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DISCLAIMER

This report or document (*“the Report”) is given by the Institute of Environmental Science and
Research Limited (“ESR”) solely for the benefit of the New Zealand Food Safety Authority
(“NZFSA”), Public Health Services Providers and other Third Party Beneficiaries as defined
in the Contract between ESR and the NZFSA, and is strictly subject to the conditions laid out
in that Contract.

Neither ESR nor any of its employees makes any warranty, express or implied, or assumes
any legal liability or responsibility for use of the Report or its contents by any other person or
organisation.
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SUMMARY

The purpose of aRisk Profile isto provide contextual and background information relevant to
a food/hazard combination so that risk managers can make decisions and, if necessary, take
further action. Risk Profiles include elements of a qualitative risk assessment, as well as
providing information relevant to risk management. Risk profiling may result in a range of
activities e.g. immediate risk management action, a decision to conduct a quantitative risk
assessment, or a programme to gather more data, ranking of a particular food safety issue.

The rate of reported invasive listeriosis in New Zedland is similar to that found in like
countries, and a proportion of these cases are likely to be food-borne. This Risk Profile
concerns Listeria monocytogenes in ice cream, and no evidence has emerged to link
consumption of this commodity with cases of L. monocytogenes infection in New Zealand.

Within the context of a HACCP based Product Safety Programme that controls pasteurisation
and ingredients added after pasteurisation, ice cream can be considered alow risk product.

This Risk Profile is subject to some data gaps e.g. contamination data not available from all
New Zedand ice cream manufacturers, limited information on contamination levels in
products added after pasteurisation, limited information on industry practices with respect to
the use of eggsin ice cream manufacture.

The results of the Risk Profile are consistent with the characteristics of the food e.g. very low
likelihood of growth of organisms even if post-pasteurisation contamination occurred. To
validate the outcome of the Risk Profile and to fill a potentially important data gap, controls
on ingredients that are added after pasteurisation could be considered, if an industry-wide
testing regime indicated significant levels of contamination.

Industry should continue to conduct environmental monitoring for L. monocytogenes. Any
positive environmental sample results should be followed by full identification of the isolate
(e.g. serotyping, PGFE) to improve the ability to locate and eliminate the source of
contamination.
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1 INTRODUCTION

The purpose of aRisk Profile isto provide contextual and background information relevant to
a food/hazard combination so that risk managers can make decisions and, if necessary, take
further action. The place of a risk profile in the risk management process is described in
“Food Administration in New Zealand: A Risk Management Framework for Food Safety”
(Ministry of Health/Ministry of Agriculture and Forestry, 2000). Figure 1 outlines the risk
management process.

Figure1: Risk Management Framework

Figure reproduced from “Food Administration in New Zealand. A risk management framework for food safety”
(Ministry of Health/Ministry of Agriculture and Forestry, 2000).

In more detail, the four step processis:
1. Riskevaluation

identification of the food safety issue

establishment of arisk profile

ranking of the food safety issue for risk management
establishment of risk assessment policy
commissioning of arisk assessment

consideration of the results of risk assessment
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2. Risk management option assessment

identification of available risk management options
selection of preferred risk management option
final risk management decision

3. Implementation of the risk management decision

4. Monitoring and review.

The Risk Profile informs the overall process, and provides an input into ranking the food
safety issue for risk management. Risk Profiles include elements of a qualitative risk
assessment. However, in most cases a full exposure estimate will not be possible, due to data
gaps, particularly regarding the level of hazard in individua foods. Consequently the risk
characterisation part of arisk assessment will usualy rely on surveillance data.

The Risk Profiles also provide information relevant to risk management. Based on a Risk
Profile, decisions are made regarding whether to conduct a quantitative risk assessment, or
take action, in the form of gathering more data, or immediate risk management activity.

This Risk Profile concerns Listeria monocytogenes in ice cream. Related products without a
freezing step e.g. some types of soft serveice cream, are excluded.

The sections in this Risk Profile are organised as much as possible as they would be for a
conventional qualitative risk assessment, as defined by Codex (1999).

Hazard identification, including:

A description of the organism
A description of the food group

Hazard characterisation, including:

A description of the adverse health effects caused by the organism.
Dose-response information for the organism in humans, where available.

Exposure assessment, including:

Data on the consumption of the food group by New Zeaanders.

Data on the occurrence of the hazard in the New Zealand food supply.
Qualitative estimate of exposure to the organism (if possible).
Overseas data relevant to dietary exposure to the organism

Risk characterisation:

Information on the number of cases of adverse health effects resulting from exposure to
the organism with particular reference to the food (based on surveillance data)
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Qualitative estimate of risk, including categorisation of the level of risk associated with
the organism in the food (categories are described in Appendix 1).

Risk management information

A description of the food industry sector, and relevant food safety controls.
Information about risk management options.

Conclusions and recommendations for further action

Risk Profile — Listeriamonocytogenesin Ice cream 4 October 2003



2 HAZARD IDENTIFICATION: THE ORGANISM

The following information is taken from a data sheet prepared by ESR under a contract for
the Ministry of Health. The data sheet is intended for use by regional public health units.

2.1 L /steria monocytogenes

2.1.1 The organism/toxin

Six species of Listeria bacteria have been recognised (ICMSF, 1996). Two are considered
non-pathogenic, while L. seeligeri, L. ivanovi, and L. welshimeri rarely cause human
infection. This leaves L. monocytogenes as the most important species with respect to human
health.

Two forms of disease caused by this organism are now recognised; a serious invasive disease
and a non-invasive gastroenteritis. While the invasive form of disease is uncommon, the
clinical consequences are often serious. The organism’'s ability to grow at refrigeration
temperatures is significant as chilling is often used as a control measure in the food industry.

Note that in the following text the term “D” isused. In microbiological terms “D” refersto a
90% (or decimal or 1 log cycle) reduction in the number of organisms.

2.1.2 Growth and survival

Growth:

Temperature: Optimum 37°C, range -1.5to 45°C. Grows at refrigeration temperatures (4°C).
pH: Optimum 7.0, range 4.4-9.4.

Atmosphere: Grows optimally under microaerophilic conditions, but grows well both
aerobically and anaerobically. Can grow in relatively high (e.g. 30%) CO,, but is inhibited
under 100% CO,. Growth was not retarded by a 5-10% CO, atmosphere.

Water activity: Minimum a, permitting growth = 0.92 (° 11.5 % NaCl).

Survival:

Temperature: Survives freezing very well.

Atmosphere: Not influenced by atmosphere.

Viable but non-culturable (VNC) cells. There is some recent evidence that L. monocytogenes
may become VNC.

2.1.3 Inactivation (CCPs and Hurdles)

Temperature: Rapidly inactivated at temperatures above 70°C. D time at 50°C can be in the
order of hours, at 60°C 5-10 minutes, 70°C approximately 10 seconds. Some specific data are
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available concerning thermal inactivation of L. monocytogenes in ice cream mix (Holsinger et
al., 1992). In this work the concentration of milk fat and high fructose corn syrup was varied
and the effect on thermal inactivation of L. monocytogenes measured at 60°C. Thermal
destruction curves were observed with lag and tailing periods complicating the calculation of
D times. Instead a value of F, equivalent to the lag plus 7D, was calculated. An approximate
two-fold difference was observed between the lowest (18.8 minutes) and highest (37.3
minutes) values for F, but it was concluded that pasteurisation guidelines for ice cream are
adeguate to ensure the destruction of L. monocytogenes.

pH: Inactivated at pH vaues less than 4.4 a rates depending on the acidulant and
temperature. Organic acids, such as acetic, are more effective than mineral acids (e.g.
hydrochloric). Inactivation proceeds faster at higher temperatures.

Water activity (ay): Can remain viable in dry environments for long periods.

Preservatives. Inactivated on vegetables by lysozyme (100 mg/kg), 0.2% sodium benzoate at
pH 5, 0.25-0.3% sodium propionate (pH 5, and less effective at lower temperatures), and 0.2-
0.3% potassium sorbate (pH 5.0).

Radiation: D values depend on the food and temperature and range from 0.34 to 2 kGy. Iniice
cream exposed at —72°C a D value of 0.38 kGy was noted, a dose of 1 kGy for ice cream
recommended (Kamat et al., 2000). L. monocytogenes is more sensitive than other Gram
positive bacteriato UV radiation.

2.1.4 Sources

Human: L. monocytogenes is carried asymptomatically in the faeces of 2-6% of the
population. Person-to-person spread (other than mother to foetus) in not often recorded but
has been recognised. Up to 30% of case contacts may carry the organism. L. monocytogenes
is shed in high numbers (3 10g) in the faeces of infected people.

Animal: Can cause disease in animals, and veterinarians were originally considered to be an
at risk group. Listeria present in animal faeces can contaminate milk or red meat. Improperly
made silage can be a source of domestic animal infection.

Food: Should be considered as potentially present in al raw foods and ingredients. May be
present in cooked foods as a result of post-cooking contamination. Risk posed is likely to be
greatest in ready-to-eat cooked foods with long shelf lives on which L. monocytogenes can
grow. Has been isolated from a wide variety of ready-to-eat and raw foods in NZ studies.
Little information regarding numbers exists, but is generaly considered to be present in low
numbers (<10/g) on most foods, athough it has been detected at numbers far in excess of
this.

Environment: Is widespread in the environment including soil, vegetation, water and sewage.
Has been isolated from toothbrushes and other domestic environments.

Transmission routes. One study estimates that 1/3 of cases are foodborne. Other reports
describe foodborne transmission as the primary source of human infections. Alternative
routes include infections acquired in hospital and occupational exposure (e.g. veterinarians).
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3 HAZARD IDENTIFICATION: THE FOOD

The foods covered by this Risk Profile are those referred to in the New Zealand Ice Cream
Manufacturers Code of Practicei.e. ice cream, as defined by the ANZ Food Standards Code
for Australia and New Zeaand, and frozen dessert systems, which include: gelato and sorbet,
water ices, frozen yoghurts, milk ices, ice confections, soft serve wet mixes with frozen step.

