, 2001). It is interesting to note that deforestation

has exposed rivers and therefore reforestation would increase

shading, reduce river temperatures and also reduce UV expo-

sure (Dugdale et al., 2018), which could in turn reduce the inci-

dences of UV radiation inflicted skin damage of the salmon.

In summary, we would like to hypothesise that ulcerative

dermal necrosis is a complex type of skin condition where

increased UV-radiation exposure of salmonid fish plays a rele-

vant role as a stress factor initiating or/or exacerbating skin

damage with the consequent decrease of mucus, that allows

secondary infections to take place (Saprolegnia species and

possibly othermicrobes such as Fusarium and bacteria), which

ultimately results in what is commonly known as UDN.

Declaration of competing interest

None declared.

Acknowledgements

This work was partially funded from the European Union’s

Horizon 2020 research and innovation program under the

Marie SklodowskaeCurie grant agreement No 766048

(PROTECTA).
r e f e r e n c e s

Alves, R.N., Agust�ı, S., 2020. Effect of ultraviolet radiation (UVR) on
the life stages of fish. Rev. Fish Biol. Fish. 30, 335e372.

Asam, S., Habler, K., Rychlik, M., 2017. Fusarium Mycotoxins in
Food. In: Schrenk, D., Alexander Cartus, A. (Eds.), Woodhead
Publishing Series in Food Science, Technology and Nutrition,
Chemical Contaminants and Residues in Food, Second Edi-
tion, pp. 295e336. https://doi.org/10.1016/B978-0-08-100674-
0.00014-X. Ch 14.

Beckmann, M.J., Saraiva, M., McLaggan, D., Pottinger, T.G., van
West, P., 2020. Saprolegnia infection after vaccination in
Atlantic salmon is associated with differential expression of
stress and immune genes in the host. Fish Shellfish Immunol.
106, 1095e1105.
Belmonte, R., Wang, T., Duncan, G.J., Skaar, I., M�elida, H.,
Bulone, V., van West, P., Secombes, C.J., 2014. Role of
pathogen-derived cell wall carbohydrates and prostaglandin
E2 in immune response and suppression of fish immunity by
the Oomycete Saprolegnia parasitica. Infect. Immun. 82,
4518e4529.

Berghahn, R., Bullock, A.M., Karakiri, M., 1993. Effects of solar
radiation on the population dynamics of juvenile flatfish in
the shallows of the Wadden Sea. J. Fish. Biol. 42, 329e345.

Browman, H.I., Vetter, R.D., Rodriguez, C.A., Cullen, J.J.,
Davis, R.F., Lynn, E., St Pierre, J.F., 2003. Ultraviolet (280e400
nm)einduced DNA Damage in the Eggs and Larvae of Calanus
finmarchicus G. (Copepoda) and Atlantic Cod (Gadus morhua).
Photochem. Photobiol. 77, 397e404.

Bruno, D.W., Noguera, P.A., Poppe, T., 2013. Idiopathic Diseases A
Colour Atlas of Salmonid Diseases. Springer Netherlands,
Dordrecht. https://doi.org/10.1007/978-94-007-2010-7, 2013.

Bullock, A.M., 1982. The pathological effects of ultraviolet radia-
tion on the epidermis of teleost fish with reference to the solar
radiation effect in higher animals. Proc. Roy. Soc. Edinb. B Biol.
81, 199e210.

Bullock, A., Coutts, R., 1985. The impact of solar ultraviolet radi-
ation upon the skin of rainbow trout, Salmo gairdneri Ri-
chardson, farmed at high altitude in Bolivia. J. Fish. Dis. 8,
263e272.

Bullock, A.M., 1988. Solar ultraviolet radiation: a potential envi-
ronmental hazard in the cultivation of farmed finfish. In:
Muir, J.F., Roberts, R.J. (Eds.), Recent Advances in Aquaculture,
vol. 3. Springer Netherlands, Dordrecht, pp. 139e224.

Bissett, K.A., 1946. The effect of temperature on non-specific in-
fections of fish. J. Pathol. Bacteriol. 58, 251e258.

