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currently established in the EU legislation, that could be 
applied to live bivalve molluscs from B and C production 

areas, that have not been submitted to purification or 
relaying, in order to eliminate pathogenic 

microorganisms 

EFSA Panel on Biological Hazards (BIOHAZ) 

Abstract 

EU rules state that unpurified live bivalve molluscs from B and C production areas must undergo 

specified heat treatment to eliminate pathogenic microorganisms. Alternative time–temperature 
conditions were evaluated to the permitted treatment of at least 90°C for at least 90 seconds (s) in 

the mollusc flesh. The most important viral hazards associated with bivalve molluscs were identified as 
Norovirus (NoV) and Hepatitis A virus (HAV). A HAV thermal inactivation model was developed to 

identify equivalent (achieve the same log reduction) time–temperature combinations to 90°C for 90 s. 

The model was based on HAV inactivation data in mollusc matrices during isothermal heat treatment 
and estimated the z-value as 27.5°C. Evaluation against inactivation in whole bivalve molluscs showed 

that the observed HAV inactivation is in general higher than predicted. Under the conditions and 
matrices studied HAV is generally more heat tolerant than NoV surrogates. The model provided 

alternative processes equivalent to 90°C for 90 s without considering the effect of heat-up and cool-

down times on virus inactivation. As confirmed by industrial profiles, there is a heat-up and cool-down 
time that will enhance the safety of the final product and can lead to variations in HAV reduction 

depending on the process design. This shows the need for a Performance Criterion (PC) for the whole 
process, which is the required log reduction during heat treatment. A risk assessment model was 

developed and a case study illustrated the relationship between a PC and the HAV risk at 
consumption. If risk managers establish an ALOP, this can be translated to a PC and a Process 

Criterion (PrC). It is demonstrated that a PrC expressed as an F-value (the equivalent processing time 

of a hypothetical isothermal process at a reference temperature) is more appropriate than the 
currently used time–temperature combination since it takes into account non-isothermal conditions. 
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Summary 

Following a request from the European Commission, the Panel on Biological Hazards (BIOHAZ Panel) 
was asked by the European Food Safety Authority to deliver a Scientific Opinion on the evaluation of 

heat treatments, different from those currently established in the EU legislation, that could be applied 
to live bivalve molluscs from B and C production areas, that have not been submitted to purification or 

relaying, in order to eliminate pathogenic microorganisms. 

The current EU rules state that live bivalve molluscs from B and C production areas that have not 

been submitted for purification or relaying may be sent to a processing establishment, where they 

must undergo treatment to eliminate pathogenic microorganisms. The permitted treatment methods 
are (a) sterilisation in hermetically sealed containers and (b) heat treatments involving: (i) immersion 

in boiling water for the period required to raise the internal temperature of the mollusc flesh to not 
less than 90°C and maintenance of this minimum temperature for a period of not less than 

90 seconds (s); (ii) cooking for 3 to 5 minutes (min) in an enclosed space where the temperature is 

between 120 and 160°C and the pressure is between 2 and 5 kg/cm2, followed by shelling and 
freezing of the flesh to a core temperature of –20°C; and (iii) steaming under pressure in an enclosed 

space satisfying the requirements relating to cooking time and the internal temperature of the mollusc 
flesh mentioned under (i).  

EFSA is requested to evaluate, in the light of the current EU and international rules, different time–
temperature conditions from those currently established in the EU legislation, which could be applied 

to live bivalve molluscs from B and C production areas that have not been submitted for purification or 

relaying in order to eliminate pathogenic microorganisms. It was clarified by the EC that the heat 
treatment of relevance (and for which alternative time–temperature conditions will be evaluated) is 

the achievement of at least 90°C for at least 90 s in the mollusc flesh. The focus of the assessment is 
on the thermal inactivation of viruses. The permitted heat treatments were not aimed at eliminating 

bacterial spores as these would require a more profound heat treatment. Furthermore the effects of 

heating on phycotoxin concentration in bivalve molluscs are outside the remit of this assessment. 

Hazard identification was performed to list the most important viral hazards associated with bivalve 

molluscs. The hazard analysis used as data sources the EU food-borne outbreak data, the EU Rapid 
Alert System for Food and Feed (RASFF) data and scientific literature. It was concluded that the most 

important viral hazards associated with the consumption of bivalve molluscs are Norovirus (NoV) and 

Hepatitis A virus (HAV) acquired from human faecal pollution of bivalve production areas. Prevalence 
and concentration for NoV and HAV in bivalve molluscs from commercial production areas can vary 

significantly depending on the geographic region, the period of the year, the prevalence of infection in 
the local population, the effectiveness of sewage treatment systems, and the local environmental 

conditions. For example bivalve molluscs imported from HAV endemic areas, for which there is little 
data, may contain much higher levels of virus than non-endemic European areas. The current 90°C 

for 90 s requirement applies to a broad range of bivalve molluscs from Class B and C production areas 

in the EU and third countries importing into the EU, which will likely vary substantially in prevalence 
and concentrations of the viral hazards. Little data exists for virus concentrations in the worst case, 

i.e. molluscs from Class C areas. Epidemiological data indicate that human outbreaks with viruses 
have not been reported following consumption of commercially heat-treated bivalve molluscs. In 

contrast, viral outbreaks have been associated with raw products. 

Among NoV and HAV, the latter was most appropriate to evaluate the heat treatment of bivalve 
molluscs because NoV is not effectively culturable and data on surrogates may not be representative 

in evaluating thermal resistance. The quantity of available data limited the modelling options for the 
effect of temperature on the HAV thermal inactivation. A HAV thermal inactivation model based on 

data in molluscs matrices during isothermal heat treatment was developed. The model estimates for 
the mean D-value at 90°C and the z-value for HAV inactivation in bivalve molluscs were 54 s (0.9 min) 

and 27.5°C, respectively. Evaluation of the model performance using independent non-isothermal 

temperature studies with whole bivalve molluscs showed that the observed HAV inactivation is in 
general higher than predicted and was in most cases within the quantified prediction intervals. The 

limited data suggest that under the conditions and matrices studied HAV is generally more heat 
tolerant than NoV surrogates. The estimated z-value was used to identify equivalent time–

temperature profiles to the ‘notional’ heat treatment of 90°C for 90 s without considering the effect of 
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heat-up and cool-down times on virus inactivation leading to the same log reduction of HAV. The 
model indicated a range of equivalent processes between 72°C and 100°C such as 72°C for 407 s 

(246–1,879 s) (mean value and confidence interval (CI)), 76°C for 291 s (197–956 s), 80°C for 208 s 

(157–487 s), 86°C for 126 s (113–177 s), 94°C for 64 s (46–72 s), and 98°C for 46 s (23-58 s). 

The ‘notional’ profile of 90°C for 90 s is theoretical. As confirmed by industrial temperature profiles, in 

practice, there is a heat-up and cool-down time that will further enhance the safety of the final 
product. The model showed that realistic 90°C for 90 s processes, that that include a heat-up and 

cool-down time can lead to significant variations in HAV log reduction depending on the process 

design (rate of temperature increase and decrease). The evaluation of alternative equivalent heat 
treatments that could be applied to live bivalve molluscs based on ‘realistic’ time–temperature profiles 

would be facilitated by the establishment of a Performance Criterion (PC), which is the required log 
reduction during heat treatment. A risk assessment case study was developed for illustrative purposes 

only to show the relationship between a PC for the reduction of HAV during heat treatment of bivalve 
molluscs and the human risk at consumption. If risk managers establish an Appropriate Level of 

Protection (ALOP), this can be translated to a PC and a Process Criterion (PrC) using the HAV thermal 

inactivation model. An F-value (the equivalent processing time of a hypothetical isothermal process at 
a reference temperature) is a more appropriate PrC than the current time–temperature combination 

(i.e. 90°C for 90 s) since it takes into account the whole time–temperature profile during heat 
treatment. The use of an F-value allows the food business operators (FBOs) to best balance product 

safety and quality. The estimated reduction of HAV for two industrial temperature profiles 

commercially used in the EU during bivalve mollusc heat treatments was > 4 logs. These two 
examples indicate that it is possible to design a commercial process to achieve such log reductions. 

Uncertainties for the equivalent thermal processes and the F-values were analysed. The uncertainty 
related to the model fitting is quantitatively expressed for both the equivalent times and the F-value 

using the CIs of the models’ parameters. Apart from model fitting there are several additional 
uncertainty sources, which can lead to under or overestimation of HAV inactivation. The evaluation of 

model performance using independent non-isothermal temperature studies with whole bivalve 

molluscs showed that the observed HAV inactivation is in general higher than predicted and was in 
most cases within the quantified prediction intervals.  

It is recommended to generate more data to improve the HAV thermal inactivation model (strain and 
food matrix effects) and reduce the uncertainty. In addition it is recommended to develop a 

Quantitative Risk Assessment (QRA) model for viruses, both Norovirus and HAV, in bivalve molluscs 

taking into account the differences across classification classes (A, B or C) and geographical regions 
with differing endemicity of HAV in human populations and sewage treatment, to provide necessary 

information for the establishment of a PC for heat treatment. Such a QRA would require the additional 
collection of data for virus prevalence and levels of contamination in raw/live molluscs, dose response 

relationship, consumption data, consumer handling, and variability in the heat processing. 
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1. Introduction 

 Background and Terms of Reference as provided by the requestor 1.1.

The current EU rules (Chapter II of Section VII of Annex III to Regulation 853/2004) state that live 

bivalve molluscs from B and C production areas that have not been submitted for purification or 
relaying may be sent to a processing establishment, where they must undergo treatment to eliminate 

pathogenic microorganisms.  

The permitted treatment methods are: 

a) sterilisation in hermetically sealed containers; 

b) heat treatments involving: 

– (i) immersion in boiling water for the period required to raise the internal temperature 

of the mollusc flesh to not less than 90°C and maintenance of this minimum 

temperature for a period of not less than 90 seconds (s); 

– (ii) cooking for 3 to 5 minutes (min) in an enclosed space where the temperature is 

between 120 and 160°C and the pressure is between 2 and 5 kg/cm2, followed by 
shelling and freezing of the flesh to a core temperature of –20°C; 

– (iii) steaming under pressure in an enclosed space satisfying the requirements relating 
to cooking time and the internal temperature of the mollusc flesh mentioned under 

(i). A validated methodology must be used. Procedures based on the HACCP 

principles must be in place to verify the uniform distribution of heat. 

The prescribed treatments have been imposed to ensure the elimination of pathogenic 

microorganisms, in particular the Norovirus possibly present in bivalve molluscs. 

In that context, the CODEX Alimentarius Guidelines on the application of general principles of food 

hygiene to the control of viruses in food (CAC/GL 79-2012) state that: ‘the effects of heat treatment 

on virus infectivity in foods are highly dependent on virus (sub)-type, food matrix and the initial level 
of viral contaminants. Cooking procedures in which an internal temperature of the food reaches at 

least 90°C for 90 s are considered adequate treatments to destroy viral infectivity in most foods. 
However, light cooking, e.g., steaming, searing, may not be adequate to inactivate viral infectivity 

leading to unsafe foods. Conventional pasteurization (e.g. 63°C for 30 min or 70°C for 2 min) is more 
effective than High Temperature Short Time (HTST; 72°C for 15–20 s) pasteurization, and likely yields 

at least a 3 log10 inactivation of NoV. However, given the potential for contamination with millions of 

viral particles and an infectious dose as low as a few viral particles, even conventional pasteurization 
may not adequately inactivate NoV in a contaminated food. Commercial canning is considered an 

adequate treatment to destroy viral infectivity in foods’. 

In accordance with Article 29 (1) (a) of Regulation (EC) No 178/2002,1 EFSA is requested to evaluate, 

in the light of the current EU and international rules, different time–temperature conditions from those 

currently established in the EU legislation, that could be applied to live bivalve molluscs from B and C 
production areas that have not been submitted for purification or relaying in order to eliminate 

pathogenic microorganisms. 

 Interpretation of the Terms of Reference 1.2.

The EC clarified that the mandate should take into consideration all molluscs consumed in the EU 

including molluscs which have been either produced or processed in third countries and imported to 
the EU. All types of bivalve molluscs and production areas B and C would be considered together in 

the assessment as the current legislation does not distinguish among species (although oysters are 
generally not heat treated for the EU market) or production area classification. It was agreed to 

consider as the heat treatment of relevance (and for which alternative time–temperature conditions 

will be evaluated) the achievement of at least 90°C for at least 90 s in the mollusc flesh. The focus of 

                                                           
1 Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28 January 2002 laying down the general 

principles and requirements of food law, establishing the European Food Safety Authority and laying down procedures in 
matters of food safety. OJ L 31, 1.2.2002, p. 1. 

http://www.efsa.europa.eu/efsajournal


Heat treatments of live bivalve molluscs to eliminate pathogenic microorganisms 
 

 

 
www.efsa.europa.eu/efsajournal 7 EFSA Journal 2015;13(12):4332 
 

the assessment would be on the thermal inactivation of viruses. The permitted heat treatments were 
not aimed at eliminating bacterial spores as these would require a more profound heat treatment. 

Furthermore the effects of heating on phycotoxin concentration in bivalve molluscs are outside the 

remit of this assessment.  

 Additional information  1.3.

1.3.1. Additional background information 

General description of the bivalve mollusc production chain 

Bivalve molluscs are a group of marine animals which may be consumed as food. The bulk of bivalve 

molluscs produced in the EU are farmed. The main farmed species are mussels, and also oysters and 
clams. The main bivalve mollusc species caught in the wild in the EU are scallops. EU annual 

production of molluscs approaches 900,000 tonnes, while total consumption approaches 1.3 million 
tonnes, indicating reliance on extra-EU importation for approximately a third of EU consumption. EU 

mollusc consumption is in the order of 2.6 kg per capita per year or approximately 10% of seafood 

consumption. For more information see Appendix A. 

Regulations regarding food safety of bivalve molluscs 

Mollusc production is subject to a specific regulatory regimen designed to manage particular 
foodborne risks, notably algal biotoxins and viral contamination arising from human faecal pollution. 

Bivalve mollusc production areas are required to be classified as Class A, B, or C according to the level 

of E. coli, as a marker of faecal pollution, which is present in mollusc flesh. This classification dictates 
the placing on the market of molluscs to manage these microbial risks. Only Class A molluscs may be 

placed directly on the market for human consumption. More contaminated Class B or Class C molluscs 
require relaying in natural beds, or depuration in commercial tanks, or thermal processing at defined 

time–temperature conditions to control the microbial risks prior to placing on the market for human 
consumption. A specific documentary regimen of registration documents ensures that details of 

production area classification status accompany molluscs to the initial approved establishment 

handling those bivalve molluscs. This Scientific Opinion concerns possible alternatives to the currently 
defined thermal processing requirements. For more information see Appendix B. 

Biological hazards present in bivalve molluscs 

Bivalve molluscs are filter feeders that process large amounts of seawater to obtain their food. During 

filter feeding, bivalves may accumulate a wide variety of microorganisms, potentially including human 

pathogens. These may be naturally occurring (such as certain environmental Vibrio species) or 
associated with faecal pollution (such as Salmonella, or human enteric viruses). Since there are no 

known animal reservoirs for Norovirus (NoV) or Hepatitis A virus (HAV), contamination of bivalve 
molluscs with these viruses is always associated with human faecal pollution. Contamination of 

bivalves with human pathogens through faecal pollution of their growing areas has been recognised 

as an important public health issue for many years. Bacteria, viruses, and parasites shed via the faecal 
route also have the potential to accumulate in bivalve molluscs and, potentially, cause human 

infections.  

Since pathogens are accumulated during filter feeding they are concentrated primarily in the bivalves’ 

digestive system. Consequently, bivalve species that are eviscerated prior to sale or consumption, for 
example scallops, present a low risk of human infection. The other major factor impacting on the risk 

to humans is whether bivalves are cooked (either commercially or in the home or restaurant) prior to 

consumption. Species that are commonly eaten whole and raw (e.g. oysters) present the highest risk 
whereas species that are eaten whole but commonly cooked (e.g. mussels, cockles and clams) 

present a lower risk. The degree of control of cooking is also important as, for example, products 
subject to well-controlled commercial cooking present a low risk. For all products the public health 

risks may be mitigated by harvesting from areas with good water quality and, to a lesser extent, by 

post-harvest processing interventions such as depuration and relaying. All bivalve molluscs products 
placed on the EU market are harvested from production areas with controlled water quality, and are 

(if necessary) either purified, or relayed, or subject to heat treatment by an approved method. 
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Heat treatments of live bivalve molluscs to eliminate pathogenic microorganisms 
 

 

 
www.efsa.europa.eu/efsajournal 8 EFSA Journal 2015;13(12):4332 
 

However, despite these risk management measures, human illnesses associated with consumption of 
bivalve molluscs continue to occur in the EU and indeed worldwide. This is evidenced by reports in the 

scientific literature and from national epidemiological surveillance and reporting systems and has been 

well documented previously (Lees, 2000; Potasman et al., 2002; Bellou et al., 2013).  

EFSA’s Panel on Biological Hazards (BIOHAZ Panel) reviewed the biological hazards associated with 

seawater (EFSA BIOHAZ Panel, 2012b). In developed countries faecally transmitted bacteria including 
Campylobacter, Salmonella, Shigella and pathogenic E. coli, which are commonly implicated in human 

gastroenteritis, are only occasionally linked to bivalve mollusc consumption. Most (naturally occurring) 

non-faecal pollution bacterial causes of infection are associated with Vibrio species. Worldwide Vibrio 
parahaemolyticus and Vibrio vulnificus are associated with many outbreaks particularly when 

environmental conditions (low salinity and warm water) favour bacterial proliferation in molluscs. 
However, these infections are only infrequently recognised in the EU in comparison with enteric 

viruses. Although faecally shed parasites such as Cryptosporidium and Giardia have been detected in 
bivalve molluscs, there are few reported cases of human infection linked to this transmission route. By 

contrast there are numerous reports in many countries of bivalve molluscs-associated human 

outbreaks caused by the faecally transmitted NoV and HAV. Enteric virus contamination of food was 
examined by a World Health Organization (WHO) expert consultation. Although many different enteric 

viruses can contaminate bivalve molluscs, since a wide variety of viruses are present in human and 
animal faeces, only NoV and HAV are regularly associated with human illness following consumption 

of contaminated bivalve molluscs. The WHO concluded that the virus-commodity combinations of 

highest priority for risk managers are NoV and HAV in molluscs, fresh produce and prepared foods 
(WHO, 2008). In the Scientific Opinion on the risk assessment of viruses in foods (EFSA BIOHAZ 

Panel, 2011) EFSA similarly concluded that the key viruses of concern for bivalve molluscs were NoV 
and HAV contamination arising from human faecal pollution of mollusc production areas. It should be 

noted that there are several genogroups of NoV, with genogroup one (GI) and two (GII) associated 
with almost all human cases and these are regarded as equally pathogenic. This Scientific Opinion 

also highlighted the possible potential for the pathogen Hepatitis E virus (HEV), prevalent in pigs, to 

contaminate bivalve molluscs via agricultural effluents. Contamination of oysters with NoV was 
examined in detail in a previous Scientific Opinion (EFSA BIOHAZ Panel, 2012a).  

1.3.2. Approach to answer the TOR 

Hazard identification was performed to list the key viral hazards associated with consumption of live 

and processed bivalve molluscs. To evaluate the heat treatment of bivalve molluscs, a model for the 

effect of temperature on heat inactivation of HAV was developed based on the output of the hazard 
identification and was further evaluated against data at non-isothermal heat treatment conditions. The 

model predictions were also compared with observed heat inactivation of NoV surrogates. The model 
was used to identify equivalent time–temperature combinations to the ‘notional’ heat treatment of 

90°C for 90 s without considering the effect of heat-up and cool-down times on virus inactivation. 

HAV inactivation was also predicted for ‘realistic’ 90°C for 90 s processes (including heat-up and cool-
down times) with various process designs. The need for the establishment of a Performance Criterion 

(PC), which is the required log reduction during heat treatment, was demonstrated. Furthermore, for 
illustrative purposes an alternative risk-based approach relating the PC to HAV risk at consumption 

was developed. Finally, the translation of the PC to a Process Criterion (PrC) in the form of process 

lethality (F-value) was demonstrated. 

2. Data and Methodologies 

 Data 2.1.

