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Scientific Interpretative Summary 

This SIS is prepared by New Zealand Food Safety (NZFS) risk assessors to provide context 
to the following report for NZFS risk managers and external readers. 

Risk Profile Update: Norovirus in bivalve molluscan shellfish (raw) 

This document is an update for the risk profile of Norovirus in bivalve molluscan shellfish 
(BMS) consumed raw in New Zealand.  The report reviews the most recent information, 
focusing on studies detailing attribution and risk management interventions to assess if the 
risk from norovirus in bivalve molluscan shellfish (BMS) has changed since the previous risk 
profile published in 2009. 

Between 2009 and 2015, a total of 172 foodborne outbreaks caused by Norovirus infection 
have been reported in New Zealand. Shellfish was the suspected vehicle of infection for 13 
outbreaks (8% of total), involving 104 cases. This rate is consistent with the New Zealand 
expert elicitation which estimated that 8% of all norovirus infections in New Zealand are due 
to transmission by seafood. Overseas attribution studies suggest that transmission of 
norovirus by seafood represents up to 11% of foodborne illnesses. It is important to note, 
however, that despite being the most frequently reported agent of foodborne disease in New 
Zealand, Norovirus infections are still considered to be underreported. 

Commercially harvested oysters were implicated in 85% of norovirus foodborne outbreaks in 
New Zealand, with those from an imported origin implicated in 31% of outbreaks.  

Baseline microbiological data on the prevalence of Norovirus in BMS commercially harvested 
in New Zealand are not currently available as food analysis only occurs during an outbreak 
investigation. 

Data collected from sites known to be at risk from contamination between 2006 and 2011 
have demonstrated the presence of norovirus in 50% of recreationally harvested BMS, with 
concentrations > 1000 genome copies per gram of guts for approximately 25 % of the 
samples. However, the sampled BMS may not have been destined for human consumption.  

From 2012, norovirus testing of oysters has been added to the Imported Food Requirements. 
The absence of reported outbreaks since this date suggests this measure is effective in 
contributing to a decreased risk associated with BMS. 

The risk associated with commercially harvested BMS in New Zealand seems to also have 
decreased although this finding is questionable as cases are underreported and seafood 
consumption has decreased in in New Zealand. Generating additional prevalence data would 
be needed to confirm this risk assessment is accurate. 

Finally, the two most recent outbreaks reported in 2013 and 2015, were associated with 
recreationally harvested BMS, supporting that the risk remains for consumption of 
recreational shellfish.  

Numerous data gaps remain on exposure, detection methods and virus removal techniques. 
However, the most important knowledge gap is the lack of prevalence data in New Zealand 
BMS. Future microbiological surveys of raw or lightly cooked BMS available to New Zealand 
consumers, with a focus on commercially and recreationally harvested shellfish other than 
oysters will be considered by MPI to address this data gap.  
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SUMMARY 

This Risk Profile considers norovirus in bivalve molluscan shellfish (BMS) harvested from 
aquaculture or wild stocks and sold to New Zealand consumers shucked or whole in the shell, 
fresh or frozen, and consumed raw. The risk is also assessed for BMS collected non-
commercially (customary or recreational gathering). BMS are filter-feeding shellfish such as 
oysters, clams, mussels and scallops, which can accumulate bacteria and viruses in their 
bodies as they feed. The noroviruses considered are only those that infect humans. 

This is an update of a Risk Profile published in 2009 (Greening et al., 2009), which was itself 
an update of a Risk Profile published in 2003 (Greening et al., 2003a). The purpose of this 
update is to critically review new information to answer the following risk management 
question: 

Has the risk from norovirus in bivalve molluscan shellfish (BMS) changed since the previous 
Risk Profile in 2009? 

The literature on norovirus in BMS is extensive. The focus of this update has been on studies 
that have been performed in New Zealand, and overseas studies that inform on attribution and 
risk management interventions. 

Noroviruses belonging to genogroups I, II and IV (GI, GII and GIV) cause gastroenteritis in 
humans of all ages. While the norovirus genotype GII.4 is currently the major cause of 
norovirus gastroenteritis outbreaks worldwide, other genotypes have the potential to emerge 
as the predominant norovirus. Compared to person-to-person outbreaks, food and waterborne 
outbreaks are more often associated with GI and non-GII.4 genotypes rather than GII.4.  

Humans are the only known reservoir of the noroviruses that infect humans. Norovirus is 
primarily transmitted person-to-person and to a lesser extent via food, water or the 
environment. BMS are exposed to noroviruses when their growing waters are contaminated 
with human faeces, primarily from wastewater effluent. Norovirus GI and GII have been 
detected in wastewater treatment plant effluents, estuaries and rivers in New Zealand. 
Noroviruses can resist depuration processes and studies have shown that norovirus can 
persist inside BMS for weeks, and even months. As a human host is required for its replication, 
human noroviruses cannot replicate in shellfish during production or storage. Norovirus can 
readily survive under a variety of conditions including refrigeration and freezing, as 
demonstrated by outbreaks associated with frozen products. 

There has been no comprehensive monitoring programme in New Zealand to investigate the 
presence of norovirus in commercially harvested BMS from New Zealand waters, or in BMS 
at retail. Analysis of commercially harvested BMS for norovirus is only generally performed as 
a part of a norovirus outbreak investigation or foodborne illness case.  

BMS collected from non-commercial sites in New Zealand show a norovirus prevalence of 
approximately 50% (254/485). This prevalence may not necessarily be representative of non-
commercial sites within New Zealand, as sampling was based on risk rather than through a 
comprehensive monitoring programme of representative New Zealand sites. Norovirus GI and 
GII were detected at concentrations of >1,000 genome copies per gram of guts in approx. 
25% of positive samples.  

Norovirus infection is underreported in New Zealand; sporadic cases are not necessarily 
notifiable and the symptoms of the disease do not usually require an infected person to seek 
medical attention. Despite this, norovirus is the most frequently reported agent for outbreaks 
in New Zealand, in terms of both numbers of outbreaks and numbers of associated cases. 
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For the period 2009-2015 there were 13 reported outbreaks of norovirus infection in New 
Zealand, involving 104 cases, where the vehicle of infection was likely to be shellfish. This 
represents 9% of foodborne outbreaks caused by norovirus during this period, and 5% of 
cases. Various genotypes of norovirus GI and GII were identified in these outbreaks. 
Commercially harvested oysters were implicated in 85% (11/13) of these outbreaks (imported 
oysters were the vehicle of infection four of these outbreaks). The other two outbreaks were 
the only outbreaks reported since 2012, and non-commercially harvested shellfish were 
implicated in both. From October 2012, norovirus testing of raw, cooked, dried and ready-to-
eat (RTE) oysters was added to the Imported Food Requirements (IFR). There were two 
mandatory recalls of oysters in New Zealand due to presence or potential presence of 
norovirus during the period 2008 to 2015. Both related to reported cases of norovirus illness. 
There have been no New Zealand recalls for imported oysters contaminated with norovirus 
since the change to the IFR. 

The 2003 Risk Profile had identified oysters as important vehicles of norovirus infection and 
concluded that the presence of norovirus in shellfish was largely a result of faecal 
contamination of the growing environment. The 2009 Risk Profile concluded: “It is unclear 
whether the risk of norovirus infection from commercial shellfish for the New Zealand 
population has changed since the previous Risk Profile was completed in 2003. However the 
risk has been better characterised as a result of surveys including the multi-site and Tauranga 
Harbour surveys, and evidence for widespread norovirus contamination of shellfish, 
particularly feral shellfish, has been obtained.” 

The information presented in this current Risk Profile shows that BMS available in New 
Zealand from local and overseas sources can potentially be contaminated by norovirus, and 
that contamination events have led to illness in this country. 

The available information suggests that: 

 Norovirus testing of imported oysters has contributed to a decreased risk from this food 
since the 2009 Risk Profile. Control measures (testing for norovirus) on imported oysters 
have been effective, as indicated by there being no reported outbreaks from imported 
oysters since the change in the IFR in October 2012. 

 There may be decreased risk from commercially harvested BMS, as suggested by the 
absence of outbreaks linked to this food since 2009, but baseline microbiological data 
are needed to validate this finding. 

 BMS gathered for recreational or customary purposes present an ongoing risk for 
norovirus infection as they are more likely to be exposed to faecal contamination from 
point and non-point sources. Norovirus outbreaks connected with recreationally 
harvested BMS have now been reported. 

Oysters continue to be the species of most concern with regard to norovirus infection from 
commercially harvested BMS. Mussels and scallops have not been implicated as the vehicle 
of infection for norovirus outbreaks in New Zealand. Raw BMS are an infrequently consumed 
food in New Zealand. A comparison of data from 1997 and 2009 suggests that adult New 
Zealanders are eating less shellfish, so exposure to BMS contaminated with norovirus is 
potentially less. Mussels account for the majority of shellfish consumed (and an estimated 
40% of mussel servings are raw) and oysters are most likely to be consumed raw (estimated 
50% of servings). Research suggests that Māori consume shellfish more frequently than the 
general population and so may be more at risk. 
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1. INTRODUCTION 

This document updates a Risk Profile completed in 2009 that considered norovirus in mollusca 
(raw) (Greening et al., 2009). The 2009 Risk Profile was itself an update of a Risk Profile 
completed in 2003 (Greening et al., 2003a). 

The risk is assessed for bivalve molluscan shellfish (BMS) harvested from aquaculture or wild 
stocks and sold to New Zealand consumers shucked or whole in the shell, fresh or frozen, and 
consumed raw. The risk is also assessed for BMS collected non-commercially (customary or 
recreational gathering). This Risk Profile includes all species of filter-feeding BMS including 
oysters, clams, mussels and scallops. Molluscs that are not bivalves and do not filter feed 
present a much lower risk from norovirus, and so are excluded. 

This update is not a stand-alone document and refers to information presented in the 2009 
document, which can be accessed from: 

http://www.foodsafety.govt.nz/elibrary/industry/Risk_Profile_Norovirus-
Science_Research.pdf  

The purpose of this update is to critically review new information to answer the following risk 
management question: 

 Has the risk from norovirus in BMS changed since the previous Risk Profile in 2009? 

Risk Profiles provide scientific information relevant to a food/hazard combination for risk 
managers and describe potential risk management options (NZFSA, 2010).2 

 

 

                                                
2 Risk Profiles commissioned by MPI and its predecessors can be viewed at: 
http://www.foodsafety.govt.nz. 

http://www.foodsafety.govt.nz/elibrary/industry/Risk_Profile_Norovirus-Science_Research.pdf
http://www.foodsafety.govt.nz/elibrary/industry/Risk_Profile_Norovirus-Science_Research.pdf
http://www.foodsafety.govt.nz/
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2. HAZARD AND FOOD 

2.1 THE PATHOGEN: NOROVIRUS 

Appendices A.1 - A.3 contain additional information on norovirus. 

Key findings 

Noroviruses belonging to genogroups I, II and IV (GI, GII and GIV) cause gastroenteritis in 
humans of all ages. While the norovirus genotype GII.4 is currently the major cause of 
norovirus gastroenteritis outbreaks worldwide, other genotypes have the potential to 
emerge as the predominant genotype. Compared to person-to-person outbreaks, food and 
waterborne outbreaks are more often associated with GI and non-GII.4 genotypes rather 
than GII.4.  

A unified naming system for norovirus was proposed in 2013 in response to the need for 
nomenclature harmonisation and the increasing recognition of molecular recombination 
within this viral group. The proposed system fits with the nomenclature system used in New 
Zealand since 2007. 

Human susceptibility to norovirus depends on the virus strain and a person’s genetics. No 
specific studies have been carried out to determine norovirus susceptibility within the New 
Zealand population. 

The current evidence does not support zoonotic transmission of norovirus. Norovirus is 
primarily transmitted person-to-person and to a lesser extent via food, water or the 
environment. 

2.1.1 Nomenclature and classification 

Noroviruses in the family Caliciviridae are now classified genetically into at least six 
genogroups (I-VI) (Green, 2013). There is also a proposed tentative seventh genogroup, 
(GVII) associated with infection in dogs (Tse et al., 2012; Vinjé, 2015). Norovirus belonging to 
genogroup I (GI), II (GII) and less commonly IV (GIV) infect humans and are causative agents 
of human gastroenteritis. Certain norovirus genogroups are associated with animal infections 
including in cows, sheep, dogs and cats (Table 1).  

TABLE 1: Norovirus genogroups 

GENOGROUP KNOWN HOST(S) 

I Humans 

II Humans, pigs 

III Cows, sheep 

IV Humans, dogs, cats  

V Mice 

VI Dogs, cats 

VII (tentative) Dogs 

 

Noroviruses are highly diverse and genogroups are further divided into genotypes or genetic 
clusters. To date, there are nine GI and 22 GII capsid genotypes. There are three genotypes 
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in GII (GII.11, GII.18 and GII.19) that are only associated with infection of pigs (Vinjé, 2015). 
Unless otherwise indicated, the term norovirus or noroviruses used in this document refer to 
viruses belonging to GI, GII and GIV that infect humans.  

Noroviruses belonging to genotype 4 in the GII group (i.e. GII.4) have predominated globally 
since the mid-1990s. This genotype is currently the major cause of norovirus gastroenteritis 
outbreaks, particularly in the healthcare sector. GII.4 viruses are further divided into ‘variants’. 
GII.4 variants commonly emerge every 3-4 years and may cause global gastroenteritis 
pandemics (Siebenga et al., 2009). In late 2012, the GII.4 variant Sydney_2012 emerged in 
several countries, including New Zealand, Australia, Europe, the United States (US) and 
Japan. This replaced the previous predominant GII.4 variant, New Orleans_2009, in less than 
a year (Eden et al., 2014; van Beek et al., 2013). It is possible that other norovirus genotypes 
will emerge as the predominant type. GII.17 was reported as the predominant genotype in 
regions of China in the winter of 2014-15 (Gao et al., 2015) and outbreaks from this genotype 
have been reported in New Zealand (de Graaf et al., 2015). 

Due to the increasing recognition of the importance of recombination in the evolution and 
diversity of noroviruses (Eden et al., 2014) and the need for harmonisation in the nomenclature 
used due to naming inconsistences, a unified system was proposed in 2013 (Kroneman et al., 
2013). The proposed system utilises dual genotyping results from both the Open Reading 
Frame (ORF)1 (that encodes for the viral polymerase) and ORF2 (that encodes for the major 
capsid protein VP1). For norovirus GI and GII, at least 47 ORF1 genotypes and 37 ORF2 
genotypes have been described. New norovirus strains that result from the recombination of 
two viral genomes, most frequently around the ORF1/ORF2 junction of the genome, can result 
in a virus for which the ORF1 and ORF2 genotypes are different. For example, norovirus GII.4 
Sydney_2012 is a recombinant with a GII.e ORF-1 and a GII.4 ORF2 (i.e. GII.Pe/GII.4). 

This dual typing approach has been used in New Zealand since 2007 (Greening et al., 2012) 
but most norovirus sequences in the international database GenBank, for example, show that 
this approach has not been used. Typing is further described in Appendix A.2. 

2.1.2 Disease and transmission 

Human norovirus is a leading cause of outbreaks and sporadic cases of gastroenteritis 
worldwide and infect all age groups (Siebenga et al., 2009). In the US, norovirus is now the 
leading cause of medically-attended acute gastroenteritis in young children (Payne et al., 
2013). The common understanding is that immunity to norovirus is short-lived at between six 
months to two years (Parrino et al., 1977). More recent studies have shown that the mean 
duration of immunity may be longer at 4.1 (95% confidence interval (CI) 3.2-5.1) to 8.7 (95% 
CI 6.8-11.3) years (Simmons et al., 2013).  

As infection with one particular norovirus genotype does not confer life-long immunity, and 
new variants and recombinants are always emerging, humans can expect to be infected with 
noroviruses many times throughout their life (Debbink et al., 2012; Simmons et al., 2013). Host 
susceptibility to infection is also affected by genetic makeup (see Section 2.1.3). Frequent 
exposure to noroviruses is supported by seroprevalence studies that show rates reaching 
>90% worldwide in adults (Son et al., 2013). There are currently no approved norovirus anti-
virals, vaccines or small molecule therapeutics available for norovirus prevention, treatment 
or prophylaxis, although there are a number of candidates that have shown promise (Herbst-
Kralovetz et al., 2010). 

The routes of norovirus transmission are multiple and complex. Person-to-person is still 
considered to be the most common transmission route of human norovirus. Studies have 
indicated that children aged <5 years are much more infectious than older children and adults, 
and are thought to have a key role in transmission to other age groups (Simmons et al., 2013). 
This is possibly due to young children having higher rates of physical contact and lower 
standards of hygiene compared to older people. Foodborne, waterborne and environmental 
routes are also important (Mathijs et al., 2012; Verhoef et al., 2015).  
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Foodborne and waterborne outbreaks are more frequently associated with GI and non-GII.4 
types than GII.4, which is more commonly associated with person-to-person outbreaks, 
particularly in healthcare settings. Using data from between 1999 and 2012 from multiple 
surveillance systems including data from New Zealand, 10% (range 9-11%) of all GII.4 
outbreaks were attributed to foodborne transmission compared to 27% (25-30%) of non-GII.4 
outbreaks (Verhoef et al., 2015; Verhoef et al., 2010). Of outbreaks caused by mixtures of 
GII.4 and other noroviruses, an estimated 37% (24-52%) were foodborne (Verhoef et al., 
2015).  

2.1.3 Human susceptibility to norovirus infections 

Human susceptibility to norovirus is linked to the expression of highly polymorphic human 
histo-blood group antigens (HBGAs). Expression of HBGAs on human cells is genetically 
determined. HBGAs contain the ABH (A, B, O groups) and Lewis carbohydrate antigens that 
are thought to be present on human host cells in the gut. The precise role of HBGA is still 
poorly understood but it is thought that these carbohydrates serve as (co-) receptors or ligands 
for norovirus attachment (with the hypervariable P2 domain of the norovirus VP1 capsid 
protein binding to HBGAs). The FUT2 gene (encoding for 1,2-fucosyltransferase) controls the 
expression (secretion) of ABO HBGAs at the gut surface. Individuals that express a functional 
FUT2 gene and so express the ABH antigens in saliva or on epithelial cells are known as 
“secretors”. Individuals that do not express the FUT2 gene as a result of a non-sense mutation 
(‘non-secretors’) show resistance, but not absolute protection (Carlsson et al., 2009), to 
norovirus infection. While persons with a non-secretor gene represent approximately 20% of 
the populations in Europe and the US, the proportion is dependent on ancestry/ethnicity and 
so norovirus susceptibility within populations is variable (Currier et al., 2015; Han et al., 2013; 
Le Pendu et al., 2006). For example, while persons of Meso-American and many of Asian 
descent are rarely non-secretors (Ferrer-Admetlla et al., 2009), up to 50% of persons in the 
Philippines, Tanzania and Saudi Arabia have a non-secretor status (reviewed in Nordgren et 
al. (2016)).  

Noroviruses are highly diverse in the HBGAs that they recognise. To date at least nine different 
HBGA antigens have been shown to bind with noroviruses. The interactions of norovirus with 
HBGA antigens are also strain-dependent (Ruvoen-Clouet et al., 2013; Tan and Jiang, 2010). 
This means that populations with a large HBGA diversity would support the circulation of a 
wide range of norovirus genotypes. Indeed studies have shown the norovirus diversity in 
children in Africa (where there is a high diversity of HBGA) is higher than in other countries 
(reviewed in Nordgren et al. (2016)). 

No specific studies have been carried out to determine the secretor status (i.e. FUT2 status) 
within the whole New Zealand population. This information may aid in the understanding of 
norovirus susceptibility and disease burden at the New Zealand population level. 

As the predominate genotype, the interactions of GII.4 with HBGA is of particular importance. 
Norovirus GII.4 has been shown to interact with a wider range of HBGA types than other 
norovirus genotypes, so can potentially infect people with different (rather than just a specific) 
HBGA statuses (Singh et al., 2015). This partly explains the global predominance of this 
genotype. Norovirus GII.17, predominant in China since 2014, has also been shown to interact 
with numerous HBGA types. As with GII.4, non-secretors and Lewis-negative individuals were 
non-symptomatic following exposure to GII.17, presumably because they were not susceptible 
to infection (Zhang et al., 2015).  

2.1.4 Cross-species or zoonotic transmission  

The 2009 Risk Profile reported that zoonotic transmission of norovirus was not considered a 
significant pathway for human infection. Studies published since continue to support this view. 
Noroviruses are generally considered to be host species specific and although theoretically 
there is potential for zoonotic transmission, there are no confirmed reports of cross-species 
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transmission to humans. To date, no norovirus types that infect animals have been detected 
in humans. Based on this information, an animal reservoir for human norovirus is considered 
unlikely. Noroviruses that infect humans have been detected in animal faecal samples. In 
addition to the studies described in the 2009 Risk Profile, a 2012 paper reported that three of 
the 92 pet dog faecal samples tested positive for human norovirus GII.4 or GII.12 (Summa et 
al., 2012). As virus replication in these animals could not be confirmed, the significance with 
respect to potential zoonotic transfer remains unclear. Studies have shown that bovine 
norovirus (belonging to genogroup III) binds to a carbohydrate motif not present on human 
cells, but canine noroviruses (genogroups IV and VI) interact with HBGA from human cells in 
a similar way to human noroviruses (Caddy et al., 2014). Indeed, Caddy et al. suggested that 
it may be possible for canine norovirus to infect humans. 

2.2 THE FOOD: MOLLUSCA (RAW) 

Key findings 

Landings data indicates that cockles and Foveaux Strait dredge oysters (Bluff oysters) are 
commercially harvested from wild stocks in the largest amounts, by weight. New Zealand 
green-lipped mussels and Pacific oysters are commercially farmed in New Zealand. The 
estimated number of BMS harvested by recreational fishers during 2012 were 1.7 million 
scallops, approximately 1 million mussels, and lesser numbers of tuatua, cockles, pipi and 
oysters. 

The main BMS species imported into New Zealand is Pacific oysters, predominantly (96%) 
imported from the Republic of Korea. A large amount of frozen scallops are also imported, 
mainly from China.  

For the most recent year for which information is available (2011), an estimated 13,000 
tonnes (meat weight) of shucked BMS were available to New Zealand consumers, with 
green-lipped mussels accounting for 96% of this amount. 

 

The molluscs considered in this Risk Profile are the same as those in the 2009 document, i.e. 
BMS: Clams (cockle, pipi, toheroa, tuatua), mussels, oysters and scallops. BMS are filter-
feeders and can readily accumulate norovirus, primarily in the digestive glands. Both 
commercial and non-commercial stocks of BMS are considered. Other non-BMS mollusca 
such as paua, abalone, squid or snails are not included as they are not filter-feeders and 
present lower risk.  

A variety of BMS inhabit New Zealand marine and estuarine environments (wild stocks) or are 
farmed (aquaculture). These include clams (e.g. cockles, pipi, toheroa, tuatua), oysters, 
mussels and scallops. Figure 1 explains the sources of BMS available to New Zealand 
consumers. 
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Figure 1: Sources of BMS available to New Zealand consumers (reproduced from King and Lake 2013) 

 

2.2.1 BMS production and harvesting in New Zealand 

Harvesting of many wild BMS stocks is managed under the Quota Management System 
(QMS) for New Zealand. Table 2 lists the weight of reported commercial shellfish landings for 
the 2014/15 fishing year and the permitted landings (quota) under the QMS.3 The amounts 
listed represent a summation of data for specific areas (Quota Management Areas) around 
New Zealand.4 As well as managing the QMS, the New Zealand Ministry for Primary Industries 
(MPI) sets limits on the number and size of BMS that can be gathered by individuals under 
customary or recreational allocations.5 

The Total Allowable Commercial Catch (TACC) allocations may vary from year to year. Since 
the previous version of this Risk Profile TACCs for dredge oysters and deepwater tuatua have 
increased, while the TACC for scallops has decreased. 

