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Introduction 
USDA APHIS VS CEAH was asked to generate a Hazard Identification for Gyrodactylus salaris. 
Hazard identification is a process used to identify hazards (biological, chemical, or physical 
agents in, or the condition of, an animal or animal product) that may result in adverse 
consequences in susceptible populations.1 The hazard identification process is used to identify 
pathogenic agents that may be associated with importation of a commodity (live animals, 
products of animal origin, genetic material, biological products, or pathological material).1 The 
hazard must be relevant to the imported species, and it must be determined if the hazard is a) 
present in exporting countries; b) present or absent in the importing country; and c) a notifiable 
disease or subject to control or eradication in the importing country.1   

Subjects within the scope of this document include a description of the hazard (G. salaris), 
identification of susceptible fish species and the geographic distribution of the hazard, and a 
summary of the epidemiology of the hazard. To conduct this hazard identification, we referenced 
World Organisation for Animal Health (WOAH) resources, subject matter expert consultation, 
and available published data and literature relative to G. salaris epidemiology. Knowledge and 
data gaps were present that affected complete evaluation of some tenets of this hazard 
identification document.  

This document follows: 

• The WOAH Handbook on Import Risk Analysis for Animals and Animal Products import risk 
analysis framework, which is accessible via a link in Appendix, Table 1.2 

• WOAH criteria for determination of host species susceptibility as described in the WOAH 
Aquatic Animal Health Code and the OIE ad hoc Group on Susceptibility of Fish Species to 
Infection with OIE Listed Diseases (Appendix, Table 1).3, 4 
o Fish species described in published literature that do not meet these criteria or in which 

infection was inferred using diagnostic methods that are not validated according to 
WOAH protocols are not included in this assessment. Briefly, species susceptibility to a 
pathogen requires that:  
 the experimental transmission is consistent with natural pathways of infection, 
 the pathogen is adequately identified, and 
 the presence of the pathogen in the host constitutes an infection. 

• Standards in the WOAH Manual of Diagnostic Tests for Aquatic Animals and the WOAH 
Aquatic Animal Health Code (Appendix, Table 1)5, 4 regarding improvement of animal health 
and welfare, safe international trade in aquatic animals and their products, and diagnostic 
approaches to disease diagnosis. 

• The understanding that epidemiologically, disease occurs as an interaction occurring in 
environmental spaces (natural and anthropogenically influenced or derived) where host and 
pathogen tolerance limits for essential biotic (living) and abiotic (nonliving) environmental 
factors overlap.6, 7, 8, 9  

• Definitions of animal agriculture biosecurity as: 
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o a series of management steps and practices that identify, prevent, control, and mitigate 
introduction and spread of pathogens in an animal population, and spread of pathogens 
to other susceptible populations,10 and 

o measures based on current epidemiological information and understanding of relevant 
knowledge and data gaps.11, 12, 13, 14  

Subjects that are not within the scope of this document include an assessment of potential entry 
and exposure pathways and summaries of likelihood, uncertainty, consequences and overall 
risk. This document is intended for internal USDA APHIS VS use and distribution to external 
stakeholders. 

Key Findings 
• Gyrodactylosis, caused by Gyrodactylus salaris, is a World Organisation for Animal Health 

listed notifiable disease. 
• Gyrodactylosis is a reportable foreign animal disease in the United States.  

o Confirmatory testing at the National Veterinary Services Laboratory is required following 
first detections. 

o Molecular testing is required for definitive diagnosis. 
• Gyrodactylus salaris is a cold-water-adapted parasite living primarily in freshwater rivers and 

lakes.  
• All freshwater fish species are capable of serving as hosts.  

o Duration, intensity of infestation, and development of disease is species variable. 
• All salmonid fish species should be considered potentially susceptible to infestation. 

o Atlantic salmon are highly susceptible to infestation and develop high mortality disease. 
• Gyrodactylosis is an economically important disease of farmed rainbow trout in Europe. 

o Importation, translocation, and movement of infested farmed rainbow trout are 
considered primary pathways introduction into rainbow trout aquaculture throughout 
Europe. 

• Control in natural environments requires aggressive mitigation, including eradication of all 
fish.  

• Control in aquaculture requires depopulation, disinfection, and fallowing. 
o Stringent biosecurity measures can decrease the risk of introduction. 
o Re-introduction into fish farms and hatcheries can occur if the water supply to the farm is 

not secure. 
• Susceptibility of wild and farmed salmonids in the United States to G. salaris is not 

described in the literature and is unknown. 
• Some countries require testing live salmonid fish, eggs, and gametes for G. salaris prior to 

export from the United States. 
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Gyrodactylus salaris 
Introduction 
Gyrodactylus salaris is an environmentally and economically significant pathogen of wild Atlantic 
salmon and farmed rainbow trout in Europe. The WOAH Manual of Diagnostic Tests for Aquatic 
Animals (Appendix, Table 1) defines the disease gyrodactylosis as infection with the pathogenic 
trematode (flatworm) ectoparasite Gyrodactylus salaris (salmon fluke; Family Gyrodactylidae, 
class Monogenea, genus Gyrodactylus).5, 15   

The genus Gyrodactylus is comprised of a large diverse group (approximately 400 species) of 
viviparous (live bearing) ectoparasites capable of parasitizing fish at high population densities 
for long periods of time.16, 17, 18, 19 In general, Gyrodactylus spp. are considered obligate (requires 
a host to complete the life cycle) and host specific, parasitizing only one host or closely related 
host species.19 Most Gyrodactylus spp. do not cause disease in host fish; however, clinical signs 
of disease, morbidity, and mortality are associated with some North American Gyrodactylus 
spp.20, 19  

Gyrodactylus salaris was first described in the 1950s as an ectoparasite of Baltic Atlantic 
salmon which display tolerance to the parasite.21, 22 In the 1970s, hatchery reared Baltic salmon 
were translocated to Norway, resulting in introduction of G. salaris into freshwater river 
systems.23 By 2002, 45 river systems were infested, leading to catastrophic losses of native 
Atlantic salmon populations and highly impactful ecological and economic consequences.24, 25, 26, 

