[bookmark: _Toc149222923]Annex 19. Item 8.2.1. – Chapter 2.4.5. ‘Infection with Perkinsus marinus’
Chapter 2.4.5.
infection with Perkinsus marinus
1.	Scope
Infection with Perkinsus marinus means infection with the pathogenic agent Perkinsus marinus, of the Family Perkinsidae.
2.	Disease information
2.1.	Agent factors
2.1.1.	Aetiological agent
Perkinsus marinus is a Perkinsid parasite initially described infecting eastern oysters, Crassostrea virginica and causing disease and mortality (Mackin et al., 1950).
Current phylogenomic studies place P. marinus within the class Perkinsea of the phylum Perkinsozoa, under the Kingdom Alveolata (Reece et al., 1997). 
The parasite occurs as motile zoospores, trophozoites, and schizonts. Following infection, trophozoites proliferate within oyster tissues, particularly in connective tissue and haemolymph. As trophozoites grow, they undergo schizogony: cleavage furrows form, leading to the production of multiple merozoites within a morula-like stage. Fully developed schizonts rupture to release large numbers of merozoites, which disseminate through host tissues or into the environment (Andrews, 1988; Villalba et al., 2004).
As in P. olseni, the ribosomal RNA transcription units in P. marinus are highly duplicated and variable, complicating the use of rDNA as a reliable quantitative marker for infection intensity (Bogema et al., 2021). Alternative genomic regions, including internal transcribed spacer (ITS) sequences and non-ribosomal single-copy genes, have been explored for molecular diagnostics (Audemard et al., 2004; De Faveri et al., 2009; Gauthier et al., 2006; Reece et al., 1997; Robledo et al., 1999).
[bookmark: p._633]Cytogenetic and molecular studies suggest that P. marinus may also display variable ploidy. Early work using microsatellite loci and karyotyping suggested diploidy (Reece et al., 1997; Robledo et al., 1999), but subsequent genomic sequencing has raised the possibility of polyploidy or aneuploidy, with variation across life stages and isolates (Bogema et al., 2021; Thompson et al., 2011). Further investigation is needed to resolve the extent and biological implications of ploidy variation in this species.
2.1.2.	Survival and stability in processed or stored samples
The survival and stability of P. marinus varies according to the conditions when processing and storing samples. Refrigeration (2–6°C) and low salinity (7 ppt) significantly decreases the viability and metabolic activity of P. marinus but could not eliminate P. marinus from oysters (La Peyre et al., 2008b; 2010). It is likely that P. marinus can survive in dead or frozen oysters for an unknown, potentially long period (Andrews & Hewatt, 1957). 
2.1.3.	Survival and stability outside the host 
Perkinsus marinus meront cells can survive for at least 14 days in the water column, with their infectivity potentially persisting beyond 7days (Chu & Lund, 2006). 
For inactivation methods, see Section 2.4.5.
2.2.	Host factors
2.2.1.	Susceptible host species 
Species that fulfil the criteria for listing as susceptible to infection with P. marinus according to Chapter 1.5. of the Aquatic Animal Health Code (Aquatic Code) are: 
	Family
	Scientific name
	Common name

	Ostreidae
	Crassostrea corteziensis
	Cortez oyster

	
	Crassostrea virginica
	American cupped oyster

	
	Magallana [syn. Crassostrea] ariakensis
	Ariake cupped oyster

	
	Saccostrea palmula
	palmate oyster


2.2.2.	Species with incomplete evidence for susceptibility
Species for which there is incomplete evidence to fulfil the criteria for listing as susceptible to infection with P. marinus according to Chapter 1.5. of the Aquatic Code are:
	Family
	Scientific name
	Common name

	Ostreidae
	Crassostrea gasar tulipa
	Gasar cupped oyster

	
	Crassostrea rhizophorae
	mangrove cupped oyster

	
	Magallana [syn. Crassostrea] gigas
	Pacific cupped oyster


In addition, pathogen-specific positive polymerase chain reaction (PCR) results have been reported in the following species, but no active infection has been demonstrated: 
	Family
	Scientific name
	Common name