31 Relevant Characteristics of the Food: | ce cream

Figure 2 shows a general schematic for the process of manufacturing ice cream.
Figure 2: Manufacturing processfor ice cream — general features

—m| Batch Pasteurization [—m] Homogenization [—# Cooling [—
Blending
T L | Continuous PasteurizationHomogenization!Cooling  |—w-
liquid dry
ingredients  ingredients air
incororakion
Continuous Freezing -l¢—
Packaging Ageing [
L] Batch Freezing!Whipping [—— T
Particulake Flavour Colour
additicon additicn
hd
Hardening - StoragelDistribution |—®

Reproduced from: http://www.foodsci.uoguel ph.ca/dairyedu/icmanu.html

3.1.1 Ingredients

The principal components of ice cream are fat (in New Zealand only milk fat can be used,
while some countries permit the use of vegetable fats), non fat milk solids, sugar, and
emulsifiers/stabilisers. The latter include polysaccharides to bind free water and retard ice
crystal growth during freezing and storage, while emulsifiers are incorporated to stabilise fat
droplets (Belitz and Grosch, 1987). Some ice creams use eggs as a source of emulsifying
agents.

After pasteurisation and homogenisation, ice cream and frozen “novelty” products may be
altered with additional ingredients. These may include flavourings, ripples, chocolate, fruit,
nuts, confectionery etc.
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The raw material from which ice cream is made, i.e. milk, should be considered as potentially
containing L. monocytogenes. Faecal contamination of milk is the most likely cause, and
healthy diary cows may shed the bacterium after being infected from silage. Dairy cattle can
also intermittently shed L. monocytogenes in their milk as a consequence of listerial mastitis,
encephalitis or a Listeria related abortion, athough instances of these diseases in New
Zealand are rare (Lindsay Pearce, Fonterra Research Centre, pers. comm.). Although milk
from obviously sick animals is unlikely to reach consumers, mildly infected or apparently
healthy cows can shed L. monocytogenes in their milk for many months. Overseas testing has
shown that up to approximately 10% of raw milk samples contain L. monocytogenes (Ryser,
1999a).

A survey of raw whole milk in New Zealand in 1986/87 found that, while none of 71 New
Zealand raw milk samples tested contained L. monocytogenes, 14.1% contained L. innocua
(Stone, 1987). This non-pathogenic Listeria species is very similar to L. monocytogenes and
can be regarded as indicating that L. monocytogenes could be derived from the same source.
Pasteurisation of raw milk is therefore an important step in assuring the safety of ice cream.

3.1.2 Processing

The major points of pathogen control are the pasteurisation, freezing and hardening steps,
although the latter two will not reduce levels of L. monocytogenes. Post-pasteurisation
ingredient additions may occur a two points. Following ageing, the mix is drawn into a
flavour tank where any liquid flavours, fruit purees, or colours are added. The mix then enters
the dynamic freezing process, which both freezes a portion of the water and whips air into the
frozen mix. Ice cream contains a considerable quantity of air, up to half of its volume, which
gives the product its characteristic lightness. As the ice cream is drawn with about half of its
water frozen, particulate matter such as fruits, nuts, candy, cookies, etc., is added to the semi-
frozen slurry which has a consistency similar to soft serve ice cream. In fact, amost the only
thing which differentiates hard frozen ice cream from soft serve, is the fact that soft serveis
drawn into cones a this point in the process rather than into packages for subsequent
hardening.

In addition to ice cream, a number of dairy based frozen products may also be manufactured
e.g. frozen yoghurts, milk ices, soft serve ice cream. These include a freezing step and the
same legidlative requirements generally apply.

3.1.3 Storage and distribution

In normal circumstances, as the name suggests, ice cream is stored and sold in the frozen
state. While L. monocytogenes is known to grow at temperatures below 0°C, no growth
should occur at the temperatures at which ice cream is normally stored (Dean and Zottola,
1996). However, any Listeria present as a result of post-pasteurisation contamination are
likely to survive freezing. One study has shown that essentially 100% viable cells of L.
monocytogenes could be recovered from ice cream after 14 weeks of storage at -18°C
(Palumbo and Williams, 1991).

For soft serve ice cream, pre-made ice cream mix is supplied to retail outlets under
refrigeration (<5éC). Aging and freezing are carried out in the vending machines at the retail
premises.
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A survey of ice cream, soft serve ice cream and milkshakes was conducted in Christchurch in
1996 (Sheat, 1996). The temperatures at which “hard scoop” ice cream samples were served
were:

Temperature (°C) No. of samples
>-4.9 0
-5.0t0-9.9 1
-10.0t0-14.9 10
-15.0t0-19.9 20
-20.0t0-25.0 9

Of the soft serve ice cream samples, fourteen were served at temperatures in the range of -5 to
-9.9°C, and the other six for which data were recorded were in the range of 0 to -4.9°C (Sheat,
1996).

Data on ice cream temperatures are also available from Western Australia (Health
Department of Western Australia, 1993). Recorded temperatures for soft serve ice cream
were:

Temperature (°C) No. of samples
-15.0t0-10.0 20
-9.9t0-5.0 87
-49t00 16
0.1t04.0 1

All hard scoop ice cream was held at <-5°C.

It should be noted, however, that soft serve ice cream is frozen at the point of sale. Mix used
to make the ice cream is stored at <5°C, temperatures that might allow growth of this
organism, albeit slow growth. The pH of ice cream is close to neutral (Nichols and de
Louvois, 1995) and so provides no barrier to the growth of L. monocytogenes.

3.2 TheFood Supply in New Zealand
3.2.1 Production

Total New Zealand production of ice cream is reported to be 0.9 million hectolitres (90
million litres) per annum (http://www.foodsci.uoguel ph.ca/dairyedu/icdata.html), making
New Zeadand the tenth largest ice cream producer in the world behind, in descending order;
the United States, China, Canada, Italy, Australia, France, Germany, Sweden and
Switzerland. According to the New Zedand Ice Cream Manufacturers Association
(http://www.nzicecream.org.nz/industryfacts.htm) approximately 11,600 tonnes
(approximately 23 million litres) of this production is exported, mainly to Japan and
Austraia

3.2.2 |Imported foods

New Zealand is both a significant exporter and importer of ice cream. During the year ending
February 2001 4,122 tonnes (approximately 8 million litres) of ice cream were imported into
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New Zedand, predominantly from Australia (92%), followed by Thailand (6%), with smaller
guantities imported from Italy, Malaysa and Indonesia, and the United Kingdom
(http://www.nzicecream.org.nz/industryfacts.htm). Import statistics for the year ending March
2003 indicate a lower level of imports, with approximately 2,900 tonnes of “ice cream and
other edibleice” being imported.

Ice cream is a prescribed food under the New Zealand (Mandatory) Food Standard 1997 and
therefore the importer is required to demonstrate the safety of the product. This may require
testing for the absence of pathogenic bacteria, specifically Salmonella and Listeria.
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4 HAZARD CHARACTERISATION: ADVERSE HEALTH EFFECTS

There are two types of disease associated with infection by L. monocytogenes; invasive and
non-invasive. The invasive disease is called listeriosis and normally occurs in people with
weakened immune systems. The non-invasive disease is usually called febrile gastroenteritis
i.e. gastroenteritis associated with mild ‘flu-like' symptoms, and can occur in healthy people
if large numbers of L. monocytogenes cells are consumed.

4.1 Listeriosis

To cause this disease, ingested L. monocytogenes cells penetrate the intestinal tissue and
become exposed to phagocytic cells of the immune system. A portion of the L.
monocytogenes cells survive and multiply within the host phagocytes. They then move
throughout the host via blood or the lymphatic system.

The populations most at risk from this disease are the elderly, the immunocompromised, and
the perinatal. Perinatal infections occur primarily as aresult of transplacental transmission to
the foetus following infection of the mother. The perinatal group includes foetuses or
neonates, and infection can occur before or after birth. The symptoms experienced by the
mother are usually restricted to amild fever.

Incubation: 1-90 days, mean 30 days.

Symptoms:  Include ‘flu’-like symptoms (e.g. fever, headache), diarrhoea, vomiting. In
perinatal cases clinical outcomes for the foetus or newborn include general septicaemia,
intrauterine death, premature birth, stillbirth. In non-perinatal cases symptoms commonly
include bacteraemia and meningitis.

Long term effects. In one outbreak neurological problems (crania nerve palsies) developed
in 30% of the survivors of meningitis. Pre-term infants may suffer from excess fluid in the
brain and partial paralysis.

Treatment: L. monocytogenes is susceptible to a number of antibiotics, but penicillin and
ampicillin optionally with an aminoglycoside (e.g. gentamicin) is considered to be the
combination of choice.

4.2  Non Invasive Febrile Gastroenteritis

The non-invasive form of listeriosis was recognised during the 1990s.

Incubation: 11 hoursto 7 days, median 18 hours.

Symptoms: Diarrhoea, fever, muscle pain, headache, and less frequently with abdominal
cramps and vomiting. Attack rate reported to be upwards of 74%.

Toxins. No toxins are produced in foods.
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4.3 Dose Response
43.1 Listeriosis

It is becoming increasingly realised that there is no threshold dose of L. monocytogenes for
listerial infection and even very low doses will carry a low, but non-zero, risk of infection,
even in heathy people. However the probability of invasive disease following exposure to
even moderate levels of cellsisvery low.

The FAO/WHO risk assessment used a dose response model described by:
Pheaith outcome= 1'eXp_R* N

Where R is avariable that defines the dose/response relationship and N is the number of cells
consumed. The values of R vary depending on population group (to reflect different
susceptibilities) but are around the 10%%-10™* level. The model is a single hit model which
means that there is a probability of illness associated with each cell consumed. It is therefore
total consumption of cells that dictates risk; there is no “infectious dose”, and there is no
difference to risk if a small number of cells are eaten frequently or many cells eaten at the
same time as long as the total eaten is the same. Figure 3 shows dose response curves for at
risk and not at risk groups.

Figure 3: Doseresponse models at median valuesfor r for invasive disease caused
by L. monocytogenes*.
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* Information provided by Dr. Tom Ross, University of Tasmania, and is that used in the FAO/WHO Listeria
guantitative risk assessment.
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The FDA/FSIS modelled value of R accounts for variation of virulence in the types of L.
monocytogenes extant in the population. It is known that certain serotypes of L.
monocytogenes appear to be associated with human disease, but there is no certainty that any
one isolate will be pathogenic to humans just because it belongs to a particular serotype. A
recent study has grouped L. monocytogenes into three distinct lineages (Jeffers et al., 2001),
and there did appear to be some differences between the contributions that the lineages made
to human disease. However, these lineages are not based on serotyping. The conservative
approach is to treat al isolates as potentially capable of causing disease, but modelling of
variability will be amore accurate reflection of real life.

