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Abstract 
Norovirus is a common cause of gastroenteritis 
outbreaks associated with raw shellfish consump- 
tion. In Australia there have been several reports 
of norovirus outbreaks associated with oysters 
despite the application of regulatory measures 
recommended by Food Standards Australia New 
Zealand. This study describes an outbreak of 
norovirus gastroenteritis following the consump- 
tion of New South Wales oysters. In September 
2007, OzFoodNet conducted a cohort study of 
a gastroenteritis outbreak amongst people that 
had dined at a Port Macquarie restaurant. Illness 
was strongly associated with oyster consumption, 
with all cases having eaten oysters from the same 
lease (RR undefined, p<0.0001). Norovirus 
was detected in a faecal specimen. Although 
no pathogen was identified during the environ- 
mental investigation, the source oyster lease had 
been closed just prior to harvesting due to sew- 
age contamination. Australian quality assurance 
programs do not routinely test oysters for viral 
contamination that pose a risk to human health. 
It is recommended that the feasibility of testing 
oysters for norovirus, particularly after known fae- 
cal contamination of oyster leases, be assessed. 
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Introduction 

In Australia, there have been several published 
outbreaks of norovirus, which have implicated 
oysters.1–5 Between 2001–2006 in Australia, there 
were 13 outbreaks of gastroenteritis due to oysters 
reported to OzFoodNet; half of these outbreaks 
were due to norovirus (OzFoodNet, unpublished 
data, 2007). However, norovirus is a reasonably 
common gastroenteritis-causing pathogen in the 
community and disease can be mild. It is likely that 
there is significant under-reporting of norovirus 
gastroenteritis related to oyster consumption. 

This report describes the epidemiological investiga- 
tion of a norovirus outbreak following consumption 
of a meal at a northern New South Wales restaurant. 

The ability of current quality assurance control 
measures to protect the public from viral infections 
is questioned. 

Methods 

On 24 September 2007, Hunter New England 
OzFoodNet was informed of 19 cases of 
gastrointestinal illness amongst 54 individuals who 
had attended a golfing event in Port Macquarie in 
mid-September. Hypothesis generating interviews 
established that the point source of the outbreak 
was a restaurant dinner function on 11 September. 
This was the only meal shared by all cases and no 
attendees had been unwell at the function. 

A retrospective cohort investigation of attendees of the 
function on 11 September was undertaken to identify 
the source of the outbreak. A questionnaire was admin- 
istered by telephone between 25 and 28 September. 
Information was gathered regarding the onset and 
nature of any gastrointestinal illness, food and drink 
exposures, and contact with ill people. 

A case was defined as a person who attended the 
restaurant for dinner and subsequently developed 
diarrhoea plus one or more additional symptoms of 
gastroenteritis (nausea, vomiting, abdominal pain, 
fever or lethargy). 

Data were entered into a Microsoft Access database 
and then imported into STATA™ (version 8.0, 
Stata Corporation, College Station, Texas, USA) for 
analysis using Fisher’s exact test for exploring rates 
by exposure status. 

To investigate the environmental cause of the out- 
break, the local council inspected the restaurant and 
the NSW Food Authority commenced a trace-back 
investigation of the oysters. This involved a site visit 
to the oyster wholesaler premises and to the oyster 
grower. 

Faecal specimens were examined for parasitic, bacte- 
rial and viral pathogens by microscopy and culture, 
and enzyme immunoassay (EIA) and polymerase 
chain reaction for norovirus. Oysters obtained dur- 
ing the environmental investigation were tested for 
bacterial and viral pathogens. 
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Results 

Cohort study 

Interviews were undertaken with 53/54 people in 
the cohort, with one person being uncontactable. 
Nineteen cases were identified, with a median 
incubation period of 35 hours (range 10–59 hours) 
and the median duration of illness was 2.5 days 
(range 1–8 days). Two cases visited a doctor (11%), 
and no cases were hospitalised. All cases reported 
diarrhoea, and 18/19 (95%) experienced watery diar- 
rhoea and one (5%) reported possible blood in the 
stool. Other symptoms reported included: abdominal 
pain (95%), lethargy (79%), nausea (79%), vomiting 
(58%), fever (58%) and headache (63%). 

The dinner consisted of a choice of two entrée dishes, 
a buffet style main meal and a selection of desserts. 
The entrée choices were a plate of chicken skewers, 
served with risotto or a plate of six prawns and six 
natural oysters in the half-shell, served with cocktail 
sauce (served on the side) and lettuce garnish. 

