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1.0 Introduction

The consumption of sewage polluted bivalve molluscan shellfish may cause illness in the consumer through ingestion of faecally borne pathogens (such as norovirus and hepatitis A virus). The risks of exposure to these infectious agents are compounded by the traditional consumption of bivalve shellfish raw, or only lightly cooked. In the context of this protocol the enteric bacterium, Escherichia coli is used as indicator organism to assess the sanitary quality of shellfish and to predict the risk of exposure to pathogens. 

In the European Union, the criteria for laying down the microbiological standards based upon E. coli levels for bivalve molluscs are set out in Regulations (EC) 854/2004 (Anon 2004) and (EC) 2073/2005 (Anon 2005). The reference method for analysis is ISO TS 16649-3, Microbiology of food and animal feeding stuffs – Horizontal method for the enumeration of (-glucuronidase-positive Escherichia coli Part 3: Most probable number technique using 5-bromo-4-chloro-3-indolyl- (-D-glucoronide (ISO 2005). 
In 2010 the RIKILT Institute of Food Safety, Wageningen University, The Netherlands in collaboration with MicroVal undertook a validation study to demonstrate the equivalence of the Tryptone bile X-glucuronide (TBX) pour plate method (based upon ISO 16649-2, Microbiology of food and animal feeding stuffs – Horizontal method for the enumeration of (-glucuronidase-positive Escherichia coli Part 2: Colony count technique at 44ºC using 5-bromo-4-chloro-3-indolyl- (-D-glucoronide (ISO 2001)) and ISO TS 16649-3 with respect to application in bivalve shellfish. The validation was carried out according to the requirements of ISO 16140 (ISO 2003).
2.0 Scope
This protocol has been produced with reference to ISO 16649-2 (ISO 2001) and RIKILT report 2010:507 (Jacobs-Reitsma, Overbeek, Franz and Pol-Holstad (2010)). This protocol has been approved for use in bivalve shellfish where estimated levels of E. coli are between 200 - 18,000 colony forming units (CFU) per 100g shellfish flesh and intravalvular fluid (FIL). It is not validated for assessment of contamination levels of <200 CFU per 100g or >18,000 CFU per 100g FIL. In the context of the test E. coli absorb ß-glucuronide in TBX medium and split the bond between the chromophore and glucuronide and express (-glucuronidase activity at 44±1˚C

WARNING – Strains of E. coli that do not grow at 44 °C and, in particular, those that are  β‑glucuronidase negative, such as E. coli O157 and some other strains of pathogenic E. coli, will not be detected by the method described in this PROTOCOL.
3.0 Principle
The method used to enumerate E. coli in bivalve molluscan shellfish is a pour plate, colony-count technique. Diluted shellfish homogenate is mixed with TBX medium in sterile Petri dishes and incubated at 37±1˚C for 4±0.5 hours (h) (resuscitation step). The inoculated TBX plates are then transferred to 44±1˚C for a further 18-24h. E. coli is confirmed by the presence of blue/green colonies within the medium indicative of (-glucuronidase activity.  

4.0 Safety precautions
Standard microbiology safety precautions should be applied throughout. Laboratories should perform a full risk assessment before performing this procedure. Homogenisation of shellfish should be performed in a Class II safety cabinet to reduce the risk of infection from aerosol inhalation. E. coli and control organisms should be handled in accordance with ACDP category 2 guidelines.
5.0 equipment
· Homogenizing equipment (ISO 7218)

· Class II safety cabinet 
· Refrigerator at 3(2˚C 
· Sterile glassware

· Protective gloves – single use

· Safety gloves – for example a chain mail glove

· Incubator at 37(1˚C 

· Incubator at 44(1˚C

· Shucking knife

· Oyster cracker

· Balance (ISO 7218)
· Pipette - automatic or manual for use with 1ml, 5ml and 10ml pipette tips

· Sterile universals
· Waterbath at 45±1°C 
· Microwave oven
· Inoculating loop - 1µl
· pH meter, capable of being read to the nearest 0,01 pH unit at 25 °C, enabling measurements to be made

accurate to ± 0,1 pH unit.
6.0
Media and reagents 
· Peptone Salt solution (PPS); formula per litre - de-ionised water 1(0.01 litre, peptone bacteriological 1.0(0.1g, sodium chloride 8.5 g.
· Tryptone bile X-glucuronide agar (TBX); formula per litre- enzymatic digest of casein 20,0 g, Bile salts no. 3 1,5 g, 5-Bromo-4-chloro-3-indolyl ß-D-glucuronic acid (BCIG) 144 µmola, Dimethylo sulfoxide (DMSO)b 3 ml, Agar 9 g to 18 gc, water 1000ml. 
a e.g. 0.075g of cyclohexylammonium salt.
bDimethylo sulfoxide is harmful by inhalation and contact. The use of a fume cupboard when handling is advised. Because of toxicity, a diluent recommended by manufacturer may be used.cDepending on the gel strength of the agar.
Dissolve the BCIG in the dimethylo sulfoxide or in the diluent recommended by the manufacturer. Dissolve all components in the water and heat to boiling.