Carbery, J.T., Strickland, K.L., 1968. Resistance of rainbow trout to
ulcerative dermal necrosis. Nature 217 (5134), 1158. https:
//doi.org/10.1038/2171158a0.

Ciepli�nski, M., Kasprzak, M., Grandtke, M., Giertych, M.J.,
Steliga, A., 2018. De Gruyter, Warsaw, Poland, Pattern of sec-
ondary infection with Saprolegnia spp. in wild spawners of
UDN-affected sea trout Salmo trutta m. trutta (L.), the S1upia
River, N Poland. Oceanol. Hydrobiol. Stud. 47 (3), 230e323.

De Bruijn, I., Belmonte, R., Anderson, V.L., Saraiva, M., Wang, T.,
VanWest, P., Secombes, C.J., 2012. Immune gene expression in
trout cell lines infected with the fish pathogenic oomycete
Saprolegnia parasitica. Dev. Comp. Immunol. 38, 44e54.

De Kinkelin, P., Le Turdu, Y., 1972. L’enzootie d’Ulcerative Dermal
Necrosis du Saumon (Salmo salar L.). 1. Rapport Preliminaire.
Bull. France Piscicult. 43, 115e125.

Dugdale, S.J., Malcolm, I.A., Kantola, K., Hannah, D.M., 2018.
Stream temperature under contrasting riparian forest cover:
Understanding thermal dynamics and heat exchange pro-
cesses. Environment 610e611, 1375e1389.

Eiras, J.C., Saraiva, A., Cruz, C., 1988. First reported occurrence of
Ulcerative Dermal Necrosis (UDN) in Portugal. Bull. Eur. Assoc.
Fish Pathol. 8 (4), 78, 1988.

Gardner, M.L.G., 1974. Impaired osmoregulation in infected
salmon, Salmo salar L. J. Mar. Biol. Assoc. U. K. 54 (3), 635e639.

H€ader, D.P., Kumar, H.D., Smith, R.C., Worrest, R.C., 2007. Effects
of solar UV radiation on aquatic ecosystems and interactions
with climate change. Photochem. Photobiol. Sci. 6 (3),
267e285. https://doi.org/10.1039/b700020k.

Hader, D.P., Helbling, E.W., Williamson, C.E., Worrest, R.C., 2011.
Effects of UV radiation on aquatic ecosystems and interactions
with climate change. Photochem. Photobiol. Sci. 10, 242e260.

Hunter, J.R., Kaupp, S.E., Taylor, J.H., 1982. Assessment of Effects
of UV Radiation on Marine Fish Larvae, the Role of Solar Ul-
traviolet Radiation in Marine Ecosystems. Springer,
pp. 459e497.

Jerlov, N.G., 1968. Optical Oceanography. American Elsevier Publ.
Co., Inc., New York.

http://refhub.elsevier.com/S1749-4613(22)00009-4/sref1
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref1
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref1
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref1
https://doi.org/10.1016/B978-0-08-100674-0.<?thyc=10?>00014-X<?thyc?>
https://doi.org/10.1016/B978-0-08-100674-0.<?thyc=10?>00014-X<?thyc?>
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref3
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref3
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref3
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref3
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref3
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref3
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref4
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref5
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref5
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref5
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref5
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref6
https://doi.org/10.1007/978-94-007-2010-7
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref8
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref8
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref8
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref8
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref8
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref9
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref9
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref9
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref9
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref9
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref10
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref10
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref10
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref10
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref10
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref11
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref11
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref11
https://doi.org/10.1038/2171158a0
https://doi.org/10.1038/2171158a0
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref13
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref14
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref14
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref14
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref14
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref14
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref15
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref15
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref15
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref15
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref16
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref16
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref16
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref16
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref16
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref16
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref17
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref17
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref17
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref18
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref18
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref18
https://doi.org/10.1039/b700020k
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref20
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref20
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref20
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref20
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref21
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref21
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref21
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref21
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref21
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref22
http://refhub.elsevier.com/S1749-4613(22)00009-4/sref22


74 C. Henard et al.
Johansson, N., Ljungberg, O., 1977. Ulcerative Dermal Necrosis
(UDN) in Swedish Salmon Rivers. Fisheries Improvement
Committee.

