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S UM M A RY  
Gastroenteritis resulting from consumption of sewage contaminated oysters containing norovirus 
(NoV) is a significant public health problem. Official food controls in this area are inadequate to 
prevent illness and no standards exist for NoV in oysters. Largely this is because of a lack of data 
on the extent of illness associated with oysters containing NoV. This project developed a risk 
assessment model to estimate the risk of NoV related illness following consumption of Irish 
produced oysters. The project undertook a large-scale surveillance of a commercial oyster 
production site and generated a considerable volume of NoV prevalence and distribution data for 
oysters. From this data an exposure model for the occurrence of norovirus in Irish produced 
oysters was developed. Existing published data on the dose response for NoV and host 
susceptibility factors was combined with the exposure model to develop the risk assessment 
model. The output from the project will allow risk managers introduce control measures in this 
area based on acceptable limits for NoV in oysters derived from evidence-based information. In 
addition, the model will allow producers to assess the impact of potential treatment options to 
target risk management intervention in a cost-effective manner. 
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Start Date 

01 December 2014 

End Date 

30 November 2017 

Research Programme 

Food Institutional Research Measure 

TRL Scale                   

TRL 4: Technology validated in lab 

NRPE Priority area 

Sustainable Food Production and Processing 

Total DAFM Award 

€360,843.00 

Total Project Expenditure 

€339,944.00 

Rationale for undertaking the Research  

Ireland is a major producer of oysters. Outbreaks of gastroenteritis associated with sewage contaminated oysters continue to occur. 

Norovirus (NoV) is the pathogen primarily responsible for such outbreaks. In a scientific opinion produced in response to questions by the Food Safety 

Authority of Ireland (FSAI) the European Food Safety Authority (EFSA) suggested “risk managers should consider establishing an acceptable limit for NoV in 

oysters”. In the EU a working group established by DGSanco is actively considering appropriate control measures and limits. To address the data gaps 

associated with the occurrence of norovirus in oysters, this research undertook a large surveillance project to establish a good baseline relating to the 

occurrence of norovirus in oysters. This data was necessary to inform the Marine Institute as to the magnitude of the occurrence of norovirus in oysters both 

to inform their ongoing surveillance and risk management actions but also have relevant data in regard to the ongoing discussions relating to the occurrence of 

norovirus in oysters at a European level. Likewise, the quantitative risk assessment was undertaken as there was no published risk assessment available 

anywhere relating to the occurrence of norovirus in oysters. By undertaking this risk assessment, the Marine Institute and the SFPA could assess the risk to 

public health arising from the consumption of oysters in Ireland. 

Methodology 

A large-scale surveillance programme was undertaken by the Marine Institute of an oyster production farm over a two-year period as a base line survey to 

provide data to drive the risk assessment model. The survey started in January 2015 at a selected commercial oyster farm and ran for two years. In total 666 

samples were analysed providing weekly data over the two-year period. Based on this data, a quantitative risk assessment model incorporating a product 

pathway analysis was developed to estimate the risk of illness following consumption of oysters from specific production areas. The risk assessment 

methodology followed standard CODEX principles – hazard identification, exposure assessment, hazard characterisation and risk characterisation. A 

comprehensive quantitative risk assessment model based on these principles were developed in R. The dose response and consumer susceptibility modules 

were developed by reference to existing data and studies. To establish the range of expected consumer exposures, a study was undertaken to determine the 

distribution of NoV in individual animals and relating that to portion size. As existing Irish food consumption databases had little data relating to the 

consumption of oysters, the risk assessment was based on a ‘per serving’ basis assuming the consumption of either 1, 3 or 6 oysters at a single eating occasion. 