Adjust the pH, if necessary, so that after sterilisation, it is 7.2±0.2 at 25°C

Sterilize the medium in the autoclave set at 121°C for 15 minutes. Immediately cool the medium down to 44°C - 47°C using a water bath. 
7.0
Microbiological reference cultures

· Escherichia coli WCDM 00013 or WCDM 00012- β –glucuronidase positive (blue/green colonies on TBX)

· Escherichia coli WDCM 00202 - weakly β –glucuronidase positive (blue/green colonies on TBX)

· Enterococcus faecalis - WDCM 0009 or 00087 - no growth on TBX.
NOTE: Refer to the reference strain catalogue available on http://refs.wdcm.org for information on culture collection strain numbers and contact details.

8.0
Procedure
8.1 General

Sample criteria where they are cited in this protocol are derived from the Microbiological monitoring of bivalve molluscs harvesting areas, guide to good practice: Technical application https://eurlcefas.org/
Time and temperature criteria for the transport of samples for Official Control programmes should be according to ISO/DIS 6887-3. Sample transport temperature criterion other than given in ISO/DIS 6887-3 may be used provided that an appropriate verification study has demonstrated that there is no effect on the quality of test results. For Official Control samples changes to time and temperature criterion should be approved by the relevant Competent Authority.
8.2 
Sample receipt

Samples should be received in an intact food grade plastic bag or equivalent and properly packed in a cool box with ice packs. Sample temperature on receipt should be between 0 °C and 10°C (ISO 6887-3: ISO 2013) unless otherwise agreed (8.0). Samples should not be received frozen. Samples from harvesting areas should have been rinsed, but not immersed, and drained at time of sampling and should be regarded as unsatisfactory when they are received in the laboratory if the sample container is leaking, the shellfish are covered in mud or immersed in water or mud/sand.
8.3 
Sample storage

Upon receipt in the laboratory the temperature of the samples should be recorded. Samples should preferably be examined immediately - if storage in the laboratory is necessary then this should be done at 3±2˚C. Maximum storage times should be established by the competent authority or other agency managing the programme. Current data suggest that E. coli will not increase significantly in mussels (Mytilus edulis) or Pacific oysters (Crassostrea gigas) at temperatures of less than 15ºC within 48h. Samples for E. coli analysis should not be frozen.

8.4 
Sample selection

Choose shellfish that are alive according to the following points:

· If any flesh is exposed and reacts to touch using a sterile shucking knife with movement of any kind.

· If the shellfish are open and then close of their own accord.

· If a tap on the shell causes closing or movement.

· Tightly closed shellfish.

Discard all dead shellfish and those with obvious signs of damage. Select the appropriate number of shellfish depending on the species (Appendix 1). More shellfish can be used, if necessary, to produce the required volumes for analysis. 

8.5 
Sample preparation

Mud and sediment adhering to the shellfish should be removed prior to opening the shellfish by rinsing/scrubbing under cold, running tap water of potable quality. Shellfish should not be re-immersed in water as this may cause them to open. Open all selected shellfish as described below with a flame sterilised shucking knife or equivalent and empty meat and liquor into a sterile container. If sterilised by heating allow the knife to cool before using. When opening shellfish ensure that the hand holding the shellfish is protected with a heavy-duty safety glove to prevent injury.

8.5.1 The oyster cracker

Place a shellfish sample in a weighing boat underneath the shucking device and rest the shucking leaver at the hinge of the shellfish. Pull the handle down into the shellfish to separate the shells. Using a sterilised shucking knife cut the muscle and scrape the meat of both shells into the sterilised container. Transfer any liquor collected in the weighing boat into the sterilised container.

8.5.2 Shucking with a knife

Using a sterilised shucking knife by open all selected shellfish as described below:
 Oysters and Clams

Insert the knife between the two shells towards the hinge end of the animal. Push the knife further into the animal and prise open the upper shell, allowing any liquor to drain into the sterilised container. Push the blade through the animal and sever the muscle attachments by sliding across the animal. Remove the upper shell and scrape the contents of the lower shell into a sterilised container. 