27 In some rivers, over 80 percent of juvenile Atlantic salmon may die due to infestation, and 
reductions in wild salmon fisheries catches have been estimated at over 40 percent.28 In 2021, 
detections were reported in 51 rivers, 13 Atlantic salmon hatcheries or farms, and 26 rainbow 
trout hatcheries or farms.29 Negative impacts on Atlantic salmon populations in rivers on the 
Swedish west coast and in the Keret river in Russia have been reported as well.29 Detections of 
pathogenic and non-pathogenic strains have also been detected on Arctic char.29  

Gyrodactylus salaris is a reportable disease in the United States and is included on the USDA 
APHIS NAHRS and NLRAD lists of reportable diseases (Appendix, Table 1).1, 30 State and 
Federal authorities should be contacted upon suspicion or detection of gyrodactylosis 
(Appendix, Table 1).1 Gyrodactylosis is a WOAH listed notifiable disease.15 Requirements for 
self-declaration of freedom from infection with G. salaris and maintenance of free status are 
described in the WOAH Aquatic Animal Health code (Appendix, Table 1).15 

Susceptible Fish Species 
Fish species listed in the WOAH Manual of Diagnostic Tests for Aquatic Animals that meet the 
WOAH Aquatic Animal Health Code criteria for listing as susceptible to infection with G. salaris 
are found in Table 1. 5, 15 In the United States, migratory and landlocked Atlantic salmon and 
steelhead trout, and wild and farmed rainbow trout represent the species of greatest economic 
concern relative to gyrodactylosis. 
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           Table 1. Fish species identified by the World Organisation for Animal Health             
(WOAH) as susceptible to infestation by Gyrodactylus salaris.5, 15 

Genus species Common Name 

Salvelinus alpinus Arctic char 

Salmo salar Atlantic salmon 

Salveinus fontinalis Brook trout 

Salmo trutta Brown trout 

Thymallus thymallus Grayling 

Onchorhynchs mykiss Rainbow trout 

Geographic Distribution 
The native range extends from the eastern regions of the Baltic Sea to the Karelian isthmus and 
drainages of Onega and Ladoga lakes in Russia.15, 18 The parasite may also occur naturally in 
low numbers in some Swedish and Finnish rivers that drain into the Baltic Sea.31, 32 Introductions 
into other countries have occurred via import and translocation of infested fish. Search of the 
WOAH WAHIS database (Appendix, Table 1) for years that data was available (2005–2022) 
identified reports of G. salaris in unidentified farmed and wild fish species in Costa Rica, 
Finland, Norway, Sweden, and Vietnam.33 Other countries reported in the literature include 
Denmark, Estonia, Georgia, Germany, Italy, Latvia, North Macedonia, Poland, Romania, Russia, 
and Ukraine.32 There have been no reports of this parasite in North America, including the 
United States. 

Public Health 
Gyrodactylus salaris is not a zoonotic pathogen. There are no threats to human health.34, 35 

Epidemiology 
In this section, the epidemiology of G. salaris in susceptible host species (e.g., salmonid fish) is 
summarized. However, all epidemiological factors associated with this parasite are not fully 
described in available literature or data sources. 

Host Characteristics 
Gyrodactylus salaris infestation has been most extensively studied in salmonid fish species. 
Occurrence of clinical disease has only been reported in Atlantic salmon. However, all salmonid 
species that inhabit freshwater, or migrate to and from the ocean, are considered potentially 
susceptible to infestation.5, 15, 18 
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Atlantic Salmon 
Gyrodactylus salaris infestation occurs under natural conditions on Atlantic salmon that reside in 
or return to freshwater environments.32, 33 All life stages are susceptible to infection. Prevalence 
and abundance of the parasite and development of clinical disease are greatest in fry and parr 
stages and may be related to lack of immunity to the parasite.36, 15 Differences in susceptibility to 
infestation and development of clinical disease among Atlantic salmon populations has been 
observed.25, 37, 26 Baltic Atlantic salmon are described in the literature as both tolerant (the host is 
unharmed with no direct negative effects on the parasite) and resistant (the host is protected at 
the expense of the parasite), likely due to co-evolution of the parasite and salmon population.25, 

37, 26 Atlantic salmon in other European regions (e.g., Norway, Denmark, the United Kingdom) 
are highly susceptible to infestation and development of clinical disease under natural and 
experimental conditions.25, 37, 26 Review of available peer reviewed literature did not find 
published research describing the susceptibility of North American wild or farmed Atlantic 
salmon to G. salaris. 

Rainbow Trout 
Gyrodactylus salaris is widely distributed in wild and farmed rainbow trout in Europe.38, 37, 32, 28 In 
some areas (e.g., Italy), gyrodactylosis is a common and economically significant disease.39, 32 
In other regions (e.g., Sweden) infestation occurs, but clinical disease is rare.40 The cause of 
this variability is unknown, but may be due to host factors or environmental conditions specific to 
the different farms or regions in Europe.40 Rainbow trout exhibit reservoir host potential in that 
infestation, while often self-limiting, has been observed to persist for over 90 days.25, 40, 32 The 
susceptibility of wild and farmed rainbow trout populations present in North America has not 
been described in published literature. 

Arctic Char 
Arctic char are capable of serving as long-term reservoir hosts.25, 41, 42, 43 Asymptomatic 
infestation under natural conditions is common in some rivers and lakes where this species is 
present.41, 42, 32 Variable susceptibility to infestation has been reported. In some endemic areas, 
infestation in the absence of other suitable hosts has been observed for approximately 20 
years.44, 43 

Brook Trout 
In Europe (e.g., Romania), G. salaris infestation in the absence of clinical disease has been 
reported in farmed brook trout.45 Experimentally, this species develops self-limiting infestation 
that was almost fully resolved by 70 days (the end point of the experimental study).46, 47 Review 
of published literature did not identify any studies examining the susceptibility of brook trout in 
North America. 

