CHAPTER 2.2.2.

INFECTION WITH APHANOMYCES ASTAC/
(CRAYFISH PLAGUE)

1. Scope

Infection with Aphanomyces astaci means infection with the pathogenic agent A. astaci, Phylum Oomycota. The
disease is commonly known as crayfish plague.

2. Disease information
21. Agentfactors

2.1.1. Aetiological agent

Aphanomyces astaci is a water mould. The Oomycetida or Oomycota, are considered protists and are
classified with diatoms and brown algae in a group called the Stramenopiles or Chromista.

Five groups (A-E) of A. astaci have been described based on random amplification of polymorphic DNA
polymerase chain reaction (RAPD PCR) (Dieguez-Uribeondo et al., 1995; Huang et al., 1994; Kozubikova
et al, 2011). Additional geno- or haplotypes are still being detected using molecular methods (Di
Domenico et al., 2021). Group A (the so called Astacus strains) comprises strains isolated from several
European crayfish species. These strains are thought to have been in Europe for a long period of time.
Group B (Pacifastacus strains ) includes isolates from several European crayfish species and from the
invasive Pacifastacus leniusculus in Europe as well as Lake Tahoe, USA. Imported to Europe,
P. leniusculus probably introduced this genotype of A. astaci and infected the native European crayfish.
Group C (Pacifastacus strains Il) consists of a strain isolated from P. leniusculus from Pitt Lake, Canada.
Another strain (Pc), isolated from Procambarus clarkii in Spain, sits in group D (Procambarus strains).
This strain shows temperature/growth curves with higher optimum temperatures compared with groups
A and B (Dieguez-Uribeondo et al., 1995). Aphanomyces astaci strains that have been present in Europe
for many years (group A strains) appear to be less pathogenic than strains introduced with crayfish
imports from North America since the 1960s. North American host species spiny-cheek crayfish
(Orconectes limosus) has been shown to be a carrier of Group E (Kozubikova et al., 2011).

2.1.2. Survival and stability in processed or stored samples

Aphanomyces astaci is poorly resistant against desiccation and does not survive long in decomposing
hosts. Any treatment of the crayfish (freezing, cooking, drying) will affect the survival of the pathogen
(Oidtmann et al., 2002). Isolation from processed samples is not possible, however they may be suitable
for molecular methods used for pathogen detection.

2.1.3. Survival and stability outside the host

Outside the host Aphanomyces astaci is found as zoospores that remain motile for up to 3 days and form
cysts that can survive for 2 weeks in distilled water. As A. astaci can go through three cycles of
encystment and zoospore emergence, the maximum life span outside of a host could be several weeks.
Spores remained viable in a spore suspension in clean water kept at 2°C for 2 months (Unestam, 1966).
Survival time is probably shorter in natural waters.

For inactivation methods, see Section 2.4.5.
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2.2,

Host factors

2.2.1. Susceptible host species

The recommendations in this chapter apply to all species of crayfish in all three crayfish families
(Cambaridae, Astacidae and Parastacidae).

[Note: an assessment of species that meet the criteria for listing as susceptible to infection with A. astaci
in accordance with Chapter 1.5. has not yet been completed]

2.2.2. Species with incomplete evidence for susceptibility

[Under study]

2.2.3. Likelihood of infection by species, host life stage, population or sub-populations

The host species susceptible to infection with A. astaci fall largely into two categories: those that develop
clinical disease and experience mortality, and those that are infected but do not display any significant
clinical disease or experience mortality. All life stages of susceptible species are considered susceptible
to infection with A. astaci.

Species that develop clinical disease and experience mortality include the noble crayfish (Astacus
astacus) of north-west Europe, the white clawed crayfish (Austropotamobius pallipes) of south-west and
west Europe, the related Austropotamobius torrentium (mountain streams of south-west Europe) and
the Danube crayfish (Pontastacus leptodactylus) of eastern Europe and Asia Minor (e.g. Holdich et al.,
2009). Australian species of freshwater crayfish are also considered vulnerable to clinical disease and
mortality.

Species that can be infected but do not normally develop clinical disease include North American
crayfish species such as the signal crayfish (Pacifastacus leniusculus), Louisiana swamp crayfish
(Procambarus clarkii) and Faxonius spp. All North American crayfish species that have been investigated
have been shown to be susceptible to infection, demonstrated by the presence of the pathogen in host
cuticle (reviewed by Svoboda et al. 2017).

Clinical disease outbreaks caused by infection with A. astaci are generally known as ‘crayfish plague’
outbreaks. In such outbreaks, moribund and dead crayfish of a range of sizes (and therefore ages) can
be found.