4.3.2 Febrile gastroenteritis

Dose response data for febrile gastroenteritis are limited. In a New Zealand outbreak
involving ham, 21 of 24 (87.5%) people consuming the food contaminated with 1.8 x 10” L.
monocytogenes cells/g became ill with symptoms of febrile gastroenteritis (Sim et al., 2002).
Assuming approximately 100g of ham was eaten by each person at the meal, then the dose
ingested to produce this response was of the order of 10° cfu. In the outbreak described by
Dalton et al. (1997) an attack rate of 75% was recorded where the median number of cells
consumed was estimated as being as high as 2.9 x 10** cfu. In other outbreaksit is difficult to
estimate dose responses as portion sizes are not detailed or the number of cells present not
accurately known. However, of al of the other outbreaks, the lowest number in food that has
been shown to cause febrile non-invasive listeriosis is 1.9 x 10° cfu g* (Miettinen et al.,
1999), although the serving sizes were not detailed. In this incident all five people eating the
contaminated fish became ill with gastroenteritis, nausea, abdomina cramps and diarrhoea
Therefore consumption of more than the order of 10°- 107 cells appears to be sufficient to
cause L. monocytogenes febrile gastroenteritis at a high infection rate in some circumstances.
Given the currently accepted “single hit” non-threshold dose response models where the
ingestion of a single cell is assigned a probability of causing infection, it is likely that foods
contaminated with lower numbers of L. monocytogenes also cause febrile non-invasive
gastrointestina disease. As the dose decreases, so will the probability of illness. Because
this organism is not routinely screened for by clinical laboratories in cases of gastroenteritis,
sporadic cases of non-invasive listeriosis are likely to evade detection.

44  High Risk Groupsin the New Zealand Population

There are some high risk (susceptible) groups in the population for listeriosis (Sutherland and
Porritt, 1997). The well-categorised risk groups for listeriosis include pregnant women and
their foetuses, neonates, the elderly, and adults with a compromised immune system e.g. rendl
transplant patients, patients on corticosteroid treatment, and HIV/AIDS patients. However, it
should be noted that these groups will not be homogeneous with respect to ther
susceptibility, either within a group or between groups. The following sections provide
information on the New Zealand population of these groups.
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441 Perinatal population

Live births data for the 2001 Calendar year were 56,221 (http://www.stats.govt.nz/).

Births were spread evenly throughout the year, but were strongly weighted towards the
Northern areas of New Zealand. Thistota compares well with the results of the 2001 Census,
which reported 55,130 New Zealanders under the age of one year on Census night. Of these
51.3% were male and 48.7% female. This represents 1.4% of the tota New Zeaand
popul ation.

Given that there were seven perinatal cases of listeriosis in 2000, and there were (presumably)
around 56,000 live births, this equates to an incidence of approximately 12
cases/100,000/year in the perinatal population.

4.4.2 Elderly population

According to the 2001 Census of New Zealand 615,580 New Zealanders were aged 60 years
or over. Thisis 16.0% of the total population. The aged population is 45.2% male and 54.8%
female. The population 80 years and over is 112,090 (2.6% of the population) and is made up
of 34.3% males and 65.7% females (http://www.stats.govt.nz/).

4.4.3 Immune compromised

Persons at high risk of developing listeriosis often have deficient immune systems (immune
compromised). Actual numbers of people fitting this description are difficult to determine as
the individuals belong to a diverse range of groups (e.g. cancer and transplant patients, people
suffering from immunosuppressive diseases, the elderly) and the fact that definition of an
immune compromised state is often based on qualitative or circumstantial criteria. Available
statistics on some identifiable groups usually associated with compromised immune states are
summarised in the following section.

AIDS: At the end of June 2002, 765 people in New Zealand were notified with AIDS. At the
same date 1,818 people in New Zedland had ever been found to be infected with HIV
(http://www.moh.govt.nz/aids.html). This represents 0.04% of the total New Zealand
popul ation.

Cancer: The most recently available statistics on the incidence of cancer and cancer mortality
in New Zealand are from the 1998 year. In that year, 16,531 new cases of cancer were
registered (311.9 cases per 100,000 population), made up of 8,842 males (357.0 cases per
100,000) and 7,689 females (279.6 cases per 100,000). During the same period mortality due
to cancer was 7,582 (131.9 cases per 100,000) made up of 3911 males (152.4 per 100,000)
and 3671 females (117.6 per 100,000). (http://www.nzhis.govt.nz/stats/cancerstats.html). It is
uncertain what proportion of the New Zealand population are suffering from cancer at any
particular time.

Recipients of organ or tissue donations: The NZHIS publication “ Selected morbidity data for
publicly funded hospitals 1997/98” lists only two patients under the category “V42 Organ or
tissue replacement by transplant” and only five patients under the category “V43 Organ or
tissue replacement by other means’. A similar document covering private hospital morbidity
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during 1995 reported 57 corneal transplants, 21 cases of transplantation of muscle and tendon
of the hand, but no major organ transplants (http://www.nzhis.govt.nz).

However, this is an obvious underestimate as, presumably, a number of renal, heart and other
transplants take place in New Zealand. Some information on mgor organ transplants can be
obtained from diverse sources of information. An Austraian summary indicates that the
kidney is the most common organ transplanted, followed by liver, lung or heart-lung, heart
and pancreas (http://www.abs.gov.au/ausstats).

In 2001, 110 kidney transplants were performed on New Zeal anders bringing the total number
of surviving New Zealand kidney transplant recipients to 1062 (http://www.anzdata.org.au).
In 2001, 36 liver transplants were performed at the Auckland liver transplant unit. The unit
reported outcome statistics for 109 liver transplant recipients, but it is unclear whether thisis
the total surviving New Zealand population (http://www.nzliver.org/outcomes). The New
Zealand Organ Donation website gives the following numbers for transplants performed in
2001; kidney (excluding living donor transplants) 67, liver 36, heart 15, lungs 12, pancreas 3
(http://www.donor.co.nz). It appears likely that the total New Zealand population of surviving
major organ transplant recipientsis less than 2000 people (0.05% of the total population).
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5 EXPOSURE ASSESSMENT
51 TheHazard in the New Zealand Food Supply: L/steriain | ce cream

5.1.1 Domesticaly produced ice cream

No surveys of New Zealand ice cream for L. monocytogenes contamination have been located
in the scientific literature.

Sporadic testing of domestic ice cream by Health Protection Officers has been carried out,
however, none of the 93 samples on the ESR laboratory database were positive for the
presence of L. monocytogenes. The samples were a mixture of soft-serve and conventional ice
creams.

To address the shortage of testing results on ice cream in New Zealand, a request was made to
23 local manufacturers for results from their own testing programmes.

Testing results were supplied by six ice cream manufacturers in New Zealand, in either
summary form or as copies of test reports from the external laboratories conducting the
testing. The manufacturers involved represent the maority of the ice cream produced in this
country. The bulk of the results were from the previous 3 years (2000 — early 2003), while
the others covered shorter periods up to early 2003. The results included both environmental
and finished product testing. Testing was conducted according to either of the methods
included in New Zealand Technical Manual 2 i.e. either the Section 53.1 (FDA BAM 8"
edition 1995) method or the Section 53.2 (IDF) method.

Approximately 2280 test results from finished product were included in the data supplied; no
positive results for Listeria monocytogenes were reported.

Environmental samples are taken from the manufacturing environment as swabs from sites at
three different hygiene levels. The generaly accepted dairy industry definitions of Pathogen
Environmental Surveillance levels are:

Level 1 - Externa non-critical environment, e.g. roofs, gutters, tanker bays and
vehicle access ways.

Level 2 - Interna non-critical environment, e.g. al areas inside buildings where
product or product contact surfaces are not exposed to the surrounding environment
on a daily or routine basis. This may be split between the clean and dirty side of the
redline within a manufacturing building, e.g. Level 2aexterna environment, dirty side
of redline) and Level 2b (internal environment, clean side of the redline).

Level 3 - Interna critical environment, all areas where product or product contact
surfaces are exposed to the surrounding environment on adaily or regular basis.

Results from 1750 environmental tests were supplied. Of these, 204 were positive for a
Listeria species other than L. monocytogenes (principally L. innocua). Fifty-nine
environmental samples were positive for L. monocytogenes. Of these 59 positive results, 39
were from swabs taken from Level 1 areas, 9 from Level 2 areas, and 11 from Level 3 areas.
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Manufacturing plants operating under a Product Safety Plan are required to report positive
testing results to the NZFSA. No positive results for L. monocytogenes in ice cream have
been reported to the appropriate regulatory authorities (now NZFSA) during the period 2000-
2003, athough reporting of positive results from environmental samples occurs regularly
(Shona Scott, NZFSA, pers. comm.).

5.1.2 |Imported ice cream

The ESR laboratory database contains monitoring information from 1997 to 2000 for
approximately 80 imported shipments of ice cream and related frozen confectionery products
(no samples have been received by ESR for testing since that time). Ice cream products were
principaly from Italy, Sweden and the United Kingdom. Of these, only one, an ice cream
confectionery bar from Sweden, was found to be positive for the presence of L.
monocytogenes (serotype 1/2).

Since 1 July 2001 approximately 100 consignments of ice cream have been imported into
New Zealand. The mgority of these consignments (77) were from Australia and enter New
Zeadland without a requirement for pathogen testing. All consignments from Thailand,
Malaysia, Korea and Switzerland received during this period (16 consignments) were tested
for L. monocytogenes — all tested negative. Consignments from the Netherlands, France,
Denmark and Japan were not tested for pathogens at importation.

5.2  Food Consumption: Ice cream

New Zealanders are reported to have the highest per capita consumption of ice cream of any
country of 26 litres per annum (at a density of 0.57 kg/L this equates to 40 g/day), followed
by the United States, Canada, Australia, Switzerland and  Sweden
(http://www.foodsci.uoguel ph.ca/dairyedu/icdata.html). It is not stated what the basis for
these figures is, but it will presumably be based on the difference between production and
imports, and exports.

The following information is taken from the New Zealand National Nutrition Survey (NNS)
conducted in 1997 (Russell et al., 1999).