Scallops and cockles have been assigned the largest TACC allocations (by weight), while 
scallops, cockles, pipis, green-lipped mussels, and tuatua are the species with the greatest 
amounts set aside for customary and recreational gathering (Table 2). Landings data indicates 
that cockles and Foveaux Strait dredge oysters (Bluff oysters) are commercially harvested in 
the largest amounts, by weight, followed by scallops, triangle shells, green-lipped mussels and 
deepwater tuatua. 

  

                                                
3 Quota are the same for the 2015/16 fishing year but full data on reported landings are not available 
until October 2016. 
4 Not all quota management areas for a single species are managed under the QMA so additional 
harvesting may have occurred that was not reported. 
5 http://www.mpi.govt.nz/travel-and-recreation/fishing/fishing-rules/ (accessed 6 November 2015). 
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http://www.mpi.govt.nz/travel-and-recreation/fishing/fishing-rules/
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TABLE 2: Reported commercial landings and quota management amounts for BMS managed under the 
QMS (2014/15 fishing year, ending September 2016)A  

NAME SPECIES 

REPORTED 
COMMERCIAL 

LANDINGS 
(TONNES) 

TACCB 

(TONNES) 

CUSTOMARY 

(TONNES) 

RECREATIONAL 

(TONNES) 

Cockle Austrovenus 
stutchburyi 

1078 3214 161 221 

Dredge oyster 
(Foveaux Strait)C 

Ostrea chilensis 1020 1526 0 0 

ScallopC Pecten 
novaezelandiae 

360 4576 652 652 

Triangle shell Spisula aequilatera 307 2437 10 0 

New Zealand 
green-lipped 
mussel 

Perna canaliculus 207 1720 467 310 

Deepwater 
tuatua 

Paphies donacina 131 890 69 68 

Large trough 
shell 

Mactra murchisoni 69 744 10 0 

Ringed dosinia Dosinia anus 8 384 10 0 

Deepwater 
clam/geoduck 

Panopea zelandica 4 32 0 0 

Dredge oyster Ostrea chilensis 3 623 13 13 

Frilled venus 
shell 

Bassinia yatei 2 16 0 0 

Queen scallop Zygochlamys 
delicatula 

2 380 0 0 

Tuatua Paphies 
subtriangulata 

2 43 137 137 

Pipi Paphies australis 0 204 242 242 

Trough shell Mactra discors 0 160 0 0 

Horse mussel Atrina zelandica 0 29 9 9 

Silky dosinia Dosinia lambata 0 8 0 0 

Source: http://fs.fish.govt.nz/Page.aspx?pk=16&tk=114 (accessed 6 November 2015). 

A Data extracted from shellfish catch data provided by MPI and available from 
http://fs.fish.govt.nz/Page.aspx?pk=87&tk=287&ey=2015 (accessed 31 May 2016). 

B Total Allowable Commercial Catch. 
C Under QMA, Foveaux Strait oysters are reported as number of individual shellfish landed, and 

scallops are reported as meatweight (shucked). Conversion factors to standardise values to 
greenweight in tonnes were: 1 dredge oyster = 102 g (MPI, 2016c) and a multiplier of 8.00 for 
scallops (MPI, 2014). 

 

Pacific oysters (Crassostrea gigas) and New Zealand green-lipped (GreenshellTM) mussels 
are farmed commercially as aquaculture in New Zealand. Pacific oysters are grown on racks, 
or in baskets, mesh trays or bags attached to racks in the intertidal zone, or sometimes on 
subtidal long-lines (Castinel et al., 2015). The oysters grown in the subtidal zone are usually 
transferred to the intertidal zone for some time before harvest to harden the shells. Green-

http://fs.fish.govt.nz/Page.aspx?pk=16&tk=114
http://fs.fish.govt.nz/Page.aspx?pk=87&tk=287&ey=2015
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lipped mussels are grown on ropes permanently submerged in subtidal waters. During 2015, 
80,000 tonnes of New Zealand green-lipped mussels and 1,910 tonnes of Pacific oysters were 
harvested (C. Johnston, Aquaculture New Zealand, pers. comm.). A large proportion of this 
amount is exported but there are no robust data on the tonnage available to New Zealand 
consumers (estimates have been calculated, see Section 2.2.4). 

The most recent recreational fisher survey was completed in 2012 and estimates for the 
number of shellfish harvested by recreational gatherers during the 2011/12 year have been 
published (Wynne-Jones et al., 2014). Scallops were harvested in the largest amount (an 
estimated 1.7 million), followed by mussels (approximately 1 million), tuatua (0.9 million), 
cockles (0.7 million), pipi (0.6 million) and oysters (0.3 million). 

Using conversion factors from King and Lake (2013), the weights non-commercially harvested 
BMS can be roughly estimated, although the size and weight of non-commercially harvested 
BMS will vary greatly, and will also differ by species (e.g. green-lipped mussels vs. blue 
mussels). Estimates are 174 tonnes of scallops, 23 tonnes of tuatua, 17 tonnes of mussels, 7 
tonnes of pipi and 6 tonnes of cockles. 

2.2.2 Imported shellfish  

New Zealand imports some BMS and BMS meat.6 In the year ending December 2015, 2.4 
million Pacific oysters were imported and all were shucked and frozen. This is approximately 
22 tonnes meatweight and 160 tonnes greenweight.7 Most (73%) of these imported oysters 
were from the Republic of Korea and the remainder were from China. In 2009, the Republic 
of Korea was also the source of most (83%) imported oysters but the overall quantity imported 
appeared to be much less (0.6 million oysters, 7% of which were whole and half-shell).8 

There were 465 tonnes of scallops, mussels, cockles and other clams imported as meat, half-
shell or whole shell during the year ending December 2015. This is more than the 299 tonnes 
imported in 2009. The majority by weight was frozen scallops, both in 2009 (99.99%) and 2015 
(97%), thus importation of other BMS species is very small in comparison. In 2015 most (86%) 
of these frozen scallops came from China compared with 2009 when the weight imported from 
China was fairly similar to that from Japan and Peru. Frozen scallops traded as adductor 
muscle only, i.e. eviscerated with the guts and roe (gonads) removed are not subject to border 
testing.9 Norovirus is mainly localised in the guts of BMS (Le Guyader et al., 2006; McLeod et 
al., 2009) so adductor muscle scallops present a lower risk to humans from norovirus 
compared with whole or roe-on scallops. 

2.2.3 Exported shellfish  

Export data for the year ending December 2015 shows exports of approximately 28,000 
tonnes of tonnes of mussel products, which made up 92% of BMS exports by weight.10 Smaller 
weights of product from oysters (1,900 tonnes), cockles (192 tonnes), tuatua (93 tonnes), 
scallops (39 tonnes) and other clams (318 tonnes) were also exported. Together, these 

                                                
6 Import data obtained from Statistics New Zealand Infoshare, http://www.stats.govt.nz/infoshare/ 
(accessed 13 April 2016 and 1 June 2016). Updated data for Pacific oysters, for 2012-2015 directly 
provided by Statistics New Zealand (September 2016). Updated data differs from published official 
statistics. 
7 Greenweight is the weight of the whole, unshucked shellfish. Meatweight is the weight of the 
shucked shellfish (minus the shell and any liquid in the shell). Conversion factors applied were those 
reported in King and Lake (2013) and are for New Zealand, so may not be suitable for Pacific oysters 
produced in other countries. 
8 This may be an artefact of reporting as classification codes have changed since 2009. 
9 Imported Food Requirements: Bivalve Molluscan Shellfish (March 2015). Kindly provided by the 
New Zealand Ministry for Primary Industries. 
10 http://www.seafoodnewzealand.org.nz/publications/export-information/export-statistics/item/january-
december-2015/ (accessed 1 June 2016). Data are for exports in all forms – fresh, frozen, processed. 

http://www.stats.govt.nz/infoshare/
http://www.seafoodnewzealand.org.nz/publications/export-information/export-statistics/item/january-december-2015/
http://www.seafoodnewzealand.org.nz/publications/export-information/export-statistics/item/january-december-2015/
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shellfish products represent approximately 10% of the total 290,000 tonnes of seafood product 
exported from New Zealand in the year ending December 2015. 

2.2.4 Amount available to the New Zealand consumer 

An estimated 68,000 tonnes greenweight (13,000 tonnes meatweight) of BMS were estimated 
as being available to New Zealand consumers for the year 2011 (King and Lake, 2013). This 
analysis took into account commercial production and harvesting, non-commercial harvesting 
and international trade. Most (99%, by weight) of the available BMS were commercially 
harvested. Mussels, mostly New Zealand green-lipped mussels, accounted for 96% of the 
total available BMS by meatweight. 

2.3 CONTAMINATION OF BMS WITH NOROVIRUS 

Key findings 

There is no change to the information on sources of norovirus contamination in BMS. 
Humans are the only known reservoir of the noroviruses that infect humans. BMS are 
exposed to noroviruses when their growing waters are contaminated with human faeces, 
primarily from wastewater effluent.  

There is new information on the presence and quantitation of norovirus in the New Zealand 
aquatic environment. Norovirus GI and GII have been detected in wastewater treatment 
plant effluents, estuaries and rivers in New Zealand. 

Both specific (via HBGA-like receptors) and non-specific binding of norovirus to BMS 
explain its prolonged persistence in this food. There are limited data on norovirus 
persistence and depuration rates for BMS but recent data has shown that human 
noroviruses persist longer (6 weeks) in cooler (15°C) water temperatures than in warmer 
ones (25°C, 2-4 weeks).  

2.3.1 Sources  

Humans are the only known reservoir for noroviruses that infect humans. Faecal pollution from 
inadequately treated wastewater discharges, septic tank leachates and boat discharges can 
cause norovirus contamination of shellfish growing water. Since 2009 Risk Profile, there is no 
change to the information on sources of norovirus contamination in BMS.  

Additional information on the prevalence and quantitation of norovirus in wastewater and 
receiving waters in New Zealand is now available. The presence of norovirus was found to be 
sporadic in influent and effluent wastewater in a study of ten treatment plants. Concentrations 
of norovirus GI and GII ranged from 2.1 to 5.5 log10 genome copies/L in influent to 2.2 to 5.5 
log10 genome copies/L in effluent. Irrespective of wastewater treatment, human enteric 
viruses, including presumably noroviruses, are likely to be present in non-disinfected effluent 
(Hewitt et al., 2011). In another New Zealand study, of estuarine waters, noroviruses were 
detected at a higher frequency (all 15 samples positive) than other enteric viruses. Although 
the reasons for this was not known, their persistence in these waters presents a potential food 
safety risk if shellfish growing nearby are eaten by people (Hewitt et al., 2013). Noroviruses 
are also frequently present in other New Zealand environmental waters including rivers 
receiving wastewater effluent (Hewitt et al., 2013; Williamson et al., 2011). 

BMS could also become contaminated via infected food handlers, which is a common cause 
of foodborne norovirus transmission (Mathijs et al., 2012), and potentially water used for 
depuration or cleaning shellfish harvested from growing areas. 
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2.3.2 Survival and persistence  

Noroviruses can resist depuration processes in BMS and so depuration is not a permitted 
post-harvest treatment for potentially contaminated shellfish in New Zealand. Relaying is 
permitted.11 However, as described in the 2009 Risk Profile, norovirus RNA can be detected 
up to 8-10 weeks post-bioaccumulation using molecular methods (i.e. reverse transcription 
(RT)-polymerase chain reaction PCR, RT-PCR) for detection (Greening et al., 2003b; Ueki et 
al., 2007). While the presence of norovirus RNA indicates a potential risk, it does not confirm 
presence of infectious viruses. 

A mathematical model, based on experimental data with hepatitis A virus and a norovirus 
surrogate (murine norovirus) with clams and mussels (Polo et al., 2014), has been developed 
to characterise the kinetics of enteric virus removal during depuration (Polo et al., 2015a). The 
model predicts that following a two phase kinetic decay in the number of viruses, a residual 
viral load (those viruses unable to depurate) remains in BMS, but further work is required to 
enumerate this residual load for noroviruses. This partly explains the prolonged periods of 
virus retention with BMS. These data may need consideration by regulatory authorities in 
terms of the time required to remove noroviruses following a contamination event and/or for 
relaying purposes. 

Norovirus persistence is dependent on many factors including BMS species, virus 
genogroups/genotypes, initial virus concentration and seawater temperatures. 

Lower temperatures favour persistence, most likely because the pumping rate of BMS slows 
with reducing temperature (Choi and Kingsley, 2016). For example, norovirus GI.1 was shown 
to persist for at least six weeks in oysters held at 7 and 15ºC in seawater, compared to 2-4 
weeks at 25ºC, with a predicted reduction in norovirus concentration of 1 log10 in a period of 
2.3 weeks at 15ºC (Choi and Kingsley, 2016). Depuration of a GII norovirus strain from oysters 
was observed at 16ºC but not at 8ºC when monitored for 14 days (Neish, 2013). 

The ability of noroviruses to bioaccumulate and persist in BMS can be explained through both 
non-specific norovirus binding, and by specific binding between noroviruses and structures 
similar to the HBGA in BMS (Le Guyader et al., 2006; Maalouf et al., 2010). The degree of 
specific binding helps to explain why noroviruses, unlike bacteria, persist well after the 
commercial post-harvest depuration process. Different binding patterns can be observed 
between norovirus genotypes and different shellfish species which may have different HBGA 
ligands, as discussed in the 2009 Risk Profile. In one study, the bioaccumulation efficiency of 
three genotypes in oysters were compared. Norovirus GI.1 was more efficiently concentrated 
in oysters than both the GII.3 and GII.4 strain used, with GII.4 being poorly bioaccumulated 
compared to the others (Maalouf et al., 2011). A New Zealand study described that binding of 
norovirus was stronger with oysters than mussels, and for those genotypes tested, the 
combination of GI.3 and oysters showed the highest binding affinity (Langlet et al., 2015). 

2.3.3 Potential for growth of noroviruses 

As a human host is required for its replication, human noroviruses cannot replicate in shellfish 
during production or storage. However, norovirus readily survive under a variety of conditions 
including refrigeration and freezing, as demonstrated by outbreaks associated with frozen 
products (Simmons et al., 2007). Although this Risk profile concerns BMS consumed raw, it 
was noted in the 2009 Risk Profile that norovirus can survive and retain infectivity after light 
cooking (e.g. at 60°C for 30 min). 

                                                
11 Relaying is the transfer of shellfish from one growing area to another and can be used to relocate 
shellfish away from a contaminated growing area. 
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2.4 EXPOSURE ASSESSMENT 

Key findings 

There has been no comprehensive monitoring programme in New Zealand to investigate 
the presence of norovirus in commercially harvested BMS from New Zealand waters, or in 
BMS at retail. Analysis of commercially harvested BMS for norovirus is only generally 
performed as a part of a norovirus outbreak investigation or foodborne illness case. 

Data from BMS collected from non-commercial sites in New Zealand show a norovirus 
prevalence of approximately 50%. However this may not necessarily be representative of 
non-commercial sites within New Zealand, as sampling was based on risk rather than 
through a comprehensive monitoring programme of representative New Zealand sites. 
Concentrations of >1,000 genome copies per gram of guts were detected in approx. 25% 
of positive samples. 

There were two recalls of oysters due to presence or potential presence of norovirus during 
the period 2008 to 2015. From October 2012, norovirus testing of raw, cooked, dried and 
ready-to-eat (RTE) oysters was added to the Imported Food Requirements (IFR). There 
have been no New Zealand recalls for imported oysters contaminated with norovirus since 
the change to the IFR. 

There is evidence to suggest that the frequency of shellfish consumption by the New 
Zealand population decreased during the period 1997-2009. Mussels account for the 
majority of shellfish consumption, while oysters are the shellfish most likely to be consumed 
raw. A recent study suggests that shellfish are more frequently consumed by Māori than by 
the general population. 

 

Noroviruses cannot be cultured in the laboratory so virus quantitation is based on molecular 
techniques that measure the number of genome copies (using RT real-time quantitative PCR, 
RT-qPCR for example). RT-qPCR does not necessarily indicate whether the noroviruses are 
infectious or not, but instead indicates potential risk. The use of molecular methods that 
provide information on nucleic acid and capsid integrity, with digital PCR for absolute 
quantitation for example, may aid in providing more accurate data in the future. 

There are limited data on the quantity of norovirus in shellfish, both for commercially or 
recreationally harvested samples, or BMS associated with gastroenteritis outbreaks. Until 
recently, a reliable standard detection method was not available. A method standardised by 
the International Organization for Standardization (ISO) is nearly complete (refer to Appendix 
A.1). 

2.4.1 Presence and quantitation of norovirus in BMS available in New Zealand 

Norovirus presence and quantitation in New Zealand shellfish samples (pre-2009, n = 257) 
from commercial and non-commercial sites were summarised in the 2009 Risk Profile. 
Norovirus levels of norovirus GI and GII varied from low (< 80 genome copies per gram guts 
in most of the samples that tested positive) to extremely high (> 10,000 genome copies per 
gram guts). It was noted that shellfish from a few recreational gathering areas contained 
extremely high levels. 

Data on norovirus presence and quantitation in BMS submitted to the Institute of 
Environmental Science and Research (ESR) and collected between 2006 and 2011 (n = 639) 
was reanalysed specifically for this Risk Profile. Approximately 90% (n = 566) of samples 
originated from New Zealand (J. Hewitt, pers. comm.), with other samples originating from 
China and South Korea (most associated with norovirus outbreaks), and from Australia. Of 
the 566 New Zealand BMS samples, most (n = 485) were from non-commercial sources of 
which 52.4% (n = 254) tested positive for norovirus GI and/or GII. This prevalence may not 
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represent non-commercially harvested BMS in New Zealand since samples were often 
selected from sites where water quality or BMS contamination was of concern.  

Norovirus GI and GII were detected at concentrations of >1,000 genome copies per gram of 
guts (classed as very high or extremely high levels) in 34/151 (22.5%) and in 81/306 (26.5%) 
norovirus positive samples respectively. Most of these (33/34, 97.1% GI and 75/81, 92.6% 
GII) positive samples were from non-commercially harvested BMS from New Zealand. The 
remaining samples were from overseas shellfish associated with outbreaks. 

Of the BMS samples (n = 72) associated with notified New Zealand outbreaks between 2006 
and 2011, norovirus was detected in 66.7% (48/72). Norovirus GI and GII concentrations in 
these samples ranged from very low (<80 genome copies/gram guts) to extremely high 
(>10,000 genome copies/gram guts), with most results below 80 genome copies/gram.12 No 
New Zealand commercially harvested BMS samples associated with a notified norovirus 
outbreak contained levels of norovirus >1000 genome copies/gram guts (J Hewitt, pers. 
comm.). 

Non-commercially harvested BMS 

Since the 2009 Risk Profile, there have been few studies on the presence of norovirus in wild 
shellfish in New Zealand. 

The Northland Regional Council monitored viruses in BMS (oysters, pipis and cockles) from 
four sites in the Bay of Islands area until 2012. These results are not publically available.  

As part of monitoring the effect of diverting treated sewage away from the Avon-Heathcote 
estuary, Christchurch City Council commenced a shellfish sampling plan for the estuary in 
March 2008, with samples collected quarterly (Mar-Jun-Sep-Dec) for monitoring of 
Escherichia coli (E. coli) from eight sites and five sites for norovirus analysis (Greening et al., 
2009). The concentrations of norovirus and E. coli decreased following the commissioning of 
an ocean outfall, thus confirming sewage as a major source of contamination in the area. 
However, earthquakes in February and June 2011 caused substantial damage to the city’s 
sewerage infrastructure. Following the February earthquake, norovirus was detected at 
extremely high concentrations (>10,000 genome copies/g shellfish guts) with E. coli 
concentrations in the BMS flesh increasing to 16,000 most probable number (MPN)/100 
grams. This clearly compromised the safety of shellfish in the estuary for recreational 
gatherers (Hewitt and McMurtrie, 2013) and resulted in the local Medical Officer of Health 
issuing health warnings including signage and publicity.13 

New Zealand commercially harvested BMS  

There has been no comprehensive monitoring programme to evaluate the presence of 
norovirus in commercially harvested shellfish from New Zealand waters. Analysis of BMS for 
norovirus is only generally performed as a part of a norovirus outbreak investigation or 
foodborne illness case. 

Overseas-sourced BMS for the New Zealand market 

There has been no comprehensive monitoring programme to evaluate the presence of 
norovirus in shellfish imported from overseas into New Zealand. The testing of oysters under 
the IFR is discussed in Section 2.4.3. 

                                                
12 Levels were reported as low (<80), moderate (<320), high (<1,000), very high (<10,000) and 
extremely high (>10,000) genome copies/gram guts. 
13 http://www.stuff.co.nz/the-press/news/5567490/Extreme-norovirus-risk-from-Estuary-shellfish 
(accessed 11 April 2016). 

http://www.stuff.co.nz/the-press/news/5567490/Extreme-norovirus-risk-from-Estuary-shellfish
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2.4.2 Product recalls 

There were two mandatory product recalls of BMS in New Zealand due to the presence or 
potential presence of norovirus during the period 2008 to 2015. Both were related to reported 
cases of norovirus illness:  

 Frozen oysters imported from China (2012): Associated with an outbreak (see Section 
3.3.1); and 

 Half-shell and pottled oysters sourced from New Zealand (2008): Associated outbreaks 
discussed in 2009 Risk Profile. 

2.4.3 Imported food testing for norovirus 

The IFR that was amended on 1 October 201214 included an additional requirement for 
norovirus testing for oysters under certain circumstances (MPI, 2016a, 2016d). Between 
October 2012 and March 2016, 16 oyster samples destined for importation to New Zealand 
were tested for norovirus GI and GII by RT-qPCR. Five samples (31.5%) tested were norovirus 
positive, either for GI and/or GII.15 

Details of the requirements for norovirus testing under the revised IFR are described in Section 
5.1.3. 

2.4.4 Food consumption: Mollusca (raw) 

The following information is taken from analyses (Cressey, 2013; Cressey et al., 2006) of data 
from the 24-hour dietary recall components of the New Zealand Adult Nutrition Survey 
conducted in 2008-2009 (2009ANS) (University of Otago and Ministry of Health, 2011) and 
the 2002 Children’s National Nutrition Survey (2002CNS) (Ministry of Health, 2003). For the 
adult population some general comments about trends in shellfish consumption can be made 
by comparison with data from the National Nutrition Survey conducted in 1997 (1997NNS) 
(Russell et al., 1999). It should be noted that these data do not distinguish between 
commercial or non-commercial sources of shellfish, and that ‘paua’ and ‘paua fritters’ were 
included in these analyses. Prawns and lobsters were excluded. 

Proportion of population consuming shellfish 

For the adult New Zealand population, 1.5% of survey respondents reported consuming 
shellfish in the previous 24-hour period, compared to 2.4% in 1997. Those aged over 65 years 
of age are approximately as likely (1.3%) to consume shellfish than those aged under 65 years 
of age (1.5%). This is a change from the 1997NNS, which found that those aged over 65 years 
of age were less likely (1.7%) to consume shellfish than those aged under 65 years of age 
(2.6%). None of the pregnant participants in the 2009ANS (n = 64) reported consuming 
shellfish. Children aged 5-15 years are infrequent consumers of shellfish, with only 0.5% of 
respondents in the 2002CNS reporting consumption of shellfish in the previous 24-hour period.  

A study lead by the National Institute of Water and Atmospheric Research (NIWA) investigated 
the kai moana consumption patterns in two Māori populations; Te Arawa, living around Lake 
Rotorua in the North Island, and Arowhenua, living in the South Canterbury region of the South 
Island (NIWA, 2014). In the Te Arawa cohort, 21% of respondents reported eating mussels at 
least weekly, with half of those respondents eating mussels 3-4 times each week. In the 
Arowhenua cohort, a similar proportion of respondents (20%) reported consuming mussels at 
least weekly, but none reported mussels more frequently than twice per week. 