Brown Trout 
Gyrodactylus salaris infestations of wild and farmed brown trout in Europe have been reported 
in the literature.45, 32, 28 Susceptibility to infestation is described as limited. In Norway, infestation 
was noted in rivers during the first year of epizootics when infestation pressure was high and 
brown trout were observed feeding on dead or moribund Atlantic salmon.40 In subsequent years, 
low to zero levels of infestation were detected.40 Experimentally, some population-based 
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variability in susceptibility has been observed.48, 40 Some fish were observed to be resistant to 
infestation while others maintained parasite presence for over 100 days.48, 40 The susceptibility 
of North American wild or farmed brown trout to G. salaris is not reported. 

Grayling 
Grayling are susceptible to G. salaris infestation.38, 28 Under experimental conditions, infestation 
was self-limiting up to 35 days (the end date of the study).38 Grayling are also susceptible to 
infestation with G. thymalli, which is similar morphologically to G. salaris.38 Molecular assay is 
required to differentiate between the two parasites.49 

Other Fish 
Review of published literature finds references to detection or experimental infestation of G. 
salaris in other freshwater fish species including North American lake trout, freshwater eels, 
Adriatic trout, and European flounder.50, 51, 48, 40, 32 Infestations in these species were self-limiting 
and did not result in clinical disease. 

Environmental Characteristics 
Gyrodactylus salaris is a cold-water-adapted parasite that lives in freshwater rivers and lakes. 
Environmental conditions influencing the presence, growth, and mortality rates of the parasite 
include salinity and water temperature.26, 40, 18 Freshwater is the optimal environment; however, 
the parasite can survive in brackish water for salinity and temperature dependent intervals of 
time. Experimentally, adult parasites exposed to water salinity levels ranging from 10–20 ppt 
survived for 42–240 hours at low water temperatures (1.4 °C/34.5 °F), and for 10–72 hours at 
water temperatures of 12 °C/53.6 °F.52, 26, 18 Gyrodactylus salaris is incapable of survival when 
water salinities approach that of seawater (35 ppt).52, 28, 18 Reproduction is water salinity and 
temperature dependent (5–6 ppt and 2.5–19 °C/36.5–66.2 °F, optimal temperature, 10 °C/50 
°F).40, 15 Survival rates of detached parasites are also temperature dependent, ranging from 132 
hours at 3 °C/37.4 °F to 24 hours at 19 °C/66.2 °F.53, 54, 15 Survivability at temperatures above 25 
°C/77 °F is not reported.55 Survival of the parasite on dead Atlantic salmon is also temperature 
dependent. Experimentally, survival times of 72, 142, and 365 hours have been observed at 
water temperatures of 18 °C/64.5 °F, 12 °C/53.5 °F, and 3 °C/37.5 °F, respectively.33 

Pathogen Characteristics 
Most G. salaris research has focused on the distribution and pathogenicity of this parasite in 
salmonid populations present in Europe. More recently, genetic studies using mitochondrial 
DNA analysis have identified numerous G. salaris clades (a group of organisms believed to 
have evolved from a common ancestor), strains (isolates described by a combination of 
biological and genetic characteristics), and haplotypes (genotypes identified based on genetic 
testing). The different mitochondrial clades, strains, and haplotypes correspond to geography 
(i.e., G. salaris from different watersheds are genetically different).49, 40 Additionally, these 
clades, strains, or haplotypes are often linked to host specificity (e.g., haplotypes from salmon 
are not found on grayling and vice versa).25, 53, 56 Some haplotypes have strains that differ in 
virulence. For example, haplotype F has strains that are either pathogenic or non-pathogenic to 
rainbow trout.49, 53, 40 According to Mo (2020), this indicates that there is no established 
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correlation between genetic strains or haplotypes and pathogenicity. This author and others also 
state that there is lack of research to develop markers that can unambiguously identify 
pathogenic strains, that studies evaluating the pathogenicity or nonpathogenicity of the different 
strains and haplotypes in genetically diverse salmonid fish stocks is lacking, and that such 
research is required to fully elucidate which G. salaris strains are pathogenic in different 
salmonid species.16, 45, 40 By WOAH’s definition in the Manual of Diagnostic Tests for Aquatic 
Animals, all G. salaris strains found on Atlantic salmon are highly pathogenic to that species, 
while strains recovered from Arctic char in Norway and rainbow trout in Denmark are not 
pathogenic.16, 57, 40, 5 Review of the literature did not identify any research exploring the 
susceptibility of North American Atlantic salmon or other salmonid fish to any of the identified G. 
salaris clades, haplotypes, or strains.  

Genetic testing has resulted in synonomization of G. salaris with G. thymalli, a gyrodactylid 
parasite found exclusively on grayling.58, 40, 32 According to the WOAH Manual of Diagnostic 
Tests for Aquatic Animals, G. thymalli has never been observed on Atlantic salmon and does not 
appear to be pathogenic in this species based on experimental trials.49, 31, 5 As of 2023, WOAH 
has not accepted this synonymization40, 5; therefore, it will not be described further in this hazard 
identification 

Gyrodactylus salaris is a social (group living) ectoparasite that lives and feeds on the surface of 
freshwater fish hosts. Preferential feeding sites are the fins, skin, and gills (less common).5, 18 
The distribution of the parasites in these preferential sites is affected by the intensity of the 
infestation.48, 5 Unlike many Gyrodactylus spp., G. salaris has a relatively broad host range. 
Most host species exhibit some symbiosis or resistance to the parasite and do not develop 
clinical disease associated with infestation.45 Atlantic salmon (except for Baltic Atlantic salmon) 
are the only salmonid fish that develop clinical disease. According to Paladini et al. (2014), G. 
salaris may transiently attach to any freshwater fish species for a short period of time.48 
Reproduction may occur on some of these fish, but at levels insufficient for development of 
persistent infection.48 When not attached to a host, G. salaris is not parasitic. It can survive for 
5–6 days, floating in bottom sediments or in the water column, opportunistically seeking a 
host.48, 18 The parasite has no known predators.  

