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Executive Summary

Background

Outbreaks of foodborne illness have been associated with the consumption of horticultural
products both in Australia and internationally. Consequently, Food Standards Australia New
Zealand (FSANZ) is assessing whether existing programs in the Australian horticulture
industry are sufficient to manage food safety risks or whether regulation, in the form of a
Primary Production and Processing (PPP) Standard, may be more appropriate.

Under the Food Standards Australia New Zealand Act 1991, FSANZ has three main
objectives when developing or reviewing food standards:

(a) the protection of public health and safety; and

(b) the provision of adequate information relating to food to enable consumers to make
informed choices; and

(c) the prevention of misleading or deceptive conduct.

Development and application of a PPP Standard for horticultural products depends on an
analysis of the public health and safety risks, economic and social factors and current
regulatory and industry practices. In regards to assessing the public health and safety risks,
FSANZ uses a number of methodologies depending on the objective of the assessment and
on the availability, quality and quantity of data.

The objective of this assessment is to determine whether the existing evidence identifying

so-called ‘high risk’ horticultural commodities and risk factors involved in their production, is

applicable to the Australian situation. In addressing this objective and within the context of

the assessment, the following questions were considered:

) What are the main risk factors or activities contributing to contamination of horticultural
products?

o Have risk factors other than those included in the assumptions been identified in
horticultural related foodborne outbreaks?

) Are there different risk factors for different production systems (eg: field grown,
hydroponics, organics, glasshouse)?

o What measures/controls may have minimised contamination of produce?



. What are the commodities most often implicated in horticultural related foodborne
outbreaks?

There exists within the public domain a substantial body of evidence establishing the
horticultural commodities most often implicated in foodborne iliness and the production
activities which contribute to their risk. Where particular plant products or foods have been
identified, salads and fresh fruits are frequently implicated. A number of farming and
processing activities (referred to as ‘risk factors’) are also commonly believed to increase
food safety risks. These include the use of water (especially pre- and post-harvest),
biological fertilisers, management of the environment and food handling practices.

This assessment primarily involves testing assumptions; that we know the commaodities most
often associated with horticultural related foodborne illness and the main contributing risk
factors. These assumptions are tested through an analysis of selected, well documented,
horticulture related outbreaks. Supporting the outbreak analysis, Australian epidemiological
and surveillance data (where available) and existing international and domestic published
and unpublished assessments are also utilised.

The key component of this assessment is a descriptive scoping review of horticultural
produce-associated outbreaks. Based on a systematic review, the search strategy
incorporated multiple layers linking pathogen, commodity and outcome variables to capture
relevant studies from selected databases. From an initial 2204 articles and following two
filtering steps, 41 articles describing 43 outbreaks were eventually selected as meeting the
search criteria.

Conclusions

The outcomes of this assessment reaffirm the assumptions identifying the commodities and
risk factors most likely to result in produce contamination and outbreaks of foodborne illness.
However, these findings should not preclude the potential that other commodities and/or risk
activities may be implicated in future horticultural-associated foodborne illness outbreaks.
Where commodities could be identified, vegetables and fruits were contaminated in the field
or during the initial processing, through the use of poor quality water or by direct faecal
deposition on produce in the field. The size of outbreaks vary according to the pathogen
involved, level of contamination, volume of produce contaminated, distribution networks, site
and method of final preparation and the amount consumed. All these factors influence the
likelihood that a particular food may cause illness when consumed. Therefore, care should
be exercised in drawing specific conclusions about pathogen commaodity pairings and what
may constitute a risk to the consumer.

Only a very small number of outbreaks (that met the strict selection criteria) in the past 20
years have been associated with fresh produce in Australia. The microbiological data
available from Australian surveys suggests there is a low level of contamination of fruits and
vegetables available in the Australian supply chain, although infrequent contamination of
fresh produce with pathogenic microorganisms can occur. The available evidence provides a
high degree of confidence that Australians have access to safe fresh produce.
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Introduction

Outbreaks of foodborne illness have been associated with the consumption of horticultural
products both in Australia and internationally. As a result, a substantial body of evidence has
been generated which establishes the horticultural commodities most often implicated and
the production activities which contribute to the risk of produce-associated foodborne illness.

Where particular plant products or foods have been identified, salads and fresh fruits are
frequently implicated. A number of farming and processing activities (referred to as ‘risk
factors’) are also commonly believed to increase food safety risks. These include the use of
water (especially pre- and post-harvest), biological fertilisers, management of the
environment and food handling practices. Internationally, these risk factors are
acknowledged as contributing to the risk associated with the consumption of certain
horticultural produce.

The Australian horticulture industry already has in place a number of quality assurance (QA)
and food safety schemes which address many aspects of food safety. A question remains
however, whether existing industry programs are sufficient to manage food safety risks or
whether regulation may be more appropriate.

Food Standards Australia New Zealand (FSANZ) protects the health and safety of
consumers through the development of food standards. Under the Food Standards Australia
New Zealand Act 1991, FSANZ has three main objectives when developing or reviewing
food standards:

(a) the protection of public health and safety; and

(b) the provision of adequate information relating to food to enable consumers to make
informed choices; and

(c) the prevention of misleading or deceptive conduct.

Development and application of a Primary Production and Processing (PPP) Standard for
horticultural products depends on an analysis of the public health and safety risks, economic
and social factors and current regulatory and industry practices. In regards to assessing the
public health and safety risks, FSANZ uses a number of methodologies depending on the
objective of the assessment and on the availability, quality and quantity of data.

1 Objectives of the Assessment

The objective of this assessment is to determine whether the existing evidence identifying
so-called ‘high risk’ horticultural commodities and risk factors involved in their production, is
applicable to the Australian situation.

2 Scope

Included within the scope of this assessment are: those horticultural products considered to
be fresh ready-to-eat (RTE) fruit and vegetables, including minimally processed fresh-cuts,
and on-farm preparation and production activities through to retail, including transport and
distribution. This includes processing activities, ie: washing and bagging, undertaken on
farm.

Also included in the scope are those products not addressed as part of the PPP Standard for
Seed Sprouts (P1004) including microgreens and snow pea shoots.



Specific horticultural commodities identified in the literature as being ‘high risk’ include fresh
leafy vegetables, fresh leafy herbs, melons and minimally processed produce (e.g. bagged
salad). The production factors; water (pre and post-harvest), fertilisers, faecal contamination
and food handler hygiene, are cited as the primary risk factors for horticultural products.

3 Approach

Primarily this work involves testing two assumptions; that we know the commaodities most
often associated with horticultural related foodborne illness and the main contributing risk
factors.

These assumptions are being tested through an analysis of selected, well documented,
horticulture related outbreaks. The assessment also draws upon Australian epidemiological
and surveillance data (where available) and existing international and domestic published
and unpublished assessments.

3.1 Scoping review of horticultural-associated foodborne iliness

A descriptive scoping review of available scientific literature regarding horticultural produce-
associated foodborne illness outbreaks forms the foundation of this assessment (refer
Section 6). The review incorporates elements of a systematic review, particularly
documentation of the search strategy outcomes and review of all included papers, but does
not include quantitative analysis.

The search strategy incorporates multiple layers linking pathogen, commodity and outcome
variables to capture relevant articles from the PubMed and EBSCO databases. Relevant
review articles are also examined to identify outbreaks not captured in the search.

Outbreak investigations reporting epidemiological data from well-designed studies and/or
laboratory testing to link cases and horticultural commodity are also included. Those
investigations where multiple foods are suspected as the source or the food commodity
could not be determined or was part of a mixed dish (e.g. pasta salad), are excluded.
Outbreaks associated with an infected/ill food handler immediately prior to consumption, for
example an ill chef in a restaurant, are also excluded. The analysis also excludes review
articles, experimental contamination studies and outbreaks associated with sprouts.

Details on included horticultural commodities, search terms and exclusion filters are
contained at Appendix 3.

4 Questions

Within the context of this assessment the following questions have been developed to

address the objectives:

) What are the main risk factors or activities contributing to contamination of horticultural
products?

. Have risk factors other than those included in the assumptions been identified in
horticultural related foodborne outbreaks?

o Are there different risk factors for different production systems (eg: field grown,
hydroponics, organics, glasshouse)?

o What measures/controls may have minimised contamination of produce?

. What are the commodities most often implicated in horticultural related foodborne
outbreaks?



5 Previous Assessments
51 Scientific literature

Within the scientific literature there are a number of examples of risk assessments
undertaken for horticultural products. More commonly these follow the traditional risk
assessment approach of considering a single commodity and pathogen pairing.

Duffy and Schaffner (2002) employed a quantitative risk assessment approach to
characterise the risk of contamination of apples and apple cider with E. coli O157:H7. The
model described and modelled the various sources of contamination to both dropped and
tree-picked apples. Results of worst-case simulations indicated dropped apples presented
higher risk than tree-picked apples (10° - 10° cfu/1000 apples c.f. 10° — 10* cfu/1000). Use of
animal waste as fertilizer also contributed to increased risk. The model was, of necessity,
conservative due to limited available data on contamination sources, frequency and
concentration. Similarly, Danyluk and Schaffner (2011) describe risk estimates for E. coli
0157:H7 in leafy greens determined from combining known behaviour of the organism under
laboratory conditions with information gathered from the large 2006 E. coli O157:H7 spinach
outbreak in the United States (US). Although a number of critical data gaps were identified,
including estimates of initial prevalence and levels, time between contamination and harvest
and the extent of cross-contamination of produce occurring during the washing process, the
authors concluded that levels in the field of -1 log cfu/g and 1% prevalence could have
resulted in an outbreak of approximately the same magnitude of the 2006 spinach outbreak.

Bassett and McClure (2008) developed a “fit-for-purpose” qualitative risk assessment to
determine microbiological human pathogens associated with fresh fruits and recommend risk
management measures. The authors modified the Codex Alimentarius (Codex) risk
assessment framework to consider multiple hazards and multiple fresh, whole fruit, which
was an attempt to simplify a complex issue hampered by a lack of available data. The
authors grouped fruits based on intrinsic factors relevant to the survival and growth of
pathogens (ie. pH >4) and used a number of factors to estimate the significance of the
pathogen. Apparent from the study was the importance of prevention of contamination at the
source and the application of effective good agricultural, good manufacturing and good
hygiene practices. Washing to a recommended protocol was identified as an effective risk
management measure, as was refrigerated storage for low acid fruit. The authors
determined a number of risk management options for all fruits, with additional options for low
acid fruits and aggregate fruits with respect to the risk from protozoa.

It is apparent that a lack of data and information exists for conducting risk assessments of
horticulture products, particularly in relation to sources and extent of contamination.
Complicating this is the vast range of horticultural commodities available and the different
types of primary production and processing methods employed. Alternate approaches to
assess the risk of horticulture products have therefore been considered by some regulatory
agencies. Two such examples are briefly discussed below with further details provided at
Appendix 1.

5.2 United Kingdom Food Standards Agency (UKFSA) report

Monaghan et al (2008) undertook a project for the UKFSA to review the scientific literature
relating to foodborne outbreaks associated with RTE fresh produce; review assurance codes
of practice commonly-encountered in the United Kingdom (UK) compared to the Codex
standard and assess current UK fresh produce farming practices. Ready-to-eat was defined
as crops that are sometimes or always consumed raw and as they are sold, without a
cooking/processing stage that eliminates microbiological contamination. This included salad



vegetables, vegetables, fresh herbs, sprouted seeds and soft and top fruit.

Peer-reviewed scientific literature of outbreaks of foodborne iliness associated with RTE
fresh produce was reviewed with the authors noting that although a significant amount of
foodborne illness outbreaks were associated with fresh produce; few cases definitely
identified fresh produce as the cause. One reason proposed for this was the short shelf life
of the product which often means no material is available for testing. Poor record keeping
and traceback, as well as the variable susceptibility to infection within the human population,
may also contribute.

The key recommendation of the report was that the agency investigates use of customised
information and communication technologies to assist growers risk assess their production
practices and water sources. Further recommendations included:

) Generation of guidance documents to show growers how to adequately risk assess
their crops. Survey results indicated this was an area grower staff found particularly
difficult.

) Consider classifying fresh produce into a standardised set of defined risk categories,
as there was no harmony across the different QA systems reviewed. A number of
crops allocated as medium or lower risk had been associated with foodborne illness.

o Noted information gaps relating to pathogen survival under commercial growing
conditions has prevented development of stochastic models for fresh produce. Citing
recently completed research, the report recommends consideration be given to
developing stochastic models which describe the growing process for a number of key
crops as a way of quantitating the roles of parameters that influence pathogen survival
during production.

) Clearer instructions were necessary for describing requirements for microbiological
testing of water, including description of organisms, what these organisms indicate and
the scientific basis for associated criteria.

. Collection of compliance related microbiological test results to underpin the case
control approach and control of outbreak situations.

The authors noted that suppliers to the retail sector are subject to QA schemes required by
their customers; similar retail driven pressure is not seen for the wholesale sector.
Improvements to traceability and food storage conditions were noted as areas which could
be improved. Mandating the requirement for a QA program as a condition of supply was also
proposed to further reduce the already low risk to UK consumers from fresh produce.

5.3 Food Science Australia

In 2006, FSANZ commissioned Food Science Australia (FSA) to review the microbiological
status of plants and plant products available to Australian consumers (FSA 2006).

The objectives were to:

) Identify potential microbiological hazards associated with plants and plant products
that may present a public health and safety risk to Australian consumers by reviewing
the domestic and international literature.

o Identify the relative importance of microbiological hazards associated with plants and
plant products available to consumers in Australia.

The review focussed on categories of fresh horticultural produce and fresh cut fruit and
vegetables without an effective microbiological kill step before consumption; nuts, minimally
processed oil seeds and grains, seed sprouts and vegetables in oil were also included.
Fresh produce was defined as produce usually consumed raw without undergoing processes
that inactivate pathogens or inhibit microbial growth (i.e. cooking). Fresh cut fruits and



vegetables included those that have been peeled, sliced, chopped, shredded, cored,
trimmed or mashed with or without washing prior to being packaged.

For the identified product categories, the study reviewed available international and
Australian data on the types and incidence of microbial pathogens on plants and plant
products, potential sources of contamination and survival of pathogens, foodborne disease
outbreaks and food recalls, as well as examining industry practices, including industry codes
of practice, that impact on the reduction or elimination of pathogens. A descriptive relative
risk rating exercise was then undertaken to determine a risk rating for each
pathogen:product pair within identified high risk product categories.

From the reviewed evidence, the report concluded the highest risk products as being fresh
cut vegetables and fruits consumed raw (i.e. packaged salad mix, prepared fruit salad and
cut and plastic wrapped melons), unpasteurised fruit juices, seed sprouts and vegetables in
oil. Specific pathogen:product pairs were identified as Salmonella spp. and seed sprouts,
Salmonella spp. and tomatoes, Salmonella spp. and Listeria monocytogenes and fresh cut
melons and C. botulinum and vegetables in oil.

Other key findings included:

o Contamination from handlers and improper handling causes the majority of produce
associated (all traceable) foodborne disease.

o Procedures such as sanitising washes may have only limited success in removal
and/or inactivation of pathogenic and other microorganisms. Preventing contamination
of produce is likely to be more effective.

o Temperature control is an important bacterial and fungal control measure for fresh cut
fruits and vegetables.

Evidence Base

6 Scoping Review of Outbreaks Associated with Fresh
Produce

6.1 Background

The scoping review was restricted to assessing outbreaks of enteric pathogens associated
with the consumption of fresh produce since these outbreaks afford the best option to
assess commodities, pathogens and most importantly (where data was available), the critical
points in production and processing that may fail and lead to produce contamination and
subsequent human iliness (see Section 3.1 and Appendix 3). In this context, fresh produce
was defined as vegetables, herbs and fruits intended to be eaten raw, either unprocessed or
minimally processed (e.g. pre-cut and packaged fruit, washed and bagged spinach or frozen
berries). Mixed dishes were excluded if they contained non-produce items, such as chicken
or seafood, and were only included in the final analysis if an unambiguous epidemiological or
microbiological link could be made with a specific food item. This restriction was included
since attribution is difficult for mixed food dishes. Commodities commonly consumed cooked
(e.g. potato, pumpkin) were excluded, as were outbreaks associated with juices. Sprouted
seeds were excluded as they are covered under a commodity specific PPP standard.

Outbreak investigations can be broadly separated into two evidence categories of food
attribution; epidemiological and microbiological and many studies attempt both.
Microbiological investigations can be further divided into simple food attribution studies and
those that trace the pathogen to the source of food contamination (microbiological trace
back) (Table 3). Published studies often report trace back and environmental investigations,



however, without supporting evidence from microbiological testing there tends to be a high
degree of uncertainty in attributing supply chain failures and these assumptions may be

subject to unquantifiable bias.

Table 3

Evidence
Epidemiological food attribution

Microbiological food attribution

Microbiological trace back

Investigation type

Case-control,
retrospective cohort

Isolates from cases and
implicated food matched
by genetic analysis (e.g.
pulsed-field gel
electrophoresis (PFGE),
multi-locus variable-
number tandem repeat
analysis (MLVA)
Isolates from cases,
implicated food,
environmental samples
and source identified (e.g.
animal faeces)

Types of outbreak investigations and their benefits and/or limitations

Benefits / limitations

Implicated food commaodity can be
identified in absence of food
samples; can provide more rapid
results; reliant on recall of foods
consumed; multiple food
commodities may be identified;
potential for bias

Contaminated food commaodity
microbiologically confirmed; short
shelf life; food items may no longer
be available; difficult to identify
specific commodity in mixed
dishes; may be a slow process
depending on laboratory testing

As above; identification of source
of contamination; provides insight
into specific risk management
strategies required to mitigate
contamination

The search strategy involved an initial scoping trawl of EBSCO and PubMed scientific
search engines entering the search terms listed in Appendix 3. The initial search returned
2204 hits that were first filtered for appropriateness by title and, where necessary, abstract.
The filtered scientific publications were entered into bibliographic software (Reference
Manager) and duplicates were deleted. The 108 publications remaining after the first
exclusion process were examined and measured against the inclusion criteria listed in
Appendix 3. Forty-one publications describing 43 outbreaks were included in the final
analysis described in this review (Table 4) and are summarised in Appendix 3.

Table 4

Outbreaks attributed to fresh produce by evidence type

Type of investigation Total
Epidemiological food attribution 23

Microbiological trace back 8
Microbiological food attribution 12

Total 43

6.2 Key findings of the scoping review

The scoping review was constrained to those outbreaks that were thoroughly investigated
and reported robust epidemiological and/or microbiological data. Outbreaks examined were
associated with fresh horticultural commodities intended to be eaten uncooked and occurred
as a consequence of a contamination event along the supply chain and with no steps that
eliminated the pathogen before consumption. Apparent from the evidence was that source
attribution is very difficult to achieve and significant challenges remain in pin-pointing both
the origin and mechanism of produce contamination.