                                                
14 Imported Food Requirements: Bivalve Molluscan Shellfish (March 2015). Kindly provided by the 
Ministry for Primary Industries. 
15 The protocol specifies that five 300 gram samples of flesh per lot are submitted and that the 
samples may be composited by the laboratory. Product is rejected if either norovirus GI and/or GII is 
detected. There is no threshold limit. 
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Mean daily consumption of shellfish 

Analysis of all (raw and cooked) shellfish serving data from the 2009ANS gave a mean daily 
intake for consumers of shellfish of 85.1 g/person/day (1997NNS 105.5 g/person/day) and a 
mean across the whole study population (consumers and non-consumers) of 1.2 g/person/day 
(1997NNS 2.5 g/person/day). Daily consumption by consumers less than 65 years (91 
g/person/day) is markedly higher than consumers 65 years and older (66 g/person/day). The 
corresponding data for the child population (5-15 years) gave a mean daily consumption for 
consumers of 49 g/person/day and for all respondents of 0.2 g/person/day. 

A 2011 analysis of the amount of raw, shucked shellfish available to New Zealanders 
estimated 8 g/person/day for the total New Zealand population, and 407 g/person/day for 
shellfish consumers (King and Lake, 2013). These values were compared with data from the 
1997NNS and 2002CNS because results from the 2009ANS were unavailable at the time. 
While these values are around three times that reported in the nutrition surveys for adults and 
children combined, they are for raw shucked shellfish available for consumption’, while the 
nutrition survey figures represent shellfish reported to have been consumed. The differences 
between these two figures are not unusual, particularly considering the weight lost with 
cooking prior to consumption. 

Analyses of data from the adult nutrition surveys suggest Māori consumers, on average, 
consume larger amounts of shellfish. From the 1997NNS, the average daily consumption of 
shellfish by Māori was 139 g as compared to 99 g for non-Māori. These figures from the 
2009ANS were 135 g and 69 g, respectively, suggesting decreased daily consumption by non-
Māori. These data represent a national average; consumption is likely to vary between regions 
and be influenced by access to kai moana harvesting areas (rohe moana). The NIWA study 
derived estimates for mussel consumption of 16.9 g/person/day for the Te Arawa cohort and 
11.1 g/person/day for the Arowhenua cohort. 

While comparisons in shellfish consumption between difference countries should be 
conducted with caution, some general observations can be drawn from examination of the 
GEMS/Food cluster diets, derived by the World Health Organization, from a synthesis of 
country food balance sheets.16 New Zealand is grouped with mainly European and North 
American countries and developed Asian countries (Japan and the Republic of Korea). Of the 
17 GEMS/Food cluster diets, only three report higher consumption of molluscan shellfish than 
the cluster containing New Zealand: cluster G09, including mainly South-East Asian countries, 
cluster G07, including mainly developed countries such as Australia, the United Kingdom and 
France, and cluster G17, including Pacific and Caribbean island nations. 

Serving sizes of shellfish 

Analysis of data from the 2009ANS gave mean, median and 95th percentile serving sizes for 
shellfish of 79.3, 65.5 and 164.4 g. Child servings, as reported in the 2002CNS are smaller, 
with corresponding values of 49.4, 43.5 and 108.0 g. These values are derived from all 
shellfish servings, whether raw or cooked. There are insufficient data to differentiate raw 
versus cooked servings, and serving size is probably independent of cooking status. 

A comparison of serving sizes between the 1997NNS and 2009ANS shows that mean and 
95th percentile serving sizes have decreased, but the median serving sizes are similar. The 
difference in mean serving sizes between 1997 and 2009 is not statistically significant 
(Cressey, 2013). 

In deriving daily consumption estimates for kai moana mussels in the Te Arawa cohort, NIWA 
used a ‘meal size’ of 144 g for kākahi (freshwater mussels), mussels and pipi. 

In an assessment of heavy metal contaminant exposure from consumption of Green-lipped 
mussels in the Bay of Islands, a mean serving size of 78 g was used (Whyte et al., 2009). 

                                                
16 http://www.who.int/nutrition/landscape_analysis/nlis_gem_food/en/ (accessed 30 November 2016). 

http://www.who.int/nutrition/landscape_analysis/nlis_gem_food/en/
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While the source for this figure was not identified, it is very close to the mean adult serving 
size derived from the 2009ANS. 

Types of shellfish consumed and cooking method used 

Of 74 servings of shellfish identified in the 2009ANS 24-hour dietary recall records, 45 (61%) 
were mussels, 12 (16%) were oysters and 5 (7%) were scallops. The balance was paua, pipis, 
tuatua or recipes in which the shellfish was not specifically identified. 

Compared to the 1997NNS, a greater proportion of shellfish servings were mussels (61% 
compared to 46%), about the same proportion were oysters (16% compared to 17%) and 
fewer servings were scallops (7% compared to 12%). 

Oysters were the shellfish most commonly consumed raw (6/12 – 50% of servings). Mussels 
were consumed raw (7/45) or marinated (11/45) for 40% of servings. These results are 
proportionally similar to those from 1997NNS (59% of oyster servings and 47% of mussel 
servings eaten raw or marinated). 

There is a data gap concerning exposure assessment from shellfish, in that while recreational 
gathering of wild shellfish is acknowledged to be widespread, there are few quantitative 
consumption data. The NIWA study has provided some information. An analysis of data from 
the 2012 recreational fisher survey (Wynne-Jones et al., 2014) using the weight conversion 
methods of King and Lake (2013) would provide additional information. 

2.5 PREVALENCE OF NOROVIRUS IN BMS IN OVERSEAS STUDIES 

Overseas data on the prevalence on norovirus in BMS between 2009 and 2015 are 
summarised in Appendix A.4.  

Key findings 

As would be expected from geographically diverse studies (and as found in the 2009 Risk 
Profile), the prevalence of norovirus in BMS in overseas studies is highly variable ranging 
from 1.7-76.2% for commercial BMS and 0-96% for non-commercial BMS. 

For example, reported norovirus-positive rates for commercially harvested oysters were 
1.7% in Australia, 4% in the US, 9% in South West France, and 76% in the United Kingdom 
(UK). The prevalence of noroviruses in commercial BMS from China and South Korea were 
12-13% and 14-22% respectively. This is of relevance as BMS are imported into New 
Zealand from these countries, although not necessarily from the same growing areas 
surveyed.  

Viral contamination is strongly dependent on factors such the proximity of growing areas to 
the plume from wastewater treatment effluents, effectiveness of virus removal during 
wastewater treatment processes, environmental factors and on the laboratory methods 
used for recovery and detection. Consequently, overseas data cannot be used as an 
indicator for the virus prevalence expected in domestically produced New Zealand shellfish.  
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3. EVALUATION OF ADVERSE HEALTH 
EFFECTS 

3.1 DISEASE CHARACTERISTICS 

Key findings 

There has been no change in the norovirus disease characteristics since the 2009 Risk 
Profile. Outbreaks and sporadic cases of norovirus gastroenteritis continue to occur 
globally, including in New Zealand. All age groups are affected. 

 

3.2 DOSE RESPONSE 

Key findings 

Since the 2009 Risk Profile, additional dose-response models using results from human 
challenge trials or outbreak data have been published. The 50% infectious dose is 
dependent on the matrix, virus genotype and host factors – including their HBGA secretor 
(FUT2) status. The studies support the notion that noroviruses have a low infectious dose, 
are highly infectious to those that are secretor positive and that there is no known safe level 
of exposure.  

  

Studies from New Zealand and overseas show that concentrations detected in BMS linked to 
norovirus illness vary from less than 100 to more than 10,000 copies per gram of guts (EFSA, 
2012; Greening et al., 2009). However, there is no threshold infectivity limit established for 
noroviruses as determined by PCR and the relationship between the genome copies as 
detected by PCR and the number of infectious viruses is not constant. The ratio will vary 
depending on environmental conditions that the virus has been exposed to such as 
temperature, salinity, ultraviolet light, presence of bacteria and source (for instance the 
wastewater treatment type the virus has been exposed to). Hence, PCR can only provide an 
indirect measure of risk, and may overestimate risk. 

Dose-response models may assist in predicting likely outcomes of illness when consuming 
norovirus contaminated shellfish (Campos and Lees, 2014). Several human volunteer 
challenge trials with noroviruses have been conducted to assess the dose response and 
likelihood of becoming infected when exposed to a certain dose as determined by PCR (Atmar 
et al., 2014; Frenck et al., 2012; Teunis et al., 2008). Dose-response models based on these 
trials have been published (Atmar et al., 2014; Messner et al., 2014; Teunis et al., 2008). 
However, assumptions made on virus aggregation (i.e. assuming either a disaggregation or 
aggregated dose) and host status in these models differed (Schmidt, 2015). For example, 
Teunis et al. (2008) assumed subjects who were ‘secretors’ had no immunity to norovirus (i.e. 
GI.1 Norwalk virus).  

The dose-response model published in 2008, and discussed in the 2009 Risk Profile (Teunis 
et al., 2008), estimated that the 50% infectious dose (ID50) ranged from 18 (95% CI 1.03-4350) 
for disaggregated viruses, to approximately 1000 genome equivalents. The study showed that 
the likelihood of becoming infected was partly dependent on the norovirus dose i.e. there was 
an increasing probability of infection with increased dose. A dose-dependent probability of 
becoming ill was 0.1 at a dose of 103 norovirus genome copies, increasing to 0.7 at a dose of 
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108 virus genome copies (Teunis et al., 2008). This model made adjustments for virus 
aggregation and assumed that the study population would have no immunity.  

A dose-response model published in 2014 (Atmar et al., 2014) estimated a similar ID50 of 
approximately 1320 genome equivalents, but this was just for susceptible populations (based 
on host HBGA ‘secretor’ status’). The norovirus ID50 increased to 2800 genome equivalents 
when non-susceptible populations were included. As the Atmar model did not address the 
issue of aggregation, this may partly explain differences with the earlier model. The importance 
of allowing for virus aggregation for the dose-response models was discussed in 2014 
(McBride, 2014). 

An infection dose-response model was also generated using data from norovirus (GI.1, G1.4, 
GII.4, GII.8 and GII.9) outbreaks associated with consumption of raw oysters (Thebault et al., 
2013). Information on the host HBGA status and genotype was used to determine norovirus 
infectivity based on genome copies determined by PCR. For secretor positives (i.e. 
susceptible persons) the estimated median ID50 ranged from between 1.6 and 7.5 genome 
copies per oyster consumed. The probability of infection at a mean dose of one genome copy 
was estimated at 0.29 (95% CI 0.015-0.61) for norovirus GI and 0.4 (95% CI 0.04-0.61) for GII 
(Thebault et al., 2013). The probability of infection was much lower for secretor negative 
populations (non-susceptible). 

Despite the varying assumptions made in the dose response models, target populations and 
the wide variances determined (as shown by the 95% CI), all the models support the notion 
that noroviruses have a low infectious dose and are highly infectious to those that are secretor 
positive (Atmar et al., 2015; Kirby et al., 2015; McBride, 2014).  

3.3 NEW ZEALAND HUMAN HEALTH SURVEILLANCE 

Key findings 

For the period 2009-2015 there were 13 reported outbreaks of norovirus infection, involving 
104 cases, where the vehicle of infection was likely to be shellfish. This represents 9% of 
foodborne outbreaks caused by norovirus during this period, and 5% of cases. Various 
genotypes of both norovirus GI and GII were identified in these outbreaks. Commercially 
harvested oysters were implicated in 85% (11/13) of these outbreaks (imported oysters 
were the vehicle of infection four of these outbreaks). The other two outbreaks were the 
only outbreaks reported since 2012, and non-commercially harvested shellfish were 
implicated in both. 

Norovirus infection is underreported in New Zealand; sporadic cases are not necessarily 
notifiable and the symptoms of the disease do not usually require an infected person to seek 
medical attention. Despite this, norovirus is the most frequently reported agent for outbreaks 
in New Zealand, in terms of both numbers of outbreaks and numbers of associated cases. 
During the period 2009-2015, there were 1,539 reported outbreaks of norovirus infection 
involving a total of 38,391 cases. Of the 1,539 outbreaks reported during the period 2009-
2015, 146 were foodborne outbreaks involving 2,076 cases. The genotype most commonly 
identified between 2009 and 2015 was GII.4. 

 

Norovirus infection is not a notifiable disease in New Zealand. However a suspected common 
source (i.e. an outbreak) or a ‘high risk’ person identified as being ill, e.g. a food handler or an 
early childhood service worker (signalling potential for an outbreak) is notifiable and reported 
in New Zealand’s communicable disease database EpiSurv (Ministry of Health, 2013). Cases 
of norovirus infection in New Zealand are underreported as illness is usually of short duration, 
usually without complications requiring medical attention, and testing of norovirus is usually 
only performed in those cases associated with reported outbreaks, or food/waterborne illness. 
Samples referred to the ESR norovirus reference laboratory from reported outbreaks are typed 
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for norovirus. ESR is the only laboratory in New Zealand that analyses shellfish associated 
with sporadic cases or outbreaks of norovirus infection. 

3.3.1 BMS consumption as a risk factor for norovirus infection in New Zealand 

The 2009 Risk Profile reported on the norovirus outbreaks linked to BMS consumption from 
the early 1990s to 2008. A more recent publication summarises ESR laboratory outbreak data 
reported from 2002 to 2009 (Greening et al., 2012). During this period there were 34 
laboratory-confirmed norovirus outbreaks in New Zealand that were attributed to the 
consumption of imported or domestically harvested shellfish. Norovirus was identified in both 
human faecal samples and the implicated shellfish in 13 of these 34 outbreaks. In 2008, eight 
of nine outbreaks were linked to the same oyster growing area (and are discussed in the 2009 
Risk Profile). 

EpiSurv outbreak data, ESR Laboratory data and annual surveillance reports for the period 
2009-2015 have been analysed for reporting in this Risk Profile. There were 146 outbreaks 
classified as foodborne during the period 2009-2015. Using epidemiological and 
microbiological evidence, shellfish were identified as the likely vehicle of norovirus infection in 
13 of these outbreaks, with 104 associated cases (Table 3).  

TABLE 3: Norovirus outbreaks and related cases in New Zealand where epidemiological or 
microbiological evidence implicated BMS as the vehicle of infection (2009-2015) 

YEAR 

NUMBER OF OUTBREAKS NUMBER OF CASES (FROM OUTBREAKS) 

IMPORTED 
SHELLFISH 

DOMESTICALLY 
HARVESTED 
SHELLFISH 

IMPORTED 
SHELLFISH 

DOMESTICALLY 
HARVESTED 
SHELLFISH 

2009 0 7 0 41 

2010 1 0 15 0 

2011 0 0 0 0 

2012 3 0 41 0 

2013 0 1 0 5 

2014 0 0 0 0 

2015 0 1 0 2 

Subtotals 4 9 56 48 

TOTAL 13 104 

 
Details of these outbreaks have been included in Table 4. Where available, norovirus typing 
information is included in the table. 

The outbreaks associated with imported BMS were associated with BMS from South Korea, 
China and another country that was not reported.  

No norovirus outbreaks associated with imported BMS have been reported since MPI added 
norovirus testing to the IFR for oysters. 

Domestically-harvested BMS were implicated in nine outbreaks (2009, 2013 and 2015).  

 Commercially harvested shellfish from New Zealand growing areas have only been 
implicated in outbreaks during 2009. Two of these 2009 outbreaks were associated with 
the same New Zealand growing area and wastewater was the probable source of 
contamination. The E. coli levels in the shellfish were below 230 MPN/100 grams. The 
BMS Regulated Control Scheme (BMSRCS) measures lead to the closure of the growing 
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area, recall and remediation of the contamination source (Wall et al., 2011). There were 
two other linked outbreaks (outbreak numbers 2009-6 and 2009-7, Table 4). 

 Two outbreaks were associated with the consumption of non-commercially harvested 
BMS (2013 and 2015). 
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TABLE 4: Details of BMS-associated norovirus outbreaks in New Zealand (2009-2015) 

YEAR 
OUT-
BREAK 
NUMBER 

REPORT 
DATE 
(d/m/y) 

FOOD  CASES 
LAB CON-
FIRMED 
CASES 

SOURCE EVIDENCE 
POSSIBLE FAILURE(S)/  
NOTES 

2009 2009-1 22/07/09 Oysters 17 5 NZ, 
commercial  

Epidemiological. 
Faecal samples positive for GI (GI.4). 
Oysters consumed positive for GI. 
Same source as outbreak 2009-3. 

Leakage of wastewater discharged 
into stream adjacent to growing area.  
Product recall. Raw oysters 
consumed (Wall et al., 2011). 

2009 2009-2 29/07/09 Oysters 2 1 NZ, 
commercial 

Epidemiological. 
Faecal sample positive for GII (GII.4). 
No other illnesses reported from premises. 

Consumed raw oysters. 

2009 2009-3 07/08/09 Oysters 3 3 NZ, 
commercial 

Epidemiological. 
Faecal samples positive for GI (GI.4). 
Oysters consumed positive for GI. 
Same source as outbreak 2009-1. 

Leakage of wastewater into stream 
adjacent to growing area. Raw 
oysters consumed. 
Product recall (Wall et al., 2011). 

2009 2009-4 17/9/09 Oysters 12 7 NZ, 
commercial 

Epidemiological.  
Faecal samples positive for GI (GI.4). 

Consumed raw oysters. 

2009 2009-5 05/11/09 Oysters 2 1 NZ, 
commercial 

Epidemiological. 
Faecal sample positive for GII (GI.2). 

Consumed raw oysters. 

2009 2009-6 10/11/09 Oysters 2 0 NZ, 
commercial 

Epidemiological. 
Same source as outbreak 2009-7. 

Consumed raw oysters. 

2009 2009-7 11/11/09 Oysters 3 3 NZ, 
commercial 

Epidemiological. 
Faecal samples positive for GI (GI.4). 
Same source as outbreak 2009-6. 

Consumed raw oysters.  

2010 2010-1 12/07/10 Oysters 15 1 South Korea Epidemiological. 
Faecal sample positive for GII (GII.5). 
Second bag of oysters purchased at same time 
(unopened) positive for GI and GII.  

Packaging states product should be 
cooked before consumption.  
Consumed raw oysters. 

2012 2012-1 20/04/12 Oysters 11 2 Overseas 
(unidentified) 

Epidemiological. 
Faecal samples positive for GII. 

 

2012 2012-2 22/05/12 Oysters 2 1 China Epidemiological. 
Faecal sample positive for GI (untyped) and GII 
(GII.13). Shellfish positive for norovirus GI and 
GII. 

Purchased commercially, cooked 
(battered) oysters at home. Oysters 
may not have been cooked properly. 
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YEAR 
OUT-
BREAK 
NUMBER 

REPORT 
DATE 
(d/m/y) 

FOOD  CASES 
LAB CON-
FIRMED 
CASES 

SOURCE EVIDENCE 
POSSIBLE FAILURE(S)/  
NOTES 

2012 2012-3 26/06/12 Oysters 28 5 China Epidemiological. Faecal samples positive for 
various GI and GII genotypes. Surrogate’ oyster 
sample were positive for norovirus GII. 

Packaging states product should be 
cooked before consumption. 
Consumed raw oysters.  

2013 2013-1 31/01/13 Not 
reported 

5 2 NZ, non- 
commercial 

Epidemiological. 
Faecal samples positive for GI (GI.4).  

Recreationally gathered shellfish 
consumed raw. 

2015 2015-1 14/10/15 Pipis 2 2 NZ, non-
commercial 

Epidemiological. 
Faecal samples positive for GI and GII. 

Recreationally gathered. 
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3.3.2 Norovirus infection in New Zealand  

Norovirus is the most frequently reported agent for outbreaks in New Zealand, in terms of both 
numbers of outbreaks and numbers of associated cases. This pattern, as reported for the 
period 2001-2007 in the 2009 Risk Profile, has continued. 

During the period 2008-2015, there were 1,691 reported outbreaks of norovirus infection 
involving a total of 42,308 cases (Table 5). Of these, there were 172 foodborne outbreaks 
associated with 2,676 cases. These data are taken from the ESR Annual Outbreak 
Summaries, from surveillance data recorded in the database EpiSurv17 and from the ESR 
Norovirus Reference Laboratory. The ESR Laboratory, in addition to analysing faecal 
specimens, consolidates information on outbreaks, which can provide a more detailed picture 
of the epidemiology. The number of outbreaks reported to the Norovirus Reference Laboratory 
differs from the number recorded in Episurv because not all norovirus outbreaks reported in 
EpiSurv provide human samples that are sent to ESR for analysis. The number of hospital 
discharges for ICD-10 code A08.1 (acute gastroenteropathy due to Norwalk agent18), taken 
from the National Minimum Data Set (NMDS), are also included in Table 5.  

TABLE 5: Number of outbreaks, associated cases, hospital discharges and deaths due to 
norovirus infection (2008-2015) 

YEAR 
OUTBREAKS 
(FOODBORNE 
OUTBREAKS)A 

ESR LAB 
CONFIRMED 

OUTBREAKSB 

OUTBREAK- 
ASSOCIATED 

CASES 
(FOODBORNE 

CASES) 

HOSPITAL 
DISCHARGES 

DEATHS 
(FOODBORNE 

DEATHS) 

2008 152 (26) 142 3917 (600) 200 6 (0) 

2009 270 (29) 199 7116 (349) 319 17 (0) 

2010 152 (19) 123 3223 (215) 159 1 (0) 

2011 181 (20) 160 4014 (206) 160 1 (0) 

2012 249 (26) 221 6097 (549) 363 7 (0) 

2013 169 (16) 157 3685 (172) 104 2 (0) 

2014 322 (18) 312 9363 (373) 105 4 (0) 

2015C 196 (18) 184 4893 (212) 290 4 (0) 

AEpisurv data; Bbased on laboratory data only (the mode of transmission is not reported); CPreliminary 
data. 

 

The majority of norovirus outbreaks reported in EpiSurv are laboratory confirmed by the ESR 
Norovirus Reference Laboratory. In 2015, 90% of reported norovirus outbreaks were 
laboratory-confirmed by ESR (J. Hewitt, pers. comm.). The remaining norovirus outbreaks are 
confirmed by community or hospital laboratories. 

Of all norovirus genotypes, GII.4 variants are the most commonly reported, at least in the last 
two decades. From 2002 to 2009, GII.4 variants were identified in 68% (825/1206) of reported 
norovirus outbreaks in New Zealand where a genotype was identified (Greening et al., 2012). 
For the period 2010-2015, this figure was 62% (670/1085).  

The number of reports of both outbreaks and cases of norovirus infection were significantly 
lower from 2001 to 2007 compared to the period 2008 to 2015 (p <0.05). As norovirus specific 

                                                
17 http://www.surv.esr.cri.nz/surveillance/annual_outbreak.php (accessed 2 April 2015). 
18 Refers to norovirus. 

http://www.surv.esr.cri.nz/surveillance/annual_outbreak.php
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RT-PCR assays have been available since 1995 (and RT-qPCR since 2006) at ESR, the 
increase may be mainly due to increased awareness and compliance in reporting outbreaks 
(Greening et al., 2012; Greening et al., 2001) rather than improvements in testing. Although 
outbreaks of norovirus are notifiable, there will be underreporting to the New Zealand Public 
Health Units by affected parties. In addition, no samples are submitted for testing for some 
gastroenteritis outbreaks reported in Episurv, so the causative agent is not identified. These 
outbreaks are recorded in EpiSurv as ‘Gastroenteritis’, and a proportion are likely to be caused 
by norovirus. 