	Myidae
	Mya arenaria
	soft shell clam

	Ostreidae
	Crassostrea columbiensis
	Columbia black oyster

	
	Striostrea prismatica
	stone oyster


2.2.3.	Likelihood of infection by species, host life stage, population or sub-populations
Perkinsus marinus usually infects and kills oysters between 1 and 3 years of age. Differences in clinical expression to the infection with Perkinsus marinus has been shown between Crassostrea virginica populations (e.g. Bushek & Allen, 1996; Green-Beach et al., 2011).
Compared with C. virginica, Crassostrea corteziensis, Saccostrea palmula and triploid M. ariakensis were found to exhibit partial resistance to P. marinus infection and associated disease (Cáceres-Martínez et al., 2012; 2016; Calvo et al. 2000; 2001).
2.2.4.	Distribution of the pathogen in the host
While P. marinus can be found in various tissues and organs, it mostly infects intestine, vesicular connective tissue, haemocytes and digestive gland (Remacha-Triviño et al., 2008). The proliferation of the parasite causes systemic disruption of connective tissue and epithelial cells.
2.2.5.	Aquatic animal reservoirs of infection 
None known
2.2.6.	Vectors
None known
2.3.	Disease pattern
2.3.1.	Mortality, morbidity and prevalence
Infection is often lethal for C. virginica. Death usually occurs 1 or 2 years after infection, during or shortly after the warmest annual water temperatures (Burreson & Ragone Calvo, 1996). Prevalence is expected to be higher in individuals with more than 1 year of exposure to the pathogen (Andrews, 1996; Burreson & Ragone Calvo, 1996).
Prevalence is highly variable depending on host populations, pathogen strain and environmental factors (Kim et al., 2025; Proestou et al., 2023). Along the US east coast, C. virginica populations consistently exhibit high P. marinus infection rates, typically exceeding 80% and sometimes reaching 100% prevalence (Smolowitz, 2013). While populations from the Mexico Gulf typically exhibit low to moderate prevalence, with infection intensities generally remaining light (Ammons et al., 2023; Cáceres-Martínez et al., 2016; Gullian-Klanian et al., 2008). 
Infection prevalence and intensity are consistently low in M. ariakensis, C. corteziensis and S. palmula populations (Cáceres-Martínez et al., 2012; 2016; Calvo et al., 2000; 2001). Notably, no significant P. marinus-associated mortality has been observed in natural populations of C. corteziensis and S. palmula (Cáceres-Martínez et al., 2012; 2016). Furthermore, M. ariakensis demonstrates superior survival, faster growth, and reduced disease susceptibility compared to C. virginica across varying salinity regimes (low, medium, and high) (Calvo et al., 2001).
2.3.2.	Clinical signs, including behavioural changes
Perkinsus marinus causes a chronic wasting disease. 
Infected oysters may have a pale appearance to the digestive gland, reductions in condition index, severe emaciation, gaping, shrinkage of the mantle away from the outer edge of the shell, reduced gonadal development and/or retardation of growth (Ford & Tripp, 1996). Occasionally, pus-like pockets may occur in the soft tissues. However, these signs are not pathognomonic of perkinsosis. 
[bookmark: 2_Disease_transmission,_impact_on_host_a][bookmark: _bookmark0][bookmark: _bookmark1][bookmark: 3.1_RFTM_and_histopathology][bookmark: 4_Geographic_distribution_of_Perkinsus_s][bookmark: 4.1_Portugal][bookmark: 3_Diagnostic_methods][bookmark: 3.2_PCR_assays][bookmark: 4_Discussion]2.3.3	Gross pathology
Gross signs are thin, watery tissue, eventually presence of pus-like pockets, but these gross signs are not specific to infection with P. marinus. 
2.3.4.	Modes of transmission and life cycle
The life cycle is direct from host to host (Andrews, 1996; Villalba et al., 2004). Perkinsus marinus is transmitted directly from host to host through the water column following release of parasites in faeces or the decay or scavenging of moribund tissues (Bushek et al., 2002). The parasite enters the paleal cavity of the oyster during filter-feeding. Labial palps and particularly the pseudo-faeces discharge area of the mantle are important sites of infection (Allam et al., 2013; Winnicki et al., 2008). Parasites infect and multiply within haemocytes. The infected circulating haemocytes migrate throughout the host tissues. 
Experimental infection in controlled conditions is possible by exposing animals to in vitro culture of P. marinus (Dungan et al., 2007).
2.3.5.	Environmental factors 
The prevalence and intensity of P. marinus are primarily driven by salinity and temperature. On the east coast of US, infections are acquired during the warm months of the year, when the water temperatures reach above 18°C (Smolowitz, 2013). Proliferation of the parasite and associated lesions are correlated with temperature. Temperature controls the annual cycle of P. marinus, with maximum prevalence and intensity lagging 1–2 months behind maximum summer water temperatures and minimum prevalence and intensity lagging 1–2 months behind minimum winter temperatures. Thus, P. marinus infections are most intense in autumn and least intense in early spring (Burreson & Ragone Calvo, 1996). Parasite infection intensity peaked at about 35°C (Malek et al., 2018). In tropical regions such as the Gulf of Mexico, however, P. marinus can proliferates even at significantly higher temperatures, suggesting an adaptation of host-parasite dynamics to these conditions (Cáceres-Martínez et al., 2016).
Perkinsus marinus cells were are released on a diurnal cycle, with most cells released during the hottest and brightest period of the day (12:00–18:00). Temperature had has a strong and immediate effect on the number of cells released, but salinity did does not, only influencing the intensity of infection over the course of several months (Gignoux-Wolfsohn et al., 2020). Prevalence and intensity of P. marinus infections are greatest at salinities greater than 12 practical salinity units (psu). Transmission can occur between 9 and 12 psu, but infections remain low in intensity. Perkinsus marinus can persist for long periods in hosts at salinities less than 9 psu, but replication is low and no host mortality occurs. 
2.3.6.	Geographical distribution
[bookmark: _Hlk114417424][bookmark: _Hlk34052849]Infection with P. marinus has been reported from the Atlantic coast of North and South America (da Silva et al., 2013). It was introduced to the Pacific coast of North America (Cáceres-Martínez et al., 2008). It has also been reported in Asia (Kim et al., 2024).
See WAHIS (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
None.
2.4.2.	Chemotherapy including blocking agents
N-Halamine disinfectant compounds killed can kill cultured P. marinus cells without affecting oyster larvae (Delaney et al., 2003). Bacitracin, cycloheximide and freshwater have been shown to reduce, but not eliminate P. marinus in infected oyster hosts (Calvo & Burreson, 1994; Faisal et al., 1999; La Peyre et al., 2003). Moreover, the antimicrobial drug triclosan (5-chloro-2-[2,4 dichlorophenoxy]) phenol, may be effective in treating P. marinus-infected oysters (Chu et al., 2008; Lund et al., 2005). Finally copper (as CuCl2) was shown to can greatly reduce infection levels of P. marinus in haemocytes in vivo (Foster et al., 2011). These treatments may be relevant for aquaculture but are not practical in the natural environment.