This parasite is hermaphroditic, asexually viviparous (bears live young), and has a direct life 
cycle involving only one host.58, 26, 54, 33 The parasite gives birth to one live young at a time. The 
young parasite is almost as large as the parent parasite, and already has a developing embryo 
inside of it.26, 40 This reproduction strategy creates a short generation time, rapid population 
growth, and potential for a single parasite to elicit an epizootic under appropriate environmental 
and host conditions.58, 54 Reproduction is temperature dependent and occurs throughout the 
year. When temperatures are optimal the gestation is period is 24 hours. This can lead to a very 
high infection intensity of several thousand parasites on a single fish host.40, 54, 18 At the upper 
end of the optimal temperature range, populations can double in four days. Gestation and 
reproductive rates decrease in the winter due to direct effects of low temperature on the parasite 
and indirect host effects (decreased activity and metabolism). 40, 54, 18  

Gyrodactylus salaris attaches to its host using an attachment organ (the opisthapor) that has 
two median anchors and 16 marginal hooks.26, 54 The mouth is located at the opposite end of the 
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parasite. When feeding the parasite uses cephalic glands to attach to the host, everts its 
pharynx through its mouth, and releases a digestive solution containing proteolytic enzymes 
which dissolve the host’s skin.18, 59 Mucus and dissolved skin are then ingested. The attachment 
and feeding sites result in wounds in the host’s epidermis that can subsequently lead to 
osmoregulatory failure, secondary infections, debilitation, and death.60, 40, 59 

Transmission 
Transmission is horizontally direct via contact with infested live or dead fish, detached parasites 
in the water column, and parasites present in or attached to bottom sediments and substrates.53, 

40, 15 Risk of transmission via these routes is greatest in waterbodies that are hydrologically 
and/or geospatially proximate and where natural movement or migration of infested fish may 
occur.40, 33 Release of effluent water from aquaculture facilities where infested fish are present 
may also be a source of introduction into proximate areas.45  

Long distance translocation of G. salaris is thought to occur via anthropogenic activity, because 
G. salaris is not capable of long-distance movement independent of a host.61 Translocation of 
infested fish is considered the primary route of introduction throughout natural watershed and 
aquaculture facilities in Europe.51, 26, 45, 32, 33 Rainbow trout are most often associated with the 
spread of G. salaris in Europe, however, any fish that the parasite attaches to can serve as a 
transport vector.33 Indirect transmission may also occur via fomites because G. salaris can 
survive for several days on damp materials (e.g., boats, packaging materials, recreational and 
commercial fishing gear, waders, and other fomites).33 

Clinical Signs and Pathogenicity 
In most host species infestation follows a pattern of initial exposure, an increase in the number 
of parasites present on the host, and a variable interval during which parasites decrease in 
number until disappearance.40 An exception to this pattern is the fulminant infestation leading to 
clinical disease and mortality observed in Atlantic salmon.40 Prevalence of infestation is variably 
dependent on environmental factors (e.g., water quality, salinity, and temperature, seasonal 
factors, geographic location), the fish species, the age and health status of individual fish, and 
fish population factors (e.g., population density).26, 31, 33 In susceptible wild and farmed Atlantic 
salmon prevalence can reach 100 percent.33 In wild Baltic Atlantic salmon, prevalence is highly 
variable (0 to 70 percent) based on environmental factors and geographic location.62 Prevalence 
in other susceptible species is similarly variable. In farmed rainbow trout, prevalence rates of 
less than 10 percent have been reported.62  

G. salaris primarily infests the skin, and the dorsal, pectoral, and pelvic fins.40, 33, 43 When the 
parasite burden is high, parasites may also be found on the gills and head, including the eyes 
and nostrils.40 Development of clinical signs in susceptible fish species is associated with the 
parasite burden and the damage to the host tissues that occurs via the repetitive attachment 
and feeding of the parasites.26 Some fish species (e.g., Arctic char, farmed rainbow trout) may 
be infested with low numbers of parasites for years without exhibiting any clinical signs of 
disease.40, 63, 43 In highly susceptible Atlantic salmon, especially those in the parr stage, the 
parasite burden can reach thousands of parasites.40, 28 Clinical signs may take several weeks to 
appear, and can include anorexia, behaviors such as flashing (rubbing against substrates or net 
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pen surfaces), darting and erratic swimming, erosion of the fins, epithelial hyperplasia, focal 
areas of redness, irritation of the skin which leads to increased mucous production and gives 
affected fish a grayish color, lethargy, lesions and ulcerations on the skin, and osmoregulatory 
impairment.45, 40, 33 Moribund fish may lie on the bottom or congregate in areas with low water 
flow rates.40 Development of secondary bacterial, viral, or fungal (e.g., Saprolegnia spp.) 
infections is common.40, 54, 33 

Morbidity and Mortality 
Morbidity and mortality vary among different fish species and populations. In many susceptible 
species (e.g., Arctic char, Baltic Atlantic salmon, farmed rainbow trout, grayling), morbidity and 
mortality rates are negligible to low.33 In highly susceptible Atlantic salmon, high rates of 
morbidity and mortality (85 percent to100 percent) are frequently observed in fry, parr, and 
smolt.54, 33 

Treatment 
There are no vaccines, chemotherapeutic, or immunostimulation therapies available.40 
Gyrodactylosis can be controlled in aquaculture facilities using commonly used bath treatments 
containing high salinity salt water, or compounds containing chlorine or iodine, and 
formaldehyde (see Prevention and Control).40, 15 Total eradication of the parasite requires 
depopulation of the affected fish population, drying the fish rearing structures, and instituting a 
fallow period.24, 29, 28 Chemicals such as rotenone or aluminum sulphate are used to treat natural 
water bodies (e.g., lakes, rivers) to completely eradicate affected fish populations (see 
Prevention and Control).24, 29 Experimentally, in Europe, selective breeding of Atlantic salmon 
and rainbow trout has resulted in increased survival rates among offspring.40 However, fish are 
still susceptible to infection.40, 15 

Diagnostic Testing 
Gyrodactylus salaris cannot be visualized on affected fish without magnification. Observable 
gross lesions include cutaneous ulcers, epidermal thickening, excess mucus on the skin giving 
a grayish appearance, frayed fins that may appear eroded, white, and thickened, and sloughing 
of the skin.54, 15 Secondary fungal infections (Saprolegnia spp.) may be observed.15 There are no 
definitive histopathological signs.54  