Summary food consumption statistics can be expressed in terms of ‘consumers (just those
people reporting to eat a particular food) or ‘persons (the whole population). Both will be
presented here. The age groups used by the 1995 Australian National Nutrition Survey
(Australian Bureau of Statistics, 1999) will initially be used so that an easy point of
comparison can be made. These are 16-18 years, 19-24 years, 25-44 years, 45-64 years, 65
years and over. Ice cream was assumed to be approximately analogous to the Australian NNS
category of ‘Frozen milk products’. Table 1 shows the percentages of respondents in the 1997
National Nutrition Survey who reported consuming ice cream in the previous 24 hour period.
This demonstrates a genera trend towards higher frequency of consumption amongst the
older population.
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Table1:

| ce cream — per centage of respondents consuming in 24 hour period

Age 16-18 19-24 25-44 45-64 65+ Total
(years)

Male 174 11.0 154 14.3 175 15.2
Female 18.2 10.5 13.8 10.9 10.8 12.5
Total 17.9 10.7 14.4 125 135 13.6

These figures are similar to those observed in the 1995 Australian NNS (Australian Bureau of
Statistics, 1999), which reported 15.4-23.0% of respondents consuming frozen milk products,
depending on the age group. The pattern of respondents with respect to age is similar to that
seen in Australia, with the younger age groups more commonly consuming ice cream, but
with no clear age-related trends amongst the older age groups.

Table 2 gives the median daily consumption level of ice cream, for consumers only. These
figures indicate that younger consumers are likely to consume larger quantities of ice cream
than older consumers.

Table2: | ce cream — median (50" percentile) consumption by consumers (g/day)
Age 16-18 19-24 25-44 45-64 65+ Total
(years)

Male 220 115 100 86 62 94
Female 80 81 80 65 54 68
Total 117 97 94 72 60 80

The median amounts of ice cream eaten by consumers are very similar to those reported for
the 1995 Australian NNS (Australian Bureau of Statistics, 1999). The Australian study
reported an overall median (males and females) for consumers aged 19 and over of 82.7
g/day, very similar to that derived from the New Zealand NNS (80 g/day). Overall figures for
males and females are also very comparable (males; Australia 95 g/day, New Zedland 94
g/day, females; Australia 68 g/day, New Zealand 68 g/day). The age-related trend in median
consumption levelsis aso evident in the Australian data.

Table 3 shows 95™ percentile levels of ice cream consumption by New Zealand consumers.
This level of consumption is considered to be an appropriate indication of a high volume
consumer for a particular food.

Table 3: | ce cream — 95" per centile consumption by consumers (g/day)

Age 16-18 19-24 25-44 45-64 65+ Total
(years)

Male 430 336 447 343 187 372
Female 326 224 271 199 179 250

Total 372 291 323 269 189 300

Risk Profile — Listeriamonocytogenesin Ice cream 18 October 2003



Table 4 shows overal mean daily intake values for ice cream for al respondents who
participated in the 1997 National Nutrition Survey.

Table 4: | ce cream — mean consumption by persons (g/day)

Age 16-18 19-24 25-44 45-64 65+ Total
(years)

Male 39.7 17.2 22.0 17.8 14.1 20.1
Female 24.9 125 14.5 9.3 7.6 12.4
Total 315 14.4 174 13.3 10.2 15.6

The mean amounts of ice cream eaten by persons in New Zealand (total population, not just
consumers) are very similar to those reported for the Australian NNS (Australian Bureau of
Statistics, 1999). The Australian study reported an overall mean (males and females) for
respondents aged 19 and over of 17.6 g/day, compared to 15.6 g/day from the New Zealand
NNS (1997). Overal figures for males and femaes are also very comparable (males;
Australia 22.5 g/day, New Zealand 20.1 g/day, females; Austraia 12.9 g/day, New Zealand

12.4 g/day).

These figures are higher than those for the simulated typical diets formulated for the 1997/98
New Zealand Total Diet Survey (Vannoort et al., 2000), which used an average daily intake
of ice cream for adult males of 11.4 g/day, and for adult females of 7.9 g/day.

The 1997 New Zealand NNS did not survey people under the age of 15 years. Data from the
Australian NNS suggests that the age group consuming the highest daily amount of ice cream
is the 12-15 year age group (58.8 g/day of frozen milk products, Australian Bureau of
Statistics, 1999).

The estimate for New Zealand mean consumption of ice cream of 15.6 g/day is slightly lower
than that for the US population for whom a per capita daily consumption of 20.3 g/day was
reported (EPA, 1997). It is also considerably lower than the New Zealand production-based
consumption estimate of 40 g/day quoted at the beginning of this section.

Based on import statistics for the year ending March 2003 (see section 3.2.2), the per capita
consumption of imported ice cream would be approximately 2.0 g/day.

5.3  Qualitative Estimate of Exposure

5.3.1 Number of servings of ice cream and serving size

5.3.1.1 Total population

From the NNS, 668 individual dietary records were deemed to represent consumption of a
serving of ice cream. Using a total survey population of 4636 and a total New Zeaand
population of 3,850,100 (http://www.stats.govt.nz/):

Annua number of servings (total population) =668 x 3,850,100/4636 x 365

=2.02 x 108 servings
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This compares to 1.49 x 10" servings of ice cream calculated for the US population (USDA,
2001), based on atotal population of 288,403,606 (http://www.census.gov/cgi-bin/popclock).
These figures produce quite similar results for the number of servings per person per annum
of 52 (US) and 53 (NZ2).

5.3.1.2 Elderly population

From the NNS, 145 individua dietary records were deemed to represent consumption of a
serving of ice cream for an individual aged 60 years or more. A total of 1087 people aged 60
years or more completed dietary recall questionnaires as part of the NNS. According to the
2001 Census 615,580 New Zealanders were aged 60 years or more.

Annua number of servings (elderly population) =145 x 615,580 /1087 x 365
=2.99 x 10 servings

5.3.1.3 Perinatal population

The assumptions made by the USDA to calculate the perinatal population were used to
caculate the number of perinatal servings for pregnant women in the New Zeaand
population. This was done by multiplying the number of servings for the total population (see
above) by the annual birth rate (for New Zealand; 56,221 in 2001 as a percentage of the 2001
total population gives a birth rate of 1.46% compared to the US rate of 1.5%) to give the
number of servings associated with women who gave birth during the year. This number of
servings was then dividing by 12, to estimate the proportion of the total servings consumed
by mothers who gave birth during the last month of pregnancy, the key risk period for
perinatal infection.

Annual number of servings (perinatal population) = 2.02 x 10° x 0.0146/12
= 2.45 x 10° servings

5.3.1.4 Intermediate population

The annual number of servings consumed by the balance of the population is calculated by
subtracting the value for the elderly and perinatal population from the total population.

Annua number of servings (intermediate population) =1.72 x 10® servings

Based on the datain the NNS database the 50, 75, 95, and 99" percentile serving sizes for ice
cream in New Zealand were:

Per centile Serving size (g)
50 80
75 130
95 272
99 456

For comparison, the USDA risk assessment determined the following serving sizes for the
same percentiles for ‘ice cream and frozen dairy products as; 132 g, 186 g, 330 g, 454 g.
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These figures suggest that a median New Zealand serving size is somewhat smaller than the
US equivalent.

5.3.2 Contamination frequency

The available data on the prevalence of L. monocytogenes in ice cream at retail in New
Zedand indicates that contamination is rare, both in imported and locally produced product.

5.3.3 Predicted contamination leve at retail

There are no recent data that would allow the assignment level of contamination to ice cream
in New Zealand.

5.3.4 Growth rate during storage and most likely storage time

Growth of L. monocytogenes in properly stored frozen ice cream is not expected.
5.3.5 Heat treatment
No heat treatment will be applied after purchase.

5.3.6 Exposure summary

Consumption of ice cream in New Zeadand appears to be similar to that in Australiain terms
of frequency and amount, but lower than for the US population in terms of amount.

Information available on the frequency with which L. monocytogenes is present in New
Zedand ice cream indicates that contamination is infrequent. The storage characteristics of
this food suggest that there is little potential for the organism to multiply during storage.

54 Over seas Context

Information from the scientific literature on the prevalence of L. monocytogenes in ice cream
overseas has been summarised in Table 5. Overal, the prevalence is very low; the result
from the National Food Authority (the predecessor organisation of FSANZ) in Austrdia is
anomalous. The large number of <1/ L. monocytogenes/g results may arise from the “Most
Probable Number” method used, and may actually include O cfu/g, but nevertheless these
results show an unusually high proportion of samples containing 1-10 cfu/g and 11-100 cfu/g.
Further details of this survey have been sought from FSANZ but none have been obtained.
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Tableb:

Over seas prevalence and quantitative data for L. monocytogenesin ice

Cream
Country Food No. samples | No. (%) positivefor | Reference
tested L. monocytogenes
Australia Domestic and imported ice 495 [413 (83.8)] NFA, 1992
cream [< 1/g approx 310] Given the uncertain
[1.0-10/g approx 60] | presentation of data
[11-100/g approx in this report the
119] figures quoted may
not be reliable. The
guestion is whether
a value of <1 has
been interpreted as
“detected”.
Australia, Ice cream 15 2 (13.3%) L. innocua | Health Department
Western Soft serve ice cream 114 1 (0.9%) of Western
Australia, 1992
Canada I ce cream from manufacturers 394 1(0.3) Farber et al., 1989
Ice cream mix from 85 0
manufacturers
I ce cream novelties from 51 1(2.0)
manufacturers
Chile I ce cream, scooped 68 5(7.4) Cordano and
Ice cream, factory packed 535 16 (3.0) Rocourt, 2001
CostaRica 1992 50 1(2.0) Monge et al., 1994
England and Ice cream bars (branded) 87 0 Nichols and de
Wales Other hard ice cream 1000 2(0.2) Louvois, 1995
Soft ice cream 964 2(0.2)
England and Ice cream 150 3(2.0) < 500/g Greenwood et al.,
Wales (detected by 1991
enrichment only)
Europe Ice cream, finished product International Dairy
1996 32040 32 (0.01) Federation (pers.
1997 22753 10 (0.04) comm)
1998 27177 7 (0.03)
1999 17246 7 (0.04)
Finland Ice cream Miettinen et al.,
1994 603 4(0.7) 1999
1995 188 0
1996 264 2(0.8)
1997 74 0
Hong Kong Soft serve http://www.info.gov
1998 40 0 .hk/fehd/safefood/re
1999 41 0 port/icecream/repor
2000 13 0 t.html
Pre-packed ice cream
1998 27 0
1999 39 0
2000 38 0
[taly Artisanal ice cream 396 0 Maifreni et al.,
1993
Korea Unspecified imports from the 132 8 (6.1) Baek et al., 2000
USA
Oceania/Asial | Ice cream, finished product International Dairy
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Country Food No. samples | No. (%) positivefor | Reference
tested L. monocytogenes
Africa 1996 15 0 Federation (pers.
1997 5286 0 comm)
1998 7395 3(0.049)
1999 8720 0
Singapore Ice cream 61 0 Ng and Seah, 1995
United Soft ice cream 1214 10(0.8) dll <100/g | Littleand De
Kingdom Powdered ice cream mix 14 0 Louvois, 1999
Liquid pasteurised mix 200 0
Liquid UHT mix 248 1 (0.4%) <100/g
Liquid mix, treatment not 50 1 (2/0%) <100/g
specified
USA Ice cream, finished product International Dairy
1996 4606 0 Federation (pers.
1997 4039 0 comm)
1998 2301 0
1999 5441 5 (0.09)
USA Ice cream 43 0 Schwartz et al .,
1989
USA I ce cream (1986) 232 6 (2.6%) Kozak et al., 1996
Novelty ice cream (1986) 145 10 (6.9%)
Ice cream (1987) 427 19 (4.4%)
Novelty ice cream (1987) 206 20 (9.7%)
Ice cream (1987) 57 3 (5.3%)
USA Quantitative data for dataset in Levels: 15/g and 1-5g | Ryser 1999a

