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Executive Summary 
 

In fall 2006, the Canadian Food Inspection Agency (CFIA) implemented a two-
year survey of Pacific oyster (Crassostrea gigas) and Manila clam (Venerupis 
philippinarum) in British Columbia for for the presence or absence, as well as 
distribution, diseases of trade significance in shellfish; 10 of those of 12 dnever 
reported to date, iseases (10 known exotic, one historically detected, and , and 
one one known eendemic in coastal BC.  disease) of trade significance in 
shellfish. The primary objective of the survey was to make a zone-level (coastal 
BC) inference on the SDF (specific disease free) status of specific shellfish 
diseases in British Columbia for which Manila clams and Pacific oysters are 
known to be susceptible, using a sampling plan and testing methodology that 
meets international standards.  The surveillance plan was developed by the 
Aquatic Animal Health Division (AAHD) of the CFIA, in close collaboration with 
the industry, the British Columbia Shellfish Growers Association (BCSGA), and 
Fisheries and Oceans Canada (DFO), and involvement from the British Columbia 
Ministry of Agriculture and Land (BCMAL). 
 
Between fall 2006 and spring 2008, over 3531 shellfish were screened by 
histology: 1601 Pacific oysters and 1930 Manila clams.  The animals (wild and 
cultured) originated from the top-harvested DFO fisheries management areas 
(FMA) for these species.  For the purpose of this project, wild animals, for both 
species, are defined as animals not found on an aquaculture lease.  Samples of 
harvested shellfish or cultured origin were collected at the processing plants, 
whereas some wild clams were also collected directly from the beach.  The 
number of animals targeted for sampling from any given area (15 in total), was 
proportional to its relative harvest for both species.  Initially, all sample collection 
was completed by CFIA staff. Starting in fall 2007, the CFIA initiated an audit of 
the shellfish industry for the self-collection of samples. The reason for switching 
to an audit approach was due to logistic problems with CFIA employees 
conducting the inspections and to a desire to maintain the same level of 
confidence in an industry “driven” system. Another important objective of the 
audit was to better understand the tracking capabilities of the processing plants 
from seed to harvest, which might be used to facilitate disease investigations in 
the event of an important disease detection.  For the remainder of the project, 
sample collection was conducted by industry and coordinated by a contractor on 
behalf of the CFIA.   
 
The two-year survey aimed to collect and sample 5076 clams and oysters from a 
combination of wild and cultured stocks. For wild animals, 690 wild Pacific 
oysters were targeted; however, only 190 were sampled and tested, while 720 
wild Manila clams were targeted and 451 were tested.  For cultured animals, 
1867 Pacific oysters were targeted and 1419 were tested, whereas 1799 Manila 
clams were targeted and 1479 were tested.   
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Another round of sampling was recommended in fall 2008 to address the under 
representation of some areas (by species and type).  Those areas were 7, 13, 
14, 15, 16, 17, 23, 24, and 25.   
Despite adding another sampling season to fill the data gaps, some areas, such 
as FMA 16, 23, 24, 25, were still under-represented, but that was according to 
the production and harvesting statistics that were received in 2005 from the 
BCSGA which were used to develop the survey design.  Animals from FMA 16. 
23. 24 and 25 were difficult to harvest for two primary reasons.   
 
First, the majority of Manila clams and Pacific oysters that are sold to plants 
come from shellfish aquaculture tenures or areas in close proximity to shellfish 
aquaculture tenures, and there are very few of these tenures found in those four 
areas.  Second, the additional round of sampling recommended to fill in the gaps 
took place between November 2008 and January 2009.  
  Of the ver 1040 animals targetted for this collection, were required to be 
collected, but only 888 were collected.  In total, of the 5076 animals that were 
targeted, 4427 were collected and analyzed by histology.   
 
All Manila clams tested negative for all the targeted pathogens (Table I). Of the 
11 diseases screened for (10 never reported to exotic (to coastal BC, one 
historically detected)) shellfish pathogens that were screened for, two hree 
positive detections of pathogen were confirmed. The presence of Haplosporidium 
nelsoni (MSX) was detected in two cultured Pacific oysters from one DFO area; 
however neither oyster showed any clinical signs of disease. Haplosporidium 
costale (SSO) was detected in two cultured Pacific oysters from two other DFO 
area with green-coloured lesions (pustules) observed in the labial palps and/or 
mantle of both these specimens. In addition, there were 16 case submissions of 
cultured Pacific oysters that confirmed positive for M. mackini, a disease endemic 
to coastal BC.  
 
Because the industry in BC uses both seed from hatcheries and "wild" seed, and 
because lease owners move animals from raft culture to beach, where wild 
settlement is present, it is difficult to state whether a product is truly wild or 
cultured.  Therefore, the representation of samples from particular areas is more 
important than the differentiation of "wild" and "cultured" animals from an area.  
Although the information still needs to be collected, the target numbers may not 
need to be stratified by "wild" vs. "cultured" animals.  This would also increase 
the flexibility of sampling.  Finally, the last round of sampling in fall 2008 
confirmed that the best way to collect animals from underrepresented areas is 
most likely a campaign targeted directly at the farmers or tenure holders, rather 
than from the processors themselves (Joy Wade, personal communication).  
 
According to the survey design, negative test results indicate, with 95 percent 
certainty, that if any one of the 11 targeted disease agents were present in these 
two commercially valuable shellfish populations, less than two percent of the 
animals would be infected.   
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Thus, these results indicate that we are reasonably certain that both species from 
Southern British Columbia are free of those listed diseases that have been 
undetected; namely Infection with Marteilia refringens, Perkinsus marinus, 
Perkinsus olseni, Bonamia ostreae1, Bonamia exitiosa, Bonamia (=Mikrocytos) 
roughleyi, Marteilia sydneyi, Marteilioides chungmuensis, and Vibrio tapetis.   
 
 
 
 
 
 
As outlined in the World Organisation for Animal Health Aquatic Animal Health 
Code, until such time as suspicion of disease is compulsorily notifiable to the 
Competent Authority, an early detection system is in place within the zone or 
country, and import requirements to prevent the introduction of disease into the 
country or zone are in place, targeted surveillance should be maintained at a 
level commensurate with the degree of risk and exposure to potential sources of 
introduction of disease to maintain the confidence over time of the disease-free 
status obtained during this initial two-year survey.  In moving forward, the 
surveillance effort should focus on the biggest pathway of disease introduction, 
which is anthropogenic movement of susceptible species from non-local sources.  
 
In summary, this report has four principal objectives:      

  
 

i) describe the different components of the projectinitiative: (a) the design; 
(b) the sample collection; (c) the CFIA audit of the industry sample 
collection system; (d) diagnostic procedures and case definitions; and (e) 
the handling and communication of information;  

ii) strengthen the evidence to substantiate the absence of 11 pathogens in 
Pacific oysters and Manila clams growing in southern British Columbia 
over the two-year surveillance project; and update the distribution of 
Mikrocytos mackini (known endemic in BC), using both current and 
historical data; 

iii) conduct a surveillance sensitivity analysis of the surveillance plan to assist 
interpretation of disease freedom of wild and farmed Pacific oysters and 
Manila clams in BC; and  

                                                 
1
 Note that Bonamia ostreae was detected in European flat oysters from two locations of coastal 

BC in 2004 and 2005.  

http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_autorite_competente#terme_autorite_competente
http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_systeme_de_detection_precoce#terme_systeme_de_detection_precoce
http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_zone#terme_zone
http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_maladie#terme_maladie
http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_zone#terme_zone
http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_maladie
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iv) discuss the findings in context of future needs for official surveillance to 
support Canada’s health status with respect to shellfish stocks in BC.     
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1. Background 
 
Countries use World Organisation for Animal Health (OIE) aquatic animal health 
standards as a guide for developing specific zoosanitary export attestations for 
aquatic animals and products.  In 2003, the European Union (EU) issued 
Decision 2003/804/EC, effectively blocking all countries’ ability to export live 
molluscs to the EU.  In Canada, mollusc exporters in British Columbia, New 
Brunswick and Newfoundland were affected, resulting in an estimated loss of 1.4 
million (CAD) in sales.  This market loss reinforced the need for a federally led 
National Aquatic Animal Health Program (NAAHP) similar to that already 
established for terrestrial animal exports.  
 
As a result of this market closure, in April 2004, British Columbia Shellfish 
Growers Association (BCSGA) formed a working group with key government 
stakeholders to develop an aquatic animal health program for shellfish.  The 
working group consisted of representatives from industry, the BC Ministry of 
Agriculture and Lands (BCMAL), Fisheries and Oceans Canada’s (DFO) shellfish 
pathology expertise, and aquatic veterinarians.  In May 2004, BCMAL contracted 
the Centre for Coastal Health to conduct a study on the BC shellfish industry’s 
shortcomings and its inability to meet export requirements to the EU.  The results 
of this study showed that BC did not meet the export requirements for the EU 
citing, in particular: reliance on a small number of samples to characterize the 
health status of shellfish from BC coastal waters; the lack of officially recognized 
or accredited shellfish diagnostic laboratories; inadequate records and monitoring 
by the shellfish growers; legislative gaps; and inadequate federal oversight.  In 
summary, the study underscored the need for a coordinated and collaborative 
shellfish health surveillance effort in British Columbia. 
 

 
2. Introduction 
 
In March 2005, BCMAL and DFO provided funds to assist with surveillance of the 
industry’s health practices and to interview producers for input into the 
development of a shellfish health program for BC.  In November 2005, the 
Canadian Food Inspection Agency (CFIA), having recently received funding for 
the National Aquatic Animal Health Program (NAAHP), funded, in partnership 
with  DFO, and designed in close collaboration with the BCSGA and its 
participating processors, and BCMAL, a two-year pilot surveillance project.  To 
accommodate some logistic and practical issues and to avoid compromising the 
validity of the findings generated from the project, an iterative process was used 
to allow for logistic and practical adaptations in the survey design, and the 
incorporation of an audit system for sample collection by the participating 
processor.  The successful realization and undertaking of this project was a direct 
product of the active participation and collaboration of these groups.   
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3. Survey Objectives 
 
The primary objective of the survey was to determine the health status of Manila 
clams (Venerupis philippinarum) and Pacific oysters (Crassostrea gigas) in 
British Columbia for diseases of trade significance, using sampling and testing 
methodology consistent with international standards2,3

 as recommended by the 
OIE.  A design was also chosen to allow, following two years of active 
surveillance data, region-level (coastal BC) inference of the status for those of 
the 12 diseases for which Manila clams or Pacific oysters are considered highly 
susceptible (e.g., Marteilioides chungmuensis, Vibrio tapetis). For the diseases 
for which these two targeted species are known to be only carriers or potentially 
susceptible (e.g., martelia refrigens, bonamia ostrea), the survey allowed 
inference of the status of those diseases in those species only as opposed to the 
region (i.e., coastal BC).  The region-level inference was based on representative 
levels of sampling in terms of overall production and DFO management areas 
(illustrated in Figure 1).  Participating processing sites represented approximately 
85% of the Manila clam and Pacific oyster production in British Columbia4.  The 
sampling strategy chosen was based on probability proportional to size (the 
greater the percentage of total harvests from a production area, the greater the 
proportion of samples originating from this area). Figures 2 and 3 show the 
production by DFO management area for Manila clams and Pacific oysters, 
respectively. Figure 4 shows the total combined clam and oyster production by 
DFO management area, whereas Figure 5 shows the number of processor 
purchases per DFO management area.  
 