The only non-crayfish crustacean species known to be susceptible to infection by A. astaci is the Chinese
mitten crab (Eriocheir sinensis) (Schrimpf et al., 2014).

2.2.4. Distribution of the pathogen in the host

The tissue that becomes initially infected is the exoskeleton cuticle. Soft cuticle, as is found on the ventral
abdomen and around joints, is preferentially affected. In European crayfish species, which are prone to
development of clinical disease, the pathogen often manages to penetrate the basal lamina located
underneath the epidermis cell layer. From there, A. astaci spreads throughout the body primarily by
invading connective tissue and haemal sinuses; however, all tissues may be affected.

In North American crayfish species, infection is usually restricted to the cuticle. Based on PCR results,
the tailfan (consisting of uropods and telson) and soft abdominal cuticle appear to be frequently infected
(Oidtmann et al., 2006; Vralstad et al., 2011).

2.2.5. Aquatic animal reservoirs of infection

North American crayfish species act mostly as reservoirs of the infection without showing clinical signs.
However, some strains of A. astaci, especially from group A, show lowered virulence, enabling European
crayfish to act as reservoirs as well (see review by Svoboda et al., 2017).

Colonisation of habitats by North American crayfish species carrying A. astaci is likely to result in an
epizootic if crayfish species that are prone to expression of clinical disease are present.
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2.2.6. Vectors

None known.
2.3. Disease pattern

2.3.1. Mortality, morbidity, and prevalence

When the infection first reaches a naive population of crayfish species that are prone to clinical disease,
high levels of mortality are usually observed within a short space of time. In areas with high crayfish
densities the bottoms of lakes, rivers and streams become covered with dead and dying crayfish. A band
of mortality will spread quickly from the initial outbreak site downstream, whereas upstream spread is
slower. Lower water temperatures are associated with a lower rate of mortalities and a greater range of
clinical signs in affected animals (Alderman et al., 1987). Observations from Finland suggest that at low
water temperatures, noble crayfish (Astacus astacus) can be infected for several months without any
noticeable mortalities (Viljamaa-Dirks et al., 2013).

On rare occasions, single specimens of species that are prone to clinical disease have been found after
a wave of infection with A. astaci has gone through a river or lake. This is most likely to be due to lack of
exposure of these animals during an outbreak (animals may have been present in a tributary of a river or
lake or in a part of the affected river/lake that was not reached by spores, or crayfish may have stayed in
burrows during the epizootic). However, low virulent strains of A. astaci have been described to persist
in a waterway, kept alive by a weak infection in the remnant population (Viljamaa-Dirks et al., 2011).
Although remnant populations of susceptible crayfish species remain in many European watersheds, the
dense populations that existed 150 years ago are now heavily diminished (Souty-Grosset et al., 2006;
Holdich et al., 2009). Populations of susceptible crayfish may re-establish, but once population density
and geographical distribution is sufficient for susceptible animals to come into contact with spores, new
outbreaks of infection with A. astaci and large-scale mortalities may occur.

In European crayfish species, which are prone to clinical disease, exposure to A. astaci spores usually
leads to infection and eventually to death. Prevalence of infection within a population in the early stage
of an outbreak may be low (few animals in a river population may be affected). However, the pathogen
amplifies in affected animals and is subsequently released into the water; usually leading to 100%
mortality in a contiguous population. The rate of spread from initially affected animals depends on
several factors, one being water temperature. Therefore, the time from first introduction of the pathogen
into a population to noticeable crayfish mortalities can vary greatly and may range from a few weeks to
months. Prevalence of infection will gradually increase over this time and usually reach 100%. Data from
a noble crayfish population in Finland that experienced an acute mortality event due to infection with A.
astaci in 2001 suggest that in sparse noble crayfish populations, spread of disease throughout the host
population may take several years (Viljiamaa-Dirks et al., 2011).

2.3.2. Clinical signs, including behavioural changes
Susceptible species prone to clinical disease

Gross clinical signs are variable and depend on challenge severity and water temperatures. The first sign
of an outbreak may be the appearance of crayfish during daylight (crayfish are normally nocturnal), some
of which may show loss of co-ordination, falling onto their backs and remaining unable to right
themselves. Occasionally, the infected animals can be seen trying to scratch or pinch themselves.

Often, however, the first sign of an outbreak may be the presence of large numbers of dead crayfish in a
river or lake (Alderman et al., 1987).

Infection with A. astaci may cause mass mortality of crayfish. However, investigation of mortality event
should consider other causes such as environmental pollution (e.g. insecticides such as cypermethrin
have been associated with initial misdiagnoses).