All Gyrodactylus spp. are similar morphologically.24, 40 Confirmatory diagnosis requires 
morphological identification of the parasite under magnification in combination with molecular 
testing (PCR and DNA sequencing of the ribosomal internal transcribed spacer region [ITS]).24, 

45, 5 WOAH recommended protocols for specimen selection, sample collection, transport and 
handling, and diagnostic methods are described in the WOAH Manual of Diagnostic Tests for 
Aquatic Animals and the WOAH Aquatic Animal Health Code (Appendix, Table 1).5, 15 In the 
United States, confirmatory testing at the USDA APHIS National Veterinary Services Laboratory 
(NVSL) is required following first detections. Samples should be collected and submitted under 
the direction of State and Federal authorities via guidelines provided by NVSL (Appendix, Table 
1).64 Experimentally, environmental DNA assays (eDNA) have been used for surveillance in 
natural water bodies.65, 66   
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Prevention and Control 
Control of the spread of G. salaris should include application of risk-based approaches for 
surveillance and control in natural waterbodies and in aquaculture systems, and development of 
regulations to safeguard susceptible fish populations.40, 28 In Europe, legal and illegal 
translocation and importation of infested fish are identified as the most significant pathways for 
introduction of G. salaris into naïve ecosystems and aquaculture facilities.24, 48, 40 The next most 
significant potential pathway is introduction via equipment used for fishing and recreational 
water sports (e.g., bait, boats, canoes, kayaks, fishing tackle, nets, paddle boards waders).40   

Control efforts in some European Union countries (including those that are currently G. salaris 
free) include regulatory standards such as:45, 67, 32, 28  

• controls on transfer, local movement, and international importation of fish,  
• surveillance programs for farmed and wild fish populations, 
• eradication plans for natural waterbodies, 
• eradication plans for hatcheries and fish farms, 
• regulations for drying or disinfection of boating, fishing, and diving equipment prior to 

movement between or within watershed systems,  
• guidelines for use of live or dead bait in certain regions, 
• requirements for gutting and cleaning of fish or discharging of fish waste in natural 

waters, 
• controls for disposal of water anywhere other than where it was collected, and 
• contingency plans that include outbreak control measures, movement restrictions, 

establishment of buffer zones, treatment plans, eradication measures, and public 
outreach frameworks.  

In the EU, trade of live fish species susceptible to gyrodactylosis is only permitted between 
countries, zones, or compartments of equivalent health status (or from higher to lower status).45, 

32 Many countries also have prohibitions on the transport of live fish to rivers containing wild 
Atlantic salmon unless the source of the fish is known to be G. salaris free.55 Surveillance plans 
are applied to natural waterbodies and aquaculture facilities. The intent is to document freedom 
from G. salaris in unaffected areas and aquaculture facilities, to detect and trace spread of the 
parasite from natural areas or aquaculture facilities where it is present to new sites, and to 
evaluate post-eradication disease freedom.67   

There are currently no requirements for routine G. salaris surveillance in United States 
aquaculture facilities. The USFWS does conduct routine surveillance on wild fish populations 
and maintains a database which catalogs testing data by species, year, and location (Appendix, 
Table 1). Surveillance protocols are not focused specifically on G. salaris; however, they do 
involve examination for external parasites. Additionally, the USDA and other Federal agencies 
periodically conduct structured surveillance for research or regulatory purposes that include 
sampling fish with susceptibility to G. salaris. There may be relative State and Tribal regulations 
with additional local aquatic animal health and import requirements that would detect G. salaris 
or other external parasites (Appendix, Table 1). When required by importing countries, 
evaluation for G. salaris is conducted by APHIS-approved laboratories or accredited 
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veterinarians, who are obligated to report to the Federal and State animal health officials in their 
region. As of 2023, USDA APHIS has negotiated health certificates for the export of live 
salmonid fish, eggs, and gametes with around fifty-eight countries; at least forty-six of these 
countries include pre-export testing requirements for G. salaris. 

Gyrodactylus salaris is capable of surviving without a fish host for several days in damp 
environments but is susceptible to desiccation and temperatures outside of its optimal thermal 
range.40, 63, 33 Boats, equipment, fishing gear, nets and other potential fomites should be 
completely dried for several days and can be disinfected by placing them in water at 
temperatures ranging from 20 °C/68 °F for 24 hours, 40 °C/104 °F for 5 minutes, or 50–60 
°C/122–140 °F for one minute, freezing at -18 °C/-0.4 °F for 24 hours, or they can be treated 
with disinfectants efficacious for G. salaris.53, 55, 40, 54, 33 Recommended disinfectants include 1 
Virkon S® (1percent for 15 minutes), iodine-based compounds (e.g., Wescodyne®), and sodium 
hydroxide-based compounds (e.g.,Biosolve™ Plus).55, 23, 54, 33 In some EU member states, 
equipment must be accompanied by a certificate of disinfection issued by a competent 
professional in the country of origin.28  

There are no drugs that demonstrate efficacy against G. salaris. Most of the insecticide or 
parasiticide treatments tested also exhibit toxicity to the fish hosts.40, 59 Chemical bathing of fish 
in formalin (0.017percent to .025 percent for 30 minutes) or high salinity water (200–250 ppt x 
30 minutes) will remove G. salaris from infested fish. These treatments do not eradicate the 
pathogen; therefore, repeated treatments are required to control the parasite in aquaculture 
facilities.40 Experimentally hydrogen peroxide (H2O2) treatments have been used to control 
infestations on host fish.68, 40 The WOAH Manual of Diagnostic Tests for Aquatic Animals states 
that treatment of farmed fish populations with bath treatments reduces the prevalence and 
abundance of G. salaris on affected fish; however, fish may remain infested, and detection of 
the parasite will become more difficult.5 Iodine-containing compounds have been used to 
disinfect eggs that may be surface contaminated via contact with contaminated water.5  