2.4.3.	Immunostimulation
None.
2.4.4.	Breeding resistant strains
Selective breeding of surviving oysters from epizootics has demonstrated effectiveness for reducing mortality caused by P. marinus (Ragone Calvo et al., 2003).
It has been reported that survival in genomically selected individuals is 20% higher than survival in individuals selected through phenotypic selection (Wang et al., 2025).
2.4.5.	Inactivation methods
Desiccation, chlorination (>0.3 mg ml–1 = 300 ppm [parts per million]), UV light (>28,000 µWs 
cm–2) and freshwater have all been shown to inactivate P. marinus cells (Bushek et al., 1997; Bushek & Howell 2000). UV irradiation from 4000 to 14,000 µWs cm–2 will inhibit proliferation of P. marinus (Bushek & Howell, 2000).
2.4.6.	Disinfection of eggs and larvae
Perkinsus marinus is not known to infect eggs or larvae, but cells could occur extracellulary. Disinfection of eggs or larvae may be possible using N-halamine disinfectant compounds (Delaney et al., 2003).
[bookmark: _Hlk34052889]2.4.7.	General husbandry
Farming in areas where salinity is less than 12 psu and use of fast-growing, disease-tolerant strains has shown some benefit (Andrews, 1996; Burreson & Ragone Calvo, 1996).
Water filtration to 1 µm followed by UV exposure should allow protecting hatchery produced seed against infection (Ford et al., 2001). Inversely, treating water effluents should minimise the transmission of P. marinus to local oyster populations from infected oysters maintained in facilities such as processing plants, depuration facilities or hatcheries (Bushek & Howell, 2000).
Cultured off-bottom and air daily exposed oysters from infected area showed increased survival and higher condition indexes (La Peyre et al., 2008).
[bookmark: _Hlk34066454]3.	Specimen selection, sample collection, transportation and handling 
[bookmark: _Hlk34059275]This section draws on information in Sections 2.2, 2.3 and 2.4 to identify populations, individuals and samples that are most likely to be infected.
3.1.	Selection of populations and individual specimens 
Gaping or freshly dead individuals (2 or more years old) should be sampled by priority, to increase the chances of finding infected animals. For histology, only live (including moribund) animals should be sampled.
Sampling of bivalves should be organised once a year when prevalence is known to be at a maximum. When such data is not available in a particular ecosystem, sampling should preferably be carried out during periods of oyster spawning which also corresponded with warmer temperatures (Burrell et al., 1984).
3.2.	Selection of organs or tissues
Connective tissue of all organs, and haemocytes. For Ray’s fluid thioglycollate medium (RFTM), the whole animal should be ideally sampled if its size allows. If not, pieces of gill followed by mantle and rectum or foot for abalone are typically used. For culture purposes, tissue slices that can include gill, mantle, or foot (for abalone) can be cultured. For histology, a 5-mm thick section through the visceral mass that includes digestive gland, gill and mantle is used. For PCR, a pool of organs including digestive gland, gill or mantle tissue is best recommended.
3.3.	Samples or tissues not suitable for pathogen detection
Tissues other than digestive gland, mantle and gills are less suitable.
3.4.	Non-lethal sampling
At this time, there are no non-lethal tissue samples that can support detection of P.marinus.
A real-time PCR assay targeting the multicopy internal transcribed spacer region of the genome was has been developed to detect P. marinus DNA in environmental waters allowing detecting, with a reported detection limit equivalent of to 3.3 × 10⁻² cells per 10-microl µl reaction mixture (Audemard et al., 2004). Perkinsus cells can also be detected in haemolymph, faeces, or water samples using RFTM assays (Bushek et al., 2002; Ellin & Bushek, 2006; Gauthier & Fisher, 1990; Gauthier & Vasta, 1995). Detection limits (diagnostic sensitivity and specificity) have not been established for these analyses.
3.5.	Preservation of samples for submission
For guidance on sample preservation methods for the intended test methods, see Chapter 2.4.0 General information (diseases of molluscs).
3.5.1.	Samples for pathogen isolation 
The results of bioassay depend strongly on the quality of samples (time since collection and time in storage). Fresh specimens should be kept on ice and preferably sent to the laboratory within 24 hours of collection. To avoid degradation of samples, use alternate storage methods only after consultation with the receiving laboratory.
Standard sample collection, preservation and processing methods for molecular techniques can be found in Section B.5.5 of Chapter 2.4.0 General information (diseases of molluscs).
For diagnosis using RFTM, samples must be fresh. 
[bookmark: _Hlk34053048][bookmark: _Hlk83112990]3.5.2.	Preservation of samples for molecular detection
For polymerase chain reaction (PCR) assays, samples must be preserved in 70–100% analytical grade ethanol (80%) at room temperature and not denatured alcohol. 
Standard sample collection, preservation and processing methods for molecular techniques can be found in Section B.5.5 of Chapter 2.4.0 General information (diseases of molluscs).
[bookmark: _Hlk83113002]3.5.3.	Samples for histopathology, immunohistochemistry or in-situ hybridisation (ISH)
For histology, the best preservative is Davidson’s AFA, but 10% buffered formalin or other standard histology fixatives are also acceptable. 
Standard sample collection, preservation and processing methods for histological techniques can be found in Section B.5.3 of Chapter 2.4.0 General information (diseases of molluscs).
3.5.4.	Samples for other tests
None.
3.6.	Pooling of samples
[bookmark: _Hlk84413393]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 to be suitable. If the effect of pooling on diagnostic sensitivity has not been thoroughly evaluated, larger specimens should be processed and tested individually. Small life stages such as spat can be pooled to obtain the minimum amount of material for molecular detection. Pooling of very small spat (5–10 depending on size) is acceptable for PCR analyses.
4.	Diagnostic methods
[bookmark: _Hlk88570633]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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[bookmark: _Hlk213072163][bookmark: _Hlk213072164]
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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 
	[bookmark: _Hlk491943780]Method
	A. Surveillance of apparently 
healthy animals
	B. Presumptive diagnosis of 
clinically affected animals
	C. Confirmatory diagnosis1 of a suspect result from surveillance or presumptive diagnosis