This surveillance plan was used to establish a baseline for the health status of 
Pacific oysters and Manila clams harvested in BC with respect to the 12 disease 
agents (Table I). These pathogens and the molluscs sampled were targeted due 
to their trade significance (import control concerns and export certification 
requirements) and export value to British Columbia.  This was the first step 
towards establishing disease freedom status for these mollusc species in British 
Columbia.  Disease freedom evaluations are used to support zonation and trade 
decisions, reducing chances of accidental pathogen transfer across geographic 
or administrative borders.  A secondary objective was to update Canada’s 
knowledge on the distribution of Mikrocytos mackini causative agent of Denman 
Island Disease.  Although recently delisted by the OIE, this remains an infectious 
agent of concern to Atlantic Canada and several key partners.  The DFO Pacific 
Biological Station is the OIE Reference Laboratory for this disease and the 
National Reference Laboratory for all related molluscan microcell diseases 
(Bonamia spp., Mikrocytos spp.). 
  
 
 
                                                 
2
 Manual of Diagnostic Tests for Aquatic Animals, 5

th
 edition (OIE, 2006)  

3
 Aquatic Animal Health Code, 11th edition (OIE, 2008) 

4
 Data provided by the British Columbia Shellfish Growers Association (BCSGA).    
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4. Materials and Methods 
 

 
4.1 Survey Design 
 
The sampling plan designed in July 2006 (Table II), was modified in April 2007 
(Table III) to refocus sampling effort from processing plants to areas, to optimize 
representativeness of samples and allow, following two years of surveillance 
data, making inferences of freedom at the provincial level.  The April 2007 design 
was then modified in June 2007 to overcome epidemiological and implementation 
challenges and to also address issues that had arisen during laboratory testing 
associated with the processing of a large number of small lots. The June 2007 
design was used for the remainder of the project (spring 2007, fall 2007 and 
spring 2008).   
 
This sampling scheme encompassed wild and cultured Manila clams and Pacific 
oysters (Table IV to VII).  Sample numbers by DFO fisheries management area 
(FMA) are shown in Tables IV and V.  These numbers were based on the 
proportion of Manila clams and Pacific oysters harvested in each of the DFO 
FMAs per year (Table VI and VII). 
 
The target populations were wild and cultured Pacific oysters and Manila clams 
from DFO FMAs 7, and 13 to 27 (Figure 1).  These DFO FMAs represent key 
harvest activity areas. These fisheries management areas are not endorsed by 
the CFIA as zones (as described by OIE) or as any other type of disease control 
areas.  The sample size was based on an assumed prevalence of two percent 
(expected lowest prevalence of infection within the population) and a confidence 
level of 95 percent (i.e., five percent margin of error). Two percent was chosen as 
the design prevalence as it was expected that we could find those diseases in 
these species at very low level, and to rule out the presence of these diseases a 
fairly low prevalence had to be used. The determined level of sampling is a 
function of the assigned design prevalence, the level of certainty, and the 
assumed sensitivity and specificity of the diagnostic test.  To account for the 
possibility of disease clustering within FMAs, the calculated sample size of 150 
(based on large sample size and 100 percent  test sensitivity and 100 percent 
test specificity; FreeCalc v2.0) was increased by a factor of three. Therefore, a 
minimum sample size of 450 cultured oysters and 450 cultured clams were 
targeted in both spring and fall sampling periods. One hundred and fifty wild 
animals per area on an annual basis were targeted.  This number was also 
multiplied by three to account for the possibility of disease clustering within each 
FMA.  Wild clams and oysters were mainly sampled between March and 
October.  The implementation and proper analysis and interpretation of results of 
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structured, population-based, targeted surveys met the basic guidelines 
recommended by the OIE to generate evidence for freedom from infection.  
The number of animals targeted for sampling, for both species and farmed and 
wild animals was 5076 animals over the proposed two consecutive year survey 
(Table XIV), of which 4427 were tested. 
 
 
4.2 Sample Collection  
 
Shellfish from each individual processing plant were sampled at the time(s) of the 
year at which the pathogens of concern would most likely be detected (i.e. increased 
proliferation and prevalence, or onset of clinical disease) to increase the sensitivity of 
the overall survey and subsequently our confidence in making inferences about the 
absence of these diseases at the regional level5.   
 
Samples of cultured shellfish were collected at the processing plants.  Some wild 
shellfish samples were also collected directly from the beach.  The number of 
animals, wild and farmed, targeted for sampling from any given area was 
proportional to its production level as outlined in Tables VI (clams) and VII 
(oysters).  
 
It was recommended that both clams and oysters be selected from at least one 
lease per FMA.  Different leases were targeted for sampling at different time 
periods, wherever possible.  Where sample sizes were ≥ 30, samples were 
divided between two or more leases so that a maximum of 30 clams or oysters 
was sampled per lease.  
 
To optimize randomness it was recommended that clams and oysters be 
selected in a random manner at the processing plant (one-third of the required 
sample size at the beginning, one-third of the required sample size in the middle 
and one-third towards the end of processing of a given lot).   The information 
recorded included date of sampling, lease or DFO FMA, and number of animals 
sampled.  
 
The CFIA coordinated sampling of lease sites, although the BCSGA acted as the 
liaison with individual processing plants in fall 2006. Sampling at each plant was 
performed to optimize the likelihood of detecting the targeted pathogens.  
 
Beginning in fall 2007, processors were required to ship samples directly to the 
diagnostic laboratory in lieu of having CFIA do the collections. This change was 
required in order to be able to continue with the delivery of the BC Shellfish 
Health Surveillance Initiative.  In order to verify that the sample collections, 
associated paperwork and packaging were satisfactory for tracking or traceability 
audit by a trade partner, an internal audit was implemented.  Assessment of the 

                                                 
5
 Note that declaration of disease freedom can only be ascertained as per a given level of 

confidence    



Aquatic Animal Health Division 
Surveillance and Monitoring  

Report on General Surveillance in   12  of 51 

Pacific oysters and Manila clams in  
British Columbia (fall 2006-spring 20092006-2009) 

traceability in each plant enabled CFIA to better understand the tracking 
capabilities of the processing plants.  
For the remainder of the project, sample collection was coordinated by a 
contractor on behalf of CFIA using the audit system.   
 
 
 
 
 
 
 
 
4.3 CFIA Audit of the Processors Sample Collection System 
 
During fall 2007, five audits were scheduled but two audits were not possible due 
to winter storms and power outages. During spring 2008, five audits were 
conducted.  All audits consisted of observing one sample collection, its packaging 
and assessment of completion of the paperwork. Each processor also explained 
to the CFIA Area Veterinary Specialist (AVS), and the contractor leading field 
coordination of the project, their record keeping within the plant to assess their 
tracking capacity.    
 
 
4.4 Diagnostic Procedures and Case Definitions 
 
Specimens were submitted to the Shellfish Health Laboratory at the Pacific 
Biological Station where they were processed and screened for mollusc pathogens 
using histology, which is the OIE recommended test method. Suspect infections 
detected by histology were designated as presumptive positive and additional 
material from that sample (including additional histological sections and tissues 
preserved in ethanol during the necropsy) were subjected to molecular assays (e.g., 
PCR and in situ hybridisation) as prescribed for the pathogen by the OIE.  If the 
molecular tools gave a positive result samples were either confirmed as positive if 
the disease had been detected previously in Canada or submitted to the OIE 
reference laboratory for external validation if a first time detection in Canada.  
 
Although in this survey Denman Island Disease (M. mackini) was not a targeted 
pathogen for substantiation of freedom due to its documented historical presence in 
oysters from BC, histological or PCR positive results were used to confirm/update 
the known geographic distribution of the pathogen.  
 
A standard case definition for an infected site was based on the premise of a 
negligible risk of false positive molluscs.  The number of positive results per sample 
needed to call the sample positive and therefore the site of origin positive is one (or 
more) mollusc.   
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Official diagnostic protocols for detection and confirmation of the listed mollusc 
pathogens are being developed and validated by DFO National Aquatic Animal 
Health Laboratory System (NAAHLS) in accordance with the requirements of the 
OIE for the certification of diagnostic tests as validated fit for specific purposes. 
 

Summaries of information pertaining to each pathogen are provided in Appendix I.  
 
 
4.5 Data Handling and Communication 
 
The laboratory results were sent to CFIA for processing and analysis with respect 
to export certification and import controls.  As soon as individual results were 
confirmed, they were transmitted to the BCSGA and participating processors; a 
summary of results was transmitted at the end of each sampling season.    
 
Provisions for the release of information on non-listed pathogens that can cause 
gross pathology in oysters (e.g. Nocardia crassostreae) were outside the scope 
of this pilot project, but accommodated for.  This service was provided by the 
shellfish health laboratory at PBS to the individual processor, as requested. 

 
 

5. Results 
 
5.1 Descriptive Analysis 
 
Of the 10 targeted pathogens never detected in BC to date, two were detected 
and confirmed during the 2006/08 project.  Haplosporidium nelsoni (MSX) was 
confirmed in two cultured Pacific oysters from DFO management area 14 in 
spring 2007; however both positive oysters showed no clinical signs of disease. 
Haplosporidium costale (SSO) was confirmed in two cultured Pacific oysters, one 
from DFO area 13 and the other from area 17 in spring 2008 (Table XV). Green 
coloured lesions (pustules) were observed in the labial palps and/or mantle of 
both of these oysters. 
 
Sample submissions of cultured oysters from areas 13, 14, 16, and 24 were 
found positive for Mikrocytos mackini (Figure 6).  Although these areas were 
previously known to be positive for the parasite, the results confirm that these 
sites remain infected.  Figure 6 shows the distribution of Denman Island Disease 
for current and historical findings. Figure 6 shows all the locations where 
Mikrocytos mackini has been found over the past five years, with the exception of 
the most northern location (area 12) where no samples have been collected for 
over 15 years. (Gary Meyer, Pacific Biological Station, personal communication)

. 
 
All positive cases for all three diseases were detected in Pacific oysters collected 
during the spring sampling periods (Table XV).  
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5.2 Gap Analysis 
 
Targeted samples from each DFO FMA were not all achieved due to logistical 
constraints.  Constraints included lack of human resources to adequately 
coordinate and carry out the required sampling, reduced wild harvest and wild 
molluscs available for sampling, unknown lease-level information with respect to 
expected harvests of clams and oysters, and timing of when such harvest events 
would occur.   
Tables VIII, IX, X and XI provide a breakdown of the number of molluscs targeted 
for sampling and those actually tested for each one of the four sampling periods.  
Table XIII and Table XIV summarize targeted and tested animals for DFO FMA 
and sampling period, respectively.  Due to the above constraints, some Pacific 
oysters and Manila clams did not get sampled.  For wild Pacific oysters, these 
areas were from FMA 16, 23 and 25.  For cultured oysters, these were from FMA 
19, 20, and 25.  For wild Manila clams, these were from FMA 7, 16, 19, 24, and 
25.  For cultured clams these were from FMA 19, 24, and 26. 
 
Overall, targeted numbers for wild molluscs for both species and all seasons 
were not reached with the exception of spring 2008.  For those demonstrated 
gaps, an additional round of sampling was recommended in October 2008.  
Collection by a CFIA contractor was initiated in November 2008 and completed in 
January 2009.   
 
The sampling effort was targeted to those DFO FMAs that had been significantly 
underrepresented in the two-year plan (as shown in Table XII).  The number of 
Pacific oysters and Manila clams (wild and cultured) that had to be collected to fill 
in the data gaps is shown in Table XIV.   
 