Because there are no efficacious treatments for G. salaris, eradication of infested hosts is the 
recommended control measure. In Norway, rotenone and acidified aluminum sulphate have 
been used to eradicate G. salaris from infested river systems (via killing all the fish present), 
followed by restocking with eggs and fry from G. salaris-free hatcheries.24, 55, 40, 67, 54 
Experimentally, low doses of sodium hypochlorite (200 µg Cl/L) have been used in some 
areas.40 Other control methods include use of physical or electric barriers to stop the movement 
of fish from infested to uninfested rivers.24, 69, 55, 67 As of 2021, these efforts resulted in 
eradication of G. salaris from 39 of 44 infested rivers.29 In fish hatcheries and farms, eradication 
of all affected fish hosts is followed by disinfection of the farm, and a period of fallowing followed 
by restocking with eggs, fry, and fish from G. salaris-free hatcheries.29 In Norway, application of 
such measures resulted in eradication of G. salaris from all affected hatcheries and fish farms 
by 2021.29  

Recommended aquaculture facility biosecurity measures include:24, 51, 55, 45, 40, 15 

• siting farms rearing susceptible fish in areas where G. salaris is not present in wild fish 
populations,  
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• use of wells or springs for water sources,   
• treatment of influent water prior to use,  
• sourcing live fish, eggs, and gametes from sources known to be G. salaris free,  
• use of preventative surveillance, use of disinfectants and other cleaning methods known 

to be efficacious for the parasite,  
• use of designated PPE,  
• use of site designated equipment,  
• maintenance of fish health (avoid overstocking, maintain good water quality and 

temperature), and 
• treatment of effluent water prior to release. 

Many countries utilize import/export regulations and recommendations in effort to limit or control 
the risk of G. salaris introduction. A summary of WOAH import/export guidelines specific to G. 
salaris, U.S. regulations, and other regulatory information related to aquaculture in the United 
States is summarized in the Appendix, WOAH Pathogen Specific Import Export 
Recommendations. 

Summary 
Gyrodactylosis is an economically important WOAH-listed parasitic disease affecting salmonid 
fish. Atlantic salmon are highly susceptible to this parasite and develop clinical signs of disease 
with subsequent high morbidity and mortality. Other salmonids (e.g., Arctic char, grayling, 
rainbow trout) are susceptible to infestation, but rarely develop clinical disease. Importation and 
translocation of sub-clinically infested rainbow trout has been associated with translocation of G. 
salaris throughout Europe.  

In EU states where G. salaris is present in wild salmonid populations, control is difficult once 
introduction has occurred. Eradication measures require application of chemicals to natural 
water systems that result in the death of all wild fish present, with likely ecosystem and local 
economic consequences. Control in fish farms and hatcheries requires eradication of all fish 
hosts, followed by disinfection and fallowing, with economic consequences to the producer, and 
the local economy. Presence of G. salaris has resulted in trade regulations relative to the 
movement and importation of susceptible fish.   

The susceptibility of wild, stocked, and farmed salmonid spp. in the United States is not known. 
However, it may be assumed that farmed, stocked, and wild Atlantic salmon in the Atlantic 
Northeast, and farmed, stocked, and wild rainbow trout populations might exhibit similar 
patterns of susceptibility described in European fish. It may also be expected that control and 
eradication of this parasite in wild and farmed fish populations would be similarly complex, 
expensive, and impactful.  

In the United States, there are no Federal, State, local, or Tribal import regulations specific to G. 
salaris, although the USFWS does require general disinfection of salmonid eggs prior to import. 
The USFWS does perform routine disease surveillance in wild fish stocks that includes 
sampling for external parasites. State and Tribal entities may also have local requirements for 
external parasite sampling. USDA and other Federal agencies may periodically conduct 
structured surveillance that includes external parasite sampling for research or regulatory 



15 
 

purposes. Best practices to prevent introduction of G. salaris into the United States should 
include development of policies and contingency plans to ensure that imported all live fish, 
eggs, and gametes are imported form G. salaris-free sources and that importation complies with 
the guidelines described in the WOAH Aquatic Animal Health Code. Because the parasite can 
potentially live on any freshwater fish species, regulatory measures would ideally control 
movement of all fish species from areas where G. salaris is present. G. salaris is a WOAH-listed 
reportable pathogen. Therefore, detection of gyrodactylosis in cultured fish stocks in the United 
States would likely result in significant trade impacts. 
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Appendix 
Tables 
Table 1. Links to manuals, websites, and other resources relevant to Gyrodactylus salaris, aquaculture 
and aquatic animal diseases.  

Resource Link 
Guide to State and Tribal aquaculture regulations USDA APHIS | Interactive Maps 

National Veterinary Service Laboratory  
National Animal Health Laboratories 

USDA APHIS | Diagnostic Testing at the NVSL 
USDA APHIS | General NVSL Information 
USDA APHIS | Laboratory Information and 
Services 
USDA APHIS | Laboratories 

USDA APHIS Comprehensive Aquaculture Health 
Program Standards (CAHPS) 

USDA APHIS | Comprehensive Aquaculture 
Health Program Standards 

USDA APHIS National Animal Health Reporting 
System (NAHRS) 

USDA APHIS | National Animal Health 
Reporting System (NAHRS) 

USDA APHIS National Aquaculture Health Plan & 
Standards (NAHP&S): 2021–2023 

USDA APHIS | National Aquaculture Health 
Plan & Standards (NAHP&S): 2021–2023 

USDA APHIS National List of Reportable Animal 
Diseases (NLRAD) 

USDA APHIS | National List of Reportable 
Animal Diseases 

USDA APHIS Veterinary Services and State 
authorities 

Federal and State Animal Health (usaha.org) 
USDA APHIS | Contact Veterinary Services 

2017 OIE Report of the Meeting of the OIE ad hoc 
Group on Susceptibility of Fish Species to Infection 
with OIE Listed Diseases 

a-ahg-susceptibility-of-fish-september-2019.pdf 
(woah.org) 

World Organisation for Animal Health (WOAH) 
Aquatic Animal Health Code 

Aquatic Code Online Access - WOAH - World 
Organisation for Animal Health 

World Organisation for Animal Health (WOAH) 
Manual of Diagnostic Test for Aquatic Animals 

Manual Online Access - WOAH - World 
Organisation for Animal Health 

World Organisation for Animal Health (WOAH) 
World Animal Health Information System (WAHIS) 
database 

World Animal Health Information System 
WAHIS - WOAH - World Organisation for 
Animal Health 

World Trade Organization, Sanitary and 
Phytosanitary Measures 

WTO | WTO Agreements Series: Sanitary and 
Phytosanitary Measures 

The United Nations Code of Conduct for 
Responsible Fisheries based upon UNCLOS and 
other international laws. 