Susceptible species that do not normally develop clinical disease

Infected North American crayfish may be subclinical reservoirs. Controlled exposure to a highly virulent
strain has resulted in mortality in juvenile stages of Pacifastacus leniusculus as well as behavioural
alterations in adults (Thomas et al., 2020).
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2.3.3 Gross pathology
Susceptible species prone to clinical disease

Depending on a range of factors, the foci of infection in crayfish may be seen by the naked eye or may
not be discernible despite careful examination. Infection foci are best viewed under a low power stereo
microscope and are recognisable by localised whitening of the muscle beneath the cuticle. In some
cases, a brown colouration of cuticle and muscle may occur, or hyphae may be visible in infected cuticles
in the form of fine brown (melanised) tracks in the cuticle. Sites for examination include the intestinal soft
ventral cuticle of the abdomen and tail, the cuticle of the perianal region, the cuticle between the
carapace and abdomen, the joints of the pereiopods (walking legs), particularly the proximal joint,
eyestalks and finally the gills.

Susceptible species that do not normally develop clinical disease

Infected North American crayfish do not usually show signs of disease. However, populations with high
levels of infection can show abnormally high levels of cuticular damage in individual animals, such as
missing legs and claws due to deteriorated joints.

2.3.4. Modes of transmission and life cycle

Transmission from crayfish to crayfish occurs through the release of zoospores from an infected animal
and attachment of the zoospores to naive crayfish. The life cycle of A. astaci is simple with vegetative
hyphae invading and ramifying through host tissues, eventually producing extramatrical sporangia that
release amoeboid primary spores. These initially encyst, but then release a biflagellate zoospore
(secondary zoospore). Biflagellate zoospores swim in the water column and, upon encountering a
susceptible host, attach and germinate to produce invasive vegetative hyphae. The zoospores of
A. astaci swim actively in the water column and have been demonstrated to show positive chemotaxis
towards crayfish (Cerenius & Séderhall, 1984). Zoospores are capable of repeated encystment and re-
emergence, extending the period of their infectivity (Soderhall & Cerenius 1999). Growth and sporulation
capacity is strain-and temperature-dependent (Dieguez-Uribeondo et al., 1995).

The main routes of spread of the pathogen are through 1) movement of infected crayfish, 2) movement
of spores with contaminated water or equipment, or 3) through colonisation of non-native habitats by
invasive North American crayfish species.

The main route of spread of A. astaci in Europe between the 1960s and 2000 was through the active
stocking of North American crayfish into the wild or escapes from crayfish farms. Subsequent spread
occurred through expanding populations of invasive North American crayfish, accidental co-transport
of specimens, and release of North American crayfish into the wild by private individuals (Holdich et al.,
2009).

Transportation of finfish may facilitate the spread of A. astaci through the presence of spores in the
transport water or co-transport of infected crayfish specimens (Alderman et al., 1987; Oidtmann et al.,
2002). There is also circumstantial evidence of spread by contaminated equipment (e.g., nets, boots,
clothing, traps) (Alderman et al., 1987).

2.3.5. Environmental factors

Under laboratory conditions, the preferred temperature range at which the A. astaci mycelium grows
varies slightly depending on the strain. In a study, which compared several A. astaci strains that had been
isolated from a variety of crayfish species, mycelial growth was observed between 4 and 29.5°C, with the
strain isolated from Procambarus clarkii growing better at higher temperatures compared to the other
strains. Sporulation efficiency was similarly high for all strains tested between 4 and 20°C, but it was
clearly reduced for the non-P. clarkii strains at 25°C and absent at 27°C. In contrast, sporulation still
occurredinthe P. clarkii strain at 27°C. The proportion of motile zoospores (out of all zoospores observed
in a zoospore suspension) was almost 100% at temperatures ranging from 4-18°C, reduced to about 60%
at 20°C and about 20% at 25°C in all but the P. clarkii strain. In the P. clarkii strain, 80% of the zoospores
were still motile at 25°C, but no motile spores were found at 27°C (Dieguez-Uribeondo et al., 1995).

Field observations show that outbreaks of infection with A. astaci occur over a wide temperature range,
and at least in the temperature range 4-20°C. The rate of spread within a population depends on several
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factors, including water temperature. In a temperature range between 4 and 16°C, the speed of an
epizootic is enhanced by higher water temperatures.

In buffered, redistilled water, sporulation occurs between pH 5 and 8, with the optimal range being pH
5-7. The optimal pH range for swimming of zoospores appears to be pH 6.0-7.5, with a maximum range
between pH 4.5 and 9.0 (Unestam, 1966).

Zoospore emergence is influenced by the presence of certain salts in the water. CaCl: stimulates
zoospore emergence from primary cysts, whereas MgClz has an inhibitory effect. In general, zoospore
emergence is triggered by transferring the vegetative mycelium into a medium where nutrients are
absent or low in concentration (Cerenius et al., 1988).