Of the 43 outbreaks captured in this review, 21 occurred in the US, 16 in western or northern
Europe, five in Australia and one in Canada. From this data it is not possible to say that
more outbreaks occur in the US compared to other reporting countries or more simply that
the quality of the studies conducted in the US are more robust, more likely to be published
and therefore met the selection criteria set for this review. Fifty-three per cent (23/43) of the
outbreaks were associated with fresh produce that was imported, 39% (17/43) were
associated with fresh produce that was grown in the country where the outbreak occurred
and 7% (3/43) of outbreaks did not trace the source of the fresh produce.

For commodities identified in the scoping review, the following key findings are noted:

e Lettuce (multiple varieties) was the most common fresh produce vehicle attributed to
outbreaks captured by the search string; responsible for eight outbreaks in six different
countries.

¢ Rockmelon was the most common fruit attributed to outbreaks, causing seven outbreaks
in two countries.

¢ Rockmelon (7), raspberries (4) and strawberries (2) were responsible for 13 of the 16
fruit associated outbreaks captured by this review.

o Tomatoes (semi-dried and fresh) were implicated in five foodborne outbreaks and
possibly implicated in a sixth involving chilli peppers.

¢ Salmonella spp. were responsible for the most number of foodborne outbreaks, causing
13 outbreaks associated with a variety of food commodities from vegetables, leafy
greens and fruit.

e The four Yersinia pseudotuberculosis outbreaks were restricted to Finland only.

A number of production activities were also identified, including:

. The use of poor quality water in post-harvest processing applications, such as
washing, is an important source of produce contamination.

. The use of poor quality water pre-harvest (for produce that comes into contact with
irrigation water or spray water, e.g. rockmelons, tomatoes) is an important source of
produce contamination.

o The outbreak data provides evidence that wildlife incursions into growing areas prior to
harvest are an important source of produce contamination.

) Wildlife were implicated in seven of the eight produce associated outbreaks that were
traced back to source, three by direct contamination in storage, three by direct faecal
contamination of produce in the field and one by contaminated water.

o Multiple breaches of good hygienic practice along the supply chain were noted in a
number of outbreaks where a specific failure point was not identified.

6.3 Outbreaks occurring in Australia

Five foodborne outbreaks associated with fresh produce that met the inclusion criteria have
been documented in the past 20 years in Australia. Two of these outbreaks were associated
with imported produce; baby corn imported from Thailand was associated with a large
outbreak of shigellosis (Lewis et al. 2009) (see Appendix 3, section 1.3.3) and imported
semi-dried tomatoes were associated with a large multistate outbreak of Hepatitis A (Donnan
et al. 2011) (see Appendix 3, section 1.2.3). The source of contamination for the tainted
imported produce was not determined but poor sanitation was cited as a possible source of
baby corn contamination (Lewis et al., 2009).

The three remaining outbreaks were associated with locally produced rockmelon (Munnoch
et al. 2009), rockmelon and honeydew melon (OzFoodNet 2010a; Astridge 2011) and
papaya (Gibbs et al. 2009) (see Appendix 3, sections 1.2.7 and 1.2.8, respectively). The
2006 outbreak of Salmonella Saintpaul was microbiologically linked to rockmelons grown
and processed in the Northern Territory (NT); rockmelons from Queensland were found to
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be contaminated with non-outbreak associated strains of Salmonella spp.. The outbreak
strain could not be definitively linked to a farm, packing shed or processor, however,
investigations of six processors in the NT and Queensland identified critical food safety
issues in the production and processing of rockmelons that may have contributed to produce
contamination; including the use of untreated or inadequately treated water on ready-to-eat
melons, the incorrect use of disinfectants, temperature differential between fruit and wash
water and processing of damaged fruit (Munnoch et al., 2009). Similarly, the use of
untreated river water and incorrect use of chemical disinfectants was implicated as a
possible source of fruit contamination leading to the papaya associated salmonellosis
outbreak in Western Australia (WA) and Queensland from October 2006 to January 2007
(Gibbs et al., 2009). Unfortunately, no data or observations are available that provide details
of the possible mechanisms of melon contamination that lead to the 2010 L. monocytogenes
outbreak in New South Wales (NSW), Victoria and Queensland.

7 Outbreak Data

Sources of foodborne iliness are generally determined through epidemiological and/or

microbiological associations in outbreak investigations. Critical in this process is the ability to

identify an outbreak through the existing surveillance system to enable an investigation to

then proceed. Difficulties exist in identifying and attributing iliness to a particular food and

include:

) Food recall biases when gathering food consumption histories (compounded by
pathogens with long incubation periods, e.g. hepatitis A virus)

o Time delays in recognition or notification of an outbreak, including:

o] the time taken for infected persons to seek medical treatment

o] obtaining stool samples

o] laboratory confirmation of the presence of pathogenic organisms

o] notification to public health authorities, and

o] identification and subsequent investigation of the outbreak

Inability to trace food products to their source

Reluctance of individuals to participate in investigations

Long exposure windows for specific pathogens (e.g. L. monocytogenes)

Inability to obtain representative food samples for analysis

A lack of precision in, or suitable methods for, sample analysis and pathogen

identification

Immune status of the exposed population

o Food attribution in dishes with multiple food items

o The potential for variation in categorising features of outbreaks depending on
investigator interpretation and circumstances

It is important to recognise that outbreak data are likely to only represent a small proportion
of actual cases of foodborne illness, as many illnesses go unrecognised and/or unreported
to health authorities. Levels of underreporting of foodborne notifiable diseases in Australia
have been estimated by Hall et al (2006). People do not always seek medical attention for
mild forms of gastroenteritis, medical practitioners do not always collect specimens for
analysis and not all foodborne illnesses require notification to health authorities.

7.1 OzFoodNet
The OzFoodNet outbreak register contains data on reported outbreaks of gastrointestinal

disease in Australia since 2001, with foodborne and suspected foodborne outbreaks defined
as two or more cases of illness associated with a common food.
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Summary of aggregated data by a commodity type can be very difficult. The term “fresh
produce” covers a large variety of different products and the identification of outbreaks that
are due to fresh produce or a dish containing a fresh produce item, is limited by the quality of
the data collected in the register. These data are often free-text, subjective summaries that
do not uniformly report food vehicles by commodity type. Results may vary depending on
search terms used to interrogate the data.

Data on reported outbreaks of gastrointestinal illness associated with fresh produce has
been obtained from OzFoodNet covering the periods January 2001 to March 2010 and
January 2010 to June 2011 (OzFoodNet unpublished data, 2010; OzFoodNet unpublished
data 2011) and is summarised below.

Further details of the outbreak data are included at Appendix 2.
7.1.1  Summary

Between January 2001 and June 2011, OzFoodNet’s Outbreak Register recorded 93
produce-associated outbreaks reported in Australia (Appendix 2, Table 1) representing 7%
(93/1,291) of all foodborne and suspected foodborne outbreaks reported during the period.
Of these, 11% (10/93) were classified as confirmed, 29% (27/93) as suspected and 60%
(56/93) as possible (Appendix 2, Table 2).

Of the 93 produce-associated outbreaks, at least 2,822 people became ill, 321 were
hospitalized and seven people died. Only considering confirmed and suspected’ outbreaks,
they represented 44% (1247/2822) of all illnesses, 77% (234/321) of all hospitalisations and
57% (4/7) of reported deaths. Over half of all hospitalisations (51%: 165/321) were from a
single confirmed outbreak (hepatitis A in semi-dried tomatoes).

7.1.2  Setting and aetiology

Produce-related outbreaks were most frequently associated with food consumed in
restaurants (34%, 32/93), the community (18%, 17/93) and in private residences (12%,
11/93) (Appendix 2, Table 3). Outbreaks were most commonly of unknown aetiology (35%,
33/93), or caused by Salmonella Typhimurium (18%, 17/93), norovirus (18%, 17/93) or other
Salmonella serovars (12%, 12/93) (Appendix 2, Table 4a).

7.1.3  Type of implicated produce

Vegetables were associated with 28% (26/93) of all outbreaks and fruits with 19% (18/93),
while 48% (45/93) of implicated food contained mixed, unspecified or other produce
ingredients (Appendix 2, Table 5a). With regard to only the confirmed and suspected
outbreaks, fruits (14/37) were the more often implicated product followed by vegetables
(11/37) (Appendix 2, Table 5b).

One of the largest produce-associated outbreaks captured in the fruit category was an
outbreak in 2009 of hepatitis A associated with consumption of semi-dried tomatoes. In this
outbreak, there were 392 suspected and confirmed cases, 165 hospitalisations and one
person died. Other major contributors to the fruit category include an outbreak of
Salmonella Saintpaul in 2006 associated with rockmelon resulting in at least 100 people
becoming ill, including 9 hospitalisations and an outbreak of listeriosis in melon in which 9
people became ill with all 9 being hospitalised and two deaths. Melon (possibly a rockmelon,
lettuce and mint dish) was also suspected in an outbreak of Cyclospora in 2010 which
caused 314 illnesses (Appendix 2, Table 6).

! Definitions of ‘confirmed’ and ‘suspected’ outbreaks contained in Appendix 2

12



Within the vegetable category were two large outbreaks. One was a large outbreak of
Salmonella Oranienburg associated with alfalfa sprouts where there were 133 suspected
and confirmed cases and 32 hospitalisations, while the other was an outbreak of shigellosis
in imported baby corn which resulted in at least 100 cases and 3 hospitalisations (Appendix
2, Table 6).

7.1.4  Conclusion

It is important to recognise that the data presented here are likely to be an
under-representation of actual cases of foodborne iliness attributable to produce items.
These data confirm the association between foodborne iliness and fresh produce. Further,
produce-associated outbreaks in the community can be large due to the wide distribution of
these products.

8 Microbiological Data

The Australia New Zealand Food Standards Code (the Code) does not prescribe
microbiological limits for fresh RTE horticultural products. The FSANZ Guidelines for the
microbiological examination of ready-to-eat foods (Food Standards Australia New Zealand
2001) outlines four quality categories of RTE foods based on microbiological limits for
standard plate counts, indicator organisms and the number or presence of certain
pathogens. Note, it is stated in these documents that guidelines are not applicable to “nuts in
the shell and whole, raw fruits and vegetables that are intended for hulling, peeling or
washing by the consumer.”

The Department of Agriculture Fisheries and Forestry (DAFF) produced Guidelines for On-
Farm Food Safety for Fresh Produce 2" Ed (Department of Agriculture Fisheries and
Forestry 2004) to assist in the assessment of the risk of food safety hazards occurring on-
farm during the production of fresh produce crops. The document suggests three broad
microbiological risk categories of produce based on growing characteristics and final use by
consumers (i.e. eaten uncooked, peeled or cooked before eaten). Microbiological limits are
stated for some indicator (E. coli < 20 cfu/gram) and pathogenic microorganisms

(Listeria monocytogenes < 100 cfu/gram and Salmonella spp. negative in 25 grams).

In the absence of legislated microbiological limits for fresh horticultural products, the limits
contained in these guideline documents are often used as the basis for microbiological
surveys and quality assurance compliance testing. Although limitations exist in the use of
microbiological testing for determining the safety of fresh produce, testing can be a useful
verification tool for assessing gross contamination and effectiveness of practices to prevent,
minimise or remove contamination (Department of Agriculture Fisheries and Forestry, 2004).

8.1 Survey Data

There have been few surveys conducted on fresh horticultural produce (excluding sprouts) in
Australia. The majority of surveys analyse samples obtained at retail level and do not include
testing for viruses due to limited laboratory capability in Australia. Through-chain sampling
has been undertaken in two surveys; one coordinated by FSANZ in 2006, in which samples
were random and could not be traced through the supply chain, and the other conducted by
the Victorian Department of Primary Industries (Vic DPI) where samples could be tracked.
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8.1.1  Through-chain surveys

During 2006, Vic DPI undertook a microbiological survey of high-risk vegetables and salad
vegetables (category A in DAFF Guidelines) (Department of Primary Industries 2006). The
survey included samples from four high risk vegetable types from 16 farms (with or without a
food safety plan) around suburban Melbourne. Samples were tested at three points along
the production chain (before harvest, after harvest and packing and delivery at retail) and
analysed for indicator organisms (total aerobic bacteria, faecal (thermotolerant) coliforms,

E. coli) and the pathogens Salmonella spp. and Listeria monocytogenes. In total, five
microbiological tests were performed on 480 samples.

At harvest 15% of samples were positive for E. coli, however only 7/360 samples had a
result greater than 20 cfu/g, and none of these were at the final sampling point. Of a total
13/360 positive samples for Salmonella spp., only one was positive at retail. For both E. coli
and Salmonella spp. the results indicate a decline in contamination from the field to retail.
Contamination rates for L. monocytogenes, however, appeared not to change throughout the
production chain, although no sample exceeded the limit noted in the DAFF guidelines of
100 cfu/g.

It was noted that although the survey would need to be larger to provide statistically
significant figures, it does provide a snapshot of the low level of microbial contamination of
salad vegetables produced in Victoria.

In the period 2005-2007, FSANZ coordinated a national survey of the prevalence of
microbiological contamination in fresh horticultural produce in Australia (Food Standards
Australia New Zealand 2010). Samples were collected between October 2005 and July 2007
from three points in the supply chain: on-farm before harvest, farm gate and at retail and
analysed for E. coli, verocytotoxin producing E. coli (VTEC) or E. coli O157:H7, Listeria spp.,
Listeria monocytogenes, Salmonella spp. and faecal coliforms. A total of 369 samples were
analysed of which 134 were lettuce, 113 seed sprouts, 105 strawberry samples, 15 parsley
and 2 basil samples.

Overall the results of the survey indicated a low level of prevalence of contamination on the
sampled fresh horticultural produce. However, VTEC was detected on two samples (1 x
seed sprout and 1 x parsley), four strawberry samples were positive for L. monocytogenes
and Salmonella spp. was detected on one strawberry sample.

8.1.2  Retail surveys

A number of surveys have been conducted on retail samples of a range of fresh horticultural
products within Australian states and territories. Results of surveys conducted as part of
routine surveillance activities within jurisdictions are often not within the public domain.
There are some published surveys available, a few of which are briefly described below.

In 2005, the Western Australia Department of Health surveyed a selection of raw fruit and
vegetable samples for the presence of pathogenic organisms (Department of Health
Western Australia 2005). There were 3,425 microbiological tests performed on 491 fruit and
vegetable samples. Using the FSANZ guideline limits to assess results, 98.7% (n=3380) of
results were considered to be of satisfactory microbiological quality. No E. coli O157:H7,
Campylobacter or Salmonella spp. were detected on any sample. Bacillus cereus was
detected on 0.7% of samples (n=26) including one spinach sample at levels deemed
“potentially hazardous”. L. monocytogenes was detected in two samples, both at levels

<3 MPN, while E. coli was detected in the remaining 0.5% of samples.
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Authorities in South Australia tested 55 samples of raw vegetable products from 21 retail
outlets for E. coli, E. coli 0157, Salmonella spp. and Listeria monocytogenes (South
Australia Health 2009). There were no positive results for any of the broccoli, cauliflower,
lettuce, carrot, green capsicum, Lebanese and continental cucumber sampled. A similar
survey conducted in 2010 of 60 raw vegetable products, also returned no positive detections
for pathogens (South Australia Health 2010).

A survey (n= 220) of cut ready to eat fruit was undertaken in Victoria (Food Standards
Australia New Zealand 2011). Neither Salmonella spp. nor L. monocytogenes were
detected. Most samples had E. coli levels below the limit of detection, 3 samples had levels
between 10 — 100 cfu/g and one sample had a level of 120 cfu/g. Overall, the results
indicated a low incidence of pathogens on cut fruit available for sale at the sampled
establishments.

8.1.3 Summary

Comparison of results between surveys is difficult due to differences in study design,
sampling plans and methodology. The data that is available suggests there is a low level of
contamination of fruits and vegetables available in the Australian supply chain.
Notwithstanding the low prevalence, these data also confirm that infrequent contamination of
RTE fresh produce with pathogenic microorganisms can occur.

8.2 FreshTest Data

FreshTest Australia manages and collates maximum residue and microbiological test results
conducted for verification of wholesaler’s quality assurance and food safety programs in the
fresh produce industry in Australia. Samples are drawn from central markets in Sydney,
Melbourne, Brisbane, Adelaide and Perth. Independent facilitators select representative
samples which are sent to National Association of Testing Authorities (NATA) accredited
laboratories for analysis. Samples are collected across a wide selection on fresh produce
including herbs, salad greens, berries and tree fruit.

Microbiological testing of fresh produce by FreshTest (2006-2010) includes both pathogens:
Listeria spp. (positive results typed for confirmation as L. monocytogenes), Salmonella spp.,
coagulase positive Staphylococci and Bacillus cereus, and indicator microorganisms: Total
plate count, Escherichia coli, faecal coliforms and Enterobacteriacea.

A total of 3507 unique fresh produce samples were identified in the FreshTest data after
exclusion of water, environmental swabs, rice and noodle dishes, processed salads and
meat products. Samples included both imported and domestically grown produce. The
sampling of produce types was biased with greater emphasis on lettuce and salad leaves
(n=277), strawberries (n=313), mushrooms (n=154), tomatoes (n=227) and cucumber
(n=187). The sampling reflects verification of production systems and cannot be considered
a random nor representative survey of all Australian produce. A summary of tests by
microorganisms is presented in Table 5 below.

Table5  Summary of samples and number of positives tests by microorganism

Microorganism Number of samples tested Number of positive samples
E. coli 3388 133

Salmonella spp. 2003 4

Listeria monocytogenes 2480 3

Coagulase positive staphylococci 1396 7

Faecal coliforms 1404 173
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A small number of samples of fresh produce were found to have detections for pathogenic
microorganisms (Table 1). Salmonella spp. was isolated from four (4/2003) samples
including two lettuce samples (salad mix and shredded lettuce), and one each of
pawpaw/papaya and coriander. There were nine Listeria spp. detections of which only three
(3/2480) were confirmed to be L. monocytogenes. The concentration was reported for two
samples at 10 cfu/g. Seven samples (7/1396) were positive for coagulase positive
staphylococci, including one sample of chives that had a concentration of 1.2x10° cfu/g.

The indicator microorganisms E. coli and faecal coliforms were detected in 3.9% (133/3388)
and 12.3% (173/1404) of samples, respectively. Further analysis suggested that E. coli
and/or faecal coliforms were more likely to be found in fresh herbs (65/356) (Table 6 and
Figure 1) than other groups of fresh produce such as fruit (7/496), berries (10/383) and leafy
greens (lettuce, rocket, spinach) (45/388).