Mortality recorded for reported outbreak cases of norovirus infection is highly variable from 
year to year, ranging from one (2010 and 2011) to 17 (2009). The 17 deaths in 2009 were 
residents/patients of rest homes (n = 16) or hospitals (n = 1), which suggests that there were 
other contributing factors as well as the norovirus infection. This compares to figures from 
1997 to 2005 where there was a total of 6 reported deaths, and to 2006 and 2007 where there 
5 and 10 reported deaths respectively. All of those who died in the 2006 and 2007 norovirus 
outbreaks were also residents of rest homes or hospitals. 

Norovirus infection is popularly referred to as ‘winter vomiting disease’ in the Northern 
Hemisphere as they have a winter seasonality in those regions (Rohayem, 2009). iSO, there 
is no clear seasonality in New Zealand. While an increase in outbreaks is often observed in 
the spring (October-November), peak months can vary year to year. For example, in 2011 and 
2014, most norovirus outbreaks were reported in May and March respectively (Eden et al., 
2014; Greening et al., 2012; Hewitt, 2014). 

3.4 NOROVIRUS ILLNESS ASSOCIATED WITH BMS CONSUMPTION IN OTHER 
COUNTRIES  

Overseas data on norovirus outbreaks associated with BMS between January 2009 and 
March 2016 are summarised in Appendix B.1 

Key findings 

Outbreaks of norovirus infection associated with BMS continue to be reported from a 
number of countries including Australia, China, European Union countries, Japan, South 
Korea, the US and the UK. The reports of outbreaks overseas indicate the importance of 
raw oysters as the most commonly implicated type of shellfish, which is consistent with New 
Zealand data. The Rapid Alert System for Food and Feed (RASFF) database revealed 44 
alert notifications on norovirus in BMS and/or norovirus food poisoning associated with the 
consumption of BMS between March 2009 and January 2016. These incidents were 
commonly associated with oysters. Mussels were also implicated in one outbreak of 
norovirus infection. 
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4. EVALUATION OF RISK 

4.1 EXISTING RISK ASSESSMENTS 

Key findings 

There are no new risk assessments considering norovirus in BMS in New Zealand or 
overseas. A joint risk assessment for the US and Canada is in preparation. 

An expert elicitation process estimated that 8% of all norovirus infections in New Zealand 
were due to transmission by seafood (BMS were not specifically considered). Attribution 
studies for other countries have estimated between 1 and 11% of norovirus infections are 
due to transmission by seafood. 

 

4.1.1 New Zealand risk assessments and related activities 

The 2009 Risk Profile described a preliminary quantitative risk model for norovirus in shellfish 
(Greening and Lewis, 2007). This model has not been developed further. 

A joint New Zealand/Australian paper evaluated eight case studies drawn from New Zealand 
and New South Wales where a norovirus illness event had been associated with the 
consumption of oysters contaminated with norovirus before harvest (Hay et al., 2013). Some 
of the conclusions drawn from this study were: 

 E. coli/faecal coliform indicators failed to consistently predict the risk of viral contamination 
in shellfish harvested for market; 

 Infrequent sanitary surveys conducted as part of the Shellfish Quality Assurance 
programme did not provide an adequate assessment of the risk of virus contamination of 
shellfish in the growing area and incorrectly assumed little change would occur in the risk 
of viral contamination in the growing area through time; and 

 There was a failure to manage re-occurring viral contamination risks. 

The report made multiple recommendations under the themes of managing growing areas, 
science/technical issues and environmental policy issues. 

A New Zealand expert elicitation process estimated the proportion of norovirus infections that 
were due to foodborne transmission and also estimated the proportion of foodborne norovirus 
infections that were due to “seafood” (BMS were not specifically considered). Of the 32.7% of 
norovirus infections that were considered to be due to foodborne transmission, 24.4% (95th 
percentile (95%) credible interval (CrI) 3.9-54.7%) were considered to be due to transmission 
of the virus by seafood (Cressey and Lake, 2013). Overall, these estimates would imply that 
approximately 8% of all norovirus infections were due to transmission by seafood. The expert 
elicitation also concluded that person-to-person transmission of norovirus was the primary 
contributor to the overall burden of disease, but did not quantify the proportion of infections 
due to this transmission route (Cressey and Lake, 2013). 

Data from New Zealand were used to determine norovirus genotype profiles associated with 
foodborne transmission. This is described in Appendix B.2. 
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4.1.2 Risk assessments and risk-related activities from other countries 

No risk assessments published since 2009 considering norovirus in shellfish were located. 
The US Food and Drug Administration (USFDA) and Health Canada are in the process of 
completing a joint risk assessment of norovirus in BMS but this is not yet available.19 

The results from recent overseas attribution studies for norovirus have been summarised in 
Appendix B.2. Considered together, the information suggests that somewhere between 1 and 
11% of illness due to norovirus is due to transmission of the organism by seafood. While the 
studies reviewed did not further subdivide the seafood category, shellfish are probably the 
major contributors to norovirus infections from this category, due to their potential for growth 
in waters polluted with human wastewater effluent and their ability to bioaccumulate norovirus.  

The estimated proportion of norovirus infections that were due to foodborne transmission 
recently derived from the New Zealand expert elicitation (32.7%; Section 4.1.1) is consistent 
with estimates from the US (26%) (Scallan et al., 2011) and Canada (31%) (Thomas et al., 
2013). Lower estimates have been derived for Australia (18%) (Vally et al., 2014) and the 
Netherlands (17%) (Havelaar et al., 2008). 

4.2 EVALUATION OF RISK FOR NEW ZEALAND 

Key findings 

BMS available in New Zealand from local and overseas sources can potentially be 
contaminated by norovirus and contamination events have led to illness in this country. 

The available information suggests that: 

 Norovirus testing of imported oysters has contributed to a decreased risk from this 
food. 

 There may be decreased risk from commercially harvested BMS but baseline 
microbiological data are needed to validate this finding. 

 BMS gathered for recreational or customary purposes present an ongoing risk for 
norovirus infection. 

4.2.1 Risk associated with BMS consumption 

This Risk Profile considers BMS harvested both commercially (from aquaculture and wild 
sources) and non-commercially (customary and recreational gathering). Although many of the 
BMS species considered in this Risk Profile are usually consumed cooked, the light cooking 
often used for the preparation of BMS may not be sufficient to inactivate any norovirus present. 
‘Adequate’ cooking will inactivate norovirus but such cooking makes BMS less desirable. 
Oysters and mussels are often consumed without any cooking. The risk is discussed for BMS 
consumed raw.  

The 2003 Risk Profile had identified oysters as important vehicles of norovirus infection and 
concluded that the presence of norovirus in shellfish was largely a result of faecal 
contamination of the growing environment. The 2003 document also included an estimate for 
the rate of norovirus infection due to BMS (52/100,000 population), but this figure was based 
on multiple assumptions and is not considered reliable. 

The 2009 Risk Profile concluded: “It is unclear whether the risk of norovirus infection from 
commercial shellfish for the New Zealand population has changed since the previous Risk 
Profile was completed in 2003. However, the risk has been better characterised as a result of 

                                                
19 http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/default.htm (accessed 21 
March 2016). 

http://www.fda.gov/Food/FoodScienceResearch/RiskSafetyAssessment/default.htm
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surveys including the multi-site and Tauranga Harbour surveys, and evidence for widespread 
norovirus contamination of shellfish, particularly feral shellfish, has been obtained.” 

Some of the findings from the 2009 Risk Profile were: 

 There are data to indicate frequent contamination of New Zealand shellfish with norovirus 
both in commercial and recreational settings; 

 There have been reported outbreaks of norovirus infection in New Zealand from 
commercially harvested and imported oysters, and these suggest ongoing risk; 

 Mussels and scallops have not been identified as causing outbreaks, possibly because 
commercially harvested populations grow in deeper waters in New Zealand; 

 Cockles have not been identified as the cause of a norovirus outbreak in New Zealand but 
shellfish monitoring programmes have found contamination in this type of shellfish; 

 Despite widespread norovirus contamination of BMS in non-commercially harvested sites 
in New Zealand, there is no evidence of illness associated with their consumption; and 

 Raw molluscan shellfish are an infrequently consumed food in New Zealand, but 
consumption is likely to be concentrated in certain regional and ethnic populations. 

Risk Management Question: Has the risk from norovirus in bivalve molluscan shellfish 
changed since the previous Risk Profile in 2009? 

The available information indicates that BMS available in New Zealand from local and 
overseas sources can potentially be contaminated by norovirus and that contamination events 
have led to illness in this country: 

 Norovirus is frequently present and often at high concentrations in New Zealand effluent 
wastewater. 

 Norovirus is frequently present in sewage receiving waters including estuarine waters.  

 If BMS are contaminated by norovirus, the virus can persist and remain potentially viable 
for prolonged periods (weeks, months) and are not effectively removed by depuration. 

 Norovirus has been detected in commercially harvested BMS associated with outbreaks 
of norovirus infection (although no such outbreaks have been reported since 2009). 

 Norovirus continues to be detected in BMS harvested from non-commercial sites, albeit 
from sites known to be at risk from contamination, and two norovirus outbreaks from 
recreationally gathered BMS (pipi and an undefined species) have been reported. 

 Norovirus outbreaks have been associated with imported oysters although controls over 
this food have been tightened. 

In reference to the findings of the 2009 Risk Profile, the available information suggest that 
norovirus contamination of non-commercially harvested sites in New Zealand is still 
widespread and continues to represent a risk to consumers of BMS from these sites. 
Outbreaks connected with recreationally harvested BMS have now been reported. In contrast, 
there have been no reported outbreaks of norovirus infection in New Zealand from 
commercially harvested or imported BMS since 2012. This suggests a decrease in risk from 
these sources, but the underreporting of norovirus infection in New Zealand creates 
uncertainty over this finding. Oysters continue to be the species of most concern with regard 
to norovirus infection from commercially harvested BMS. Mussels and scallops have not been 
implicated as the vehicle of infection for norovirus outbreaks in New Zealand. 
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There is no change to the finding that raw BMS are an infrequently consumed food in New 
Zealand, and that consumption is likely to be concentrated in certain regional and ethnic 
populations. More recent data suggest that adult New Zealanders are eating less shellfish so 
exposure to BMS contaminated with norovirus is potentially less. Mussels account for the 
majority of shellfish consumed (and an estimated 40% of mussel servings are raw) and oysters 
are most likely to be consumed raw (estimated 50% of servings). 

Research suggests that Māori consume shellfish more frequently than the general population 
and so may be more at risk. 

Overall the available information suggests that: 

 Control measures (testing for norovirus) on imported oysters have been effective, as 
indicated by there being no reported outbreaks from imported oysters since the change in 
the IFR in October 2012. This suggests that the risk from commercial oysters imported 
from overseas has decreased since the 2009 Risk Profile. 

 There may be decreased risk from commercially harvested BMS, as suggested by the 
absence of outbreaks linked to this food since 2009, but baseline microbiological data are 
needed to validate this finding.  

 BMS gathered for recreational or customary purposes continue to present a risk for 
norovirus infection as they are more likely to be exposed to faecal contamination from point 
and non-point sources. 

4.2.2 Risks associated with other foods 

Norovirus is easily spread by an infected person to foods during preparation and this is 
believed to be a major contributor to foodborne norovirus infections. Contamination of foods 
by infected food handlers means that the variety of foods implicated in norovirus outbreaks is 
wide. It can be difficult to determine whether foods were contaminated prior to handling by an 
infected person, and also to distinguish between outbreaks where a food handler was infected 
through contact with the food, or vice versa. 

Data from recent norovirus outbreaks in New Zealand, where the mode of transmission was 
reported as foodborne, provide very little information on risks associated with other foods in 
this country. For example, of the 18 foodborne norovirus outbreaks reported during 2014 a 
suspected food vehicle was reported in only three, and only one outbreak had strong evidence 
to support the food as the vehicle of infection (a berry trifle) (Horn et al., 2015). In 2013 a 
suspected food vehicle (or multiple suspected foods) were reported in only 2 of 16 reported 
foodborne norovirus outbreaks, one of which was associated with BMS (Horn et al., 2014). In 
2012 this proportion was 8 of 26 reported outbreaks (Lopez et al., 2013). Lopez et al. (2013), 
reported that of these eight outbreaks, there was strong evidence linking the food to the cases 
for only three outbreaks. The implicated foods were pasta salad (food handlers also positive 
for norovirus infection) and oysters (two outbreaks), but additional laboratory evidence 
identified an additional oyster outbreak with strong evidence (see Section 3.3.1) giving a total 
of four outbreaks. 

Information from other countries suggests that fresh vegetables and fruit (particularly berries) 
are important contributors to the burden of norovirus infection (King et al., 2016) (Appendix 
B.2). Norovirus may be introduced to these foods prior to the food preparation stage through 
contamination with irrigation water or from infected harvesters or packers. For example, during 
2014 there were 76 foodborne norovirus outbreaks in the European Union with strong 
evidence linking cases to a food, and fresh fruit or vegetables (or products thereof) were 
implicated in 21% (16/76) of these. This was the third highest proportion behind mixed foods 
(22%) and “crustaceans, shellfish, molluscs and products thereof” (37%) (EFSA and ECDC, 
2015). A notable outbreak was reported in Germany in 2012, where 10,950 cases were 
infected with norovirus from frozen, imported strawberries (EFSA and ECDC, 2014). An 
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analysis of 67 foodborne norovirus outbreaks reported during 2009-2012 in the US, in which 
specific food categories were implicated, found that vegetable row crops were implicated in 
30%, fruits in 21% and molluscs in 19% (Hall et al., 2014). 

4.3 BURDEN OF DISEASE 

Key findings 

Nationally, on the basis of existing information, the burden of disease from BMS 
contaminated with norovirus appears to be low relative to other risk factors for norovirus 
infection, particularly contact with another sick person or consuming food contaminated by 
an infected food handler.  

The burden of disease from foodborne norovirus infection in New Zealand was either first 
or fourth (after foodborne campylobacteriosis, listeriosis and STEC infection) in a risk 
ranking of potentially foodborne diseases, depending on the approach taken. 

Globally, norovirus causes approximately 700 million illnesses per year and is the leading 
cause of foodborne illness with an estimated 125 million (95% UI 70–251 million) cases per 
year. In New Zealand, there are an estimated 211,000 norovirus cases per year, equating 
to a population rate of 4750 per 100,000. 

 

4.3.1 Burden of disease from BMS contaminated with norovirus 

There is insufficient information to quantitatively assess the burden of disease in New Zealand 
from BMS contaminated with norovirus relative to other foods contaminated with norovirus.  

On a national scale, based largely on indications from public health surveillance data, the 
burden of disease from BMS contaminated with norovirus appears to be low relative to other 
risk factors for norovirus infection, particularly contact with another sick person or consuming 
food contaminated by an infected food handler. Food handlers are not considered to be a 
major factor in the contamination of raw shellfish. 

4.3.2 Burden of disease from all norovirus infections 

Norovirus infection cases associated with reported outbreaks are considered to represent only 
a proportion of the total norovirus infection cases that occur in New Zealand. Using estimates 
of community rates of norovirus infection, determined for the UK (Tam et al., 2012), it has 
been estimated that approximately 211,000 (95th CrI 180,000-245,000) cases of norovirus 
infection occurred in New Zealand in 2013 (Cressey and Lake, 2014). Based on a mid-year 
population estimate for New Zealand of 4,442,100 in 201320 this equates to a crude population 
rate of 4750 per 100,000. These cases of disease were estimated to represent a burden of 
2195 disability adjusted life years (DALYs); the greatest burden associated with any of the 
microbial pathogens considered. 

Alternatively, the number of community cases of norovirus infections can be determined by 
applying a multiplier (288, 95th CI 239-346; Tam et al., 2012) to the number of notified cases. 
This approach results in a much lower estimate of the number of norovirus infection cases, of 
21,900 (95th CrI 18,000-24,500), with associated DALYs of 253 (Cressey and Lake, 2014). 
The smaller number is due to the low rate of reported infections, for reasons discussed in 
Section 3.3. This estimate of case numbers is probably less reliable than the estimate based 
on community rates, as it is unlikely that the reporting of norovirus infection cases is similar in 
New Zealand and the UK and, consequently, the UK-derived multiplier may be of dubious 
relevance to New Zealand. 

                                                
20 http://www.stats.govt.nz/~/media/Statistics/browse-categories/population/estimates-projections/erp-
2013-sources-methods/est-res-pop-2013-data-methods.pdf (accessed 9 April 2015). 

http://www.stats.govt.nz/~/media/Statistics/browse-categories/population/estimates-projections/erp-2013-sources-methods/est-res-pop-2013-data-methods.pdf
http://www.stats.govt.nz/~/media/Statistics/browse-categories/population/estimates-projections/erp-2013-sources-methods/est-res-pop-2013-data-methods.pdf
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An expert elicitation, conducted in 2013, estimated the most likely proportion of norovirus 
infection cases that would be due to foodborne transmission was 32.7% (95th CrI 10.0-66.4%) 
(Cressey and Lake, 2013). When applied to the total burden of disease due to norovirus 
infection (2195 or 253 DALYs, see above), this provides a mean estimate of 758 or 87 DALYs 
for foodborne infections, depending on the approach taken to estimate the number of cases 
(Cressey and Lake, 2014). These DALY values placed norovirus infection either first or fourth 
(after foodborne campylobacteriosis, listeriosis and Shiga toxin producing E. coli (STEC) 
infection in a risk ranking of potentially foodborne diseases. 

The burden of disease to the health system and society in general has also been considered, 
through a cost of illness estimate (Cressey and Lake, 2008). This study estimated the total 
cost for norovirus infections as NZ$7.6 million/year, with foodborne infections costing NZ$3.0 
million/year. This was the second highest burden estimate, but much lower than the highest 
estimate, for foodborne campylobacteriosis, of NZ$74 million/year. A more recent cost of 
foodborne illness study included costs associated with personal and lifestyle costs incurred by 
households and individuals in connection with private disbursements (where no recourse to 
government subsidy exists) and pain, suffering and disruption, including the possibility of 
premature death (Applied Economics, 2010). Using this approach an annual cost of NZ$50.1 
million was derived for foodborne norovirus infections. 

In the US it has been estimated that norovirus infection accounts for 58% of domestically-
acquired foodborne illnesses, 26% of hospitalisations due to domestically-acquired foodborne 
illness and 11% of deaths (Scallan et al., 2011). Norovirus infections were estimated to be 
substantially domestically acquired (>99%), with foodborne transmission accounting for 26% 
of cases. This US model was also applied to foodborne disease in New Zealand (Cressey and 
Lake, 2011). It was estimated that norovirus was the cause of 39% of all cases of domestically-
acquired foodborne disease, caused by known pathogens, in New Zealand. Norovirus 
accounted for 99.7% of foodborne viral infections. 

A Dutch study estimated that community-acquired norovirus infection caused 610,000 (95th 
CrI 418,000-878,000) cases of gastroenteritis per annum (Verhoef et al., 2013). Given that the 
population of the Netherlands is almost four times the population of New Zealand, this estimate 
is similar to New Zealand estimates, based on population rates. Based on a foodborne 
proportion of 17% (Havelaar et al., 2008), the burden of foodborne norovirus infections in the 
Netherlands in 2009 was estimated to be 305 (95th CrI 135-480) DALYs. 

An Australian study estimated that (circa 2010) 1,550,000 (90 percentile (90th) CrI 1,220,000-
1,940,000) cases of norovirus infection would occur per annum (Kirk et al., 2014). Of these, 
276,000 (90% CrI 78,100-563,000) cases (18%) were considered to be due to transmission 
by food. Norovirus accounted for 93.6% of foodborne viral illnesses. The analysis also 
included consideration of astrovirus, adenovirus, rotavirus and sapovirus. A second Australian 
study, conducted in a similar timeframe, estimated a higher number of norovirus infection 
cases (2,180,145), equating to 1109 DALYs (Gibney et al., 2014). It should be noted that this 
Australian study used disability weight for gastroenteritis taken from the Global Burden of 
Disease 2010 study (Salomon et al., 2012) to calculate DALYs, while the New Zealand study 
summarised above used disability weights taken from a Dutch study that developed weights 
specific to foodborne gastroenteritis (Haagsma et al., 2008). 

A meta-analysis of 175 studies worldwide concluded that the prevalence of norovirus infection 
amongst cases with acute gastroenteritis was 18% (95% CI 17-20%) (Ahmed et al., 2014). The 
prevalence of norovirus infections was higher in low-mortality developing and developed 
countries compared to high-mortality developing countries and higher in community and 
outpatient cases of acute gastroenteritis than inpatient cases. 

The World Health Organization (WHO) published estimates of the global burden of foodborne 
diseases in December 2015 (WHO, 2015). Of the approximately 600 million cases of illness 
caused by the 31 foodborne hazards studied (circa 2010), norovirus accounted for the largest 
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proportion (21%). It was estimated that norovirus caused 124,803,946 (95% uncertainty 
interval, UI 70,311,254-251,352,877) foodborne illnesses, 34,929 (15,916-79,620) foodborne 
deaths, and was responsible for 2,496,078 (1,175,658-5,511,092) foodborne DALYs (Kirk et 
al., 2015; WHO, 2015). When all routes were considered, Kirk et al. (2015) identified norovirus 
as causing 684 million (95% UI 491–1,112 million) illnesses worldwide per year - the largest 
number of cases for the 22 pathogens studied. This figure is similar to an estimated 699 million 
(95% UI 489–1,086 million) cases norovirus illness for all ages per year reported in another 
study with over 219, 000 deaths globally - the majority (213,000) in low and middle income 
countries (Bartsch et al., 2016). It was also estimated that the global economic burden of 
norovirus gastroenteritis was US$60.3 billion (95% UI: US$44.4–93.4 billion) per year, 
equating to US$86 per illness globally. 

4.4 DATA GAPS 

Key findings 

There are very limited data on the prevalence of norovirus in commercially harvested 
shellfish. Quantitation of norovirus from outbreak-related BMS samples would aid in 
assessing the infectious dose. 

 

Data gaps identified in the 2009 Risk Profile and updated commentary on these are presented 
in Table 6. 

TABLE 6: Data gaps identified in the 2009 Risk Profile 

DATA GAP COMMENTARY 

Surveillance  

Improved surveillance to link norovirus cases and 
outbreaks to a particular food source, in particular 
BMS consumption.  

No longer a significant data gap. Surveillance 
systems and laboratory services adequate to 
assist with epidemiological investigation. Good 
contacts between public health units and ESR 
laboratories exist.  

The prevalence of the norovirus in key 
growing/recreational shellfish gathering areas, 
including the seasonal and geographical 
distribution of viral contamination.  

Limited studies since 2009.  
- Recreational BMS (cockles) tested for 
norovirus in Christchurch (2008-2012). 
- Recreational Tuatua testing ongoing for 
Christchurch City Council but only tested for 
enteroviruses. 
- MPI study proposed to commence in the 
vicinity of a commercial BMS harvesting area 
in mid to late 2016. 

Exposure assessment  

Recreational gathering of shellfish is acknowledged 
to be widespread. There is little quantitative data to 
assess norovirus exposure from both recreational 
and commercially grown shellfish. 
No information on the current level of shellfish 
consumption per person, per meal, per age group, 
cultural group, etc. in New Zealand 

Analyses of National Nutrition Surveys are 
available, as is recent information on 
recreational harvesting and New Zealand 
consumption (King and Lake, 2013; NIWA, 
2014; Wynne-Jones et al., 2014). 

The role of post-harvest food handlers in the 
transmission of norovirus in shellfish is unknown. 

No further information available.  
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DATA GAP COMMENTARY 

Information on the minimum infective dose in 
shellfish and how it relates to norovirus RNA levels 
detected by RT-PCR, and also information on dose 
response. 

There is an increasing probability of infection 
with increased norovirus dose as determined 
by PCR. A ‘safe’ threshold has not been 
determined.  

Presence and distribution of genetic susceptibility 
factors for the different norovirus strains in the New 
Zealand population. 

No information. 

Information on the survival rates of norovirus in 
boat and domestic sewage to define the 
contamination process. 

No information. 