Illness was strongly associated with oyster consump- 
tion, with all cases having eaten oysters (RR unde- 
fined, p<0.0001)(Table). Other food items that were 
associated with illness included: prawns (RR=3.7, 
95% CI 1.0–14.1), lettuce garnish (RR=2.8, 95%CI 

1.4–5.5), cocktail sauce (RR=2.3, 95%CI 1.1–4.7), 
cucumber and tomato salad (RR=2.3, 95%CI 
1.2–4.5) and pavlova (RR= 2.3, 95%CI 1.2–4.3). 
Stratified analysis could not be performed, as all 
cases consumed oysters. 

Environmental investigation 

The restaurant inspection found the facility to be 
compliant with the Australia New Zealand Food 
Standards Code6 with no breaches in the handling 
or storage of food items. 

The trace-back investigation identified that the 
estuary from which the oysters were harvested 
had been closed for three months prior to opening 
on 4 September, the day on which the implicated 
batch of oysters supplied to the restaurant was har- 
vested. The estuary had been closed on 4 June due 
to rainfall, with continued closure due to a faecal 
spill from a sewage treatment plant near the oyster 
lease in the estuary on 20 August. The implicated 
oysters underwent post-harvest depuration for 
36 hours, a process during which oysters are held in 
tanks of disinfected sea-water, allowing the oysters 
to feed in clean water prior to sale.7 Quality assur- 
ance sampling performed post-depuration reported 
Escherichia coli <0.5 CFU/g, which is the limit of 
detection for the method used. 

Table. Attack rates and relative risk for foods eaten at the restaurant dinner in Port 
Macquarie, 11 September 2007 

Food 
Ill 

n=19 

Ate 
Total Attack 

rate 
(%) 

Ill 
Did not eat 

Total Attack 
rate 
(%) 

Relative 
risk 

95% CI 

Entrée 
Oysters 19 34 55.9 0 19 0.0 undefined 
Prawns 17 37 45.9 2 16 12.5 3.7 1.0 – 14.1 
Lettuce garnish 10 15 66.7 9 38 23.7 2.8 1.4–5.5 
Cocktail sauce 11 20 55.0 8 33 24.2 2.3 1.1–4.7 
Chicken skewers 1 16 6.3 18 37 48.6 0.1 0.0–0.9 
Main course 
Leg ham 17 40 42.5 2 13 15.4 2.8 0.7–10.4 
Lamb 15 42 35.7 4 11 36.3 1.0 0.4–2.4 
Beef 11 41 26.8 8 12 66.7 0.4 0.2–0.8 
Chicken 12 37 32.4 7 16 43.8 0.7 0.4–1.5 
Cucumber and tomato salad 5 7 71.4 14 46 30.4 2.3 1.2–4.5 
Dessert 
Pavlova 6 9 66.7 13 44 29.5 2.3 1.2–4.3 
Toffee pudding 0 6 0.0 19 47 40.4 0.0 – 
Apple strudel 3 6 50.0 16 47 34.0 1.4 0.6–3.6 
Fruit salad 3 8 37.5 16 45 35.6 1.1 0.4–2.8 
Cream 11 25 44.0 8 28 28.6 1.5 0.7–3.2 
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The environmental investigation revealed that there 
were no sick food handlers at the time of the function, 
either at the restaurant, wholesaler or oyster farm. 

Microbiology 

Faecal specimens were collected from only one case. 
Of two collected specimens, one was tested by EIA 
and found to be positive for norovirus. 

Fresh oysters obtained during the environmental 
investigation were negative for pathogens, includ- 
ing norovirus, but were from a different batch to 
that consumed on the night of the function. 

Discussion 

This outbreak of norovirus gastroenteritis was 
associated with oyster consumption. While con- 
sumption of prawns, lettuce and cocktail sauce were 
associated with illness, their association was likely 
to represent confounding, as the oysters were served 
on a plate with these food items. All of those cases 
that ate prawns (n=17), lettuce (n=10) or cocktail 
sauce (n=11), had also consumed oysters (n=19). 
Other foods (cucumber and tomato salad and pav- 
lova) accounted for fewer cases of illness (5/19 and 
6/19 respectively). 