Table 6  Results for samples of fresh herbs tested for E. coli and Faecal coliforms

Number of samples Number of samples

Produce positive for E. coli or
tested .
Faecal coliforms
Basil 49 4
Chervil 1 1
Coriander 60 11
Dill 26 3
Mixed Herbs 11 0
Lemon Thyme 8 3
Marjoram 8 4
Mint 24 9
Oregano 14 3
Parsley 99 18
Rosemary 28 1
Sage 8 1
Tarragon 9 4
Thyme 11 3
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Figure 1 Percentage of fresh herbs samples that were found to be positive to either E. coli
or faecal coliforms

Very few samples (n<11) were tested for other microorganisms: B. cereus, total plate count
and Enterobacteriacea. These results are not presented due to the low sample numbers.

In summary, the FreshTest data for fresh produce indicate that pathogenic bacteria are
detected infrequently. Indicator organisms such as E. coli and/or faecal coliforms are
detected more frequently than pathogenic bacteria, especially in fresh herbs.

9 Discussion

Foodborne pathogens are responsible for a number of illnesses worldwide and fresh
produce commodities are an important source of infection. A number of risk assessments of
horticultural products have been undertaken following the traditional single commodity and
single pathogen pairing methodology. However, adoption of this approach for multiple
pathogens and multiple commodities becomes unrealistic in terms of methodology, data and
the resources required. There is a lack of data and information available for conducting risk
assessments of horticulture products, which is complicated by the vast range of horticultural
commodities available and the different types of primary production and processing methods
employed.

What is widely accepted are that certain commodities are more often associated with
outbreaks of foodborne iliness, and that a number of production activities are recognised as
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contributing to contamination. Specific horticultural commodities identified in the literature
include fresh leafy vegetables, fresh leafy herbs, melons and minimally processed produce
(ie: bagged salad). Production factors include water (pre and post-harvest), fertilisers, faecal
contamination and food handler hygiene. We set about to determine whether these
assumptions hold true to the Australian situation through an analysis of selected, well
documented, horticulture related outbreaks. Supporting the outbreak analysis, Australian
epidemiological and surveillance data (where available) and existing international and
domestic published and unpublished assessments were also utilised.

An important limitation of the review of outbreaks was the tight restrictions placed on the
inclusion of epidemiological attribution studies. These restrictions were applied to ensure
that only the most robust epidemiologically associated outbreaks were included and studies
identifying multiple ingredients or food items associated with iliness were excluded. These
restrictions may have resulted in an underrepresentation of commodities commonly
consumed as part of a mixed dish, such as herbs and green onions, owing to the difficulty of
analysing data for single ingredient associations. Similarly, small outbreaks of sporadic
illness in multiple communities may have been underrepresented due to low observed attack
rates or lack of microbiological data to link case patients to a specific pathogen. These
limitations were not quantified, but the data captured was broadly reflective of Australian
microbiological survey data, OzFoodNet outbreak data and FreshTest compliance testing
data, as regards to the type of horticultural products that had evidence of contamination, and
cause illness when consumed raw and/or minimally processed. Studies that demonstrated a
microbiological link between case patients and implicated food were included with or without
epidemiological evidence owing to the strength of association afforded by microbiological
confirmation.

Source attribution using outbreak data utilises readily available data from outbreak
surveillance and investigation to assess the fresh produce commodities associated with
illness. The evidence presented here reaffirms the assumption that fresh leafy vegetables,
fresh leafy herbs, melons and other minimally processed RTE produce can be a vehicle of
foodborne iliness. Important also is the determination of the point in the supply chain where
contamination occurred and the specific activity that lead to produce contamination. Fresh
produce can potentially become contaminated at any point along the supply chain, however
it is recognised that the likelihood of contamination is greatest during three periods: in the
field, during initial processing and during the final preparation in the kitchen (Lynch et al.
2009). Contamination occurring during the final preparation of a dish was excluded from the
scoping review as the focus was on primary production and processing; however results do
support the assertion that contamination in the field and in the processing stage are critical
periods where contamination occurs.

The quality of water used for pre-harvest activities and post-harvest processing emerged as
the dominant cause of product contamination. Four documented outbreaks were associated
with fresh produce that was either confirmed or suspected to have been contaminated by
pre-harvest water use; lettuce, chilli peppers and tomato (Soderstrom et al. 2008; Greene et
al. 2008; Behravesh et al. 2011; Mody et al. 2011). Five outbreaks were associated with
fresh produce that was likely contaminated during post-harvest use of poor quality water,
rockmelon, papaya, mango, mamey and lettuce (Hilborn et al. 1999; Katz et al. 2002;
Sivapalasingam et al. 2003; Munnoch et al., 2009; Gibbs et al., 2009). An outbreak in the US
associated with spinach may have also been associated with faecally contaminated irrigation
water but may have been caused by direct faecal deposition (Jay et al. 2007). Direct faecal
deposition in the field was associated with at least two and possibly three outbreaks; peas
(Gardner et al. 2011), strawberries (Anonymous 2011a; Anonymous 2011b) and spinach
(Jay et al., 2007).

The exact mechanism of produce contamination is rarely, if ever, definitively established
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even if a thorough environmental and trace back investigation was conducted. The majority
of outbreak reports examined in the scoping review did not provide details of environmental
investigations or did not report results that provided sufficient detail to define a source of
produce contamination. Several investigations found multiple hygiene issues along the
supply chain but could not define the specific failure point.

From the evidence presented in this assessment, specific mitigation activities addressing
inputs and activities in the growing and initial processing stages would minimise the potential
for produce contamination. To address water quality, faecal deposition and storage
problems, the following mitigation activities would reduce the potential for produce
contamination:

(i)  Pre-harvest water managed to minimise risk of contaminating produce, specifically to
avoid contamination from human activities, livestock production activities, domestic
animals and wildlife

(i)  Equipment used to apply water onto produce is maintained to a suitable standard to
prevent contamination of good quality pre-harvest water

(i) Post-harvest water managed to minimise risk of contaminating produce and is of
potable quality

(iv) Exclusion of domestic animals and wildlife from growing, packing and storage areas

(v) Produce grown away from bird roosting and migration areas

(vi) Pests controlled in growing, packing and storage areas

(vii) Disposal of poor quality produce

(viii) Personnel involved in production, harvest and post-harvest activities be sufficiently
knowledgeable to take actions, where necessary, to minimise or prevent produce
contamination

The review also provides evidence that mitigation activities that ensure adherence to good
hygienic practice, incorporating good agricultural practice (GAP) and good manufacturing
practice (GMP) would similarly minimise the potential for produce contamination. While this
review did not specifically identify particular failures of hygienic practice that lead to produce
contamination, a number of outbreak investigations identified poor hygienic practice as a
likely source of produce contamination (Hutin et al. 1999; Lewis et al., 2009; Anonymous
2011c).

To address this issue, the following mitigation activities would reduce the potential for

produce contamination:

(iy  Toilet and washing facilities maintained in good working order and sufficient to meet
the demands of the labour force employed to harvest, pack and transport produce

(i)  Facilities constructed and maintained in such a way as to minimise or prevent
contamination of produce

(i) Equipment used during production and processing fresh produce maintained in good
working order and regularly cleaned to prevent contamination of produce

(iv) Personnel involved in production, harvest and post-harvest activities be sufficiently
knowledgeable to take actions, where necessary, to minimise or prevent produce
contamination

The potential application of the mitigation activities listed above and how they might have

been applied to the outbreaks captured in this scoping review are summarised in Appendix
3, Table A3.2.
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10 Response to Questions

What are the main risk factors or activities contributing to contamination of horticultural
products?

From the available data, the use of poor quality water for pre- and post-harvest activities
emerged as the most common cause of product contamination. Direct faecal deposition on
produce growing in a field also emerged as a source of contamination. Multiple breaches of
good hygienic practice along the supply chain were also noted in a number of outbreaks
where a specific failure point was not identified.

Have risk factors other than those included in the assumptions been identified in horticultural
related foodborne outbreaks?

From the available evidence, no additional risk factors were identified. It should be noted
however, that the exact mechanism of produce contamination is rarely, if ever, definitively
established. The majority of outbreak reports examined in the scoping review either did not
include environmental investigations or sufficient detail to identify a source of contamination.
A number of failures in hygienic practices throughout the supply chain were identified as
possibly contributing to contamination, but sufficient detail to identify specific failure points
were often lacking.

Are there different risk factors for different production systems (eg: field grown, hydroponics,
organics, glasshouse)?

The results of the scoping review did not contain specific detailed information to determine
whether different risk factors are associated with different production systems. Production
activities identified during the analysis included use of poor quality water (pre- and post-
harvest), faecal contamination and poor hygienic practices. It would not be unreasonable to
assume that should these factors apply to a commodity which is intended to be eaten
uncooked, and where there is no step to eliminate pathogens before being eaten, regardless
of whether the commodity was grown in a field, hydroponically or in a glasshouse, then
contamination may occur which could lead to outbreaks of foodborne iliness.

What measures/controls may have minimised contamination of produce?

e Pre-harvest water managed to minimise risk of contaminating produce:

o] Water used for pre-harvest activities (e.g. irrigation, application of pesticides and
herbicides) are managed to avoid contamination from human activities, livestock
production activities, domestic animals and wildlife

o] Equipment used to apply water onto produce is maintained to a suitable standard
to maintain the quality of the water

e Post-harvest water managed to minimise risk of contaminating produce:
o] Water used for post-harvest activities (e.g. washing) is of potable quality
e Exclusion of domestic animals and wildlife from growing, packing and storage areas
e Produce grown away from bird roosting and migration areas
e Pests controlled in growing, packing and storage areas

What are the commodities most often implicated in horticultural related foodborne
outbreaks?

Fresh horticultural commodities involved in outbreaks are intended to be eaten uncooked

without any steps to eliminate pathogens before consumption. Two general commodities
categories were identified from the outbreak data; soft fruit and vegetables. Vegetables
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included leafy greens (lettuce, spinach), herbs (coriander, basil and Thai basil), green

onions, baby corn, sugar peas, carrots and chilli peppers. Fruits included melons

(rockmelon/cantaloupe, honeydew), papaya, mango, tomatoes (including semi-dried),

mamey and berries (raspberries, strawberries).

e Lettuce was the commodity most often associated with an outbreak. Eight outbreaks
have been epidemiologically or microbiologically associated with lettuce consumption.

e Tomatoes, either semi-dried or fresh, were epidemiologically or microbiologically
associated with five foodborne outbreaks and fresh tomatoes were possibly associated
with a sixth outbreak that was associated with Jalapeno and Serrano peppers.

¢ Rockmelon was the fruit most often associated with an outbreak. Seven outbreaks have
been epidemiologically or microbiologically associated with rockmelon consumption,
either purchased pre-cut or whole.

e Raspberry consumption was epidemiologically or microbiologically associated illness in
four outbreaks.

11 Conclusion

The outcomes of this assessment reaffirm the assumptions identifying the commodities and
risk factors most likely to result in produce contamination and outbreaks of foodborne illness.
However, these findings should not preclude the potential that other commodities and/or risk
activities may be implicated in future horticultural-associated foodborne illness outbreaks.
Where commodities could be identified, vegetables and fruits were contaminated in the field
or during the initial processing of produce through the use of poor quality water or by direct
faecal deposition on produce in the field. The size of outbreaks vary according to pathogen
involved, level of contamination, volume of produce contaminated, distribution networks, site
and method of final preparation and the volume consumed. All these factors influence the
likelihood that a particular food may cause illness when consumed. Therefore, care should
be exercised in drawing specific conclusions about pathogen commaodity pairings and what
may constitute a risk to the consumer.

Furthermore, only a very small number of outbreaks (that met the strict selection criteria) in
the past 20 years have been associated with fresh produce in Australia. The microbiological
data available from Australian surveys suggests there is a low level of contamination of fruits
and vegetables available in the Australian supply chain, although infrequent contamination
of fresh produce with pathogenic microorganisms can occur. The available evidence
provides a high degree of confidence that Australians have access to safe fresh produce.

Appendices

1. Previous Risk Assessments and Reviews
2. Outbreak Data
3.  Scoping Review
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Appendix 1

Previous Reviews and Risk Assessments
1. UKFSA

Monaghan et al (2008), “Review of the published literature describing foodborne illness
outbreaks associated with ready to eat fresh produce and an overview of current UK fresh
produce farming practices”, Food Standards Agency Project B17007, 2008.

At the request of the United Kingdom Food Standards Agency (UKFSA), Monaghan and
colleagues undertook a review of the scientific literature relating to foodborne outbreaks
associated with ready-to-eat (RTE) fresh produce; reviewed assurance codes of practice
commonly-encountered in the UK and compared these to the Codex Alimentarius standard
and assessed current UK fresh produce farming practices.

Ready-to-eat was defined as crops that are sometimes or always consumed raw and as they
are sold, without a cooking/processing stage that eliminates microbiological contamination.
Included within the scope were salad vegetables, vegetables, fresh herbs, sprouted seeds
and soft and top fruit.

Literature Review

Published peer-reviewed literature relating to foodborne iliness associated with ready to eat
fresh produce was sourced and reviewed. Although readily available, the authors purposely
excluded listings of small multiple sourced outbreaks often reported by reputable
government agencies and scientists as being too subjective and poorly documented to
include.

Results of the literature search revealed a range of bacterial, viral and protozoan pathogens
had been associated with outbreaks of produce related foodborne iliness outbreaks,
including Salmonella spp., E. coli O157:H7, Shigella spp., Yersinia pseudotuberculosis,
norovirus, hepatitis A, calicivirus, Cyclospora and Cryptosporidium. Commodities cited were
fruits and nuts (raw almonds, apples used for unpasteurised juice, various berries
(strawberries, raspberries), melons, mangos, oranges for unpasteurised juice), vegetables
(cabbage, carrot, snow peas), herbs (basil, coriander, parsley) and salad vegetables
(lettuce, cucumber, green onions, rocket, spinach, tomatoes).

Although the review summarises reports that identify with some confidence contaminated
RTE produce as causing foodborne outbreaks, the authors also highlight the contamination
event itself is often never satisfactorily explained. There are however, a number of factors
often described as possible vectors. These include:
¢ animal (domestic and wild) access to crops, processing facilities or stored produce
¢ inadequate personal hygiene of people (or working whilst ill) involved in harvesting,
processing or serving RTE fresh produce
¢ use of contaminated irrigation water or use of inadequately prepared manure fertilisers
on land used to cultivate RTE
¢ use of contaminated water for washing or cooling produce
¢ inadequate kitchen preparation of RTE (including lack of washing), and
¢ inadequate cleaning and sanitation of processing equipment

The authors note outbreak investigations are often conducted using case control studies or
questionnaires, and subsequently discuss the inherent limitations of these approaches which
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may contribute to the inability to definitively identify a source. Other reasons proposed were
poor record keeping and traceback and the short-life of fresh produce which often means no
material is available for microbiological testing.

Grower survey

The authors conducted a review of assurance codes of practice for fresh produce commonly
encountered in the UK and surveyed growers to determine compliance with these codes and
identify areas which were either difficult to comply with or implement. Questionnaires were
developed covering key areas where hazards were likely to occur, and subsequently able to
be managed, including:

¢ Site history

o Water used for primary production (source, treatment applied, microbiological testing,

method of application and timing of application prior to harvest)

e Manure inputs (type, composting)

o Worker hygiene
Wildlife/farm animal access
Harvest equipment hygiene
Handling, storage and transport
Post-harvest treatment and training

The survey covered a range of crops, business sizes and supply routes such as to large,
medium or small retailers, wholesalers, direct sales or farmer’s markets. Proportionally, more
businesses were surveyed who produced relatively higher risk crops such as salad leaves
and herbs, while organic production was also covered for all crops.

From the survey, the authors noted retailers were driving QA scheme compliance as a
condition of supply and, because growers often supplied multiple routes, the highest
applicable standard was subsequently applied to all. The report also notes compliance to a
QA scheme was often not a requirement for supply to wholesalers, food service or caterers.
This was an important finding by the authors as it was noted 65% of outbreaks in the UK
linked to prepared salads occurred in commercial food service premises which are more
likely to be supplied by wholesalers. It was also a finding that small producers lacked an
understanding of bacteria, protozoa and viruses and why it was important to follow good
practice to ensure safety of fresh produce.

Conclusion

Although a significant amount of foodborne illness outbreaks are associated with fresh
produce; few cases definitely identify fresh produce as the cause. One reason proposed by
the authors was the short shelflife of the product, often meaning no material is available for
testing. Poor record keeping and traceback, as well as the tendency for susceptibility to
infection within the human population to be a distribution, may also contribute.

The key recommendation of the report was that the Agency investigates the use of custom
information and communication technologies to help growers risk assess their production
practices and water sources.

Based on information from the literature review and grower survey, the authors also
proposed a number of other recommendations, including:
¢ Generation of guidance documents that shows growers how to adequately risk assess
their crops as this was an area that grower staff found particularly difficult
¢ Consider classifying fresh produce into a standardised set of defined risk categories.
No harmony across different QA systems reviewed, with a number of examples
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where crops allocated as medium or lower risk associated with foodborne illness.

¢ Note that information gaps relating to pathogen survival under commercial growing
condition have prevented development of stochastic models for fresh produce.
Noting completion of recent research, the report recommends consideration be given
to developing stochastic models which describe the growing process for a number of
key crops as a way of quantitating the roles of parameters that influence pathogen
survival during production.

o Clearer instructions were necessary describing requirements for microbiological testing
of water be developed, including description of organisms, what these organisms
indicate and the scientific basis for associated criteria.

o Collection of compliance related microbiological test results to underpin the case
control approach and control of outbreak situations.

Suppliers to the retail sector are subject to QA schemes required by their customers. Similar
retail driven pressure was not seen for the wholesale sector. Improvements to traceability
and food storage conditions were noted as areas which could be improved.

Mandating the requirement for a quality assurance program as a condition of supply was
also proposed to further reduce the already low risk to UK consumers from fresh produce.

2. Food Science Australia

Food Science Australia (2006), “Identification of microbiological hazards associated with
plants and plant product”, Food Science Australia Project Number 110564

In 2006, FSANZ commissioned Food Science Australia to review the microbiological status
of plants and plant products available to Australian consumers. The review updated and
enhanced a previous report (undertaken for New South Wales Food Authority.

The objectives of the review were to:
¢ Identify potential microbiological hazards associated with plants and plant products
that may present a public health and safety risk to Australian consumers by reviewing
the domestic and international literature
¢ |dentify the relative importance of microbiological hazards associated with plants and
plant products available to consumers in Australia.