International Agricultural Law and Organizations 
Aquaculture Overview - National Agricultural 
Law Center (nationalaglawcenter.org) 

FAO Aquaculture Regulatory Frameworks AQUA-CULTURE REGULATORY 
FRAMEWORKS (fao.org) 

United States Fish and Wildlife National Fish Health 
Survey Mapper 

National Wild Fish Health Survey Mapper | U.S. 
Fish & Wildlife Service (fws.gov) 

United States Fish and Wildlife Importation 
Guidelines 

Steps for Importing Salmonids into the United 
States of America | U.S. Fish & Wildlife Service 
(fws.gov) 
Information for Importers & Exporters | U.S. Fish 
& Wildlife Service (fws.gov) 
CFR-2016-title50-vol1.pdf (govinfo.gov) 
Help Center Articles - Do I Need a Permit? 
(servicenowservices.com) 

https://www.aphis.usda.gov/aphis/newsroom/interactive-maps/aphis-interactive-maps
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/SA_Diagnostic_Tests/CT_Diagnostic_tests
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/sa_about_nvsl/ct_about_nvsl
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/sa_about_nvsl/ct_about_nvsl
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/sa_about_nvsl/ct_about_nvsl
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/lab-info-services/nahln/!ut/p/z1/vVPLcoIwFP2WLlwyCY8GWKJlxNZaB_FBNpnwkrQhIEStf1-k3TlCu2k2mZucOznn3BOAwQ5gQU9sTyUrBeVtHWJEFupkCi1DnU_dJxU6nj178UwEYQDBtgPM34yJOl7BdnfH0HF989V1Zxpc6gD3XAfopn_joRYQrIOFpY5nttb1D74P7ywH_q6_h-BA_wZggKuYJSCMTRghLdGUJEpsxUB2okSUJgo09NRKMoQMW7-iYyErmYOQVjlrSFwKmQpJOItqWl9GsKGkPNYkK-Nj01VUsIJykqeUy7w74TQiTGRlXXRzIk1an1icfsMFzbkYQRqVR6l0xY_IHhW438N-k1R92GTcm4OlfgO4zcEQSdzL4tEY4OBrA4BWZtj6YN4XqoPtiaVnsBbXyXCw-mM2PAieh6xsPyR7Pxyw0-bompxPCXb_F6SqWLersPQLUz5817fOQZbz_cMXn8qSkw!!/?1dmy&urile=wcm%3apath%3a%2Faphis_content_library%2Fsa_our_focus%2Fsa_animal_health%2Fsa_lab_information_services%2Fsa_nahln%2Fnahln-laboratories%2Fsa_maps%2Fct_labs
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/aquaculture/cahps
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/aquaculture/cahps
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/sa_disease_reporting/ct_usda_aphis_animal_health
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/sa_disease_reporting/ct_usda_aphis_animal_health
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/aquaculture/national-aquaculture-health-plan
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/aquaculture/national-aquaculture-health-plan
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/nlrad/ct_national_list_reportable_animal_diseases
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/monitoring-and-surveillance/nlrad/ct_national_list_reportable_animal_diseases
https://www.usaha.org/federal-and-state-animal-health
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/contact-us
https://www.woah.org/app/uploads/2021/10/a-ahg-susceptibility-of-fish-september-2019.pdf
https://www.woah.org/app/uploads/2021/10/a-ahg-susceptibility-of-fish-september-2019.pdf
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/aquatic-code-online-access/?id=169&L=1&htmfile=sommaire.htm
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/aquatic-code-online-access/?id=169&L=1&htmfile=sommaire.htm
https://usdagcc-my.sharepoint.com/personal/christine_k_ellis_usda_gov/Documents/Desktop/week%20of%2003%2020%2022/Aquaculture%20-%202023%20requests/salmonRA/2-EHNV/Final%20document/Manual%20Online%20Access%20-%20WOAH%20-%20World%20Organisation%20for%20Animal%20Health
https://usdagcc-my.sharepoint.com/personal/christine_k_ellis_usda_gov/Documents/Desktop/week%20of%2003%2020%2022/Aquaculture%20-%202023%20requests/salmonRA/2-EHNV/Final%20document/Manual%20Online%20Access%20-%20WOAH%20-%20World%20Organisation%20for%20Animal%20Health
https://www.woah.org/en/what-we-do/animal-health-and-welfare/disease-data-collection/world-animal-health-information-system/
https://www.woah.org/en/what-we-do/animal-health-and-welfare/disease-data-collection/world-animal-health-information-system/
https://www.woah.org/en/what-we-do/animal-health-and-welfare/disease-data-collection/world-animal-health-information-system/
https://www.wto.org/english/res_e/publications_e/sps_agreement_series_e.htm#:%7E:text=The%20Agreement%20on%20the%20Application,animal%20and%20plant%20health%20regulations.
https://www.wto.org/english/res_e/publications_e/sps_agreement_series_e.htm#:%7E:text=The%20Agreement%20on%20the%20Application,animal%20and%20plant%20health%20regulations.
https://nationalaglawcenter.org/research-by-topic/international-law-and-organizations/
https://nationalaglawcenter.org/overview/aquaculture/
https://nationalaglawcenter.org/overview/aquaculture/
https://www.fao.org/3/bb124e/bb124e.pdf
https://www.fao.org/3/bb124e/bb124e.pdf
https://www.fws.gov/project/national-wild-fish-health-survey-mapper
https://www.fws.gov/project/national-wild-fish-health-survey-mapper
https://www.fws.gov/service/steps-importing-salmonids-united-states-america
https://www.fws.gov/service/steps-importing-salmonids-united-states-america
https://www.fws.gov/service/steps-importing-salmonids-united-states-america
https://www.fws.gov/program/office-of-law-enforcement/information-importers-exporters
https://www.fws.gov/program/office-of-law-enforcement/information-importers-exporters
https://www.govinfo.gov/content/pkg/CFR-2016-title50-vol1/pdf/CFR-2016-title50-vol1.pdf
https://fwsepermits.servicenowservices.com/fws?id=fws_kb_article&sys_id=400f70b71b5b58101f45dbdbe54bcb1a
https://fwsepermits.servicenowservices.com/fws?id=fws_kb_article&sys_id=400f70b71b5b58101f45dbdbe54bcb1a
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USDA APHIS Import permit information USDA APHIS | Fish, Fertilized Eggs, and 
Gametes 

USDA APHIS International Regulations (IREGS) 
website 

USDA APHIS | Animal and Animal Product 
Export Information) 
Import/Export Requirements for Aquaculture 
Products (fdacs.gov) 

 
 

Table 2. Countries that require testing for Gyrodactylus salaris for which APHIS has a 
negotiated export health certificate that can be used to ship live salmonid fish or eggs. 