2.3.6. Geographical distribution

In Europe the reports of large mortalities of crayfish go back to 1860. The reservoir of the original
infections in the 19th century was never established. Faxonius (Orconectes) spp. were not known to have
been introduced into Europe until the 1890s, but the post-1960s extensions are largely linked to more
recent introductions of North American crayfish for farming (Alderman, 1996; Holdich et al. 2009).
Pacifastacus leniusculus and Procambarus clarkii are now widely naturalised in many parts of Europe.

In recent years, crayfish plague has been reported in Asia and also in North- and South America (see e.g.
references in Di Domenico et al. 2021). The distribution of A. astaci in North America is likely to be much
wider than reported (Martin-Torrijos et al., 2021).

See WOAH WAMHIS (https://wahis.woah.org/#/home) for recent information on distribution at the
country level.

2.4. Biosecurity and disease control strategies

2.4.1. Vaccination

No vaccines are available.

2.4.2. Chemotherapy including blocking agents

No treatments are currently known.

2.4.3. Immunostimulation

No immunostimulants are currently known.

2.4.4. Breeding resistant strains

A few studies suggest that there might be differences in resistance between populations of crayfish
species that are prone to clinical disease (reviewed by Martin-Torrijos et al., 2017; Svoboda et al., 2017).

2.4.5. Inactivation methods

Aphanomyces astaci, both in culture and in infected crayfish, is inactivated by a short exposure to
temperatures of 60°C or to temperatures of —20°C (or below) for 48 hours (or more) (Oidtmann et al.,
2002). Sodium hypochlorite at 100 ppm, free chlorine and iodophors at 100 ppm available iodine, are
effective for disinfection of contaminated equipment. Equipment must be cleaned prior to disinfection
since organic matter decreases the effectiveness of disinfectants (Alderman & Polglase, 1985).
Thorough drying of equipment (>24 hours) is also effective as A. astaci is not resistant to desiccation
(Rennerfelt, 1936).

2.4.6. Disinfection of eggs and larvae

No information available.
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2.4.7. General husbandry

If a farm for crayfish species that are prone to clinical disease is being planned, it should be carefully
investigated whether North American crayfish species are in the vicinity of the planned site or present
upstream. If North American crayfish are present, there is a high likelihood that susceptible farmed
crayfish will eventually become infected.

In an endemic area where species prone to expression of clinical disease are being farmed, the following
biosecurity recommendations should be followed to avoid an introduction of A. astaci onto the site:

1. General biosecurity should be in place (e.g. controlled access to premises; disinfection of boots
when entering the site; investigation of mortalities if they occur; introduction of live susceptible
species or vectors only from sources known to be free from infection with A. astaci).

2.  Prevent movements of potentially infected live or dead crayfish, potentially contaminated water,
equipment or any other items that might carry the pathogen from an infected to an uninfected site
holding susceptible species.

3. Do not transfer of susceptible species or vectors from streams or other waters that harbour
potentially infected crayfish (either susceptible crayfish populations that are going through a
current outbreak of infection with A. astaci or North American crayfish species).

4.  North American crayfish should not be brought onto the site.

5. Finfish obtained from unknown freshwater sources or from sources, where North American crayfish
may be present or a current outbreak of infection with A. astaci may be taking place, must not be
used as bait or feed for crayfish, unless they have been subject to atemperature treatment to kill A.
astaci (see Section 2.4.5. Inactivation methods).

6. Anyequipment that is brought onto site should be disinfected.
3. Specimen selection, sample collection, transportation and handling

3.1.  Selection of populations and individual specimens

For a suspected outbreak of infection with A. astaci in a population of crayfish species sampled crayfish should
ideally consist of: a) live crayfish showing signs of disease, and b) live, apparently healthy crayfish. Freshly dead
crayfish may also be suitable, although this will depend on their condition.

Live crayfish should be transported using insulated containers equipped with small holes to allow aeration. The
temperature in the container should not exceed 16°C.

Crayfish should be transported in a moist environment, for example using moistened wood shavings/wood
wool, newspaper, or grass/hay. Unless transport water is sufficiently oxygenated, live crayfish should not be
transported in water, as they may suffocate.

Should only dead animals be found at the site of a suspected outbreak, freshly dead animals should be selected
for diagnosis. Dead animals can either be: a) transported chilled (if they appear to have died only very recently),
or, b) placed in non-methylated ethanol (minimum concentration 70%; see 3.5. Preservation of samples for
submission), or ¢) placed in freezer at —20°C to avoid further decay and transported frozen.