	
	Early life stages2
	Juveniles2
	Adults
	LV
	Early life stages2
	Juveniles2
	Adults
	LV
	Early life stages2
	Juveniles2
	Adults
	LV

	Wet mounts
	
	
	
	
	
	
	
	
	
	
	
	

	Histopathology
	
	++
	++
	1
	
	+++
	+++
	NA
	
	
	
	

	Cell culture
	
	
	
	
	
	
	
	
	
	
	
	

	Transmission electron microscopy
	
	
	
	
	
	
	
	
	++
	++
	++
	NA

	Real-time PCR
	+ ++
	+++
	+++
	2 1
	+ ++
	+++
	+++
	2 1
	+ ++
	+++
	+++
	2 1

	Conventional PCR
	+ ++
	++
	++
	1
	+ ++
	++
	++
	1
	
	
	
	

	Conventional PCR followed by amplicon sequencing
	
	
	
	
	
	
	
	
	+++
	+++
	+++
	1

	In-situ hybridisation
	
	
	
	
	
	
	
	
	
	+
	+
	1

	Bioassay
	
	
	
	
	
	
	
	
	
	
	
	

	LAMP
	
	
	
	
	
	
	
	
	
	
	
	

	Ab-ELISA
	
	
	
	
	
	
	
	
	
	
	
	

	Ag-ELISA
	
	
	
	
	
	
	
	
	
	
	
	

	RFTM
	
	++
	+++
	2 1
	
	++
	+++
	NA
	
	
	
	