 

Country 
Gyrodactylus salaris 

Freedom Testing 
Required 

Argentina No 

Armenia No 

Austria No 

Belarus No 

Belgium No 

Bosnia-Herzegovina No 

Brazil Yes 

Bulgaria No 

Canada Yes 

Chile  Yes 

China  No 

Croatia No 

Cyprus No 

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-and-animal-product-import-information/live-animal-imports/aquatic-animals/fish-eggs-gametes
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-and-animal-product-import-information/live-animal-imports/aquatic-animals/fish-eggs-gametes
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/export
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/export
https://www.fdacs.gov/content/download/78858/file/FDACS-P%E2%80%9301785-ImportExportRequirements.pdf
https://www.fdacs.gov/content/download/78858/file/FDACS-P%E2%80%9301785-ImportExportRequirements.pdf
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Czech Republic No 

Denmark No 

Estonia No 

Finland No 

France No 

Georgia Yes 

Germanys No 

Greece No 

Hungary No 

Ireland, Republic of No 

Isle of Man  No 

Israel Yes 

Italy No 

Kazakhstan No 

Kyrgyzstan No 

Latvia No 

Lithuania No 

Luxembourg No 

Malaysia  No 

Malta No 
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Mexico No 

Morocco No 

Netherlands No 

New Zealand No 

North Macedonia No 

Norway No 

Peru Yes 

Poland No 

Portugal No 

Romania No 

Russian Federation  No 

Serbia  No 

Singapore No 

Slovakia No 

Slovenia No 

South Africa Yes 

Spain No 

Sweden No 

Switzerland No 

Taiwan  Yes 
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Turkey No 

Turks and Caicos Islands No 

Ukraine No 

United Arab Emirates Yes 

United Kingdom/ Great Britain No 

 
 
                 Table 3. Countries in which presence of Gyrodactylus salaris has been reported                    

(wild and or farmed fish species) from 2010 through 2022. The World Organisation                 
for Animal Health (WOAH) World Animal Health Information System (WAHIS)                 
database should be consulted for information regarding current country status.33, 15 

Country  Gyrodactylus salaris 

Australia − 

Austria − 

Belgium − 

Canada − 

Chile − 

China − 

Costa Rica Yes 

Croatia − 

Czech Republic − 

Denmark Yes 

Estonia Yes 

Faroe Islands − 

Finland Yes 
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France − 

Georgia Yes 

Germany Yes 

Iceland − 

Iran − 

Ireland − 

Italy Yes 

Japan − 

Latvia Yes 

Netherlands − 

North Macedonia Yes 

Norway Yes 

Poland Yes 

Romania Yes 

Russia Yes 

Slovakia − 

Slovenia − 

South Korea − 

Spain − 

Sweden Yes 

Switzerland − 

Turkey − 

Ukraine Yes 

United Kingdom (England, 
Scotland) 

− 
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United Kingdom (Scotland) − 

United States − 

Vietnam Yes 

 

WOAH Import/Export Recommendations for G. salaris 
WOAH import/export guidelines specific G. salaris are found in WOAH Aquatic Animal Health 
Code.15 Briefly, 

1. Importing aquatic animals or aquatic animal products from a country, zone, or 
compartment declared free from infection with G. salaris.  

a. The importing country’s Competent Authority should require that the consignment 
be accompanied by an international aquatic animal health certificate issued by 
the Competent Authority of the exporting country. The international aquatic 
animal health certificate should state that, based on the procedures described in 
the WOAH Aquatic Animal Health Code, the production site of the aquatic 
animals or aquatic animal products is a country, zone, or compartment declared 
free from infection with G. salaris. 
 

2.  Importing aquatic animals or aquatic animal products from a country, zone, or 
compartment NOT declared free from infection with G. salaris.  

a. The importing country’s Competent Authority should assess the risk as described 
in the WOAH Aquatic Animal Health Code, and consider the following risk 
mitigation measures: a) direct delivery and lifelong holding of the imported 
aquatic animals in a quarantine facility; and treatment of all transport water, 
equipment, effluent and waste materials sufficient to inactivate G. salaris; or b) 
immediately prior to movement require that the aquatic animals are held in water 
with a minimum salinity of 25 parts per thousand (ppt), and have no contact with 
other susceptible aquatic animal species.  
 

3.  Importing eggs for aquaculture from a country, zone, or compartment not declared free 
from infection with G. salaris.  

a. Eggs should be disinfected using a method demonstrated to be effective against 
G. salaris and post-disinfection should not come into contact with anything that 
may affect their health status. 
 

4. Importing aquatic animals intended for use in laboratories or zoos from a country, zone 
or compartment not declared free from G. salaris.  

a. The importing country’s Competent Authority should a) require deliver of the 
consignment directly to authorized quarantine facilities where the animals will be 
held; b) all water (including ice), equipment, containers and packaging materials 
used in transport are treated to ensure inactivation of G. salaris and disposed of 
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in a biosecure manner as described in the WOAH Aquatic Animal Health Code, 
Chapters 4.4, 4.8, and 5.5; c) all effluent and waste materials from the quarantine 
facilities are disposed of in a biosecure manner or treated to ensure inactivation 
of G. salaris; and d) all carcasses are disposed of as described in the WOAH 
Aquatic Animal Health Code, Chapter 4.8. 
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