When testing any population outside an acute mortality event for the presence of crayfish plague, as many

individuals as possible should be inspected visually for signs of cuticular damage. Crayfish that have melanized
spots or missing limbs should be selected in the first place for further analysis.

3.2. Selection of organs or tissues

The tissue recommended for sampling is the soft abdominal cuticle, which can be found on the ventral side of
the abdomen. Any other soft part of the exoskeleton and eyestalks can be included as well.
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If any melanised spots or whitened areas are detected, these should be included in the sampling. From diseased
animals, samples should be aseptically collected from the soft abdominal cuticle. For identification of reservoirs,
samples should be aseptically collected from soft abdominal cuticle, and telson and uropods, separately.

In the North American crayfish species, sampling of soft abdominal cuticle, uropods and telson are
recommended. Any other soft part of the exoskeleton can be included as well. If any melanized spots are
detected, these should be included in the sampling.

3.3. Samples or tissues not suitable for pathogen detection
Autolysed material is not suitable for analysis.

3.4. Non-lethal sampling

A non-destructive sampling method that detects A. astaci DNA in the microbial biofilm associated with the
cuticle of individual crayfish through vigorous scrubbing has been described (Pavic et al., 2020), and could be
considered in case of testing vulnerable populations.

If non-lethal tissue sample types differ from recommended tissues (see Section 3.2.), or from the tissue samples
used in validation studies, the effect on diagnostic performance should be considered.

3.5. Preservation of samples for submission

The use of non-preserved crayfish is preferred, as described above. If transport of recently dead or moribund
crayfish cannot be arranged, crayfish may be frozen or fixed in ethanol (minimum 70%). However, fixation may
reduce test sensitivity. The crayfish:ethanol ratio should ideally be 1:10 (1 part crayfish, 10 parts ethanol).

For guidance on sample preservation methods for the intended test methods, see Chapter 2.2.0 General
information (diseases of crustaceans)

3.5.1. Samples for pathogen isolation

The success of pathogen isolation depends strongly on the quality of samples (time since collection and
time in storage). Isolation is best attempted from crayfish with clinical signs delivered alive (see Section
3.1). Fresh specimens should be kept chilled and preferably sent to the laboratory within 24 hours of
collection.

3.5.2. Preservation of samples for molecular detection

Tissue samples for PCR testing should be preserved in 70-90% (v/v) analytical/reagent-grade
(undenatured) ethanol. The recommended ratio of ethanol to tissue is 10:1 based on studies in terrestrial
animal and human health. The use of lower grade (laboratory or industrial grade) ethanol is not
recommended. If material cannot be fixed it may be frozen.

Standard sample collection, preservation and processing methods for molecular techniques can be
found in Section B.5.5. of Chapter 2.2.0 General information (diseases of crustaceans).

3.5.3. Samples for histopathology

Standard sample collection, preservation and processing methods for histological techniques can be
found in Section 2.2 of Chapter 2.2.0 General information (diseases of crustaceans).

3.5.4. Samples for other tests

Sensitive molecular methods can be used to detect A. astaci DNA directly from water samples (Strand et

al. 2011, 2012). These methods require validation for diagnostic use.

3.6. Pooling of samples

Pooling of samples from more than one individual animal for a given purpose is only recommended where
robust supporting data on diagnostic sensitivity and diagnostic specificity have been evaluated and found
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to be suitable. The effect of pooling on diagnostic sensitivity has not been thoroughly evaluated, therefore,
larger animals should be processed and tested individually. Small life stages such as PL, can be pooled to
obtain the minimum amount of material for molecular detection.

4. Diagnostic methods

The methods currently available for pathogen detection that can be used in i) surveillance of apparently healthy
animals, ii) presumptive diagnosis in clinically affected animals and iii) confirmatory diagnostic purposes are listed
in Table 4.1. by animal life stage.

Ratings for purposes of use. For each recommended assay a qualitative rating for the purpose of use is provided.
The ratings are determined based on multiple performance and operational factors relevant to application of an
assay for a defined purpose. These factors include appropriate diagnostic performance characteristics, level of
assay validation, availability cost, timeliness, and sample throughput and operability. For a specific purpose of use,
assays are rated as:

+++ = Methods are most suitable with desirable performance and operational characteristics.

++ = Methods are suitable with acceptable performance and operational characteristics under
most circumstances.

+= Methods are suitable, but performance or operational characteristics may limit application
under some circumstances.

Shaded boxes = Not appropriate for this purpose.

Validation stage. The validation stage corresponds to the assay development and validation pathway in chapter
1.1.2. The validation stage is specific to each purpose of use. Where available, information on the diagnostic
performance of recommended assays is provided in Section 6.3.