Data from various sources were considered to identify the hazards to be assessed, their prevalence 

and concentration in bivalve molluscs, and the effect of heat treatment on those hazards. 
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2.1.1. Data sources for hazard identification 

EU food-borne outbreak data 

Within the framework of the EU Zoonoses Directive 2003/99/EC,2 the EU Member States (MSs) are 

required to submit data on the occurrence of zoonoses, zoonotic agents antimicrobial resistance and 
foodborne outbreaks. EFSA, in collaboration with the European Centre for Disease Prevention and 

Control (ECDC), coordinates the collation and analysis of these data to produce the annual EU 
Summary reports3 which include data on food-borne outbreaks. This reporting of the occurrence of 

zoonoses and zoonotic agents in animals, foods and humans, along with data on food-borne 

outbreaks, represents the most comprehensive set of data available at an EU level to consider the 
public health burden of different hazards in the EU. The pertinent hazards for bivalve molluscs do not 

fall within the regulated, classical defined, zoonoses for which surveillance is required. However, the 
data arising from passive surveillance of food-borne outbreaks captures all foods and thereby 

meaningfully contributes to understanding of the hazards transmitted to EU consumers of bivalve 

molluscs. To inform the hazard identification for the present Scientific Opinion, food-borne outbreak 
data from 2007 to 2013 – where there was strong evidence of bivalve molluscs either raw/live or 

cooked/processed – were extracted from the EFSA zoonoses database.  

EU Rapid Alert System for Food and Feed (RASFF) data 

Commission Regulation (EU) No 16/20114 lays down the implementing measures for the requirements 
of Regulation (EC) No 178/2002 around the Rapid Alert System for Food and Feed (RASFF)5 This is 

established as a system facilitating the notification of food/feed safety alerts amongst the competent 

authorities of MSs. RASFFs might typically deal with notification of food batches where sampling and 
analysis has detected non-conformance; or where food batches have been implicated in illnesses. The 

RASFF system is primarily a communication facility and not an epidemiological surveillance system but 
provides some understanding of the types of hazards typically detected in particular foods. For the 

purpose of this assessment, a search was conducted on 17 November 2015 of the RASFF database 

using as the type of notification ‘food’, as the hazard category ‘pathogenic microorganisms’ and as the 
product category ‘bivalve molluscs and products thereof’. 

Scientific literature 

Acknowledging the relatively low detection ability of the EU Summary Report of foodborne outbreaks 

in the context of HAV with its long incubation period (see Section 3.1.1), a literature search in the 
NCBI/PubMed database was undertaken. No language restrictions were applied for search, which was 

conducted on 17 June 2015. The time of publication was restricted to the period 1990–2015. The 

search string used was: (shellfish OR mollusk* OR mollusc* OR mussel* OR clam* OR oyster* OR 
bivalve*) AND (‘hepatitis A’ OR HAV OR ‘hepatitis virus’). These terms were searched in all fields of 

the scientific publications. A total of 255 references were retrieved and screened for evidence of data 
on bivalve mollusc-associated outbreaks. A subset of 39 references were considered potentially 

relevant and reviewed in detail. Analysis of the references included in the publications lead to retrieval 

of two additional papers. Of the 41 retrieved references, 14 were considered relevant and were 
included in the review. In one instance a specific request was made to authors to provide additional 

information. 

                                                           
2 Directive 2003/99/EC of the European Parliament and of the Council of 17 November 2003 on the monitoring of zoonoses and 

zoonotic agents, amending Council Decision 90/424/EEC and repealing Council Directive 92/117/EEC. OJ L 325, 12.12.2003, 
p. 31–40. 

3  http://www.efsa.europa.eu/en/zoonosesscdocs/zoonosescomsumrep 
4  Commission Regulation (EU) No 16/2011 of 10 January 2011 laying down implementing measures for the Rapid alert system 

for food and feed. OJ L 6, 11.1.2011, p. 7–10. 
5  http://ec.europa.eu/food/safety/rasff/index_en.htm 
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2.1.2. Data on hazard prevalence and concentration 

Scientific literature 

In recent years the availability of an ISO method6 for detection and quantitation of NoV and HAV 

contamination in foods including bivalve molluscs has facilitated surveillance studies in several 
countries. Data on the prevalence and quantitative loads of HAV were searched as explained above 

for bivalve mollusc-associated outbreaks with HAV. For NoV, a narrative review was undertaken 
considering previous EFSA Scientific Opinions (EFSA BIOHAZ Panel, 2011, 2012a) and key references. 

The focus was on quantitative data for products produced or consumed within the EU. 

Submissions from MS surveillance programmes 

To aid in the preparation of a survey protocol for a baseline survey of NoV contamination in oysters,7 

the EURL had recently made a call to the MS Competent Authorities for data that might assist in the 
understanding of the occurrence and levels of viruses in bivalve molluscs produced in EU. Parts of 

some of the data had previously been published (EFSA BIOHAZ Panel, 2012a). Where permission was 

obtained for the purposes of the present assessment, these were included in this Scientific Opinion. 

2.1.3. Data on thermal inactivation 

Scientific literature of thermal inactivation studies 

To retrieve data on the thermal inactivation of NoV (including surrogates) and HAV, a literature search 

in the Web of Science database was undertaken. The time of publication was restricted to the period 
1970–2015. No language restrictions were applied for the literature search, which was conducted on 

14 July 2015. The resulting search string was used: (NoV OR NLV OR *virus OR MNV OR ‘hepatitis A’ 

OR HAV OR FCV) AND (‘D-value’ OR (‘D-values’ OR ‘D value’ OR ‘D values’ OR ‘z-value’ OR ‘z-values’ 
OR ‘z value’ OR ‘z values’ OR ‘thermal inactivation’ OR ‘heat inactivation’ OR ‘thermal treatment’ OR 

‘heat treatment’ OR ‘thermal destruction’ OR ‘heat destruction’ OR cook* OR steam* OR boil*) AND 
(bivalve* OR mollusc* OR mollusk* OR clam* OR mussel* OR oyster* OR cockle* OR scallop* OR 

venus OR shell). These terms were searched in the titles and abstracts of the scientific publications. A 

total of 296 references were retrieved and screened for evidence of thermal inactivation of these 
viruses in food. A subset of 17 references were considered potentially relevant and reviewed in detail, 

of which six references were considered relevant. Details of these studies can be found in Appendix C. 
In some instances specific requests were made to the authors to provide additional information. 

The thermal inactivation data included in these studies were screened for their relevance against a set 

of criteria that are in agreement with the modelling methodology used: (i) the type of substrate used 
is a mollusc matrix; (ii) the type of virus used is HAV (the reasoning is explained in Section 3.1); 

(iii) the virus enumeration method used is cell culture (either plaque assay or 50% Tissue Culture 
Infective Dose (TCID50)), and polymerase chain reaction (PCR) methodology was not used (the 

reasoning is explained in Appendix D); (iv) the temperature used should represent virus thermal 
inactivation (above 50°C), be measured in the substrate and resemble isothermal conditions (the 

reasoning is explained in Sections 2.2.1 and 3.2.1); (v) the number of data points used for the 

D-value calculation should be more than two points above the detection limit or, due to the few 
available studies, be only two points above the detection limit in cases where sufficient reduction was 

achieved (i.e. more than 1 log10 unit). The outcome of the screening is included in Appendix C. 

In addition to the isothermal conditions, the studies were screened to retrieve HAV thermal 

inactivation data in whole bivalve molluscs under non-isothermal temperature conditions for the 

evaluation of the model performance. Three references contain such data: Millard et al. (1987), Hewitt 
and Greening (2006) and Harlow et al. (2011), with details summarized in Appendix C.  

Other studies on surrogates for NoV, Feline calicivirus and murine NoV, were used for comparison 
with the prediction of the HAV model. The outcome of the screening is also included in Appendix C. 

                                                           
6  http://www.iso.org/iso/catalogue_detail.htm?csnumber=55382 

http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=60297 
7  http://registerofquestions.efsa.europa.eu/roqFrontend/questionLoader?question=EFSA-Q-2015-00455 

http://www.efsa.europa.eu/efsajournal
http://www.iso.org/iso/catalogue_detail.htm?csnumber=55382
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=60297
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Industry information on thermal processing profiles 

Industrial temperature profiles were collected from EU bivalve mollusc processors and presented 

anonymously to preserve confidentiality. 

 Methodologies 2.2.

2.2.1. Development and evaluation of HAV inactivation model 

Several factors may affect the thermal inactivation of foodborne viruses and various primary and 

secondary models have been applied to model inactivation. See Appendix E for a short summary of 
virus inactivation and models. 

Approach 

There are few studies on thermal inactivation of HAV and NoV in different types of live bivalve 

molluscs at different temperatures that could be used to evaluate alternative time–temperature 
conditions for heat treatment. Instead, existing experimental data on HAV inactivation were used to 

develop a thermal inactivation model, and the evaluation of alternative time–temperature conditions 

was based on models’ predictions. 

Many factors affect thermal inactivation of viruses in food, and the relationship between virus 

concentrations and time during isothermal heat treatments could be linear or non-linear with 
shoulders and tails. The ability to detect non-linear isothermal inactivation is dependent on the 

number of time points collected in a study. Many of the available studies report times for a one-log 

reduction (the inverted slope of the fitted line, DT-values) based on the assumption of linear 
inactivation and the use of the classical primary linear inactivation model, or report data with only a 

few data points which in practice restricts the analysis to linear inactivation and the estimation of 
D-values.  

A two-step approach, based on D-values estimated from isothermal inactivation data and the Bigelow 
model, was used to develop an HAV inactivation model that describes inactivation at any time–

temperature combination of interest. The two-step approach was evaluated by comparing model 

predictions based on the best fit parameters and the 95% prediction interval with literature data on 
non-isothermal inactivation. The ability of the HAV inactivation model to predict NoV (surrogate virus) 

inactivation was evaluated by comparing the HAV model with observed data of surrogate virus 
inactivation. 

Modelling virus inactivation 

The inactivation data of HAV in bivalve molluscs (see Section 2.1.3) were fitted to the following log-
linear primary inactivation model for the estimation of D-values: 

D

t
NNt  0loglog          (1) 

where: Nt is the HAV population in plaque-forming unit (PFU)/g at time t, N0 is the initial HAV 
population at t = 0 and D is the time required for a one-log reduction in the HAV population at the 

temperature at which the inactivation was carried out. 

The effect of temperature on the D-values of HAV inactivation was further modeled using the Bigelow 

secondary model. First, the following log-linear model was fitted to log D versus temperature: 

                      (2) 

where T is temperature, m is the intercept and k is the slope of the regression line. To evaluate the 
effect of the different studies on the fitted Bigelow model parameters, linear mixed effect modelling 

was applied to the data. Models assuming random effects of study on both the slope and intercept in 

addition to the fixed effects   and   were fitted, see equation (2a).  

     (    )                  (2a) 
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where    and   represent the random intercept and random slopes respectively and the subindex   is 
representing the different studies considered. The random effects were assumed to be correlated and 
bivariate normally distributed with zero mean and variance covariance matrix of 2 × 2. The best fit 

and the 95% confidence (CI) and prediction intervals (PI) of    and   were estimated using the 

linear mixed effect model from lme4 package (Bates et al., 2014, 2015) in R (R Core Team, 2013). 

Based on the linear regression a relationship can be developed that can be used to estimate D-values 
at any desired temperature (DT) once a reference D-value (Dref) at a certain reference temperature 

(Tref) is known. Combining equation (2), with the definition of the slope of a line and the definition of z 
(the temperature difference for a one-log change) equation (3), the Bigelow model, results. 

z

TT
DD

ref

refT


 loglog         (3) 

where Tref is an arbitrary reference temperature (90oC is the temperature selected in the assessment), 

Dref is the D-value at the reference temperature, T is temperature and z is the temperature difference 
required to achieve a one-log change of DT. 

The 95% PI of the model (equation (2a)) and the CIs of the model parameters   and   were 

estimated using a predict-like method.8 The mean values and upper and lower interval of the D90 and 

z parameters were estimated from the slope and intercepts resulting from the linear regression model 
(equation (2a)) and relationship (4). 

       ⁄           (4) 

                      
   

 ⁄       (5) 

By combining equations (1) and (3), equation (6) was obtained which, together with the parameters 
estimated from the data and equations (2a, 4 and 5), was used to estimate the change in the HAV 

population with time at a constant, isothermal, heat treatment. 

                 
 

         
(
     – 

 
)

           (6) 

To evaluate a non-isothermal heat treatment, temperature changes with time are to be considered 
since D-values, and thus the lethal effect, vary with time. Total inactivation during the whole course of 

a heat treatment has to be evaluated and the time–temperature history needs to be incorporated with 
the isothermal inactivation kinetics described in equation (6). To predict inactivation in a non-

isothermal process based on the Dref and z estimated from the two-step approach, the differential 

form of equation (6) (Huang, 2009) was used. 

 
       

  
     

 

 
     

 

         
(
     – 

 
)

      (7) 

  

  
            (                                        )    (8) 

The observed time–temperature data points were fitted by a cubic spline interpolation in the R Stat 

package (R Core Team, 2013). The Splinefun interpolation can return a function and its derivative of 
the temperature curve at any time. 

The differential equations were implemented in the statistical and modelling software R (R Core Team, 

2013) using the package deSolve (Soetaert et al., 2010) and the default solver method (lsoda) for 

                                                           
8
 As described in http:// glmm.wikidot.com/faq 
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solving ordinary differential equations. Inactivation was assumed to be zero below 55°C to avoid 
extrapolation outside the model range. 

3. Assessment 

 Hazard identification of live bivalve molluscs 3.1.

3.1.1. EU foodborne outbreaks 

Hazard identification was carried out based on the annual reporting of zoonoses, zoonotic agents, 

antimicrobial resistance, foodborne outbreaks and animal populations in the EU under Directive 
2003/99/EC. Data reported in the zoonoses database on occurrence of strong-evidence food-borne 

outbreaks where bivalve molluscs were implicated (2007–2013) can be found in Appendix F. A 
summary is provided in Table 1. 

The food vehicle ‘Crustaceans, shellfish, molluscs and products thereof’ was responsible for 

258 strong-evidence outbreaks in the period 2007 to 2013; in 2013, this food-group was implicated in 
7.3% (or 61) of the 839 strong-evidence outbreaks. Evidence about those 70 outbreaks involving the 

food vehicle bivalve molluscs indicated that for 53 outbreaks the causative agent was reported. The 
majority (50 out of 53 outbreaks) of these outbreaks were caused by NoV, associated with oysters 

(48 outbreaks), mussels (one outbreak) and unspecified bivalve molluscs (one outbreak). In addition, 

single outbreaks were attributed to clams contaminated with Bacillus cereus, and mussels 
contaminated with histamine. The number of outbreaks linked with NoV in oysters by year is as 

follows: 2 (2006), 2 (2007), 2 (2008), 3 (2009), 13 (2010), 6 (2011), 9 (2012), and 11 (2013).  

Table 1:  Summary of reported strong-evidence food-borne outbreaks in the EU as reported in the 

zoonoses database on occurrence of strong-evidence food-borne outbreaks where bivalve 
molluscs were implicated (2007–2013) 

Foodstuff 
implicated(a) 

Causative 
agent 

Number 
of 

outbreaks 

Human 
cases 

Number of 
cases 

hospitalised 

Deaths Number 
of 

reporting 
countries 

Distribution of 
outbreaks per 

country  
(number of 

outbreaks)(b) 

Clams Bacillus 
cereus 

1(c) 2 0 0 1 NL (1) 

Mussels Histamine 1 12 0 0 1 UK (1) 

Mussels Norovirus 1(d) 2 0 0 1 NL (1) 

Oysters Norovirus 48 978 2 1 6 DK (12), FI (4), 
NL (7), NO (12), 
SE (2), UK (11) 

Unspecified Norovirus 1 4 0 0 1 SE (1) 

All All 52 998 2 1   

(a): Considering all bivalve molluscs, i.e. either raw/live or cooked/processed. 
(b): Denmark (DK), Finland (FI), the Netherlands (NL), Norway (NO), Sweden (SE), United Kingdom (UK). Data from Spain 

has not been included in this table because it was provided outside the EFSA zoonoses database and in a different format 
of aggregation. 

(c): No information was available about the processing of the clams. 
(d): Unprocessed contaminated ingredient was reported in this outbreak. 

Whilst these data consistently demonstrate NoV as the hazard most frequently implicated in strong-
evidence outbreaks associated with this food group, the data also provide information on this hazard 

in other food-groups. For example in 2013 this food group accounted for 34 (44.7%) of the 76 strong-
evidence NoV outbreaks. There is substantial inter-annual variation with 2012 data showing 

16 (16.5%) of the 97 NoV outbreaks. 

It should be noted that food-borne outbreak investigation systems at the national level are not 

harmonised among MSs. Consequently, the differences in the numbers and types of reported 

outbreaks, as well as the causative agents, may not reflect the level of food safety between MSs; 
rather they may indicate differences in the sensitivity of the national systems in identifying and 

investigating food-borne outbreaks. Frequent difficulties in absolute attribution of human illness to a 
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hazard and a foodstuff limits the absolute representativeness of this dataset, particularly in the case of 
human illness with long incubation period such as HAV (i.e. 30 days ranging from 15 to 50 days 

according to Gossner et al., 2015), so these data have some limitations for the establishment of the 

public health burden from bivalve molluscs. However, the 2013 report profiles a significant 
international outbreak of HAV associated with berry consumption. 

3.1.2. RASFF notifications 

In the RASFF database, under the product category ‘bivalve molluscs and products thereof’, and 

‘pathogenic microorganisms’, there were notifications for NoV and Salmonella, and also HAV (see 

Appendix G). However, it is not possible to meaningfully extrapolate from this communication system 
to an index of public health burden. Furthermore, the status of products either live/raw or 

cooked/processed is unclear. Nevertheless, this analysis indicates that these hazards exist in bivalve 
molluscs on the EU market at least in the raw uncooked state. 

3.1.3. Foodborne outbreaks by HAV reported in the scientific literature 

Bivalve mollusc-related outbreaks of HAV are sporadically reported in literature and the availability of 
information about the food involved in these outbreaks is biased, depending on the presence in 

notifying countries of specific surveillance programs. Since 1990, nine outbreaks associated with 
mollusc-consumption (mussels, clams and oysters) were described in Europe, with cases detected in 

Italy, Spain, France and the Netherlands. Consumption of raw or undercooked molluscs was reported 
as a risk factor in all outbreaks. In the same period, bivalve mollusc-borne outbreaks were described 

in non-EU countries such as China, Australia, Singapore and the United States, particularly in 

association with clams, cockles and oysters consumption. Table 2 summarises the characteristics of 
the mollusc-associated outbreaks described in literature. 

It is important to recognise that no reported HAV outbreaks have been associated with molluscs 
cooked according to the approved heat treatment criteria within EU legislation (90°C for 90 s). This is 

also the case for NoV outbreaks. Where a cause has been identified in NoV and HAV outbreaks, it is 

generally attributed to the consumption of undercooked or raw bivalve molluscs. In the case of 
cooked molluscs, cooking at home or in the restaurant, rather than in the well-controlled commercial 

setting, is involved. Thus there is no epidemiological data to suggest that the current approved heat 
treatment criteria in EU legislation (a minimum of 90°C for 90 s) are not sufficiently protective of 

public health. 

3.1.4. Prevalence and concentration of HAV and NoV 

Data on the prevalence and concentrations of NoV and HAV in naturally contaminated field samples 

are needed to determine the contamination levels prior to thermal processing. The available studies 
(Appendix D) show that the NoV prevalence in EU countries is often in the range 30–60% but can 

occasionally exceed 70%. Titres are typically low (< 100 copies of genome per gram) and levels 

above 10,000 genome copies per gram occur in < 15% of samples. The highest NoV levels are 
typically in the region of 104 to 105 genome copies per gram. HAV, on the other hand, displays a high 

degree of geographic variability in Europe, with a prevalence ranging from 0 to 43%. Quantitative 
data for HAV contamination are scarce, but titres are mostly low and levels above 10,000 genome 

copies per gram are reported, in average, in < 3% of samples. The highest titres are predominantly in 
the range of 103 to 104 genome copies per gram.  

It should be noted that the concentrations of HAV and NoV are measured per gram of mollusc 

digestive gland since the contaminants are preferentially concentrated in this organ and this approach 
facilitates analysis. Further to this, surveillance studies using PCR should be regarded as worst case 

as, given the inability of molecular methods to differentiate between viable and non-viable virus, 
concentrations of infectious virus particles may be less than those indicated by PCR. Further details 

are included in Appendix D. 