Information on the survival and persistence of 
norovirus in the environment and in shellfish. 
Efficiency of sewage and wastewater treatment 
processes for removal of norovirus and hepatitis A 
virus. 

New Zealand studies inform on the removal of 
noroviruses from wastewater treatment plants. 
It can be expected that effluent would contain 
infectious noroviruses (Hewitt et al., 2011).  

Role and value of microbial and viral source 
tracking tools for predicting occurrence of viral 
contamination, especially norovirus contamination 

Literature review on the use of faecal source 
tracking tools carried out in 2014 (Hewitt and 
Williamson, 2014). Several tools available in 
New Zealand but further validation for use in 
shellfish growing areas and/or in BMS 
required. 

Quantitation methods for infectious norovirus in 
shellfish and the environment. 

Molecular approaches to assess virus integrity 
have been developed but none have proved 
adequate in terms of sensitivity and useful for 
risk evaluation (Knight et al., 2013; Wolf et al., 
2009). Uncertainties remain in assessing the 
risk to human health from samples detected as 
positive in PCR assays. 
Cell culture methods using 3D cell culture 
techniques have so far been shown to be 
unsuitable for norovirus culture (Papafragkou 
et al., 2014).  
Other approaches of informing on potential 
infectivity using molecular techniques have 
been published. One approach (Langlet et al., 
2012) includes a three-step protocol to remove 
non-encapsidated genome using RNAse, then 
to select non-damaged capsids, and finally to 
use a modified RT-qPCR to detect long 
genome fragments. Following treatment of 
murine norovirus with free chlorine, this 
molecular approach reflected the culture assay 
but further validation is required for other viral 
inactivation mechanisms. 

Detection Methods  

Improved, efficient norovirus recovery, detection 
and quantitation methods from shellfish. Current 
norovirus recovery methods from shellfish are 
frequently of variable efficiency, which may relate 
to shellfish type. Accurate estimation of the quantity 
of virus present in a sample is problematic. 

Methods for the detection and quantitation of 
norovirus have been validated and it is likely 
that the methods will be issued as an ISO 
protocol in late 2016/early 2017 (ISO/DIS 
15216). The methods include the standard RT-
qPCR assay for detection and quantitation of 
viral RNA. 
Suitability of digital PCR for absolute 
quantitation is an option.  
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DATA GAP COMMENTARY 

Effectiveness of methods for virus removal from shellfish and control strategies  

Efficiency and effectiveness of virus removal or 
natural depuration from shellfish in the environment 
and in post-harvest treatment. 
Information on the effectiveness of depuration and 
relaying processes pre-harvest prior to putting 
shellfish on market. 

Additional data on persistence under different 
temperatures show that noroviruses are 
retained longer in BMS at cooler rather than at 
warmer temperatures (Choi and Kingsley, 
2016). 

Value of testing shellfish for norovirus at intervals 
following sewage spills and discharges. 

No new information. 

Inactivation mechanisms for norovirus and other 
pathogenic viruses in shellfish. Data are required 
on stability and persistence, effect of temperature, 
pH, time, matrix/organic material, disinfection by 
chemicals, ultraviolet light and radiation. 

Information obtained through the use of 
norovirus surrogates, which is useful but 
cannot be applied to human noroviruses with 
certainty (Araud et al., 2016). 

Effectiveness of ultra-high pressure processing of 
shellfish for inactivation of human norovirus. 

Using GI.1 and human feeding trials, a high 
pressure processing (HPP) treatment of 600 
megapascal (MPa) for 5 minutes at 6ºC was 
sufficient to inactivate norovirus in oysters 
(Leon et al., 2011). Treatments of 400 MPa for 
5 minutes at either 6 or 25ºC were not. This 
may be a potential intervention to inactivate 
infectious viruses in oysters, but oysters 
treated at this high pressure and served 
without cooking may not be organoleptically 
acceptable to consumers.  
Other studies using virus-like particles (VLP) 
show that compared to norovirus surrogates, 
human norovirus capsid appears highly 
resistant to HPP - with 500-600 MPa for up to 
60 minutes being insufficient to inactivate the 
virus (Lou et al., 2012). 

Virus recombination 

Significance of norovirus recombination in New 
Zealand shellfish harvested from contaminated 
areas.  

No new information. 

Role of animal viruses 

Information on potential zoonotic transmission of 
noroviruses between animals and humans through 
dual contamination events in shellfish.  

No evidence of zoonotic transmission.  
Ongoing genotyping of circulating noroviruses 
to monitor is recommended. 

 

A review of eight norovirus illness events in New Zealand and Australia associated with 
norovirus-contaminated oysters (Hay et al. 2013) also identified several data gaps as being 
important for managing risk in the future. These data gaps are covered by the table above. 

The gaps identified were the following: 

 A norovirus test method that distinguishes between infective and non-viable viruses; 

 The effectiveness of F-RNA bacteriophages (referred to as MSC) as indicators of risk of 
viral contamination in oyster growing areas in New Zealand conditions; 

 Sensitive and specific markers for human faecal contamination able to be reliably 
detected in a medium that captures information about water quality over a period of time 
(e.g. in shellfish, adsorbent media); 
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 The length of time noroviruses remain infective within the marine environment; 

 The length of time noroviruses remain infective in shellfish; and 

 The effectiveness of various wastewater treatment processes in reducing the level of 
infective norovirus. 

The following other areas of required research identified in the review were: 

 Development of a norovirus culture assay; 

 Anti-viral drugs for norovirus; 

 Development of a norovirus vaccine; and 

 A better understanding of host genetics, immunity, and environmental factors. 
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5. AVAILABILITY OF CONTROL MEASURES 

5.1 CURRENT CONTROL MEASURES 

Key findings 

There are no microbiological standards for norovirus in commercially harvested BMS in New 
Zealand. General food safety controls required for BMS growing, harvesting and post-
harvest activities will help prevent contamination by norovirus. Depuration for the control of 
viruses is not allowed in New Zealand, but the relocation of BMS to other sites (“relaying”) 
is permitted. No post-harvest treatments are recommended for inactivating norovirus. 

Hazard-based controls are in place to avoid placing norovirus-contaminated oysters from 
overseas on to the New Zealand market. Where testing is required for importation, norovirus 
must not be detected. There is no threshold limit. There are no microbiological standards 
for norovirus in other imported BMS species.  

 

5.1.1 Regulatory controls 

Businesses that grow, harvest, process, store or transport BMS for human consumption are 
subject to the Animal Products Act 1999 and associated regulation and notice.21 This includes 
shellfish harvested from aquaculture areas or wild stocks. 

The Animal Products (Regulated Control Scheme-Bivalve Molluscan Shellfish) Regulations 
2006 and Animal Products (Specifications for Bivalve Molluscan Shellfish) Notice 2006 (both 
forming the BMSRCS) were both described in the 2009 Risk Profile. These apply to BMS 
harvesters and those involved in transport and storage, and have not changed. The 
microbiological monitoring requirements do not include standards for norovirus. All BMS 
commercially grown or harvested in New Zealand must come from a shellfish growing area 
that is registered with MPI and classified for harvest for human consumption, and such areas 
are monitored for faecal coliforms (water) and generic E. coli (shellfish).22 Prior to classifying 
a growing area a sanitary survey is completed which includes an evaluation of all actual or 
potential pollution sources in the growing area catchment. The human sewage risk, and hence 
norovirus potential risk, is therefore evaluated during this process. Where necessary, 
prohibited zones are placed around potential sewage input sources. 

Pursuant to the BMS RCS, if a growing area is a confirmed source of a norovirus illness 
outbreak, the growing area is closed and kept closed until, the source has been mitigated, and 
a contaminant reduction study undertaken to ensure no norovirus is present in the BMS. 

Businesses that process BMS, including depuration and land-based wet storage, must 
operate under a registered Risk Management Programme (RMP).23 General food safety 
controls in place as part of a RMP will help control norovirus contamination after harvesting 
(e.g. from sick workers). A generic model RMP for oysters is available and lists norovirus 
among the possible microbiological hazards to be considered.24 A BMS processor may choose 

                                                
21 http://www.foodsafety.govt.nz/industry/sectors/seafood/bms/ (accessed 21 March 2016). 
22 A list is maintained by MPI. Version as at 1 February 2016 available at: 
http://www.foodsafety.govt.nz/elibrary/industry/bms-shellfish-growing-areas.pdf (accessed 21 March 
2016). 
23 http://www.foodsafety.govt.nz/industry/sectors/seafood/bms/processors.htm (accessed 21 March 
2016). 
24 http://www.foodsafety.govt.nz/elibrary/industry/code-practice-seafood/generic-rmp-model.pdf 
(accessed 21 March 2016). 

http://www.foodsafety.govt.nz/industry/sectors/seafood/bms/
http://www.foodsafety.govt.nz/elibrary/industry/bms-shellfish-growing-areas.pdf
http://www.foodsafety.govt.nz/industry/sectors/seafood/bms/processors.htm
http://www.foodsafety.govt.nz/elibrary/industry/code-practice-seafood/generic-rmp-model.pdf
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to include norovirus-specific monitoring as part of their RMP. BMS processors must also 
comply with the Animal Products (Specifications For Products Intended For Human 
Consumption) Notice, and the most recent version of this notice came into effect on 1 April 
2016. Sections 14.12-14.34 set out the requirements; none are specific to norovirus. 

A revised Australia New Zealand Food Standards Code came into effect on 1 March 2016.25 
Schedule 27 of Standard 1.6.1 (microbiological limits in food) specifies a microbiological 
standard for E. coli in BMS (excluding scallops). No microbiological limits have been 
established for norovirus in BMS. 

Based on the number, BMS source and types of outbreaks reported since 2010, appropriate 
management controls seem adequate for norovirus control in BMS. 

5.1.2 Post-harvest treatments 

Relaying and depuration were discussed in the 2009 Risk Profile and there have been no 
changes. Options for post-harvest treatment of potentially norovirus contaminated shellfish 
remain limited and the focus should be to avoid growing and harvesting BMS in the vicinity of 
wastewater effluent or other faecal sources (CODEX, 2012).  

Depuration is not permitted by MPI as a post-harvest treatment for norovirus contaminated 
BMS as it may be ineffective (Savini et al., 2009), but BMS can be relayed to other sites. 
Depending on the time period and water temperature, this may not be an effective post-harvest 
measure in removing noroviruses.  

Without a reliable culture method for human noroviruses (Papafragkou et al., 2014), the effects 
of post-harvest treatment aimed at decreasing norovirus viability is difficult to assess (Refer to 
Appendix A). As this Risk Profile consider raw mollusc, cooking is not relevant as a post-
harvest treatment but further information on heat treatments is covered elsewhere (EFSA, 
2015).  

As viruses can withstand freezing, this process is unlikely to inactivate noroviruses. Indeed, 
many documented norovirus outbreaks have occurred following the consumption of pre-frozen 
BMS (Brucker et al., 2012; Simmons et al., 2007). Following a systemic review of the scientific 
literature, 3% of the 359 shellfish-borne viral outbreaks between 1980 and 2012 (most of which 
resulted from the consumption of norovirus-contaminated oysters), were as a result of 
consuming frozen (raw) product (Bellou et al., 2013). 

5.1.3 Imported shellfish 

BMS imported into New Zealand must have been shelled and either cooked, dried or frozen 
(MAF Biosecurity, 2008). Unshelled molluscs are permitted for importation from the European 
Union but need an import permit (shelled molluscs do not need this permit) (MAF Biosecurity, 
2004). 

Regardless of country of origin, BMS and products containing BMS are classified as a food of 
“High Regulatory Interest (HRI)” because they are known to present an increased risk to 
human health. As such BMS always require food safety clearance before being imported into 
New Zealand (MPI, 2016a). Schedule 1 of the Importing Food Notice describes the IFR for 
BMS and products containing BMS (MPI, 2016d).  

As MPI uses a risk-based approach for managing food safety, the clearance requirements for 
BMS are determined on the basis of an assessment of a country’s BMS programme against 
the sanitary outcomes of the New Zealand production system. To meet clearance 
requirements, evidence required for BMS importation from Australia, Canada, Chile, countries 

                                                
25 http://www.foodstandards.gov.au/code/Pages/default.aspx (accessed 21 March 2016). 

http://www.foodstandards.gov.au/code/Pages/default.aspx
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of the European Union, Japan, Republic of Korea, Peru, Thailand, the US (not Gulf States) 
and Vietnam are as follows:  

 Official Certificate (accepted for clearance issued by the countries relevant issuing bodies),  

 Sample and Test (MPI will decide on the frequency of testing), or  

 New Zealand Importer Assurance (previously known as a Multiple Release Permit).  

For China, there is no pre-clearance agreement. Instead the evidence required is either 
‘Sample and Test’ or a ‘New Zealand importer Assurance’. Importation to New Zealand is not 
permitted from countries or geographic regions not listed in Food Notice:Importing food 
(Schedule 1) (MPI, 2016d). 

There is one food safety clearance limit for norovirus, “not detected in 300 g”. This only applies 
to oysters and was introduced in October 2012 (MPI, 2016d). An International Accreditation 
New Zealand (IANZ) accredited (against ISO 17025) method is used for the detection of 
norovirus (Greening and Hewitt, 2008; ISO, 2013b). 

Results from norovirus testing completed under the IFR from October 2012 to March 2016 are 
given in Section 2.4.3. 

Food imports requiring inspection and testing are identified by their import tariff codes, and 
the imported foods are selected for testing subject to a ‘switching rule’. Under this rule, the 
number of tested consignments of a specific food from a specific exporter, and belonging to 
an importer, reduces with continued compliance with import standards. This rule means that 
the proportion of consignments tested is usually small in relation to the total consignments 
arriving at the New Zealand border. Oysters arriving without recognised certification will be 
subject to norovirus testing starting at the ‘tightened’ testing rate under the switching rule. 
Oysters arriving under recognised certification will be subject to norovirus testing at the time 
of their next scheduled verification. 

From 1 March 2016, seafood importers are required to be registered with MPI or import using 
a registered agent (MPI, 2016b). The registered importer must be a New Zealand resident. 
There is a transition period for food importers to become registered that expires on 30th June 
2017. The list of registered importers can be found on the MPI website.26  

5.1.4 Consumers and food handlers 

In June 2013, MPI updated resources that promote food safety for seafood gatherers.27 MPI 
advise only to collect “shellfish from areas where the seawater is not contaminated in any way” 
and advise to cook the shellfish properly. 

Some products imported into New Zealand considered ‘high risk’ (by the producers) were 
labelled with phases such as “cook before consumption”. However, such labelling was not 
effective and did not prevent illness as shown by the occurrence of outbreaks, including in 
New Zealand (Simmons et al., 2007). These instructions can be easily ignored or the 
interpretation of the extent of cooking required unclear. 

                                                
26 The steps required for the importation of seafood can be found at: 
http://www.mpi.govt.nz/importing/food/seafood/steps-to-importing/ (accessed 21 March 2016). The list 
of importers at http://www.foodsafety.govt.nz/registers-lists/food-act-2014-registered-food-
importers/index.htm?setup_file=fa2014-food-importers-
ssi.setup.cgi&rows_to_return=20000&submit_search=Search (accessed 12 September 2016). 
27 http://www.mpi.govt.nz/food-safety/community-food/wild-foods/food-safety-when-fishing-or-
gathering-seafood/, http://www.mpi.govt.nz/document-vault/1058 (accessed 22 March 2016). 

http://www.mpi.govt.nz/importing/food/seafood/steps-to-importing/
http://www.foodsafety.govt.nz/registers-lists/food-act-2014-registered-food-importers/index.htm?setup_file=fa2014-food-importers-ssi.setup.cgi&rows_to_return=20000&submit_search=Search
http://www.foodsafety.govt.nz/registers-lists/food-act-2014-registered-food-importers/index.htm?setup_file=fa2014-food-importers-ssi.setup.cgi&rows_to_return=20000&submit_search=Search
http://www.foodsafety.govt.nz/registers-lists/food-act-2014-registered-food-importers/index.htm?setup_file=fa2014-food-importers-ssi.setup.cgi&rows_to_return=20000&submit_search=Search
http://www.mpi.govt.nz/food-safety/community-food/wild-foods/food-safety-when-fishing-or-gathering-seafood/
http://www.mpi.govt.nz/food-safety/community-food/wild-foods/food-safety-when-fishing-or-gathering-seafood/
http://www.mpi.govt.nz/document-vault/1058
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5.1.5 International guidelines 

The Codex Alimentarius Commission (CAC) publishes food standards that support safe food 
production and fair trade.28 In 2012 the CAC published Guidelines on the Application of 
General Principles of Food Hygiene to the Control of Viruses in Food (CAC/GL 79-2012). 
Annex I of these guidelines specifically considers control of hepatitis A virus and norovirus in 
bivalve molluscs. The main focus in the annex is controls over environmental hygiene. 
Cooking and high hydrostatic pressures are discussed as post-harvest treatments but the 
annex emphasises that validation of these treatments is required, and they should not be relied 
on to protect consumer health. 

CAC/GL 79-2012 also refers to The Code of Practice for Fish and Fishery Products (CAC/RCP 
52-2003) that was first published in 2003 and most recently updated in 2013. This latter 
document lists norovirus as a hazard that can be introduced pre-harvest but does not 
specifically consider controls for norovirus, rather it includes general controls that will help 
prevent microbial contamination. 

5.2 OPTIONS FOR ENHANCED CONTROL MEASURES 

The impact from human recreational activities, boating, septic tank leachates, and sewage 
spills on shellfish growing areas requires stringent management strategies to reduce the risk 
of viral contamination. As faecal indicator bacteria are depurated more rapidly than 
noroviruses, they are not necessarily considered good indicators of viral presence (Lees, 
2000) and so other approaches should be considered in assessing possible norovirus 
contamination sources of BMS. 

Increasingly, F-RNA bacteriophages (referred also as male-specific coliphages, MSC) are 
being considered for use in shellfish sanitation programmes as the assay is cheaper and less 
labour intensive than virus pathogen detection. While F-RNA bacteriophages have shown 
potential as viral indicators in certain circumstances and as a risk management tool, further 
work is required to understand the correlations between noroviruses, F-RNA bacteriophages 
and health risk.  

Faecal source tracking tools are potentially useful in the management of shellfish growing area 
as they can assist in differentiating between sources of indicator bacteria (i.e. E. coli, faecal 
coliforms) (Greening and McCoubrey, 2010). A review of faecal source tracking tools available 
in New Zealand (Hewitt and Williamson, 2014) identified the following data gaps: 

 Lack of knowledge of the relationship between the risk of enteric virus contamination and 
presence of human Faecal source tracking markers, including bacteriophages, in shellfish 
growing waters and shellfish; 

 Lack of knowledge of the persistence of human faecal source tracking markers compared 
to enteric viruses in shellfish growing waters and shellfish; 

 Lack of validation of faecal source tracking molecular markers, particularly human-specific, 
from shellfish tissue.  

The determination of an exact source of faecal contamination of growing areas can be a 
complex process, and so for optimal results a polyphasic approach, using a tiered approach 
and multiple faecal source tracking methods are required (Hewitt and Williamson, 2014). It 
was recognised though that there is currently no universal approach to source tracking, 
methods have no regulatory approval and research techniques and applications are rapidly 
changing. 

                                                
28 Standards are available from http://www.fao.org/fao-who-codexalimentarius/standards/en/ 
(accessed 22 March 2016). 

http://www.fao.org/fao-who-codexalimentarius/standards/en/
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After an assessment of post-harvest control measures to reduce noroviruses in oysters in the 
European Union, the European Food Safety Authority (EFSA) concluded “The most effective 
public health measure to control human NoV [norovirus] infection from oyster consumption is 
to produce oysters from areas which are not faecally contaminated, particularly given the 
ineffectiveness of current control regimes.” (EFSA, 2012). The depuration and relaying 
measures used by industry did not adequately reduce norovirus contamination of oysters. 
Another key recommendation was for risk managers to consider establishing an acceptable 
limit for norovirus in oysters to be harvested and placed on the market. The need for more 
data was also highlighted. Specifically, a European Union baseline survey to establish the 
prevalence of norovirus in oysters was suggested and further work was required to investigate 
the norovirus infectious dose in shellfish. The baseline study is planned to commence late 
2016 (EFSA, 2016).  

An investigation of eight norovirus illness events associated with oysters contaminated with 
norovirus before harvest (Hay et al. 2013) identified the frequency of viral testing as an issue 
for risk management. The investigators found a reluctance from the industry to sample 
shellfish for viruses in commercial shellfish growing areas and that such testing was only 
occasionally undertaken. They commented that “This reluctance arises from an uncertainty as 
to the regulatory response if the results are positive. (Anonymised harvest area and product 
surveillance would not provide the area-specific data required to improve risk management in 
specific growing areas). The interpretation of virus test results within the context of other 
concurrent factors (such as other indicators) could overcome this problem.” The report makes 
additional recommendations on managing the risk of shellfish being contaminated with 
norovirus. 

 

  



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 41

REFERENCES 

 

Ahmed S M, Hall A J, Robinson A E, Verhoef L, Premkumar P, Parashar U D, Koopmans M 
and Lopman B A (2014) Global prevalence of norovirus in cases of gastroenteritis: a 
systematic review and meta-analysis. Lancet Infectious Diseases; 14: 725-730. 

Alfano-Sobsey E, Sweat D, Hall A, Breedlove F, Rodriguez R, Greene S, Pierce A, Sobsey 
M, Davies M and Ledford S L (2012) Norovirus outbreak associated with 
undercooked oysters and secondary household transmission. Epidemiology and 
Infection; 140: 276-282. 

Applied Economics (2010) The economic cost of foodborne disease in New Zealand. A 
report for the New Zealand Food Safety Authority. Applied Economics Ltd, Sydney. 
http://www.foodsafety.govt.nz/elibrary/industry/economic-cost-foodborne-
disease/foodborne-disease.pdf (accessed: 6 November 2015). 

Araud E, DiCaprio E, Ma Y, Lou F, Gao Y, Kingsley D, Hughes J H and Li J (2016) Thermal 
inactivation of enteric viruses and bioaccumulation of enteric foodborne viruses in live 
oysters (Crassostrea virginica). Applied and Environmental Microbiology; 82: 2086-
2099. 

Atmar R L, Opekun A R, Estes M K and Graham D Y (2015) Reply to Kirby et al. The 
Journal of Infectious Diseases; 211: 167. 

Atmar R L, Opekun A R, Gilger M A, Estes M K, Crawford S E, Neill F H, Ramani S, Hill H, 
Ferreira J and Graham D Y (2014) Determination of the 50% human infectious dose 
for Norwalk virus. The Journal of Infectious Diseases; 209: 1016-1022. 

Baker K, Morris J, McCarthy N, Saldana L, Lowther J, Collinson A and Young M (2011) An 
outbreak of norovirus infection linked to oyster consumption at a UK restaurant, 
February 2010. Journal of Public Health; 33: 205-211. 

Bartsch S M, Lopman B A, Ozawa S, Hall A J and Lee B Y (2016) Global economic burden 
of norovirus gastroenteritis. PLoS One; 11: e0151219 [16 pp.] doi: 
10.1371/journal.pone.0151219. 

Batz M B, Hoffmann S and Morris J G, Jr. (2012) Ranking the disease burden of 14 
pathogens in food sources in the United States using attribution data from outbreak 
investigations and expert elicitation. Journal of Food Protection; 75: 1278-1291. 

Bellou M, Kokkinos P and Vantarakis A (2013) Shellfish-borne viral outbreaks: A systematic 
review. Food and Environmental Virology; 5: 13-23. 

Benabbes L, Ollivier J, Schaeffer J, Parnaudeau S, Rhaissi H, Nourlil J and Le Guyader F S 
(2013) Norovirus and other human enteric viruses in moroccan shellfish. Food and 
Environmental Virology; 5: 35-40. 