Mussels and Cockles

Insert the knife in between the shells of the animal and separate the shells with a twisting motion of the knife. Collect the liquor from the animal in the sterilised container then cut the muscle between the shells and scrape the contents into a sterilised container.
NOTE: Alternative equipment can be used to open shellfish.

8.6
Dilution and homogenisation
Weigh 1ml of sterile PPS per 1g of shellfish flesh and intravalvular fluid and measure to ±2ml (initial suspension). Thoroughly mix the shellfish suspension.
8.6.1 Homogenisation 
Homogenise the initial suspension using a pulsifyer or stomacher for 1 minute at medium speed. Or use appropriate alternative equipment (ISO 7218).
NOTE: If shellfish are particularly small it may be necessary to use a smaller blender to achieve a consistent homogenate. 

8.7 Agar pour plate preparation

Five sterile Petri-dishes are inoculated with 2 ml of initial suspension each (in total 10 ml 1:1 mussel dilution divided into 2 ml portions in 5 Petri-dishes). Pour into each Petri-dish approximately 18 ml TBX agar (temperature 44°C - 47°C). Carefully mix the inoculum with the medium and allow to solidify, with the Petri-dishes standing on a cool horizontal surface.
The time which elapses between the distribution of the inoculum in a dish and pouring of the medium shall not exceed 15 minutes. 

Incubate the TBX agar plates inverted for 4 h at 37 °C ± 1 °C, followed by 18 h – 24 h at 44 °C ± 1 °C.
NOTE: Currently controls recommended in this protocol are qualitative only; laboratories are advised to consider developing quantitative positive controls using control charts for internal quality assurance.

8.8 Expression of results
8.8.1 Calculation – General cases (all colonies show characteristic phenotypes on TBX i.e. blue/green colonies)

Following incubation, count and record the total number of blue/green colonies on all 5 dishes.

The sum of all colonies must be multiplied with the dilution factor to obtain the total number of colonies in 100 g of shellfish meat and fluid using the following equation:


N = (∑c /V) x tv


Where


∑c 
is the sum of the blue/green colonies counted on all 5 dishes



V
is the total volume of the inoculum in ml on 5 dishes (10 ml)


tv
is the total volume of the sample (x g shellfish flesh + x ml of PPS)

Round off the results to 2 significant figures.

8.9 Reporting results
WARNING: THE PROCEDURE DESCRIBED IN THIS PROTOCOL HAS BEEN VALIDATED FOR use in bivalve shellfish where ESTIMATED levels of β-GLUCORONIDASE POSITIVE E. coli are between 200 - 18,000 CFU per 100g. 

Express the results as follows:
· Numerical results calculated as any value of <200 CFU per 100g should be reported as <200 CFU E. coli per 100g FIL

· Numerical results calculated as any value of ≥200 CFU per 100g to ≤ 18,000 CFU per 100g should be reported as the “calculated value” CFU E. coli per 100g FIL

· Numerical results calculated as any value of >18,000 CFU per 100g should be reported as >18,000 CFU E. coli per 100g FIL

9.0 Uncertainty of test results

Uncertainty inherent in any test method, i.e. instruments, media, analyst performance etc can be assessed by the repeatability and reproducibility of test results. These should be monitored through control tests analysed alongside sample tests, through in-house comparability testing between analysts and through external intercomparison exercises, which would highlight any uncertainties within the test methods.
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11.0 Appendices

11.1 Appendix 1: Sub sample sizes of shellfish required for E. coli analysis

The following sub-sample sizes are recommended for inclusion in the homogenisation step:

· King scallops (Pecten maximus)
10-12

· Horse mussels (Modiolus modiolus)
10-12

· Sand Gapers (Mya arenaria)
10-12
· Razor clams (Ensis spp.)
10-12

· Oysters (Crassostrea gigas and Ostrea edulis)
10-18

· Hard clams (Mercenaria mercenaria)
10-18

· Queen scallops (Aequipecten opercularis)
15-30

· Mussels (Mytilus spp.)
15-30
· Manila clams (Tapes philippinarum)
18-35

· Palourdes (Tapes decussatus)
18-35
· Cockles (Cardium edule)
30-50

· Thick trough shells (Spisula solida)
30-50

The weight of shellfish flesh and liquor should be at least 50g for the E. coli method. For species not given in the table, sufficient shellfish should be opened to achieve this minimum weight of flesh and liquor, with the provision that a minimum of ten animals should be used for very large species such as Mya. In general, the more shellfish that are included in the initial homogenate, the less the final result will be influenced by the inherent animal-to-animal variation in E. coli concentration.
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