Johansson, N., Svensson, K.M., Fridberg, G., 1982. Studies on the
Pathology of Ulcerative Dermal Necrosis (UDN) in Swedish
Salmon, Salmo Salar L., and Sea Trout, Salmo Trutta L., Pop-
ulations. J. Fish. Dis. 5 (4), 293e308. https:
//doi.org/10.1111/j.1365-2761.1982.tb00485.x.

Jokinen, E.I., Salo, H.M., Markkula, S.E., Immonen, A.K.,
Aaltonen, T.M., 2001. Ultraviolet B Irradiation Modulates the
Immune System of Fish (Rutilus rutilus, Cyprinidae) Part III:
Lymphocytes{. Photochem. Photobiol. 73, 505e512.

Kaweewat, K., Hofer, R., 1997. Effect of UV-B radiation on goblet
cells in the skin of different fish species. J. Photochem. Pho-
tobiol. B Biol. 41 (3), 222e226. https://doi.org/10.1016/S1011-
1344(97)00104-8.

Kiesecker, J.M., Blaustein, A.R., 1995. Synergism between UV-B
radiation and a pathogen magnifies amphibian embryo mor-
tality in nature. Proc. National Acadamy of Sci. USA 92,
11049e11052.

Kurhalyuk, N., Tkachenko, H., Pa1czy�nska, K., 2009. Antioxidant
enzymes profile in the brown trout (Salmo trutta trutta) with
ulcerative dermal necrosis. Bull. Vet. Inst. Pulawy 53 (4),
813e818.

Kurhalyuk, N., Tkachenko, H., Pa1czy�nska, K., 2010. Lipid peroxi-
dation and antioxidant defense system in spawn of brown
trout (Salmo trutta m. trutta L.) affected by ulcerative dermal
necrosis. Fisheries & Aquatic Life 18 (2), 115e122.

Lounatmaa, K., Janatuinen, J., 1978. Electron microscopy of an
ulcerative dermal necrosis (UDN)-like salmon disease in
Finland. J. Fish. Dis. 1 (4), 369e375. https:
//doi.org/10.1111/j.1365-2761.1978.tb00041.x.

McKenzie, R.L., Aucamp, P.J., Bais, A.F., Bjorn, L.O., Ilyas, M., 2007.
Changes in biologically-active ultraviolet radiation reaching
the Earth’s surface. Photochem. Photobiol. Sci. 6, 218e231.
https://doi.org/10.1039/c0pp90035d.

Meier, W., Klingler, K., M€uller, R., Luginb€uh, H., 1977. Ulzerative
Dermalnekrose (UDN) der Bachforelle (Salmo trutta fario) in
der Schweiz. Teil I: Makroskopische und mikroskopische Be-
funde [Ulcerative dermal necrosis (UDN) of the river trout
(Salmo trutta fario) in Switzerland. I. Macroscopical and
microscopical findings]. Schweizer Archiv fur Tierheilkunde
119 (6), 235e245.

Munro, A.L.S., 1970. Ulcerative dermal necrosis, a disease of
migratory salmonid fishes in the rivers of the British Isles.
Biol. Conserv. 2 (2), 129e132. https://doi.org/10.1016/0006-
3207(70)90148-5.

Noguera, P., Marcos Lopez, M., 2019. Ulcerative Dermal Necrosis
in Wild Atlantic Salmo (based on 2012 Scottish experience-
Known and unknowns). In: Proceedings of the EAFP 14th
Histopathology Workshop, September 2019, Porto-Portugal. In:
https://eafp.org/https-eafp-org-14th-histopathology-work-
shop-proceedings/.

O’Brien, D.J., 1974. Use of Lesion Filtrates for the Transmission of
UDN (Ulcerative Dermal Necrosis) in Salmonids. J. Fish. Biol. 6
(4), 507e511. https://doi.org/10.1111/j.1095-
8649.1974.tb04566.x.
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