The available studies (Appendix D) show that virus contamination levels in EU-produced live raw 
bivalve molluscs vary considerably from undetectable, or positive but close to the limit of assay 

sensitivity, through to 104 or even 105 genome copies per gram. The key factors influencing this 
variability are the geographic region, the prevalence of infection in the local human population, the 
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local arrangements and efficiency of sewage treatment, and the proximity of the bivalve mollusc 
production areas to discharge sources. However, it should be noted that the available studies have 

mainly focussed on bivalve molluscs destined to be placed on the market as live product – particularly 

oysters –, since these are the products most frequently associated with human illness. Given that 
contamination occurs during primary production, many studies have focussed on contamination prior 

to the food production chain. However, some studies have also evaluated virus contamination in the 
raw product following processing at the point of placing on the market. By contrast, few studies have 

looked at contamination levels in bivalves molluscs specifically destined for commercial heat 

processing – such as mussels and clams from Class C areas. Virus levels determined in, for example, 
Class B oyster areas, may well under represent those present in Class C mussel or clam areas. This 

limitation should be considered in the analysis since the available data on hazard prevalence and 
concentration may well not represent worst case in the context of this Scientific Opinion. 

3.1.5. Selection of the hazards in the analysis 

Hazard identification showed that the most important viral hazards associated with the consumption 
of bivalve molluscs are NoV and HAV acquired from human faecal pollution of bivalve production 

areas. Both have been demonstrated to cause human outbreaks where bivalve molluscs were 
implicated and have been found prior to processing in surveillance studies. Prevalence and 

concentration for NoV and HAV in bivalve molluscs from commercial production areas can vary 
significantly depending on the geographic region, the period of the year, the prevalence of infection in 

the local population, the effectiveness of sewage treatment systems, and the local environmental 

conditions. For example bivalve molluscs imported from HAV endemic areas, for which there is little 
data, may contain much higher levels of virus than non-endemic European areas. 

Molecular studies using PCR in heat-treated products cannot be considered reliable due to the known 
overestimation of these methods for viable virus content. Heat inactivation data for human NoV is 

absent since this virus is not effectively culturable. Accordingly, data are only available for culturable 

strains of HAV and for NoV surrogates such as murine NoV, feline calicivirus (FCV) or F-specific RNA 

(FRNA) bacteriophage. Consequently HAV was selected to evaluate heat treatments of live bivalve 

molluscs. 
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Table 2:  Reports of bivalve molluscs-related outbreaks of Hepatitis A virus (HAV) in Europe and in non-European countries 

Period Country 
Number 

of 
cases 

Bivalve 
mollusc 
species 
involved 

Association 
Source (hypothetical or 

identified) 
Reference 

EUROPE 

December 1991 – 
March 1992 

France 
(Loire-Atlantique) 

402 Raw molluscs, 
oysters 

Epidemiological Raw molluscs, oysters from a 
French production area 

Vaillant et al. (2012) 

December 1991 – 
March 1992 

France 
(Morbihan) 

469 Raw molluscs, 
oysters 

Epidemiological  Vaillant et al. (2012) 

January 1993 – 
October 1993 

Italy 
(Trieste) 

105 Unknown Epidemiological Molluscs caught in Slovenia 
or Croatia  

Mele et al. (1994) 

December 1993 – 
March 1994 

Italy 
(Bologna province) 

5(a) Clams Epidemiological Undercooked clams caught 
in Ferrara province 

Leoni et al. (1998) 

January 1996 – 
January 1998 

Italy 
(Apulia) 

11,068 Mussels Epidemiological Raw seafood, raw mussels Lopalco et al. (2005) 

December 1996 – 
May 1997 

France 
(Midi-Pyrénées) 

205 Oysters Epidemiological  Vaillant et al. (2012) 

December 1997 – 
April 1998 

France 
(Hérault) 

45 Oysters Epidemiological Oysters from a French 
production area 

Vaillant et al. (2012) 

February 1999 – 
March 1999 

France 
(Côtes-d’Armor) 

33 Oysters Epidemiological Oysters from a French 
production area 

Vaillant et al. (2012) 

September 1999 – 
January 2000 

Spain 
(Valencia) 

184 Clams Epidemiological and mollusc 
analysis 

Frozen coquina clams from 
Peru 

Sanchez et al. (2002) 

January 2004 – 
September 2004 

Italy 
(Campania) 

882 Multiple species Epidemiological and mollusc 
analysis 

Mollusc probably 
contaminated at retail level 

Pontrelli et al. (2008) 

July 2007 – 
November 2007 

France 
(Brittany) 

111 Oysters Epidemiological Oysters and other raw 
mollusc from a local 

production area 

Guillois-Bécel et al. (2009) 

2008 (7 months) Spain 
(Valencia) 

100 Clams Epidemiological and mollusc 
analysis 

Frozen coquina clams from 
Peru 

Pintó et al. (2009) 

October 2008 Spain 
(Cataluña) 

2 Clams Sera analysis Frozen coquina clams from 
Peru 

Pérez-Sautu et al. (2011) 

August 2012 and 
November 2012 

Netherlands 9(a) Mussels Epidemiological and mollusc 
analysis 

Mussels imported from the 
UK 

Boxman et al. (in press; 
2015(b)) 

November 2012 United Kingdom 1 Mussels Epidemiological, typing of 
diagnostic samples and food 

tracing results 

Mussels from the UK cooked 
at cases’ home 

Boxman et al. (in press; 
2015(b)) 
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Period Country 
Number 

of 
cases 

Bivalve 
mollusc 
species 
involved 

Association 
Source (hypothetical or 

identified) 
Reference 

NON-EUROPEAN COUNTRIES 

January 1988 – 
April 1988 

China 
(Shanghai) 

292,301 Clams Epidemiological and mollusc 
analysis 

Clams from local production 
area 

Halliday et al. (1991) 

June 1991 – 

August 1991 

Singapore 70 Cockles Epidemiological  Lee et al. (2011) 

September 1992 – 
October 1992 

Singapore 70 Cockles Epidemiological  Lee et al. (2011) 

January 1997 – 
May 1997 

Australia 
(New South Wales) 

467 Oysters  Oyster from harvesting area 
in Wallis Lake (New South 

Wales) 

Conaty et al. (2000) 

July 1998 – 
September 1998 

US (Alabama, 
Georgia, Florida, 

Tennessee, Hawaii) 

61 Oysters Epidemiological and mollusc 
analysis 

Oysters from Panama City 
bays (Florida) 

Desenclos et al. (1991) 

June 2002 – 
December 2002 

Singapore 159 Cockles Epidemiological  Lee et al. (2011) 

August 2005 – 
October 2005 

US (Alabama, Florida, 
South Carolina, 

Tennessee) 

39 Oysters Epidemiological and mollusc 
analysis 

Oysters from a Louisiana 
production area 

Bialek et al. (2007) 

(a): Primary cases reported (eight secondary cases for 1993 outbreak in Italy; two secondary cases for 1993 outbreak in the Netherlands). 
(b): Information provided by Mrs Boxman, Food and Consumer Product Safety Authority (NVWA, Netherlands), by e-mail on 27 August 2015. 
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 Evaluation of heat treatment of live bivalve molluscs 3.2.

To evaluate the heat treatment of live bivalve molluscs, a model for the effect of temperature on the 
heat inactivation of HAV was developed (HAV thermal inactivation model) based on the output of the 

hazard identification. The model used HAV inactivation data in mollusc matrices during isothermal 
heat treatment collected from the literature based on certain criteria. The model predictions were 

further compared with observed heat inactivation of NoV surrogates and HAV inactivation in whole 
mollusc products at non-isothermal heat treatment conditions. The estimated z-value was used to 

identify equivalent time–temperature combinations to the ‘notional’ heat treatment of 90°C for 90 s 

without considering the effect of heat-up and cool-down times on virus inactivation. HAV inactivation 
was also predicted for ‘realistic’ 90°C for 90 s processes with various designs (simulating various rates 

of temperature increase and decrease) and for two industrial processes. The above predictions 
showed the need for the establishment of a PC, which is the log reduction during heat treatment to 

evaluate alternative equivalent heat treatments that could be applied to live bivalve molluscs based on 

realistic time–temperature profiles. Furthermore, a risk assessment model was developed and a case 
study was used to show the relationship between a PC for the reduction of HAV during heat treatment 

of bivalve molluscs and the human risk at the point of consumption. Finally, the translation of the PC 
to a PrC in the form of process lethality (F-value) was demonstrated using the developed model. 

3.2.1. HAV thermal inactivation model 

Development of the HAV thermal inactivation model 

A two-step approach was employed. In the first step, the primary inactivation model to estimate 

D-values at isothermal temperatures was used. In the second step, calculated D-values were used to 
estimate the D90 (the D value at the reference temperature of 90°C) and the z-value (the temperature 

shift needed to change the D-value by one log-unit) of the secondary Bigelow model. This model was 
the basis for evaluating thermal HAV inactivation of bivalve molluscs in the desired temperature range. 

For the first step, based on the inclusion criteria, a total of 15 D-values of HAV thermal inactivation in 

bivalve molluscs were collected or estimated in the temperature ranging from 56 to 100°C. These 
D-values were collected from the following six studies: Harlow et al. (2011); Sow et al. (2011); Park 

and Ha (2015); Croci et al. (1999); Cappellozza et al. (2012); Bozkurt et al. (2014b). For details about 
these studies see Appendix C. For the second step, an analysis employing linear mixed effect models 

indicated that there was a significant effect of study, and that a model considering random effects of 

studies on both the intercept and the slope in equation (2a) described data best (Likelihood Ratio Test 
(LRT) = 6.57, degree of freedom (df) = 2, p < 0.037). In Figure 1 the empirical Bayes estimates for 

random intercepts and slopes of the individual studies are shown. The random effect of study on the 
estimated log D90 values is illustrated in Table 3. 
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Harlow: Harlow et al. (2011); Sow: Sow et al. (2011); Park: Park and Ha (2015); Crozi: Croci et al. (1999); Cappell: Cappellozza 
et al. (2012); Bozkurt: Bozkurt et al. (2014b). 

Figure 1:  The random intercepts and slopes (Temperature) together with 95% confidence intervals 

of individual studies when the selected dataset was fitted to the Bigelow model assuming a 
random effect of study using linear mixed effect modelling 

Table 3:  The estimated log D90 values for the individual studies on the Hepatitis A virus (HAV) 

inactivation in mollusc matrices together with the 95% confidence interval 

Study Mean 95% confidence interval 

  Lower Upper 

Bozkurt et al. (2014b) −0.037 −1.331 1.257 

Cappellozza et al. (2012) −0.040 −1.907 1.827 

Croci et al. (1999) −0.043 −2.106 2.020 

Harlow et al. (2011) −0.071 −1.596 1.455 

Park and Ha (2015) −0.046 −2.172 2.080 

Sow et al. (2011) −0.050 −6.351 6.250 

 

Figure 2 illustrates the overall best fit of equation (2a), and parameter CIs and PIs for all studies 
estimated using linear mixed effect modelling. The CI illustrates the variability around the mean log D 

at the different temperatures and the PI includes the variability around the mean as well as the 
variability across studies. The estimated overall parameters are shown in Table 4. 
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The 95% Prediction Interval for prediction of observations of log D and the Confidence Interval of mean log D for the 
parameters are also shown. 

Figure 2:  Linear regression of log D versus temperature for Hepatitis A virus (HAV) inactivation in 
mollusc matrices 

Overall, for all studies and based on the linear regression to equation (2a) and equations (4) and (5), 
the estimated log D90 was −0.048 and z was 27.5°C (Table 4). This means that it takes 0.9 min to 

reduce the HAV population by one log unit at 90°C. Consequently, to obtain a one log change in this 

inactivation rate would require a temperature change of 27.5°C. As shown in Figure 2, the 95% PI of 
the model is similar in shape but larger than the CI. CIs for all model parameters were estimated. The 

z-values ranged from 13.6 to 41.3°C whereas the D90-values ranged from 0.6 to 1.3 min (Table 4). 

Table 4:  Estimated values for best fit and the 95% confidence interval of   and   (equation (2a)) 

and log D90 and z (equations (4) and (5)) of the linear regression of the Hepatitis A virus 
(HAV) inactivation data in mollusc matrices 

Coefficient 
 95% confidence interval 

Best fit Lower Upper 

  −0.0364 −0.0547 −0.0181 

  3.23 1.63 4.82 

log D90 (D90) −0.048 (0.9) −0.197 (0.6) 0.102 (1.3) 

z 27.5 13.6 41.3 
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Evaluation of the HAV thermal inactivation model at non-isothermal conditions 

The HAV thermal inactivation model was further evaluated against HAV inactivation data in whole 

bivalve molluscs under non-isothermal temperature conditions. Three papers contain such data: 

Millard et al. (1987), Harlow et al. (2011) and Hewitt and Greening (2006). The data derived from the 
study by Millard et al. (1987) was based on immersion of batches of live cockles in water at 95°C for 

up to 3 min. In the study by Harlow et al. (2011), fresh mussels were steamed in a steamer basket for 
up to 6 min. The mussels were arranged in five layers (the first layer was the bottom layer, the third 

layer the middle layer and the fifth layer the top layer). In the study by Hewitt and Greening (2006), 

batches of six New Zealand Greenshell mussels were lowered into rapidly boiling water (boil) or placed 
in a wire basket above rapidly boiling water (steam) in a stainless steel electric fryer for either 37 s or 

180 s. More details can be found in Appendix C. 

The results of the evaluation based on the parameters from the two-step approach are presented in 

Figures 3 (a-f) through a comparison between the observed HAV inactivation data and the prediction 
of the HAV thermal inactivation model including upper and lower prediction limits. As shown in the 

figures mean predictions of the model generally under-predicted HAV inactivation, i.e. the observed 

inactivation was faster than predicted by the model. The predictions based on the lower 
95th prediction interval variably under- or over-predicted the observed non-isothermal inactivation. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

 
(a) Harlow et al. (2011), bottom layer; (b) Harlow et al. (2011), middle layer; (c) Harlow et al. (2011), top layer; (d) Millard et al. (1987); (e) Hewitt and Greening (2006), boil; (f) Hewitt and 
Greening (2006), steam. 

Figure 3:  Comparison between observed Hepatitis A virus (HAV) inactivation in mussels and predicted inactivation by the HAV thermal inactivation model 
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Comparison of the HAV thermal inactivation model with other viruses 

To evaluate the ability of the data for HAV thermal inactivation to represent also NoV, the relationship 

between log D and temperature as developed for HAV was compared with observations for murine 

NoV and FCV inactivation in bivalve molluscs. These viruses have been used as surrogate viruses for 
NoV since the latter are not possible to culture. As shown in Figure 4, most of the data points for the 

surrogate viruses are below or close to the fitted line. The data above the fitted line represent murine 
NoV inactivation in abalone which is a mollusc species but not a bivalve mollusc. The limited data 

suggest that under the conditions and matrices studied HAV is generally more heat tolerant than 

surrogate viruses (higher log D), and the HAV thermal inactivation model can be applicable for 
describing inactivation of NoV surrogates in bivalve molluscs.  
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Murine Noroviruses: Bozkurt et al. (2014a) using blue mussel homogenate, Park et al. (2015) using abalone meat and 
abalone viscera (abalone is a mollusc species but not a bivalve mollusc), Sow et al. (2011) using digestive glands of soft shell 
clams. Feline calicivirus: Bozkurt et al. (2014a) using blue mussel homogenate, Croci et al. (2012) using chopped digestive 
glands tissue of blue mussel. For details about these studies see Appendix C. 

Figure 4:  Log D values reported for different viruses in various mollusc matrices at different 

temperatures compared to the linear relationship developed based on Hepatitis A virus 

(HAV) data (fitted line and 95% prediction interval) 

3.2.2. Equivalent thermal processes to ‘notional 90oC for 90 s’ 

The HAV thermal inactivation model was used to identify equivalent time–temperature combinations 
to the ‘notional’ heat treatment (without considering the effect of heat-up and cool-down times on 

virus inactivation) of 90°C for 90 s. Two thermal processes are considered equivalent only if they 

result in the same lethal effect. Assuming that by holding a virus suspension at a lethal constant 
temperature T1 for a time period t1, the initial number of virions is reduced by 90%. The same 90% 

reduction can presumably be achieved by heating the sample at a higher temperature T2, for a shorter 
time period t2 or a lower temperature T3, for a longer time period t3. The new processing times, t2 and 

t3, must be estimated precisely (by experimentation or calculation) to achieve the same degree of 

90% inactivation. Obviously, any desired temperature can be selected and the required processing 
time needed can be estimated in a similar way to devise equivalent processes for any given degree of 

inactivation.  
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Using the estimated z-value for HAV inactivation in bivalve molluscs, the lethal rate L of the heat 
process can be calculated from the following equation: 

z

TTref

L



10           (9) 

The lethal rate is a measure of the lethality of any heat processing temperature T relative to a 

reference temperature Tref. For example, for a reference temperature of 90°C and the estimated mean 
z-value = 27.5°C the lethal rate at 85°C will be: 

52.110 5.27

8590





L           

Thus, 90 s at 90 °C is equivalent in terms of HAV inactivation to 1.52 × 90 = 136.9 s at 85°C. 

Figure 5 presents the heat processing times for various ‘notional’ heat treatments which are 

equivalent to a heat process of bivalve molluscs at 90°C for 90 s in terms of HAV inactivation, 

resulting in a predicted mean reduction of HAV of 1.67 log PFU/g. The minimum temperature applied 
was 72°C as for the HTST (72°C for 15–20 s) pasteurization. Representative time–temperature 

profiles equivalent to the 90°C for 90 s process are presented in Figure 6. Examples below 90°C are 
126 s (113–177 s) (mean value and (CI)) at 86°C, 208 s (157–487 s) at 80°C, 291 s (197–956 s) at 

76°C, and 407 s (246–1,879 s) at 72°C. Above 90°C equivalent processes would be 64 s (46–72 s) at 

94°C and 46 s (23–58 s) at 98°C. 

 

Dotted lines show times estimated with the 95% confidence intervals of the z-value (13.6, 41.3). The inner table shows 
representative values of the graph. 

Figure 5:  Heat processing times for various constant process temperatures which are equivalent to a 

‘notional’ heat treatment process of bivalve molluscs at 90°C for 90 s in terms of Hepatitis 
A virus (HAV) inactivation as estimated with the lethal rate approach based on a 

z-value = 27.5°C (solid line) 
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Figure 6:  Representative heat processing times at various constant process temperatures equivalent 
to a ‘notional’ heat treatment process of bivalve molluscs at 90°C for 90 s process in terms 

of Hepatitis A virus (HAV) inactivation (values are shown in Figure 5) 

The lethality rate approach described above refers to a constant, isothermal, heating temperature 

(temperature is increased instantaneously to the target value during heating and decreased 

instantaneously during cooling). In practice, however, most heat processes, including bivalve molluscs 
boiling or steaming, are characterized by time-varying temperature conditions in which heating and 

cooling times are not instantaneous.  

3.2.3. HAV inactivation at ‘realistic’ temperature profiles of bivalve molluscs 
heat treatment 

Considering that the rates of temperature increase during heating and decrease during cooling can 
vary among processes with different design, two processes that are both compliant with the 90°C for 

90 s criterion may have a significantly different effect on virus and/or microbial inactivation. For 
example, Figure 7a shows three time–temperature profiles for ‘realistic’ heat processes (theoretical 

process including heat-up and cool-down times) which are in compliance with the 90°C for 90 s 
process, but differ in relation to the rates of temperature increase during heating and decrease during 

cooling. Profile 1 represents the ‘notional’ heat treatment process in which temperature is increased 

instantaneously to the target value during heating and decreased instantaneously during cooling. 
Profiles 2 and 3 represent time–temperature scenarios with high and low rate of temperature increase 

and decrease during heating and cooling, respectively. The HAV thermal inactivation model (equation 
(6)) was used to predict the HAV inactivation by applying the heat process according to the above 

three profiles. As shown in Figure 7b the predicted mean reduction of HAV was 1.67, 2.92 and 

4.13 log PFU/g for profiles 1, 2 and 3, respectively. These results confirm that a ‘90°C for 90 s’ 
heating process of bivalve molluscs may lead to significantly different HAV inactivation depending on 

the process design. Thus, the evaluation of alternative equivalent heat treatments that could be 
applied to live bivalve molluscs, based on realistic time–temperature profiles requires the 

establishment of a PC (log reduction during heat treatment) indicating the total reduction of HAV 

during heat treatment. 
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Figure 7:  Examples of different heat processing time–temperature profiles complying with the ‘90°C 

for 90 s’ requirement (a) and their predicted Hepatitis A virus (HAV) inactivation (b) 

The temperature profiles of two industrial thermal (pressurized steam) processes of bivalve molluscs 
are shown in Figure 8. Figure 8a shows the recorded temperature in six different spots of a batch of 

mussels in comparison with the air temperature while Figure 8b shows the recorded temperature of 
the coldest spot when processing cockles. Based on the time–temperature data both processes are 

compliant with the 90°C for 90 s requirement.  