Despite adding another sampling season to fill the data gaps, some areas, such 
as FMA 16, 23, 24, 25, were still slightly underrepresented, however, as should 
be noted from the production/harvesting statistics that were received in 2005 
from the BCSGA which were used to develop the survey design (Table VI and 
VII). The difficulty in collecting animals from these areas stemmed from the fact 
that the majority of Manila clams and Pacific oysters that are sold come from 
shellfish aquaculture tenures or areas in close proximity to shellfish aquaculture 
tenures, and that there are very few of these tenures found in those four areas. 
(Joy Wade, personal communication).   
 
For the two designs used over the two-year survey period, 690 wild Pacific 
oysters were targeted but only 220 were sampled and tested.  For wild Manila 
clams, of the 720 that were targeted, 561 were tested.  For cultured animals, 
1867 Pacific oysters were targeted and 1853 were tested, while 1799 Manila 
clams were targeted and 1793 were tested (Table XIII and XIV).  In total, from fall 
2006 to winter 2009, of the 5076 animals that were targeted, 4427 were collected 
and tested for 12 pathogens of trade significance by a combination (i.e., serial 
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testing) of histology, In situ hybridization (ISH) and polymerase chain reaction 
(PCR) tests.       
 

 
 
 
 
 
 
6. Discussion 
 
6.1 Audit of Participating Shellfish Processing Plants  
 
CFIA’s audit of BC shellfish processing plants revealed several useful 
observations, including that products are not accepted by processors without a 
lease number clearly indicated on the shipping containers used for transport. This 
critical control point allows traceability back to the source lease.  Traceability 
within the plants is typically excellent  because the existing CFIA food safety 
system requires that product is traceable to ensure consumer protection. 
Records are required for relaying of product from contaminated areas to clean 
areas to remove risk of toxins hence those movements are tracked specifically. 
This information is key for traceback purposes in the event of a reportable 
disease finding. However the movements that occur from seed to harvest at the 
farm level and the availability of these records cannot be accessed at the 
processing plants.  
 
It was clear through the CFIA audit of the sample collections that when post 
processed product is collected there is no need to collect from three locations in 
the lot.  Product has been randomized thoroughly during processing.  Further, 
there are rarely gaping or moribund animals available for collection in the plants; 
if present these animals are rapidly removed from the lots to minimize bacterial 
contamination of the product for food safety purposes. In general if gaping or 
moribund animals are present on the beach they are left behind by the 
harvesters.   
The tissues of gaping animals autolyses very rapidly, and thus it is rare to find a 
moribund animal of diagnostic quality, since the adductor muscle is one of the 
last tissues to fail.  
 
One implication of audit process used as the exclusive avenue for sample 
collection (done in the last sampling period, November 2008 to January 2009), 
was the lack of direct physical contact between CFIA and the processors.  Such 
shortfall demonstrated  two tangible consequences.  The first was the absence of 
direct (person to person) contact with the people relied on for program 
compliance, putting them at arm's length.  The lack of face to face interaction 
also undermines the importance of compliance, and such perception is a 
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potential risk for the credibility of the program and the participation rate of the 
industry. The second consequence is, having an inspector on cue for collection is 
often the only way to be successful in collecting a small number of targeted 
animals. This often represents an inconvenience for the processor themselves 
(time required to put samples aside and complete the paperwork). Furthermore, 
unless an inspector is assigned some level of responsibility for field collections, 
targeted product from remote locations are unlikely to be obtained from 
producers not associated with a large processor.  
 
 
6.2 Concurrent Surveillance Activities and Historical Data  
 
In 2007 a wild Pacific oyster sampling initiative was funded and initiated by DFO.  
As there had been very little commercial harvesting of wild oysters in British 
Columbia over the last few years (one application/permit issued for fall 2007 and 
winter 2008), oyster collections had to be done directly from the beaches, which 
offered significant challenges during winter and night-time low tides combined 
with the remote locations6 (Gary Meyer, personal communication).  Nevertheless, 
the PBS Shellfish Health laboratory was sucessful in collecting and processing 
870 wild oysters between late August 2007 and March 31, 2008, encompassing a 
wide distribution area.  The primary objective was to use PCR for MSX, for the 
purpose of validating the protocol for C.gigas. Histological examination of all 
animals was also concurrently conducted.  Details and diagnostic results of this 
sampling activity are provided in Table XVI.  
  
In addition, the PBS Shellfish Health laboratory has been historically involved in 
numerous research projects, ad hoc mortality investigations, and disease 
screening for import/export purposes. In moving forward with the NAAHP and in 
determining gaps for shellfish surveillance in BC, to support both the 
import/export and domestic disease control program, a look at historical 
diagnostic data was taken into consideration, assessed and evaluated for 
identified needs and priorities.   
Over approximately the last five years, additional host species examined 
included:  

o Mussels (Mytilus edulis, trossulus and galloprovencialus);  
o Geoduck clams (Panope abrupta);  
o Green Sea Urchins (Strogylocentrotus droebachiensis);  
o Native Littleneck clams (Protothaca staminea);   
o Horse mussels (Modilus modiolus).  
o Northern abalone (Haliotis kamtschatkana)  

 
Disease specific surveys conducted included: 
 

                                                 
6
 Personal communication, Gary Meyer (Pacific Biological Station, DFO) 
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o Xenohaliotis californiensis (Withering syndrome) not detected in the 
northern abalone (Haliotis kamtschatkana) 

o Perkinsus spp. not detected in the northern abalone (Haliotis 
kamtschatkana) 

o Perkinsus qugwadi not detected in juvenile Japanese scallops 
(Mizuhopecten yessoensis) 

 
Positive findings recorded included: 
  

o Mikrocytos mackini present in C. gigas and Ostrea edulis  
o Bonamia ostrea present in Ostrea edulis 
o Nocardiosis present in C. gigas and Ostrea edulis 
o Hematodinium spp. (Bitter Crab Disease) present in Chionoecetes 

spp.(Tanner crabs) 
 
6.3   Establishment of Disease Free Status  
 
From the survey design, negative test results indicate with 95 percent certainty 
that if any one of the targeted disease agents were present in those two targeted 
populations, less than two percent of the animals would be infected.  Therefore, 
these results indicate that we are reasonably certain that both species from 
southern British Columbia are free of those listed diseases that have not been 
detected, namely Infection with Marteilia refringens, Perkinsus marinus, 
Perkinsus olseni, Bonamia ostreae7, Bonamia exitiosa, Bonamia (=Mikrocytos) 
roughleyi, Marteilia sydneyi, Marteilioides chungmuensis, and Vibrio tapetis.   
 
However, these findings cannot be used to make claims of freedom at the DFO 
management area level for the pathogens that were detected: Haplosporidium 
nelsoni, H. costale, or M.mackini.   
Note that disease freedom is a designation applied to regions or areas that can 
demonstrate, with an accepted level of confidence, a negligible likelihood of the 
presence of a certain disease or pathogen (OIE, 20068).   
 
Furthermore this two-year surveillance plan does not allow the inference of 
freedom at the provincial level for those diseases for which Manila clams and 
Pacific oysters are only carriers and for which other more susceptible hosts are 
present in British Columbia.  In order to make such inferences, highly susceptible 
species would need to be targeted.   
 
Clinical manifestation of Marteilioides chungmuensis, and Vibrio tapetis are 
primarily found in Pacific oyster and Manila clam, respectively.  Therefore, from 

                                                 
7 Note that Bonamia ostreae was detected in European oysters from two locations of coastal BC 
in 2004 and 2005.   
8
 Manual of Diagnostic Tests for Aquatic Animals, 5

th
 edition.  
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our design and findings, we are reasonably certain of their absence in southern 
coastal British Columbia.  
 
 

i. Exotic Diseases - Species Specific Freedom 
 

The British Columbia shellfish industry does not have basic biosecurity 
conditions in place that meet in their entirety that which is prescribed by the 
OIE. This includes a lack of an established early detection system and 
compulsory notification to the Competent Authority of any suspicion of any 
federally regulated disease.   
 
Therefore until such time as the National Aquatic Animal Health Program 
(NAAHP) is in place, some level of active surveillance, at a level 
commensurate with the degree of risk of introduction and exposure of 
potential sources of disease, is required in order to maintain confidence 
over time in the free disease status obtained during the initial two-year 
program.     

For shellfish in this geographic area, the primary source of potential disease 
introduction is anthropogenic movements of susceptible species from high 
risk areas or areas of unknown risk.  The majority of imports of these two 
species originate from five hatcheries from the US (Washington State, 
Oregon and Hawaii).  However, imports of Pacific oyster seed from 
Guernsey, from the north coast of France have also occurred in 2003 and 
2008.   

The current level of risk from existing imports based on the design 
requirements of 95 percent confidence and five percent minimum 
prevalence (from the requirement to sample 60 animals annually) of 
infection used for certification of exports set by the exporter and deemed 
acceptable by the Introductions and Transfers Committee (ITC) is, based on 
statistical ground alone (sampling error), greater than five percent.   

Until amendments to CFIA’s Health of Animal Regulations (HAR) are fully 
enforced (tentatively 2010), which covers the mandatory reporting of aquatic 
animal diseases of trade significance and import control of live aquatic 
animals, the recommended approaches for maintaining zone level 
declaration of freedom in Manila clams and Pacific oysters and fall back into 
a maintenance disease-free status phase are to focus on:  

a. Source hatchery testing requirements: formulate additional sampling 
requirements for imports to include a minimum of two sampling 
inspections per year, targeting at least 60 animals of the most 
susceptible age class, and performed at a time that optimizes the 
detection of the majority of diseases of concern. A minimum of 60 

http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_autorite_competente#terme_autorite_competente
http://www.oie.int/eng/normes/fcode/en_chapitre_1.1.1.htm#terme_maladie
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animals per sampling collection is recommended due to the carrier 
status only of these species for the majority of those diseases listed 
(considered of trade significance).  A minimum of two inspections per 
year is recommended due to the dynamic nature of this industry and 
the potential change in disease status over the course of a year;  

OR 

b. Testing requirements at destination (as a condition of import licence): 
for each source of international seed (currently five US hatcheries), 
select at random, one or more seed importer for sampling.  

Two inspections of 60 animals9 of the most susceptible age class and 
performed at a time that optimizes the detection of those targeted 
diseases.   

ii. Exotic Disease - Zone Specific Freedom 
 

The project only partially addressed the issue concerning declaration of 
disease freedom at the region (provincial) level for all the listed pathogens, 
because Pacific oysters and Manila clams do not represent natural 
susceptible species for all listed diseases and are only considered to be 
potential carriers of Marteilia refringens, Perkinsus marinus, and Bonamia 
ostreae. Nevertheless, these diseases were also screened for using 
histology as it allows for the detection of multiple pathogens in a single test 
and added information at no extra cost.  In order to make such declarations, 
the susceptible species that would be targeted for sampling include the 
European flat oyster and blue mussel for Infection with Marteilia refringens; 
and the American oyster for infection with Perkinsus marinus.  As Bonamia 
ostreae is not exotic to British Columbia, declaration of freedom at the 
provincial level does not represent an objective of surveillance for this 
disease.  In order to create free sub-geographical region and/or 
compartments for any endemic pathogens, such as B. ostrea in flat oysters 
in British Columbia, the implementation of a domestic disease control 
program is required.   
 