line above

for two samples

Frozen dairy products as a potential vehicle for listeriosis infection have been the subject of
intense scrutiny in the United States after a 1986 perinatal case was suspected of being caused
by transmission in ice cream sandwiches (Ryser, 1999b). Since then enhanced surveillance
by the US dairy industry has resulted in over 50 recalls of frozen dairy products due to
Listeria contamination. However, not asingle case of listeriosisin the United States has been
linked to consumption of contaminated ice cream.
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6 RISK CHARACTERISATION

Listeriosisis anotifiable disease in New Zealand, and it is generally assumed that the severity
of the disease means that there are no unreported cases. However, the non-invasive febrile
gastroenteritis form of infection is not notifiable, and the only information on its incidence
comes from an outbreak. Consequently this section is principally concerned with invasive
listeriosis.

6.1  AdverseHealth Effectsin New Zealand

6.1.1 Incidence

Notification and mortality data from the EpiSurv database for listeriosis for the years 1990 to
2001 are given in Table 6. It is important to note that these are total cases, rather than cases

associated with any specific transmission vehicle. Perinatal refers to the period after 28
weeks of pregnancy and up to one week after birth.

Table6: Number of reported cases of invasive listeriosis and mortality from 1990
to 2001 (Kieft et al., 2000; Lopez et al., 2001; Sneyd et al. 2002)

Y ear Listeriosis cases Deaths (perinatal) Deaths (non-perinatal)
1990 16 2 NA
1991 26 1 NA
1992 16 0 NA
1993 11 2 NA
1994 8 0 NA
1995 13 1 0
1996 10 1 0
1997 35 6 2
1998 17 0 0
1999 19 2 1
2000 22 4 2
2001 18 1 1

NA = Not Available

Figure 4 shows a graphical representation of annual case numbers of listeriosis with the
proportions of perinatal and non-perinatal cases identified.
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Figure4: Listeriosis notifications by year 1980 — 2001

Listeriosis notifications by year,
1980-2001
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Notified cases of listeriosis from 1998-2002 were reviewed for risk factors, but no foods were
confirmed as sources during that time.

6.1.2 Clinical conseguences of Listeria infection

Listeriosis has a high proportion of serious outcomes i.e. hospitalisation and death.
Hospitalisation and fatality rates for notified cases of listeriosis in New Zealand during the
period 1997-2001 are given in Table 7. These outcomes are not always reported for each case,
SO percentages are expressed in terms of the number of cases for which outcomes are known.

Table7: Outcomedata for listeriosisin New Zealand
Y ear Hospitalised cases Fatalities Reference
1997 33/33 (100%) 8/35 (22.9%) ESR, 1998
1998 16/16 (100%) 0/17 (0.0%) Perks et al., 1999
1999 18/19 (94.7%) 3/19 (15.8%) Kieft et al., 2000
2000 22/22 (100%) 6/22 (27.3%) Lopez et al., 2001
2001 17/18 (94.4%) 2/18 (11.1%) Sneyd et al., 2002

Estimates for the United States are similar to the New Zealand data, with 92% of cases
hospitalised, and 20% of cases resulting in death (Mead et al., 1999). However, part of the
derivation of the US figures included a doubling of reported hospitalised cases and mortality
figures, to account for under-reporting.
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6.1.3 Information from Ministry of Hedth's suspect foodborne illness investigation
programme

The Ministry of Hedth's Suspect Foodborne Iliness Investigation Programme provides
investigative analyses to Public Health Units and provides a means of collating such
investigations. The programme is funded by the Ministry of Health and provided by ESR. It
contains information relating particular foods to episodes of suspected foodborne illness.
This may be due to the fact that it is a genuine risk factor related to the symptoms presented,
or may be due to preconceptions of the person experiencing the iliness or the investigating
officer. If the laboratory investigation identifies a known food pathogen in the suspect food at
levels sufficient to cause illness and the symptoms known to be caused as aresult of infection
by the organism are consistent with the case details then the food may be identified as
confirmed. Less compelling evidence may be provided in cases where a known pathogen is
identified in faecal specimens associated with the suspected foodborne illness episode but not
from the food samples provided (in some cases food samples may not have been provided,
but a food may still be suspected). In many cases a food may be implicated by the case or by
the investigating officer, as aresult of questioning the case. Implication of afood in a suspect
food poisoning may reflect true risk factors, but may equally reflect personal bias on the part
of the case or the investigating officer.

Details of suspect foodborne illness episodes in which ice cream was implicated from the
1997/98 to 2000/01 financial years were reviewed. In this period consumption of ice cream
was implicated as the cause of ten episodes of suspected food poisoning. In eight of these
episodes no pathogens were isolated from the ice cream or associated faecal specimens. In
one episode staphylococcal enterotoxin was isolated from afaecal specimen, but not from the
associated food. In the remaining episode L. monocytogenes was isolated from the sample of
ice cream, but this result was not felt to be significant as the organism was not isolated from
the associated faecal specimen and the ice cream had been open for some time and could have
been recontaminated. L. monocytogenes in ice cream has not been confirmed as the cause of
any cases of suspect food poisoning investigated under the Ministry of Health programme.

6.1.4 Outbreaks

Outbreaks of infection with L. monocytogenes in New Zealand are rare. From 1997 to 2001
only three have been reported to the national surveillance system. None of these outbreaks
was linked to consumption of ice cream. Two of the outbreaks were connected, and
associated with consumption of ham (Sim et al., 2002; Whyte, 2000) while no food vehicle
was identified in the other (Anonymous, 1998). An earlier small outbreak, in 1992, was
linked to the consumption of smoked mussels (Brett et al., 1998).

From 1997 to 2001 three outbreaks (8 cases total) were reported to the national surveillance
system for which ice cream was a suspected food. For two of these no pathogen was
identified; in the third, enterotoxin from Staphylococcus aureus was the likely cause.
However, the link with ice cream was not confirmed in these outbreaks.
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6.2 Adverse Health Effects Over seas

6.2.1 Incidence

Comparisons of listeriosis rates between countries must be made cautiously, as reporting
practices may differ. However, the datain Table 8 indicate that New Zealand' s rate is similar
to that of other developed countries.

Table8: Comparison of listeriosisincidence between countries

Country Period Rate /100,000 Reference
New Zealand 1999 0.5 Kieft et al., 2000
New Zealand 2000 0.6 Lopez et al., 2001
New Zealand 2001 0.5 Sneyd et al., 2002
Australia 2000 0.3 Lin et al., 2002
Canada 1990-1998 0.1-0.3 Health Canada, 2000
Denmark 2001 0.7 Dansk Zoonosecenter, 2002
France 1997 0.4 DeVak et al., 1998
UK 1983-2001 Approx. 0.2 - 0.5 PHLS, 2002
USA 2000 04 Anonymous, 2001

6.2.2 Contributions to outbreaks and incidents

As shown by the datain Table 9, most cases of infection with L. monocytogenes are sporadic
rather than part of outbreaks.

Table9: Contribution of L. monocytogenesto foodbor ne disease outbreaks and
incidents over seas
Country Y ear No. (%) No. (%) incidentsor cases | Reference
Outbreaks
Canada 1981 NS 1 (0.2) incidents Todd, 1992
41 (0.0) cases
USA 1989 1(0.2) 2 (0.0) cases Bean et al., 1996
USA 1993-1997 3(0.2) 100 (0.1) cases Olsen et al., 2000
NS = Not stated

No published instances of L. monocytogenes causing outbreaks or incidents where ice cream
was identified as the vehicle have been located, apart from the possible link found in the case-
control study discussed below.

Despite the numerous recalls of ice cream and other frozen dairy products, particularly in the
US, the only instance where a case of listeriosis has been linked to consumption of ice cream
occurred in Belgium. An immunocompromised 62-year-old man developed listeria
meningitis after consuming commercialy prepared ice cream containing 10% L.
monocytogenes serotype 4b  (Ryser, 1999b). However, reference to the original paper (in
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French) states that the case was immunocompetent and suggests that the most likely source of
the high levels of L. monocytogenes in the ice cream (up to 10%g) was from créme fraiche
mixed in with it, as judged by the fact that the fat content of the implicated container of ice
cream was higher than unopened product (Andre et al., 1990). This case can be regarded as a
“red herring” in terms of thisrisk profile, but isinteresting as it represented an outbreak of 12
cases where 11 people reported ‘flu’ -like symptoms and only one was hospitalised.