Bigoraj E, Kwit E, Chrobocinska M and Rzezutka A (2014) Occurrence of norovirus and 
hepatitis A virus in wild mussels collected from the Baltic Sea. Food and 
Environmental Virology; 6: 207-212. 

Brake F, Ross T, Holds G, Kiermeier A and McLeod C (2014) A survey of Australian oysters 
for the presence of human noroviruses. Food Microbiology; 44: 264-270. 

Brown J R, Gilmour K and Breuer J (2016) Norovirus infections occur in B-cell-deficient 
patients. Clinical Infectious Diseases; 62: 1136-1138. 

Brucker R, Bui T, Kwan-Gett T, Stewart L, Hall A and Kinzer M (2012) Notes from the field: 
norovirus infections associated with frozen raw oysters - Washington, 2011. Morbidity 
and Mortality Weekly Report; 61: 110. 

Caddy S, Breiman A, Le Pendu J and Goodfellow I (2014) Genogroup IV and VI canine 
noroviruses interact with histo-blood group antigens. Journal of Virology; 88: 10377-
10391. 

Campos C J and Lees D N (2014) Environmental transmission of human noroviruses in 
shellfish waters. Applied and Environmental Microbiology; 80: 3552-3561. 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 42

Carlsson B, Kindberg E, Buesa J, Rydell G E, Lidon M F, Montava R, Abu Mallouh R, Grahn 
A, Rodriguez-Diaz J, Bellido J, Arnedo A, Larson G and Svensson L (2009) The 
G428A nonsense mutation in FUT2 provides strong but not absolute protection 
against symptomatic GII.4 Norovirus infection. PLoS One; 4: e5593 [10 pp.] doi: 
10.1371/journal.pone.0005593. 

Castinel A, Fletcher L, Dhand N, Rubio A, Whittington R and Taylor M (2015) OSHV-1 
mortalities in Pacific oysters in Australia and New Zealand: The farmer’s story. 
Cawthron Institute, Nelson. 
http://www.cawthron.org.nz/media_new/publications/pdf/2015_09/CR2567printable.p
df (accessed: 9 August 2016). 

Cho H G, Lee S G, Lee M Y, Hur E S, Lee J S, Park P H, Park Y B, Yoon M H and Paik S Y 
(2016) An outbreak of norovirus infection associated with fermented oyster 
consumption in South Korea, 2013. Epidemiology and Infection; 1-6. 

Choi C and Kingsley D H (2016) Temperature-dependent persistence of human norovirus 
within oysters (Crassostrea virginica). Food and Environmental Virology; 8: 141-147. 

Cressey P (2013) Food consumption data for risk assessments. Institute of Environmeantl 
Science and Research, Christchurch. 

Cressey P, King N and Lake R (2006) Food consumption data for risk assessments. Institute 
of Environmental Science and Research, Christchurch.  

Cressey P and Lake R (2008) Risk ranking: Estimates of the cost of foodborne disease for 
New Zealand. Institute of Environmental Science and Research, Christchurch.  

Cressey P and Lake R (2011) Estimated incidence of foodborne illness in New Zealand: 
Application of overseas models and multipliers. Institute of Environmental Science 
and Research, Christchurch.  

Cressey P and Lake R (2013) Expert elicitation: Foodborne transmission of enteric 
pathogens in New Zealand. Institute of Environmental Science and Research, 
Christchurch.  

Cressey P and Lake R (2014) Risk ranking: Updated estimates of the burden of foodborne 
disease for New Zealand in 2013. Institute of Environmental Science and Research, 
Christchurch.  

Cromeans T, Park G W, Costantini V, Lee D, Wang Q, Farkas T, Lee A and Vinjé J (2014) 
Comprehensive comparison of cultivable norovirus surrogates in response to 
different inactivation and disinfection treatments. Applied and Environmental 
Microbiology; 80: 5743-5751. 

Currier R L, Payne D C, Staat M A, Selvarangan R, Shirley S H, Halasa N, Boom J A, 
Englund J A, Szilagyi P G, Harrison C J, Klein E J, Weinberg G A, Wikswo M E, 
Parashar U, Vinjé J and Morrow A L (2015) Innate susceptibility to norovirus 
infections influenced by FUT2 genotype in a united states pediatric population. 
Clinical Infectious Diseases; 60: 1631-1638. 

Dancer D, Rangdale R E, Lowther J A and Lees D N (2010) Human norovirus RNA persists 
in seawater under simulated winter conditions but does not bioaccumulate efficiently 
in Pacific Oysters (Crassostrea gigas). Journal of Food Protection; 73: 2123-2127. 

Davidson V J, Ravel A, Nguyen T N, Fazil A and Ruzante J M (2011) Food-specific 
attribution of selected gastrointestinal illnesses: estimates from a Canadian expert 
elicitation survey. Foodborne Pathogens and Disease; 8: 983-995. 

de Graaf M, van Beek J, Vennema H, Podkolzin A T, Hewitt J, Bucardo F, Templeton K, 
Mans J, Nordgren J, Reuter G, Lynch M, Rasmussen L D, Iritani N, Chan M C, 
Martella V, Ambert-Balay K, Vinjé J, White P A and Koopmans M P (2015) 
Emergence of a novel GII.17 norovirus - End of the GII.4 era? Euro Surveillance; 20: 
21178 [8 pp.] doi: 10.2807/1560-7917.ES2015.20.26.21178. 

Debbink K, Lindesmith L C, Donaldson E F and Baric R S (2012) Norovirus immunity and 
the great escape. PLoS Pathogens; 8: e1002921 [5 pp.] doi: 
10.1371/journal.ppat.1002921. 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 43

DePaola A, Jones J L, Woods J, Burkhardt W, 3rd, Calci K R, Krantz J A, Bowers J C, 
Kasturi K, Byars R H, Jacobs E, Williams-Hill D and Nabe K (2010) Bacterial and 
viral pathogens in live oysters: 2007 United States market survey. Applied and 
Environmental Microbiology; 76: 2754-2768. 

Diez-Valcarce M, Kokkinos P, Soderberg K, Bouwknegt M, Willems K, de Roda-Husman A 
M, von Bonsdorff C H, Bellou M, Hernandez M, Maunula L, Vantarakis A and 
Rodriguez-Lazaro D (2012) Occurrence of human enteric viruses in commercial 
mussels at retail level in three European countries. Food and Environmental Virology; 
4: 73-80. 

Eden J S, Hewitt J, Lim K L, Boni M F, Merif J, Greening G, Ratcliff R M, Holmes E C, 
Tanaka M M, Rawlinson W D and White P A (2014) The emergence and evolution of 
the novel epidemic norovirus GII.4 variant Sydney 2012. Virology; 450-451: 106-113. 

EFSA (2012) EFSA Panel on Biological Hazards (BIOHAZ). Scientific Opinion on norovirus 
(NoV) in oysters: methods, limits and control options. EFSA Journal; 10: 2500 [39 
pp.]. doi:10.2903/j.efsa.2012.2500. 

EFSA (2015) 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. EFSA Journal 13 4332 [76 pp.] 
doi:10.2903/j.efsa.2015.4332  

EFSA (2016) Scientific report on technical specifications for a European baseline survey of 
norovirus in oysters. EFSA Journal; 14: 4414 [62 pp.] doi:10.2903/j.efsa.2016.4414. 

EFSA and ECDC (2014) The European Union summary report on trends and sources of 
zoonoses, zoonotic agents and food-borne outbreaks in 2012. EFSA Journal; 
12:pii=3547 [312 pp.] doi:10.2903/j.efsa.2014.3547:  

EFSA and ECDC (2015) The European Union summary report on trends and sources of 
zoonoses, zoonotic agents and food-borne outbreaks in 2014. EFSA Journal; 13: 
pii=4329 [191 pp.] doi:10.2903/j.efsa.2015.4329:  

Escudero-Abarca B I, Rawsthorne H, Goulter R M, Suh S H and Jaykus L A (2014) 
Molecular methods used to estimate thermal inactivation of a prototype human 
norovirus: more heat resistant than previously believed? Food Microbiology; 41: 91-
95. 

Ferrer-Admetlla A, Sikora M, Laayouni H, Esteve A, Roubinet F, Blancher A, Calafell F, 
Bertranpetit J and Casals F (2009) A natural history of FUT2 polymorphism in 
humans. Molecular Biology and Evolution; 26: 1993-2003. 

Fitzgerald T L, Merritt T D, Zammit A, McLeod C, Landinez L M, White P A, Munnoch S A 
and Durrheim D N (2014) An outbreak of norovirus genogroup II associated with New 
South Wales oysters. Communicable Diseases Intelligence Quarterly Report; 38: E9-
E15. 

Flannery J, Keaveney S and Dore W (2009) Use of FRNA bacteriophages to indicate the risk 
of norovirus contamination in Irish oysters. Journal of Food Protection; 72: 2358-
2362. 

Flannery J, Rajko-Nenow P, Winterbourn J B, Malham S K and Jones D L (2014) 
Effectiveness of cooking to reduce norovirus and infectious F-specific RNA 
bacteriophage concentrations in Mytilus edulis. Journal of Applied Microbiology; 117: 
564-571. 

Frenck R, Bernstein D I, Xia M, Huang P, Zhong W, Parker S, Dickey M, McNeal M and 
Jiang X (2012) Predicting susceptibility to norovirus GII.4 by use of a challenge 
model involving humans. The Journal of Infectious Diseases; 206: 1386-1393. 

Fusco G, Aprea G, Galiero G, Guarino A and Viscardi M (2013) Escherichia coli, Salmonella 
spp., hepatitis A virus and norovirus in bivalve molluscs in Southern Italy. Veterinaria 
Italiana; 49: 55-58. 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 44

Gao Z, Liu B, Huo D, Yan H, Jia L, Du Y, Qian H, Yang Y, Wang X, Li J and Wang Q (2015) 
Increased norovirus activity was associated with a novel norovirus GII.17 variant in 
Beijing, China during winter 2014-2015. BMC Infectious Diseases; 15: 574. 

Gentry J, Vinjé J, Guadagnoli D and Lipp E K (2009) Norovirus distribution within an 
estuarine environment. Applied and Environmental Microbiology; 75: 5474-5480. 

Gibney K B, O'Toole J, Sinclair M and Leder K (2014) Disease burden of selected 
gastrointestinal pathogens in Australia, 2010. International Journal of Infectious 
Diseases; 28: 176-185. 

Green K Y (2013) Caliciviridae: The Noroviruses. In: Fields Virology, Ed: D. Knipe and P. 
Howley, pp.582-608. Wolters Kluwer/Lippincott Williams and Wilkins Health: 
Philadelphia, US. 

Greening G, Lake R, Hudson J and Cressey P (2009) Risk Profile: Norovirus in mollusca 
(raw). Institute of Environmental Science and Research, Christchurch. 
http://www.foodsafety.govt.nz/elibrary/industry/Risk_Profile_Norovirus-
Science_Research.pdf (accessed: 1 June 2016). 

Greening G, Lake R, Hudson J, Cressey P and Nortje G (2003a) Risk Profile: Norwalk-like 
virus in mollusca (raw). A report for the New Zealand Food Safety Authority.  

Greening G E and Hewitt J (2008) Norovirus detection in shellfish using a rapid, sensitive 
virus recovery method and real-time RT-PCR detection protocol. Food Analytical 
Methods; 1: 109-118. 

Greening G E, Hewitt J, Hay B E and Grant C M (2003b) Persistence of Norwalk-like viruses 
over time in Pacific oysters grown in the natural environment pp.367-377 In 
Proceedings of 4th International Conference on Molluscan Shellfish Safety, Santiago 
de Compostela, Spain. 

Greening G E, Hewitt J, Rivera-Aban M and Croucher D (2012) Molecular epidemiology of 
norovirus gastroenteritis outbreaks in New Zealand from 2002-2009. Journal of 
Medical Virology; 84: 1449-1458. 

Greening G E and Lewis G D (2007) Safeguarding environmental health and market access 
for NZ foods - Objective 2: Virus prevalence in shellfish. FRST Contract C0X0301. 
Institute of Environmental Science and Research, Porirua.  

Greening G E and McCoubrey D-J (2010) Enteric viruses and management of shellfish 
production in New Zealand. Food and Environmental Virology; 2: 167-175. 

Greening G E, Mirams M and Berke T (2001) Molecular epidemiology of 'Norwalk-like 
viruses' associated with gastroenteritis outbreaks in New Zealand. Journal of Medical 
Virology; 64: 58-66. 

Greig J D and Ravel A (2009) Analysis of foodborne outbreak data reported internationally 
for source attribution. International Journal of Food Microbiology; 130: 77-87. 

Haagsma J A, Havelaar A H, Janssen B M and Bonsel G J (2008) Disability adjusted life 
years and minimal disease: application of a preference-based relevance criterion to 
rank enteric pathogens. Population Health Metrics; 6: 7. 

Hall A J, Wikswo M E, Pringle K, Gould L H and Parashar U D (2014) Vital signs: foodborne 
norovirus outbreaks - United States, 2009-2012. Morbidity and Mortality Weekly 
Report; 63: 491-495. 

Han L, Kitov P I, Kitova E N, Tan M, Wang L, Xia M, Jiang X and Klassen J S (2013) 
Affinities of recombinant norovirus P dimers for human blood group antigens. 
Glycobiology; 23: 276-285. 

Havelaar A H, Galindo A V, Kurowicka D and Cooke R M (2008) Attribution of foodborne 
pathogens using structured expert elicitation. Foodborne Pathogens and Disease; 5: 
649-659. 

Hay B, McCoubrey D J and Zammit A (2013) Improving the management of the risk of 
human enteric viruses in shellfish at harvest. http://safefish.com.au/wp-
content/uploads/2013/03/SafeFish-Report-Virus-Management-for-Shellfish-Areas-
FINAL1.pdf (accessed: 1 June 2016). 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 45

Herbst-Kralovetz M, Mason H S and Chen Q (2010) Norwalk virus-like particles as vaccines. 
Expert Review of Vaccines; 9: 299-307. 

Hewitt J (2014) Norovirus surveillance and the GII.4 Sydney_2012 variant. New Zealand 
Public Health Surveillance Report; 12: 8. 

Hewitt J, Greening G E, Leonard M and Lewis G D (2013) Evaluation of human adenovirus 
and human polyomavirus as indicators of human sewage contamination in the 
aquatic environment. Water Research; 47: 6750-6761. 

Hewitt J, Leonard M, Greening G E and Lewis G D (2011) Influence of wastewater treatment 
process and the population size on human virus profiles in wastewater. Water 
Research; 45: 6267-6276. 

Hewitt J and McMurtrie S (2013) Impact on shellfish quality in the Avon-Heathcote 
Estuary/Ihutai, Christchurch following the 2011 Earthquakes. 9th International 
Conference on Molluscan Shellfish Safety 17-22 March, Sydney, Australia  

Hewitt J and Williamson W (2014) Evaluation of faecal source tracking methods as an 
indicator for human faecal contamination in shellfish growing areas. Part 1: 
Background, literature and capability review. Institute of Environmental Science and 
Research, Porirua.  

Horn B, Lopez L, Cressey P and Pirie R (2014) Annual report concerning foodborne disease 
in New Zealand 2013. Institute of Environmental Science and Research, 
Christchurch. https://www.mpi.govt.nz/document-vault/7209 (accessed: 20 May 
2015). 

Horn B, Lopez L, Cressey P and Roos R (2015) Annual report concerning foodborne 
disease in New Zealand 2014. Institute of Environmental Science and Research, 
Christchurch. https://www.mpi.govt.nz/document-vault/10370 (accessed: 20 May 
2015). 

Iizuka S, Oka T, Tabara K, Omura T, Katayama K, Takeda N and Noda M (2010) Detection 
of sapoviruses and noroviruses in an outbreak of gastroenteritis linked genetically to 
shellfish. Journal of Medical Virology; 82: 1247-1254. 

ISO (2013a) ISO/TS 15216-1. Microbiology of food and animal feed - Horizontal method for 
determination of hepatitis A virus and norovirus in food using real-time RT-PCR. Part 
1. Method for quantification. 

ISO (2013b) ISO/TS 15216-2. Microbiology of food and animal feed - Horizontal method for 
determination of hepatitis A virus and norovirus in food using real-time RT-PCR. Part 
2: Method for qualitative detection. 

ISO (2015) ISO/DIS 15216-1. Microbiology of the food chain - Horizontal method for 
determination of hepatitis A virus and norovirus in food using real-time RT-PCR - Part 
1: Method for quantification. 

Jones M K, Grau K R, Costantini V, Kolawole A O, de Graaf M, Freiden P, Graves CL, 
Koopmans M, Wallet S M, Tibbetts S A, Schultz-Cherry S, Wobus C E, Vinjé J, and 
Karst S M (2015) Human norovirus culture in B cells. Nature Protocols,10:1939-1947.  

Jones M K, Watanabe M, Zhu S, Graves C L, Keyes L R, Grau K R, Gonzalez-Hernandez M 
B, Iovine N M, Wobus C E, Vinjé J, Tibbetts S A, Wallet S M and Karst S M (2014) 
Enteric bacteria promote human and mouse norovirus infection of B cells. Science; 
346: 755-759. 

Karst S M and Tibbetts S A (2016) Recent advances in understanding norovirus 
pathogenesis. Journal of Medical Virology; 88: 1837-1843. 

Keller R, Justino J F and Cassini S T (2013) Assessment of water and seafood microbiology 
quality in a mangrove region in Vitoria, Brazil. Journal of Water and Health 11: 573-
580. 

King N, Hewitt J and Cressey P (2016) Update: Discussion document on pathogens in fruits 
and vegetables in New Zealand (draft). Institute of Environmental Science and 
Research Limited, Christchurch.  



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 46

King N and Lake R (2013) Bivalve shellfish harvesting and consumption in New Zealand, 
2011: Data for exposure assessment. New Zealand Journal of Marine and 
Freshwater Research; 47: 62-72. 

Kirby A E, Teunis P F and Moe C L (2015) Two human challenge studies confirm high 
infectivity of Norwalk virus. The Journal of Infectious Diseases; 211: 166-167. 

Kirk M, Ford L, Glass K and Hall G (2014) Foodborne illness, Australia, circa 2000 and circa 
2010. Emerging Infectious Diseases; 20: 1857-1864. 

Kirk M D, Pires S M, Black R E, Caipo M, Crump J A, Devleesschauwer B, Dopfer D, Fazil 
A, Fischer-Walker C L, Hald T, Hall A J, Keddy K H, Lake R J, Lanata C F, Torgerson 
P R, Havelaar A H and Angulo F J (2015) World Health Organization estimates of the 
global and regional disease burden of 22 foodborne bacterial, protozoal, and viral 
diseases, 2010: A data synthesis. PLoS Medicine; 12: e1001921 [21 pp.] doi: 
10.1371/journal.pmed.1001921. 

Kittigul L, Pombubpa K, Sukonthalux S, Rattanatham T and Utrarachkij F (2011) Noroviruses 
in oysters from local markets and oyster farms in southern Thailand. Southeast Asian 
Journal of Tropical Medicine and Public Health; 42: 105-113. 

Knight A, Li D, Uyttendaele M and Jaykus L A (2013) A critical review of methods for 
detecting human noroviruses and predicting their infectivity. Critical Reviews in 
Microbiology; 39: 295-309. 

Kroneman A, Vega E, Vennema H, Vinjé J, White P A, Hansman G, Green K, Martella V, 
Katayama K and Koopmans M (2013) Proposal for a unified norovirus nomenclature 
and genotyping. Archives of Virology; 158: 2059-2068. 

Langlet J, Croucher D, Rivera-Aban M and Greening G (2012) Evaluation of viral integrity 
using a three-step molecular method. In Proceedings of 3rd Food and Environmental 
Virology conference, 9-10 October 2012, Lisbon, Portugal  

Langlet J, Kaas L and Greening G (2015) Binding-based RT-qPCR assay to assess binding 
patterns of noroviruses to shellfish. Food and Environmental Virology; 7: 88-95. 

Le Guyader F, Loisy F, Atmar R L, Hutson A M, Estes M K, Ruvoen-Clouet N, Pommepuy M 
and Le Pendu J (2006) Norwalk virus-specific binding to oyster digestive tissues. 
Emerging Infectious Diseases; 12: 931-936. 

Le Pendu J, Ruvoen-Clouet N, Kindberg E and Svensson L (2006) Mendelian resistance to 
human norovirus infections. Seminars in Immunology; 18: 375-386. 

Lees D (2000) Viruses and bivalve shellfish. International Journal of Food Microbiology; 59: 
81-116. 

Leon J S, Kingsley D H, Montes J S, Richards G P, Lyon G M, Abdulhafid G M, Seitz S R, 
Fernandez M L, Teunis P F, Flick G J and Moe C L (2011) Randomized, double-
blinded clinical trial for human norovirus inactivation in oysters by high hydrostatic 
pressure processing. Applied and Environmental Microbiology; 77: 5476-5482. 

Levesque B, Barthe C, Dixon B R, Parrington L J, Martin D, Doidge B, Proulx J F and 
Murphy D (2010) Microbiological quality of blue mussels (Mytilus edulis) in Nunavik, 
Quebec: a pilot study. Canadian Journal of Microbiology; 56: 968-977. 

Li D, Stals A, Tang Q J and Uyttendaele M (2014) Detection of noroviruses in shellfish and 
semiprocessed fishery products from a Belgian seafood company. Journal of Food 
Protection; 77: 1342-1347. 

Lodo K L, Veitch M G and Green M L (2014) An outbreak of norovirus linked to oysters in 
Tasmania. Communicable Diseases Intelligence Quarterly Report; 38: E16-E19. 

Lopez L, Carey-Smith G, Lim E, Cressey P and Pirie R (2013) Annual report concerning 
foodborne disease in New Zealand 2012. Institute of Environmental Science and 
Research, Christchurch. http://foodsafety.govt.nz/science-risk/human-health-
surveillance/foodborne-disease-annual-reports.htm (accessed: 20 May 2015). 

Lou F, Huang P, Neetoo H, Gurtler J B, Niemira B A, Chen H, Jiang X and Li J (2012) High-
pressure inactivation of human norovirus virus-like particles provides evidence that 
the capsid of human norovirus is highly pressure resistant. Applied and 
Environmental Microbiology; 78: 5320-5327. 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 47

Loury P, Le Guyader F S, Le Saux J C, Ambert-Balay K, Parrot P and Hubert B (2015) A 
norovirus oyster-related outbreak in a nursing home in France, January 2012. 
Epidemiology and Infection; 143: 2486-2493. 

Loutreul J, Cazeaux C, Levert D, Nicolas A, Vautier S, Le Sauvage A L, Perelle S and Morin 
T (2014) Prevalence of human noroviruses in frozen marketed shellfish, red fruits 
and fresh vegetables. Food and Environmental Virology; 6: 157-168. 

Lowther J A, Gustar N E, Powell A L, Hartnell R E and Lees D N (2012) Two-year systematic 
study to assess norovirus contamination in oysters from commercial harvesting areas 
in the United Kingdom. Applied and Environmental Microbiology; 78: 5812-5817. 

Ma L P, Zhao F, Yao L, Li X G, Zhou D Q and Zhang R L (2013) The presence of genogroup 
II norovirus in retail shellfish from seven coastal cities in China. Food and 
Environmental Virology; 5: 81-86. 

Maalouf H, Schaeffer J, Parnaudeau S, Le Pendu J, Atmar R L, Crawford S E and Le 
Guyader F S (2011) Strain-dependent norovirus bioaccumulation in oysters. Applied 
and Environmental Microbiology; 77: 3189-96. 

Maalouf H, Zakhour M, Le Pendu J, Le Saux J C, Atmar R L and Le Guyader F S (2010) 
Distribution in tissue and seasonal variation of norovirus genogroup I and II ligands in 
oysters. Applied and Environmental Microbiology; 76: 5621-30. 