[bookmark: _Hlk80109939][bookmark: _Hlk24967748][bookmark: _Hlk88570705]LV = level of validation, refers to the stage of validation in the WOAH Pathway (chapter 1.1.2); PCR = polymerase chain reaction; LAMP = loop-mediated isothermal amplification; 
Ab- or Ag-ELISA = antibody or antigen enzyme-linked immunosorbent assay, respectively. RFTM = Ray’s fluid thioglycollate culture method 
1For 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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[bookmark: _Hlk34053644]4.1.	Smears 
Not recommended as a diagnostic method. 
[bookmark: _Hlk34054098]4.2.	Histopathology
Samples to be taken consist of fresh, gaping or freshly dead bivalves. 
Sections of tissue that include gills, digestive gland, mantle, and gonad should be fixed for 24 hours minimum in a recommended fixative followed by standard processing for histology as described in section 5.3 of Chapter 2.4.0 General information (diseases of molluscs). Observations are made at increasing magnifications up to ×1000. 
Histology is generally less sensitive than PCR methods (see Sections 6.1. and 6.2).
A positive result is the occurrence of spherical, uninucleated cells, trophozoïtes, ranging from about 2 to 5 µm (sometimes to 10 µm) in diameter with a large vacuole and an eccentrically displaced nucleus. These are typically associated with host gut or sometimes epithelium in lighter infections, with colonisation of connective tissues characteristic of more advanced cases. Binucleated P. marinus schizonts (dividing forms) may be observed, though larger schizonts of greater nuclear count are not reliably presented. Many of the parasites may occur within oyster haemocytes. Perkinsus marinus cells stain basophilic. A change in Perkinsus marinus phenotype (large trophozoïtes at low infection intensity were replaced by abundant tinny cells) was reported since 1986 in oysters from Chesapeake Bay by Carnegie et al., 2021).
4.3.	Electron microscopy 
Fixed sections reveal large multifocal lesions in gut epithelium or connective tissue of any organ containing P. marinus cells (Mackin, 1951). Haemocyte infiltration and phagocytosis of P. marinus cells occurs in most infections. In high intensity infections, the gut epithelium may be almost completely destroyed.
Perkinsus marinus zoospores, like zoospores of all species of Perkinsus, show an ornamented anterior flagellum with hair-like and spurs-like structures and a glabrous posterior flagellum. The zoospore contains an apical complex consisting of a conoid, subpellicular microtubules, rhoptries, rectilinear micronemes and conoid-associated micronemes. Large vacuoles also occur at the anterior end of the zoospore (Perkins 1976; 1996).
4.4.	Nucleic acid amplification 
[bookmark: _Hlk114491232]PCR assays should always be run with the controls specified in Section B.5.5 Molecular methods Chapter 2.4.0 General information (diseases of molluscs). Molluscs are known to potentially contain substances that can inhibit PCR reactions. It is recommended to check for the presence of PCR inhibitors in DNA extracts to avoid false negative results. In case PCR inhibitors are present, DNA samples can be diluted prior to PCR analyses (a 1/10 dilution usually resolves most cases of PCR inhibition). Each sample should be tested in duplicate.
Several PCR assays have been developed for the detection of Perkinsus sp. and P. marinus, most of them target portions of the rRNA gene complex. Primers that target the NTS region have demonstrated good species specificity for P. marinus, however, little is known of the variation within species for the NTS region and there is a risk of false negatives. The sequence variation in the ITS region is more broadly characterised (see the GenBank database) and primers targeting the ITS region are more thoroughly tested for specificity. For these reasons, primers that target the ITS region are recommended
Depending on the context of analysis, Perkinsus genus PCR assays be conducted first, and then samples with positive results should be tested with a P. marinus specific assay.
Extraction of nucleic acids
Samples to be taken consist of live or freshly dead molluscs. 2–3 mm2 tissue pieces are excised aseptically from gill, mantle and digestive gland placed into 1.5 ml microcentrifuge. Dissecting utensils should be flamed between samples to prevent cross-contamination. 
Different kits and procedures can be used for nucleic acid extraction. DNA is usually extracted by proteinase K digestion at 56°C (generally overnight), and the spin-column methodology using commercially available kits. Faster extraction protocols using Chelex resin has also been described (De Faveri et al., 2009; Piesz et al., 2022). 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 
Primers and probes (sequences) 
	Pathogen/
target gene
	Primer/probe (5’–3’)
	Concentration
	Cycling parameters(a)

	Method 1: TaqMan PCR: Gauthier et al., 2006, amplicon size: 86 bp; GenBank Accession No.: AF149876.1

	Perkinsus sp./ITS 
(detects at least P. marinus, P. olseni and P. chesapeaki)
	PERK-F: TCC-GTG-AAC-CAG-TAG-AAA-TCT-CAA-C
PERK-R: GGA-AGA-AGA-GCG-ACA-CTG-ATA-TGT-A
PERK Probe: (FAM) CCC-TTT-GTG-CAG-TAT-GC-MGB
	0.9 µM
0.9 µM
0.25 µM
	40 cycles of: 95°C/15 sec and 60°C/1 min 

	Method 2: TaqMan PCR: Gauthier et al., 2006; GenBank Accession No.: AF149876.1; amplicon size: 72 bp

	Perkinsus marinus/ITS
	PMAR F: TTG-TTA-ACG-CAA-CTC-AAT-GCT-TTG-T
PMAR R: AAG-CGC-ACA-TAA-CGA-ACC-ACC
PMAR-MGB Probe: (FAM)-GCT-TGA-ACT-AAC-TCT-MGB-
	0.9 µM
0.9 µM
0.25 µM
	40 cycles of: 95°C/15 sec and 60°C/1 min 

	Method 3: Real-time PCR: De Faveri et al., 2009; GenBank Accession No.: No data; amplicon size: 90 bp