The HAV thermal inactivation model was used to predict the total HAV inactivation resulting from 
these heat treatments. Because the profiles include temperatures outside the range of the model 

(> 100°C) a conservative approach was applied providing predictions for a minimum of total 
inactivation based on the assumption that the D-value at T > 100oC is equal to the D-value at 

T = 100oC. For the process presented in Figure 8a the estimated total HAV reduction achieved in the 

different spots ranged from 4.5 to 7.8 logs. For the process presented in Figure 8b the estimated total 
HAV reduction was 4.1 logs. It needs to be stressed that, especially for the latter process in which the 

temperature increased up to 140oC, the estimated HAV reduction is expected to be significantly higher 
due to the above assumption. 
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Source: Data were collected from EU bivalve mollusc processors and are presented anonymously to preserve confidentiality. 

Figure 8:  Examples of temperature profiles of two industrial thermal (pressurized steam) processes 
of (a) mussels with the recorded temperature in six different spots of the batch in 

comparison with the air temperature and (b) cockles with the temperature in the coldest 

spot 

3.2.4. Setting a performance criterion (PC) for the heat treatment of bivalve 
molluscs using a risk-based approach 

The risk-based food safety management is an important step in improving food safety based on 

science by linking safety requirements and criteria to the public health problems that they are 

designed to address. Advances in Quantitative Microbiological Risk Assessment (QMRA) resulted in a 
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more systematic relation between the performance of a control measure or of a series of control 
measures to the level of control needed to manage a food safety risk. The concepts of the Appropriate 

Level of Protection (ALOP) and the Food Safety Objective (FSO) have been proposed (ICMSF, 2006; 

CODEX, 2007) to establish a link between public health outcomes and targets in the food chain. The 
ALOP, introduced in the Agreement on Sanitary and Phytosanitary Measures (SPS Agreement) of the 

World Trade Organization (WTO) is defined as: ‘‘the level of protection deemed appropriate by the 
Member establishing a sanitary or phytosanitary measure to protect human, animal and plant life or 

health within its territory and represents a country's currently achieved public health status in relation 

to food safety’ (WTO, 2010, EFSA BIOHAZ Panel, 2007). At a later stage, ICMSF (2006) introduced the 
FSO to translate the ALOP into a benchmark in the food chain that could be communicated and 

managed by the food industry. The FSO is defined as ‘the maximum frequency and/or concentration 
of a hazard in a food at the time of consumption that provides or contributes to the ALOP’ (CODEX, 

2007).  

Performance Objective (PO) and Performance Criterion (PC) are additional metrics created to 

complement the ALOP and FSO (Gorris, 2005). PO, which is the maximum frequency and/or 

concentration of a hazard in a food at a specified step in the food chain before the time of 
consumption that provides or contributes to an FSO or ALOP as applicable, and PC, which is the effect 

in frequency and/or concentration of a hazard in a food that must be achieved by the application of 
one or more control measures to provide or contribute to a PO or a FSO (CODEX, 2007), are means 

for operational food safety management at food chain stages before the time of consumption. 

When establishing performance criteria consideration must be given to the initial level of a hazard and 
changes occurring during production, distribution, storage, preparation and use of a product. By 

integrating the changes in a hazard from the initial level (H0), minus the sum of the reductions (R), 
plus the sum of increase (I), one arrives at a concentration/prevalence that at the moment of 

consumption must be lower than a FSO as expressed in the following conceptional equation (ICMSF, 
2006): 

   ∑  ∑             (10)  

where: H0 is the initial level of the hazard, R is the total (cumulative) reduction of the hazard, I is 

the total (cumulative) increase of the hazard, FSO, H0, R and I are expressed in log10 units. 

Once an ALOP/FSO has been defined by the risk managers, a PC for a certain processing step can be 

established via risk assessment. 

A risk assessment model was developed to illustrate the relation between a PC for the reduction of 

HAV during heat treatment of bivalve molluscs and the risk at the time of consumption. The model 

was developed to illustrate the risk-based approach for mussel consumption by adults in one MS. The 
model used data on prevalence and concentration of HAV from one study in one MS in which sampling 

was performed in production areas impacted by a community outbreak of HAV. Therefore this does 
not reflect an average scenario. The data used and the structure of the HAV risk assessment model 

are presented in Table 5. The initial HAV concentration (copies/g) and the mussels serving size were 

described with custom distributions based on the observed cumulative data. No change in HAV 
concentration during storage was assumed. Various scenarios for the total reduction of HAV during 

heat treatment (from 0 to 5 logs) on the prevalence and concentration of HAV at the time of 
consumption and the risk of infection per serving were evaluated. A modification of the exponential 

dose–response model for HAV initially described by Haas et al. (1999) was used (Bouwknegt et al., 

2015). The initial dose–response model was based on data from Ward et al. (1958) who inoculated 
institutionalized individuals with HAV and monitored the occurrence of jaundice (hence the prediction 

of jaundice cases for this dose–response model). The dose administered to the individuals was 
expressed as gram of faeces. To better harmonize the estimated dose in the model with the dose 

inoculated by Ward, Bouwknegt et al. (2015) expanded the likelihood function of the dose–response 
model using the original doses reported by Ward et al. (1958) with a likelihood function for the 

number of HAV genome copies per gram of faeces reported by Kamel et al. (2011). This model 

assumes that all individuals are equally susceptible to develop jaundice for a certain exposure dose. 
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Table 5:  Data used and structure of the Hepatitis A virus (HAV) risk assessment model to illustrate 
the risk-based approach by HAV for mussels consumption by adults in a EU Member State  

Para-
meter 

Explanation Distribution/Description Data used Reference 

    Initial HAV 
prevalence 

       Mussels in MS 
(n = 193) 

Suffredini et al. 
(in press), see 

also Appendix D 

   Initial HAV 
concentration 

(copies/g) 

      (   ) with 

   [(               )   ](a) 

   [               ] 

Mussels in MS 
(n = 77) 

Suffredini et al. 
(in press), see 

also Appendix D 

  Inactivation during 
heat treatment (log 

copies/g) 

Scenarios tested: 
 

  {           } 

- - 

  Serving size for 
adult population (g) 

      (   )  with 

   [                                     ] 

   [                            ] 

Mussels in MS 
(n = 112) 

EFSA’s food 
consumption 

database, see also 
Appendix A 

   HAV concentration 
at consumption time 

(log copies/g)(b) 

    (  )    - - 

    HAV virions at 
consumption time 
(copies/serving) 

        (      ) - - 

    HAV prevalence at 
consumption time 

Prevalence after heat treatment(c)   

        Probability of 
infection per 
contaminated 

serving 

      (     
     ) Exponential 

model for HAV 
dose-response 

Bouwknegt et 
al. (2015) 

       Probability of 
infection per serving 

             - - 

(a): Concentration divided by ten assuming that the digestive part sampled is 10% of the total mussel.  
(b): Only non-zero values were used. 
(c): Estimated based on     and the percentage of zero values in   . 
 

The effect of the tested scenarios (i.e. the total reduction of HAV during heat treatment, from 0 to 
5 logs) on the prevalence and concentration of HAV at the moment of consumption is presented in 

Table 6. A Monte Carlo simulation with 10,000 iterations was used. This table provides information on 
the relation between a FSO of HAV and a PC of HAV during heat treatment. With the HAV 

concentration in this example, for an FSO of 100 copies per serving the PC should be 3 log reduction 

while for an FSO of 10 copies per serving the PC should be 5 log reduction. 

Table 6:  Effect of the tested scenarios on the percentage of mussel servings having a specified 

concentration of HAV at the moment of consumption(a) 

HAV virions (copies/serving) 
Total reduction of HAV during heat treatment (log copies/g)(c) 

0(b) 1 2 3 4 5 

< 1 60.4 59.9 61.3 67.6 86.0 97.4 

< 10 60.5 60.4 69.1 92.6 99.9 100.0 

< 100 61.0 67.6 92.8 100.0 100.0 100.0 

< 1,000 68.5 91.9 100.0 100.0 100.0 100.0 

< 10,000 92.4 100.0 100.0 100.0 100.0 100.0 

< 100,000 100.0 100.0 100.0 100.0 100.0 100.0 

HAV: Hepatitis A virus. 
(a): Based on a Monte Carlo simulation with 10,000 iterations. 
(b): No thermal treatment applied. 
(c): Total reduction of HAV during heat treatment of mussels is from 0 to 5 logs. This is an illustration of the risk-based 

approach. 
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Figure 9 presents a summary trend graph of the effect of the total reduction of HAV during heat 
treatment on the HAV concentration per serving. Detailed data on the average and the percentiles of 

the risk of HAV infection per serving are shown in Table 7. Without heat treatment, the average 

predicted risk was about 1 infection per 100 servings. When heat treatment would result in one log 
reduction of HAV, the average predicted risk would be about one infection per 1,000 servings. In 

general, a one log decrease in HAV during heat treatment resulted in a respective one log decrease in 
the probability of HAV infection per serving. For 4 logs reduction of HAV during heat treatment the 

average predicted risk was about one infection per 1,000,000 servings. The trend of the effect is 

shown in Figure 10 where the effect of HAV reduction during heat treatment on the relative risk of 
HAV infection is presented. 

 

  

This is an illustration of the risk-based approach. 

Figure 9:  Summary trend graph on the effect of the total reduction of HAV during heat treatment of 
mussels on the HAV concentration per serving 

Table 7:  Effect of the tested scenarios for the total reduction of HAV during heat treatment (from 0 
to 5 logs) of mussels on the probability of HAV infection per serving 

Probability of HAV 
infection per serving 

Total HAV reduction during heat treatment (log copies/g)(a) 

0 1 2 3 4 5 

Average  1.08E-02 1.15E-03 1.34E-04 1.15E-05 1.12E-06 1.21E-07 

Median 4.59E-03 4.88E-04 6.69E-05 5.17E-06 5.56E-07 1.08E-07 

95th 4.50E-02 4.77E-03 5.27E-04 4.52E-05 3.34E-06 2.16E-07 

99th 8.91E-02 1.02E-02 1.01E-03 8.40E-05 5.00E-06 3.24E-07 

(a): This is an illustration of the risk-based approach. 
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This is an illustration of the risk-based approach. 

Figure 10:  Effect of the total reduction of HAV during heat treatment on the relative risk of HAV 
infection 

This HAV risk assessment example illustrates in quantitative terms the impact of the selection of a PC 
for heat treatment on the final risk for consumers. However, effective establishment of a PC based on 

predefined ALOP and FSO requires a full quantitative risk assessment approach which takes into 

account all factors affecting risk including other important hazards (i.e. NoV), differences between EU 
MSs, seasonality of contamination, relation between infection/illness etc.  

3.2.5. Translating the performance criterion (PC) to a Process Criterion (PrC) 

A PC can be translated to a PrC using the HAV thermal inactivation model. As shown in the previous 

sections, however, the ‘90°C for 90 s’ is not the most appropriate ‘Process Criterion’ since it may lead 

to different reduction of HAV. A more appropriate PrC for bivalve molluscs heat treatment processes 
would be the F-value which is the fundamental concept in thermal process design and evaluation. The 

F-value of a non-isothermal heat process is the equivalent processing time of a hypothetical 
isothermal process at a reference temperature. Equivalent means that the process produces the same 

effect (in terms of microbial/viral inactivation) as the actual thermal process. 

From the equations presented in Appendix H, it is clear that the establishment of an F-value at a 

reference temperature as a ‘process criterion’ requires the definition of the desired total reduction of 

HAV which can be considered as a ‘performance criterion’ of the bivalve molluscs heat process. Using 
the estimated      and z-values for HAV inactivation, the     values for different performance criteria 

of HAV inactivation during bivalve molluscs heat processing were calculated and presented in Table 8. 

Table 8:      values for different performance criteria of Hepatitis A virus (HAV) inactivation during 

bivalve molluscs heat processes calculated based on the HAV thermal inactivation model 

Performance Criterion (PC) Process Criterion (PrC)      (s) 

Total HAV reduction (log PFU/g) Mean Lower 95% CI Upper 95% CI 

1 54 36 78 

2 108 72 156 

3 162 108 234 

4 216 144 312 

5 270 180 390 

6 324 216 468 

CI: Confidence Interval; HAV: Hepatitis A virus; PFU: Plaque-Forming Units. 
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When a PrC has been established based on a PC, any heat process of bivalve molluscs should be 
evaluated for its compliance to this criterion. A heat process in compliance with a PrC when the 

following condition is met: 

1
90

90



required

process

F

F
              (11) 

The F-value of a heat process can be estimated with numerical integration of equation (11). For 
example the     of the heat process with a time–temperature profile shown in Figure 11 is 179 s. 

Based on Table 8 this process is in compliance with the PrC if the selected PC is equal or less to 3 log 

reductions of HAV (best fit) and non-compliant if the PC is higher.  
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Figure 11:  Example of a heat processing time–temperature profile with     = 179 s 

The use of an F-value as a PrC allows the food business operators (FBOs) to design the process to 
comply with the criterion and at the same time achieve a desired quality for the product.  

After the establishment of the PrC, the FBO must ensure that every batch and every product unit in a 

batch achieves this heat process. The large capacity of many commercial equipment makes it 
impossible to physically temperature probe all individual product units in a batch during cooking. 

Therefore, the FBO will not know if every product unit has received the appropriate time–temperature 
parameters during the heating process. To overcome this issue, the FBO must validate the heating 

process and then establish monitoring and verification procedures to ensure this validation data 

remains accurate. Considering the temperature distribution within a batch during processing (see 
example in Figure 8a), a trained person should map the temperature in the cooker under maximum 

and/or intended/defined standard loading conditions, to determine the cold spot(s). The product at 
the cold spot should be probed (in its geometric centre). If that product achieves the specified time–

temperature combination, it can be assumed that the other mollusc flesh in the cooker is also 

adequately cooked. If a FBO changes any aspect of a validated heat process, e.g. product type size, 
loading conditions etc., then that process must be re-evaluated. 

Uncertainty 

EFSA’s Scientific Committee has developed a draft guidance document on how to characterise, 

document and explain all types of uncertainty arising in EFSA’s scientific assessments. The document 
(EFSA Scientific Committee, 2015) provides a framework and principles for uncertainty analysis, with 

the flexibility for assessors to select different methods to suit the needs of each assessment.  
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Uncertainty was evaluated for the thermal processes which are equivalent to the ‘notional’ heat 
treatment process of bivalve molluscs at 90°C for 90 s’ in terms of HAV inactivation as presented in 

Figure 5, and for the F-values presented in Table 8. It was not assessed for the evaluation of the risk-

based approach as presented in Section 3.2.4 since the latter was only used as an example to 
illustrate the relation between a PC for the reduction of HAV during heat treatment of bivalve molluscs 

and the public health risk at the time of consumption. 

An overview of the uncertainties for the equivalent thermal processes and the F-values is presented in 

Table 9. The two outputs for which the uncertainty was analysed were estimated based on the HAV 

thermal inactivation model. All the uncertainty sources are related with the uncertainty around the 
predictions of the model. 

As shown in Table 9, for most sources of uncertainty the magnitude could not be estimated. The only 
uncertainty source that could be quantified was the uncertainty of the mean values of the model 

parameters due to the model fitting (based on the CIs). In this case the result showed that below 
90°C, the lower the temperature, the higher the uncertainty around the estimated equivalent times to 

the 90°C for 90 s process. 

Although the direction of the identified uncertainty sources was evaluated to be on both sides (over 
and underestimation), the evaluation of the model performance against data on HAV inactivation in 

whole molluscs products under non-isothermal conditions simulating the heat treatment process 
showed that the developed model in general underestimates the inactivation rates of HAV.  

The output of the analysis was based on the HAV thermal inactivation model. However, molluscs can 

be contaminated with other viruses with different thermal resistance. The comparison of the 
prediction of the developed model with the few available data on NoV surrogates inactivation suggests 

that the model can be useful to predict NoV thermal resistance. All data points representing bivalve 
mollusc fall below the predicted mean inactivation indicating that at the temperatures investigated, 

HAV is generally more heat resistant than the NoV surrogates. However, molluscs can be 
contaminated with other viruses, e.g. HEV, for which thermal inactivation was not evaluated due to 

the lack of data in these type of products.  

The uncertainty can be reduced by the production of more data on inactivation of HAV and other 
viruses in bivalve molluscs. 

In conclusion, the uncertainty related to the model fitting is quantitatively expressed for both the 
equivalent times and the F-value using the CIs of the models’ parameters. Apart from model fitting 

there are several additional uncertainty sources, which can lead to under or overestimation of HAV 

inactivation. The evaluation of model performance using independent non-isothermal temperature 
studies with whole bivalve molluscs showed that the observed HAV inactivation is in general higher 

than predicted and was in most cases within the quantified prediction intervals.  
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Table 9:  Potential sources of uncertainties arising from the equivalent thermal processes and the F-values, assumptions and qualitative assessment of the 
impact that these uncertainties could have on the final outcome 

Source of uncertainty Description Equivalent thermal processes 
(estimated time at different 

temperatures) 

F90-values 

Direction of uncertainty 
(+∕−) 

Direction of uncertainty 
(+∕−) 

Model related sources 

Primary model: D-value 
estimation 

This model assumes inactivation follows first order kinetics, although 
deviations from linearity may occur. These deviations may either under- 
or over-estimate the level of inactivation reached depending on the 
presence and extent of the shoulder and the tail. 

+∕− +∕− 

Secondary model: D90 and 
z-value estimation 

The Bigelow model assumes a linear relationship between log D and 
temperature. However, non-linearity may exist, the rate of change of 
inactivation (log D) with temperature may be non-linear.  

+∕− +∕− 

The uncertainty of the estimated D-values (due to primary model 
fitting) was not taken into account. 

+∕− +∕− 

The uncertainty of the mean values of the model parameters due to the 
model fitting (CIs). 

+∕− 

 
The magnitude of the uncertainty 

depends on the temperature: 
At 72°C: − 40%/+ 362% 
At 88°C: − 5%/+ 19% 

At 100°C: − 57%/+ 32% 

− 33%/+ 44% 

Data related sources 

The type of substrate used The substrates used in the studies were chosen because of their 
representativeness for bivalve molluscs (e.g. mussel homogenate, 
digestive glands of clams). However, heat resistance in whole bivalve 
molluscs may be different. 

+∕− +∕− 

The strain of HAV used Most studies use the culturable vaccine strain HM175. It is possible that 
wild-type HAV have a different thermal resistance than the non-
pathogenic vaccine strain. 

+∕− +∕− 

The virus enumeration 
method used 

The virus enumeration method used in the studies was either plaque 
assay or culturing and may affect the enumeration result. The 
sensitivity and accuracy of the virus enumeration method may affect 

the estimation of the thermal resistance. 

+∕− +∕− 
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Source of uncertainty Description Equivalent thermal processes 
(estimated time at different 

temperatures) 

F90-values 

Direction of uncertainty 
(+∕−) 

Direction of uncertainty 
(+∕−) 

The temperature 
measurement 

In the studies, the temperature was measured in the substrate and 
resembled isothermal conditions. The accuracy of the temperature 
measurement may affect the thermal resistance estimation. 

+∕− +∕− 

The number of data points 
used for D-value 
calculation 

The number of data points used for D-value calculation was three or 
more points above the detection limit or two points above the detection 
limit in case sufficient reduction was achieved (i.e. more than 1 log 
unit). The number of data points may affect the thermal resistance 
estimation. 

+∕− +∕− 

Virus selected for the 
model 

Estimations were based on the model by HAV. However bivalve 
molluscs can be contaminated with other viruses which may have a 
different thermal resistance.  

+∕− +∕− 

CI: Confidence Interval; HAV: Hepatitis A virus. 
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4. Conclusions 

 General conclusions 4.1.

Hazard identification showed that the most important viral hazards associated with the consumption 

of bivalve molluscs are Norovirus (NoV) and Hepatitis A virus (HAV) acquired from human faecal 
pollution of bivalve production areas.  

Prevalence and concentration of NoV and HAV in bivalve molluscs from commercial production areas 

can vary significantly depending on the geographic region, the period of the year, the prevalence of 
infection in the local population, the effectiveness of sewage treatment systems, and the local 

environmental conditions. For example bivalve molluscs imported from HAV-endemic areas, for which 
there is little data, may contain much higher levels of virus than non-endemic European areas. 

The current 90°C for 90 seconds (s) requirement applies to a broad range of bivalve molluscs from 

Class B and C production areas in the EU and third countries importing into the EU which will likely 
vary substantially in prevalence and concentrations of the viral hazards. Little data exists for virus 

concentrations in the worst case, i.e. molluscs from Class C areas. 

Epidemiological data indicate that human outbreaks with viruses have not been reported following 

consumption of commercially heat treated bivalve molluscs. In contrast, viral outbreaks have been 
associated with raw products. 

Among NoV and HAV, the latter was most appropriate to evaluate the heat treatment of bivalve 

molluscs because NoV is not effectively culturable and data on surrogates may not be representative 
in evaluating thermal resistance.  