The review focussed on categories of fresh horticultural produce and fresh cut fruit and
vegetables where there is no effective microbiological kill step in production before
consumption and which may carry microbiological hazards. Nuts, oil seeds and grains that
are either minimally or further processed, seed sprouts and vegetables in oil were also
included. Fresh horticultural produce were defined as produce usually consumed raw without
undergoing processes that inactivate pathogens or inhibit microbial growth (ie: cooking).
Fresh cut fruits and vegetables included those that have been peeled, sliced, chopped,
shredded, cored, trimmed or mashed with or without washing prior to being packaged.

For the identified product categories, the study reviewed available international and
Australian data on the types and incidence of microbial pathogens on plants and plant
products, potential sources of contamination and survival of pathogens, foodborne disease
outbreaks and food recalls, as well as examining industry practices, including industry codes
of practice, that impact on the reduction or elimination of pathogens. A descriptive relative
risk rating exercise was then undertaken to determine a risk rating for each
pathogen:product pairs within identified high risk product categories.

A number of production activities/inputs are noted in the literature as contributing to the risk
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of fresh produce. Soil, water, fertilisers (organic and inorganic), access of animals or birds to
production or packaging facilities and handling during harvest, packing or transport have all
been implicated as contributing factors to horticultural related foodborne iliness. The report
reviews these factors with respect to vegetable, fruit, nut and seed production.

Pathogenic organisms have been associated with a wide variety of whole, intact and
minimally processed fruits and vegetables. In acknowledging this, the report also
acknowledges a lack of data on the types, levels and prevalence of pathogenic organisms
on fresh produce in Australia. Data that was available indicated a low prevalence of
pathogenic organisms on fresh ready-to-eat produce available in Australia.

The report also discusses survival of pathogens on produce, the effectiveness of sanitising
washes and particular farming practices such as composting. It's noted that although
uncommon on the surface on intact produce, the potential for growth and/or survival of
pathogenic organisms increases once the protective outer surfaces of produce have been
breached, ie through physical damage or by the action of other microorganisms. The report
also discusses the limited effectiveness of sanitising washes to control growth of pathogen
on the surfaces of produce.

Use of compost during the production of organic produce is reviewed, with the report noting
limited evidence is available to support the assertion that organic produce is less
microbiologically safe than conventionally produced produce. Similarly, the perception that
mushrooms are a high risk product was also investigated. As noted in the report, the
common white mushroom is produced on pasteurised substrate: meaning these mushrooms
present no greater risk than other vegetables which do not undergo a kill step prior to
consumption. Speciality mushrooms which are grown on substrates unable to be
pasteurised, ie: logs, may present a higher risk and should be assessed separately in any
risk assessment.

The review determined appropriate control measures as including good agricultural practices
to prevent contamination in the field, post-harvest decontamination practices, such as us of
sanitising agents, minimising cross contamination and temperature control of fresh cut fruit
and vegetables. No conclusions or recommendations where made regarding any differences
between different production systems, ie: hydroponic, field grown etc.

From the reviewed evidence, the report concluded the highest risk products as:
o fresh cut vegetables and fruits consumed raw — examples include packaged salad mix,
prepared fruit salad and cut and plastic wrapped melons.
e unpasteurised fruit juices
¢ seed sprouts
e vegetables in oil

Within these categories, the report also recommended further investigation of the specific
pathogen/commodity pairs: Salmonella and seed sprouts, Salmonella and tomatoes,
Salmonella and Listeria monocytogenes and fresh cut melons (rockmelon and honeydew)
and C. botulinum and vegetables in oil.

Other key findings included:

¢ Contamination from handlers and improper handling causes the majority of produce
associated (and in fact all traceable) foodborne disease.

e Procedures such as sanitising washes may have only limited success in removal
and/or inactivation of pathogenic and other microorganisms. Preventing
contamination of produce (e.g. by using good agricultural practices and education of
food handlers along the production chain) is likely to be more effective in ultimately
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reducing produce associated foodborne iliness. The correct use of a sanitising agent,
such as chlorine, in wash water does, however, help to minimise cross
contamination.

e Temperature control is an important bacterial and fungal control measure for fresh cut
fruits and vegetables. Control of viral and parasite infection can only be controlled by
the measures noted above.
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Appendix 2
Outbreak Data

The below data summarising reported illness due to outbreaks of gastrointestinal disease
associated with fresh produce has been obtained from unpublished OzFoodNet reports
covering the periods January 2001 to March 2010 and January 2010 to June 2011
(OzFoodNet unpublished data, 2010; OzFoodNet unpublished data 2011).

It can be very difficult to summarize aggregated outbreak data by commodity. The term
“fresh produce” covers a large variety of different products and the identification of outbreaks
that are due to fresh produce or a dish containing a fresh produce item, is limited by the
quality of the data collected in the register. These data are often free-text, subjective
summaries that do not uniformly report food vehicles by commodity type. Results may vary
depending on search terms used to interrogate the data.

The terms used to interrogate the OzFoodNet Outbreak Register are below.
1. Outbreak Register search details

Data analysis
The analysis was carried out in the following manner:

¢ Reports of outbreaks were extracted from the OzFoodNet Outbreak Register. These
were compared those reported in Quarterly and Annual Reports. A full list of the
search terms used to extract the data from the outbreak register is at Appendix 2A.

e Data were cleaned and recoded to provide consistent categories for data fields,
including aetiological agents and food vehicles.

e To be included as a produce-associated outbreak, multi-ingredient foods or mixed
dishes must have a specifically listed produce item as implicated or suspected, or as
being a principal ingredient of an implicated dish, or are commonly known to contain
a produce ingredient. If an ingredient other than the produce ingredient was
implicated in multi-ingredient dishes, (such as raw eggs used in a Caesar salad
dressing) the outbreak was discarded. Where a range of possible high risk foods
(other than produce) are listed, an outbreak was not included unless a produce
ingredient is specifically implicated or suspected by investigators.

¢ All unmodified plant products were considered primary produce for this analysis,
except wheat flour, rice and other cereals.

o Data were categorized as confirmed, suspected or possible based on the level of
evidence available that the outbreak was due to contaminated produce items:

Confirmed outbreaks were single ingredient produce items or food where produce
items were a principle ingredient and;
0 epidemiological, microbiological and traceback evidence showed that the
item was contaminated in a primary produce environment (not all of these
outbreaks have setting=primary produce)

Suspected outbreaks were single ingredient produce items or a dishes containing a
produce item and;
o there was epidemiological and/or microbiological evidence to implicate the
dish.
o the produce item was a principle ingredient, or specifically listed as
implicated, and
o0 investigators did not discount the possibility of the product being
contaminated in primary produce environments

33



Possible outbreaks involved single ingredient produce items or dishes that contained
or are commonly known to contain a produce item as an ingredient and;
o there was descriptive, epidemiological and/or microbiological evidence to
implicate the dish but
o that a range of modes of contamination of the food were considered likely,
such as ill food handler or cross-contamination and
o there was no particular evidence that the primary produce ingredient was the
source of contamination
e Data were analysed in Excel 2003 to summarise the number of people ill, year,
aetiology and implicated food vehicle and to provide a linelist of data at Appendix 2B.

Data dictionary

Calculated or added fields in the data are:

Month of outbreak — calculated from onset of the first case

Food vehicle mod — modified from another field Food vehicle, but incorporating information
from the field Remarks where relevant

Food code translated — translated from the four digit food codes used by the US Centers
for Disease Control and Prevention

Produce ingredient category — based on the field food vehicle mod
Confirmation status — based on criteria specified in the data analysis section
Comments — Explanatory information taken from a field Remarks that may aid interpretation

Fields direct from the outbreak reqgister are:

Segnum A unique ID supplied by the state

Year Year of onset of the first case

State Where the outbreak occurred, or sometimes, where cases were resident
Transmission mode Description of the mode by which the outbreak was spread
Setting where food was prepared

Seteat where food was eaten

Il Number of people meeting suspected and confirmed case definitions
Hospitalised Number of cases hospitalized during the outbreak.

Died Number of cases who died during the period of the outbreak. The relative contribution
of the infection to the deaths is not generally known.

Aetiology Name of bacteria/parasite toxin
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2. Summary of data
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Table 1

2011) by state/territory and year of onset of the first case
State 2001 2002 2003 2004 2005 2006
Multi-
state 1 0 0 0 1 2
ACT 0 0 1 0 0 0
NSW 1 3 3 0 4 3
NT 0 0 0 0 0 0
QLD 2 0 1 0 1 0
SA 1 1 0 0 0 1
TAS 0 0 1 0 0 0
VIiC 3 0 3 1 1 1
WA 2 0 0 0 0 2
Total 10 4 9 1 7 9
Table 2

hospitalisations and deaths (2001 to June 2011)
Outbreaks L 96 € Number Il

outbreaks

Confirmed 10 830
Suspected 27 745
Possible 56 1247
Total 93 2822
Table 3

gastrointestinal illness (2001 to June 2011)

Setting where food
eaten

Restaurant

Community

Private residence
Commercial caterer
Other

Aged care

Camp

Health spa/resort

Child care
Cruise/airline

Hospital

Institution
Fair/festival/mobile service
National franchised fast

Number of
outbreaks

32
17
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Number

504
1033
112
113
193
48
56
53
42
338
41
101

36

Number
Hospitalised

26
253

0O OO0 ~ 00O~ NPh~O PO

To Jun
2010 2011
1 0
1 0
2 4
0 1
1 0
0 0
0 0
3 2
1 1
9 8

Confirmation status, number of produce-associated outbreaks, illnesses,

Number Died

3

1
3
7

Setting where foods were eaten in all produce-associated outbreaks of

Number

Died

Outbreaks of gastrointestinal illness associated with produce (2001 to June

O O OO OO OO wooo ~o

Total

35

14

19

93



Setting where food Number of Number Number Number

eaten outbreaks I Hospitalised Died
food

Picnic 1 30 0 0
School 1 17 1 0
Unknown 1 100 9 0
Total 93 2822 321 7

Table 4a Aetiology, number of people affected, number hospitalised and number of deaths
in all produce-associated outbreaks (2001 to June 2011)

Number of Number Number Number
Aetiology outbreaks Il Hospitalised Died
Unknown 33 368 6 0
Norovirus 17 510 4 0
Salmonella Typhimurium 17 568 55 1
Other Salmonella
serovars 12 409 70 2
Clostridium perfringens 5 46 0 1
Hepatitis A 3 424 169 1
Campylobacter 1 27 0 0
Cyclospora species 1 314 0 0
Escherichia coli 0157 1 31 5 0
L. monocytogenes 1 9 9 2
Shigella sonnei biotype
g* 1 100 3 0
Staphylococcus aureus 1 16 0 0
Total 93 2822 321 7

Table 4b  Aetiology, number of people affected, number hospitalised and number of deaths
in confirmed and suspected produce-associated outbreaks (2001 to June 2011)

Aetiolo Number of Number Number Number
9y outbreaks Il Hospitalised Died
Unknown 13 177 4 0
Other Salmonella 7 348 59 0
serovars
Salmonella Typhimurium S 86 4 0
Norovirus 4 81 0 0
Clostridium perfringens 2 10 0 1
Campylobacter 1 27 0 0
Cyclospora species 1 314 0 0
Escherichia coli 0157 1 31 5 0
Hepatitis A 1 392 165 1
L. monocytogenes 1 9 9 2
Shigella sonnei biotype 1 100 3 0
g*
Total 37 1575 249 4
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Table 5a Categorized produce ingredients listed in foods implicated in all produce-
associated outbreaks (2001 to June 2011)

Produce Ingredient Category Number of Outbreaks
Mixed/unspecified/other produce 45
Vegetables 26

Fruits 18

Herbs and spices 3

Fruits and Vegetables 1

Total 93

Table 5b Categorized produce ingredients listed in foods implicated in confirmed and
suspected produce-associated outbreaks (2001 to June 2011)

Produce Ingredient Category Number of Outbreaks
Fruits 14
Vegetables 11
Mixed/unspecified/other produce 9

Herbs and spices 2

Fruits and Vegetables 1

Total 37

Table 6  Confirmed outbreaks, number of people affected, number hospitalised and
number of deaths in produce-associated outbreaks (2001 to June 2011)

OLIEES ’c\)ltlljtr:)]:)eearkosf Wil (1 chj)g]pbiteaflised g?ergber
Confirmed 10 10 10 10
Fruits 6 559 191 3
Fruit platter 1 15 0 0
Norovirus
Melons and/or melons contained 1 9 9 2
within fruit salads
L. monocytogenes
pawpaw 2 43 8 0
Salmonella Litchfield 1 26 5 0
Salmonella Saintpaul 1 17 3 0
Rockmelon 1 100 9 0
Salmonella Saintpaul
semi-dried tomatoes 1 392 165 1
Hepatitis A
Mixed/unspecified/other produce 1 2 2 0
Vegetables 3 269 41 0
Alfalfa sprouts 1 133 32 0
1 133 32 0

Salmonella Oranienburg
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Outbreaks

Number of Number Number
Number Il|

outbreaks Hospitalised Died
baby corn 1 100 3 0
Shigella sonnei biotype g* 1 100 3 0
chicken salad pita bread wrap 1 36 6 0
(using iceberg lettuce)

Salmonella Bovismorbificans 32 1 36 6 0
Possible 56 1247 72 3
Suspected 27 745 15 1

93 2822 321 7

Total

Appendix 2A Search terms

Search terms used to identify produce-associated outbreaks in the OzFoodNet Outbreak
Register:

[Field: Year] = >"2000”

[Field: Transmission=Foodborne/Suspected Foodborne]

[Field: Food vehicle] Like "*salad*" Or Like "*sand*" Or Like "*lett*" Or Like “*cantal*”
Or Like "*onion™" Or Like "*cucu*" Or Like "*spin*" Or Like "*produce*" Or Like "*toma*"
Or Like "*veget™ Or Like "*sprou™" Or Like "*rock™ Or Like "*paw™" Or Like "*fruit*" Or
Like "*pean*" Or Like "*cucum*" Or Like "*waterme*" Or Like "*almond*" Or Like
"*cuc*" Or Like "*apple*" Or Like "*pear* Or Like "*orange™*" Or Like "*lupin*" Or Like
"*melo™" (year 2010 — 2011)

[Field: Remarks] Like "*salad*" Or Like "*sand*" Or Like "*lett*" Or Like "*cantal*" Or
Like "*onion*" Or Like "*cucu™" Or Like "*spin*" Or Like "*produce*" Or Like "*toma*" Or
Like "“veget*™ Or Like "*sprou*" Or Like "*rock™ Or Like "*paw*" Or Like "*fruit*" Or
Like "*pean™ Or Like "*cucum™ Or Like "*waterme*" Or Like "*almond™*" Or Like
"*cuc*" Or Like "*apple*" Or Like "*pear*" Or Like "*orange*" Or Like "*lupin*" Or Like
"*melo*"(year 2010 — 2011)

[Field: Food code] Like “45*” or like “70*” or like “75*” or like “71*”

[Field: etiology] Like “185” (This was used to capture an outbreak that was known to
have been produce associated from annual and quarterly reports, but not coming up in
the search).
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Appendix 2B

Year

2001

2001

2001

2001

2001

2001

2001

2001

2001

2001

2002

State

Multi-
state
NSW
QLD

QLD

SA

VIC

VIC

VIC

WA

WA

NSW

Line list of outbreaks obtained from Outbreak Register search

Setting

Community
Restaurant
Restaurant

National
franchised
fast food

Fair /
festival /
mobile
service
Restaurant

Restaurant

Restaurant

Cruise /
airline
Restaurant

Restaurant

30

56

36

27

50

24

56

21

Hospitalised

Died

Aetiology

Salmonella Stanley
Unknown
Norovirus

Salmonella
Bovismorbificans 32

Salmonella
Typhimurium 185

Campylobacter

Clostridium
perfringens

Salmonella
Typhimurium 99

Norovirus
Norovirus
Salmonella

Typhimurium 126

39

Food vehicle
modified

Peanuts

Steak and
vegetables

Potato, Pasta,
Steak

chicken salad
pita bread
wrap (using
iceberg
lettuce)
cucumber

tomato and
cucumber
salad
Potato and
bacon soup

Eye fillet meal
with onions,
potato, salsa
Verde and red
wine jus
Caesar salad

Chicken
spinach salad

Thai salad

Produce ingredient
category

Mixed/unspecified/other
produce

Vegetables

Vegetables

Vegetables

Vegetables

Mixed/unspecified/other
produce

Vegetables

Mixed/unspecified/other
produce

Vegetables

Mixed/unspecified/other
produce
Mixed/unspecified/other
produce

Confirmation
status

Suspected
Possible
Possible

Confirmed

Suspected

Suspected

Possible

Possible

Possible
Possible

Possible



Year

2002

2002

2002

2003

2003

2003

2003

2003

2003

2003

2003

State

NSW

NSW

SA

ACT

NSW

NSW

NSW

QLD

TAS

VIC

VIC

Setting

Restaurant

Restaurant

Restaurant
Child care
Other

Private
residence

Private
residence

Commercial
caterer
Camp

Community

Community

15

78

67

11

13

22

213

Hospitalised

15

22

Aetiology

Unknown

Unknown

Salmonella
Typhimurium 8

Unknown
Norovirus
Salmonella
Typhimurium 135a
Unknown
Staphylococcus
aureus

Hepatitis A

Salmonella Litchfield

Salmonella
Typhimurium 135

40

Food vehicle
modified

Meal of
pumpkin soup,
roast pork,
vegetables,
fruit salad and
ice-cream
Roast beef,
rice noodle
salad

Caesar salad

Vegetable
pasta

apple strudel
Rice salad

suspected Iraqi
basil

Pasta salad
Coleslaw

suspected
cucumber

Pork Rolls
containing
cucumber,
chilli, spring
onions,
coriander,
carrot and
other

Produce ingredient
category

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Vegetables

Vegetables

Fruits
Mixed/unspecified/other
produce

Herbs and spices
Mixed/unspecified/other
produce

Vegetables

Vegetables

Mixed/unspecified/other
produce

Confirmation
status

Possible

Possible

Possible
Possible
Possible
Possible
Suspected
Possible
Possible
Suspected

Possible



Year

2003

2004

2005

2005

2005

2005

2005

2005

State

VIC

VIC

Multi-
state

NSW

NSW

NSW

NSW

QLD

Setting

Other

Commercial
caterer

Community

Community

Child care

Restaurant

Restaurant

Aged care

28

133

23

33

Hospitalised

32

Died

Aetiology

Unknown

Salmonella
Typhimurium 12a

Salmonella
Oranienburg

Clostridium
perfringens

Salmonella
Typhimurium

Unknown

Unknown

Salmonella Potsdam

41

Food vehicle
modified

ingredients

Vegetable and
chilli dish
Suspected
gourmet rolls
including red
onion

Alfalfa sprouts

possibly yellow
rice (turmeric
and fried
onions)
suspected to
be ready to eat
food such as
hand cut fruit
and
sandwiches
prepared in
CCC