 
The World Organization of Animal Health strongly supports that surveillance 
conducted to establish disease freedom be based on a compilation and 
proper analysis of multiple sources of test and risk-based/epidemiological 
evidence.  This includes but is not limited to consideration on the 
homogeneity of susceptible populations based on geography, hydrology, 
and past and current industry practices, and the range of disease specific 
susceptibility.  In moving towards the implementation of the national 
surveillance program and survey design, such principles will be advocated.   

                                                 
9 95% confidence, 5% minimum prevalence, and perfect test sensitivity and specificity 
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The justification to allocate resources to compile sufficient evidence to infer 
freedom of disease for regulated exotic diseases in susceptible endemic 
species under the Health of Animal Regulations (HAR), especially as it 
pertains to non-native species, will need to be substantiated by the 
demonstration that the trade of such species is conditional on the ability of 
the competent authority (CFIA) to make health attestations that are 
satisfactory to importing countries. 
 
 

 
6.4   Maintenance of Disease Free Status 

A country or zone that has been declared free from disease following the 
provisions of the Aquatic Code (two years of surveillance with laboratory tests 
and in the absence of any suspicion of disease) may discontinue pathogen-
specific surveillance and maintain its infection-free status via passive 
surveillance10 and mandatory reporting provided that: 

It has been recognized if an area is free from infection following two years of 
surveillance using recognized laboratory tests demonstrating the absence of 
the disease in populations of susceptible species plus the absence of any 
suspicion of disease, then countries may discontinue targeted surveillance 
and maintain its official status as infection-free via passive surveillance and 
mandatory reporting provided that: 

1. if present, the pathogen is likely to produce identifiable clinical signs in 
observable susceptible species; 

2. the basic biosecurity conditions are in place and effectively enforced; 
3. no vaccination against the disease has been carried out unless 

otherwise provided in the Aquatic Code. 

Basic biosecurity conditions mean that the disease, including suspicion of the 
disease, is notifiable to the Competent Authority; an early detection system is in 
place within the zone or country; and import requirements are in place to prevent 
the introduction of  disease into the country or zone, as outlined in the Aquatic 
Code.  If such conditions cannot be met, surveillance should be maintained at a 
level commensurate with the degree of risk and exposure to potential sources of 
disease. 

Most molluscan seed in BC comes from hatchery facilities with health 
examination oversight of the broodstock and seed.  Shellfish health examination 
is required to obtain a health certificate recognized by the BC Introductions and 
Transfers Committee and is based on histological examination of 60 molluscs for 
                                                 
10 Passive surveillance takes the form of a disease-reporting system. If a producer notices a 
disease problem, this is reported, investigated and recorded in a systematic fashion 
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the following diseases of trade significance: Perkinsus spp. (including P. marinus 
and P. atlanticus), Bonamia spp, Haplosporidium spp. (plasmodia and spores), 
Marteilia spp, Mikrocytos mackini, Marteilioides chungmuensis. Screening of 
husbandry- induced bivalve iridovirus infections including hemocyte viruses (HIVD), gill 
viruses (GNVD) or oyster velar virus disease (OVVD) is also done.   

A clear advantage of using histology as the screening test is that it would detect 
any clinical signs of disease if present and therefore decrease the likelihood of 
importing sick animals.  
 
 
 

7. Recommendations  
 
In summary,  
 

 In falling back into a maintenance phase (i.e., once establishment of 
health status with an acceptable level of confidence has been 
obtained), it was recommended in October 2008 that another round of 
first sampling be conducted in fall 08/winter 09 in those DFO FMAs 
which have been significantly underrepresented according to the 
production level in the two-year plan.  The rationale is that 
demonstrating freedom at the provincial level has tangible benefits for 
both the justification of import requirements (protection of domestic 
stocks) and export market access for expanded markets beyond 
direct human consumption. The latter is a current limitation for the BC 
industry shipping to the EU.  The breakdown of animals that were 
needed to be sampled, for DFO FMA, species and type, and those 
that were successfully collected are given in Table XII. 

 
 It is recommended that wild targets (see Tables XIII and XIV) unlikely 

to be harvested be substituted by cultured animals from the same 
species and FMA.  Evidence gathered to date shows that the 
probability of finding exotic diseases is greater in farmed animals 
derived from international imports, and targeting this group increases 
the sensitivity of our surveillance based data used to support 
demonstration of disease freedom.  

 
 Because the industry in BC uses both seed from hatcheries and "wild" 

seed, and because lease owners move animals from raft culture to 
beach where wild settlement is present, it is very difficult to say 
whether or not a product is truly wild or cultured.  In the finfish industry 
it is obvious, in the shellfish industry in BC, it is not.  Therefore, the 
representation of samples from particular areas is more important 
than the differentiation of "wild" and "cultured" animals from an area.  
Although the information still needs to be collected, the target 
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numbers may not need to be stratified by "wild" vs. "cultured" animals.  
This would also increase the flexibility of sampling. 

 
 Bonamia exitiosa, B. roughleyi, and Marteilia sydneyi are not known 

to affect species cultured or found naturally in Canada (refer to 
Appendix I for details), therefore disease specific targeted 
surveillance for demonstrating the absence of these diseases in BC is 
not required based on scientific grounds.  

 
 
 
 

In order to create free sub-geographical zones or compartments (or a 
combination of the two) for M. mackini, B.ostrea, H. nelsoni and H. 
costale within the defined three areas (Mainland, Eastern and South 
western), the establishment of a domestic disease control program 
developed in consultation with the NAAHP stakeholders is required.  
Until such program is established, and tangible needs are 
demonstrated, the benefits of establishing a more focused 
surveillance for endemics are only partial and not recommended.  

 

 
8.  Proposed Next Steps  
 

 The down side of collecting animals at the processing plants is 
conditionally linked to the the ability of processors to trace back an 
animal from seed to harvest, as a positive finding originating from a 
processing plant might require multiple site surveys to find the index 
case.  The ability to do trace back is critical for the sound and speedy 
investigation in the event of a positive or suspicious finding, and limit 
the potential implications (loss of trade and/or domestic resources) 
that can result from the confirmation of such findings.  In shifting from 
the establishment of disease-free status in specific commodities into a 
maintenance mode, and in the face of the imminent promulgation of a 
national domestic disease control program under the CFIA, the 
collection of animals directly from production sites is the approach of 
choice. The establishment of robust record keeping and mechanisms 
for voluntary or mandatory reporting of suspicion of diseases also 
reduces the need for elaborate active surveillance.  Furthermore, the 
survey clearly demonstrated that the collection of animals from those 
few isolated/underrepresented areas (far from any harvesting 
activities/tenures) needs to be tackled directly at the farmers or tenure 
holder’s level.  Outreach could be done by campaigning, to explain 
the how and the why (importance) of such sampling activities or via 
the BCSGA’s online publication ’Tidelines’, which reaches a large 
proportion of the shellfish aquaculture industry. 
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  (Joy Wade, personal communication). 
 
 The significance of natural introduction of pathogens of concern in this 

region is still under study, but if determined to be of significant 
concern, could be mitigated by the establishment of:  i) an 
international (US Canada) zone, assuming equivalent bilateral 
requirements for surveillance (sampling and testing) a mutual level of 
risk of each industry can be established, or ii) a buffer zone 
strategically determined from known physical and natural boundaries 
with increased surveillance requirements.  

 
 
 
 

 The amendments of the Health of Animal Regulations (HAR) under 
the Health of Animal Act (HAA) will include border control, mandatory 
reporting, and domestic movement permits for aquatic animals. Until 
such time as these regulations are enforced (proposed for January 
2012), ongoing surveillance, at a level commensurate with the degree 
of risk and exposure to potential sources of disease, is recommended  
to protect the integrity, over time, of the disease-free status obtained 
during this two- year survey project. Furthermore, in moving towards 
the maintenance of disease-free status in these two species, 
surveillance efforts should also focus on the most likely pathway of 
disease introduction which is anthropogenic movement of susceptible 
species from non-local sources.   

 
 Until such time as the proposed amendments to the Health of Animal 

Regulations (HAR) are promulgated and enforced, CFIA will continue 
relying primarily on the existing federal and provincial regulations and 
policies, infrastructure, and measures put in place to mitigate import 
risk. 
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9. Figures and Tables  
 
Figure 1. Fisheries and Oceans Management Area Map  

 

 
  
 
 
 
 

http://www.pac.dfo-mpo.gc.ca/fm-gp/maps-cartes/areas-secteurs/index-eng.htm
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Area Description 

Area 2 Southern Queen Charlotte Islands 

Area 7 Prince Island, Hunter Island 

Area 13 Quadra Island, Cortez Island 

Area 14 Oyster River, Parksville 

Area 15 Brettell Point, Powell River 

Area 16 Texada Island, Lasqueti Island, Jervis Inlet 

Area 17 Nanoose Bay, Galiano Island 

Area 18 Mayne Island, Saanich 

Area 19 Saanich, William Head 

Area 20 Sooke, Bonilla Point Lighthouse 

Area 23 Cape Beale, Ucluelet 

Area 24 Cox Point, Estevan Point 

Area 25 Nootka Sound, Esperanza Inlet 

Area 26 Union Island, Solander Island 

Area 27 Solander Island, Lawn Point, Cape Scott 

 
 
 
Figure 2.   Manila clam production by DFO management area11 
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 Compiled and provided by the David McCallum, Research & Development 
Coordinator, BC Shellfish Growers Association 
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Figure 3. Pacific oyster production by DFO management area12 
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Figure 4. Total combined clam and oyster production by DFO management 
area13 
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Figure 5. Number of processor purchases per DFO management per 

area
14
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 Compiled and provided by David McCallum, Research & Development Coordinator, 
the BC Shellfish Growers Association 
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Figure 6.  Distribution of Denman Island Disease (M. mackini) in western 
Canada15  
 

 

 
 
 
 
 
 

                                                 
15

 Provided by Gary Meyer (DFO Biological Pacific Station) Formatted: Highlight
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Table I. The list of targeted diseases pathogens for the project and criteria for the 
shellfish survey in British Columbia    

 
DISEASESPATH

OGEN 
OIE 

STATUS
16 

SPECIES AGE 
CLASS 

TIME OF 
SAMPLING 

SALINITY 

Infection with 
Marteilia refringens 

Listed Both species= 
potential carrier 

Preferably 
adults 

Warmer summer 
temperatures 
(>17C). Spring  
and summer  
sampling 

Salinities <35 
ppt 

Infection with 
Perkinsus marinus 

Listed Both species= 
potential carrier 

>1 year old  
(at depth 
>90 cm) 

Warmer summer 
temperatures 
(>20C). Spring 
and summer 
sampling 

High salinities 
(<12-15 ppt 
seems to limit 
the disease) 

Infection with 
Perkinsus olseni 

Listed Manila clam= 
known host  
Pacific oyster= 
potential carrier 

Preferably 
adults 

Warmer summer 
temperatures 
(>20C). Spring 
and summer 
sampling 

High salinities 

Infection with 
Haplosporidium 
nelsoni 

Delisted in 
2006 

Pacific oyster= 
known host 

Juvenile 
oysters (and  
2 to 3 year 
olds in 
American 
oyster only) 

Warmer 
temperatures but 
<20C. Spring and 
summer sampling 

Higher salinities 
(>15 ppt) 

Infection with 
Haplosporidium 
costale 

Delisted in 
2005 

Pacific oyster= 
potential host  

Juveniles 
and adults 

  

Infection with 
Mikrocytos mackini 

Delisted in 
2006 

Pacific oyster= 
known host 

Preferably 
>2 year olds 

Cooler water 
temperatures 
(10C).  Spring 
(April) and winter 
(January) 
sampling  

High salinities 

Infection with 

Bonamia ostreae17 

Listed Pacific oyster= 
Potential carrier 

Preferably 
>2 year 
older 
animals  

Prevalence and 
intensity of 
infection increases 
during warmer 
months.  
Prevalence peak 
in September and 
mortalities at temp 

N/A18 

                                                 
16 Aquatic Animal Health Code, 11th edition (OIE, 2008) 
17

 Detected in European oysters from the Malaspina Inlet area (DFO FMA15) in 2004 and 
2005   
18 N/A Non available 
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between 12-20 ºC. 