The quantity of available data limited the modelling options for the effect of temperature on the HAV 
thermal inactivation. 

A HAV thermal inactivation model based on data in molluscs matrices during isothermal heat 

treatment was developed. The model estimates for the mean D-value at 90°C and the z-value for HAV 
inactivation in bivalve molluscs were 54 s (0.9 minutes) and 27.5°C, respectively. 

Evaluation of model performance using independent non-isothermal temperature studies with whole 
bivalve molluscs showed that the observed HAV inactivation is in general higher than predicted. The 

limited data suggest that under the conditions and matrices studied HAV is generally more heat 
tolerant than NoV surrogates. 

The estimated z-value was used to identify equivalent time–temperature profiles to the ‘notional’ heat 

treatment of 90°C for 90 s without considering the effect of heat-up and cool-down times on virus 
inactivation leading to the same log reduction of HAV.  

The model showed that realistic 90°C for 90 s processes, that include a heat-up and cool-down time 
can lead to significant variations in HAV log reduction depending on the process design (rate of 

temperature increase and decrease). 

The evaluation of alternative equivalent heat treatments that could be applied to live bivalve molluscs 
based on ‘realistic’ time–temperature profiles would be facilitated by the establishment of a 

Performance Criterion (PC), i.e. the required log reduction during heat treatment. 

A risk assessment case study was developed for illustrative purposes only to show the relationship 

between a PC for the reduction of HAV during heat treatment of bivalve molluscs and the human risk 

at consumption. 

If risk managers establish an Appropriate Level of Protection (ALOP), this can be the basis for a PC 

which can be translated into a Process Criterion (PrC) using the HAV thermal inactivation model. 

An F-value (the equivalent processing time of a hypothetical isothermal process at a reference 

temperature) is a more appropriate PrC than a single time–temperature combination (i.e. 90°C for 
90 s) since it takes into account the whole time–temperature profile during heat treatment. The use of 

an F-value allows the food business operators (FBOs) to best balance product safety and quality. 

http://www.efsa.europa.eu/efsajournal


Heat treatments of live bivalve molluscs to eliminate pathogenic microorganisms 
 

 
www.efsa.europa.eu/efsajournal 37 EFSA Journal 2015;13(12):4332 
 

The estimated reduction of HAV for two industrial temperature profiles commercially used in the EU 
during bivalve mollusc heat treatments was > 4 logs. These two examples indicate that it is possible 

to design a commercial process to achieve such log reductions. 

Uncertainties for the equivalent thermal processes and the F-values were analysed. All the uncertainty 
sources are related with the predictions of the model including model, data and strain selected. 

For most sources of uncertainty, the magnitude could not be estimated. The only uncertainty source 
that could be quantified was the uncertainty of the mean values of the model parameters due to the 

model fitting (based on the CIs). Below 90°C, the lower the temperature, the higher the uncertainty 

around the estimated equivalent times to the 90°C for 90 s process. 

 Answers to Terms of References 4.2.

Numerous time–temperature profiles are equivalent to the ‘notional’ heat treatment profile (without 
considering the effect of heat-up and cool-down times on virus inactivation) of 90°C for 90 s leading 

to the same log reduction of HAV. The model indicated a range of equivalent processes between 72°C 

and 100°C such as 

 72°C for 407 s (246–1,879 s) (mean value and Confidence Interval) 

 76°C for 291 s (197–956 s) 

 80°C for 208 s (157–487 s) 

 86°C for 126 s (113–177 s) 

 94°C for 64 s (46–72 s) 

 98°C for 46 s (23–58 s) 

The ‘notional’ profile of 90°C for 90 s is theoretical. As confirmed by industrial temperature profiles, in 

practice, there is a heat-up and cool-down time that will further enhance the safety of the final 
product. When considering equivalency of processes, these heat-up and cool-down times must be 

taken into account. 

A PrC such as an F-value which takes into account the whole time–temperature profile during heat 

treatment is a more appropriate requirement than a single time–temperature combination. Such PrC 

can be derived from a PC based on an Appropriate Level of Protection (ALOP) established by the risk 
managers. F-values for different PC options are provided in this Scientific Opinion. The use of an F-

value allows the food business operators (FBOs) to best balance product safety and quality. 

The uncertainty related to the model fitting is quantitatively expressed for both the equivalent times 

and the F-value using the CIs of the models’ parameters. Apart from model fitting there are several 

additional uncertainty sources, which can lead to under or overestimation of HAV inactivation. The 
evaluation of model performance using independent non-isothermal temperature studies with whole 

bivalve molluscs showed that the observed HAV inactivation is in general higher than predicted and 
was in most cases within the quantified prediction intervals.  

5. Recommendations 

To generate more data to improve the HAV thermal inactivation model (strain and food matrix effects) 
and reduce the uncertainty. 

To develop a Quantitative Risk Assessment (QRA) model for viruses, specifically including HAV and 
Norovirus in bivalve molluscs taking into account the differences across classification classes (A, B or 

C) and geographical regions with differing endemicity of HAV in human populations and sewage 

treatment, to provide necessary information for the establishment of a PC for heat treatment. 

Such a QRA would require the additional collection of data for virus prevalence and levels of 

contamination in raw/live molluscs, dose response relationship, consumption data, consumer handling, 
and variability in the heat processing. 
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Appendix A – General description of the bivalve molluscs production chain 

Overview of the production chain 

The information in this section is almost entirely derived from such provided in the 2014 report by the 

EC Market Observatory for Fishery and Aquaculture (EUMOFA, 2014). 

Bivalve molluscs are types of animals with laterally-compressed two-part hinged shells which are 

normally filter feeders. These animals may be harvested from the sea for human consumption as wild-
caught animals or following a period of farming to enhance their production. In the EU, various 

molluscs are harvested from the wild including scallops, oysters, clams, and cockles. The main types 

of bivalve molluscs farmed in the EU are mussels, oysters and clams. 

Wild capture usually uses active fishing gear such as nets or dredges towed by a fishing vessel at sea, 

or various manual capture techniques in intertidal foreshore areas. Farming of mussels can involve 
bottom-growing where juvenile animals are gathered from wild grounds and spread on the seabed of 

defined inshore areas. Rope-growing is a different technique whereby mussels are attached to a rope 

which is suspended from floatation devices on the sea surface. Harvesting from ropes normally 
involves fishing vessels with purpose-designed onboard equipment for stripping molluscs from ropes 

into bags. A further technique, commonly used for oysters is growing in bags on trestles which 
maintain the molluscs above the seabed on the foreshore area to facilitate immersion during high-

tides. 

Whilst harvesting of bivalve molluscs for human consumption may take place in offshore wild fishing 

grounds, much of the EU regulatory framework is designed around harvesting from inshore production 

areas. These areas are ‘classified’, meaning they are attributed A, B or C status according to the 
general level of microbiological contamination in the area. Furthermore these areas are monitored to 

detect the presence of any harmful algal blooms and resultant accumulation of unsafe phycotoxin 
concentrations. 

Bivalve molluscs are generally harvested as live animals. Some species such as oysters are frequently 

consumed in that state as raw entire live animals. Other species such as mussels are generally cooked 
prior to consumption. According to EU legislation only animals from Class A (highest microbiological 

quality) may be placed on the market for direct human consumption. Molluscs from B or C areas must 
be subjected to a process designed to manage any microbiological risk present. 

One strategy sometimes used to manage microbial risks is ‘relaying’. This involves moving the 

molluscs, towards the end of the production phase, to designated seawater areas of relatively low 
microbial content with the explicit purpose of reducing the microbial hazards in the molluscs through 

the normal filtration processes. The relaying phase lasts at least two months. A further possibility is 
immediate post-harvest ‘depuration’ at an approved establishment. Depuration involves the storage of 

the live molluscs in tanks through which sufficiently clean, typically, disinfected, seawater is circulated 
to facilitate depletion of mollusc microbial load through normal filtration activity of the molluscs. 

Depuration typically takes several days. Providing the necessary E. coli standard is met following 

relaying or depuration, such molluscs may be placed on the market for direct human consumption as 
raw live entire animals. Legislation further allows the cooking of such animals to manage microbial risk 

after which they are no longer live bivalve molluscs but regarded as fishery products. 

Molluscs, which may be placed on the market as live animals, either harvested from Class A areas, or 

depurated/relayed to meet the necessary standard. A common technique to enhance the resilience 

and hence shelf-life of animals produced using continuous submersion is conditioning or hardening 
whereby the animals are placed on the intertidal foreshore for several tides to accustom them to non-

immersion. Thermal processing in approved establishments creates a much more stable product with 
shelf-life substantially longer than that of live animals, thereby facilitating transportation and 

international food trade both intra and extra-EU. 

Production, trade and consumption of seafood including bivalve molluscs in the EU 

The data in this section are almost entirely derived from the information provided by the EC Market 

Observatory for Fishery and Aquaculture, notably their most recent 2014 reportError! Bookmark not defined. 

http://www.efsa.europa.eu/efsajournal


Heat treatments of live bivalve molluscs to eliminate pathogenic microorganisms 
 

 
www.efsa.europa.eu/efsajournal 47 EFSA Journal 2015;13(12):4332 
 

hich collates data pertaining to 2011 and 2012. These data were supplemented by the annual report 
of the FAO on the State of world fisheries and aquaculture (SOFIA).9 

EU seafood production 

At a production level, considering capture fisheries and aquaculture together, the EU is the fifth 
largest producer worldwide, producing approximately six million tonnes of seafood per year or 

approximately 3.5% of worldwide seafood production. China is the single largest producer of both 
wild-caught and farmed fish in the world. Spain, the UK and Denmark are the three largest EU 

producers in terms of volume of production. 

EU aquaculture production accounts for approximately 20% of the total EU production of fishery 
products. This contrasts with worldwide production where farming approaches half of overall seafood 

production, and the key Asiatic producing countries where farming dominates. Approximately 50% of 
EU aquaculture volume comprises molluscs, with mussels, oysters and clams dominating, while 27% is 

seawater farming of finfish, notably salmon, trout, sea bream and sea bass; the remaining 23% of EU 
aquaculture volume comprises freshwater finfish such as carp. This contrasts with the picture in world 

aquaculture production, where freshwater fish dominate as the primary farmed species. 

EU molluscs production 

Mollusc production constitutes a significant proportion (50%) of EU aquaculture, and a minor portion 

(6%) of EU wild capture fisheries. EU molluscan production comprised 872,000 tonnes in 2011 with 
72% of that from aquaculture and 28% wild-caught.  

Wild capture molluscs landings in the EU came close to 250,000 tonnes in 2011 with UK and France as 

most significant catchers. Amongst these, scallops were the predominant species (37%) followed by 
wild mussels (27%). Farmed mollusc production totalled over 600,000 tonnes in the EU in 2011. 

Considering all aquaculture production, both finfish and molluscs, mussels were the species with the 
highest EU production (39%) with other farmed molluscs including oysters (8%) and clams (3%).  

Of the 489,000 tonnes of farmed mussels in the EU, Spain produced the highest volume 208,000 
tonnes. Regarding oysters there were 98,000 tonnes produced in Europe in 2011 with France 

producing 84,000 of those. Clams were the third most significant farmed molluscan species 

comprising 37,000 tonnes in 2011 with more than 85% of those produced in Italy. 

EU seafood consumption 

The EU is a major consumption market comprising for seafood products, comprising over 12 million 
tonnes per year. The average per-capita consumption is 24 kg per year, or 6% of total protein intake, 

with substantial variation across EU MSs. The EU is the single biggest import market in the world for 

seafood products. In the EU, 76% of fish consumed is wild-caught, and 24% is farmed. The main 
species consumed are tuna, cod and salmon. 

EU mollusc consumption 

Over 1.3 million tonnes of molluscs are consumed in the EU with a per-capita consumption in the 

order of 2.6 kg or approximately 10% of total seafood consumption. Considering all species of fish 

consumed by EU consumers, mussels are the species of mollusc that is consumed in greatest 
quantity, and the sixth most consumed species of all fish, at 1.16 kg per capita, and are 90% farmed. 

Scallops are the next most consumed mollusc at 0.58 kg per capita, and are 87% wild caught. Data 
on the relative proportions which are placed on the market unprocessed, versus those placed on the 

market in a processed form did not appear to be readily available. However the amount of processed 
fishery products derived from bivalve molluscs sold in the EU in 2011 was 189,000 tonnes, with Spain 

providing the market for 53% of those. 

Data on consumption of bivalve molluscs was included in 21 dietary surveys included in the EFSA 
Comprehensive European Food Consumption database.10 A summary of the dietary surveys is included 

in Table 10. Four different types of surveys can be identified: 24-hours dietary recall (carried out in 

                                                           
9 http://www.fao.org/3/d1eaa9a1-5a71-4e42-86c0-f2111f07de16/i3720e.pdf 
10 http://www.efsa.europa.eu/en/datexfoodcdb/datexfooddb 
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eight surveys), 48-hours dietary recall (carried out in two surveys), food records (carried out in 10 
surveys), and Web-based dietary record (carried out in one survey). 

The figures on consumption of bivalve molluscs as reported in these surveys were extracted 

considering the food category ‘Water molluscs’ and the population group ‘Adults’. The total 
consumption for each mollusc type was calculated per individual and day taking into consideration 

only the consuming days. The number of consuming days per country and mollusc types (clams, 
cockles, mussels, oysters and scallops) is presented in Table 11 together with the total consumption 

for each mollusc type per individual and day taking into consideration only the consuming days. The 

highest percentage of consuming days out of the total number of reporting/recall days was calculated 
for Spain (24-hours dietary recall Spain II dietary survey) where mussels were consumed at 11.4% of 

the record days. In that survey clams were consumed on 7.2% of the record days. Considering the 
surveys in which the consumption days exceeded 10 days, the median amount of mollusc type 

consumed ranged from 1.6 g/day (mussels in Denmark) to 102 g/day (mussels in Belgium). In 2010, 
EFSA’s Panel on Contaminants in the Food Chain (EFSA CONTAM Panel) elaborated of the 

consumption figure of 400 g mollusc meat on the basis of new consumption data (EFSA CONTAM 

Panel, 2010). This Scientific Opinion contains additional information about the consumption of bivalve 
molluscs in Europe. 
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Table 10:  Design characteristics of the dietary surveys included in the EFSA Comprehensive European Food Consumption database containing data on 

consumption of bivalve molluscs 

Member State 
Name of the dietary survey Method Survey period 

Number of subjects 
(adults only) 

Austria Austrian Study on Nutritional Status 2005–06 (ASNS) 24-hours dietary recall Jun 2005 – Jun 2006 2,123 

Belgium Diet National 2004 24-hours dietary recall Jan 2004 – Dec 2004 1,356 

Bulgaria National Survey of Food Intake and Nutrition (NSFIN) 24-hours dietary recall Jan 2004 – Dec 2004 691 

Germany National Nutrition Survey II 24-hours dietary recall Jan 2007 – Dec 2007 10,419 

Denmark The Danish National Dietary survey 2005–2008 Food record Jul 2005 – Sep 2008 1,739 

Estonia National Dietary Survey 1997 24-hours dietary recall Jan 1997 – Dec 1997 1,866 

Spain I Spanish Agency for Food Safety (AESAN) Survey Food record Jun 1999 – Jun 2001 418 

Spain II Spanish Agency for Food Safety (AESAN) - FIAB Survey 24-hours dietary recall Jan 2009 – Dec 2009 982 

Finland I National FINDIET 2007 Survey 48-hours dietary recall Jan 2007 - Dec 2007 1,575 

Finland II National FINDIET 2012 Survey 48-hours dietary recall Jan 2012 – Apr 2012 1,295 

France Individual and national study on food consumption 2 (INCA 2) Food record Jan 2007 – Dec 2007 2,276 

UK I National Diet and Nutrition Survey (NDNS) Food Record Jun 2000 – Jun 2001 1,724 

UK II National Diet and Nutrition Survey - Years 1–3 Food Record Sept 2007 – Nov 2011 1,266 

Ireland I North/South Ireland Food Consumption Survey (NSIFCS) Food Record Jun 1997 – Jun 1999 958 

Ireland II National Adult Nutrition Survey (NANS) Food Record Oct 2008 – Apr 2010 1,274 

Italy Italian National Food Consumption Survey INRAN–SCAI 2005–06 Food Record Jun 2005 – Jun 2006 2,313 

Netherlands I Dutch National Dietary Survey 2003 24-hours dietary recall Jan 2003 – Dec 2003 2,057 

Netherlands II Dutch National food consumption survey 2007– 2010 24-hours dietary recall Mar 2007 – Apr 2010 750 

Romania Dieta Pilot Adults Food Record Jan 2012 – Dec 2012 1,254 

Sweden I Swedish National Dietary Survey - RIKSMATEN 1997–98 Food Record Jun 1997 – Jun 1998 1,210 

Sweden II Swedish National Dietary Survey - Riksmaten adults 2010–11 Web-based dietary 
record 

May 2010 – Jul 2011 1,430 
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Table 11:  Consumption of bivalve molluscs reported in the dietary surveys included in the EFSA Comprehensive European Food Consumption database 
considering the food category ‘Water molluscs’ and the population group ‘Adults’ 

Member State Bivalve 
mollusc type 

Consuming 
days: number 

(%) 

Mean consumption 
(standard deviation) 

(g/day) 

Consumption among consumption days only (g/day) 

5th 
percentile 

10th 
percentile 

Median 95th 
percentile 

97.5th 
percentile  

99th 

percentile 

Austria Mussel(c) 2 (0.1%) 19.50 (26.16)       

Belgium Mussel(a) 33 (1.2%) 107.87 (77.46) 3.60 10.30 102.00 250.00 251.30 251.30 

Oyster(c) 4 (0.2%) 23.30 (20.24)       

Scallop(c) 8 (0.3%) 50.64 (39.43)       

Bulgaria Mussel(c) 2 (0.3%) 42.00 (25.46)       

Germany Mussel(a) 22 (0.1%) 85.41 (144.85) 7.00 7.00 10.95 375.00 525.00 525.00 

Oyster(c) 3 (0.0%) 39.00 (28.16)       

Scallop(c) 7 (0.0%) 50.81 (31.35)       

Denmark Mussel(b) 256 (2.1%) 1.98 (1.84) 0.77 0.77 1.61 5.60 8.40 11.20 

Estonia Oyster(c) 1 (0.1%) 30.00 (0.00)       

Spain I Clam(a) 22 (2.7%) 10.57 (10.22) 1.96 3.41 9.04 20.00 50.00 50.00 

Cockle(c) 2 (0.2%) 1.28 (1.36)       

Mussel(a) 49 (5.9%) 24.55 (25.83) 3.18 3.92 15.00 85.00 100.00 100.00 

Scallop(c) 1 (0.1%) 40.00 (0.00)       

Spain II Clam(b) 197 (7.2%) 12.87 (11.92) 7.50 8.33 9.75 50.00 58.33 69.25 

Cockle(a) 15 (0.5%) 8.81 (5.79) 3.00 3.20 6.00 20.00 20.00 20.00 

Mussel(b) 313 (11.4%) 16.97 (17.90) 7.50 7.50 10.42 62.50 75.00 92.50 

Scallop(c) 2 (0.1%) 41.25 (30.05)       

Finland I Mussel(a) 11 (0.4%) 20.84 (15.63) 3.27 5.51 16.69 50.00 50.00 50.00 

Finland II Mussel(a) 14 (0.4%) 30.64 (46.36) 4.15 4.61 12.02 160.00 160.00 160.00 

France Clam(c) 5 (0.0%) 4.92 (1.23)       

Mussel(b) 162 (1.0%) 55.46 (32.34) 12.00 15.00 50.00 100.00 140.00 160.00 

Oyster(b) 122 (0.8%) 70.96 (45.65) 16.00 18.00 58.50 135.00 180.00 180.00 

Scallop(b) 135 (0.9%) 108.95 (57.69) 30.00 30.00 100.00 200.00 210.00 240.00 

UK I Clam(c) 1 (0.0%) 63.00 (0.00)       

Cockle(c) 7 (0.1%) 87.87 (79.04)       

Mussel(a) 27 (0.2%) 68.56 (64.39) 14.33 20.00 40.00 200.00 238.70 238.70 

Oyster(c) 2 (0.0%) 167.00 (165.46)       

Scallop(a) 17 (0.1%) 35.12 (9.36) 19.66 20.00 35.47 50.00 50.00 50.00 
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Member State Bivalve 
mollusc type 

Consuming 
days: number 

(%) 

Mean consumption 
(standard deviation) 

(g/day) 

Consumption among consumption days only (g/day) 

5th 
percentile 

10th 
percentile 

Median 95th 
percentile 

97.5th 
percentile  

99th 

percentile 

UK II Clam(c) 2 (0.0%) 13.50 (3.82)       

Mussel(a) 19 (0.4%) 52.91 (39.46) 7.00 8.90 40.00 144.00 144.00 144.00 

Oyster(c) 3 (0.1%) 43.33 (20.82)       

Scallop(c) 4 (0.1%) 67.50 (46.64)       

Ireland I Clam(c) 1 (0.0%) 74.83 (0.00)       

Mussel(a) 15 (0.2%) 54.66 (20.64) 4.96 37.93 52.24 89.02 89.02 89.02 

Scallop(c) 7 (0.1%) 83.53 (86.36)       

Ireland II Mussel(a) 10 (0.2%) 61.81 (33.60) 30.22 30.22 54.63 135.82 135.82 135.82 

Oyster(c) 1 (0.0%) 20.00 (0.00)       

Scallop(c) 6 (0.1%) 82.39 (49.82)       

Italy Clam(b) 135 (1.9%) 53.21 (37.63) 25.14 28.88 38.50 139.02 161.98 202.48 

Mussel(b) 112 (1.6%) 52.96 (67.14) 16.06 16.06 38.50 161.98 202.48 202.48 

Oyster(c) 1 (0.0%) 65.00 (0.00)       

Scallop(c) 2 (0.0%) 30.00 (0.00)       

Netherlands I Mussel(c) 9 (0.6%) 55.13 (35.26)       

Netherlands II Mussel(c) 8 (0.2%) 102.17 (94.71)       

Romania Scallop(c) 2 (0.0%) 156.50 (132.23)       

Sweden I Mussel(c) 4 (0.0%) 42.50 (16.58)       

Sweden II Clam(c) 4 (0.1%) 94.60 (67.16)       

Mussel(c) 5 (0.1%) 83.76 (52.40)       

Oyster(c) 2 (0.0%) 66.00 (0.00)       

Scallop(c) 3 (0.1%) 67.71 (50.23)       

(a): Number of observations lower than 60, the 95th and higher percentiles may not be statistically robust. 
(b): Number of observations lower than 300, the 99th percentile may not be statistically robust. 
(c): The confidence interval was not calculated when the number of consuming days was below 10. 
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EU seafood trade 

The EU seafood market is characterised by substantial intra-EU trade of seafood, along with 
substantial imports and some exports. The EU is 45% self-sufficient for seafood, relying on Extra-EU 

imports to provide over of half of the seafood consumed in the EU. The volume and value of seafood 
imports in 2011 were of 5.5 million tonnes and 19.2 billion euro, respectively. China and Norway were 

the two primary suppliers to the EU, with Peru Vietnam, Iceland, Ecuador and the US as further 

significant suppliers. Shrimps (prawns) have become the species imported in greatest quantity from 
outside the EU, ahead of salmon, tuna and cod. Extra-EU imports are an on-going aspect of the EU 

seafood market comprising 2 million tonnes per annum with key exporting MSs being Spain, the 
Netherlands and Denmark; the key recipient countries are the US, Norway and Switzerland in value, 

and Nigeria, Norway, Egypt and Russia in volume. A salient feature of EU exports is that they consist 
almost entirely of wild-caught fish, with EU farmed fish primarily consumed on the EU market. 