Possibly
vegetable
naan or rice
suspected
freshly
squeezed
blood orange
juice crush
Possibly fruit
and vegetables

Produce ingredient
category

Vegetables

Vegetables

Vegetables

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Vegetables

Fruits

Mixed/unspecified/other
produce

Confirmation
status

Suspected

Suspected

Confirmed

Possible

Suspected

Possible

Suspected

Possible



Year

2005

2006

2006

2006

2006

2006

2006

2006

2006

2006

2007

2007

State

VIC
Multi-

state

Multi-
state

NSW

NSW

NSW

SA

VIC

WA

WA

Multi-

state
NSW

Setting

Private
residence

Community
Unknown

Restaurant

Private
residence

Private
residence

Restaurant

Restaurant
Other
Other
Community

Restaurant

26

100

11

29

19

100

Hospitalised

Unknown

Unknown

Died

Aetiology

Unknown

Salmonella Litchfield

Salmonella Saintpaul

Norovirus

Salmonella
Typhimurium 170

Unknown

Salmonella
Typhimurium 9

Salmonella Saintpaul

Norovirus
Unknown
Shigella sonnei

biotype g*
Unknown

42

Food vehicle
modified

Possibly
hummus dip

pawpaw
Rockmelon

Unknown -
common foods
were salad and
cooked potato
chips

Suspect dip -
salad dip and
babbaganush
dip

potato salad
suspected
Sweet potato
and feta
cheese salad
Possibly bean
shoots

green salad

Possibly beef
and salad roll

baby corn

Chard
(spinach,
tamarind and
yoghurt dish)

Produce ingredient
category

Mixed/unspecified/other
produce
Fruits

Fruits

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Vegetables

Vegetables

Vegetables
Mixed/unspecified/other
produce

Vegetables

Vegetables

Confirmation
status

Possible
Confirmed
Confirmed

Possible

Possible

Suspected

Possible

Possible
Suspected
Possible
Confirmed

Suspected



Year

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

State

NSW

NSW

NSW

NSW

QLD

QLD

QLD

QLD

VIC

VIC

VIC

Setting

Community

Restaurant

Restaurant

Hospital
Institution
Restaurant

Private
residence

Health spa
/

resort
Commercial
caterer

Hospital

Commercial
caterer

14

45

24

15

18

37

Hospitalised

Died

Aetiology

Unknown

Unknown

Unknown

Unknown
Norovirus
Norovirus
Norovirus

Salmonella Virchow 8

Norovirus

Norovirus

Unknown

43

Food vehicle
modified

suspected

Fresh fruit
juices
suspected
Possibly doner
kebab with
salad

Raw capsicum,
onions, fresh
herbs, chicken
and/or beef
suspected
watermelon

Ham; Salad;
Bread

Mixed salad

Suspected
salad

Possible
vegetables or
salad

Fruit Salad

Possibly fruit
platters and
sandwiches
Passionfruit
coulis on
dessert

Produce ingredient
category

Fruits

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Fruits

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Fruits

Fruits

Fruits

Confirmation
status

Suspected

Possible

Possible

Suspected
Possible
Possible
Possible

Possible

Possible

Possible

Suspected



Year

2007

2008

2008

2008

2008

2008

2008

2008

2008

2008

2009

2009

State

WA

NSW

NSW

NSW

NT

QLD

QLD

QLD

VIC

VIC

Multi-
state

NSW

Setting

Private
residence

Restaurant

Restaurant

Community

Community

Restaurant

institution

Restaurant

Restaurant

Restaurant

Community

Picnic

17

15

56

10

392

30

Hospitalised

165

Died

Aetiology

Unknown
Unknown

Unknown

Unknown

Salmonella
Weltevreden

Clostridium
perfringens

Norovirus

Unknown

Hepatitis A

Unknown

Hepatitis A

Norovirus

44

Food vehicle
modified

bitter lupin
flour

barramundi,
lamb, salad

Fattouch salad
from Whispers
Restaurant
pasta with
tomato sauce
(suspected)
Possibly
produce item
in sandwiches
and wraps
Refried
Mexican
Beans

Deli meat &
salad dish

Possibly rocket
lettuce or
onions

Salads and
sandwiches

Ready to eat
foods - salads
and garnishes
semi-dried
tomatoes

Unknown,
possibly
Caesar, pasta,

Produce ingredient
category

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Fruits

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Vegetables

mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Fruits

Vegetables

Confirmation
status

Confirmed
Possible

Suspected

Suspected

Possible

Suspected

Possible

Possible

Possible

Possible

Confirmed

Possible



Year

2009

2009

2009

2009

2009

2009

2009

2009

State

NSW

NSW

NSW

NSW

NSW

NSW

QLD

QLD

Setting

Restaurant

Health spa
/

resort
Restaurant

Restaurant

Aged care

Restaurant

Restaurant

Health spa
/
resort

14

15

13

25

23

Hospitalised

Died

Aetiology

Salmonella Chester

Unknown

Unknown

Unknown

Unknown

Unknown

Clostridium
perfringens

Norovirus

45

Food vehicle
modified

seafood &
chicken, or
coleslaw salad
Fresh chillies
used to
prepare chilli
sauce
Possibly fruit
platter

Salad meal or
a meal
containing
salad
unknown -
suspected
Hickory Steak
with Chips and
Salad
Unknown:
possibly
vegetable
gravy
Unknown
possibly salad
items

Possibly roast
beef with
vegetables and
gravy

Chicken
Caesar salad;
Roast Chicken

Produce ingredient
category

Vegetables

Fruits

Mixed/unspecified/other
produce

Mixed/unspecified/other

produce

Vegetables

Mixed/unspecified/other
produce

Vegetables

Vegetables

Confirmation
status

Possible

Possible

Possible

Possible

Possible

Possible

Possible

Suspected



Year

2009

2009

2009

2010

2010

2010

2010

2010

State

SA

TAS

WA

NSW

NSW

Multi-
state

QLD

VIC

Setting

Camp

Commercial
caterer

Community

Other

Community

Community

Private
residence

Private
residence

17

50

19

Hospitalised

Died

Aetiology

Escherichia coli 0157

Norovirus

Salmonella Saintpaul

Unknown

Unknown

L. monocytogenes

Norovirus

Unknown

46

Food vehicle
modified

potato salad

green salad

pawpaw

Fruit kebabs

Orange and
Mango Fruit
Drink

Melons and/or
melons
contained
within fruit
salads
Unknown;
possibly salads

Unknown;
possibly prawn
salad, fruit
salad, lentil
salad, carrot
salad

Produce ingredient
category

Herbs and spices

Vegetables

Fruits

Fruits

Fruits

Fruits

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Confirmation
status

Suspected

Suspected

Confirmed

Suspected

Suspected

Confirmed

Possible

Possible



Year

2010

2010

2010

2010

2011

2011

2011

2011

2011

2011

State

VIC

VIC

WA

ACT

NT

NSW

WA

VIC

VIC

NSW

Setting

Aged care

Private

residence

Cruise /

airline

Community

Camp

School

Private
residence

Restaurant

Aged care

Community

15

314

47

17

30

15

Hospitalised

Died

Aetiology

Unknown

Salmonella
Typhimurium 141

Cyclospora species

Salmonella
Typhimurium 170

Salmonella
Typhimurium 9

Salmonella
Typhimurium 170

Salmonella
Typhimurium 193

Norovirus

Clostridium
perfringens

Salmonella
Typhimurium 9

47

Food vehicle
modified

Tuna and
salad
sandwiches

Pasta salad

Possibly
cantaloupe,
lettuce and
mint

Chicken pesto
salad, Greek
salad

Fruits and
Vegetables

Apple turnover,
banana
pancakes

Unknown;
meal with
assorted
salads
Fruit platter

Unknown;
possibly
vegetable soup

Possibly doner
kebab

Produce ingredient
category

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Fruits and Vegetables

Fruits

Mixed/unspecified/other
produce

Fruits

Mixed/unspecified/other
produce

Mixed/unspecified/other
produce

Confirmation
status

Possible

Possible

Suspected

Possible

Suspected

Suspected

Possible

Confirmed

Suspected

Possible



Year

2011

2011

State

NSW

NSW

Setting

Community

Restaurant

4

4

Hospitalised

Died

Aetiology

Unknown

Salmonella
Typhimurium 135

48

Food vehicle
modified

Possibly doner
kebab with
tomato and
lettuce

Prawn
dumpling with
coriander

Produce ingredient
category

Mixed/unspecified/other
produce

Herbs and spices

Confirmation
status

Possible

Possible



Appendix 3
Scoping Review
1 Outbreak summaries

1.1 Microbiological trace back investigations

Eight of the 43 outbreaks that met the inclusion criteria of this review included a
microbiological trace back component to the investigation and provided sufficient detail to
assess a probable supply chain failure point. Three of these outbreaks were caused by

E. coli and were associated with lettuce (Sweden), spinach (US) and strawberries (US).
Three outbreaks were caused by Yersinia pseudotuberculosis, all associated with carrots
(Finland). Single outbreaks were caused by Salmonella Newport associated with tomatoes
(US) and Campylobacter jejuni associated with peas (US). The production and processing
failure points that lead to these eight foodborne outbreaks could be broadly assigned to the
following three categories:

(i)  faecally contaminated water used during the growing stage,

(i)  direct faecal contamination of fresh produce in the field by wildlife, and

(i) poor post-harvest storage and handling practices (Appendix 3, Table A3.2).

1.1.1 Faecally contaminated water

The use of faecally contaminated water during the growing phase has the potential to
contaminate multiple paddocks and batches of produce, and depending on the distribution
network in a particular country, there exists the potential for widespread outbreaks affecting
multiple jurisdictions. This was evidenced in the US during a national outbreak in which
tomatoes were implicated as the food vehicle (Greene et al., 2008). In total, 17 states
reported cases of Salmonella Newport in 2005 with the same outbreak strain causing illness
in multiple states in 2002, 2003 and 2004 (Greene et al., 2008). The outbreak strain was
traced to a pond used for irrigation in the state of Virginia. Farmers reported that irrigation
water did not come into contact with fruit; however, one farmer reported using the pond
water to apply pesticide to fruit (Greene et al., 2008). The outbreaks occurred in autumn and
summer and large numbers of geese and turtles were reported on the ponds in the summer
of 2006, although no samples were collected from these wildlife species (Greene et al.,
2008). The authors concluded that the precise source of contamination could not be
determined but persistent outbreaks over a number of years indicated a persistent
environmental source of contamination and water use, possibly irrigation or chemical
application, could have provided the mechanism for fruit contamination (Greene et al., 2008).

Contaminated irrigation water was also implicated in an outbreak of verotoxin-producing

E. coli O157 (VTEC; Stx 2) in Sweden in 2005 that was associated with lettuce consumption
(Soderstrom et al., 2008). The outbreak strain was isolated from cattle upstream of the
implicated lettuce farm and irrigation water samples were positive for the Stx 2 gene by
polymerase chain reaction (PCR) (Soderstrom et al., 2008). No outbreak strains were
cultured from irrigation water samples but the stream from which irrigation water was
extracted was highly polluted and not potable. Furthermore, the level of pollution exceeded
limits considered acceptable for swimming (Soderstrom et al., 2008). High rainfall during the
summer months preceding the outbreak was assumed to have caused the exceptionally high
faecal contamination levels in the stream (Soderstrom et al., 2008).
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1.1.2 Direct faecal contamination

Direct faecal contamination of produce in the field has been implicated in at least three of the
foodborne outbreaks that met the selection criteria for this review. In 2006, a large multistate
outbreak of E. coli O157:H7 was associated with the consumption of raw spinach resulting in
at least 199 cases. Spinach was epidemiologically and microbiologically confirmed as the
food vehicle causing the outbreak (CDC 2006; Jay et al., 2007; Grant et al. 2008; Wendel et
al. 2009). The outbreak was traced to a single production date at one processing plant and
fields located on four farms on the central California coast (cited by (Jay et al., 2007).
Product testing in multiple states revealed that only spinach samples that were bagged at
the implicated processing plant on 15 August 2006 were positive for the outbreak strain
(Grant et al., 2008; Wendel et al., 2009).

Trace back investigations conducted several months after the outbreak found that E. coli
0157 isolates from three of the implicated farms did not match the outbreak strain using
PFGE typing; however, the outbreak strain was recovered from cattle, feral pigs, soil and
surface water from a single implicated farm (Jay et al., 2007). Irrigation and well water
samples were negative for the outbreak strain. Feral pig incursion into the spinach field
growing area was documented and pig faeces were detected in the field. Cattle were also
separated from the field by a fence (Jay et al., 2007). Contamination of spinach in the field
could have occurred indirectly by faecal contamination of irrigation, well and surface water or
directly by faecal deposition on the field (Jay et al., 2007). Baby spinach harvesters operate
like a lawnmower and could have picked up faeces that had been directly deposited in the
field (Jay et al., 2007).

The exact mechanism of produce contamination is rarely, if ever, definitively established and
some level of speculation is often required. This was apparent during the spinach 0157
outbreak described above, whereby a very thorough investigation yielded plausible but
speculative outcomes; however the direct deposition hypothesis and picking up of faeces by
the harvester appeared to be the most plausible and was consistent with a single batch
contamination.

Recently in 2011, a multistate outbreak of E. coli O157:H7 in the USA was microbiologically
and epidemiologically linked to deer defecating in strawberry fields while grazing amongst
the crop (Anonymous, 2011a; Anonymous, 2011b). Subsequent sale of contaminated
strawberries at roadside stalls and farmers markets resulted in at least 17 confirmed cases,
7 hospitalisations and one death (Anonymous, 2011a; Anonymous, 2011b). This outbreak
was reported on the International Society for Infectious Diseases’ electronic reporting system
for infectious disease outbreaks (www.promedmail.com) and at the time of preparing this
report, no results had been published in the international literature.

Wild birds (Sandhill cranes) defecating on pea fields in the state of Alaska (US) were linked
to an outbreak of C. jejuni in that state resulting in at least 132 cases, of which five were
hospitalised. Outbreak strains were isolated from case patients, from cranes and pea
samples taken from the implicated farm (Gardner et al., 2011).

The above outbreaks involving cattle/wild pigs and deer serve to highlight the need for
vigilance in maintaining barrier fencing capable of keeping out domestic and wild grazing or
foraging animals. The latter outbreak serves to highlight the difficulty of controlling the
production of fresh produce in an environment where migratory birds may introduce a
pathogen onto crops during the growing phase.

1.1.3 Post-harvest storage and handling

Three outbreaks of Y. pseudotuberculosis associated with the consumption of carrots have
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been documented in Finland since 2003 (Jalava et al. 2006; Kangas et al. 2008; Rimhanen-
Finne et al. 2009). A large outbreak in 2003 was epidemiologically traced to a carrot
production farm that had stored carrots in open bins in an unenclosed barn accessible to
rodents. No manure fertiliser was used during growing, no domestic animals were on the
farm and none were observed near the unfenced fields. Carrots were washed and peeled on
farm and delivered to a kitchen without further washing steps. Soil samples containing carrot
residue were positive for the Y. pseudotuberculosis outbreak subtype and these samples
originated from the area where washing and peeling was carried out (Jalava et al., 2006).
The exact mechanism of contamination could not be determined but conditions favoured
faecal contamination of carrots stored in open bins by rodents or other small wildlife and
subsequent contamination of washing and peeling equipment. The carrots were grated at
the implicated kitchen and stored chilled for 5 days prior to serving, which may have also
facilitated bacterial growth (Jalava et al., 2006).

A second outbreak in 2004 was epidemiologically linked to carrots and a farm producer.
Subsequent microbiological trace back investigations positively identified the outbreak
subtype on the carrot peeling line and in spoiled carrots and carrot residue collected from the
implicated processing plant (Kangas et al., 2008). The outbreak was further traced to a farm
where the outbreak subtype was isolated from the intestines of a small mammal (shrew).
The exact mechanism for the contamination was not determined but it was speculated that
small infected shrew may have been picked up by harvesting equipment thereby
contaminating the carrots and the long-term cold storage over winter facilitated bacterial
growth (Kangas et al., 2008).

A third outbreak in 2006 was microbiologically linked to a carrot distributor’s storage facility
and environmental sampling did not show evidence of contamination originating on the
implicated farm (Rimhanen-Finne et al., 2009). The outbreak was associated with poor
quality carrots that had been stored on farm for six months and for a further four months at
the distributor’s facility. A large proportion of the carrot batch associated with the outbreak
had to be destroyed due to the poor quality of the produce. The rest of the batch was peeled
and grated and then distributed to two municipality kitchens, with further distribution to 23
schools and five day-care centres without additional washing steps (Rimhanen-Finne et al.,
2009).

The direct source and mechanism of contamination could not be categorically determined in
each of these three outbreaks but the common critical factor in each was the long term
storage of tainted produce allowing Y. pseudotuberculosis to multiply over the winter storage
period. Yersinia pseudotuberculosis is able to grow at low temperatures and long term
storage in Finland at temperatures of 1 - 2°C provides favourable conditions for
multiplication (Rimhanen-Finne et al., 2009). Rimhanen-Finne et al. (2009) noted that
instructions to improve hygiene practices in storage and handling of raw carrots in Finland
were issued to prevent outbreaks; farmers, vegetable processing plants and institutional
kitchens were informed of the risk of Y. pseudotuberculosis arising from stored, domestic
carrots. To our knowledge, no outbreaks of Y. pseudotuberculosis associated with carrots
have been reported from Finland since 2006.

1.2 Microbiological food attribution investigations

1.2.1 Lettuce

In January and February 2010, 11 distinct outbreaks occurred in the eastern half of Denmark
resulting in at least 260 cases of gastroenteritis. Case investigations revealed the outbreaks
were caused by norovirus (multiple genotypes) and enterotoxigenic E. coli (ETEC)

06:K15:H16. Epidemiological evidence implicated consumption of lettuce imported from
France. The reporting of epidemiological data was, however, insufficient to meet the
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inclusion criteria of this review. The epidemiological investigations lead the investigators to
conduct microbiological examination of lettuce supplied by two implicated food catering
companies. Norovirus genotype Il was recovered from lettuce associated with one outbreak
and no ETEC was recovered from any lettuce samples tested. Lettuce consumption could
only be loosely associated with ETEC infections based on limited epidemiological data.