This study highlights the importance of quality 
assurance processes within the oyster industry. In 
New South Wales there is a mandatory, industry- 
funded Shellfish Program, which is administered 
by the NSW Food Authority.8 The NSW Shellfish 
Program incorporates the principles and objec- 
tives of the Australian Shellfish Quality Assurance 
Program.9  Quality assurance programs monitor 
E. coli and faecal coliforms as indicator organisms
for contamination of shellfish.9

Reviews of foodborne viral illness have suggested 
that bacteriological testing of shellfish provides 
an unreliable indication of viral contamination.4,10 

Several studies have detected norovirus in oysters 
which have met bacteriologic standards required 
for human consumption.11,12 In addition, shellfish 
have the ability to accumulate viruses in their 
digestive tracts to levels that are much higher than 
those of the surrounding water.10 One study found 
that Eastern oysters accumulate a viral surrogate, 
F+ coliphage, to densities that were on average 
19 times greater than the levels in the surrounding 
estuarine water.13

Although depuration effectively decreases bacte- 
rial levels, including E. coli,7,10 it is generally 
accepted that this process is inadequate for viral 

decontamination.10,14 It has been demonstrated 
experimentally that radio-labelled virus particles can 
persist in oysters for 64 hours after depuration.15

While norovirus usually causes a mild illness, its 
presence may indicate increased risk of other viruses, 
including hepatitis A.16 Some have suggested that 
warning labels accompany oysters at points of sale to 
warn of the potential risks.14,17 An alternative could be 
to test specifically for norovirus and other viral patho- 
gens, however, the cost effectiveness and feasibility of 
this in Australia would require evaluation. 

Several countries in the Asia-Pacific region are 
currently evaluating or instituting norovirus 
testing of oysters. In 2007, the Agri-Food 
and Veterinary Authority (AVA) of Singapore 
introduced the mandatory testing of imported 
oysters.18 The AVA requires all consignments of 
frozen oysters to be tested by the exporting coun- 
try and certified as being free from norovirus.18

In New Zealand, the Environmental Science and 
Research (ESR) laboratory is working with the 
New Zealand Food Safety Authority to improve 
methods for norovirus testing of shellfish.19 The 
goal of the ESR oyster research program is to 
establish protocols and quality systems suitable 
for regulatory use in New Zealand.19

Conclusion 

Epidemiological evidence from this cohort study 
showed a significant association between oysters 
and gastroenteritis. Although environmental evi- 
dence was lacking, a potential mechanism for viral 
contamination leading to accumulation of virus 
within the oysters was the reported sewage spill in 
the vicinity of the oyster lease less than two weeks 
prior to harvesting. Current quality assurance sys- 
tems may be inadequate to guarantee public safety 
from viral contamination of oysters. The feasibility 
and cost effectiveness of enterovirus testing of oys- 
ters, particularly after high risk events such as faecal 
spills, should be further evaluated. 

Acknowledgements 

We would like to acknowledge the NSW Food 
Authority who were involved in this outbreak inves- 
tigation. We are also grateful to OzFoodNet staff, 
Australian Government Department of Health and 
Ageing, Australian Capital Territory. The Masters 
of Applied Epidemiology Program (CH & PK) is 
funded by the Australian Government Department 
of Health and Ageing. Paul Kelly is also supported by 
the National Health and Medical Research Council. 
This paper was prepared with infrastructure support 
from Hunter Medical Research Institute. 

Commun Dis Intell Q Rep  2008;32  https://doi.org/10.33321/cdi.2008.32.12 90



Short report 

Author details 
Clare Huppatz1,2 

Sally Munnoch1,3 

Tory Worgan1,3

Tony Merritt1,3

Craig Dalton1

Paul M Kelly2

David N Durrheim1 

1. Hunter New England Population Health, NSW Health,
Locked Bag 10, Wallsend, New South Wales

2. National Centre for Epidemiology and Population Health,
College of Medicine and Health Sciences, Australian
National University, Canberra, Australian Capital
Territory

3. OzFoodNet, Australian Government Department
of Health and Ageing, Hunter New England Office,
Wallsend, New South Wales

Corresponding author: Dr Clare Huppatz, Master of Applied 
Epidemiology Scholar, Hunter New England Population 
Health, NSW Health, Locked Bag 10, WALLSEND NSW 
2287. Telephone: +61 2 4924 6353. Facsimile: +61 2 
4924 6212. Email: Clare.Huppatz@hnehealth.nsw.gov.au 

References 
1. Webby RJ, Carville KS, Kirk MD, Greening G, Ratcliff RM,

Crerar SK, et al. Internationally distributed frozen oyster
meat causing multiple outbreaks of norovirus infection in
Australia. Clin Infect Dis 2007;44:1026–1031.