6.2.3 Case-control studies

A case-control study was conducted as part of an investigation into a 1986-1987 outbreak of
listeriosis in Philadelphia. There were 36 potential cases, and 32 of these wereinvolved in the
study (Schwartz et al., 1989). Consumption of ice cream was shown, among other potential
vehicles, to be a risk factor for listeriosis. The multivariate odds ratio for ice cream
consumption was 9.1 (95% Cl 1.6-51.4). Salami consumption was another statistically
significant risk factor, as was buying food from a particular chain of food retailers. No ice
cream brand could be associated with disease, nor could any manufacturer or distributor. The
subtypes involved were of different multi-locus enzyme and serotypes, and an association
between cases infected by one type and the consumption of one brand of ice cream was made.
However, testing of ice cream from the freezers of casesfailed to yield L. monocytogenes.

The lack of a single type of L. monocytogenes causing infections tends to suggest that these
cases did not form part of a single outbreak, although the incidence of disease in Philadelphia
over the period in question was certainly elevated. The authors themselves raise the question
of whether the epidemiological results were reliable, and by assessing numerous foods there
is always a chance that one will have an associated significant risk factor as a statistical
artefact. The lack of a single outbreak strain was explained in the hypothesis that, as a result
of a co-infection, a sub-clinical infection became clinical. Cases had reported the use of anti-
gastrointestina disease medication prior to the onset of listeriosis (although we might with
the benefit of another decade’ s observations also conclude that these symptoms were part of
the L. monocytogenes infection). Whatever the real explanation behind these data, there is no
clear explanation as to the events that occurred and ice cream consumption may explain at
least some of the cases involved. According to Farrag and Marth (1992) salami later became
the favoured vehicle in thisincident.

6.2.4 Risk assessments

A number of risk assessments have now been published concerning L. monocytogenes.

Two draft risk assessments for L. monocytogenes in ready-to-eat foods have been produced,
one by the USDA/FSIS in January 2001:

http://vm.cfsan.fda.gov/~dms/Imrisk1.html

and the other by FAO/WHO:

http://www.who.int/fsf/mbriskassess/Scientific documents/mra001.pdf.

After the most recent round of revisions the FAO/WHO model has combined aspects of the
FDA/FSIS one and aimost merged the two. However, since the latest draft of the FAO/WHO
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assessment is not yet publicly available only the FDA/FSIS assessment will be discussed
here.

It should be noted that this is very much a North American risk assessment and so used an
exposure assessment that is particular to that part of the world (even though data from
anywhere in the world were used to calculate prevalences in food). We might assume that the
hazard characterization (essentially dose response) would be the same in New Zealand as
North America, but the derived risk characterization will be different because of the different
eXposure assessments.

The relative risks predicted for the various ready-to-eat food categories in the FDA/FSIS risk
assessment are given in Table 10. These risk rankings are quite consistent with results from
case control studies.

Ice cream and frozen dairy products were ranked as the lowest of the identified risks for all
three population groups.

The International Dairy Foods Association has submitted comments on the FDA Draft Risk
Assessment and Action Plan on Listeria in relaion to ice cream (see
http://www.idfa.org/news/rel eases/2001/listeria/cfm) that note the lowest rating for ice cream.
They suggest that this is inconsistent with the zero tolerance policy for L. monocytogenes in
this product (which has resulted in numerous recalls) and the FDA should review this policy.

Table 10: Predicted relativerisks of listeriosis based on median valuesfor the North
American population (1 representsthe highest ranked risk and 20 the

lowest)
Food Categories Sub-Population
Intermediate Age | Elderly | Perinatal
Relative Rank (1-20)
SEAFOOD
Smoked seafood 3 3 3
Raw seafood 14 14 14
Preserved fish 7 7 6
Cooked ready-to-eat crustaceans 6 5 5
FRUIT AND VEGETABLES
Vegetables 17 17 17
Fruits 18 18 18
DAIRY PRODUCTS

Soft mould ripened & blue vein cheese 9 9 9
Goat, sheep and feta cheese 16 16 16
Fresh soft cheese (e.g. queso fresco) 2 1 1
Heat-treated natural/process cheese 15 15 15
Aged cheese 19 19 19
Fluid milk, pasteurised 10 10 10
Fluid milk unpasteurised 11 11 11
Ice cream and frozen dairy products 20 20 20
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Food Categories Sub-Population

Intermediate Age | Elderly | Perinatal
Relative Rank (1-20)

Miscellaneous 12 | 13 | 13
MEATS

Frankfurters*

All frankfurters 8 8 7

Only reheated frankfurters [15] [15] [15]

Only non-reheated frankfurters [1] [2] [2]

Dry/semi dry fermented sausages 13 12 12

Deli meats 4 4 4

Paté and meat spread 1 2 2

COMBINATION FOODS
Deli salads | 5 | 6 | 8

*Numbers in square brackets are for sub frankfurters either eaten raw or cooked.

Source; USDA/FSIS (http://vm.cfsan.fda.gov/~dms/Imrisk1.html)

In contrast, a review of ice cream technical issues by Dairy Food Safety Victoria (Australia)
(DFSV) found that ice cream was a high risk product (Dairy Food Safety Victoria, 2001).
This classification was based on consideration of all risks associated with ice cream, not only
the presence of L. monocytogenes, and specifically it was based on the following:

“ice cream is responsible for more product recalls for L. monocytogenes than any other
non fermented dairy products,

the dose of Salmonella spp. required to cause food poisoning is substantially lower than
for other products;

whilst al bacteria can’t grow in ice cream in the frozen state, studies have shown that
pathogens may survivein ice cream for years; and,

Ice cream has been responsible for anumber of food poisoning outbreaks.”

The review noted that while ice cream had frequently been recalled due to the presence of L.
monocytogenes, it had also been involved in numerous outbreaks of salmonellosis in the US
(See; http://www.cspinet.org/reports/outbreak alert/appendix_a.htm). These outbreaks were
associated with the presence of (or contamination from) shell eggs, presumably
unpasteurised. In contrast, only one case of listeriosis (in Belgium) has been linked to
consumption of ice cream (or possibly créme fraiche — see Section 6.2.2). In this case the ice
cream was contaminated with L. monocytogenes at alevel of 10* cfu/g.

The review recommended that DFSV sampling and testing be conducted of ice cream
products. The sampling would involve 5 samples at atime, and occur 4 times ayear. Tests
would be for coliforms, E. coli, L. monocytogenes and Salmonella (the last would only be
performed on products that contained egg, coconut, cocoa products or nuts).
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6.3  Qualitative Estimate of Risk

The information summarised above leads to the conclusion that with respect to the
transmission of L. monocytogenes, ice cream isalow risk food. Evidence for this conclusion
comes from:

Food surveys and (major) manufacturer testing data indicating a very low prevalence of
contamination in ice cream products;

Where data are available, the number of L. monocytogenes cells in contaminated ice
cream overseasis small;

Lack of a strong epidemiological or other link between the presence of L. monocytogenes
inicecream and clinical cases, either sporadic or outbreak;

The inability of the organism to grow in frozen food;

The very low values for R in the dose response model, even for “at risk” groups, which
means that at low cell numbers the probability of infection isvery low.

6.4  Risk Categorisation

The rationale for categorisation of food/hazard combinationsis presented in Appendix 1.

The invasive form of listeriosis causes a high (>5%) proportion of serious outcomes
(hospitalisation, long term illness, and death). Although there are no data to identify the
proportion of listeriosis transmitted by ice cream compared to other food groups, any

incidence will be in the lowest category because the overall incidence is below 1 per 100,000.

The non-invasive form of the disease is presumed to cause few serious outcomes, but data on
incidence of thisform are not available.

6.5 Summary
Food/hazard Severity Incidence Trade Other considerations
combination importance
L. monocytogenes | 1 (>5% 4 (<1 per High  (control | Incidents attract adverse media
inicecream serious 100,000) essential) attention

outcomes)
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7 RISK MANAGEMENT INFORMATION

71 Relevant Food Controls

Although there is no microbiological standard specifically for ice cream in New Zealand,
thereisavariety of other relevant legislation and controls.

7.1.1 Pasteurisation of ice cream in New Zealand: Regulatory status

The NZFSA Standard D121.1 issued under the Dairy Industry Regulations 1990 stipulates the
requirements that apply when ice cream as a dairy product is pasteurised (see Standard
D121.1 Dairy Heat Treatments (14 April 2003)
http://www.nzfsa.govt.nz/dairy/publications/standards/d121-1.pdf).

Options for times and temperatures for pasteurisation of ice cream mix prior to freezing are:

not less than 69°C for at |east 20 minutes;

not less than 74&C for at least 10 minutes;

not less than 79.5éC for at least 15 seconds;
not less than 85.5éC for at |east 10 seconds; or,
an equivalent heat treatment.

These times and temperatures are greater than those for pasteurisation of raw milk for
consumption as milk (e.g. the most commonly used “high temperature short term”
pasteurisation for milk is 72°C for at least 15 seconds). The reason is that other ingredients
of ice cream mix such as fat, sugar, emulsifiers and stabilisers, can have a protective effect on
pathogenic bacteria.  With respect to L. monocytogenes, it has been found that increased
thermal resistance is associated with higher sugar (high fructose corn syrup) and stabiliser
content of an ice cream mix, but not the milk fat content (Holsinger et al., 1992). Asnoted in
Section 2.1.3 the D time for L. monocytogenes at 70°C is approximately 10 seconds.

If not already compliant, existing installed heat treatment equipment and Product Safety
Programmes (PSPs) have until 14 April 2005 to comply.

These are the same times and temperatures as those given in Regulation 121 of the New
Zedland Food Regulations 1984 (now superseded by the joint Australia New Zealand Food
Standards Code, although New Zealand processing requirements are outside the scope of the
joint Code). The New Zealand Food Regulations 1984 (Regulation 121) also required that
after the ice cream mix had been heat treated no substance may be added, except fruit, fruit
syrup, fruit juice, or any other foodstuff that is pasteurised and is stored in a sealed sterilised
container.