Infection with 

Bonamia exitiosa 

Listed Pacific oyster= 
potential carrier 

Adults Mortalities can 
occur all year with 
the highest 
prevalence in 
warmer months  

N/A 

Infection with 

Marteilia sydneyi 

Delisted in 
2005 

Pacific oyster= 
potential carrier 

N/A Warmer 
temperatures 
favour parasite 
development, 
leading to greatest 
mortality at the  
end of summer 
and early autumn 

Disease is 
associated with 
low salinity 

Infection with 

Marteilioides 

chungmuensis19 

Not listed Pacific oyster= 
known host 

Breeding 
females 

warm water 
months 

N/A 

Infection with Vibrio 

tapetis20 

Not listed Manila clam= 
known host 

 Adult Experimental 
evidence showed  
that the disease is 
absent in enzootic 

areas with high 
summer 

temperatures of 
21ºC 

N/A 

Infection with 

Bonamia 

(=Mikrocytos)  

roughleyi21 

Delisted in 
2005 

Pacific oyster= 
potential carrier 

Adults, but 
small spat 
may also be 
affected in 
severe 
outbreaks 

Lower 
Temperatures  

high salinities of  
30-35 ppt 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
19 Non OIE listed disease of great significance to C. gigas. 
20 Non OIE listed disease of great significance to V. philippinarum. 
21 Endemic, therefore not targeted for declaration of freedom    
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Table II. Number of participating processors purchasing either clams or oysters and total  
sample size from each DFO management area over the two-year sampling period 
 

Area Number of 
Processor 
purchasing 
Pacific 
oysters from 
each given  
management 
area22 

Number of 
Processor 
purchasing 
Manila 
clams from 
each given  
management 
area23 

Sample 
size 
per 
year 
for 
Pacific 
oyster  

Sample 
size 
per 
year 
for 
Manila  
clams 

TOTAL Estimated 
Percentage 
(%) 

True 
percentage 
(%)24 

Area 20 1 1 38 30 68 2.05%25 0.2% 

Area 19 1 1 38 30 68 2.05% 0.4% 

Area 26 0 2 0 54 54 1.63% 0.5% 

Area 18 2 1 6326 30 93 2.81% 0.2% 

Area 16 4 3 98 68 166 5.01% 2.0% 

Area 25 3 1 63 17 80 2.42% 3.6% 

Area 15 6 5 306 268 574 17.33% 11.6% 

Area 13 5 5 156 268 424 12.80% 13.0% 

Area 24 4 3 101 76 177 5.34% 9.5% 

Area 23 6 4 181 143 324 9.78% 3.0% 

Area 17 6 6 189 256 445 13.44% 9.2% 

Area 14 9 8 420 411 831 25.09% 46% 

    TOTAL 3,312 100% 100% 

 

 

                                                 
22

 See Figure 5 
23

 See Figure 5 
24 As per Table VII 
25 68 / 3,312 = 2.05% 
26 As per Table III and Table V.  Coopers plus Evening Cove => 38+25 = 63 
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Table III. Proposed sampling scheme for Pacific oysters and Manila clams  
 
Species Time Period Area 1 

(Mainland) 
Area 2 
(Eastern) 

Area 3  
(South 
western) 

 

Venerupis 
philippinarum 

Spring 2007 15 per co. 27 
150 

15 per co. 
150 

15 per co. 
150 

 

 Fall 2007 15 per co. 
150 

15 per co. 
150 

15 per co. 
150 

 

Totals  300 300 300 900 

Crassostrea 
gigas 

Spring 2007 10 per co. 28 
150 

5 per co.29 
150 

15 per co. 
150 

 

 Fall 2007 10 per co. 
150 

5 per co. 
150 

15 per co. 
150 

 

Totals  300 300 300 900 

 

 
Table IV. Distribution of wild and cultured Manila clam samples to be collected by 
DFO management area30  
 

DFO Area: Number of Manila Clams to Sample 

% of Total 
Wild Harvest 

Sample 
Number31 

% of Total Cultured 
Harvest 

Sample 
Number21 

Area 7 5.37 25 0 0 

Area 13 5.68 30 8.25 40 

Area 14 7.16 35 53.68 245 

Area 15 29.67 135 2.13 10 

Area 16 4.58 25 2.74 15 

Area 17 24.28 110 21.73 100 

Area 18 0 0 0 0 

Area 19 3.30 15 0 0 

Area 20 1.34 10 0.49 5 

Area 23 1.64 10 7.34 35 

Area 24 6.94 35 0 0 

Area 25 8.94 45 0.28 5 

Area 26 0 0 3.35 20 

Area 27 1.09 5 0 0 

Total (per season)    475 

Total (year)  480  950 

                                                 
27 15 samples each from the top 10 producers = 150 
28 10 samples each from the top 15 producers = 150  
29 5 samples each from the top 30 producers = 150 
30

 Based on year 2005 
31 Numbers have been rounded up to the nearest multiple of 5 
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Table V. Distribution of wild and cultured Pacific oyster samples to be collected 
by DFO management area32 
 
DFO Area Number of Pacific Oysters to Sample 

% of Total Wild 
Harvest 

Sample 
Number20  

% of Total Cultured 
Harvest 

Sample 
Number21 

Area 7 0 0 0 0 

Area 13 4.36 20 14.96 70 

Area 14 4.91 25 50.74 230 

Area 15 25.61 120 10.48 50 

Area 16 18.80 85 1.50 10 

Area 17 6.54 30 4.63 25 

Area 18 0 0 0.25 5 

Area 19 0 0 0 0 

Area 20 0 0 0 0 

Area 23 33.24 150 2.40 15 

Area 24 0 0 11.65 55 

Area 25 6.54 30 3.39 20 

Area 26 0 0 0 0 

Area 27 0 0 0 0 

Total (per season)     480 

Total (year)  460   960 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
32

 Based on year 2005 
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Table VI.  The amount of Manila clams harvested in each of the DFO 
management areas33

  
DFO Area Manila Clams (Pounds) 

Wild  Farmed  % of Total 

Area 7 141,549 0 2.52% 

Area 13 149,489 246,408 7.05% 

Area 14 188,512 1,602,502 31.88% 

Area 15 780,971 63,713 15.04% 

Area 16 120,473 81,901 3.60% 

Area 17 639,075 648,571 22.92% 

Area 18 *34 * 0.00% 

Area 19 86,893 0 1.55% 

Area 20 35,374 14,528 0.89% 

Area 23 43,194 219,181 4.67% 

Area 24 182,704 * 3.25% 

Area 25 235,167 8,355 4.34% 

Area 26 0 100,000 1.78% 

Area 27 28,796 0 0.51% 

Total (% of Total) 2,632,196 (46.86%) 2,985,160 (53.14%)  

 
 
Table VII. The amount of Pacific oysters harvested in each of the DFO 
management areas per year35 

DFO Area Pacific Oysters (Pounds) 

Wild  Farmed  % of Total 

Area 7 0 0 0.00% 

Area 13 35,274 2,499,821 14.96% 

Area 14 39,683 8,480,016 50.74% 

Area 15 207,235 1,751,026 10.48% 

Area 16 152,119 251,038 1.50% 

Area 17 52,911 773,748 4.63% 

Area 18 0 41,876 0.25% 

Area 19 0 0 0.00% 

Area 20 0 0 0.00% 

Area 23 268,964 401,193 2.40% 

Area 24 0 1,947,829 11.65% 

Area 25 52,911 566,516 3.39% 

Area 26 0 0 0.00% 

Area 27 0 0 0.00% 

                                                 
33

 Based on year 2005 
34 *Information was not available for this area 
35

 Based on year 2005 
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Total (% of Total) 809,097 (4.62%) 16,713,063 (95.38%)   

Table VIII. Number of animals targeted for sampling and tested for both Pacific oysters 
and Manila clams during the fall 2006 sampling period  

 
DFO AREA SPECIES 

 Pacific Oysters  Manila Clams 

 Targeted  Tested Targeted Tested 

Area 7 0 0 0 0 

Area 13 78 0 78 25 

Area 14 210 75 205 104 

Area 15 153 30 59 31 

Area 16 53 0 34 0 

Area 17 95 0 128 75 

Area 18 32 25 30 29 

Area 19 38 0 30 0 

Area 20 38 0 30 0 

Area 23 75 0 71 0 

Area 24 50 0 38 0 

Area 25 31 0 17 0 

Area 26 0 0 27 0 

Area 27 0 0 0 0 

Total (per 
season) 

427 130 374 293 
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Table IX. Number of wild and cultured Pacific oysters and Manila clams targeted for 
sampling and the number of animals tested during the spring 2006 sampling period.  

 
DFO AREA SPECIES 

 Pacific oysters Manila clams  

 Wild Cultured Wild Cultured 

 Targeted  Tested Targeted  Tested Targeted  Tested Targeted  Tested 

Area 7 0 0 0 0 25 0 0 0 

Area 13 20 70 70 0 30 0 40 43 

Area 14 25 0 230 231 35 0 245 246 

Area 15 120 0 50 42 135 0 10 0 

Area 16 85 0 10 12 25 0 15 15 

Area 17 30 0 25 27 110 15 100 101 

Area 18 0 0 5 24 0 0 0 0 

Area 19 0 0 0 0 15 0 0 0 

Area 20 0 0 0 0 10 20 5 0 

Area 23 150 0 15 24 10 0 35 65 

Area 24 0 0 55 55 35 0 0 0 

Area 25 30 0 20 0 45 0 5 15 

Area 26 0 0 0 0 0 0 20 0 

Area 27 0 0 0 0 5 0 0 0 

Total (year) 460  960  480  950  

Total (per 
season) 

230 70 480 415 240 35 475 485 
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Table X. Number of wild and cultured Pacific oysters and Manila clams targeted for 
sampling and the number tested during the fall 2007 sampling period.  

 
DFO AREA SPECIES 

 Pacific oysters Manila clams  

 Wild Cultured Wild Cultured 

 Targeted  Tested Targeted  Tested Targeted  Tested Targeted  Tested 

Area 7 0 0 0 0 25 0 0 0 

Area 13 20 0 70 90 30 30 40 18 

Area 14 25 0 230 229 35 0 245 107 

Area 15 120 15 50 50 135 116 10 30 

Area 16 85 0 10 0 25 0 15 0 

Area 17 30 0 25 0 110 0 100 100 

Area 18 0 0 5 5 0 0 0 0 

Area 19 0 0 0 0 15 0 0 0 

Area 20 0 0 0 0 10 0 5 0 

Area 23 150 0 15 15 10 0 35 71 

Area 24 0 0 55 55 35 0 0 0 

Area 25 30 0 20 0 45 0 5 0 

Area 26 0 0 0 0 0 0 20 0 

Area 27 0 0 0 0 5 0 0 0 

Total (year) 460  960  480  950  

Total (per 
season) 230 15 480 444 240 146 475 326 
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Table XI. Number of wild and cultured Pacific oysters and Manila clams targeted for 
sampling and the number tested during the spring 2008 sampling period. 