	Perkinsus marinus/ITS
	F: CGC-CTG-TGA-GTA-TCT-CTC-GA
R: GTT-GAA-GAG-AAG-AAT-CGC-GTG-AT
Probe: [FAM]CGC-AAA-CTC-GAC-TGT-GTT-GTG-GTG
	0.2 µM
0.2 µM
0.04 µM
	35 cycles at 95°C for 30 sec, and 60°C for 45 sec

	Method 4: SYBR Green PCR Audemard et al., 2004; 509 bp, GenBank Accession No.: AF149876.1

	[bookmark: _Hlk188286582]Perkinsus marinus/ITS
	PmarITS-70F: CTT-TTG-YTW-GAG-WGT-TGC-GAG-ATG
PmarITS-600R: CGA-GTT-TGC-GAG-TAC-CTC-KAG-AG
	0.5 µM
0.5 µM
	50 cycles of: 95°C/10 sec and 69°C/5 sec and 72°C/25 sec
Final elongation 72°C/10 min
Meting curve analysis: from 60°C to 95°C, increment 1°C for 30 sec


(a)A denaturation step prior to cycling has not been included.
Interpretation of results: 
A sample is considered positive when a PCR amplification curve is observed (with the expected Ct value when a cut-off Ct value has been established) with the appropriate melting temperature peak (Tm) in case of SYBR Green PCR assays, with all negative controls being negative and all positive controls being positive. 
Depending on the context/objective of the analysis, a cut-off Ct value can be used to define if samples are positives or negatives. The cut-off Ct value may vary depending on the equipment, reagents and consumables used for the test. 
If PCR inhibitors are detected in a sample producing a negative result, this sample should be considered as uninterpretable. 


4.4.2.	Conventional PCR
	Pathogen/
target gene
	Primer/probe (5’–3’)
	Concentration
	Cycling parameters(a)

	Method 1: Audemard et al., 2004 (primers from Casas et al., 2002); GenBank Accession No.: AF149876.1, amplicon size: 703 666bp

	Perkinsus sp./ITS 
(detects all known Perkinsus species except P. qugwadi)
	PerkITS-85: CCG-CTT-TGT-TTG-GAT-CCC 
PerkITS-750: ACA-TCA-GGC-CTT-CTA-ATG-ATG
	0.5 µM
0.5 µM
	40 cycles of: 95°C/1 min and 55°C/1min and 72°C/1min
Final elongation 72°C/10 min

	Method 2: Audemard et al., 2004; GenBank Accession No.: AF149876.1, amplicon size: 509 bp

	Perkinsus marinus/ITS
	PmarITS-70F: CTT-TTG-YTW-GAG-WGT-TGC-GAG-ATG
PmarITS-600R: CGA-GTT-TGC-GAG-TAC-CTC-KAG-AG
	0.5 µM
0.5 µM
	40 cycles of: 95°C/1 min and 57°C/1min and 72°C/3min
Final elongation 72°C/10 min


(a)A denaturation step prior to cycling has not been included.
[bookmark: _Hlk34054492]4.4.3.	Other nucleic acid amplification methods
None.
[bookmark: _Hlk34054505][bookmark: _Hlk114644157]4.5.	Amplicon sequencing
The size of the PCR amplicon should be verified, for example by agarose gel electrophoresis. Obtained sequences are analysed in comparison with reference sequences. Both DNA strands of the PCR product must be sequenced and analysed in comparison with reference sequences.
[bookmark: _Hlk34054758]4.6.	In-situ hybridisation
Samples to be taken consist of live or freshly dead molluscs.
A specific DNA probe that targets the small subunit rRNA gene has been developed for the genus Perkinsus: Perksp700DIG (Elston et al., 2004) and a DNA probe that targets the LSU of the rRNA gene has been developed for the specific detection of P. marinus: PmarLSU-181 (Moss et al., 2006). Additionally, two other P. marinus probes also targeting the LSU region has been developed: Pmar LSU-420 and LSU 560 (Reece et al., 2008) and can be used in cocktails with the first one. The probe should be 5’ end-labelled with digoxigenin. Alternatively, probes can be labelled with a fluorochrome (ex. Alexa Fluor 488®)
	Pathogen/target
	ISH probe type
	ISH probe (5’-3’)
	Reference

	Perkinsus sp./SSU
(detects all known Perkinsus species except P. qugwadi)
	Labelled oligonucleotide
	PerkspSSU-700 CGC-ACA-GTT-AAG-TRC-GTG-RGC-ACG
	Elston et al. (2004)

	Perkinsus marinus/LSU
	Labelled oligonucleotide(s)
(PmarLSU-181 alone or cocktail of the 3)
	PmarLSU-181 GAC-AAA-CGG-CGA-ACG-ACT-C
PmarLSU-420 GAA-GAC-AGG-AGC-GAG-CAG-C
PmarLSU-560 AAC-CAA-TTC-ACA-GAT-AGC-G
	Moss et al. (2006); Reece et al. (2008)


[bookmark: _Hlk34054765][bookmark: _Hlk83113198]4.7.	Immunohistochemistry
Not available.
4.8.	Bioassay
Not available.
[bookmark: _Hlk34054791]