EU mollusc trade 

The EU mollusc market is 66% self-sufficient thereby relying on extra-EU imports for one third of all 
mollusc consumption. As with all seafood there is substantial intra-EU trade of mollusc within an EU 

market from producing countries to consuming countries notably Spain and France. Exportation of 
molluscs from the EU consisted of 15,000 tonnes in 2012 which was less than 1% of seafood exports 

and 2% of EU mollusc production. 

In terms of importation, bivalve molluscs represent 4% of the seafood imported to EU, and data for 
2011 indicate quantities in the order of 190,000 tonnes per annum, worth 660 million euro. As with all 

foods of animal origin there is a requirement for imports to be produced in approved establishments 
from approved third countries, where there should be assurances of equivalence with EU legislative 

requirements. In July 2015 the listing of the Directorate-General for Health and Food Safety (DG 
SANTE) indicated 13 third countries approved for export to the EU of both live bivalve molluscs and 

processed products derived from such animals. These are: Australia, Canada, Chile, Jamaica, Japan, 

Korea, Morocco, New Zealand, Peru, Thailand, Tunisia, Turkey, and Vietnam.11 

Data to indicate the relative contribution of these countries to mollusc imports to the EU have been 

extracted from the most recent published EU audit of the live bivalve mollusc production systems in 
those countries (Table 12). There is substantial variation in how recent that information is and the 

source of these data. Furthermore, this information does not readily describe the breakdown between 

live, fresh but not live – e.g. shucked – scallops, and thermally treated products. Nevertheless, the 
principal sources of thermally treated bivalve molluscs appear to be Chile, Korea, and Vietnam, and 

also Turkey and Thailand. 

Table 12:  Indicative data imports of bivalve molluscs to EU, based upon Food and Veterinary Office 

(FVO) reports 

Country Audit number of most 
recent FVO report,  

Most recent figure (year) 
tonnes 

Main Species 

Australia 2007–7287(a) (2005) 299 86% scallops also Pipi and oysters 

Canada 2009–8036(b) (2008) 214 69% mussels, 30% clams, 1% oysters 

Chile 2013–6721(c) (2011) 60,000 
(2012) 42,000 

Mainly processed 
86% mussels 

Jamaica 2007–7502(d) (2005) 600 All frozen conch(n) 

Japan 2010–8530(e) (2009) 1,185 All Scallops 

Korea 2012–6466(f) (2011) 2,795 85% frozen clams 
2% canned clams 
7% frozen oysters 
5% canned oysters 
1% canned mussels 

Morocco 2012–6546(g) (2010) 142 
(2011) 470 

95% periwinkles(n) 
5% razor clams 
Some oysters 

                                                           
11 https://webgate.ec.europa.eu/sanco/traces/output/non_eu_listsPerActivity_en.htm  
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Country Audit number of most 
recent FVO report,  

Most recent figure (year) 
tonnes 

Main Species 

New 
Zealand 

2004–7225(h) (2003) 66 97% clams 
3% mussels 

Peru 2011–8890(i) (2010) 8,611 98% scallop 
2% clams 

Thailand 2011–8897(j) (2010) 2,700 Clams, mussels & scallops 

Tunisia 2011–8886(k) (2010) 407  

Turkey 2012–6544(l) (2011) 2,630 Mainly clams 

Vietnam 2014–7147(m) (2012) 19,000 
(2013) 23,000 

95% clams 
5% scallop adductor 

(a): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=1792 
(b): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=2533 
(c): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=3183 
(d): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=1785  
(e): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=2425 
(f): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=3063 
(g): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=2997 
(h): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=1166 
(i): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=2759 
(j): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=2824 
(k): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=2853 
(l): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=3031 
(m): http://ec.europa.eu/food/fvo/audit_reports/details.cfm?rep_id=3388  
(n): Non filter-feeding but subject to same requirements as bivalve molluscs 
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Appendix B – Regulations regarding food safety of bivalve molluscs 

Annex I of Regulation (EC) No 853/2004 12 sets out the following Definition for bivalve molluscs: 
‘Bivalve molluscs means filter-feeding lamellibranch molluscs’. Typical products in an EU context 

include mussels (Mytilus edulis), oysters (Crassostrea gigas), and also scallops (Pectenus maximus). 
Regulations apply for products produced and imported into the EU. 

Fish and fishery products are covered by the Food Hygiene Regulations, which make provisions for 

their production and handling. Such foodstuffs must meet the relevant hygiene requirements and 
come from establishments, including vessels, registered or approved pursuant to the Hygiene 

Regulations. In addition to general hygiene requirements as laid down in Regulations (EC) No 
852/200413 and (EC) No 854/200414 and their amendments, specific requirements for the hygiene of 

live bivalve molluscs can be found in Regulation (EC) No 853/2004 (Section VII of Annex III), and 

Regulation (EC) No 2073/2005 (Chapter 1 of Annex I).15  

Regulation (EC) No 852/2004 on the hygiene of foodstuffs establishes general hygiene requirements 

concerning food and a common framework to ensure food safety. It includes the general obligations 
of Food Business Operator (FBO) concerning food hygiene, the requirements for Hazard Analysis and 

Critical Control point (HACCP)-based food safety management procedures, hygiene requirements for 
facilities, equipment and processes, staff training, and compliance with microbiological criteria for 

foodstuffs. Regulation (EC) No 854/2004 sets out specific requirements for organizing official controls 

on products of animal origin intended for human consumption. 

Regulation (EC) No 854/2004 (Chapter II of Annex II) classifies production areas of live bivalve 

molluscs according to the levels of faecal indicators in the mollusc flesh in one of the three categories 
presented in Table 13. 

Table 13:  Summary of EU sanitation requirements for live bivalve mollusc production areas 

 

Competent Authorities in EU MSs are required to define the location and boundaries of production 
(and relaying) areas and to classify the areas. They are further required to establish a sampling 

(monitoring) programme, which should be representative, to ensure that established classification 
provides an accurate characterization of the status molluscs grown in that production area. In addition 

to microbiological status as indicated by E. coli, authorities should monitor concentrations of toxin-

producing phytoplankton in the water and biotoxin accumulation in mollusc flesh. If bivalves do not 
comply with the relevant criteria the Competent Authority should close or reclassify the area. Bivalve 

molluscs should not be harvested from non-classified areas, i.e. areas with no data or exceeding the 
limit in Table 13. An essential first step prior to setting up a sampling programme for newly-classified 

areas is to survey the faecal pollution inputs, and their potential circulation within the production area, 

so that sampling points can be determined as representative according to scientific principles.  

                                                           
12 Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29 April 2004 laying down specific hygiene 

rules for food of animal origin. OJ L 139, 30.4.2004, p. 55–205. 
13 Regulation (EC) No 852/2004 of the European Parliament and of the Council of 29 April 2004 on the hygiene of foodstuffs. OJ 

L 139, 30.4.2004, p. 1–54. 
14 Regulation (EC) No 854/2004 of the European Parliament and of the Council of 29 April 2004 laying down specific rules for 

the organisation of official controls on products of animal origin intended for human consumption. OJ L 139, 30.4.2004, p. 
206–320. 

15  Commission Regulation (EC) No 2073/2005 of 15 November 2005 on microbiological criteria for foodstuffs. OJ L 338, 
22.12.2005, p. 1–26. 

Risk management measure required 
after harvest from production area 

EU Classification 
Microbiological standard per 100 g 

flesh and intravalvular liquid to 
achieve that classification 

Non required Class A All samples < 230 E. coli 
Depuration or relaying or heat treatment 
by an approved method 

Class B 90% of samples < 4,600 E. coli; 10% of 
samples < 46,000 E. coli 

Relaying over a long period or heat 
treatment by an approved method 

Class C All samples < 46,000 E. coli 

Cannot be classified as production area  Any sample > 46,000 E. coli 
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The legislation sets out a system to manage risks of microbial hazards which might be present in 

bivalve molluscs, and minimize resultant illness in consumers. Only Class A molluscs may be placed on 
the market directly for human consumption, and only through an approved dispatch centre. Molluscs 

from Class B and Class C areas must be relayed or depurated in approved sites or establishments, and 
must comply with the Class A bacteriological standard prior to being placed on the market for human 

consumption. As an alternative to those purification options, molluscs from Class B and Class C areas 

may be heat-treated using one of the legally prescribed methods, including immersion in boiling water 
to achieve 90°C for 90 s (EFSA BIOHAZ Panel, 2011, 2012a). 

Article 4 of Regulation (EC) No 852/2004, requires that food business operators (FBOs) must comply 
with microbiological criteria of foodstuffs, which includes testing against the values set for the criteria 

through sampling, sample analysis and implementation of corrective actions. Chapter 1 of Annex I to 
Regulation (EC) No 2073/200516 (as well as its amendments such as Regulation (EC) No 1019/201317) 

contains food safety criteria and process hygiene criteria. 

Regulation (EC) No 2073/2005 contains food safety criteria for cooked crustaceans and molluscan 
shellfish, and also for live bivalve molluscs and live echinoderms, tunicates and gastropods, placed on 

the market during their shelf-life. The criteria indicate the absence of Salmonella in five samples of 
25 g each for both live and cooked bivalve molluscs. In addition, for live bivalve molluscs which are 

prepared as food and live echinoderms, tunicates and gastropods, this regulation contains a food 

safety criterion for E. coli. This criterion establishes the limit of 230 Most Probable Number (MPN) per 
100 g of flesh and intravalvular liquid in a pooled sample comprising a minimum of 10 individual 

animals for those live bivalve molluscs prepared as food, including those destined for direct human 
consumption. 

In addition, the regulation contains food safety criteria for RTE foods able to support the growth of 
Listeria monocytogenes. The regulation mentions poor utility regarding testing live bivalve molluscs 

for compliance with these criteria, so the relevance is probably greatest in the context of the present 

mandate regarding fishery products derived by cooking bivalve molluscs. 

Process hygiene criteria are also set in Commission Regulation (EC) No 2073/2005 for shelled and 

shucked products of cooked crustaceans and molluscan shellfish, being E. coli and coagulase-positive 
Staphylococci the microbiological groups to test at the end of the manufacturing process. The sample 

is to comprise five units. Levels of E. coli are considered unacceptable if one or more of the sample 

units tested contains more than 10 Colony-Forming units (CFU)/g or more than two out of five sample 
units contain between 1 and 10 CFU/g. Levels of Staphylococci are considered unacceptable if one or 

more of the sample units tested contains more than 1,000 CFU/g or more than two out of five sample 
units contain between 100 and 1,000 CFU/g. 

Whilst not directly pertinent to the current Scientific Opinion marine biotoxins (phycotoxins) comprise 
a further set of hazards with specific legal limits and on-going monitoring requirements, outside of 

those viral and bacterial hazards considered here. 

                                                           
16  Commission Regulation (EC) No 2073/2005 of 15 November 2005 on microbiological criteria for foodstuffs. OJ L 338, 

22.12.2006, p. 1–26. 
17 Commission Regulation (EU) No 1019/2013 of 23 October 2013 amending Annex I to Regulation (EC) No 2073/2005 as 

regards histamine in fishery products Text with EEA relevance. OJ L 282, 24.10.2013, p. 46–47. 
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Appendix C – Thermal inactivation data of HAV in bivalve molluscs 
samples 

The thermal inactivation data of HAV in bivalve molluscs samples were extracted from scientific 

papers retrieved through a literature search (see Section 2.1.3). These data were screened for their 

relevance against a set of criteria that are in agreement with the modelling methodology used: (i) the 
type of substrate used is a mollusc matrix; (ii) the type of virus used is HAV; (iii) the virus 

enumeration method used is cell culture (plaque assay or 50% Tissue Culture Infective Dose 
(TCID50)); (iv) the temperature used should represent virus thermal inactivation (above 50°C), be 

measured in the substrate and should resemble isothermal conditions; and (v) the number of data 
points used for D-value calculation should be more than two points above the detection limit or, due 

to the few available studies, be only two points above the detection limit in cases where sufficient 

reduction was achieved (i.e. more than 1 log unit). Table 14 summarizes the thermal inactivation data 
obtained. 

Other studies on surrogates for NoV, including Feline calicivirus and murine NoV, were used for 
comparison with the prediction of the HAV model. Table 15 summarizes these data. In this case the 

relevance screening was less strict and the criteria were: (i) the type of substrate used is a mollusc 

matrix; (ii) the type of virus used is a surrogate for NoV; (iii) the virus enumeration method used is 
cell culture (either plaque assay or TCID50); (iv) the temperature used should represent virus thermal 

inactivation (above 50°C), be measured in the substrate and should resemble isothermal conditions; 
and (v) the number of data points used for D-value calculation should be at least two points above 

the detection limit. 
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Table 14:  Thermal inactivation of HAV in bivalve molluscs samples 

Sample Inoculation 
strategy 

Enumer-
ation 

method 
(unit) 

Initial 
concen-
tration 

Heating method T (°C) Times 
tested 
(min) 

Relevant(a) D-value 
(CI) 

(min) 

z-value 
(°C) 

Reference 

Blue mussel 
homogenate 
(Mytilus edulis) 

Inoculation of 
sample with 
HAV strain 
HM175 

Plaque 
assay 
(PFU/mL) 

6.73 log 
PFU/mL 

Heating of homogenate (2 mL) 
in vial glass tubes in water 
bath(b) 

50 0, 2, 4, 6 No(c) 54.17 
(4.94)(d) 

12.97(d) 
Bozkurt et al. 

(2014b) 

56 0, 1, 2, 3 Yes 9.32 
(3.26)(d) 

60 0, 0.33, 
0.66, 1 

Yes 3.25 
(0.72)(d) 

65 0, 0.25, 
0.5, 0.75 

Yes 2.16 
(0.17)(d) 

72 0, 0.16, 
0.33, 0.5 

Yes 1.07 
(0.24)(d) 

Whole manila 
clams 

Direct injection 
of HAV strain 
HM175 into 
the clam body 

TCID 
(TCID50) 

5.4 log 
TCID50/mL 

Ten clams in bags were placed 
in gas-powered oven in steam 
mode(e) 

60 0, 5, 10 Yes 5.00(g) 

58.82 
Cappellozza 
et al. (2012) 

70 0, 5, 10 Yes 2.38(g) 

80 0, 5, 10 Yes 2.29(g) 

90 0, 5, 10, 
20, 30 

No(f)  

Blue mussel 
homogenate 
(Mytilus 
galloprovincialis) 

Inoculation of 
sample with 
HAV(m) 

TCID 
(TCID50) 

5.5 log 
TCID50/mL 

Heating of homogenate (4 mL) 
in water bath(h) 

60 0, 10, 15, 
20, 25, 30 

Yes 5.00(g)  

Croci et al. 
(1999) 

80 0, 3, 6, 10, 
15 

Yes 2.56(g) 

100 0, 1, 2, 3, 
5, 8 

Yes 0.31(g) 

Green shell 
mussel 
homogenate 

Inoculation of 
sample with 
HAV strain 
HM175 

Plaque 
assay 
(PFU/g) 

6 log 
PFU/g 

Heating of mussel homogenate 
(10 g) in water bath(i) 

60 0, 30, 60, 
90, 120, 

150(j) 

Yes 109(g) 

12 
Harlow et al. 

(2011) 

65 0, 30, 60, 
90, 120, 

150(j) 

Yes 72(g) 

70 10, 20, 30, 
40, 50(j) 

Yes 17(g) 

75 0, 2, 4, 6, 

8, 10(j) 

Yes 7(g) 
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Sample Inoculation 
strategy 

Enumer-
ation 

method 
(unit) 

Initial 
concen-
tration 

Heating method T (°C) Times 
tested 
(min) 

Relevant(a) D-value 
(CI) 

(min) 

z-value 
(°C) 

Reference 

Homogenate of 
dried mussels 

Inoculation of 
sample with 
HAV strain 
HM175 

TCID 
(TCID50) 

7 log 
TCID50/mL 

Heating of homogenates  
(2 mL) in a 15 mL conical tube 
in a water bath(k) 

60 0, 5, 15, 
30 

Yes 7.93 
(0.06)(g) 

 

Park and Ha 
(2015) 

85 0, 3, 6, 10 Yes 3.05 
(0.13)(g) 

100 0, 1 Yes 0.38 
(0.38)(g) 

Digestive glands 
of soft-shell clams 
(Mya arenaria) 

Inoculation of 
sample with 
HAV strain 
HM175 

Plaque 
assay 
(PFU/mL)  

5.47 log 
PFU/mL 

Heating of a single digestive 
gland (1.5 to 2.5 g) of soft-
shell clams in glass vials in a 
water bath(l) 

85 0, 1.5, 3, 5 Yes 1.72(g)  
Sow et al. 

(2011) 
90 0, 1.5, 3, 5 Yes 0.83(g) 

CI: Confidence Interval; HAV: Hepatitis A virus; PFU: plaque-forming unit; TCID50: Tissue Culture Infective Dose. 
(a): Relevance screening was done against a set of criteria that are in agreement with the modelling methodology used: (i) the type of substrate is a mollusc matrix; (ii) the type of virus used is 

HAV; (iii) the virus enumeration method used is cell culture (plaque assay or TCID50); (iv) the temperature used should represent virus thermal inactivation (above 50°C), be measured in the 
substrate and should resemble isothermal conditions; and (v) the number of data points used for D-value calculation should be more than two points above the detection limit or, due to the 
few available studies, be only two points above the detection limit in cases where sufficient reduction was achieved (i.e. more than 1 log unit). 