 
DFO AREA SPECIES 

 Pacific oysters Manila clams  

 Wild Cultured Wild Cultured 

 Targeted  Tested Targeted  Tested Targeted  Tested Targeted  Tested 

Area 7 0 0 0 0 25 0 0 0 

Area 13 20 20 70 70 30 30 40 26 

Area 14 25 25 230 231 35 35 245 214 

Area 15 120 30 50 24 135 70 10 45 

Area 16 85 0 10 10 25 0 15 15 

Area 17 30 30 25 25 110 120 100 75 

Area 18 0 0 5 0 0 0 0 0 

Area 19 0 0 0 0 15 0 0 0 

Area 20 0 0 0 0 10 3 5 0 

Area 23 150 0 15 15 10 12 35 0 

Area 24 0 0 55 55 35 0 0 0 

Area 25 30 0 20 0 45 0 5 0 

Area 26 0 0 0 0 0 0 20 0 

Area 27 0 0 0 0 5 0 0 0 

Total (year) 460  960  480  950  

Total (per 
season) 230 105 480 430 240 270 475 375 
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Table XII. The number of wild and cultured Pacific oysters and Manila clams targeted for 
sampling and the number tested as per identified gaps, during the fall 2008 – winter 2009 
sampling period36 
 

  Pacific Oysters Manilla Clams 

  Wild Wild Cultured Cultured Wild Wild Cultured Cultured 

  Gaps Collected Gaps Collected Gaps Collected Gaps  Collected 

Area 7  0 0  0 0 38 66 0 0  

Area 13 0 0  89 45 0 44 47 47 

Area 14 0 30 0 97 0 0  167 197 

Area 15 0 0  81 81 0 0  46   

Area 16 128 0 35 0 38 0  32 70 

Area 17  0  0 71 71 0 0  0 0  

Area 18 0  0 0 80 0 0  0 0  

Area 19 0  0 0 0  0 0  0 0  

Area 20 0  0 0 0  0 0  0 0  

Area 23 75 0 0 0  0 0  0 0  

Area 24 0  0 0 0  53 0  0 0  

Area 25 0  0 76 0  68 0  0 0  

Area 26 0  0 0 60 0 0  0 0  

Area 27 0  0 0 0  0 0  0 0  

TOTAL 203 30 352 434 197 110 292 314 

                  

  Gaps Collected             

Oysters  555 434             

Clams  491 424             

Total 1046 858             

 

                                                 
36 Also taken into consideration DFO’s concurrent sampling activity of wild pacific oyster 
(Table XVIII)  
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Table XIII. Summary of targeted and tested wild and cultured Pacific oysters and 
Manila clams by DFO management area 
 

DFO 
AREA 

SPECIES 

 Pacific Oysters                            Manila clams 

 Wild Cultured Wild Cultured 

 Targeted  Tested Targeted  Tested Targeted  Tested Targeted  Tested 

Area 7 0 0 0 0 38 66 0 0 

Area 13 30 90 249 205 45 104 159 159 

Area 14 38 55 795 863 53  35 838 868 

Area 15 180 45 227 227 203 186 60 106 

Area 16 128 0 57 22 38 0 62 100 

Area 17 45 30 123 123 165 135 364 351 

Area 18 0 0 31 134 0 0 15 29 

Area 19 0 0 19 0 23 0 15 0 

Area 20 0 0 19 0 15 23 30 29 

Area 23 225 0 83 54 15 12 141 136 

Area 24 0 0 190 165 53  0 19 0 

Area 25 45 0 76 0 68 0 24 15 

Area 26 0 0 0 60 0 0 74 0 

Area 27 0 0 0 0 8 0 0 0 

TOTAL 690 220 1867 1853 720 561 1799 1793 

 
Table XIV. Summary of targeted and tested wild and cultured Pacific oysters and 
Manila clams for each sampling period. 
 

SAMPLING 
PERIOD 

SPECIES 

 Pacific Oysters Manila Clams 

 Wild Cultured Wild Cultured 

 Targeted  Tested Targeted  Tested Targeted  Tested Targeted  Tested 

Fall 2006*   427 130   374 293 

Survey Design 1 
Total 

  427 130   374 293 

         

Spring 2007 230 70 480 415 240 35 475 485 

Fall 2007 230 15 480 444 240 146 475 326 

Spring 2008 230 105 480 430 240 270 475 375 

                 Fall 2008  30  434  110  314 

         

Survey Design 2 
Total 

690 220 1440 1723 720 561 1425 1500 

1 and 2 Total 690 220 1867 1853 720 561 1799 1793 

Formatted Table
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Table XV. Diagnostic results of wild and cultured Pacific oysters and Manila 
clams for each sample period 
 

TOTALS Pacific Oysters 

 DFO Areas (+) Haplosporidium spp. Haplosporidium nelsoni 

 Histo (presumptive+) PCR (confirmed+) 

Fall 2006  0 0 

Spring 2007 14 (cultured) 2/35 2/3537 

Fall 2007  0 0 

Spring 2008 13,14,17 (cultured) 1/10, 1/35, 1/25 0/3 

Total confirmed 14 (cultured) 4 1 

TOTALS Manilla Clams 

 DFO Areas (+) Haplosporidium spp. Haplosporidium nelsoni 

 Histo (presumptive+) PCR (confirmed+) 

Fall 2006  0 0 

Spring 2007  0 0 

Fall 2007  0 0 

Spring 2008  0 0 

Total confirmed  0 0 

TOTALS Pacific Oysters 

 DFO Areas (+) Mikrocytos mackini Mikrocytos mackini 

 Histo (+) PCR (+)38 

Fall 2006  0 0 

Spring 2007 13, 14, 15, 16, 24 
(cultured) 

1/24, 1/14, 0/14, 2/12, 1/17  2/4, 1/2, 0/1, 5/6, 2/2   

Fall 2007  0 0 

Spring 2008 13, 14, 15 (cultured) 
13 (wild) 

2/60, 6/76, 3/24 
0/20 

0/0, 7/8, 0/0  
0/2 

Total confirmed 13, 14, 16, 24 (cult.) 16 17 

Total # of samples tested (all seasons) = 1469 

TOTALS   Manilla Clams 

 DFO Areas (+) Mikrocytos mackini Mikrocytos mackini  

 Histo (+) PCR (+) 

Fall 2006  0 0 

Spring 2007  0 0 

Fall 2007  0 0 

Spring 2008 14 (cultured) 0/31 0/1 

Total confirmed  0 0 
 

                                                 
37  Also confirmed via In situ hybridization (ISH) one specimen tested 
38 All lesions were tested using PCR (not just those positive on histology). As PCR has 
not been fully validated for M.mackini, a confirmed positive case submission is one that 
tested positive by histology   
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Table XV (Continued).  
 

TOTALS Pacific Oysters 

 DFO Areas 
(confirmed +) 

Haplosporidium spp. Haplosporidium costale 

 Histo (presumptive+) PCR (confirmed+) 

Fall 2006  0 0 

Spring 2007 14 (cultured) 1/35 0 

Fall 2007  0 0 

Spring 2008 13, 14, 17 (cultured) 1/10, 1/35, 1/25 1,1, 0/1, 1/1 

Total confirmed 13, 17 (cultured) 4 2 

TOTALS Manilla Clams 

 DFO Areas 
(confirmed +) 

Haplosporidium spp. Haplosporidium costale 

 Histo (presumptive+) PCR&ISH (confirmed+) 

Fall 2006  0 0 

Spring 2007  0 0 

Fall 2007  0 0 

Spring 2008  0 0 

Total confirmed  0 0 
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Table XVI.  Concurrent DFO Survey of wild Pacific oysters in 2007 and 200839   

 
Collection 

Date 
DFO 
Stat. 
Area 
(sub 
area) 

Location Proximity to 
nearest 

Shellfish 
Aquaculture 

Site 

Sample 
Size 

MSX 
PCR 
Results 

Histology 
Results 

Aug.28/07 29 (8) Mud Bay 
(Nicomekl 
R.) 

> 10 km 60 16/60+40 0/60 +  

Sept.24/07 17 (21) Piper’s 
Lagoon 

> 10 km 100 1/100+41 0/4 +  

Nov.21/07 14 (8) Denman 
Island42 

< 0.1 km 100 NA43 0/100 + 

Dec.3/07 25 (3) Nootka 
Sound 
(Mooyah 
Bay)44 

5 to 10 km 100 NA39 0/100 + 

Jan.7/08 14 (1) Parksville  > 10km 100 NA39 0/60 + 

Jan.21/08 23 (10) Toquart 
Bay 

1 to 5 km 150 NA39 0/60 + 

Feb.13/08 14 (8) Baynes 
Sound 
(Buckley 
Bay) 

< 0.1 km 100 NA39 0/60 + 

Feb.26/08 18 (7) Saltspring 
Island 
(Booth 
Bay) 

< 0.1 km 100 NA39 0/40 + 

Mar.14/08 15 (3) Hernando 
Island 
(Stag Bay) 

1 to 5 km 60 NA39 0/60+ 

TOTAL    870   

 
 
  

 

 

 

 

 

                                                 
39 Table compiled and provided by Gary Meyer, PBS, DFO 
40 MSX could not be detected by visualised by histology (H&E or ISH staining). 
41 MSX could not be detected by visualised by histology (H&E or ISH staining). 
42 Sample collection site was < 0.5 km from the “MSX Index Site” from spring 2007 
43 DNA extractions complete but PCR assays not done yet 
44 Sample obtained from a commercial harvester 
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10. Appendix 
 

Appendix I.  Matrices used in shellfish surveillance planning 

 

Specifics / 
Disease 

Marteilia refringens 
Perkinsus 
marinus 

Perkinsus olseni 
(=atlanticus) 

Haplosporidium 
nelsoni 

Mikrospcytos 
mackini 

Diseases 
common name 

Marteiliosis or  
Aber disease 

Dermo 
Perkinsosis of Clams 

 
Clam Perkinsus disease 

MSX Disease 
(Mulitnucleate Sphere 

X) 

Denman Island 
Disease 

 
Mikrocytosis 

 
Microcell disease  

Causative agent 

Protozoan 
 
Phylum: Paramyxea 

 

Protozoan  
 

Phylum: Apicomplexa 
 

Closely related to the 
dinoflagellates 

Protozoan 
 

Phylum: Apicomplexa 
 

Protozoan 
 

Phylum: 
Haplosporidia 

 

Protozoan 
 

Phylum: Unknown 
 

Strain 
differences 

N/A
45

 N/A N/A N/A N/A 

Gross Signs of 
Disease: 

 
 

 
Discoloration of 
digestive gland 

 
Tissue necrosis 

 

Pale digestive gland 
 

Occasional pustules in soft 
tissue 

Visible milky white cysts 
or nodules mainly on the 
gills and sometimes in 
the foot, gut, digestive 
gland, kidney, gonad 
and mantle of heavily 

infected clams.  
 