Ice cream is stored and displayed for sae in a frozen state. The New Zealand Food
Regulations 1984 defined “frozen” as being at or below —18°C, while the New Zealand
Hygiene Regulations 1974 Amendment No. 4 (1983, #2) required that any food sold by retail
in a frozen condition must be stored at a temperature at or below —18°C, or, if displayed for
sale, at atemperature of at or below —12°C.
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Up to December 2002 the joint Australia New Zealand Food Standards Code existed in
paralel with local Australian and New Zealand legislation. On 20 December 2002 the joint
Food Standards Code replaced the New Zealand Food Regulations 1984. The Food
Standards Code Standard 2.5.6 stipulates that ice cream in Australia must be processed
according to Standard 1.6.2 of the Code. Clause 1 of Standard 1.6.2 states that milk must be
pasteurised by heating to atemperature 72°C for no less than 15 seconds, although alternative
times and temperatures may be used provided the same lethal effect on bacteria is achieved.
An accompanying editorial note states that: “For the purposes of Clause 1 of this Standard
milk and liquid milk products includes milk and liquid milk products used in the production
of any cream and cream products, fermented milks, yoghurt, dried, condensed, and
evaporated milks, butter and ice cream.” However, Standard 2.5.6 does not apply to New
Zedand, and the relevant regulation is Standard D121.1

7.1.2 L. monocytogenesin ice cream in New Zedland: Requlatory status

The NZFSA Standard D107.2 Dairy Product Safety (15 May 2003) specifies minimum
product safety outcomes for al dairy products. Criteria are given by which a dairy PSP
holder may be judged to satisfactorily achieve the outcomes described in Section 3 of the
Standard (particularly “All dairy products must be safe and wholesome”). One of the criteria
is a Product Safety Limit (PSL) for L. monocytogenes of ND (not detected)/25g. The
following comment is made with respect to this organism: “Listeria monocytogenes: A figure
of 100/g has been proposed by the Joint FAO/WHO Food Standards Programme, Codex
Committee on Food Hygiene in the “Draft Guidelines for the Control of Listeria
monocytogenes in Foods’ and is obtaining increasingly wide acceptance. In the future, it may
be appropriate to adopt a PSL of 100/g in circumstances where it can be shown that growth is
extremely unlikely to occur during the life of the product. However, before this occurs,
NZFSA and the dairy industry will need to be convinced that the 100/g figure has become
accepted by reputable food safety authorities worldwide.”

Previously Dairy Standard D109 Dairy Product Conformance was used to specify sampling
and testing requirements for dairy products. This Standard has been superseded by Standard
D110.2 Dairy HACCP Plans (15 May 2003) that specifies how HACCP principles and
guidelines are used to develop HACCP plans that are components of PSPs. This recognises
that a PSP holder can meet the required outcomes of a PSP in a variety of ways, including the
outcome of ensuring product compliance with Dairy Standard D107.2 Dairy Product Safety.
This provides the potential for products to be exempt from sampling and testing for
pathogens on the basis of product type or production process. Dairy Standard D107.2 states
in Section 3: “Routine testing of product safety attributes may not be required where a
HACCP plan (refer NZFSA D110 “Dairy HACCP Plans’) can demonstrate an equivalent
level of confidence in meeting these product safety outcomes”.

Standard D107.2 appliesto al diary products that are delivered to the retail distribution chain
within New Zedland or are exported. Exporters will also have to comply with the
reguirements of the country to which the product is exported.

However, some manufacturers serving only the domestic New Zealand market may have a
Food Safety Programme (FSP) registered with the Ministry of Health rather than a PSP. For
FSPs the Ministry of Health Microbiological Reference Criteria (Ministry of Health, 1995)
were applicable. Theserequired that all ready-to-eat foods met a zero tolerance, i.e.
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L. monocytogenes /259 n=5, ¢=0, m=0

(n = the number of sample units which must be examined from a lot of food to satisfy the
requirements of a particular sasmpling plan; ¢ = the maximum alowable number of defective
sample units, m = represents an acceptable level and values above it are marginaly
acceptable or unacceptable in the terms of the sampling plan)

However, there were a number of exemptions to this criterion. One of these stated that the
reference criteriadid not apply to the following foods:

“Foods produced in accordance with good manufacturing practice that will not support
the growth of Listeria monocytogenes i.e. have a pH of less than 4.6 or greater than 9.0
and/or water activity less than 0.9 and/or are stored or displayed below 1°C....... ”

Ice cream manufacture fell into this last category as long as it was produced under good
manufacturing practice and it was stored or displayed below 1°C.

The Microbiological Reference Criteria are intended to be superseded by the FSANZ
Standards, Guidelines and Criteria along with the introduction of the Joint Australia New
Zealand Food Standards Code in December 2002, although as of July 2003 the situation with
respect to individual criteriais still under consideration by the NZFSA.

There are three FSANZ documents that set microbiological limits for food:

Standard 1.6.1 Microbiological Limits for Food
Microbiological guideline criteria
Guidelines for the microbiological examination of ready-to-eat foods

The microbiological standards and reference criteria for food are contained in the Australian
New Zealand Food Standards Code (the Code) which became law in New Zealand on 8
February 2001. The Code was first published in the New Zealand Gazette on 20 December
2000.

The microbiological standards included in Standard 1.6.1 are legislative and mandatory in
Australia and New Zealand. In addition to Standard 1.6.1, FSANZ has provided two other
sets of guidelines that will assist the food industry and food safety advisersin interpretation of
microbiological results. These are the “Microbiological guideline criteria’ (Microbiological
Criteria) and the “Guidelines for the microbiological examination of ready-to-eat foods’
(RTE Guidelines). These guidelines provide a yardstick for industry to compare
microbiological levels that are acceptable and carry a low risk of food-borne illness when
consumed. The guidelines are intended to “complement other risk-management strategies
undertaken by government and industry” and “provide assistance in the interpretation of
microbiological analyses of foods where no microbiological criteriaexist".

The Microbiological Criteria contain asection for “lce cream and edible ices (e.g. soft serve.
gelati)”. Theseinclude the same criterion for L. monocytogenesof n=5,¢c=0, m=0.
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Dairy standards administered by the NZFSA (Dairy Standard D108.1) and associated Codes
of Practice include traceback and disposal requirements in the event of L. monocytogenes
detection or other non-conformances in product or in the processing environment (Shona
Scott, NZFSA, personal communication). These requirements include:

Isolation of all product and testing at increased frequency for the relevant pathogen.

A traceback exercise involving swabbing and clean-up of the plant.

Reporting by the manufacturer to their auditor who passes the information on to the
NZFSA.

Following source identification and corrective action, the manufacturer submits a
product disposal request to the NZFSA. Disposal options include; sale as a dairy
product, change of purpose, sub-lotting (separation of conforming and non-conforming
product), relabelling, use as dairy raw materials (reprocessing), use as animal feed, sale
for non-food and non-feed uses, or destruction.

The above requirements apply to manufacturers operating a Product Safety Programme. Other
manufacturers operating under the Food Hygiene Regulations would be required to inform
and liaise with their local Public Health Unit in the event of a positive result and recall.

7.1.3 lce cream manufacturing Code of Practice

The New Zealand Ice Cream Manufacturers’ Association represents thirteen producers, and is
in the process of developing a Code of Practice on behalf of the local ice cream industry
(http://www.nzicecream.org.nz/about.htm). The Code is being developed in collaboration
with the NZFSA (see http://www.nzfsa.govt.nz/dairy/publications/articles/ice cream.htm) as
part of a harmonisation project. It is envisaged that the requirements of the Code will be
consistent with Standard D121.1 for dairy heat treatment.

The Code of Practice is intended to form the basis of a Food Safety Programme (under the
Food Act 1981) or Product Safety Programme (under the Dairy Industry Act 1952) for
individual companies. Severa Dairy Standards apply to Product Safety Programmes:

D102.2: Product Safety Programme Reporting Requirements

D205.1: Independent Verification Requirements

MRD-Standards 3: Standard for Pasteurisation Heat Treatments

MRD-Standards 4: Standard for Checking the Operation of Pasteurisers
MRD-Standards 10: Validation of Environmental Pathogen Management Programmes.

Many of the requirements set out in these standards are also in NZCP7, “Pasteurisation
Equipment and Instrumentation Code of Practice” published by the NZ Dairy Board Quality
Section in 1996.

A consultation process on a draft version of the Code was undertaken in April-May 2002 and
the new version has been agreed as final by the industry (NZICMA, persond
communication). However, some issues are still to be resolved between the industry and the
NZFSA. These concern:
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(@) risk assessment of New Zealand ice cream which the industry maintains is a low risk
product;

(b) heat treatment;

(c) reporting requirements;

(d) independent verification and representation on the HACCP working group.

Consequently at this stage the Code has only been issued as an “Interim” document. The
interim code requires ongoing monitoring of finished product for Aerobic Plate Count and
Coliforms. Options listed for environmental hygiene monitoring include Aerobic Plate Count,
coliforms, yeast and mould and ATP. While both sections of the Code indicate that other tests
may be used, testing for L. monocytogenes is not specified in the Code.

7.2 Animal Products Act

Risk Management Programmes (RMPs) are part of the emerging food assurance system in
New Zealand. They form part of the Animal Products Act (APA) of 1999. These will
eventualy be integrated with the Food Safety Programmes (FSPs) and Product Safety
Programmes (PSPs) required by the Food Act and Dairy Industry Act
(http://www.maf.govt.nz/Food/key-concepts.htm#risk).

NZFSA Dairy Standard D121.1 comments that work has commenced on amending the APA
to include dairy operations in the scope of that legislation.

7.3  Legidative Environment Overseas with Respect to Listeria monocytogenesin Ice
cream

An important issue for food manufacturers and regulators is whether there should be a zero
tolerance for the presence of L. monocytogenes in ready-to-eat foods, or whether a low level
(usually 100 cfu/g) istolerable in certain foods where growth of the bacteriais unlikely. This
section collates information on the regulatory regimes in place overseas.

7.3.1 United States of America

The United States of America has a zero tolerance for L. monocytogenes in ready-to-eat
foods, which will include ice cream.

7.3.2 Canada

Canada has implemented a three category system for L. monocytogenes in ready-to-eat foods
(Farber et al., 1996).

Category 1: Foods causdly linked to listeriosis. Includes soft cheese, liver pété, coleslaw
mix with a shelf-life >10 days, and jellied pork tongue.

Action level >0 cfu/50g. Immediate action-Class | recall to retail level.

Category 2: All other ready-to-eat foods supporting the growth of L. monocytogenes with a
refrigerated shelf-life of >10 days.

Risk Profile — Listeriamonocytogenesin Ice cream 36 October 2003



Action level >0 cfu/25g. Immediate action-Class |1 recall to retail level.

Category 3: Ready-to-eat foods supporting the growth of L. monocytogenes with refrigerated
shelf-life of <10 days and all other ready-to-eat foods not supporting growth.

Action level £100 cfu/g with adequate GMP. Immediate action-allow sale. Follow up action-
follow up at plant level.