Project Results 

A major survey for Norovirus in commercial oysters started in January 2015 and ran for two years. In total 666 samples were analysed. The survey showed that 

norovirus levels typically peaked during the winter months corresponding to peak load arising from human contamination. Laboratory based depuration 

studies were also completed. Data indicated that risk management procedures applied at the commercial production site can effectively reduce norovirus 

although norovirus did persist at low levels. Depuration was demonstrated, on average, to reduce norovirus concentrations by approximately 50%. The rate of 

reduction during depuration was however inconsistent from trial to trial. A Complete quantitative risk assessment of norovirus in oysters was completed and 

was the basis for a submitted PhD thesis. The risk assessment covered exposure assessment, dose response and an overall estimate of illness arising from the 

consumption of contaminated oysters. The risk was expressed in terms of the expected infection cases per 10,000 meals. The likelihood of illness increased 

once the concentration of norovirus in oysters went much over 100-200 copies/g. Portion size consumed also had a significant effect on the likelihood of 

illness. Several intervention strategies, including depuration was considered in the model. Depuration of three days or over gave some reduction in the viral 

load. 

 

 

 

 



 

 

 

Summary of Project Findings 

There were three main benefits to regulatory / industry stakeholders arising from the research:  

  

1. The large-scale norovirus survey filled a significant data gap in the understanding of the magnitude of the problem, its dynamics and management and 

regulatory issues relating to the control of norovirus in oysters.  

 

2. The risk assessment allowed a quantification of the likelihood of illness arising from the consumption of oysters and gives both industry and regulatory 

agencies a valuable tool to assess the public health consequences of their management actions.   

 

3. The risk assessment provided experts from the Marine institute and SFPA valuable information to guide them in their ongoing discussions at an EU level 

to set a regulatory limit for norovirus in oysters. This regulatory limit, which is anticipated to be set in 2020, will have major consequences relating to the 

operation and regulatory oversight of Irish oyster farms 

 

Summary of Staff Outputs 

Research Output Male Female Total Number 

PhD Students 1 0 1 

Research Technicians/Assistants 0 1 1 

 

Summary of Academic Outputs 

Research Outputs Total Number Details 

Publications in Peer Reviewed 

Scientific Journals 

2 One paper published, one submitted February 2020  

1. Rupnik, A., Keaveney, S., Devilly, L., Butler, F., Doré, W., 2018. The Impact of Winter 

Relocation and Depuration on Norovirus Concentrations in Pacific Oysters Harvested 

from a Commercial Production Site. Food and environmental virology, 10(3), pp.288-

296.  

2. Hunt, K., Doré, W., Keaveney, S., Rupnik, A., Butler, F. (Submitted) Estimating the 

distribution of Norovirus in individual oysters. International Journal of Food 

Microbiology. 

Peer Reviewed Conference Papers 10 1. Dore, W., Hunt, K., Keaveney, S., Rupnik, A., and Butler, F. (2016) Norovirus 

contamination in Oysters – Progress towards controlling the risk. FoodMicro 2016, 

25th International ICFMH Conference, Dublin July 19th – 22nd, 2016 

2. Hunt, K., Dore, W., Keaveney, S., Rupnik, A., and Butler, F (2016). Norovirus 

concentrations in oysters during production from an Irish growing area. FoodMicro 

2016, 25th International ICFMH Conference, Dublin July 19th – 22nd, 2016  

3. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2016) "Consumer exposure to 

Norovirus from raw oysters". Poster presented at FoodMicro 2016, 26th International 

Committee on Food Microbiology \& Hygiene (ICFMH) Conference, 19th--22nd July, 

University College Dublin. 

4. Hunt, K., Dore, W., Keaveney, S., Rupnik, A., and Butler, F., (2017) "Estimation of 

illness arising from consumption of raw oysters exposed to water-borne norovirus". 

Poster presented at: ICPMF10, the 10th International Conference on Predictive 

Modelling in Food; 26-29 Sep 2017; Cordoba, Spain.  

5. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2017) "Factors affecting the 

estimation of occurrence of Norovirus in raw Irish oysters". Q-SAFE International 

2017, International conference of Predictive Modelling, Quantitative Risk Assessment 

and Life Cycle Analysis in Food Science and Biosciences, 10th--12th April 2017, 

Ermoupoli, Greece.  

6. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2016) "The relationship between 

oyster norovirus concentrations and the surrounding environment in an Irish oyster 

farm". Presented at Environ 2016, 26th Irish Environmental Researchers' Colloquium 

Conference, 22nd--24th March 2016, University of Limerick.  

7. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2015) "`Norovirus detection in 

oysters: the effect of sample size on the precision of production site virus 

concentration estimates"'. Presented at ICMSS 2015, the 11th International 

Conference on Molluscan and Shellfish Safety, 15th--20th March 2015, Puerto Varas, 

Chile.  

 



 

 

8. Hunt, K., Dore, W., Keaveney, S., Rupnik, A., and Butler, F., (2017) "A quantitative 

method for estimating the likely intake of norovirus copies through consumption of 

Irish oysters"'. ICMSS 2017, the 12th International Conference on Molluscan and 

Shellfish Safety, 14th--18th May 2017, Galway, Ireland.  

9. Fahy, J., Keaveney, S., Dore, W., Butler, F. (2017). Storage and Transport Conditions for 

Oysters Samples intended for Norovirus analysis. ". ICMSS 2017, the 11th 

International Conference on Molluscan and Shellfish Safety, 14-18 May 2017, Galway, 

Ireland.  

10. 10. Rupnik, A., Devilly, L., Keaveney, S., Fahy, J., Hunt, K., Butler, F., and Dore, B.. 

(2017) "Reduction of norovirus concentrations in oysters during application of risk 

management procedures". ICMSS 2017, the 11th International Conference on 

Molluscan and Shellfish Safety, 14-18 May 2017, Galway, Ireland. 

PhD Theses 1 Hunt K. (2020). A Risk Assessment of Norovirus in Irish Produced Raw Oysters. PhD Thesis UCD. 

 

Intellectual Property 

No IP arose from this project as it was a 'public good' type project in food safety with full disclosure of results. 

 

Summary of other Project Outputs 

Project Outputs Details Total No. 

New Processes A quantitative risk assessment for norovirus in oysters which can be used as a 

framework for other virus contamination risk assessments. 

 

1 

 

Potential Impact related to Policy, Practice and Other Impacts 

Impact Details 

Other The project serves as an important input into the ongoing risk management of oyster production in Ireland. For the 

first time, regulatory agencies, producer groups and other stakeholders have access to a quantitative risk assessment 

of norovirus in Irish produced oysters as a basis to take appropriate risk management actions. Furthermore, at a 

European level, this risk assessment is an important body of information to guide Irish participants from the Marine 

Institute, SFPA and DAFM valuable information in their ongoing discussions at an EU level to set a regulatory limit for 

norovirus in oysters throughout Europe. The risk assessment also acts as a valuable baseline in assuring the safety of 

Irish produced oysters in foreign export markets. 

 

Dissemination Activities 

Activity Details 

Workshops at which results were 

presented 

• Regular updates provided through Irish Molluscan Shellfish Safety Committee meetings which represents 

industry and regulatory agencies which were attended several times a year between 2015 2017.  

• Presentation at the BIM/IFA Aquaculture Oyster Workshop, Sligo Oct 2016  

• Presentations were made at the following workshops in 2017 to brief producer groups as part of information 

days organised by FSAI  

1. Clonakilty 18th Oct Wed 9am SFPA  

2. Waterford 19th Oct Thurs 9am WIT  

3. Donegal Town 24th Oct Tues 9am Mill Park Hotel  

4. Galway 25th Oct Wed 9am Clayton Hotel  

5. Dublin 2nd Nov Thurs 9am Red Cow 

 

 

 

 

 

 



 

 

Knowledge Transfer Activities 

Identify knowledge outputs 

generated during this project. 

The main knowledge outputs generated by the project relate to the survey data assembled and the risk assessment 

model developed by the project. The survey data has been published and is available in the publication: Rupnik, A., 

Keaveney, S., Devilly, L., Butler, F., Doré, W., 2018. The Impact of Winter Relocation and Depuration on Norovirus 

Concentrations in Pacific Oysters Harvested from a Commercial Production Site. Food and environmental virology, 

10(3), pp.288-296. 

The risk assessment has been published as a PhD thesis, Hunt K. (2020). A Risk Assessment of Norovirus in Irish 

Produced Raw Oysters. PhD Thesis UCD (Available from UCD). Key sections of the work have been submitted for 

publication (Hunt, K., Doré, W., Keaveney, S., Rupnik, A., Butler, F. (Submitted) Estimating the distribution of Norovirus 

in individual oysters. International Journal of Food Microbiology) and other manuscripts covering the remainder of the 

risk assessment are in preparation. 