1.2.2 Jalapefio chilli peppers (and Serrano peppers and fresh tomato)

In 2008 a large multi-state outbreak of Salmonella Saintpaul involving 43 states and the
District of Columbia in the US affected more than 1400 people with the highest incidence
observed in Texas and New Mexico. Additional cases were also detected in Canada (CDC
2008). An initial multi-state case control study using cases matched with healthy community
controls implicated fresh tomatoes as the vehicle of transmission. Further studies using
cases matched to healthy eating companions from outbreaks linked to restaurants,
implicated fresh salsa and guacamole, and specifically jalapefio and serrano peppers.
Jalapeno peppers were not associated with all outbreaks, nor were serrano peppers or
tomatoes, indicating multiple fresh produce commodities were involved. Microbiological
investigations identified the outbreak strain on jalapefio peppers taken from a distributor in
Texas and from a jalapefio pepper collected from the household of an infected person in
Colorado. The implicated peppers were imported from Mexico and the outbreak strain was
isolated from serrano peppers and irrigation water on one of two farms investigated that
grew serrano and jalapefio peppers. The epidemiologic and microbiologic data indicated
jalapefo peppers were the main transmission vehicle for infection, but that serrano peppers
also had a role. It was also likely that tomatoes were a vehicle for transmission in the early
stages of the outbreak making the outbreak unique in that multiple fresh produce
commodities grown in the same area of Mexico with a common source of contaminated
irrigation water caused a widespread outbreak across large tracks of North America. Neither
the source of contamination, nor the on-farm or post-harvest practices that lead to the
contamination were determined (CDC, 2008; Mody et al., 2011; Behravesh et al., 2011).

1.2.3 Semi-dried tomatoes
A large outbreak of hepatitis A (HAV) occurred across several Australian states during 2009.

Five hundred and sixty two cases of hepatitis A were notified in Australia in 2009,
representing a two-fold increase on the number notified in 2008 and on the annual average
for the years 2004-2008. Sequence analysis of HAV RNA positive samples showed 144 of
153 (94%) cases tested had an identical IB genotype, providing supporting evidence of a
widespread, common source of infection. The outbreak was first detected in March 2009 in
Victoria with concurrent increases in cases reported in South Australia (SA), Queensland,
Western Australia (WA) and New South Wales (NSW). OzFoodNet subsequently
coordinated a multi-jurisdictional investigation to identify a source (Donnan et al., 2011).

Two case-control studies were conducted. The first was a multi-jurisdictional case-control
study conducted in April - May 2009 and the second, a case-control study conducted only in
Victoria in October - November due to a recrudescence of cases. Cases were defined as a
person with serologically confirmed hepatitis A by detection of anti-hepatitis A IgM (in the
absence of recent vaccination), or detection of HAV by nucleic acid testing. For the
multijurisdictional study, cases notified to health departments in Victoria, NSW, Queensland
and WA between 8 April and 29 May, aged 18-60 years, were eligible for the study and were
excluded if they: had been interviewed for hypothesis generation; travelled overseas to a
country where hepatitis A is moderately to highly endemic; had close contact with a
confirmed case during their incubation period; were unable to estimate a date of onset of
illness; or were not contactable by telephone or registered letter. For the Victorian study,
cases notified to the Victorian Department of Health between 14 September and 5
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November were eligible (Donnan et al., 2011). Victorian controls were randomly selected
from the 2008 Victorian Population Health Survey database and for other states, controls
were selected from the National Gastroenteritis Survey Control Bank and frequency matched
to cases by state in a 3:1 ratio.

The epidemiological studies provided strong evidence associating the hepatitis A outbreak to
the consumption of semi-dried tomatoes. In the multi-jurisdictional study, only semi-dried
tomatoes were associated with hepatitis A in the multivariate model (adjusted odds ratio:
17.8, 95% CI: 3.6-88.0). Whereas in the Victorian study, semi-dried tomatoes, feta and
antipasto were significantly associated with hepatitis A in the multivariate model (Donnan et
al., 2011). The differentiation of primary and secondary cases was not reported and the total
number of cases attributed to consumption of semi-dried tomatoes was not estimated.

Hepatitis A virus RNA was detected in 31% (21/67) of semi-dried tomato samples collected
in June 2009 and the investigators found a 100% sequence homology in the VP3 region of
the genome with HAV detected from cases’ sera (Donnan et al., 2011). HAV RNA was
detected in both imported and local product; contaminated manufacturing environments as
well as contaminated raw ingredients were considered plausible explanations for the
prolonged outbreak throughout 2009.

Outbreaks of hepatitis A associated with semi-dried tomatoes were subsequently reported in
the Netherlands (Petrignani,M et al. 2010a; Petrignani,M et al. 2010b) and France (Gallot et
al. 2011) in 2010. Frozen semi-dried tomatoes imported from Turkey were implicated in the
French outbreak (Gallot et al., 2011). All outbreaks were caused by a very similar (98-100%
homology) IB strain of HAV (Petrignani,M et al., 2010a) indicating a possible common
source of contaminated fresh produce.

1.2.4 Sugar peas

At least 20 cases of shigellosis were registered in Norway in May and June 2009 with an
identical outbreak strain of Shigella sonnei. All cases reported eating sugar peas imported
from Kenya. Investigators detected S. sonnei by PCR from an unopened bag of sugar peas
collected from the household of a case (Heier et al. 2009). An outbreak of S. sonnei was
also detected in Denmark from April-May 2009 involving imported sugar peas. Laboratory
testing of isolates from cases showed similarity to the Norwegian outbreak isolates but this
was not confirmed. S. sonnei was not isolated from food items in the Danish outbreak and
sugar peas were also imported from Kenya, but batches of sugar peas also came from
Ethiopia and from Guatemala (Muller et al. 2009).

Sugar snaps were also implicated in an outbreak of shigellosis in Sweden from May to June
2009 (Lofdahl et al. 2009). The Swedish outbreak was caused by S. dysenteriae and was
believed to have been associated with peas imported from Kenya. The Danish and Swedish
studies did not meet the inclusion criteria for this review owing to a lack of microbiological
data and rapidly disseminated epidemiological studies lacking detail. They have, however,
been included here due to the similarities with the Norwegian outbreak regarding timing,
country of origin and the implicated food vehicle.

1.2.5 Basil

In the first half of 2007 the Health Protection Agency Laboratory of Enteric Pathogens
reported on 55 primary cases of Salmonella Senftenberg in England and Wales, which was
a significant increase compared to less than 10 in the same time period in 2005 and 2006
(Pezzoli et al. 2008). Forty of these isolates were received since 9 April 2007 (week 15). In
the UK investigation, 32 cases matched the case definition of being a resident of England or
Wales and had a Salmonella Senftenberg isolate identical to the outbreak strain (designated
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SSFTXB.0014) by plasmid profiling and pulsed-field gel electrophoresis (PFGE) and
received after 8 April 2007. Twenty of the 32 cases were interviewed and no epidemiological
link to basil was found. Thirty percent of the 20 cases interviewed reported consumption of
fresh herbs in the three days prior to onset of iliness but only a few could specifically recall
eating fresh basil and 40% reported consumption of pre-packaged leaf salad (Pezzoli et al.
2007; Pezzoli et al., 2008).

Three cases of Salmonella Senftenberg matching the outbreak strain were also reported
from the Shetland Islands, Scotland, in April 2007 (Pezzoli et al., 2008). In May 2007, a
national survey of fresh herbs collected from UK retail premises was initiated and samples
were tested for Salmonella spp. and other enteric pathogens (Pezzoli et al., 2008; Elviss et
al. 2009). The outbreak strain of Salmonella Senftenberg was detected in eight samples of
intact pre-packaged fresh basil sold in the UK and grown in Israel (Pezzoli et al., 2008;
Elviss et al., 2009). Environmental investigations were conducted in June 2007 in Israel and
did not detect Salmonella Senftenberg in 50 samples of basil, herbs and environmental
samples collected from farms exporting to the UK. In addition, all hand and stool samples
collected from farm workers were negative for Salmonella Senftenberg (Pezzoli et al., 2008).
Commercial production of herbs in Israel is generally done in greenhouses using treated
municipal water and no farm animals were reported to be kept near production areas.
Investigations of UK packing facilities did not detect Salmonella contamination (Pezzoli et al.,
2008).

In the outbreak period (January to June 2007), Denmark, the Netherlands, Israel and the
United States reported isolation of Salmonella Senftenberg. In Denmark 11 cases were
reported and three matched the UK outbreak strain, 2 of these three cases reported possible
exposure in the UK and US. In the Netherlands, 5 cases were reported and two matched the
UK outbreak strain. Eleven human isolates of Salmonella Senftenberg matching the UK
outbreak strain were identified during the outbreak period. In Israel, seven cases of
Salmonella Senftenberg were reported during the outbreak period but none matched the UK
outbreak strain (Pezzoli et al., 2008).

1.2.6 Raspberries

Multiple norovirus outbreaks occurred in Finland throughout 2009 (Maunula et al. 2009;
Sarvikivi et al. 2011). Between March and August of that year, 13 outbreaks resulted in
approximately 900 cases (Sarvikivi et al., 2011) and a cluster of outbreaks in southern
Finland between September and October 2009 resulted in a further 200 cases (Maunula et
al., 2009). Norovirus was isolated from cases and genetically typed for 11/13 outbreaks
reported up to August; 10 were caused by genogroup GlIl and one by genogroup Gl.4.
Although investigations of outbreaks varied greatly, analytical studies were conducted for
7/13 outbreaks which implicated raspberries in all these outbreaks (Sarvikivi et al., 2011);
however none of the epidemiological studies complied with the criteria set out for this
scoping review.

The largest outbreak occurred in Seinajoki and affected greater than 500 people.
Epidemiological data implicated a raspberry-cranberry desert and a green salad but
norovirus was not detected in any food samples associated with the outbreak (Sarvikivi et
al., 2011). A batch of imported frozen raspberries, designated batch b, was found to be
contaminated with norovirus genogroup Gll and this batch was genetically matched to an
outbreak affecting 32 people and implicated by trace back to two other outbreaks affecting a
further 42 people (Sarvikivi et al., 2011). In the second cluster of outbreaks in the last half of
2009, norovirus was detected by RT-PCR from raspberries sampled from three different
outbreak settings, two restaurants and one day-care centre. All virus isolates from
raspberries belonged to genogroup Gl and one raspberry isolate was genotyped as Gl.4.
These three outbreaks resulted in illness in 76 people and norovirus was isolated from
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patients from two of these outbreaks (Maunula et al., 2009). Raspberries testing positive for
norovirus were grown in Poland and packaged into 2.5kg bags in Finland. During the
investigation, only two samples from the 20,000kg batch of wholesaler’s stock were tested
for norovirus, however norovirus was not found.

Raspberries were also implicated in an outbreak of Cyclospora cayetanensis at a wedding
reception on 10 June 2000 in Pennsylvania, USA (Ho et al. 2002). A retrospective cohort
investigation of 79/84 wedding attendees identified 54 case patients who met the case
definition. On univariate analysis, several food items were associated with illness and after
multivariate analysis, only the wedding cake, that had a raspberry and cream filling, was
significantly associated with illness. PCR analyses confirmed the presence of Cyclospora
DNA in the raspberry filling but not from the top icing of the cake or in the cake itself.
Raspberry was the only fresh produce component of the cake. Five case patients had
laboratory confirmed cyclosporiasis (Ho et al., 2002). Trace back investigations could not
determine where the raspberries originated due to poor traceability. Raspberries from
Guatemala, Mexico or the US could have been used to make the wedding cake filling.

1.2.7 Rockmelon

At least two outbreaks of listeriosis have been microbiologically and epidemiologically linked
with the consumption of rockmelons, both occurring in the past two years.

Most recently, a large multistate outbreak of listeriosis in the US was associated with
rockmelons (cantaloupe) produced on Jensen Farms in the state of Colorado (CDC 2011;
Anonymous, 2011c) resulting in greater than 130 cases and 29 deaths (Anonymous, 2011c).
A case was defined as illness with one of the outbreak strains isolated on or after 1 August
2011. Outbreak strains were initially defined as (i) clinical isolates of L. monocytogenes with
specimen collection dates in August, (ii) with a two-enzyme PFGE pattern combination that
occurred in two or more persons and (iii) that matched any of the three pattern combinations
found among Colorado residents in August. Subsequently a fourth PFGE pattern was
detected in a multistate cluster and an isolate of L. monocytogenes from the implicated farm
had this pattern. Isolates with this pattern were then considered to be among the outbreak
strains. All four outbreak strains of L. monocytogenes were isolated from whole and cut
cantaloupe samples from patients’ homes or from samples of Jensen Farms cantaloupe
collected from grocery stores and the farm (CDC, 2011). Investigations and testing
conducted by the US Food and Drug Authority detected widespread Listeria contamination
at the Jensen Farm packing plant in Granada, Colorado, indicative of poor sanitary practices
at the facility (Anonymous, 2011c).

A relatively small multistate outbreak of listeriosis occurred in Victoria, NSW and
Queensland, Australia, from February to September 2010 resulting in nine cases that were
epidemiologically associated with consumption of rockmelon and microbiologically linked to
ingredients of implicated fresh-cut fruit salad, including rockmelon and honeydew melon
(Astridge, 2011). All nine cases were considered to be immunocompromised and the median
age of cases was 78 years. An outbreak case was defined as L. monocytogenes isolate
designated PFGE: 121:119:1 or L. monocytogenes isolate designated PFGE 122:4N:1.
Opportunistic food samples were collected from a production facility of a fresh-cut fruit salad
manufacturer initially linked to a Victorian cluster by an epidemiological investigation. The
outbreak strain L. monocytogenes (PFGE subtype 121:119:1) was isolated from waste fruit
juice, fruit rinse water and the washings from rockmelons. The outbreak strain

L. monocytogenes (PFGE 122:4N:1) was also isolated from a honeydew melon. The melons
from which the outbreak strains were isolated in Victoria were subsequently traced to Griffith,
NSW (Astridge, 2011), however the source of melon contamination was not determined.

In the period 1 September to 30 November 2006, there were 232 reported cases of
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Salmonella Saintpaul in Australia compared to a five year average of 45.4 cases for the
same period in the years 2001-2005. Of these reports, 115 cases were confirmed to harbour
the same strain of Salmonella Saintpaul based on multiple locus variable-number tandem
repeat analysis (MLVA). The 115 cases with this defined outbreak strain were identified in
six Australian jurisdictions with the epicentre in the south-eastern jurisdictions of NSW,
Victoria and the Australian Capital Territory (ACT).

An unmatched case-control study was conducted with 36 cases who were defined as an
infection with the outbreak strain of Salmonella Saintpaul isolated from a faecal specimen by
MLVA on or after 6 October 2006 in residents of NSW, Victoria and the ACT. The
epidemiological study using an unmatched selection of controls did not match the criteria of
this scoping review, but consumption of rockmelon was found to be significantly associated
with illness. Thirty-three of the 36 cases participating in the case-control study were able to
recall the point of sale of rockmelon purchased prior to the onset of illness. A total of 141
samples of whole melon, three half melons and one rockmelon piece were tested during
trace back investigations and the outbreak strain was detected on the skin of a whole and
half melon sampled from the same retail premises (Munnoch et al., 2009).

Mixing of fresh rockmelon stock from different processors, poor documentation by retail
premises and poor traceability of fresh produce were noted to complicate and hamper trace
back investigations during this outbreak. However, the two melon samples that tested
positive for the outbreak strain were grown and packaged in the Northern Territory (NT). The
outbreak strain could not be definitively linked to a farm, packing shed or processor, however
investigations of six processors in the NT and Queensland identified critical food safety
issues in the production and processing of rockmelons that may have contributed to produce
contamination; including the use of untreated or inadequately treated water on RTE melons,
the incorrect use of disinfectants, temperature differential between fruit and wash water and
processing of damaged fruit (Munnoch et al., 2009).

1.2.8 Papaya

A small multistate outbreak of 26 cases of Salmonella Litchfield occurred in the Australian
states of WA and Queensland between October 2006 and January 2007. Cases were
defined as a person with a laboratory confirmed case of Salmonella Litchfield with a PFGE
pattern indistinguishable from the outbreak strain and reporting to the state health
departments between 26 October 2006 and 16 January 2007. An unmatched case-control
study of 12 cases and 24 controls was stopped after preliminary data analysis of the 36
study participants strongly implicated consumption of papaya as the vehicle of transmission.
Environmental studies determined that 9/38 papaya samples collected on 1 December 2006
were contaminated with Salmonella Litchfield, five samples were whole papaya and four half
papayas (cut by store staff). The contaminated papayas were traced to three farms in
northern WA with the papaya isolates indistinguishable from clinical isolates from patients in
WA and Queensland by PFGE (Gibbs et al., 2009). On farm investigations did not detect
Salmonella Litchfield from environmental samples or papaya samples but Salmonella spp.
were detected in water samples collected from two farms. The investigators concluded that
the use of untreated river water and incorrect use of chemical disinfectants was a possible
source of fruit contamination (Gibbs et al., 2009).

1.3 Epidemiological food attribution investigations
1.3.1 Lettuce
Since 1994, six additional foodborne outbreaks of gastrointestinal iliness have been

associated with the consumption of lettuce with sufficient epidemiological detail to be
included in this scoping review.

56



In 1994, iceberg lettuce was associated with outbreaks of shigellosis in several European
countries. In England and Wales, an outbreak of S. sonnei infection was detected in June
following a report of increased infections in Sweden. Infections were predominantly
associated with two phage types of S. sonnei. A study of 27 cases and 44 controls who were
nominated by cases and matched by age and sex, found a significant association between
consumption of iceberg lettuce and shigellosis (Frost et al. 1995). The authors concluded
that the strong epidemiological evidence in combination with an increase in reporting of

S. sonnei cases in other European countries, implicated iceberg lettuce as the vehicle of
infection. The epidemiological study was further supported by laboratory studies which
showed a change in predominant phage types during the period of the outbreak. The
predominance of the same phage types in lettuce-associated S. sonnei infections in a
number of countries added further weight to this conclusion (Frost et al., 1995).

Between May and June 1994, 110 culture-confirmed cases of S. sonnei infection were
detected in Sweden. A study of 47 cases and 155 controls matched by age, sex and
geographical location, found a strong association between infection and consumption of
iceberg lettuce. Lettuce imported from Spain was implicated in the outbreak but no food
samples were positive for S. sonnei contamination (Kapperud et al. 1995). Outbreaks in
other European countries, including Scotland and Norway, were also associated with
contaminated lettuce (Kapperud et al., 1995; Frost et al., 1995) but the studies did not match
the inclusion criteria for this review.

In July 1995, 40 residents in the state of Montana, US, were identified with laboratory
confirmed E. coli O157:H7 infection and a further 52 residents had bloody diarrhoea without
laboratory confirmation. Twenty eight cases with the PFGE outbreak pattern were matched
by age and telephone exchange to two controls to ascertain the food vehicle causing
infection. Consumption of purchased leaf lettuce in the five days prior to illness was strongly
associated with infection, however, trace back investigations were inconclusive and no food
or environmental samples were positive for E. coli O157:H7 (Ackers et al. 1998).