4.9.	Antibody- or antigen-based detection methods (ELISA, etc.)
Polyclonal antibody-based analyte-capture ELISAs are reported to detect P. marinus extracellular secretions (ECP) in tissue homogenates from oysters with infection intensities of one parasite cell/g oyster tissue (Ottinger et al., 2001). The specificity of polyclonal antibodies against P. marinus ECP was not tested against other Perkinsus spp. or marine mollusc protistan associates.
4.10.	Other methods
4.10.1.	Ray’s fluid thioglycollate culture method (RFTM)
Incubation in thioglycollate is routinely used for surveillance of P. marinus. The technique is simple, inexpensive and very sensitive, but not species specific. Trophozoites of P. marinus in oyster tissue will enlarge when cultured for at least 5 days in fluid thioglycollate medium containing dextrose that is fortified with antibiotics (penicillin, streptomycin) and an antifungal compound (nystatin) to reduce bacterial and fungal growth. When the tissue is macerated after culture to allow penetration of aqueous iodine solution (Lugol’s), the enlarged trophozoites (hypnospores or prezoosporangia in the old terminology) readily take up Lugol’s and become easily visible at low power because of their bluish–black colouration and spherical shape.
Samples to be taken consist of live or freshly dead molluscs.
Tissue assay (Ray, 1966): tissue samples measuring approximately 5–10 mm are excised, giving preference to rectal, gill and mantle tissue from oysters, and placed in test tubes containing thioglycollate medium (thioglycollate medium containing dextrose 14.6 g; NaCl, 10.0 g; sterile distilled water (dH2O), 485 ml). A total of 9.5 ml is dispensed into disposable test tubes, which are autoclaved for 15 minutes at 1.2 kg cm–2 pressure. The autoclaved solution can be stored in tubes for up to 3 weeks. Dissecting utensils should be rinsed in 95% ethanol and flamed between hosts to prevent carry-over. The recommended antifungal/antibiotics are: 500 units ml–1 penicillin G and 500 units ml–1 dihydro-streptomycin in media (penicillin, 3.13 g; streptomycin, 6.55 g; 500 ml dH2O; freeze in 50 ml aliquots; add 0.5 ml to each tube), and 50 µl of mycostatin (nystatin) per tube. Chloromycetin can be used in place of penicillin/streptomycin. The tube is plugged with a foam rubber or cotton stopper. Incubation is at 22–25°C for between 5 and 7 days, in the dark. After incubation, the fragments of tissue are collected and chopped with a scalpel blade on a glass slide, a drop of Lugol’s iodine solution is added (stock Lugol’s iodine solution: potassium iodide, 6.0 g; iodine, 4.0 g; dH2O, 100 ml. Lugol’s iodine working solution: dH2O, 30.0 ml; Lugol’s stock solution, 15.0 ml) and the preparation is covered with a cover-slip and allowed to sit for 10 minutes. The preparations are examined in the fresh state. 
Whole body burden assay (Fisher & Oliver, 1996): the entire host, cut into 2–5 mm pieces, is placed in fluid thioglycollate culture medium and incubated as in the tissue assay above. The solution is centrifuged at 1500 g for 10 minutes and the supernatant is discarded. 2 M NaOH (20 ml g–1 tissue) is added and the solution is incubated at 60°C for 2–6 hours until tissue is digested. The solution is centrifuged at 1500 g for 10 minutes and the supernatant is discarded. The solution is washed three times in deionised water, the pellet is resuspended in 1 ml Lugol’s iodine working solution, and the cells are counted. Serial dilutions may have to be made to reduce the total cell number to a manageable number.
Interpretation of results: 
Cultured parasites enlarge from 2–10 to 20–70 µm during incubation. Perkinsus spp. cells are spherical and the walls stain blue or bluish-black with Lugol’s iodine solution (Bushek et al., 1994; Ray 1966).
In susceptible host species, within the known range of P. marinus, a positive result is presumptive evidence of P. marinus infection, but should be confirmed in accordance with Section 6.
4.10.2.	Cell culture/artificial media
Perkinsus marinus cells are easily cultured in a variety of media (e.g. La Peyre et al., 1993). Culture medium is usually inoculated with heart, haemolymph, or gill tissue. Comparisons of commercially available media have been made (Dungan & Hamilton, 1995) and growth was supported in all media but was at a maximum in 1/1 DME (Dulbecco’s Modified Eagle’s)/Ham’s F-12 medium.


5.	Test(s) recommended for surveillance to demonstrate freedom in apparently healthy populations
Real-time PCR and eventually RFTM tissue or whole-body burden assays should be used for targeted surveillance to declare freedom from infection with P. marinus.
[bookmark: _Hlk114644186]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 (Section 6.2.) of clinical signs (Section 6.2.) but does not evaluate whether the infectious agent is the cause of the clinical event.
[bookmark: _Hlk127887601]The case definitions for a suspect and confirmed case 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. There are is currently no WOAH Reference Laboratory for Perkinsus marinus.
When two molecular methods are used for confirmation of a case, it is preferable to use two species-specific methods targeting non-overlapping regions of the pathogen genome.
6.1.	Apparently healthy animals or animals of unknown health status[footnoteRef:2] [2:  	For example transboundary commodities.] 