WOAH Reference Laboratories welcome feedback on diagnostic performance of recommended assays, in
particular PCR methods. Of particular interest are any factors affecting expected assay sensitivity (e.g. tissue
components inhibiting amplification) or expected specificity (e.g. failure to detect particular genotypes, detection
of homologous sequences within the host genome). These issues should be communicated to the WOAH Reference
Laboratories so that advice can be provided to diagnostic laboratories and the standards amended if necessary.
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Table 4.1. WOAH recommended diagnostic methods and their level of validation for surveillance of apparently healthy animals and investigation of clinically affected animals

A. Surveillance of apparently healthy B. Presumptive diagnosis of clinically C. Confirmatory diagnosis' of a suspect result
animals affected animals from surveillance or presumptive diagnosis
Method
Early "ff Juveniles? | Aduts | Lv | &V hf,f Juveniles® | Adults Lv Early llff Juveniles? Adults Lv
stages stages stages
Wet mounts + + NA
Histopathology + + NA
Culture + + NA
Real-time PCR ++ ++ ++ 1 ++ ++ ++ 1 ++ ++ ++ 1
Conventional PCR + + + 1 ++ ++ ++ 1
Conventional PCR followed by
. . +++ +++ +++ 1
amplicon sequencing

In-situhybridisation

Bioassay

Immunohistochemistry

Ab-ELISA

Ag-ELISA

Other methods?®

LV = level of validation, refers to the stage of validation in the WOAH Pathway (chapter 1.1.2); NA = not available. PCR = polymerase chain reaction;
Ab- or Ag-ELISA = antibody or antigen enzyme-linked immunosorbent assay, respectively.

For confirmatory diagnoses, methods need to be carried out in combination (see Section 6). 2Susceptibility of early and juvenile life stages is described in Section 2.2.3.
3Specify the test used. Shading indicates the test is inappropriate or should not be used for this purpose
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41. Wet mounts

Small pieces of soft cuticle excised from the regions mentioned above (Section 2.3.3 Gross pathology) and
examined under a compound microscope using low-to-medium power will confirm the presence of aseptate
fungal-like hyphae 7-9 um wide. The hyphae can usually be found pervading the whole thickness of the cuticle,
forming a three-dimensional network of hyphae in heavily affected areas of the cuticle. The presence of host
haemocytes and possibly some melanisation closely associated with and encapsulating the hyphae give good
presumptive evidence that the hyphae represent a pathogen rather than a secondary opportunist invader. In
some cases, examination of the surface of such mounted cuticles will demonstrate the presence of
characteristic A. astaci sporangia with clusters of encysted primary spores.

4.2, Histopathology

Unless the selection of tissue for fixation has been well chosen, A. astaci hyphae can be difficult to find in stained
preparations. A histological staining technique, such as the Grocott silver stain counterstained with
conventional haematoxylin and eosin, can be used to visualise A. astaci in tissues of crayfish species prone to
clinical disease. However, such material does not prove that any hyphae observed are those of A. astaci,
especially when the material comes from animals already dead by sampling.

See also Section 4.1 Wet mounts.
4.3. Culture forisolation

Isolation is not recommended as a routine diagnostic method (Alderman & Polglase, 1986; Cerenius et al., 1987;
Viljamaa-Dirks, 2006). Test sensitivity and specificity of the cultivation method can be very variable depending
on the experience of the examiner, but in general will be lower than the PCR. Isolation of A. astaci by culture from
apparently healthy crayfish is challenging and molecular methods are recommended. A detailed description of
this test is available from the Reference Laboratory .

4.4. Nucleic acid amplification

PCR assays should always be run with the controls specified in Section 5.5 ‘Use of molecular and antibody-based
techniques for confirmatory testing’ and diagnosis of Chapter 2.2.0 General information (diseases of
crustaceans). Each sample should be tested in duplicate. Shrimp tissues may be used as negative controls.

Live crayfish can be killed using chloroform, electric current or by mechanical destroying the nerve cords. If live
or moribund animals are not available, only recently dead animals should be used for DNA extraction. The soft
abdominal cuticle is the preferred sample tissue for DNA extraction. Any superficial contamination should first
be removed by thoroughly wiping the soft abdominal cuticle with wet (using autoclaved H20) clean disposable
swabs. The soft abdominal cuticle is then excised and 30-50 mg of tissue is homogenised using standard
physical methods

Several PCR assays have been developed with varying levels of sensitivity and specificity. Two assays are
described here. Both assays target the ITS (internal transcribed spacer) region of the nuclear ribosomal gene
cluster within the A. astaci genome.

Extraction of nucleic acids

Different kits and procedures can be used for nucleic acid extraction. The quality and concentration of the
extracted nucleic acid is important and can be checked using a suitable method as appropriate to the
circumstances.