The following year in June 1996, another outbreak of E. coli O157:H7 occurred in the US
and was associated with locally produced lettuce. Twenty-one patients from Connecticut, 28
patients from lllinois and a further five interstate patients exposed in Connecticut were
infected with the outbreak associated subtype based on PFGE sub-typing analysis (Hilborn
et al., 1999). Matched case control studies were undertaken in each state and cases were
matched with two age, sex and geographical location controls. In Connecticut, 25 cases and
35 controls were interviewed and consumption of Mesclun lettuce and unspecified mixed
greens were significantly associated with illness. In lllinois, 23 cases and 46 controls were
interviewed and red leaf lettuce was found to be associated with lettuce. The investigators
conducted a follow up study of 19 cases and 26 controls interviewed in the initial lllinois
study to ask more specific questions about lettuce type. The second study identified
consumption of Mesclun and Green leaf lettuce significantly associated with infection
(Hilborn et al., 1999).

Trace back investigations implicated a single grower/producer company that supplied lettuce
to implicated retail outlets in both Connecticut and lllinois. This small producer was inspected
in July 1996 and several potential problems were encountered; lettuce was grown in fields
adjacent to a small cattle operation and free range chickens had access to both cattle and
lettuce fields. The grower did not report use of cattle manure as fertiliser but used
composted chicken manure but wells on the farm provided water for the cattle and lettuce
growing and processing operations. Sanitation facilitates for farm workers were found to be
inadequate and the filtration system used to clean well water prior to use in the lettuce wash
tanks was not working in the month before the outbreak commenced. Environmental and
lettuce samples collected on farm did not yield any E. coli O157:H7 isolates but generic
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E. coli was detected in water sampled from wash tanks, the pipes used in the water
reticulation system and from lettuce samples collected on the premises indicative of wide
spread contamination. The investigators concluded that the wash water was the most likely
source of the outbreak but this could not be confirmed (Hilborn et al., 1999) owing to a lack
of microbiological evidence.

In October 1998, the number of cases of Y. pseudotuberculosis serotype O:3 markedly
increased from routine reporting in Finland. Nationwide, 47 case patients were identified with
the outbreak strain based on PFGE subtyping and one patient died. An outbreak
investigation was initiated and 38 cases and 76 healthy community controls matched by age,
sex and post code, were enrolled in a case control study. Only iceberg lettuce consumption
in the 2 weeks prior to the onset of iliness was associated with infection (Nuorti et al., 2004).
Trace back investigations implicated a single shipping company who was supplied by four
farms in southwest Finland, poor traceability and incomplete documentation prohibited the
investigation identifying a single lettuce grower (Nuorti et al., 2004). No iceberg lettuce was
tested and environmental sampling could not be carried out due to snow and frost cover.
Farm inspections in May 1999 determined that iceberg lettuce crops were grown in open
unfenced fields and untreated water was used for spray irrigation of the fields. Two farms
sourced water through a ditch from a nearby lake and two farms sourced water from man-
made ponds. The region where the farms are located have a large population of roe deer
and large quantities of roe deer faeces were found all over the lettuce fields and around all
the irrigation water sources. Y. pseudotuberculosis was recovered from one soil and one
irrigation sample collected in November 1999 and two lettuce samples collected in 2000, but
they did not match the outbreak strain from 1998 (Nuorti et al., 2004).

A large outbreak of Salmonella Newport infection occurred in Northern Ireland during
September and October 2004. PFGE subtyping of isolates from 129 case-patients confirmed
the outbreak strain was indistinguishable from that identified in concurrent UK outbreaks in
regions of England, Scotland and in the Isle of Man. In total, 130 cases were identified over
a four week period. Twenty-three cases and 39 meal-matched controls who had eaten a
meal outside their home after 20 August 2004 were interviewed to determine the food
vehicle responsible for the outbreak. A statistically significant association with a history of
having eaten lettuce in a meal outside the home and being a case was found. Over 300 food
samples were tested and none yielded any Salmonella spp.. Supply chain complexity and
limited traceability in salad vegetable distribution hindered detailed investigations of the
source of the outbreak.

1.3.2 Tomato

At the end of May 2001, a large outbreak of gastrointestinal iliness involving five restaurants
under the same ownership in New York State was notified to the Centers for Disease Control
and Prevention (CDC). Culture-confirmed Shigella flexneri serotype 2a infection was
reported in four persons who had eaten at one of the restaurants before onset of illness.
Subsequently, a nurse reported diarrhoea in 19 of 70 persons who ate a hospital lunch
catered by the same restaurant implicated in the first four cases. Reports of iliness in
persons who had eaten at the other four local restaurants followed. Three hundred and six of
886 ill restaurant patrons and 167 control subjects were included in a case-control study.
Controls were also patrons of the restaurants and were matched to cases by date of meal
and the restaurant. Matched univariate analysis showed that several food items were
associated with iliness, however only tomatoes remained significant in multivariate models.
lliness peaked at each restaurant within 24 hours after the arrival of hand-sorted bruised and
overripe ‘special grade’ tomatoes that were supplied to the restaurants by a new distributor
(Reller et al. 2006). The investigators concluded that the contamination occurred at the
terminal distribution site but the evidence presented was speculative.
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1.3.3 Baby corn

In August 2007, an international outbreak of S. sonnei resulted in 215 laboratory confirmed
cases in Denmark (Lewis et al., 2009) and 55 cases in Australia (OzFoodNet 2008).

A retrospective cohort study was undertaken in Denmark and a case-patient was defined as
any person with multi-drug resistant (resistant to tetracycline, ampicillin, sulphonamides,
cephalothin, and streptomycin) S. sonnei infection acquired in Denmark or Australia in
August 2007, excluding those who had travelled to an endemic area in the three days before
onset of symptoms or those that could be explained by an alternative exposure. A web-
based cohort study was conducted in one of the larger workplaces affected by the outbreak
in Denmark and 95 of 170 people working in the workplace the week of the outbreak
responded to the questionnaire and had eaten at the canteen. Of these 95 respondents, 27
met the case definition. There was an increased risk of iliness for people who had eaten at
the canteen on the 6, 7 and 8 August and baby corn was the only food item found to be
significantly associated with illness on 7 August and three food items were associated with
illness on 6 August; baby corn, peas and cauliflower. After multivariate analysis only baby
corn was independently associated with iliness on 6 August (Lewis et al., 2009).

Shigella species were not detected in any of the 121 samples collected from different
batches in Denmark and no baby corn from the implicated batch in Australia was available
for testing (Lewis et al., 2009). However, batches in both Denmark and Australia were found
to harbour multiple enteric pathogens including E. coli, Salmonella spp. and S. flexneri
(Lewis et al., 2009). Trace back investigations revealed that one common packing shed in
Thailand supplied baby corn to wholesalers implicated in the outbreak batches in both
Denmark and Australia. Investigations by Thai authorities found multiple problems in the
implicated packing shed, including low concentrations of chlorine added to wash water and
unhygienic work practices, but there was no microbiological confirmation of baby corn as the
vehicle of human infections and the source of contamination was not determined (Lewis et
al., 2009).

1.3.4 Coriander

An outbreak of Salmonella Thompson was detected in southern California, US, in April 1999
through an increase in laboratory detections. Concurrently, a restaurant-associated outbreak
of Salmonella Thompson was reported in Los Angeles, California. In total, 35 “sporadic”
cases and 41 restaurant-associated cases were detected with onset of iliness between 6
and 31 March 1999; all “sporadic’ cases were independent of the restaurant-associated
cases. A matched case-control study was undertaken, whereby cases were defined as
Salmonella Thompson infection in a resident of southern California, with onset in March
1999. At least two controls per case patient were selected by randomly generating telephone
numbers on the basis of case patient’s area code and prefix and exclusion until an age
match was identified. Eating coriander (cilantro) at a restaurant was significantly associated
with infection, as was eating fresh salsa. The investigators analysed the results based on
ingredients in the salsa and the same ingredients eaten alone or in other dishes (raw tomato,
raw onion and raw coriander); only fresh salsa and coriander were associated with infection
after stratifying the survey population by age group. The investigators attempted trace back
and were able to identify common distributors of coriander to Californian restaurants
implicated in the outbreak, but poor record keeping hampered the identification of a single
supplier or farm growing coriander (Campbell et al. 2001).

1.3.5 Basil

Thirty cases of cyclosporiasis (Cyclospora cayetanensis) were reported in British Columbia,
Canada, between 1 January and 15 June 2001, sixteen of these cases reported no travel
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history. A case-control study was conducted whereby a case was defined as a laboratory-
confirmed case between 1 April and 15 June 2001 with no history of travel. Each case, or
their physician, was asked to nominate an unrelated, age, ethnicity and gender matched
control that had not shared a meal with the case, had no travel history and had not had
symptoms of gastroenteritis. Twelve cases and 16 controls were interviewed about food and
event exposures in the two weeks before onset of symptoms, specifically asking about raw
produce and herbs popular with Viethamese cuisine. On univariate analysis, both Thai basil
and raw bean sprouts were associated with cyclosporiasis, but after conditional multiple
logistic regression only Thai basil was significantly associated with being a case. The
investigators traced the bean sprouts to multiple local sources and the Thai basil was
imported from two distributors in the USA. Further trace back confirmed the Thai basil was
grown in a single state but no data or documentation was available to trace further to the
farm level or to determine if a single batch or multiple batches were contaminated. The
investigation also attempted detection of oocysts on basil samples but was unsuccessful
(Hoang et al. 2005).

1.3.6 Green onions

In November 2003, a large outbreak of hepatitis A was identified among patrons of a single
restaurant in Pennsylvania, US. In total, 601 cases were identified and of these, three died
and 124 were hospitalised. A case was defined as an acute illness consistent with

hepatitis A with onset occurring between October 1 and December 1, 2003, having had
consumed food at the implicated restaurant during the two to six weeks before the onset of
illness and had a positive test for IgM antibody to HAV indicative of acute infection. A case-
control study was undertaken to determine the food vehicle causing infection and cases and
controls were asked about dishes eaten, with ingthe restaurant providing ingredient level
details. Controls included meal companions of case-patients or persons who were identified
through credit-card receipts as having dined at the implicated restaurant between 3 and 6
October 2003. Controls were excluded if they reported having had symptoms of acute
hepatitis A, had a history of hepatitis A, or had received hepatitis A vaccine. In total 240
cases and 134 controls were recruited into the study, on univariate analysis five menu items
and seven food ingredients were associated with illness. After multiple logistic regression
analysis only mild salsa and green onions were associated with illness. Additional analysis
showed that consumption of green onions in menu items other than mild salsa was
independently associated with illness and there was a dose response detected.

Thirteen of the 69 restaurant employees were positive for IgM antibody to HAV and were
symptomatic. Dates of onset were similar to patrons and all had worked and eaten at the
implicated restaurant between 3 and 6 October; none reported a history of travel to a HAV
endemic country. Molecular epidemiological studies demonstrated that the HAV isolates
analysed from case-patients were similar (>96% homology) to isolates from residents or
people recently returning from Mexico or isolates from cases from Hispanic communities of
the US. A FDA trace back investigation found that two farms in northern Mexico were the
source of green onions shipped to the implicated restaurant in late September and early
October 2003 (Wheeler et al. 2005). The investigators concluded that the green onions
responsible for this large outbreak were apparently contaminated before or during packing
into shipping boxes on the implicated farms (Wheeler et al., 2005) but the evidence
presented was somewhat circumstantial and this assertion could not be certain.

Green onions were also implicated as the food vehicle responsible for a smaller outbreak of
hepatitis A in 1998 in the state of Ohio in the US. In total, 43 cases of hepatitis A were
reported between 13 November and 4 December 1998 and all reported eating at a single
restaurant. A case control study was undertaken to determine the food vehicle. A primary
case was defined as a person with onset of iliness between 13 November and 4 December
1998, in association with the presence of IgM antibody to HAV (anti-HAV) or an
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epidemiologic link to a laboratory-confirmed case patient between 15 October and 31
November 1998. One to three controls per case were matched by date of eating at the
implicated restaurant, either by being nominated by a case or selected from other healthy
patrons who had eaten within one day of the case patient. Controls were excluded if they
reported a history of hepatitis A, were vaccinated against HAV, had received immunoglobulin
in the 3 months before the outbreak or had symptoms of hepatitis A in the preceding 4-6
weeks. Forty cases and 64 controls were included in the study and no menu items were
significantly associated with illness.

As with the study described above, a sub-analysis on individual ingredients found green
onions, diced tomato, cheese and honey mustard sauce were significantly associated with
illness. When the data were stratified by containing green onion, only items that contained
green onions were associated with illness. Samples taken from all staff employed at the time
of the outbreak (91) and 21 previous staff were negative for IgM antibody to HAV. Molecular
epidemiological studies found the restaurant outbreak isolates similar to two cases
suspected to have been acquired in Mexico and were genetically distinct from sporadic case
isolates from Ohio or other US isolates with no link to Mexico (Dentinger et al. 2001). The
investigators concluded the contamination occurred before delivery to the restaurant based
on the evidence described and that only a single ingredient was associated with illness. If
the contamination occurred in the restaurant, they then assumed more than one food item
was associated with illness (Dentinger et al., 2001).

1.3.7 Raspberries

The CDC reported that approximately 850 cases of laboratory confirmed

Cyclospora cayetanensis infection had been reported during May and June 1996 (CDC
1996a). A retrospective cohort study of an outbreak in persons who had attended a luncheon
in South Carolina was undertaken to determine the food vehicle responsible. All 64 luncheon
attendees and the chef were interviewed regarding food and beverage exposures and a
case was defined as greater than, or equal to, three loose stools per day or greater than, or
equal to, two loose stools if using anti-motility drugs after attending the luncheon. Cyclospora
oocysts were detected in 11 of 13 faecal samples submitted for laboratory testing. In total,
38 case patients were identified and fresh raspberries, strawberries and potato salad were
all associated with illness on univariate analysis. After controlling for exposure to
raspberries, strawberries were no longer significantly associated with infection, whereas the
risk of illness associated with potato salad diminished but remained significant.

The population attributable risk for exposures to raspberries, strawberries and potato salad
were 73%, 50% and 20%, respectively, and the investigators concluded raspberries were
the source of infection. After interviewing the chef regarding food preparation, the
raspberries, strawberries and potato salad were all prepared on the same counter within a
two hour period; the potato salad was reportedly prepared first and the raspberries and
strawberries were washed in the same strainer as the potatoes. Cross handling of finished
dishes for tasting was also reported (CDC 1996b; Caceres et al. 1998). Strawberries from
the same source as served at the outbreak luncheon were served to another luncheon in an
adjacent room and no cases were reported from the second luncheon (CDC, 1996b). The
implicated raspberries were traced to Guatemala (Caceres et al., 1998). Investigations in
other states also implicated raspberries as a vehicle of infection (CDC, 1996a; CDC, 1996b).

1.3.8 Strawberries
In February and March 1997, a multistate outbreak of hepatitis A affected 213 children from
23 schools in Michigan and 29 cases from 13 schools in Maine, US. Genetic analysis of HAV

isolates recovered from patients in Michigan were all identical and 8/10 isolates recovered
from patients in Maine were identical to the Michigan outbreak strain, indicating a single
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source of infection. Cases and controls were recruited for enrolment in multiple case control
studies, whereby cases were defined as acute illness with clinical symptoms compatible with
the disease in association with IgM antibody to HAV. Controls were recruited from healthy
class mates or staff from affected schools.

In Michigan, two independent investigations were conducted in Saginaw and Calhoun
Counties and in Maine, two studies were reported. In the Michigan studies, thawed frozen
strawberries were served as a component of strawberry shortcake and this menu item was
the only item significantly associated with illness. In Maine, thawed frozen strawberries were
served as a component of the strawberry shortcake and also served in a cup. Menu items
containing strawberries were the only items significantly associated with illness in Maine.
Trace back investigations determined that the strawberries implicated in this multistate
outbreak were grown in Mexico, processed and frozen in California and distributed through
the Department of Agriculture for school lunch programs. Investigations at the processing
plant found that strawberries were carried on a conveyor belt, washed in a chlorine solution
of 12 parts per million, mechanically sliced, combined with a sucrose solution, packed, and
frozen. Hand contact was limited to the rejection of unacceptable berries as they passed on
the conveyor belt. Investigations of three of four growing fields in Mexico found river water
filtered through sand was used for drip irrigation, however poor quality sanitation facilities
were provided and pickers did not wear gloves and picked off stems with their finger nails
(Hutin et al., 1999).

1.3.9 Rockmelon

Three multistate outbreaks of Salmonella Poona occurred in the US in the spring of
consecutive years during 2000-2002. Forty seven confirmed cases from six states with
indistinguishable PFGE patterns occurred during April and June 2000. A matched case
control study was undertaken an identified the food vehicle, 20 cases, defined as laboratory
confirmed S. Poona with the outbreak PFGE pattern in April to June, were matched by age
category to healthy community controls and only consumption of rockmelon was significantly
associated with infection after multivariable modelling. Fifty confirmed cases of Salmonella
Poona (H,S-negative) from five states occurred during April to May 2001. A matched case
control study including 11 case patients with laboratory confirmed H,S-negative Salmonella
Poona infection and 19 age matched community controls found that iliness was only
associated with consumption of rockmelon. Fifty-eight confirmed cases of Salmonella Poona
infection from 10 states in the US and four states in Canada with indistinguishable PFGE
patterns occurred during March to May 2002. The PFGE pattern in the 2002 outbreak was
indistinguishable from the outbreak strain identified in 2000. A matched case control study of
27 case patients with laboratory confirmed infection were matched by age to 54 healthy
community controls and iliness was only significantly associated with consumption of
rockmelon. In all outbreaks either whole or pre-cut melon was associated with iliness. In
each outbreak, trace back investigations identified rockmelon imported from farms in Mexico
as the source of infection. The FDA conducted on-farm investigations and for the farms
associated with the 2000 and 2001 outbreaks multiple problems were encountered through
the entire supply chain and concluded that measures were not in place to minimise microbial
contamination in the growing, harvesting and processing of rockmelon (CDC 2002).