Occasionally may 
appear as spherical 

brown abscesses up to 
8 mm in foot and mantle 

Pale digestive gland 
 

Thin and watery 
appearance with pale 
digestive diverticula 

 
Mantle recession 

 
Brownish red 

discoloration of gills 
and mantle 

 
Raised yellow brown 
deposits on internal 

valve surfaces 

Green pustules up to 
5 mm in size on the 
body wall or labial 
palps or mantle 

 
Brown scars on the 

shell adjacent to 
abscesses on mantle 

surface 
 
 

OIE status 
(listing) 

YES YES YES DELISTED in 2006 DELISTED in 2006 

Distribution 
Globally 

France, Greece,  
Morocco, Italy, 
 Portugal,Spain 

USA, Mexico 
 

Australia, New Zealand,  
Korea, Japan, 

Portugal, France,  
Italy, Spain, Thailand 

Canada (east coast), 
USA, Korea 

Japan, France 

Canada (west coast), 
USA  

 

Presence in  
Canada   

Exotic Exotic Exotic 

ENDEMIC 
 but subject to official 

control 
 

Nova Scotia 

ENDEMIC 
but subject to official 

control 
 

Southwest BC 

                                                 
45 Not Applicable 
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Specifics / 
Disease 

Marteilia refringens 
Perkinsus 
marinus 

Perkinsus olseni 
(=atlanticus) 

Haplosporidium 
nelsoni 

Mikrospcytos 
mackini 

Presence in 
USA  

Exotic 
East coast of USA from 

Maine to Florida, along the 
Gulf of Mexico Coast  

Exotic 

East Coast from 
Maine to Florida 

  
California 

Pacific Northwest in 
Washington State 

Susceptibility: 
Environmental 

Factors 
(Temperature, 
salinity, depth, 

etc) 

Spring and Summer 
when warm water 
temperature is greater 
than 17 ºC 
 
High salinities of 35-
37 ppt limit the 
development of the 
pathogen 

Warm summer water 
temperatures (higher than 
20ºC) intensifies infection 
 
In temperatures above 
25ºC the parasite rapidly 
multiplies and kills oysters 
 
Prevalence of infection 
increases with increase in 
salinity (high level 
infections and high morts 
at 12-15 ppt and above)  
Below 9 ppt, infection level 
and morts decline  

Proliferation is 
correlated with warm 
summer water 
temperatures higher 
than 20ºC 
 
Freshwater is lethal for 
the pathogen 

Mid May trough the 
end of October 
 
Water temperatures 
exceeding 20 ºC may 
cause disease to 
disappear 

Disease most 
prevalent in mid 
March to mid May 
following several 
months when 
temperatures are less 
that 10ºC 
 
The pathogen prefers 
higher salinities 
 

Susceptibility: 
host age 
variation  

Adult 
Greatest in oysters over 1 
year old at depths greater 

than 90 cm 
Adult 

Juvenile oysters 
(also impact 2 to 3 
year olds American 

oyster) 

Severe infections in 
oysters over 2 years 

of age  

Susceptibility: 
Highly  

susceptible 
species of 
significant 

importance to 
Canada  

 
 

European Flat Oyster 
 

Blue Mussel 
 

Mediterranean mussel 
 
 

American Oyster 
 
 

Northern abalone  
 

Manila Clam 
Pacific oyster 

American Oyster 
 

Pacific Oyster 

 
 

Pacific Oyster 
 

European Flat Oyster 
 

American Oyster  
 
 

Susceptibility: 
Other naturally 

susceptible 
species 

Common European 
Cockle 

New Zealand Dredge 
Oyster (= Chilean flat 

oyster) 
Argentinean oyster 

Olympia Oyster 
Rock Oyster 

 
Possibly other 

bivalves 

 
Suminoe Oyster 
Soft shell clam 

Baltic clam 
Hard shell clam  

 
 
 

Greenlip Abalone 
Blacklip Abalone 

European Aurora Venus 
Clam 

Groove-shelled Clam 
New Zealand Cockle 
Staircase Abalone 
Whirling Abalone 

Crocus Clam 
Giant Clam 

Elongated Clam 
Pearl Oyster

1
  

Silver lip Pearl Oyster 
 

Southern Mud Oyster 

Olympia Oyster 
 

Susceptibility:  
 

known natural 
carriers  

American Oyster 
Pacific Oyster  
Manila clam 

Pacific Oyster
46

  
Manila clam 

N/A N/A N/A 

                                                 
46 Species has shown susceptibility experimentally 
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Specifics / 
Disease 

Marteilia 
refringens 

Perkinsus 
marinus 

Perkinsus olseni 
(=atlanticus) 

Haplosporidium 
nelsoni 

Mikrospcytos 
mackini 

Susceptibility: 
Stressors or 

practices 

List includes but is 
not exclusive to: 
 

 Rearing 
densities 

 Handling 

 Site selection 

 Seed stock 
selection 

 

List includes but is not 
exclusive to: 
 

 Rearing densities 

 Handling 

 Site selection 

 Seed stock 
selection 

 Cohabitation of 
infected and 
uninfected animals 

 

 
List includes but is 
not exclusive to: 
 

 Rearing densities 

 Handling 

 Site selection 

 Seed stock 
selection 

 Cohabitation of 
infected and 
uninfected 
animals 

  
 

List includes but is 
not exclusive to: 
 

 Rearing 
densities 

 Handling 

 Site selection 

 Seed stock 
selection 

 

 
List includes but is 
not exclusive to: 
 

 Rearing densities 

 Handling 

 Site selection 
• Seed stock 

selection 
• Planting depth 
• Cohabitation of 

infected and 
uninfected 
animals  

 

Known 
Intermediate 

host(s) 

Suspected; not yet 
known 

N/A N/A 
Suspected; not yet 

known 
N/A  

Epidemiology: 
Modes of 
pathogen 

transmission  

 Unknown Horizontal Horizontal 

Pathogen is not 
spread directly from 
host to host, but is 
readily picked up 
from some 
unknown 
intermediate host 
or agent in the 
water  

Horizontal 

Diagnosis: 
Tissues to be 

sampled 

Digestive tract 
epithelium, 
primarily 

Transverse section 
through the visceral 
mass that includes 
mantle, gills, and 
digestive gland 

 
 

Transverse section 
through the visceral 
mass that includes 
mantle, gills, and 
digestive gland 

 
Adductor or foot 

muscles or mantle for 
abalone  

Transverse section 
through the visceral 
mass that includes 
mantle, gills, and 
digestive gland 

Transverse section of 
mantle and digestive 

gland (including 
pustules, abscesses 
and ulcers if present) 

Diagnosis: 
OIE Reference 

lab 

 
Dr. Frank C. J. 
Berthe 
IFREMER, 
Laboratoire de 
Genetique et 
Pathologie 
BP 133,  
17390 La 
Tremblade 
FRANCE 
Tel : (33-5) 
46.36.98.43 
Fax :(33-5) 
46.36.37.51 
Email : 
fberthe@ifremer.fr 
 
 

Dr. E.M. Burreson 
Virginia Institute of 
Marine Science, 
College of William and 
Mary 
PO Box 1346 
Gloucester Point, VA 
23062 USA 
Tel : (804) 684-7015 
Fax : (804) 684-7097 
Email : gene@vims.edu 
 

Dr. E.M. Burreson 
Virginia Institute of 
Marine Science, 
College of William 
and Mary 
PO Box 1346 
Gloucester Point, VA 
23062 USA 
Tel : (804) 684-7015 
Fax : (804) 684-7097 
Email : 
gene@vims.edu 
 

Dr. E.M. Burreson 
Virginia Institute of 
Marine Science, 
College of William 
and Mary 
PO Box 1346 
Gloucester Point, 
VA 
23062 USA 
Tel : (804) 684-
7015 
Fax : (804) 684-
7097 
Email : 
gene@vims.edu 
 

 
Dr. S Bower 
Department of 
Fisheries and Oceans 
Pacific Biological 
Station 
3190 Hammond Bay 
Road, Nanaimo, BC 
V9T 6N7 CANADA 
Tel: (250) 756-7077 
Fax: (250) 756-7053 
Email:  
bowers@dfo-
mpo.gc.ca 
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Specifics / 
Disease 

Bonamia 
ostreae 

Bonamia 
exitiosa 

Haplosporiu
m  

costale 

Bonamia 
roughleyi 

Marteilia 
sydneyi 

Marteilioides 
chungmuensi

s  
Vibrio tapetis 

Diseases common 
name 

Bonamiosis 
 

Microcell 
Disease 

 
Haemocyte 
Disease of 

Flat Oysters 

Bonamiosis 
 

Microcell 
Disease 

 
Haemocyte 
Disease of 

Dredge Oysters 

SSO Disease 
 

Seaside 
Disease 

 
High Salinity 

Disease 
 

 
Bonamiosis 

 
Microcell Disease 
of Sydney Rock 

Oysters 
 

Australian Winter 
Disease 

QX Disease 
 

Marteliosis 

Marteiliodes of 
oocytes 

 
Korean Egg 

Parasite 

Brown Ring 
Disease of 

Manila Clams 
 

BRD 

Causative agent 

Protozoan  
 

Phylum: 
Haplosporidia 

Protozoan  
 

Phylum: 
Haplosporidia 

Protozoan  
 

Phylum: 
Haplosporidia  

Protozoan  
 

Phylum: 
Haplosporidia 

Protozoan  
 

Phylum: 
Paramyxea 

Protozoan  
 

Phylum: 
Paramyxea 

A fermentative, 
Gram negative, 

motile, 
nonsporulating 

curved rod Vibrio 
species of 

bacteria that is 
oxidase positive 

Strain differences N/A N/A N/A N/A N/A 
 

N/A 
 

N/A 

Gross Signs of 
Disease  

Possibly 
yellow 

discoloration 
and perforated 

ulcers in the 
connective 

tissue of the 
gills, mantle 

and digestive 
gland 

Watery flesh 
and deformities 
to gill margins 

 
Abrupt early 

summer 
mortality for 
4-6 weeks in 

American 
Oysters - 
Few other 

gross signs 
 

Internal color 
change in 
juveniles 

 

Ulceration and 
lesions in the 

gonad, mantle and 
gills 

Colorless and 
translucent 

tissues because 
of complete 
resorption of 

gonad 
 

Digestive gland 
becomes pale 
yellow-brown 

Tumour-like 
distensions of 

the mantle 
tissues are 
exhibited on 

heavily infected 
oysters 

Stunted growth 
and a brownish 

coloured deposit 
along the leading 

edge of the 
mantle 

OIE status (listing) YES YES 
DELISTED 

in 2005 
DELISTED 

In 2005 
DELISTED in 

2005 
NOT LISTED NOT LISTED 

Distribution 
Globally 

 
France 
Ireland 

Italy 
The 

Netherlands 
Spain 

UK (excluding  
Scotland) 

USA 
Canada (west 

coast) 
 

New Zealand 
Australia 

Canada (east 
coast) 
USA 

New South Wales, 
Australia 

New South 
Wales, 

Queensland and 
Western Australia 

Korea 
Japan 

Atlantic coasts of 
France, Spain 
and Portugal 
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British Columbia (fall 2006-spring 20092006-2009) 

Specifics / 
Disease 

Bonamia 
ostreae 

Bonamia 
exitiosa 

Haplosporiu
m  

costale 

Bonamia 
roughleyi 

Marteilia 
sydneyi 

Marteilioides 
chungmuensi

s  
Vibrio tapetis 

Presence in  
Canada   

ENDEMIC 
 

(but subject to 
official control) 
 

Vancouver 
island 

EXOTIC 

 
ENDEMIC 

 
(but subject 

to official 
control) 

 
Nova Scotia, 

Canada 
 

EXOTIC EXOTIC EXOTIC EXOTIC 

Presence in USA  

 
 

ENDEMIC 
 

California 
Washington 

Maine 
 
 
 

EXOTIC 

 
 

ENDEMIC 
 

From Virginia 
through 

Maine along 
the Atlantic 

coast 
 
 
 

EXOTIC EXOTIC EXOTIC EXOTIC 

Susceptibility: 
Environmental 

Factors  
 

(Temperature, 
salinity, depth, 

etc) 

 
 

Disease can 
occur at any 
time of year, 

although 
prevalence 

and intensity 
of infection 
increases 

during warmer 
months.   