[bookmark: _Hlk96430616][bookmark: _Hlk114497138]Apparently healthy populations may fall under suspicion, and therefore be sampled, if there is an epidemiological link(s) to an infected population. Hydrographical 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. 
6.1.1.	Definition of suspect case in apparently healthy animals
The presence of infection with P. marinus shall be suspected if at least one of the following criteria is met:
i)	Histopathological changes consistent with the presence of the pathogen or the disease 
ii)	Positive result by conventional PCR
iii)	Positive result by real-time PCR
iv)	Positive result by RFTM
6.1.2.	Definition of confirmed case in apparently healthy animals
[bookmark: _Hlk152933627][bookmark: _Hlk34064823][bookmark: _Hlk57044932][bookmark: _Hlk34056412]The presence of infection with P. marinus is considered to be confirmed if at least one of the following criteria is met:
i)	Positive result by real-time PCR and positive result by conventional PCR followed by amplicon sequencing
ii)	Positive result by histology and positive result by conventional PCR followed by amplicon sequencing
iii)	Positive result by in-situ hybridisation and positive result by conventional PCR followed by amplicon sequencing
iv)	Positive result by histology and positive result by species-specific real-time PCR.
v)	Positive result by in-situ hybridisation and positive result by species-specific real-time PCR.
6.2	Clinically affected animals
Clinical signs are not pathognomonic for a single disease; however, they may narrow the range of possible diagnoses. 
6.2.1.	Definition of suspect case in clinically affected animals
[bookmark: _Hlk83113292][bookmark: _Hlk34064959]The presence of infection with P. marinus shall be suspected if at least one of the following criteria is met:
i)	Gross pathology or clinical signs associated with the disease as described in this chapter, with or without elevated mortality
ii)	Histopathological changes consistent with the presence of the pathogen or the disease 
iii)	Positive result by conventional PCR
iv)	Positive result by real-time PCR
v)	Positive result by RFTM
6.2.2.	Definition of confirmed case in clinically affected animals
[bookmark: _Hlk57044990]The presence of infection with P. marinus is considered to be confirmed if at least one of the following criteria is met:
i)	Positive result by real-time PCR and positive result by conventional PCR followed by sequence analysis amplicon sequencing
ii)	Positive result by ISH in-situ hybridisation and positive result by conventional PCR followed by sequence analysis amplicon sequencing
ii)	Positive result by in-situ hybridisation and positive result by species-specific real-time PCR real-time PCR and ISH
6.3.	Diagnostic sensitivity and specificity for diagnostic tests
The diagnostic performance of tests recommended for surveillance or diagnosis of infection with P. marinus 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.
Some data on analytical performances (stage 1 validation) are available for most diagnostic tests described in this chapter but are not always complete (for example for inclusivity and exclusivity). RFTM assays and histopathology allow a diagnostic enable diagnosis only at the genus level and do not allow cannot differentiate between species discrimination. RFTM assays are is considered to be specific for all members of the genus Perkinsus except P. qugwadi (incertae sedis). However, the apparent its exclusivity of RFTM assays for detection of detecting only Perkinsus species lacks exhaustive confirmation has not been exhaustively confirmed through testing of all other protists (Dungan & Reece, 2020). Molecular tools have been evaluated for their analytical sensitivity and specificity to varying extents. degrees but estimates of diagnostic sensitivity (DSe) and specificity (DSp) (stage 2 validation) have are generally lacking. not been estimated, however Comparative data comparing sensitivity performances of the different diagnostic tests are available. indicate that histopathology is considered as less sensitive than both PCR and RFTM assays. The whole-body burden (WBB) RFTM assay is considered very highly sensitive, with a theoretical detection limit sensitivity of one Perkinsus sp. cell per host. In contrast, tissue and haemolymph RFTM assays have a limited sensitivity when infection intensity is falls below 1000 perkinsus cells per gram wet tissue (Bushek et al., 1994). 
6.3.1.	For presumptive diagnosis of clinically affected animals (no data are currently available)
	Test type
	Test purpose
	Source populations
	Tissue or sample types
	Species
	DSe (n)
	DSp (n)
	Reference test
	Citation

	
	
	
	
	
	
	
	
	


DSe = diagnostic sensitivity, DSp = diagnostic specificity, n = number of animals used in the validation study,
PCR: = polymerase chain reaction.


6.3.2.	For surveillance of apparently healthy animals (no data are currently available)
	Test type
	Test purpose
	Source populations
	Tissue or sample types
	Species
	DSe (n)
	DSp (n)
	Reference test
	Citation


[bookmark: _Hlk34065189]DSe = diagnostic sensitivity, DSp = diagnostic specificity, n = number of animals used in the validation study,
PCR: = polymerase chain reaction.
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