(b):  The temperature was recorded using a control tube. The heat treatment time started when the desired temperature was reached in the sample. 
(c): Considered not relevant as the temperature used was not above 50°C. 
(d): The D-value (z-value) has been calculated by the authors. 
(e): The temperature was recorded by placing a probe in the bags. 
(f): Considered not relevant as there was only one data point for D-value calculation. 
(g): The D-value (z-value) has been calculated by EFSA using the data as summarized in the paper. 
(h): The temperature of homogenate reached the desired temperature after a few seconds (s) (testing at 60 and 80°C) and reached 85°C after 30 s and 90°C after 1 min (testing 100°C). 
(i): The temperature was measured in the homogenate. The heat treatment time started when the desired temperature was reached in the sample. 
(j): The times tested have been provided by Mrs Harlow, Health Canada, by e-mail on 17 July 2015. 
(k): The temperature recorded in aliquot of homogenate. 
(l): The temperature profile is provided in the paper. The heat treatment time started when the desired temperature was reached in the sample. 
(m): HAV isolated from the stool of a patient affected by acute hepatitis A. 
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Table 15:  Thermal inactivation of surrogates for NoV, including Feline calicivirus (FCV) and murine NoV (MNV) in bivalve molluscs samples 

Sample Inoculation 
strategy 

Enumer-
ation 

method 
(unit) 

Initial 
concen-
tration 

Heating method T 
(°C) 

Times tested 
(min) 

Relevant(a) D-value 
(CI) 

(min) 

z-value 
(°C) 

Reference 

Blue mussel 
homogenate 
(Mytilus edulis) 

Inoculation of 
sample with 
FCV-F9 

Plaque 
assay 
(PFU/mL) 

6.99 log 
PFU/mL 

Heating of homogenate 
(2 mL) in vial glass 
tubes in water bath(b) 

50 0, 2, 4, 6 No (c) 5.2 
(0.55)(d) 

11.39(d) 
Bozkurt et al. 

(2014a) 

56 0, 1, 2, 3 Yes 3.33 
(0.43)(d) 

60 0, 0.33, 0.66, 1 Yes 0.77 
(0.20)(d) 

65 0, 0.25, 0.5, 0.75 Yes 0.33 
(0.03)(d) 

72 0, 0.16, 0.33, 0.5 Yes 0.07 
(0.01)(d) 

Blue mussel 
homogenate 
(Mytilus edulis) 

Inoculation of 
sample with 
MNV-1 

Plaque 
assay 
(PFU/mL) 

6.74 log 
PFU/mL 

Heating of homogenate 
(2 mL) in vial glass 
tubes in water bath (b) 

50 0, 2, 4, 6 No (c) 20.19 
(0.22)(d) 

11.62(d) 
Bozkurt et al. 

(2014a) 

56 0, 1, 2, 3 Yes 6.12 
(0.81)(d) 

60 0, 0.33, 0.66, 1 Yes 2.64 
(0.15)(d) 

65 0, 0.25, 0.5, 0.75 Yes 0.41 
(0.03)(d) 

72 0, 0.16, 0.33, 0.5 Yes 0.18 
(0.03)(d) 

Chopped 
digestive glands 
tissue of blue 
mussel (Mytilus 
galloprovincialis) 

Inoculation of 
sample with 
FCV-F9 (ATCC 
VR-782) 

TCID 
(TCID50) 

4.7 log 
TCID50/mL 

Heating of sample 
(3.6 g) in water bath 

60 0, 3, 6, 10, 15 Yes 6.39(e)  

Croci et al. 
(2012) 

80 0, 3, 6, 10, 15 Yes 1.36(e) 

Abalone meat(h) 
Inoculation of 
sample with 
MNV-1 

Plaque 
assay 
(PFU/mL) 

5.5 log 
PFU/mL 

Heating of sample (5 g) 
in 50 mL conical tube in 
water bath 

70 0, 1, 3, 5, 10 Yes 8.87  
Park et al. 

(2015) 
85 0, 1, 3, 5 Yes 2.78 

100 0, 0.5 No(g)  

Abalone viscera(h) 
Inoculation of 
sample with 
MNV-1 

Plaque 
assay 
(PFU/mL) 

5.3 log 
PFU/mL 

Heating of sample (5 g) 
in 50 mL conical tube in 
water bath 

70 0, 1, 3, 5, 10 Yes 10.01  
Park et al. 

(2015) 
85 0, 1, 3, 5 Yes 3.64 

100 0, 0.5 No(g)  
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Sample Inoculation 
strategy 

Enumer-
ation 

method 
(unit) 

Initial 
concen-
tration 

Heating method T 
(°C) 

Times tested 
(min) 

Relevant(a) D-value 
(CI) 

(min) 

z-value 
(°C) 

Reference 

Digestive glands 
of soft-shell clams 
(Mya arenaria) 

Inoculation of 
sample with 
MNV-1 

Plaque 
assay 
(PFU/mL) 

5.47 log 
PFU/mL 

Heating of a single 
digestive gland (1.5 to 
2.5 g) of soft-shell 
clams in glass vials in a 
water bath(f) 

85 0, 1.5, 3, 5 Yes 0.57(e)  Sow et al. 
(2011) 90 0, 1.5, 3, 5 Yes 0.56(e) 

CI: Confidence Interval; HAV: Hepatitis A virus; PFU: plaque-forming unit; TCID50: Tissue Culture Infective Dose. 
(a): Relevance screening was done against a set of criteria: (i) the type of substrate used is a mollusc matrix; (ii) the type of virus used is a surrogate for NoV; (iii) the virus enumeration method 

used is cell culture (plaque assay or TCID50); (iv) the temperature used should represent virus thermal inactivation (above 50°C), be measured in the substrate and should resemble isothermal 
conditions; and (v) the number of data points used for D-value calculation should be at least two points above the detection limit. 

(b):  The temperature was recorded using a control tube. The heat treatment time started when the desired temperature was reached in the sample. 
(c): Considered not relevant as the temperature used was not above 50°C. 
(d): The D-value (z-value) has been calculated by the authors. 
(e): The D-value (z-value) has been calculated by EFSA using the data as summarized in the paper. 
(f): The temperature profile is provided in the paper. The heat treatment time started when the desired temperature was reached in the sample. 
(g): Considered not relevant as there was only one data point for D-value calculation. 
(h):  Abalone is a mollusc species but not a bivalve mollusc. It was included because of the scarcity of the data. 
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The studies were screened to retrieve HAV thermal inactivation data in whole bivalve molluscs under 

non-isothermal temperature conditions for evaluation of the model performance. Three references 
contain such data: Millard et al. (1987), Harlow et al. (2011) and Hewitt and Greening (2006). The 

data derived from the study by Millard et al. (1987) was based on immersion of batches of live 
cockles, artificially contaminated with HAV, in water at 95°C for periods ranging from 15 s to 3 min. 

During inactivation experiments heat penetration into cockle meats was monitored with 

thermocouples. Residual viral infectivity was detected by either end-point titration or a 
radioimmunofocus assay. In the study by Harlow et al. (2011), fresh mussels were artificially 

contaminated with HAV while still in the shell. These inoculated mussels were arranged in five layers 
(the first layer was the bottom layer, the third layer the middle layer and the fifth layer the top layer) 

in a steamer basket, along with un-inoculated mussels containing thermocouples to monitor the 
temperature. Mussels were steamed for 2–6 min after the steamer basket was placed in the steamer. 

Virus titre was determined by plaque assay. The study by Hewitt and Greening (2006) used New 

Zealand Greenshell mussels that were inoculated into multiple sites in the gut region of each mussel 
while still in the shell. Experiments were carried out in a stainless steel electric fryer. Batches of six 

mussels were lowered into rapidly boiling water (boil) or placed in a wire basket above rapidly boiling 
water (steam) for either 37 s or 180 s. Following heat treatment, mussels were placed at 4°C for up 

to 1 h prior to culturing. 
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Appendix D – Prevalence and concentration of HAV and NoV in live bivalve 
molluscs 

Methods for detection and quantitation of HAV and NoV 

Historically a significant problem for the assessment of the concentrations of NoV and HAV in bivalve 

molluscs after heat treatment is that methods for the reliable detection and enumeration of these 
viruses in bivalve molluscs have not been available. In recent years there has however been 

significant progress with the development of molecular methods for the detection of these viruses in 
bivalve molluscs. Methods employing PCR for the detection of viruses in shellfish have been published 

since the mid-1990s (Lees, 2000), and there are now numerous published references from 
laboratories worldwide (Shieh et al., 2000; Nishida et al., 2003; Loisy et al., 2005; Boxman et al., 

2006).  

It is important to note that all published methods with demonstrable ability to detect viruses in bivalve 
shellfish or other foods in real samples have utilised PCR. This is because methods based on other 

detection systems available for clinical diagnostic samples (e.g. ELISA methods) have not been 
demonstrated to have adequate sensitivity for environmentally contaminated samples such as bivalve 

shellfish. Although many PCR methods have been published there is a significant variability in their 

performance (Lees et al., 2010). Bivalve molluscs present a challenging matrix and methods need to 
be capable of extracting low virus levels and presenting them in a non-inhibitory extract to a sensitive 

PCR assay. These considerations lead to the development and validation of a standard ISO method for 
detection and quantification of NoV and HAV in bivalve molluscs and other foods (Lees et al., 20107) 

which was capable of being used for reliable virus surveillance and also potentially for development of 

legislative criteria. For this reason, wherever available, data on virus occurrence in bivalve molluscs, 
assessed using the ISO method, were considered in this Scientific Opinion. 

Further to this, a significant disadvantage of PCR methodology is that molecular methods cannot 
differentiate between viable and non-viable virus. It is possible, therefore, that a proportion of the 

positive signals detected by PCR in surveillance studies originate from damaged non-infectious virus. 
This is particularly relevant in the context of heat treatment since it has been demonstrated that PCR 

detectable signal may persist in the absence of viable virus following heat treatment (Croci et al., 

2012). For this reason surveillance studies using PCR should be regarded as worst case, as 
concentrations of infectious virus particles may be less than indicated by PCR. Also for these reasons 

this Scientific Opinion has not included analysis of heat treatment studies based on PCR 
methodologies, as they are not regarded as sufficiently reliable to determine inactivation kinetics of 

viable virus. 

Although there are laboratory adapted strains of HAV which can be cultured enabling, for example, 
heat inactivation studies, isolation of infectious virus from naturally contaminated samples remains 

problematic. For this reason we have reviewed surveillance data utilising molecular techniques to 
assess hazard prevalence and concentration in field samples. By contrast there are currently no 

methods available for culture of NoV, and thus all surveillance data have to rely on molecular 
techniques.  

The availability of laboratory adapted strains of HAV, suitable for laboratory investigation of heat 

inactivation kinetics, has facilitated numerous studies including several in bivalve molluscs. However, 
all heat inactivation studies targeted at NoV have used culturable surrogates such as murine NoV 

(Bozkurt et al., 2014a; Park et al., 2015; Sow et al., 2011) and feline calicivirus (Bozkurt et al., 2014a; 
Croci et al., 2012). HAV is recognised as a particularly resistant virus for example being capable of 

surviving for extended periods in the environment (Callahan et al., 1995). Where studies have 

compared HAV with NoV surrogates, HAV has been found to be more thermally resistant (Bozkurt et 
al., 2014a,b; Sow et al., 2011).  

Surveillance data on prevalence and concentration of NoV and HAV in bivalve molluscs 

The availability of a standardised ISO6 method for detection and quantitation of NoV and HAV 

contamination in foods including bivalve molluscs has facilitated contamination surveillance studies in 

several countries. Data on the prevalence and quantitative loads of NoV and HAV in bivalve molluscs 
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were sourced from the scientific literature or from previous EFSA Scientific Opinions (EFSA BIOHAZ 

Panel, 2011; 2012a). 

With regards to NoV, in addition, unpublished data was included from MS Competent Authorities 

submitted on request to the EURL following a data call and included in this Scientific Opinion following 
permission from the MS. The focus was on quantitative data for products produced or consumed 

within the EU and, given the known variability of methods, particularly regarding quantification; only 

studies using the recognised ISO methodology were included. The available surveillance data for NoV 
are presented in Table 16. 

Regarding HAV, the focus was on molluscs from commercial production areas in EU and molluscs 
imported in EU from Third Countries. Given the limited amount of data acquired with the standardised 

ISO procedure and to provide information on the distribution of HAV contamination in different EU 
countries, studies using both the ISO methodology and other molecular methods were included. In 

addition, unpublished data were requested and included, following permission granted by the authors. 

The available surveillance data for NoV are presented in Table 17. It should be recognised, however, 
that also in studies performed using the ISO method a certain amount of variability may be expected 

in relation to the absence of certified reference materials for quantitation. 

The studies show that NoV and HAV can be readily detected in bivalve molluscs from commercial 

production areas in the EU. Prevalence for NoV varies but can exceed 70% and is in the range of 30–

60% in many studies, including several large studies (Table 16). However, titres of NoV associated 
with this high prevalence are typically quite low (< 100 copies of genome per gram), with levels 

above 10,000 genome copies per gram occurring in < 15% of samples in most studies. The highest 
levels of NoV reported are typically in the region of 104 to 105 genome copies per gram of material 

tested. Levels exceeding this have not yet been reported from commercial production areas in the EU. 
Prevalence of HAV displays a high degree of geographic variability, ranging from 0% in studies 

performed in France, Ireland, Sweden and UK, up to 43% in a survey in Spain (Table 17). In all, 

prevalence of HAV in molluscs from EU commercial areas seems to reflect the higher endemicity levels 
of southern EU countries (Gossner et al., 2015) as well as a discharge of HAV particles in the 

environment more temporally discontinuous with respect to NoV. Quantitative data for HAV 
contamination are scarce; however, titres are generally low and levels above 10,000 genome copies 

per gram are reported, in average, in < 3% of samples, with the highest values in the range of 103 to 

104 genome copies per gram of digestive tissue. 

It should be noted that the concentration of viral hazards presented in Tables 16 and 17 is measured 

per gram of mollusc digestive gland since the viruses are preferentially concentrated in this organ and 
this approach facilitates analysis. Live bivalves molluscs (except for scallops) are typically consumed 

whole including the digestive tract, including the species that are typically subject to commercial heat 
processing according to the EU approved procedures (i.e. mussels, cockles and clams). 

In considering the above data it is important to be aware that the concentrations of viral hazards in 

bivalve molluscs are not static and in practice can vary considerably. There are a number of factors 
that influence the virus concentrations in molluscs destined for commercial heat processing. Firstly, 

the prevalence of human infection in the local population will significantly affect the levels of NoV and 
HAV in wastewater from the community. Whilst in most studies NoV is routinely detected in municipal 

wastewater entering treatment works its concentration will vary depending on the current status of 

epidemics in the community. Norovirus has a well-established seasonal distribution with many more 
infections occurring in the winter months hence titres in waste-water are higher during this period. 

There are also significant year-to-year variations with the emergence and circulation of new pandemic 
strains each 2–5 years also associated with a significant increase in the burden of community cases. 

HAV in the EU can be considered to be subject to even more variability. In non-endemic regions 

(most, but not all, of the EU) community cases are sporadic and associated with risk factors such as 
travel to endemic regions, certain sexual practices, intravenous drug use, and consumption of 

contaminated food. Thus, in the EU, cases in the community, in comparison with NoV, are generally at 
a low level. However, the high HAV concentration in the faeces of infected individuals means that 

even sporadic cases can significantly increase risk where impacts are directly into local production 
areas. Indeed a number of outbreaks of HAV in molluscs have been attributed to such localised 

contaminated inputs. In the case of endemic areas (several countries importing molluscs into the EU) 
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titres of HAV in wastewater are likely to be considerably elevated over non-endemic areas. 

Concentrations of NoV and HAV impacting mollusc production areas will depend on the local 
arrangements for sewage treatment. The efficiency of sewage treatment varies depending on the 

design of the works. In general removal rates for NoV are generally quite low and in the range of 1–
3 logs through the process (Campos et al., 2015). Tertiary treatment in sewage works may also 

significantly reduce the titre of infectious virus in effluents; however, the current molecular-based 

diagnostic techniques make the effectiveness of this step difficult to establish. Importantly, however, 
removal efficiency for viruses also depends critically on the capacity of the sewage system to treat 

high volumes during rainfall events. The discharge of untreated effluent under high flow conditions 
(sewer bypass) is likely to significantly increase virus concentrations in the surrounding impacted 

environment. The impact of effluent discharges (whether treated or not) on virus titres in molluscs will 
depend on the proximity of the discharge to the bivalve mollusc production area and, critically, on the 

amount of dilution the effluent receives following discharge into the environment. Thus the local 

hydrography will also have a significant impact on the virus levels observed in molluscs and this will 
vary from area to area. Finally, the prevalent environmental conditions, and particularly seawater 

temperature, will affect how much virus the molluscs filter and retain. Warm water (summer period) is 
generally associated with lower levels of observed virus since molluscs are more metabolically active 

and removal rates are faster. All of these various factors may contribute to the levels of virus 

observed in molluscs and can explain the observed variability in surveillance data. 
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Table 16:  Summary of quantitative data for Norovirus (NoV) in bivalve molluscs available in EU Member States 

Member 
State 

Production area 
(PA) or end-
product (EP) 
sampled)(a) 

Number of areas 
sampled and EU 

classification 

Species Number 
of 

samples 

Prevalence 
(% 

positive)(b) 

Cumulative(c) % of samples above (x) 
NoV copies per gram digestive tissue 

(GI+GII) 

Reference 

>100 >1,000 >10,000 Highest 
value 

(GI+GII) 

UK PA 39; A(6), B(31), C(2) Oysters 844 76.2 36.5 14.6 1.1 24,800 CEFAS (2011); Lowther et al. 
(2012); EFSA BIOHAZ Panel 

(2012a) 

France PA NA Oysters 1,036 22.0 11.6 4.1 0.0 NR EFSA BIOHAZ Panel (2012a) 
and Le Guyader (2015)(g) 

EP NA Oysters 387 9 9 5 0 540 Le Guyader (2015)(h) 

PA A Oysters 192 2 2 0 0 125 Le Guyader (2015)(h) 

PA B Oysters 
and 

mussels 

424 7.5 7.5 5.5 0 1,958 Le Guyader (2015)(h) 

Ireland PA(d) 11; A and B Oysters 113  69.0 57.5 17.6 0.0 9,990 EFSA BIOHAZ Panel (2012a) 
and Doré (2015)(i) 

EP NA Oysters 122 41.0 27.9 4.1 0.0 3,572 Doré (2015)(j) 

Italy PA 2; B Oysters 23 47.8 47.8 39.1 8.7 21,700 Suffredini et al. (2014) 

PA 20; A(8), B(12) Mussels 174(e) 52.9 37.1 20.7 10.0 131,700 Suffredini et al. (2014) 

PA 5; A(1), B(4) Clams(f) 55 61.8 56.4 34.5 16.4 136,900 Suffredini et al. (2014) 

EP 2; B Mussels 11 45.5 45.5 36.4 0.0 6,700 Suffredini et al. (2014) 

EP 2; B Clams 11 72.7 54.5 27.3 9.1 24,000 Suffredini et al. (2014) 

Spain PA 2, B Mussels 105 57.1 54.3 35.2 14.3 82,000 Polo et al. (2015) 

PA 2, B Clams 31 38.7 35.5 29.0 6.5 77,000 Polo et al. (2015) 

PA 2, B Cockles 32 50.0 46.9 34.4 9.4 91,000 Polo et al. (2015) 

Denmark PA 4; A(4) Oysters 20 10.0 0.0 0.0 0.0 54 Schultz (2015)(k) 

PA 17; A(10), B(2), U(5) Mussels 75 42.7 28.0 10.7 0.0 2,176 Schultz (2015)(k) 

(a): EP – products sampled at establishments following any processing (such as purification or relaying) and ready to be placed on the market for consumption, or products sampled directly from 
the market. 

(b): Sample positive for NoV GI or NoV GII or for both NoV genotypes. 
(c): > 100 means (> 100 + > 1,000 + > 10,000); > 1,000 means (> 1,000 + > 10,000). 
(d): worst case data set, sampling biased towards problematical production areas. 
(e): Quantitative data available for 58 samples; percentages calculated on a total of 140 samples. 
(f): Tapes philippinarum and Ruditapes decussates. 
(g): Number of samples provided by Mrs Le Guyader, French Research Institute for Exploitation of the Sea (IFREMER, France), by e-mail on 25 November 2015. 
(h): Information provided by Mrs Le Guyader, French Research Institute for Exploitation of the Sea (IFREMER, France), by e-mail on 25 November 2015. 
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(i): Highest value provided by Mr Doré, Marine Institute (Ireland), by e-mail on 27 August 2015. 
(j): Information provided by Mr Doré, Marine Institute (Ireland), by e-mail on 27 August 2015. 
(k): Information provided by Mrs Schultz, Technical University of Denmark (DTU, Denmark), by e-mail on 26 November 2015. U - the specific area was not a part of the permanent classification, 

because it did not have sufficient samples over time to be classified. 
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Table 17:  Summary of quantitative data for Hepatitis A virus (HAV) in bivalve molluscs available in EU Member States 

Member State 

Production 
area (PA) or 
end-product 

(EP)(a) 

Number of areas 
sampled and EU 

classification 
Species 

Number 
of 

samples 

Prevalence 
(% positive) 

Cumulative(b) % of samples above (x) 
HAV copies per gram digestive tissue 

Reference 

> 100 > 1,000 > 10,000 
Highest 
value 

France PA 3; B Oysters 108(c) 0.0     Le Guyader et al. 