2. Stafford R, Strain D, Heymer M, Smith C, Trent M,
Beard J. An outbreak of Norwalk virus gastroenteritis
following consumption of oysters. Commun Dis Intell
1997;21:317–320.

3. Symes SJ, Gunesekere IC, Marshall JA, Wright PJ.
Norovirus mixed infection in an oyster-associated
outbreak: an opportunity for recombination. Arch Virol
2007;152:1075–1086.

4. Fleet GH, Heiskanen P, Reid I, Buckle KA. Foodborne
viral illness—status in Australia. Int J Food Microbiol
2000;59:127–136.

5. Murphy AM, Grohmann GS, Christopher PJ, Lopez WA,
Davey GR, Millsom RH. An Australia-wide outbreak of
gastroenteritis from oysters caused by Norwalk virus.
Med J Aust 1979;2:329–333.

6. Food Standards Australia New Zealand. Australia New
Zealand Food Standards Code. Available from: http://
www.foodstandards.gov.au/thecode/. Accessed on 7
January 2008.

7. Son NT, Fleet GH. Behavior of pathogenic bacteria in
the oyster, Crassostrea commercialis, during depura- 
tion, re-laying, and storage. Appl Environ Microbiol
1980;40:994–1002.

8. NSW Government. NSW Oyster Industry: Sustainable
Aquaculture Strategy. Available from: http://www.
dpi.nsw.gov.au/fisheries/aquaculture/publications/
oysters/industry/nsw-oyster-industry-sustainable-aqua- 
culture-strategy Accessed on 21 November 2007.

9. SafeFood New South Wales. New South Wales Shellfish
Program Operations Manual. Available from: http://
www.foodauthority.nsw.gov.au/industry/pdf/Manual-
Shellfish-Program.pdf Accessed 21 November 2007.

10. Richards GP. Enteric virus contamination of foods
through industrial practices: a primer on intervention
strategies. J Ind Microbiol Biotechnol 2001;27:117–
125.

11. Nishida T, Kimura H, Saitoh M, Shinohara M, Kato M,
Fukuda S, et al. Detection, quantitation, and phyloge- 
netic analysis of noroviruses in Japanese oysters. Appl
Environ Microbiol 2003;69:5782–5786.

12. Dore WJ, Henshilwood K, Lees DN. Evaluation of
F-specific RNA bacteriophage as a candidate human
enteric virus indicator for bivalve molluscan shellfish.
Appl Environ Microbiol 2000;66:1280–1285.

13. Burkhardt W, 3rd, Calci KR. Selective accumulation
may account for shellfish-associated viral illness. Appl
Environ Microbiol 2000;66:1375–1378.

14. Potasman I, Paz A, Odeh M. Infectious outbreaks asso- 
ciated with bivalve shellfish consumption: a worldwide
perspective. Clin Infect Dis 2002;35:921–928.

15. Hay B, Scotti P. Evidence for intracellular absorption of
virus by the Pacific oyster, Crassostrea gigas. N Z J Mar
Freshwater Res 1986;20:655–659.

16. Kingsley DH, Meade GK, Richards GP. Detection of
both hepatitis A virus and Norwalk-like virus in imported
clams associated with food-borne illness. Appl Environ
Microbiol 2002;68:3914–3918.

17. Dalton C. Commentary. An outbreak of Norwalk
virus gastroenteritis following consumption of oysters.
Commun Dis Intell 1997;21:321–322.

18. Agri-food & Veterinary Authority of Singapore. Annual
Report 2006/07. Going the Extra Mile. Available from:
http://www.ava.gov.sg/NR/rdonlyres/0676D1EB- 
C401-4038-9D8D-84A01B52DD27/18527/AVA07_
CorporateReview.pdf Accessed 9 January 2008.

19. Institute of Environmental Science and Research.
Norovirus Research Project Goal and Activities.
Available from: http://www.esr.cri.nz/competen- 
cies/foodsafety/Norovirus+Research+Projects.htm
Accessed 22 November 2007.

Commun Dis Intell Q Rep  2008;32  https://doi.org/10.33321/cdi.2008.32.12 91

mailto:Clare.Huppatz@hnehealth.nsw.gov.au
http://www.foodstandards.gov.au/thecode/
http://www/
http://www.foodauthority.nsw.gov.au/industry/pdf/Manual-
http://www.ava.gov.sg/NR/rdonlyres/0676D1EB-
http://www.esr.cri.nz/competen-

	Introduction
	Methods
	Cohort study
	Environmental investigation
	Microbiology
	Discussion
	Conclusion
	Acknowledgements
	Author details
	References