4.4.1. Real-time PCR

The following controls should be run with each assay: negative extraction control; positive control; no
template control; internal PCR control.

1
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Pathogen . . . "
gen/ Primer/probe (5’-3’) Concentration Cycling conditions®
target gene
Method 1*: Vralstad et al., 2009; GenBank Accession No.: AM947024
Aphanomyces astaci & Fwd: AAG-GCT-TGT-GCT-GGG-ATG-TT 500 nM 50 cycles of:
A. fennicus/ Rev: CTT-CTT-GCG-AAA-CCT-TCT-GCT-A 500 nM 95°C/15 sec -an d 58°C/60 sec
ITS Probe: 6-FAM-TTC-GGG-ACG-ACC-C-MGBNFQ 200 nM
Method 2: Strand et al., 2023; GenBank Accession No.: AM947024
Fwd: TAT-CCA-CGT-GAA-TGT-ATT-CTT-TAT 500 nM .
A’Z’;?g;%ges Rev: GCT-AAG-TTT-ATC-AGT-ATG-TTA-TTT-A 500 nM gggﬁée:eocf'an 4160°C/30 sec
Probe: FAM-AAG-AAC-ATC-CCA-GCA-C-MGBNFQ 100 nM

*These ITS-based methods have been found to give positive results for the species Aphanomyces fennicus
(Viljamaa-Dirks & Heinikainen 2019).
@A denaturation step prior to cycling has not been included.

The absolute limit of detection of method 1was reported as approximately 5 PCR forming units (= target
template copies) (Vralstad et al., 2009). Another study reported consistent detection down to 50 fg DNA
using this assay (Tuffs & Oidtmann, 2011).

Analytical test specificity has been investigated (Tuffs & Oidtmann, 2011; Vralstad et al., 2009) and no
cross-reaction was observed in these studies. However, a novel species, Aphanomyces fennicus,
isolated from noble crayfish was reported in 2019 (Viljamaa-Dirks & Heinikainen, 2019) that gave a
positive reaction in this test at the same level as A. astaci. Due to this problem in specificity, the assay
has been modified according to the alternative method 2 (Strand et al., 2023). Owing to the repeated
discovery of new Aphanomyces strains, sequencing is required to determine the species of
Aphanomyces in the case of an amplification product in the real-time PCR assay result. This requires
separate amplification of a PCR product (see Section 4.5 Amplicon sequencing).

4.4.2, Conventional PCR

Pathogen/

Primer (5’-3") Concentration Cycling conditions®
target gene

Method 1*: Oidtmann et al., 2006; GenBank Accession No.: AY310499; amplicon size: 569 bp

Aphanomyces astaci &
A. fennicus/
ITS

Fwd: GCT-TGT-GCT-GAG-GAT-GTT-CT 500 nM 40 cycles of: 1min/96°C,
Rev: CTA-TCC-GAC-TCC-GCA-TTC-TG- 500 nM 1min/59°C and 1 min/72°C

*This ITS-based method has been found to give positive results for the species Aphanomyces fennicus
(Viljamaa-Dirks & Heinikainen 2019).
@A denaturation step prior to cycling has not been included.

Confirmation of the identity of the PCR product by sequencing is required as a novel species, A. fennicus,
isolated from noble crayfish was reported in 2019 (Viljamaa-Dirks & Heinikainen, 2019) that gave a
positive reaction in this assay.

The assay consistently detects down to 500 fg of genomic target DNA or the equivalent amount of ten
zoospores submitted to the PCR reaction (Tuffs & Oidtmann, 2011).

4.4 3. Other nucleic acid amplification methods

Several genotype-specific molecular methods have been developed that, instead of requiring a pure
growth as sample material like the RAPD-PCR assay, can be used to analyse crayfish tissue directly (Di
Domenico et al., 2021; Grandjean et al., 2014; Makkonen et al., 2018; Minardi et al., 2018; 2019). Detection
of aknown genotype group combined with a positive result by arecommended conventional or real-time
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PCR can be used as a confirmative test in geographical areas where crayfish plague is known to be
present. However, the current knowledge of the genotype variation is mostly limited to a few original host
species and new genotypes or subtypes are expected to be found. Thus, the suitability of these methods
is limited for initial excluding diagnosis or as confirmative tests in geographical areas not known to be
infected.

PCR targeting mitochondrial DNA with A. astaci genotype specific primers have been shown to detect

the known genotypes of A. astaci, but these assays may also provide positive results for some other
oomycete genera (Casabella-Herrero et al., 2021).

4.5. Amplicon sequencing

Both DNA strands of the PCR product must be sequenced and analysed in comparison with reference
sequences.