(2000) 

France 
(exported to 
Switzerland) 

EP NA Oysters 61 0.0     Beuret et al. (2003) 

Greece PA 8; A(4), B(4) Mussels, 
oysters 

144(d) 22     Formiga-Cruz et al. 
(2002) 

Ireland 
(exported to 
Switzerland) 

EP NA Oysters 14 0.0     Beuret et al. (2003) 

Italy PA 3; B Mussels 36 36.1     Croci et al. (2000) 

Italy EP NA Mussels 89 33.7     De Medici et al. (2001) 

Italy EP NA Mussels 110 22.7     Chironna et al. (2002) 

Italy PA 3; A(1), B(2)  Mussels 72 0.0     Suffredini et al. (2008) 

Italy PA 5(e); A(1), B(4) Mussels 57 0.0     Suffredini et al. (2014) 

Italy EP 2; B(e) Mussels 11 0.0     Suffredini et al. (2014) 

Italy PA A and B areas Mussels 51 0.0     Fusco et al. (2013) 

Italy PA/EP B Mussels, 
clams 

56 23.2     Iaconelli et al. (2015) 

Italy PA 1; B Mussels 80 2.5     Serracca et al. (2010) 

Italy PA 10; A(3), B(7)(e) Mussels 100 2.0 2.0    Suffredini et al.  
(in press) 

Italy PA(f) 27; A(3), B(24)(e) Mussels 193 39.9 38.3 8.8 0.0 5,100 Suffredini et al.  
(in press) 

Italy PA B Mussels, 
clams 

235 6.0     Croci et al. (2007) 

Italy PA 2; B Clams 48 0.0     Suffredini et al. (2008) 

Italy PA 5(e); A(1), B(4) Clams 55 1.8 1.8    Suffredini et al. (2014) 

Italy EP 2; B(e) Clams 11 0.0     Suffredini et al. (2014) 

Italy EP NA Clams, 
cockles 

53 35.8     De Medici et al. (2001) 

Italy PA NA Razor 
clams 

8 0.0     Fusco et al. (2013) 

Italy PA 2(e); B Oysters 23 0.0     Suffredini et al. (2014) 
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Member State 

Production 
area (PA) or 
end-product 

(EP)(a) 

Number of areas 
sampled and EU 

classification 
Species 

Number 
of 

samples 

Prevalence 
(% positive) 

Cumulative(b) % of samples above (x) 
HAV copies per gram digestive tissue 

Reference 

> 100 > 1,000 > 10,000 
Highest 
value 

Italy EP A, B Clams, 
mussels 

and 
oysters 

88 12.5     Macaluso et al. (2006) 

Italy PA A, B Clams, 
mussels 

and 
oysters 

72 18.1     Macaluso et al. (2006) 

Netherlands PA NA Oysters 36 0.0     Lodder-Verschoor et 
al. (2005) 

Netherlands 
(exported to 
Switzerland) 

EP NA Oysters 12 0.0     Beuret et al. (2003) 

Portugal PA 9; A(2), B(5), C(1), 
NC(1) 

Mussels, 
clams, 

cockles, 
oysters, 

etc. 

47(c) 31.9     Mesquita et al. (2011) 

Spain EP NA Mussels 113 7.1     Moreno Roldan et al. 
(2013) 

Spain PA 7; B(5), C(2) Mussels 81 18.5     Manso and Romalde 
(2013) 

Spain PA 6; B Mussels 105 10.5 10.5 10.5 6.7 4,300,000 Polo et al. (2015) 

Spain PA 3; A(1), B(1), NC(1) Mussels, 
oysters 

104(d) 4     Formiga-Cruz et al. 
(2002) 

Spain PA 2; B(1), C(1) Clams, 
mussels 

and 
cockles 

41 0.0     Vilarino et al. (2009) 

Spain PA 2; B(1), C(1) Clams, 
mussels 

and 
cockles 

160 43.1     Manso et al. (2010) 

Spain PA 2; B Clams 31 6.5 6.5 3.2 3.2 73,000 Polo et al. (2015) 

Spain PA 2; B Cockles 32 12.5 12.5 9.4 3.1 21,000 Polo et al. (2015) 
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Member State 

Production 
area (PA) or 
end-product 

(EP)(a) 

Number of areas 
sampled and EU 

classification 
Species 

Number 
of 

samples 

Prevalence 
(% positive) 

Cumulative(b) % of samples above (x) 
HAV copies per gram digestive tissue 

Reference 

> 100 > 1,000 > 10,000 
Highest 
value 

Spain EP NA Smooth 
clams 

113 11.5     Moreno Roldan et al. 
(2013) 

Spain EP NA Carpet 
shell clams 

58 6.9     Moreno Roldan et al. 
(2013) 

Spain EP NA Venus 
clams 

45 6.7     Moreno Roldan et al. 
(2013) 

Spain 
(imported 
from Morocco, 
Peru, 
Vietnam, and 
South Korea) 

EP NA Clams, 
oysters, 
cockles, 

razor 
clams 

50 4.0 4.0(h) 4.0(h) 2.0(h) 44,000,000(

h) 
Polo et al. (2010) 

Spain 
(imported 
from Peru) 

EP NA Clams(g) 23 30.4 30.4 26.1 0.0 3,240 Pintó et al. (2009) and 
Bosch (2015)(e) 

Sweden PA 3; A(1), B(1), NC(1) Mussels 54(d) 0     Formiga-Cruz et al. 
(2002) 

UK PA 6; A(1), B(2), C(1), 
forbidden (1) 

Mussels, 
oysters 

173(d) 0     Formiga-Cruz et al. 
(2002) 

NC: not classified. 
(a): EP – products sampled at establishments following any processing (such as purification or relaying) and ready to be placed on the market for consumption, or products sampled directly from 

the market. 
(b): > 100 means (> 100 + > 1,000 + > 10,000); > 1,000 means (> 1,000 + > 10,000). 
(c): samples from forbidden areas were excluded from calculations. 
(d): data derived from EFSA BIOHAZ Panel (2011). 
(e): Information provided by Mr. Bosch, University of Barcelona (Spain), by e-mail on 3 November 2015. 
(f): worst case scenario: samples taken during an outbreak in the region effacing the production areas. 
(g): bivalve molluscs involved in outbreaks. 
(h): quantification results were obtained applying corrective factors for recovery which may result in an overestimation compared to the other values presented in this table. 
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Appendix E – Virus inactivation and models 

Virus inactivation 

Several factors may affect thermal inactivation of foodborne viruses. As summarized in Bozkurt (2014) 

these may include the heating system, the food matrix, and heat transfer rates. Consequently, heat 

inactivation may differ widely between different food types and between food and cell culture media. 
Differences may depend on matrix effects on virus resistance or may be due to differences in heat 

transfer. For instance, the time to reach a certain temperature, the heat-up time, may vary due to the 
structure of the food matrix. A long heat-up time would result in an apparent slower inactivation. 

Other factors reported to affect the apparent thermal resistance include container size and sample 
volume and the method of virus detection, e.g. plaque assays versus real-time reverse transcription 

polymerase chain reaction (rRT-PCR). The mechanisms of thermal inactivation may include 

denaturation of viral proteins, as well as disassembly of virus particles into noninfectious viral subunits 
and single proteins (Song et al., 2010). The mode of action may depend on the temperature and thus 

different mechanisms may be important at different temperatures. 

Models for microbial inactivation 

The relationship between logarithmic virus concentrations and time during isothermal heat treatment 

can be linear or non-linear with shoulders and tails. Primary log-linear inactivation models have been 
widely used in regulatory and food industrial settings. However, there are observations where non-

linear inactivation curves have been suggested. For instance, Bozkurt et al. (2014a) reported that a 
non-linear Weibull model was more appropriate to describe inactivation of HAV in a Blue Mussel 

homogenate between 50 and 72°C. However, fitting was done with only four time points which limits 
the ability to distinguish between linear and non-linear inactivation models. There has been an 

increased interest in the application of non-linear models to describe microbial inactivation. These 

models aim to model not only the linear part of the survivor curves, but also the non-linear parts 
(inactivation shoulders and inactivation tailing). In this respect, the Weibull model has been widely 

used but other alternative models exist that can be used to describe nonlinear kinetics (Geeraerd et 
al., 2005). In the log-linear models, the slope of the line is the rate of inactivation, and the inverse of 

the rate is often characterized in terms of a D-value, the time for a one-log reduction at a constant 

temperature. 

Secondary models describe how the parameters of primary models - which describe the change of 

virus concentration with time - vary with environmental factors (e.g. temperature, pH, aw, presence of 
organic acids), for virus most notably temperature. Based on the classical log-linear model and the 

D-value, the Bigelow model has been widely used to describe how the D-values vary with temperature 

by estimating a z-value. The z-value is defined as the temperature change needed to change the 
D-value by one log-unit. Other secondary models used include the Arrhenius model and different 

Weibull models (e.g. Peleg et al., 2012). 
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Appendix F – Data reported in the EFSA zoonoses database on occurrence of strong-evidence food-borne outbreaks 
where bivalve molluscs were implicated (2007–2013) 

Table 18:  Reported strong-evidence food-borne outbreaks associated with bivalve molluscs in the reporting countries in accordance with Directive 

2003/99/EC (2007–2013) 

Foodstuff 
implicated 

Causative 
agent 

Zoonotic agent 
species/serovar 

Year Country(a) Type of evidence 
Human 
cases 

Hospita-
lisations 

Deaths 

Clams Bacillus B. cereus 2011 Netherlands Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

2   

Mixed 
dish(c) 

Clostridium C. perfringens 2012 Iceland Detection of causative agent in food chain or its environment; 
Symptoms and onset of illness pathognomonic to causative agent 

25 0 0 

Mussels Histamine  2011 United 
Kingdom 

Descriptive epidemiological evidence; 
Detection of causative agent in food chain or its environment; 

Symptoms and onset of illness pathognomonic to causative agent 

12 0 0 

Mussels Calicivirus Norovirus(b) 2013 Netherlands Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

2  0 

Oysters Calicivirus Norovirus(b) 2006 Denmark Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

36 0 0 

Oysters Calicivirus Norovirus(b) 2006 Denmark Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

27 0 0 

Oysters Calicivirus Norovirus(b) 2007 Denmark Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans; 

Analytical epidemiological evidence 

39 0 0 

Oysters Calicivirus Norovirus(b) 2007 Sweden  30   

Oysters Calicivirus Norovirus(b) 2008 Norway Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

70 0 0 

Oysters Calicivirus Norovirus(b) 2008 Norway  70 0 0 

Oysters Calicivirus Norovirus(b) 2009 Netherlands Analytical epidemiological evidence 15 0 0 

Oysters Calicivirus Norovirus(b) 2009 Norway Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

3 0 0 

Oysters Calicivirus Norovirus(b) 2009 Norway  3 0 0 

Oysters Calicivirus Norovirus(b) 2010 Denmark Detection of causative agent in food vehicle or its component; 

Detection of indistinguishable causative agent in humans; 
Detection of causative agent in food vehicle or its component 

Symptoms and onset of illness pathognomonic to causative agent 

23 0 0 
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Foodstuff 
implicated 

Causative 
agent 

Zoonotic agent 
species/serovar 

Year Country(a) Type of evidence 
Human 
cases 

Hospita-
lisations 

Deaths 

Oysters Calicivirus Norovirus(b) 2010 Denmark Descriptive epidemiological evidence; 
Detection of causative agent in food vehicle or its component; 

Detection of indistinguishable causative agent in humans 

27 0 0 

Oysters Calicivirus Norovirus(b) 2010 Finland Descriptive epidemiological evidence; 
Detection of causative agent in food vehicle or its component; 

Detection of indistinguishable causative agent in humans 

4 0 0 

Oysters Calicivirus Norovirus(b) 2010 Finland Descriptive epidemiological evidence; 
Detection of causative agent in food vehicle or its component; 

Detection of indistinguishable causative agent in humans 

2 0 0 

Oysters Calicivirus Norovirus(b) 2010 Netherlands Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

7 0 0 

Oysters Calicivirus Norovirus(b) 2010 Norway Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

10 0 0 

Oysters Calicivirus Norovirus(b) 2010 Norway Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

37 0 0 

Oysters Calicivirus Norovirus(b) 2010 Norway Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

10 0 0 

Oysters Calicivirus Norovirus(b) 2010 Norway Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

37 0 0 

Oysters Calicivirus Norovirus(b) 2010 Sweden Descriptive epidemiological evidence 71 0 0 

Oysters Calicivirus Norovirus(b) 2010 United 
Kingdom 

Descriptive epidemiological evidence 2 0 0 

Oysters Calicivirus Norovirus(b) 2010 United 
Kingdom 

Descriptive epidemiological evidence 16 0 0 

Oysters Calicivirus Norovirus(b) 2010 United 
Kingdom 

Descriptive epidemiological evidence; 
Detection of causative agent in food vehicle or its component; 

Detection of indistinguishable causative agent in humans 

2 0 0 

Oysters Calicivirus Norovirus(b) 2011 Denmark Analytical epidemiological evidence 11 0 0 

Oysters Calicivirus Norovirus(b) 2011 Netherlands Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

3   

Oysters Calicivirus Norovirus(b) 2011 Netherlands Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

4   

Oysters Calicivirus Norovirus(b) 2011 Norway Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

8 0 0 

Oysters Calicivirus Norovirus(b) 2011 Norway Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

8 0 0 
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Foodstuff 
implicated 

Causative 
agent 

Zoonotic agent 
species/serovar 

Year Country(a) Type of evidence 
Human 
cases 

Hospita-
lisations 

Deaths 

Oysters Calicivirus Norovirus(b) 2011 United 
Kingdom 

Descriptive epidemiological evidence 7 0 0 

Oysters Calicivirus Norovirus(b) 2012 Denmark Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans; 

Analytical epidemiological evidence; 
Descriptive epidemiological evidence 

24 1 0 

Oysters Calicivirus Norovirus(b) 2012 Denmark Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans; 

Analytical epidemiological evidence; 
Descriptive epidemiological evidence 

9 0 0 

Oysters Calicivirus Norovirus(b) 2012 Denmark Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans; 

Detection of causative agent in food chain or its environment; 
Detection of indistinguishable causative agent in humans; 

Descriptive epidemiological evidence 

15 0 0 

Oysters Calicivirus Norovirus(b) 2012 Netherlands Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

3 0 0 

Oysters Calicivirus Norovirus(b) 2012 Norway Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

41 0 0 

Oysters Calicivirus Norovirus(b) 2012 Norway Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

41 0 0 

Oysters Calicivirus Norovirus(b) 2012 United 
Kingdom 

Descriptive epidemiological evidence 5 0 0 

Oysters Calicivirus Norovirus(b) 2012 United 
Kingdom 

Descriptive epidemiological evidence 13 0 0 

Oysters Calicivirus Norovirus(b) 2012 United 
Kingdom 

Descriptive epidemiological evidence 6 0 1 

Oysters Calicivirus Norovirus(b) 2013 Denmark Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

10 0 0 

Oysters Calicivirus Norovirus(b) 2013 Denmark Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

8 0 0 

Oysters Calicivirus Norovirus(b) 2013 Denmark Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

9 0 0 

Oysters Calicivirus Norovirus(b) 2013 Finland Descriptive epidemiological evidence; 
Detection of causative agent in food vehicle or its component; 

Symptoms and onset of illness pathognomonic to causative agent 

4 0 0 
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Foodstuff 
implicated 

Causative 
agent 

Zoonotic agent 
species/serovar 

Year Country(a) Type of evidence 
Human 
cases 

Hospita-
lisations 

Deaths 

Oysters Calicivirus Norovirus(b) 2013 Finland Descriptive epidemiological evidence; 
Detection of causative agent in food vehicle or its component; 

Detection of indistinguishable causative agent in humans 

5 0 0 

Oysters Calicivirus Norovirus(b) 2013 Netherlands Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

3  0 

Oysters Calicivirus Norovirus(b) 2013 Netherlands Detection of causative agent in food vehicle or its component; 

Symptoms and onset of illness pathognomonic to causative agent 

7  0 

Oysters Calicivirus Norovirus(b) 2013 United 
Kingdom 

Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

18 0 0 

Oysters Calicivirus Norovirus(b) 2013 United 
Kingdom 

Descriptive epidemiological evidence 117 1 0 

Oysters Calicivirus Norovirus(b) 2013 United 
Kingdom 

Detection of causative agent in food vehicle or its component; 
Symptoms and onset of illness pathognomonic to causative agent 

54 0 0 

Oysters Calicivirus Norovirus(b) 2013 United 
Kingdom 

Descriptive epidemiological evidence 4 0 0 

Unspecified Calicivirus Norovirus(b) 2011 Sweden Detection of causative agent in food vehicle or its component; 
Detection of indistinguishable causative agent in humans 

4 0 0 

(a): EU countries including Norway and Switzerland. Data from Spain have not been included in this table because they were provided outside the EFSA zoonoses database and in a different  
 format of aggregation. 

(b): Norwalk-like virus. 
(c): Mixed heated dish containing shrimps, scallops, catfish, onion, spices and fresh coriander. 
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Appendix G – Data reported in the Rapid Alert System for Food and Feed 
(RASFF) database on pathogenic microorganisms in bivalve 
molluscs and products thereof 

The Rapid Alert System for Food and Feed (RASFF) database was searched on 17 November 2015 to 

collect information on the hazards (considering the hazard category ‘pathogenic microorganisms’) 
involved in the notifications received under the product category ‘bivalve molluscs and products 

thereof’. After removing the two notifications incorrectly classified under pathogenic microorganisms 
and the three notifications that did not contain information about the hazard involved, 

439 notifications remained, which have been summarized in Table 19.  

The combinations of foodborne pathogens/food products which were most frequently notified are: 

NoV in clams and oysters with 54 and 57 RASFF notifications respectively; and Salmonella spp. in 

clams and mussels with 41 and 25 RASFF notifications respectively. 

Table 19:  Number of Rapid Alert System for Food and Feed (RASFF) notifications considering as the 

type of notification ‘food’, as the hazard category ‘pathogenic microorganisms’ and as the 
product category ‘bivalve molluscs and products thereof (2006–2015) 

P
ro

d
u

c
t 

N
o

ro
v
ir

u
s
 

S
a

lm
o

n
e

ll
a

 

H
e

p
a

ti
ti

s
 A

 v
ir

u
s
 

(H
A

V
) 

L
. 

m
o

n
o

c
y
to

g
e

n
e

s
 

S
a

lm
o

n
e

ll
a

 a
n

d
 

V
ib

ri
o

 
p

a
ra

h
a

e
m

o
ly

ti
c
u

s 

V
ib

ri
o

 
a

lg
in

o
ly

ti
c
u

s
 a

n
d

 

V
ib

ri
o

 
p

a
ra

h
a

e
m

o
ly

ti
c
u

s 

C
lo

s
tr

id
iu

m
 

b
o

tu
li

n
u

m
 

E
. 

c
o

li
(a

)  

T
o

ta
l 

Ark shell  2       2 

Carpet shells        4 4 

Clams 54 41(b) 1  1 1  131 229 

Cockles  1      4 5 

Mussels 7(c) 25 2 1    82 117 

Mussels and clams        1 1 

Oysters 57  1     10 68 

Razor shells   1     3 4 

Scallops 3   1   1  5 

Tellina shells   1      1 

Not specified  
(bivalve molluscs) 

 1      2 3 

Total 121 70 6 2 1  1 237 439 

(a): Escherichia coli notifications may refer to pathogenic and non-pathogenic strains. 
(b): Two notifications also indicated too high counts for E. coli. 
(c): One notification also indicated too high counts for E. coli. 
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Appendix H – Equations for the establishment of an F-value 

From the differential form of equation (1) we obtain: 

 TDdt

Nd 1)(log
    (12) 

Upon integration, between times ta (where HAV concentration is Na) and tb (where HAV concentration 
is Nb) equation (12) gives: 
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For equivalent processing at a constant temperature, Tref, (DT = DTref
 = constant, and for ta = t1, 

tb = t2, where by definition FTref
 = t2 − t1) integration of equation (13) gives: 
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Comparison between equations (13) and (14) results: 
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Finally, for variable T, substitution of DT from equation (3) into equation (15) gives: 
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By putting together equations (14) and (16) we have: 
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