 
In Northern 
hemisphere 

the 
prevalence is 

highest in 
September 

 
Significant 
mortalities 

usually occur 
at water 

temperatures 
of 12-20 ºC 

 
 
 
 
 
 
 

Morts can occur 
all year with the 

highest 
prevalence in 

mid to late 
Australian 
summer – 
January 

through April 

Has a limited 
seasonality:  
Plasmodia 
only easily 
detectible 

from March 
through June. 

 
Parasite 

prefers high 
salinity, 

above 25 ppt. 

Low Temperature 
and high salinities 

of  30-35 ppt 

 
 

Warmer 
temperatures 

favour parasite 
development, 

leading to 
greatest mortality 

at the  
end of summer 

and early 
autumn 

 
Disease is 

associated with 
low salinity and 

high water 
temperature 

 
 

In case in 
Japan, 

prevalence of 
infection 

increased 
during the 
summer 
months, 

suggesting that 
active 

multiplication of 
the parasite 
occurs in the 
warm water 

months 

Experimental 
evidence 

showed  that the 
disease is 
absent in 

enzootic areas 
with high 
summer 

temperatures of 
21ºC 
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Specifics / 
Disease 

Bonamia 
ostreae 

Bonamia 
exitiosa 

Haplosporiu
m  

costale 

Bonamia 
roughleyi 

Marteilia 
sydneyi 

Marteilioides 
chungmuensi

s  
Vibrio tapetis 

Susceptibility: 
host age variation  

2 years of age  Adult 
Juveniles and 

adults 

Adults, but small 
spat may also be 
affected in severe 

outbreaks 

Adult 
Breeding 
females 

 Adult 

 
Susceptibility: 

naturally 
susceptible 
species of 
significant 

importance to 
Canada 

 
 

European Flat 
Oyster 

 

 
N/A 

 

American 
Oyster 

N/A 
 

N/A 
 

Pacific Oyster 
 

Manila Clam 
(low 

prevalence of 
1.6%) 

Manila Clam 

Susceptibility: 
Other naturally 

susceptible 
species  

 
Argentinean 
Flat Oyster

1
 

Asiatic Oyster
1
 

New Zealand 
Dredge 
Oyster

1
 

Southern Mud 
Oyster

1
 

 
Suminoe 
Oyster

1
 

 
New Zealand 

Dredge Oyster 
 

Southern Mud 
Oyster 

 

N/A 
Sydney Rock 

Oyster 

Sydney Rock 
Oyster 

 
Blacklipped 

Oyster
47

 
Giant Clam

1 

 
 

 
Iwagaki Oyster 

 
Blacklipped 

Oyster 
 
 

 
 

Grooved Shell 
Clam 

  
 

Susceptibility: 
Carriers 

 
 

(potential and 
experimental) 

Potential  
Pacific Oyster 
 

Potential  
Pacific Oyster 

 

Potential  
Pacific Oyster 

 

Potential  
Pacific Oyster 

 

Potential  
Pacific Oyster 

 
N/A N/A 

Susceptibility: 
Stressors or 

practices 

 
List includes 
but is not 
exclusive to: 

 Rearing 
densities 

 Handling 

 Site 
selection 

 Seed stock 
selection 

 Cohabitation 
of infected 
and 
uninfected 
animals 

 
List includes but 
is not exclusive 
to: 

 Rearing 
densities 

 Handling 

 Site selection 

 Seed stock 
selection 

 Cohabitation 
of infected 
and 
uninfected 
animals 

 
 
 
 
 
 

List includes 
but is not 
exclusive to: 

 Rearing 
densities 

 Handling 

 Site 
selection 

 Seed 
stock 
selection 

 
 

List includes but is 
not exclusive to: 

 Rearing 
densities 

 handling 

 Site selection 

 Seed stock 
selection 

 
 

List includes but 
is not exclusive 
to: 

 Rearing 
densities 

 Handling 

 Site 
selection 

 Seed stock 
selection 

 

List includes 
but is not 
exclusive to: 

 Rearing 
densities 

 Handling 

 Site 
selection 

 Seed 
stock 
selection 

 

List includes but 
is not exclusive 
to: 
 

 Handling 

 Rearing 
densities 

 Site selection 

 Seed stock 
selection 

 Cohabitation 
of infected 
and 
uninfected 
animals 
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 Species susceptible experimentally 
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Specifics / 
Disease 

Bonamia 
ostreae 

Bonamia 
exitiosa 

Haplosporiu
m  

costale 

Bonamia 
roughleyi 

Marteilia 
sydneyi 

Marteilioides 
chungmuensi

s  
Vibrio tapetis 

Known 
Intermediate 

host(s) 
N/A N/A 

Suspected; 
not yet known 

N/A 
Suspected; not 

yet known 
Suspected; not 

yet known 
N/A  

Epidemiology: 
Modes of 
pathogen 

transmission  

 Horizontal: 
accomplished 
experimentally 
by inoculation 

and 
cohabitation 

Horizontal: 
accomplished 
experimentally 
by inoculation 

and 
cohabitation 

Unknown: 
Transmission 

between 
oysters has 

not been 
accomplished

, thus an 
intermediate 

host is 
suspected 

Horizontal: 
accomplished 

experimentally by 
inoculation and 

cohabitation 

Horizontal: 
the pathogen 

passes from the 
environment into 
the epithelium of 
palps and gills 

where it 
proliferates 

forming spores in 
the gut epithelium 

Unknown  

 
Horizontal: 
Lab studies 

suggests that it 
is most probable 

that mode of 
transmission is 

horizontal throug
h direct contact 

with infected 
clams 

 

Diagnosis: 
Tissues to be 

sampled 

 

 Transverse 
dorsoventral 
section of 
soft tissue or 
whole 
animal, 
without shell 

 Heart tissue  
 

 Transverse 
dorsoventral 
section of soft 
tissue or 
whole animal, 
without shell 

 Heart tissue 

Transverse 
section 

through the 
visceral mass 
that includes 
the digestive 

gland, 
mantle, 

gonads and 
connective 

tissue 
between 

them 

 Transverse 
dorsoventral 
section of soft 
tissue or whole 
animal, without 
shell 
Heart tissue 

Section of 
digestive gland 

Gonadal tissue 
Mantle tissue 
along edge of 

shell 

Diagnosis: 
OIE Reference lab 

Dr Frank C.J. 
Berthe  

IFREMER, 
Laboratoire de 
Génétique et 
Pathologie 

BP 133, 
17390 La 

Tremblade 
FRANCE 
Tel: (33-5) 

46.36.98.43  
Fax: (33-5) 
46.36.37.51 

Email: 
fberthe@ifrem

er.fr 

Dr Frank C.J. 
Berthe  

IFREMER, 
Laboratoire de 
Génétique et 
Pathologie 

BP 133, 17390 
La Tremblade 

FRANCE 
Tel: (33-5) 

46.36.98.43  
Fax: (33-5) 
46.36.37.51 

Email: 
fberthe@ifremer

.fr 

NONE but 
can consult 

with  
 

Dr E.M. 
Burreson  
Director for 
Research 

and Advisory 
Services, 
Virginia 

Institute of 
Marine 

Science, 
College of 

William and 
Mary 

P.O. Box 
1346, 

Gloucester 
Point, VA 

23062  USA 
Tel: (1.804) 
684.70.15 

Fax: (1.804) 
684.70.97 

Email: 
gene@vims.e

du 
 

NONE but can 
consult with  

 
Dr Frank C.J. 

Berthe  
IFREMER, 

Laboratoire de 
Génétique et 
Pathologie 

BP 133, 17390 La 
Tremblade 
FRANCE 
Tel: (33-5) 

46.36.98.43 Fax: 
(33-5) 46.36.37.51 

Email: 
fberthe@ifremer.fr 

NONE but can 
consult with 

  
Dr Frank C.J. 

Berthe  
IFREMER, 

Laboratoire de 
Génétique et 
Pathologie 

BP 133, 17390 
La Tremblade 

FRANCE 
Tel: (33-5) 

46.36.98.43 Fax: 
(33-5) 

46.36.37.51 
Email: 

fberthe@ifremer.f
r 

NONE but can 
consult with  

Dr. Kwang-

Sik (Albert) 
Choi 
School of 
Applied Marine 
Science 
College of 
Ocean Science 
Cheju National 
University 
1 Ara 1-Dong 
Jeju City 690-
756 
Republic of 
Korea 
Email: 
skchoi@cheju.
ac.kr  

 

NONE but can 
consult with  

Dr. Christine 
Paillard 

CNRS, LEMAR, 
UUEM-

UBO29840 
Brest Plouzané, 

France 
Email: 

Paillard@univ-
brest.fr 
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Specifics / 
Disease 

Bonamia 
ostreae 

Bonamia 
exitiosa 

Haplosporiu
m  

costale 

Bonamia 
roughleyi 

Marteilia 
sydneyi 

Marteilioides 
chungmuensi

s  
Vibrio tapetis 

Diagnosis:  
OIE recommended 

screening 
procedures  

 
Screening:   

 Histology  

 Cytological 
examination: 
Tissue 
imprints 

 
Presumptive 
Diagnostics:  

 Histopatholo
gy  

 Cytological 
examination 

Screening:   

 Histology  

 Cytological 
examination: 
Tissue 
imprints 

 
Presumptive 
Diagnostics:  

 Histopathology  
Cytological 
examination 

Screening: 
Histology 

 
Presumptive 
Diagnostics: 

 Histology  

 PCR of DNA 
from oyster 
tissue  

Screening:   

 Histology  

 Cytological 
examination: 
Tissue imprints 

 
Presumptive 
Diagnostics:  

 Histopathology  
Cytological 
examination 

Screening: 
Histology 

 
Presumptive 
Diagnostics:  

 Histology  

 Cytological 
examination: 
tissue imprints 

 

See below See below 

Diagnosis:  
OIE recommended 

confirmatory 
procedures 

 PCR–
restriction 
fragment 
length 
polymorphis
m for species 
discrimination 
Transmission 

electron 
microscopy 
examination 

PCR–restriction 
fragment length 
polymorphism 

for species 
discrimination 
Transmission 

electron 
microscopy 
examination 

PCR using 
species 
specific 
probes 
In-situ 

hybridization 
examination 
of pathogen 

PCR & sequencing 
of product 

Transmission 
electron 

microscopy 
examination 

 In-situ 
hybridization 
examination of 
pathogen 

 PCR–
restriction 
fragment length 
polymorphism 
for Marteilia spp. 
discrimination 

 Transmission 
Electron 
Microscopy 
examination 

 
See below 

 
 

See below 
 

Diagnosis:  
Other 

recommended 
techniques 

     

As 
Recommended 
by PBS-DFO: 

 

 Gross 
observation 

 Smears (dried 
nodules) 

 Histology 

 Electron 
Microscopy 

 DNA probes 

 
As 

Recommended 
by PBS-DFO: 

 

 Gross 
observation 

 Electron 
Microscopy 

 Immunologic
al Assay 

 Culture on 
marine agar 
medium 
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