MAF Biosecurity (2004) Import health standard for the importation into New Zealand of 
marine fisheries products for human consumption from the European Community. 
Ministry of Agriculture and Forestry, Wellington. 
http://www.mpi.govt.nz/importing/food/seafood/requirements/ (accessed: 21 March 
2016). 

MAF Biosecurity (2008) Import health standard for marine fisheries products for human 
consumption from all countries. Ministry of Agriculture and Forestry, Wellington. 
http://www.mpi.govt.nz/importing/food/seafood/requirements/ (accessed: 21 March 
2016). 

Manso C F and Romalde J L (2013) Detection and characterization of hepatitis A virus and 
norovirus in mussels from Galicia (NW Spain). Food and Environmental Virology; 5: 
110-118. 

Mathijs E, Stals A, Baert L, Botteldoorn N, Denayer S, Mauroy A, Scipioni A, Daube G, 
Dierick K, Herman L, Van Coillie E, Uyttendaele M and Thiry E (2012) A review of 
known and hypothetical transmission routes for noroviruses. Food and Environmental 
Virology; 4: 131-152. 

McBride G (2014) Norovirus dose-response in sewage-related QMRA: The importance of 
virus aggregation. 7th International Congress on Environmental Modelling and 
Software, San Diego, CA, US. 

McLeod C, Hay B, Grant C, Greening G and Day D (2009) Localization of norovirus and 
poliovirus in Pacific oysters. Journal of Applied Microbiology; 106: 1220-1230. 

Mesquita J R, Vaz L, Cerqueira S, Castilho F, Santos R, Monteiro S, Manso C F, Romalde J 
L and Nascimento M S (2011) Norovirus, hepatitis A virus and enterovirus presence 
in shellfish from high quality harvesting areas in Portugal. Food Microbiology; 28: 
936-941. 

Messner M J, Berger P and Nappier S P (2014) Fractional poisson-a simple dose-response 
model for human norovirus. Risk Analysis; 34: 1820-1829. 

Ming H X, Fan J F, Wu L J and Liang Y B (2013) Prevalence of human enteric viruses and a 
potential indicator of contamination in shellfish in China. Journal of Food Safety; 33: 
209-214. 

Ministry of Health (2003) NZ Food NZ Children. Key results of the 2002 National Children's 
Nutrition Survey. Ministry of Health, Wellington. 
http://www.health.govt.nz/system/files/documents/publications/nzfoodnzchildren.pdf  
(accessed: 1 June 2016). 

Ministry of Health (2013) List of diseases notifiable to the Medical Officer of Health. 
Schedule of notifiable diseases - updated October 2013. Ministry of Health, 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 48

Wellington. http://www.health.govt.nz/our-work/diseases-and-conditions/notifiable-
diseases (accessed: 23 February 2016). 

Moon A, Hwang I-G and Choi W S (2011) Prevalence of noroviruses in oysters in Korea. 
Food Science and Biotechnology; 20: 1151-1154. 

MPI (2014) Fisheries (Conversion Factors) Notice 2014 (Notice No: MPI 392). New Zealand 
Gazette (supplement); 115: 3249-3297. 

MPI (2016a) Importing food into New Zealand. Guidance document. Issued 22 February 
2016. Ministry for Primary Industries, Wellington. http://www.mpi.govt.nz/document-
vault/11416 (accessed: 21 March 2016). 

MPI (2016b) Meeting requirements as a registered food importer. Guidance document. 
Issued 23 February 2016. Ministry for Primary Industries, Wellington. 
http://www.mpi.govt.nz/document-vault/11413 (accessed: 1 June 2016). 

MPI (2016c) Application of annual levies to primary processors of fish and bivalve molluscan 
shellfish. Ministry for Primary Industries, Wellington. 
http://www.foodsafety.govt.nz/elibrary/industry/Application_Revised-
Describes_Requirements.htm (accessed: 1 June 2016). 

MPI (2016d) Importing food. Food Notice. Issued 1 March 2016. Ministry for Primary 
Industries, Wellington. https://www.mpi.govt.nz/document-vault/10685 (accessed: 1 
June 2016). 

Neish A (2013) Investigative trials on the purification of oysters to identify ways of reducing 
norovirus. Centre for Environment, Fisheries & Aquaculture Science, Dorset, United 
Kingdom. https://www.cefas.co.uk/media/52851/2013-cefas-contract-report-
c5224.pdf (accessed: 1 June 2016). 

Nenonen N P, Hannoun C, Olsson M B and Bergstrom T (2009) Molecular analysis of an 
oyster-related norovirus outbreak. Journal of Clinical Virology; 45: 105-108. 

NIWA (2014) Risk assessment of contaminants in traditional food sources. National Institute 
of Water and Atmospheric Research, Auckland. 
http://www.niwa.co.nz/freshwater/projects/risk-assessment-of-contaminants-in-
traditional-food-sources (accessed: 17 March 2014). 

Nordgren J, Sharma S, Kambhampati A, Lopman B and Svensson L (2016) Innate 
resistance and susceptibility to norovirus infection. PLoS Pathogens; 12: e1005385 
[7 pp.] doi: 10.1371/journal.ppat.1005385. 

NZFSA (2010) New Zealand's food safety risk management framework. New Zealand Food 
Safety Authority, Wellington. 
http://foodsafety.govt.nz/elibrary/industry/RMF_full_document_-
_11604_NZFSA_Risk_Management_Framework_3.1.pdf (accessed: 10 February 
2015). 

Papafragkou E, Hewitt J, Park G W, Greening G and Vinjé J (2014) Challenges of culturing 
human norovirus in three-dimensional organoid intestinal cell culture models. PLoS 
One; 8: e63485 [7 pp.] doi: 10.1371/journal.pone.0063485. 

Parrino T A, Schreiber D S, Trier J S, Kapikian A Z and Blacklow N R (1977) Clinical 
immunity in acute gastroenteritis caused by Norwalk agent. The New England 
Journal of Medicine; 297: 86-89. 

Pavoni E, Consoli M, Suffredini E, Arcangeli G, Serracca L, Battistini R, Rossini I, Croci L 
and Losio M N (2013) Noroviruses in seafood: a 9-year monitoring in Italy. 
Foodborne Pathogens and Disease; 10: 533-539. 

Payne D C, Vinjé J, Szilagyi P G, Edwards K M, Staat M A, Weinberg G A, Hall C B, 
Chappell J, Bernstein D I, Curns A T, Wikswo M, Shirley S H, Hall A J, Lopman B 
and Parashar U D (2013) Norovirus and medically attended gastroenteritis in U.S. 
children. The New England Journal of Medicine; 368: 1121-1130. 

Pepe T, Ventrone I, Suffredini E, Ceruso M, Croci L, Anastasio A and Cortesi M L (2012) 
Norovirus monitoring in bivalve molluscs harvested and commercialized in southern 
Italy. Journal of Food Protection; 75: 976-981. 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 49

Polo D, Alvarez C, Diez J, Darriba S, Longa A and Romalde J L (2014) Viral elimination 
during commercial depuration of shellfish. Food Control; 43: 206-212. 

Polo D, Feal X and Romalde J L (2015a) Mathematical model for viral depuration kinetics in 
shellfish: an useful tool to estimate the risk for the consumers. Food Microbiology; 49: 
220-225. 

Polo D, Varela M F and Romalde J L (2015b) Detection and quantification of hepatitis A 
virus and norovirus in Spanish authorized shellfish harvesting areas. International 
Journal of Food Microbiology; 193: 43-50. 

Polo D, Vilarino M L, Manso C F and Romalde J L (2010) Imported mollusks and 
dissemination of human enteric viruses. Emerging Infectious Diseases; 16: 1036-
1038. 

ProMED-mail (2010) Oyster recall - Canada (02): (BC) norovirus conf. Archive Number: 
20101007.3638. International Society for Infectious Diseases, Brookline, MA. 
http://www.promedmail.org/ (accessed: 19 February 2016). 

ProMED-mail (2012a) Norovirus, Oysters- Taiwan ex Korea. Archive Number: 
20120721.1209449. International Society for Infectious Diseases, Brookline, MA. 
http://www.promedmail.org/ (accessed: 19 February 2016). 

ProMED-mail (2012b) Norovirus, Oysters - USA (02): (LA) . Archive Number: 
20100416.1238. International Society for Infectious Diseases, Brookline, MA. 
http://www.promedmail.org/ (accessed: 19 February 2016). 

Racki N, Morisset D, Gutierrez-Aguirre I and Ravnikar M (2014) One-step RT-droplet digital 
PCR: a breakthrough in the quantification of waterborne RNA viruses. Analytical and 
Bioanalytical Chemistry; 406: 661-667. 

Rajko-Nenow P, Keaveney S, Flannery J, Mc I A and Dore W (2014) Norovirus genotypes 
implicated in two oyster-related illness outbreaks in Ireland. Epidemiology and 
Infection; 142: 2096-2104. 

Rajko-Nenow P, Keaveney S, Flannery J, O'Flaherty V and Dore W (2012) Characterisation 
of norovirus contamination in an Irish shellfishery using real-time RT-qPCR and 
sequencing analysis. International Journal of Food Microbiology; 160: 105-112. 

Rodriguez-Manzano J, Hundesa A, Calgua B, Carratala A, Maluquer de Motes C, Rusinol M, 
Moresco V, Ramos A P, Martinez-Marca F, Calvo M, Monte Barardi C R, Girones R 
and Bofill-Mas S (2014) Adenovirus and norovirus contaminants in commercially 
distributed shellfish. Food and Environmental Virology; 6: 31-41. 

Rohayem J (2009) Norovirus seasonality and the potential impact of climate change. Clinical 
Microbiology and Infection; 15: 524-527. 

Russell D G, Parnell W R, Wilson N C, Faed J, Ferguson E, Herbison P, Horwath C, Nye T, 
Reid P, Walker R, Wilson B and Tukuitonga C (1999) NZ Food: NZ People. Ministry 
of Health, Wellington. 
http://www.moh.govt.nz/notebook/nbbooks.nsf/8b635a98811e8aed85256ca8006d4e
51/62c5d9d4c418c4e74c2567d9007186c2/$FILE/nns.pdf (accessed: 1 June 2016). 

Ruvoen-Clouet N, Belliot G and Le Pendu J (2013) Noroviruses and histo-blood groups: the 
impact of common host genetic polymorphisms on virus transmission and evolution. 
Reviews in Medical Virology; 23: 355-366. 

Salomon J A, Vos T, Hogan D R, Gagnon M, Naghavi M, Mokdad A, Begum N, Shah R, 
Karyana M, Kosen S, Farje M R, Moncada G, Dutta A, Sazawal S, Dyer A, Seiler J, 
Aboyans V, Baker L, Baxter A, Benjamin E J, Bhalla K, Bin Abdulhak A, Blyth F, 
Bourne R, Braithwaite T, Brooks P, Brugha T S, Bryan-Hancock C, Buchbinder R, 
Burney P, Calabria B, Chen H, Chugh S S, Cooley R, Criqui M H, Cross M, 
Dabhadkar K C, Dahodwala N, Davis A, Degenhardt L, Diaz-Torne C, Dorsey E R, 
Driscoll T, Edmond K, Elbaz A, Ezzati M, Feigin V, Ferri C P, Flaxman A D, Flood L, 
Fransen M, Fuse K, Gabbe B J, Gillum R F, Haagsma J, Harrison J E, Havmoeller R, 
Hay R J, Hel-Baqui A, Hoek H W, Hoffman H, Hogeland E, Hoy D, Jarvis D, 
Karthikeyan G, Knowlton L M, Lathlean T, Leasher J L, Lim S S, Lipshultz S E, Lopez 
A D, Lozano R, Lyons R, Malekzadeh R, Marcenes W, March L, Margolis D J, McGill 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 50

N, McGrath J, Mensah G A, Meyer A-C, Michaud C, Moran A, Mori R, Murdoch M E, 
Naldi L, Newton C R, Norman R, Omer S B, Osborne R, Pearce N, Perez-Ruiz F, 
Perico N, Pesudovs K, Phillips D, Pourmalek F, Prince M, Rehm J T, Remuzzi G, 
Richardson K, Room R, Saha S, Sampson U, Sanchez-Riera L, Segui-Gomez M, 
Shahraz S, Shibuya K, Singh D, Sliwa K, Smith E, Soerjomataram I, Steiner T, Stolk 
W A, Stovner L J, Sudfeld C, Taylor H R, Tleyjeh I M, van der Werf M J, Watson W L, 
Weatherall D J, Weintraub R, Weisskopf M G, Whiteford H, Wilkinson J D, Woolf A 
D, Zheng Z-J and Murray C J L (2012) Common values in assessing health 
outcomes from disease and injury: disability weights measurement study for the 
Global Burden of Disease Study 2010. Lancet; 380: 2129-2143. 

Savini G, Casaccia C, Barile N B, Paoletti M and Pinoni C (2009) Norovirus in bivalve 
molluscs: A study of the efficacy of the depuration system. Veterinaria Italiana; 45: 
535-539. 

Scallan E, Hoekstra R M, Angulo F J, Tauxe R V, Widdowson M A, Roy S L, Jones J L and 
Griffin P M (2011) Foodborne illness acquired in the United States-major pathogens. 
Emerging Infectious Diseases; 17: 7-15. 

Schaeffer J, Le Saux J C, Lora M, Atmar R L and Le Guyader F S (2013) Norovirus 
contamination on French marketed oysters. International Journal of Food 
Microbiology; 166: 244-248. 

Schmidt P J (2015) Norovirus dose-response: Are currently available data informative 
enough to determine how susceptible humans are to infection from a single virus? 
Risk Analysis; 35: 1364-1383. 

Seo D J, Lee M H, Son N R, Seo S, Lee K B, Wang X and Choi C (2014) Seasonal and 
regional prevalence of norovirus, hepatitis A virus, hepatitis E virus, and rotavirus in 
shellfish harvested from South Korea. Food Control; 41: 178-184. 

Serracca L, Verani M, Battistini R, Rossini I, Carducci A and Ercolini C (2010) Evaluation of 
adenovirus and E. coli as indicators for human enteric viruses presence in mussels 
produced in La Spezia Gulf (Italy). Letters in Applied Microbiology; 50: 462-467. 

Siebenga J J, Vennema H, Zheng D P, Vinjé J, Lee B E, Pang X L, Ho E C, Lim W, 
Choudekar A, Broor S, Halperin T, Rasool N B, Hewitt J, Greening G E, Jin M, Duan 
Z J, Lucero Y, O'Ryan M, Hoehne M, Schreier E, Ratcliff R M, White P A, Iritani N, 
Reuter G and Koopmans M (2009) Norovirus illness is a global problem: emergence 
and spread of norovirus GII.4 variants, 2001-2007. The Journal of Infectious 
Diseases; 200: 802-812. 

Simmons G, Garbutt C, Hewitt J and Greening G (2007) A New Zealand outbreak of 
norovirus gastroenteritis linked to the consumption of imported raw Korean oysters. 
New Zealand Medical Journal; 120: U2773. 

Simmons K, Gambhir M, Leon J and Lopman B (2013) Duration of immunity to norovirus 
gastroenteritis. Emerging Infectious Diseases; 19: 1260-1267. 

Singh B K, Leuthold M M and Hansman G S (2015) Human noroviruses' fondness for histo-
blood group antigens. Journal of Virology; 89: 2024-2040. 

Smith A J, McCarthy N, Saldana L, Ihekweazu C, McPhedran K, Adak G K, Iturriza-Gomara 
M, Bickler G and O'Moore E (2012) A large foodborne outbreak of norovirus in diners 
at a restaurant in England between January and February 2009. Epidemiology and 
Infection; 140: 1695-1701. 

Son H, Jeong H S, Cho M, Lee J, Lee H, Yoon K, Jeong A Y, Jung S, Kim K and Cheon D S 
(2013) Seroepidemiology of predominant norovirus strains circulating in Korea by 
using recombinant virus-like particle antigens. Foodborne Pathogens and Disease; 
10: 461-466. 

Straub T M, Honer zu Bentrup K, Orosz-Coghlan P, Dohnalkova A, Mayer B K, Bartholomew 
R A, Valdez C O, Bruckner-Lea C J, Gerba C P, Abbaszadegan M and Nickerson C 
A (2007) In vitro cell culture infectivity assay for human noroviruses. Emerging 
Infectious Diseases; 13: 396-403. 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 51

Suffredini E, Lanni L, Arcangeli G, Pepe T, Mazzette R, Ciccaglioni G and Croci L (2014) 
Qualitative and quantitative assessment of viral contamination in bivalve molluscs 
harvested in Italy. International Journal of Food Microbiology; 184: 21-26. 

Summa M, von Bonsdorff C H and Maunula L (2012) Pet dogs - a transmission route for 
human noroviruses? Journal of Clinical Virology; 53: 244-247. 

Takanashi S, Saif L J, Hughes J H, Meulia T, Jung K, Scheuer K A and Wang Q (2014 Arch 
Virol) Failure of propagation of human norovirus in intestinal epithelial cells with 
microvilli grown in three-dimensional cultures. Archives of Virology; 159: 257-266. 

Tam C C, Rodrigues L C, Viviani L, Dodds J P, Evans M R, Hunter P R, Gray J J, Letley L H, 
Rait G, Tompkins D S and O'Brien S J (2012) Longitudinal study of infectious 
intestinal disease in the UK (IID2 study): incidence in the community and presenting 
to general practice. Gut; 61: 69-77. 

Tan M and Jiang X (2010) Norovirus gastroenteritis, carbohydrate receptors, and animal 
models. PLoS Pathogens; 6: e1000983 [5 pp.] doi: 10.1371/journal.ppat.1000983. 

Terio V, Martella V, Moschidou P, Di Pinto P, Tantillo G and Buonavoglia C (2010) Norovirus 
in retail shellfish. Food Microbiology; 27: 29-32. 

Teunis P F, Moe C L, Liu P, Miller S E, Lindesmith L, Baric R S, Le Pendu J and Calderon R 
L (2008) Norwalk virus: how infectious is it? Journal of Medical Virology; 80: 1468-
1476. 

Thebault A, Teunis P F, Le Pendu J, Le Guyader F S and Denis J B (2013) Infectivity of GI 
and GII noroviruses established from oyster related outbreaks. Epidemics; 5: 98-110. 

Thomas M K, Murray R, Flockhart L, Pintar K, Pollari F, Fazil A, Nesbitt A and Marshall B 
(2013) Estimates of the burden of foodborne illness in Canada for 30 specified 
pathogens and unspecified agents, Circa 2006. Foodborne Pathogens and Disease; 
10: 639-648. 

Tse H, Lau S K, Chan W M, Choi G K, Woo P C and Yuen K Y (2012) Complete genome 
sequences of novel canine noroviruses in Hong Kong. Journal of Virology; 86: 9531-
9532. 

Ueki Y, Shoji M, Suto A, Tanabe T, Okimura Y, Kikuchi Y, Saito N, Sano D and Omura T 
(2007) Persistence of caliciviruses in artificially contaminated oysters during 
depuration. Applied and Environmental Microbiology; 73: 5698-5701. 

University of Otago and Ministry of Health (2011) A focus on nutrition: Key findings of the 
2008/09 New Zealand Adult Nutrition Survey. Ministry of Health, Wellington. 
https://www.health.govt.nz/system/files/documents/publications/a-focus-on-nutrition-
v2.pdf (accessed: 1 June 2016). 

Vally H, Glass K, Ford L, Hall G, Kirk M D, Shadbolt C, Veitch M, Fullerton K E, Musto J and 
Becker N (2014) Proportion of illness acquired by foodborne transmission for nine 
enteric pathogens in Australia: an expert elicitation. Foodborne Pathogens and 
Disease; 11: 727-733. 

van Beek J, Ambert-Balay K, Botteldoorn N, Eden J S, Fonager J, Hewitt J, Iritani N, 
Kroneman A, Vennema H, Vinjé J, White P A, Koopmans M and NoroNet (2013) 
Indications for worldwide increased norovirus activity associated with emergence of a 
new variant of genotype II.4, late 2012. Euro Surveillance; 18: 20345 [2 pp.] Available 
online: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20345. 

Verhoef L, Hewitt J, Barclay L, Ahmed S M, Lake R, Hall A J, Lopman B, Kroneman A, 
Vennema H, Vinjé J and Koopmans M (2015) Norovirus genotype profiles associated 
with foodborne transmission, 1999-2012. Emerging Infectious Diseases; 21: 592-599. 

Verhoef L, Koopmans M, van Pelt W, Duizer E, Haagsma J, Werber D, van Asten L and 
Havelaar A (2013) The estimated disease burden of norovirus in The Netherlands. 
Epidemiology and Infection; 141: 496-506. 

Verhoef L, Vennema H, van Pelt W, Lees D, Boshuizen H, Henshilwood K and Koopmans M 
(2010) Use of norovirus genotype profiles to differentiate origins of foodborne 
outbreaks. Emerging Infectious Diseases; 16: 617-624. 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 52

Verhoef L, Williams K P, Kroneman A, Sobral B, van Pelt W and Koopmans M (2012) 
Selection of a phylogenetically informative region of the norovirus genome for 
outbreak linkage. Virus Genes; 44: 8-18. 

Vilarino M L, Le Guyader F S, Polo D, Schaeffer J, Krol J and Romalde J L (2009) 
Assessment of human enteric viruses in cultured and wild bivalve molluscs. 
International Microbiology; 12: 145-151. 

Vinjé J (2015) Advances in laboratory methods for detection and typing of norovirus. Journal 
of Clinical Microbiology; 53: 373-381. 

Wall R, Dymond N, Bell A, Thornley C, Buik H, Cumming D and Petersen N (2011) Two New 
Zealand outbreaks of norovirus gastroenteritis linked to commercially farmed oysters. 
New Zealand Medical Journal; 124: 63-71. 

Wang D and Tian P (2014) Inactivation conditions for human norovirus measured by an in 
situ capture-qRT-PCR method. International Journal of Food Microbiology; 172: 76-
82. 

Wang Y, Zhang J and Shen Z (2015) The impact of calicivirus mixed infection in an oyster-
associated outbreak during a food festival. Journal of Clinical Virology; 73: 55-63. 

Westrell T, Dusch V, Ethelberg S, Harris J, Hjertqvist M, Jourdan-da Silva N, Koller A, 
Lenglet A, Lisby M and Vold L (2010) Norovirus outbreaks linked to oyster 
consumption in the United Kingdom, Norway, France, Sweden and Denmark, 2010. 
Euro Surveillance; 15: 19524 [4 pp.] Available online: 
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19524. 

WHO (2015) WHO estimates of the global burden of foodborne diseases: Foodborne 
disease burden epidemiology reference group 2007-2015. World Health 
Organisation, Geneva. 
http://apps.who.int/iris/bitstream/10665/199350/1/9789241565165_eng.pdf?ua=1 
(accessed: 22 March 2016). 

Whyte A L, Hook G R, Greening G E, Gibbs-Smith E and Gardner J P (2009) Human dietary 
exposure to heavy metals via the consumption of greenshell mussels (Perna 
canaliculus) from the Bay of Islands, northern New Zealand. Science of the Total 
Environment; 407: 4348-4355. 

Williamson W M, Ball A, Wolf S, Hewitt J, Lin S, Scholes P, Ambrose V, Robson B and 
Greening G E (2011) Enteric viruses in New Zealand drinking-water sources. Water 
Science and Technology; 63: 1744-1751. 

Wolf S, Rivera-Aban M and Greening G E (2009) Long-range reverse transcription as a 
useful tool to assess the genomic integrity of norovirus. Food and Environmental 
Virology; 1: 129-136. 

Woods J W and Burkhardt W, III (2010) Occurrence of norovirus and hepatitis A virus in US 
oysters. Food and Environmental Virology; 2: 176-182. 