 

Identify any knowledge transfer 

activities executed within the 

project. 

Knowledge transfer activities were accomplished primarily through the dissemination activities and academic outputs 

specified earlier in this report. In addition, the risk assessment model was subsequently used as the basis for other 

virus in food risk assessments undertaken by the FIRM funded FoVira project (ref:15/F/724). 

List any impacts resulting from the 

knowledge transferred during the 

project. 

 

The main two impacts are more producer knowledge in relation to how to manage the risk of norovirus in their oysters. 

The risk assessment quantifies the likelihood of illness arising from the amount of norovirus present in harvested 

oysters. This knowledge allows producers and regulatory agency agencies take appropriate risk management actions 

such as the use of depuration to reduce the concentration of virus or relaying the oysters in cleaner production areas 

for a period of time to reduce virus concentration.  

Secondly the utility of the risk assessment is through underpinning the EU discussions relating to the regulatory control 

of norovirus in oysters. Through the Irish participants in the EU working group established by DGSanco considering 

appropriate control measures and limits for norovirus in oysters, the results of the project are informing this group and 

will inform the decision relating to a regulatory limit for norovirus in oysters, anticipated in 2020. 

 

 

 

 

 

Leveraging Metrics 

 

Type of Funding Resource Funding € Summary 

None €0.00 N/A 

 

Future Strategies 

It is anticipated that the risk assessment model will be modified in other projects to assess the risk of sapovirus and hepatitis in Irish produced shellfish and 

berry products. 

Project Publications 

1. Norovirus contamination in Oysters – Progress towards controlling the risk at FoodMicro 2016, 25th International ICFMH Conference, Dublin July 19th – 

22nd, 2016  

2. Norovirus concentrations in oysters during production from an Irish growing area at FoodMicro 2016, 25th International ICFMH Conference, Dublin July 

19th – 22nd, 2016  

3. 2016: "Consumer exposure to Norovirus from raw oysters". Poster presented at FoodMicro 2016, 26th International Committee on Food Microbiology & 

Hygiene (ICFMH) Conference, 19th–22nd July, University College Dublin.  

4. Hunt, K., Dore, W., Keaveney, S., Rupnik, A., and Butler, F., (2017) "Estimation of illness arising from consumption of raw oysters exposed to water-borne 

norovirus". Poster presented at: ICPMF10, the 10th International Conference on Predictive Modelling in Food; 26-29 Sep 2017; Cordoba, Spain.  

5. Hunt, K., Dore, W., Keaveney, S., Rupnik, A., and Butler, F., (2017) "A quantitative method for estimating the likely intake of norovirus copies through 

consumption of Irish oysters"'. ICMSS 2017, the 12th International Conference on Molluscan and Shellfish Safety, 14th-18th May 2017, Galway, Ireland. 

6. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2017) "Factors affecting the estimation of occurrence of Norovirus in raw Irish oysters". Q-SAFE 

International 2017, International conference of Predictive Modelling, Quantitative Risk Assessment and Life Cycle Analysis in Food Science and 

Biosciences, 10th--12th April 2017, Ermoupoli, Greece.  

7. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2016) "Consumer exposure to Norovirus from raw oysters". Poster presented at FoodMicro 2016, 26th 

International Committee on Food Microbiology \& Hygiene (ICFMH) Conference, 19th--22nd July, University College Dublin.  

8. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2016) "The relationship between oyster norovirus concentrations and the surrounding environment in an 

Irish oyster farm". Presented at Environ 2016, 26th Irish Environmental Researchers' Colloquium Conference, 22nd-24th March 2016, University of 

Limerick.  

9. Hunt, K., Dore, W., Keaveney, S., and Butler, F., (2015) "`Norovirus detection in oysters: the effect of sample size on the precision of production site virus 

concentration estimates"'. Presented at ICMSS 2015, the 11th International Conference on Molluscan and Shellfish Safety, 15th--20th March 2015, 

Puerto Varas, Chile. 

 