4.6. In-situhybridisation
Not available.
4.7. Immunohistochemistry

Not available

4.8. Bioassay
No longer used for diagnostic purposes (see Cerenius et al., 1988).

4.9. Antibody- or antigen-based detection methods

Not available.

5. Test(s) recommended for surveillance to demonstrate freedom in apparently healthy
populations

The recommended method for surveillance is real-time PCR utilising the modified assay by Strand et al. (2023).

6. Corroborative diagnostic criteria

This section only addresses the diagnostic test results for detection of infection in the absence (Section 6.1.) or in
the presence of clinical signs (Section 6.2.) but does not evaluate whether the infectious agent is the cause of the
clinical event.

The case definitions for suspect and confirmed cases have been developed to support decision-making related to
trade and confirmation of disease status at the country, zone or compartment level. Case definitions for disease
confirmation in endemically affected areas may be less stringent. If a Competent Authority does not have the
capability to undertake the necessary diagnostic tests it should seek advice from the appropriate WOAH Reference
Laboratory, and if necessary, refer samples to that laboratory for confirmatory testing of samples from the index
case in a country, zone or compartment considered free.

6.1. Apparently healthy animals or animals of unknown health status?

Apparently healthy populations may fall under suspicion, and therefore be sampled, if there is an
epidemiological link(s) to an infected population. Geographic proximity to, or movement of animals or animal
products or equipment, etc., from a known infected population equate to an epidemiological link. Alternatively,
healthy populations are sampled in surveys to demonstrate disease freedom.

2 For example transboundary commodities.
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6.2

6.1.1. Definition of suspect case in apparently healthy animals

The presence of infection with Aphanomyces astaci shall be suspected if at least one of the following
criteria is met:

i)  Positive result by real-time PCR

ii)  Positive result by conventional PCR

6.1.2. Definition of confirmed case in apparently healthy animals

The presence of infection with Aphanomyces astaci is considered to be confirmed if the following
criterion is met:

i) Positive result by real-time PCR and positive result by conventional PCR followed by amplicon
sequencing

Clinically affected animals

Clinical signs are not pathognomonic for a single disease; however, they may narrow the range of possible
diagnoses.

6.3.

6.2.1. Definition of suspect case in clinically affected animals

The presence of infection with Aphanomyces astaci shall be suspected if at least one of the following
criteria is met:

)] Gross pathology or clinical signs associated with the disease as described in this chapter, with or
without elevated mortality

i)  Visual observation of hyphae indicative of A. astaci in wet mounts

iii) Observation of hyphae indicative of A. astaci in stained histological sections
iv)  Culture and isolation of the pathogen

v)  Positive result by real-time PCR

vi)  Positive result by conventional PCR

6.2.2. Definition of confirmed case in clinically affected animals
The presence of infection with Aphanomyces astaci is confirmed if the following criterion is met:

)] Positive result by real-time PCR and positive result by conventional PCR and amplicon sequencing

Diagnostic sensitivity and specificity for diagnostic tests

The diagnostic performance of tests recommended for surveillance or diagnosis of infection with Aphanomyces
astaci are provided in Tables 6.3.1. and 6.3.2 (no data are currently available for either). Data are only presented
where tests are validated to at least level 2 of the validation pathway described in Chapter 1.1.2. and the
information is available within published diagnostic accuracy studies.

6.3.1. For presumptive diagnosis of clinically affected animals

Source Tissue or . DSe Reference e

Testtype | Test purpose populations | sampletypes Species o DSp (n) test Citation
Distinguish .

Real-time between M)tli(;il::}m’ Astacus de(t);clile d Strand et al.,

PCR A. astaciand astacus 2023
L samples A. astacus
A. finnicus
DSe = diagnostic sensitivity, DSp = diagnostic specificity, n = number of animals used in the validation study.
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6.3.2. For surveillance of apparently healthy animals

Test Source Tissue or . DSe Reference —
Test type purpose populations | sample types Species (n) DSp () test Citation
Distinguish )
Real-time between Tlssge samples, Astacus Only Strand et al.,
, environmental detected
PCR A. astaci and astacus 2023
A finnicus DNA A. astacus

DSe = diagnostic sensitivity, DSp = diagnostic specificity, n = number of animals used in the validation study.
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NB: There is a WOAH Reference Laboratory for infection with Aphanomyces astaci (crayfish plague)
(please consult the WOAH web site for the most up-to-date list:
https://www.woah.org/en/what-we-offer/expertise-network/reference-laboratories/#ui-id-3).
Please contact the WOAH Reference Laboratories for any further information on
infection with Aphanomyces astaci (crayfish plague)
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