Wynne-Jones J, Gray A, Hill L and Heinemann A (2014) National panel survey of marine 
recreational fishers 2011-12: Harvest estimates. New Zealand Fisheries Assessment 
Report 2014/67. Ministry for Primary Industries, Wellington. 
http://fs.fish.govt.nz/Doc/23718/FAR_2014_67_2847_MAF2010-01.pdf.ashx 
(accessed: 1 June 2016). 

Zhang X F, Huang Q, Long Y, Jiang X, Zhang T, Tan M, Zhang Q L, Huang Z Y, Li Y H, Ding 
Y Q, Hu G F, Tang S and Dai Y C (2015) An outbreak caused by GII.17 norovirus 
with a wide spectrum of HBGA-associated susceptibility. Scientific Reports; 5: 17687 
[10 pp.] doi: 10.1038/srep17687. 

Zheng D, Ando T, Fankhauser R, Beard R, Glass R and Monroe S S (2006) Norovirus 
classification and proposed strain nomenclature. Virology; 346: 312-323. 

 



RISK PROFILE: NOROVIRUS IN MOLLUSCA (RAW), UPDATE. Client Report FW16008 
INSTITUTE OF ENVIRONMENTAL SCIENCE AND RESEARCH LIMITED Page 53

APPENDIX A: HAZARD AND FOOD 

A.1 NOROVIRUS DETECTION AND QUANTITATION 

Following a 2007 report describing human norovirus culture (Straub et al., 2007), attempts to 
replicate the researchers findings proved difficult (Papafragkou et al., 2014; Takanashi et al., 
2014)29, and to date there is no reliable and reproducible culture system available for the 
noroviruses that infect humans (i.e. GI/GII/GIV). Norovirus infection of B cells has been 
reported though, most likely with norovirus infection facilitated by a co-factor derived from 
commensal microbiota (Jones et al., 2014; Jones et al., 2015; Karst and Tibbetts, 2016). While 
not thought to be essential for infection (Brown et al., 2016), this information aids better 
understanding norovirus cell tropisms and ultimately efforts towards developing a successful 
culture method.  

As virus culture methods are challenging, there has been the development of methods aimed 
at assessing both the virus capsid and nucleic acid integrity, and which ensures the non-
detection of ‘free RNA’ using molecular approaches. These have included pre-treatment of 
samples with propidium monoazide, RNase, and/or utilisation of porcine gastric mucin as 
HBGAs for virus capture (Escudero-Abarca et al., 2014; Knight et al., 2013; Wang and Tian, 
2014). Results from studies using molecular approaches may aid understanding of survival 
and inactivation, and aid public health risk assessments.  

In the context of this Risk Profile, the proteinase K digestion method used frequency for the 
recovery of noroviruses from BMS (ISO, 2015) is reported to be less likely to recover free viral 
RNA than are other virus recovery methods (Knight et al., 2013). In addition, free viral RNA is 
not efficiently bioaccumulated by BMS (Dancer et al., 2010). Although these observations 
need verification, these data suggest that subsequent PCR will predominately detect intact 
particles, although it is not known if those detected are infectious viruses. It is also unclear if 
the norovirus capsid is damaged during the proteinase digestion process of the recovery step. 
If so, any post-processing assessment of infectivity may be compromised by the recovery 
step. 

Molecular methods are the only suitable approach for detecting norovirus from complex 
matrices such as BMS. RT-qPCR is commonly used for detecting norovirus (a RNA virus that 
requires a reverse transcription step prior to the PCR) from clinical, environmental and BMS 
samples. Method standardisation is lacking globally with laboratories and a variety of in-house 
protocols or one of several commercial kits available are used (for example, 
http://www.ceeramtools.com/, http://www.fast-trackdiagnostics.com/products/ftd-noro/, 
http://www.bc-diagnostics.com/products/kits/real-time-pcr/viruses).30 Commercial kits 
targeted for rapid diagnostics from clinical samples may not be suitable for BMS. For example, 
rapid immunochromatographic tests and enzyme immunoassays often used for clinical 
samples are not sensitive enough for use with BMS.  

The 2009 Risk Profile reported that the European Community and National Reference 
Laboratories were validating standard methods for norovirus detection in shellfish, foods and 
waters. In 2013, two ISO Technical Specifications were published. The documents were 
prepared by the European Committee for Standardization (CEN), in collaboration with 
Technical committee ISO/TC 34, Food products, Subcommittee SC 9 Microbiology. The 
documents are referred to as CEN/ISO TS 15126-1:2013 and 15216-2:2013 (ISO, 2013a, 

                                                
29 Of the norovirus group, only murine norovirus (belonging to norovirus genogroup III) can be 
cultured. 
30 Accessed 14 April 2016. 

http://www.ceeramtools.com/
http://www.fast-trackdiagnostics.com/products/ftd-noro/
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2013b). These describe the detection and quantitation of noroviruses (and hepatitis A virus) 
from a number of matrices including BMS. 

Briefly, the procedure describes the recovery of viruses by proteinase K digestion followed by 
viral RNA extraction by lysis with guanidine thiocyanate and adsorption to silica. The extracted 
RNA is then converted to complementary DNA (in the RT step) and amplified using qPCR. 
Although the procedure specifies that primers and probes should target the genome 
conserved regions at the junction of the ORF1/ORF2, there is no specific recommended assay 
nor reagents. The method requires the use of a process control such as murine norovirus or 
mengovirus, and the use of appropriate positive and negative controls. 

As ISO T/S are reviewed after three years, the procedures are due for revision no later than 
2016 and are eligible to become an International Standard. If confirmed, another review takes 
place after a further three years. Alternatively, they will be confirmed for a further three years, 
or withdrawn. After this time, it must either become an International Standard or be withdrawn. 
In November 2015, the CEN/ISO TS 15126-1:2013 was revised (with additional technical 
information added). The revision became the draft international standard ISO/DIS 15216-1 
(ISO, 2015) and, as of March 2016, is under review. The standard describes the procedure 
for virus quantitation. In 2012, EFSA considered the use of the CEN method and concluded 
that it was suitable for use in a legislative context (EFSA, 2012).  

Digital PCR is an alternative approach for detecting and quantifying nucleic acid at low 
concentrations, negating the use of an external standard curve to allow absolute quantitation 
(Racki et al., 2014). However its use for detecting noroviruses in BMS has not been 
demonstrated and this process is not considered in the ISO/DIS 15216-1 standard as 
described above.  

A.2 TYPING 

Molecular typing of human noroviruses is important in public health surveillance purposes but 
selection of the genome to sequence is vital for identification and to allow sequence data 
comparisons (Verhoef et al., 2012). In New Zealand, the norovirus genotype is routinely 
determined by sequencing both the partial polymerase (region B) and partial capsid (region 
C) of the genome. This allows alignment with sequence data both from the US (CaliciNet 
database) and Europe (Noronet database) but more extensive genome sequencing would 
provide better comparisons. The use of an automated web-based typing tool 
(http://www.rivm.nl/mpf/norovirus/typingtool) is used to aid genotyping. For a new genotype, 
this web based tool defines that the VP1 region of the capsid must differ with other known 
genotypes by a minimum of 15% pairwise difference (Kroneman et al., 2013). For GII.4, there 
is approximately 5% divergence in the VP1 amino sequence between variants, and up to 2.8% 
within variants (Zheng et al., 2006).Where possible, genotyping is carried out for noroviruses 
detected in BMS samples as this can inform source tracing, but this can be problematic due 
to the often low levels and a mixture of viruses present. 

Next generation typing methods such as whole genome sequencing by massively parallel 
sequencing can offer an alternative approach for virus typing from clinical and 
food/environmental samples and can provide higher resolution to typing. For both clinical and 
food samples, extensive validation is required before it replaces the current PCR and Sanger-
sequencing methods used for noroviruses. Sensitivity may be an issue not only for 
environmental and food samples including BMS, but for clinical samples too, so development 
and method harmonisation work will be required. The typing tool 
(http://www.rivm.nl/mpf/norovirus/typingtool) is not yet suitable for analysis of the whole 
genome by next generation typing.31  

 

                                                
31 http://www.compare-europe.eu/Library/Reference-Genomes/Norovirus (accessed 14 April 2016). 

http://www.rivm.nl/mpf/norovirus/typingtool
http://www.rivm.nl/mpf/norovirus/typingtool
http://www.compare-europe.eu/Library/Reference-Genomes/Norovirus
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A.3 SURVIVAL AND INACTIVATION 

Because of the historical lack of a culture system, there are limited data on survival and 
inactivation of human noroviruses.  

Information on the known properties of human noroviruses are presented in a microbiological 
datasheet published in 2010 (available at https://www.mpi.govt.nz/document-vault/1362). 
Norovirus can retain infectivity following heat treatment at 60°C for 30 minutes (data is based 
on volunteer inoculation studies). As norovirus illness has been documented following the 
consumption of norovirus-contaminated BMS that had been heated/steamed, it is apparent 
that these common shellfish cooking methods do not readily inactivate noroviruses. The 
recommendation by the UK Ministry of Agriculture for commercial cooking operations is that 
the internal shellfish meat temperatures should reach 90°C and be held for 1.5 minutes. This 
was discussed in the 2009 Risk Profile.  

Norovirus surrogates such as feline calicivirus, murine norovirus and Tulane virus have been 
used in heat inactivation studies. Surrogate viruses can be completely inactivated at 56°C 
within 20 minutes (Cromeans et al., 2014). Shellfish tissue can have a protective effect to 
viruses during heating (Flannery et al., 2014) but sufficient heating (e.g. 80°C, > 6 minutes) 
can inactivate most norovirus surrogates in oyster tissue (Araud et al., 2016). However caution 
is advised when extrapolating such data to noroviruses. 

A.4 OVERSEAS DATA ON PREVALENCE OF NOROVIRUS IN SHELLFISH 

The 2009 Risk Profile listed overseas studies of the prevalence of norovirus in raw BMS from 
the 1990s to 2008. Overseas surveys of BMS for norovirus published from 2009 to 2015 are 
summarised in Table 7.  

One of the most extensive study was commissioned by the UK Food Safety Authority to 
investigate the prevalence and concentration of norovirus in oyster harvesting areas. The 
study was carried out by Centre for Environment, Fisheries and Aquaculture Science in the 
UK (Lowther et al., 2012). Key findings in that study were that:   

 Norovirus was detected in 76% of oysters; 

 52% samples contained <100 genome copies/gram; 

 1.4% samples contained >10,000 genome copies/gram; and 

 A higher norovirus prevalence was observed in the winter compared to summer. 

TABLE 7: Prevalence of norovirus in raw BMS from overseas surveys (published 2009-2015) 

COUNTRY  
SURVEY 
PERIOD 

BMS SPECIES 
NO OF 

SAMPLES 
TESTED 

NO OF 
POSITIVE 
SAMPLES 

% 
POSITIVE 

COMMERCIAL/ 
NON-
COMMERCIAL 
BMS 

REFERENCE 

Australia 2010-
2011 

Oysters 120 2 1.7% Commercial Brake et al. 

(2014) 

Belgium 2012-
2013 

Oysters, 
mussels and 
clams 

65 21 32.3% Commercial Li et al. 
(2014) 

Brazil 2008-
2009 

Mussels 11 0 0% Non-
commercial 

Keller et al. 
(2013) 

Canada 2004-
2007 

Mussels 13 0 0% Non-
commercial 

Levesque et 
al. (2010) 

China 2007 Clams, 
mussels, 
oysters and 
scallops 

162 20 12% Mainly 
Commercial 

Ming et al. 

(2013) 

https://www.mpi.govt.nz/document-vault/1362
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COUNTRY  
SURVEY 
PERIOD 

BMS SPECIES 
NO OF 

SAMPLES 
TESTED 

NO OF 
POSITIVE 
SAMPLES 

% 
POSITIVE 

COMMERCIAL/ 
NON-
COMMERCIAL 
BMS 

REFERENCE 

China 2009-
2011 

Oysters, 
mussels and 
others 

840 112 13.3% Commercial Ma et al. 
(2013) 

Europe 
(Finland, 
Greece, 
Spain)  

2010 Mussels 153 18 11.7% 

 

Commercial 

 

Diez-
Valcarce et 
al. (2012) 

France 2010-
2010 

Oysters 387 35 9% Commercial Schaeffer et 
al. (2013) 

Available in 
France 
(sources 
from EU & 
non-EU 
countries) 

2008 Mussels 83 18 21.7% Commercial 

 

Loutreul et 
al. (2014) 

Ireland 2005-
2007 

Oysters  167 62  37.1% Commercial Flannery et 
al. (2009) 

Ireland 2007-
2009 

Oysters 23 22 95.6% Non-
commercialA 

Rajko-
Nenow et al. 
(2012) 

Italy No 
dates 

Mussels 80 2 2.5% Commercial 

 

Serracca et 
al. (2010) 

Italy 2005-
2008 

Clams, 
mussels and 
oysters 

116 14 12.1% Commercial 

 

Terio et al. 

(2010) 

Italy 2007-
2010 

Mussels and 
others  

163 94 57.7% Commercial Pepe et al. 

(2012) 

Italy 2003-
2010 

Clams, 
mussels, 
oysters and 
others 

4463 182 4.1% Commercial Pavoni et al. 
(2013) 

Italy 2011-
2012 

Mussels  51 7 13.7% Commercial 

 

Fusco et al. 
(2013) 

Italy 2011-
2012 

Razor (Solen 
marginctus) 

8 2 22.2% Non- 
commercial 

Fusco et al. 
(2013) 

Italy 2008-
2012 

Clams, 
mussels and 
oysters 

336 173 51.5% Commercial Suffredini et 
al. (2014) 

Morocco 2006-
2010 

Oysters 
clams and 
cockles 

77 23 30% Unknown 

 

Benabbes et 
al. (2013) 

Poland 2010-
2012 

Mussels 120 GI 22 

GII 28 

GI 18.3% 

GII 
23.3% 

Non-
commercial  

Bigoraj et al. 

(2014) 

Portugal 2008-
2009 

Oysters, 
mussels and 
others 

49 18 37% Commercial Mesquita et 
al. (2011) 

South Korea 2006 Oysters 156 22 14.1% Commercial Moon et al. 
(2011) 
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COUNTRY  
SURVEY 
PERIOD 

BMS SPECIES 
NO OF 

SAMPLES 
TESTED 

NO OF 
POSITIVE 
SAMPLES 

% 
POSITIVE 

COMMERCIAL/ 
NON-
COMMERCIAL 
BMS 

REFERENCE 

South Korea Not 
given 

Oysters, 
mussels and 
clams  

152 GI 9 

GII 33 

GI 5.9%  

GII 
21.7% 

Commercial  Seo et al. 
(2014) 

Spain  2005 Mussels 24 

 

14 58.3% Commercial 

 

Vilarino et 
al. (2009) 

Spain  2005 Mussels 
clams and 
cockles  

17 9 52.9% Non- 
commercial 

Vilarino et 
al. (2009) 

SpainB 2004-
2008 

Mussels and 
clams 

151 19 12.6% Commercial Rodriguez-
Manzano et 
al. (2014) 

Spain  2010-
2012 

Mussels 81 41 49.4% Commercial Manso and 
Romalde 
(2013) 

 Spain  2011-
2012 

Mussels, 
clams and 
cockles 

168 GI 54 

GII 43 

GI 32.1% 

GII 
25.6% 

Commercial Polo et al. 
(2015b) 

Spain 
imported: 
Morocco, 
Peru, 
Vietnam and 
South Korea  

2006-
2009 

Oysters 
clams and 
cockles 

50 GI 12 

GII 4 

GI 24%  

GII 8% 

Commercial Polo et al. 
(2010) 

Thailand 2005 Oysters 118 45 38% Commercial Kittigul et al. 
(2011) 

UK 2009-
2011 

Oysters 844 643 76.2%  Commercial Lowther et 
al. (2012) 

US 2006-
2007 

Oysters 9 5 55% Non-
commercial 

Gentry et al. 
(2009) 

US 2007 Oysters 388 GI 4 

GII 11  

3.9% Commercial Woods and 
Burkhardt 
(2010) and 
DePaola et 
al. (2010) 

A Area selected for testing was closed for harvesting due to previous incidents of norovirus 

contamination leading to illness outbreaks; B Imported (n = 34) and Spanish domestic (n = 117) 

product included. 
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APPENDIX B: NOROVIRUS INFECTION 
OVERSEAS  

B.1 OUTBREAKS ASSOCIATED WITH BMS CONSUMPTION 

Similarly to New Zealand, norovirus infection in many other countries is not notifiable so data 
on norovirus infection are largely derived from reported outbreaks. This section focuses on 
reported outbreaks associated with BMS overseas. 

The 2009 Risk Profile gave examples of overseas norovirus outbreaks associated with the 
consumption of raw BMS. These included outbreaks from Australia, Canada, France, Italy, 
Singapore, the UK and the US. Table 8 summarises outbreaks of norovirus infection linked to 
the consumption of BMS reported in the scientific literature between January 2009 and March 
2016.  

TABLE 8: Overseas norovirus outbreaks associated with the consumption of raw BMS and reported in 
the peer-reviewed scientific literature (published January 2009-March 2016)  

COUNTRY 
YEAR OF 
OUTBREAK 

MOLLUSC 
SPECIES 
IMPLICATED 

NUMBER 
OF 
REPORTED 
CASES 

OUTBREAK 
SETTING 

EVIDENCE 
FOR FOOD 
IMPLICATED  

REFERENCE 

Australia 2013 Oysters 525 Various  Epidemiological, 
Norovirus in 
faeces. 

Lodo et al. 

(2014) 

Australia 2014 Oysters 8 Restaurant Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Fitzgerald et 
al. (2014) 

China 2014 Oysters 65 Food 
festival 

Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Wang et al. 

(2015) 

EU (UK, 
Norway, 
France, 
Sweden 
Denmark) 

2010 Oysters 334  

(65 clusters) 

Various Epidemiological, 
Norovirus in 
faeces and 
BMS. 

(Rajko-
Nenow et al. 
(2014); 
Westrell et al. 

(2010)) 

France 2012 Oysters 84 Nursing 
home 

Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Loury et al. 
(2015) 

Ireland 2012 Oysters 18 Restaurant Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Rajko-Nenow 
et al. (2014) 

Japan 2008 Ruditapes 
philippinarum 

17 Restaurant Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Iizuka et al. 
(2010) 

South 
Korea 

2013 Fermented 
oysters 

8 School 
Restaurant 

Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Cho et al. 

(2016) 
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COUNTRY 
YEAR OF 
OUTBREAK 

MOLLUSC 
SPECIES 
IMPLICATED 

NUMBER 
OF 
REPORTED 
CASES 

OUTBREAK 
SETTING 

EVIDENCE 
FOR FOOD 
IMPLICATED  

REFERENCE 

Sweden 2007 Oysters 30 Restaurant Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Nenonen et 
al. (2009) 

US 2009 Oysters >200 Restaurant Epidemiological, 
Norovirus in 
faeces. 

Alfano-
Sobsey et al. 
(2012) 

UK 2010 Oysters 11 Restaurant Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Baker et al. 

(2011) 

UK 2011 Oysters >240 Restaurant Epidemiological, 
Norovirus in 
faeces and 
BMS. 

Smith et al. 

(2012) 

 

Additional outbreaks have been reported in: 

 The Program for Monitoring Emerging Diseases (ProMED)-mail database, e.g. 14 people 
reported ill after eating Louisiana oysters at a New Orleans restaurant (ProMED-mail, 
2012b); 16 people reported symptoms in Vancouver following consumption of raw oysters 
produced on Vancouver Island, Canada and harvested in Sept 2010 (ProMED-mail, 
2010); large outbreak across three different restaurants in Taiwan associated with the 
consumption of Korean oysters (ProMED-mail, 2012a);32 

 The RASFF database revealed 44 alert notifications on norovirus in BMS and/or norovirus 
food poisoning associated with the consumption of BMS consumed between March 2009 
and January 2016,33 e.g. outbreak in the Netherlands in January 2016 associated with 
oysters, outbreak in France in February 2015 associated with oysters, outbreak in 
Denmark in March 2014 associated with oysters from France, outbreaks in France in April 
2013 and April 2015 associated with mussels from Spain; 

 Outbreak and annual surveillance reports made available by governmental agencies such 
as the US Centers for Disease Control and Prevention and the Public Health Agency of 
Canada, e.g. The Morbidity and Mortality Weekly Report (MMWR) website 
at:http://www.cdc.gov/mmwr/index.html; 
http://www.cdc.gov/foodsafety/outbreaks/multistate-outbreaks/reports.html (accessed 30 
March 2016); 

 US interstate shellfish sanitation informs on illness outbreaks and closures 
http://www.issc.org/closuresreopenings.aspx. e.g. Recall of Oregan oysters following 

                                                
32 http://www.promedmail.org/index.php (accessed 19 February 2016), The Program for Monitoring 
Emerging Diseases (ProMED) is an internet-based reporting system managed by the International 
Society for Infectious Diseases. 
33Rapid Alert System for Food and Feed database (https://webgate.ec.europa.eu/rasff-
window/portal/). Use the search parameters: Hazard = Pathogenic micro-organisms; Product = 
bivalve molluscs and products thereof; Type, Basis = Food poisoning, Keyword = norovirus; Date 
2009 to January 2016 (accessed 19 February 2016). 

 

 

http://www.cdc.gov/mmwr/index.html
http://www.cdc.gov/foodsafety/outbreaks/multistate-outbreaks/reports.html
http://www.issc.org/closuresreopenings.aspx
http://www.promedmail.org/index.php
https://webgate.ec.europa.eu/rasff-window/portal/
https://webgate.ec.europa.eu/rasff-window/portal/
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norovirus outbreak investigation associated with the product (accessed 30 March 2016); 
and 

 Foodborne outbreak online database available at: 
http://wwwn.cdc.gov/foodborneoutbreaks/Default.aspx, which informs on the US 
foodborne outbreaks. 

B.2 NOROVIRUS ATTRIBUTION STUDIES FROM OVERSEAS 

An international study used genotyping information to estimate the proportion of total norovirus 
outbreaks attributable to foodborne transmission (Verhoef et al., 2015). Overall, using 
combined outbreak surveillance data from the US, Europe and New Zealand, it was estimated 
that 13.7% of norovirus outbreaks between 2009 and 2012 were attributed to foodborne 
transmission.  

A US study used analyses of outbreaks and expert elicitation to derive attribution estimates to 
food groups for 14 pathogens including norovirus (Batz et al., 2012). Based on foodborne 
outbreak analysis, 9.2% of norovirus outbreak events were attributed to seafood, including 
BMS. The largest proportion of norovirus outbreaks (45.5%) was attributed to ‘complex foods’, 
while a further 15.6% of outbreaks were attributed to produce. Expert elicitation was used to 
attribute the foodborne illnesses, rather than outbreaks, to specific food groups. Seafood was 
considered to account for 34.1% of norovirus illnesses, while produce accounted for a further 
37.3%. The New Zealand estimate of the proportion of foodborne norovirus infections due to 
seafood (24.4%) falls between the two US estimates. 

A Canadian expert elicitation concluded that the mean contribution of seafood to foodborne 
gastrointestinal disease due to norovirus was 34% (median 31%) (Davidson et al., 2011). 
Produce (31%) was considered to be the other food group making a major contribution to the 
burden of foodborne norovirus infections. 

An international study of food-associated outbreaks estimated that 13% of foodborne 
norovirus outbreaks could be attributed to seafood (Greig and Ravel, 2009). The food groups 
to which the largest proportions of norovirus outbreaks were attributed were multi-ingredient 
foods (40.2%) and produce (16.5%). 

None of the attribution studies reviewed considered food handlers as a transmission route, 
independent of the foods they handle. An Australian expert elicitation estimated that 59% of 
illnesses due to norovirus infection resulted from person-to-person transmission (Vally et al., 
2014), while a Dutch expert elicitation estimated that 55% of the norovirus disease burden 
was due to person-to-person transmission (Havelaar et al., 2008). 

 

http://wwwn.cdc.gov/foodborneoutbreaks/Default.aspx


 

 

 

 

 

 