Rockmelons were also implicated epidemiologically in an outbreak of Salmonella Saphra in
the spring of 1997. Twenty-five residents of California, US, were confirmed to be infected
with S. Saphra during February and May 1997 and 24 patient isolates had an identical PFGE
pattern that was distinct from case isolates reported in California in previous years. Eighteen
case patients were age matched to healthy community controls and only consumption of
rockmelon (purchased whole or pre-cut) was significantly associated with illness. Trace back
investigations identified a single distributor who supplied rockmelon to restaurants and
grocery stores where the implicated rockmelon was purchased; the sole source of
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rockmelons for this distributor was a packer in Mexico.
1.3.10 Mango

In December 1999, a cluster of cases of Salmonella Newport from 13 states in the US were
detected. The PFGE patterns of the cluster isolates were indistinguishable and a case-
control investigation was conducted to determine the food vehicle responsible for the
outbreak. Case patients, defined as diarrhoea with onset in November or December 1999 for
which a stool culture yielded S. Newport with the outbreak PFGE pattern, self-nominated
healthy controls who were age and ethnicity matched but did not share a meal. In total, 28
case patients and 42 controls were interviewed regarding food exposures in the five days
prior to onset of symptoms and in a matched analysis only consumption of mangoes was
significantly associated with illness.

The investigators undertook trace back investigations based on information provided by four
cases from three states. From this information, no common store, distributor, importer or
shipment could be identified, however, the investigators determined that a single farm in
Brazil supplied mangoes to all four venues (Sivapalasingam et al., 2003), even though the
details of how this trace was arrived at were not presented. Environmental investigations on
the implicated Brazilian farm revealed several problems in the packing and processing of
mangoes. The first mango wash water tank was not monitored for chlorine level even though
it was supposedly chlorinated at a concentration of 100mg/L and was only changed when it
became grossly turbid. Mangoes destined for the US market underwent hot water treatment
to kill fruit fly and then dunked into a cool water tank before drying and packing.
Furthermore, all processing tanks were unenclosed and faecal material from birds and other
wildlife were noted near the tanks. Simulation studies conducted after this investigation
demonstrated that Salmonella spp. was internalised by the hot and cool treatment
(Sivapalasingam et al., 2003).

1.3.11 Mamey

An outbreak of typhoid fever (Salmonella Typhi) in Florida, US, involving at least 16 persons
during the winter of 1998-1999 was investigated. A case was defined as a febrile iliness with
a stool, blood or urine sample culture positive for S. Typhi. Fifteen confirmed cases were
identified and preliminary studies using a standard typhoid fever questionnaire did not
identify a common source of infection. In unstructured interviews three case subjects
mentioned consumption of frozen mamey drinks and a structured case-control study was
designed to investigate fruit and beverage exposures. Controls were matched to confirmed
and probable cases by age and ethnicity and the final analysis included one probable and
nine confirmed cases and 39 matched controls. lliness was significantly associated with
consumption of frozen mamey purchased from a vendor rather than mamey consumed at
home. Trace back investigations determined that the implicated frozen mamey was imported
from either Guatemala or Honduras. No S. Typhi was detected in tested food samples but
faecal coliforms and E. coli were detected in a high proportion of samples tested. Inspection
of two processing plants in Guatemala found that at one plant, untreated water from a
shallow hand-dug well was used to wash the fruit; at the second plant chlorinated well water
from a deep community well was used to wash fruit. Both processing plants had poor quality
record keeping the plant using the shallow well eventually closed rather than upgrading
(Katz et al., 2002).
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Table A3.1 Summary of outbreaks associated with fresh and minimally processed produce stratified by commodity, pathogen and outcomes

Commodity Pathogen Year Location/s Implicated Outbreak Epi Supply chain failure® References
commodity  size, comments?
country of cases
origin

Lettuce E. coli 2005 Sweden Domestic 135 E,L Outbreak strain traced (Soderstrom et al., 2008)
to cattle up-stream of
implicated lettuce farm.
Irrigation stream heavily
contaminated with
enteric bacteria. Stx 2
detected by PCR in
irrigation inlet and on
farm.
E. coli 1996 USA Domestic 61 E Trace back (Hilborn et al., 1999)
investigations identified
a single farm enterprise.
On farm processing
were unsanitary and
non-O157:H7 E. coli
were isolated from wash
tanks.
E. coli 1995 USA Domestic >70 E n.d. (Ackers et al., 1998)
Salmonella 2004 UK nd.' 105 E n.d. (Irvine et al. 2009)
Shigella 1994 Norway Imported 110 E n.d. (Kapperud et al., 1995)
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Commodity Pathogen Year Location/s Implicated Outbreak Epi Supply chain failure® References
commodity  size, comments®
country of cases
origin
Shigella 1994 UK n.d. 432 E n.d. (Frost et al., 1995)
Yersinia 1998 Finland Domestic 47 E n.d. (Nuorti et al., 2004)
Norovirus 2010 Denmark Imported 185 (E), L n.d. (Ethelberg et al. 2010)
Semi-dried Hepatitis A 2009 Australia Imported >500 E, L n.d. (OzFoodNet 2010b;
tomato OzFoodNet 2010c;
Donnan et al., 2011)
Hepatitis A 2010 Netherlands  Imported 13 E n.d. (Petrignani,M et al.,
2010a; Petrignani,M et al.,
2010b)
Hepatitis A 2010 France Imported 59 E n.d. (Gallot et al., 2011)
Fresh tomato Salmonella 2005 USA Domestic 72 E, L Outbreak strain traced (Greene et al., 2008)
to irrigation pond water
in 2005; one farm in the
implicated region used
pond water for pesticide
application in 2006.
Shigella 2001 USA Domestic 886 E n.d., but overripe and (Reller et al., 2006)
bruised ‘special grade’
tomatoes supplied to
restaurants immediately
prior to outbreak.
Chilli peppers, Salmonella 2008 USA Imported 1500 E, L Outbreak strain detected (CDC, 2008; Mody et al.,
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Commodity Pathogen

Year Location/s Implicated
commodity
country of
origin

Outbreak Epi

size,

cases

comments?

3

Supply chain failure

References

(Tomato?)

Baby corn Shigella

Shigella

Peas Campylobacter

2007 Denmark Imported

Australia Imported

2008 USA Domestic

215

55

132
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in irrigation on
implicated farm in
Mexico but source of
contamination not
determined

Implicated corn in
Denmark and Australia
imported from Thailand
and traced to same
packing shed. Poor
hygienic practice during
de-silking process
implicated as source of
contamination.

As above

Outbreak
epidemiologically linked
to peas, trace back and
microbiological analysis
identified outbreak

strains on peas and in

2011; Behravesh et al.,
2011)

(Lewis et al., 2009)

(OzFoodNet, 2008; Lewis
et al., 2009)
(Gardner et al., 2011)



Commodity Pathogen Year Location/s Implicated Outbreak Epi Supply chain failure® References
commodity  size, comments®
country of cases
origin
Sandhill cranes that
grazed and defecated
on pea fields.
Shigella 2009 Norway Imported 20 E, L n.d. (Heier et al., 2009)
Spinach E. coli 2006 USA Domestic 199 E,L Outbreak strain (CDC, 2006; Jay et al.,
identified on spinach 2007; Grant et al., 2008;
and from stream, cattle Wendel et al., 2009)
manure and wild pigs in
production area. Exact
cause of product
contamination not
determined.
Carrots Yersinia 2006 Finland Domestic >400 E,L Carrots stored for 6 (Rimhanen-Finne et al.,
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months on implicated
farm and 4 months in
distributors storage
facility and were of poor
quality. Outbreak strain
was identified from
carrot residue and
surfaces at distributor’s

facility.

2009)



Commodity Pathogen Year Location/s Implicated Outbreak Epi Supply chain failure® References
commodity  size, comments®
country of cases

origin

Yersinia 2004 Finland Domestic 53 E, L Outbreak strain (Kangas et al., 2008)
identified on carrot
peeling line, from
spoiled carrots, from
fluid from spoiled carrots
and from a common
shrew on implicated
farm. Shrew possibly
picked up by harvesting
equipment.

Yersinia 2003 Finland Domestic 111 E, L Qutbreak strain (Jalava et al., 2006)
identified on farm
processor plant from soil
and carrot residue
samples; carrots were
stored in open bins
accessible to storage
rodents. Carrots from
implicated farm were
washed and peeled by a
distributor subsequently

delivered and grated
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Commodity Pathogen Year Location/s Implicated Outbreak Epi Supply chain failure® References
commodity  size, comments®
country of cases
origin
without further washing
steps.
Coriander Salmonella 1999 USA Domestic 76 E n.d (Campbell et al., 2001)
Basil Cyclospora 2001 Canada Imported 33 E n.d. (Hoang et al., 2005)
Salmonella 2007 UK Imported 55 E, L n.d. (Pezzoli et al., 2007;
Pezzoli et al., 2008; Elviss
et al., 2009)
Green onions  Hepatitis A 2003 USA Imported 601 E n.d. (CDC 2003; Wheeler et
al., 2005)
Hepatitis A 1998 USA n.d. 43 E n.d. (Dentinger et al., 2001)
Raspberries Cyclospora 2000 USA Imported 54 E, L n.d. (Ho et al., 2002)
Cyclospora 1996 USA Imported 38 E n.d. (CDC, 1996a; CDC,
1996b; Caceres et al.,
1998)
Norovirus 2009 Finland Imported 76 E, L n.d. (Maunula et al., 2009)
Norovirus 2009 Finland Imported >260 E, L n.d. (Sarvikivi et al., 2011)
Strawberries E. coli 2011 USA Domestic 17 E, L Outbreak strain linked to  (Anonymous, 2011a;
deer faeces on Anonymous, 2011b)
implicated strawberry
farm.
Hepatitis A 1997 USA Imported 242 E n.d., inadequate on farm  (Hutin et al., 1999)
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Commodity Pathogen Year Location/s Implicated Outbreak Epi Supply chain failure References
commodity  size, comments®
country of cases
origin
suspected.

Rockmelon Listeria 2011  USA Domestic 100 E, L n.d. (CDC, 2011; Anonymous
2011d; Anonymous
2011e)

Listeria 2010 Australia Domestic 9 E,L n.d. (OzFoodNet, 2010a;
Astridge, 2011)
Salmonella 2006 Australia Domestic 115 E, L Inconclusive; use of (Munnoch et al., 2009)
non-potable water in
processing ready-to-eat
melons likely failure
point.
Salmonella 2000 USA Imported 47 E Multiple problems found  (CDC, 2002)
along the entire supply
chain on Mexican farms
and pack houses.
Salmonella 2001 USA Imported 50 As above (CDC, 2002)
Salmonella 2002 USA Imported 58 As above (CDC, 2002)
Salmonella 1997 USA Imported 25 E n.d. (Mohle-Boetani et al.
1999)
Mango Salmonella 2006 USA Imported 494 E n.d.; possibly linked to (Sivapalasingam et al.,
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internalisation of
Salmonella during hot

water treatment to

2003)



Commodity Pathogen Year Location/s Implicated Outbreak Epi Supply chain failure® References
commodity  size, comments®
country of cases
origin
control fruit fly.
Papaya Salmonella 2006 Australia Domestic 26 E, L Inconclusive; use of (Gibbs et al., 2009)
non-potable river water
to wash fruit was the
likely failure point.
Mamey Salmonella 1999 USA Imported 16 E Inconclusive; possibly (Katz et al., 2002)

linked to untreated water
sourced from a shallow

well

T n.d., not determined; z E, epidemiological study; L, laboratory confirmed link between outbreak strain and implicated commodity or farm;
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Table A3.2
contamination

Production and processing

Production and processing failure points implicated in commodity contamination and mitigation activities to prevent

failure Commodity Pathogen Control measure to mitigate contamination
Water contaminated with animal e Water used for pre-harvest activities managed to
faeces used for irrigation and/or Lettuce E. coli 0157 avoid contamination from human activities, livestock
chemical application production activities, domestic animals and wildlife
Water contaminated with wildlife e Equipment used to apply water onto produce is
faeces used for irrigation and/or Tomato Salmonella Newport maintained to a suitable standard to prevent
chemical application contamination of pre-harvest water
Contaminated water used for e Personnel involved in production, harvest and post-
S : Chilli peppers . harvest activities be sufficiently knowledgeable to take
'”'g‘i‘“°'.‘ and/or chemical and tomato Salmonella Saintpaul actions, where necessary, to minimise or prevent
application produce contamination
Contaminated water used for o Water used for post-harvest activities is of potable
washing produce. Unsanitary Lettuce E. coli O157:H7 quality
processing facility e Facilities constructed and maintained in such a way
Contaminated water used for as to minimise or prevent produce contamination
washing produce and incorrect use  Rockmelon Salmonella Saintpaul e Equipment used during production and processing
of disinfectants fresh produce be maintained in good working order
Contaminated water used for and regularly cleaned to prevent contamination of
washing produce and incorrect use  Papaya Salmonella Litchfield produce
of disinfectants e Personnel involved in production, harvest and post-
Contaminated wat df harvest activities be sufficiently knowledgeable to take

ontaminated water used tor actions, where necessary, to minimise or prevent
washing produce Mango Salmonella Newport produce contamination
Conta_mlnated water used for Mamey Salmonella Typhi
washing produce
Direct faecal deposition in the field 5 S . Exclqsion of d_omestic animals and wildlife from
(cranes) eas Campylobacter jejuni growing, packing and storage areas o

e Produce grown away from bird roosting and migration

. I ) areas

Direct faecal deposition in the field Spinach E. coli O157:H7 e Pests controlled in growing, packing and storage

(feral pigs)
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Production and processing
failure

Direct faecal deposition in the field
(deer)

Post-harvest storage and handling.

Processing poor quality produce

Commodity

Strawberries

Carrots

Pathogen

E. coli 0157

Yersinia
pseudotuberculosis

Control measure to mitigate contamination

Personnel involved in production, harvest and post-
harvest activities be sufficiently knowledgeable to take
actions, where necessary, to minimise or prevent
produce contamination

Exclusion of domestic animals and wildlife from
growing, packing and storage areas

Pests controlled in growing, packing and storage
areas

Disposal of poor quality produce

Facilities constructed and maintained in such a way
as to minimise or prevent produce contamination
Equipment used during production and processing
fresh produce be maintained in good working order
and regularly cleaned to prevent contamination of
produce

Personnel involved in production, harvest and post-
harvest activities be sufficiently knowledgeable to take
actions, where necessary, to minimise or prevent
produce contamination

Poor quality fruit

Tomato

Shigella flexneri

Dispose of damaged fruit that may enable
internalisation and growth of pathogen

Personnel involved in production, harvest and post-
harvest activities be sufficiently knowledgeable to take
actions, where necessary, to minimise or prevent
produce contamination

Poor hygienic practice and
unsanitary processing facility

Poor hygienic practice and
unsanitary harvest and processing
practices

Widespread contamination of
processing facility

Baby corn

Raspberries

Rockmelon

Shigella sonnei

Hepatitis A virus

Listeria monocytogenes
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Water used for post-harvest activities is of potable
quality

Facilities constructed and maintained in such a way
as to minimise or prevent produce contamination
Equipment used during production and processing
fresh produce be maintained in good working order
and regularly cleaned to prevent contamination of
produce

Toilet and washing facilities maintained in good
working order and sufficient to meet the demands of
the labour force employed to harvest, pack and



gi?:ric“on and processing Commodity Pathogen Control measure to mitigate contamination

transport produce
e Personnel involved in production, harvest and post-
harvest activities are sufficiently knowledgeable to

take actions, where necessary, to minimise or prevent
produce contamination.
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2 Search strategy

2.1 Search string

Pathogen list
Escherichia coli
“E coli”

“E. coli”
Salmonella
Salmonellosis
Listeria
Listeriosis
monocytogenes
Campylobacter
Campylobacteriosis
Clostridium
Clostridia
Clostridial
Bacillus cereus
Staphylococcus
Staphylococcal
aureus

Shigella
Shigellosis
Yersinia
enterocolitica
Vibrio
Cyclospora
Cyclosporiasis
Giardia
Giardiasis
Cryptosporidium
Cryptosporidiosis
Cryptosporidiasis
“Hepatitis A virus”
“Hepatitis A”
HAV

Hepatitis
Norovirus
norwalk

AND Commodity list
Leafy
Vegetable
Lettuce
Spinach
Scallion
Shallot
Spring onion
Rocket
Arugula
Cabbage
Watercress
Tomato*
Capsicum
Jalapeno
Pepper*
Chilli*

Fruit

Berry
Berries
Raspberry
Raspberries
Strawberry
Strawberries
Blueberry
Blueberries
Melon*
Honeydew
Rockmelon
Cantaloupe
Sugar melon
Watermelon
Muskmelon
Mango*
Papaya*
Paw paw*

AND
Cucumber
“Fresh produce”
Herb
Herbs
Basil
Mint
Oregano
Cilantro
Coriander
Parsley
Marjoram
Cress
Dill
Kale
Mushroom
Microgreen*
Shoot*
Pea
Peas

Search terms were combined in the following format:
(pathogenl OR pathogen2 OR ...) AND (commodityl OR commodity2 OR
(outcomel OR outcome2 OR...)

76

Outcome list
Food-borne
Foodborne
Outbreak*
“Risk factor*”
“Case control”
Case
Investigation*

...) AND



2.2 Search engines

3

i. Pubmed (http://www.pubmed.org)

Simple search with date limits (01/01/1990 — 31/12/2011)

i. EBSCO (Food Science Source; FSTA — Food Science and Technology
Abstracts; Medline; Medline with Full text)
Boolean phrase simple search
Limiter: 1990-2011; Peer reviewed
Source type: Periodicals
iii. Promedmail (www.promedmail.com)

Postings of outbreaks with data satisfying the inclusion criteria

Inclusion and exclusion criteria

-

INITIAL SEARCH

Pubmed search = 1342 articles
EBSCO search = 860 articles
Promed Mail = 2 articles

TOTAL = 2204

J

Stage 1 exclusion criteria applied

-

STAGE 1 EXCLUSION

Pubmed and EBSCO = 108
Promedmail = 1

TOTAL =109

~

J

Stage 2 inclusion criteria applied

( FINAL SELECTION

TOTAL =43
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Stage 1 exclusion criteria

Exclusion of duplicates

Exclusion of prevalence studies

Exclusion of experimental contamination studies

Exclusion of outbreaks associated with multiple commodity, e.g. chicken pasta salad
Exclusion of reviews

Exclusion of outbreaks if an infected handler contaminated finished dish during
preparation

e Exclusion of non-English language studies

Stage 2 inclusion criteria
¢ Inclusion of epidemiological studies if:
o0 Case definition provided
o Odds Ratio/Risk Ratio > 1, P-value < 0.05 and Attack Rate > 50%
0 Modelling methods were described
o0 Number of cases and controls reported
o0 For case control studies, controls were matched to cases
¢ Inclusion of microbiological studies if case pathogen was laboratory matched to isolates
from fresh produce
¢ Inclusion of microbiological trace back studies if environmental or animal isolates
matched case pathogen plus a microbiological or epidemiological link to a fresh produce
commodity
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