Action level £100 cfu/g with inadequate or no GMP. Immediate action-consider class 11 recall
or stop sale. Follow up action-follow up at plant level.

Action level >100 cfu/g. Class 1 recall or stop sale. Follow up action-follow up at plant level.
Ready-to-eat foods not supporting growth of L. monocytogenes include the following:

pH 5.0-55and a, <0.95

pH <5.0 regardless of a,

ay 0.92 regardless of pH

frozen foods

Ice cream falls into the last category, Category 3.

7.3.3 England and Wales

For the ready-to-eat food categories listed by Gilbert et al. (2000), when sampled at the point
of sale, there are three categories of results for L. monocytogenes,

<20/g Satisfactory (some products with long refrigerated shelf lives have absence in 259 as
satisfactory)

20-<100/g Acceptable

3 100/g Unacceptable/potentially hazardous

These categories are applicable to ice cream.

7.4  Adverse Economic Effects from Infection with L /steria monocytogenes

The annua economic cost to New Zealand of cases of invasive listeriosis caused by
foodborne transmission has been estimated as $818,000, which represents 1.5% of the
estimated total cost of foodborne infectious intestinal disease (Scott et al., 2000). The
number of cases and outcomes used for this estimate was based on an average of notification
and hospitalisation data from 1991 to 1998 (Lake et al., 2000). The estimated value includes
direct and indirect medical costs, the value of productive days lost, and the statistical value of
mortality, but not the value of lost quality of life.

This estimate was based on several assumptions, the most important of which was that 90%
of al cases of listeriosis were caused by foodborne transmission. This proportion was
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derived from proportions cited in the US. In that country, foodborne transmission of
listeriosis has been estimated as 85-95% (Buzby et al., 1996) and 99% (Mead et al., 1999) of
all cases.

This economic estimate covers all potential food vehicles. No data are available on the
proportion of transmission by individual foods.

7.5 Environmental Contamination

Reports in the literature suggest that contamination of ice cream is associated with post-
pasteurisation contamination, rather than a falure of pasteurisation to remove L.
monocytogenes from the raw ingredient (Kozak et al., 1996). Although cleaning and
sanitation practices can minimise the presence of L. monocytogenes in the manufacturing
environment, complete elimination is extremely difficult (Dean and Zottola, 1996).

Following a number of outbreaks of listeriosis in the USA in the mid-1980s the FDA
implemented the Dairy Safety Initiatives from 1% April 1986 to 30" September 1988 (K ozak
et al., 1996). Thisinvolved the collection of both finished product and environmental samples
for Listeria testing, as well as plant inspections. Because of funding limitations,
environmental samples were collected only when a finished product tested positive. A total of
1370 ingpections were carried out and 2.7% of the plants were manufacturing products
positive for Listeria spp. Ice cream and novelty ice cream were the products responsible for
60% of the isolations. There was a clear correlation between Listeria in the plant environment
and in the final product.

The result of this initiative was the production of “Recommended Guidelines for Controlling
Environmental Contamination in Dairy Plants’. The focus of this document was preventing
post-pasteurisation contamination by L. monocytogenes.

A study has been performed on the sources of L. monocytogenes in an ice cream production
plant in Finland (Miettinen et al., 1999). Results of the environmental investigation are
shownin Table 11.

Pulsed field gel electrophoresis (PFGE) typing and serotyping was performed on the isolates
obtained. Twelve PFGE types were identified, and 63% of the isolates were of a single type.
This L. monocytogenes type had persisted in the plant for at least seven years and was never
isolated from raw materials (although the number of samples tested was not large). The
source of contamination was traced to a packaging machine and, in particular, a conveyor
belt. Targetted cleaning and sanitation of the equipment and other sites resulted in eradication
of the strain from the plant.

If this identification of the source of contamination is typical, then ability of pasteurisation to
provide L. monocytogenes-free raw ingredients for ice cream manufacture is supported. The
numbers which may be present in the final product should therefore be low if they are the
result of cross contamination from environmental sources. Most of the data in Table 5
indicate that, when it occurs, contamination of ice cream by L. monocytogenes is at low
numbers.
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Table11:

Results of environmental sampling at a Finnish ice cream plant, 1990-

1997
Y ear Site No. (%) positivefor L. monocytogenes
1990 Environment 5/40 (12.5)
1991 Environment 3/56 (5.4)
1992 Environment 1/16 (3.2)
1994 Equipment 32/656 (4.9)
Environment 11/193 (5.7)
Raw material 0/9 (0)
Unfinished product 0/83 (0)
Ice cream 4/603 (0.7)
1995 Equipment 5/111 (4.5)
Environment 0/57 (0)
Unfinished product 0/3 (0)
Ice cream 0/188 (0)
1996 Equipment 8/103 (7.8)
Environment 0/42 (0)
Ice cream 2/264 (0.8)
1997 Equipment 0/20 (0)
Environment 0/26 (0)
Unfinished product 0/1 (0)
Ice cream 0/74 (0)

7.6  Risk Management Options

Currently the legidlative situation regarding ice cream manufacture in New Zeadland isin a
state of flux, with various Dairy Standards being reviewed, and sector-based HACCP
programmes under a variety of legislation being merged.

Pasteurisation is an effective means of eliminating L. monocytogenes from ice cream.
Conseguently, provided pasteurisation practice is effective, any risk of contamination arises
after that step. There are two important possible sources of L. monocytogenes contamination:

Ingredients added after pasteurisation. Although the New Zealand Food Regulations
require any additions to ice cream after pasteurisation to also be pasteurised (except
fruit, fruit syrup, fruit juice), in practice a number of added ingredients, particularly to
novelty products, will not be able to be heat treated.

Environmental contamination. Studies in the US during the 1980s showed the potential
for this type of contamination (Kozak et al., 1996), which was followed by control
measures.

The NZICMA Code of Practice lists as a control for ingredients added post churn (page 32):
“ensure ingredients are free of pathogens, foreign matter and chemical contamination”. Test
certification of raw materials is the usua control measure suggested for such ingredients
(page 39). Processing of inclusions is covered (Section 17), and products that are unable to
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be heat treated before use are recommended to be subject to appropriate control measures at
purchase, or subject to testing before use.

Environmental monitoring requirements for ice cream manufacturers are currently as for dairy
factories generally and general requirements are set out in MRD-Standards 10. The specific
requirements for individual manufacturers will be set out in their Product Safety Programmes
(PSP). Approximately seven ice cream manufacturers in New Zealand have PSPs registered
with the NZFSA (see: http://www.nzfsa.govt.nz/dairy/registers/psp.htm). These PSPs will
contain trigger points which may initiate pathogen testing in further environmental samples or
finished product.

Manufacturers without a registered PSP may be operating under a Food Safety Programme, or
there may be some manufacturers without a HACCP based food safety programme.
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8 CONCLUSIONS
8.1  Description of Risksto New Zealand Consumers

8.1.1 Risksassociated with ice cream

The rate of reported invasive listeriosis in New Zeadland is similar to that found in like
countries (Table 8). However, there is no evidence to link cases of L. monocytogenes
infection in New Zealand with ice cream. Data on the prevalence of L. monocytogenes in
New Zeaand ice cream from limited testing of imports and local samples by ESR, as well as
end product testing by some manufacturers, indicate that contamination rates are very low.
The data supplied by local manufacturers for this report will cover the mgority of the ice
cream manufactured in New Zealand, but no assessment can be made for the remainder.

There are no data to suggest that L. monocytogenes in ice cream in New Zealand currently
represents a significant risk to human health. Other vehicles (see “Listeria in ready-to-eat
meats’ Risk Profile) represent a more important potential route of exposure to this organism.

Within the context of a HACCP based PSP that controls pasteurisation and ingredients added
after pasteurisation, ice cream can be considered alow risk product. Bacteriawill not grow in
properly stored frozen ice cream. The assessment by Dairy Food Safety Victoria that ice
cream is a high risk product is at variance with the assessment by the US FDA and the
conclusion of thisreport for New Zealand, at least in terms of L. monocytogenes.

This document is concerned with L. monocytogenes in ice cream, but some comment on the
use of eggs by ice cream manufacturers is pertinent. Although eggs are not generaly
considered a source of L. monocytogenes, they have been a common source of Salmonella
contamination in ice cream overseas. Although New Zealand isfortunate in that S. Enteritidis
types which can infect eggs internally as well as externally are not endemic, eggs should still
be considered a potential source of this organism. The potential for this contamination is
likely to be small as most manufacturers are likely to use pasteurised egg ingredients, or
conduct their own heat treatment of eggs. A survey of industry practices with regard to egg
ingredients should clarify thisissue.

8.1.2 Risks associated with other foods

Listeriosis is considered to be primarily a foodborne disease. Other potential routes of
infection have been identified but most assessments assign the magjority of cases to the
foodborne route. It is likely that ready-to-eat foods contribute to foodborne listeriosis but
foods on which it cannot grow, e.g. cheddar cheese, or which have a short shelf life, e.g. pre-
prepared salads, are less likely to contribute to the disease burden significantly as the
organism should not reach high numbers.

The USDA risk assessment listed as high (5 or above) relative risks of listeriosis for the
following food groups (Table 10): paté and meat spread, deli meats, fresh soft cheese,
smoked seafood, cooked ready to eat crustaceans, deli salads. Non-reheated frankfurters were
also ranked highly for relative risk in the US; it is unlikely that this food is widely consumed
in New Zealand, athough saveloys and cocktail sausages may be eaten without reheating
prior to consumption.
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In New Zealand an outbreak of invasive listeriosis has been linked to smoked mussels.

8.1.3 Quantitative risk assessment

A quantitative risk assessment would be feasible for L. monocytogenes in ice cream, provided
sufficient data on the prevalence of the organism in the product at a retail level could be
obtained. However, it is difficult to see how the conclusions would be markedly different to
those derived from the quantitative risk assessment conducted by the US FDA, and the lack
of evidence for transmission of L. monocytogenesin ice cream in New Zealand argues against
such an exercise.

8.2 Commentary on Risk Management Options

General measures of hygiene in ice cream, such as aerobic plate counts or coliform
monitoring, are not indicative of the potential for the presence of L. monocytogenes.
Although testing of product and in-process tests are described in the NZICMA Code of
Practice (Section 20) the hygiene testing options given are not appropriate for indicating the
potential presence of L. monocytogenes, although they do indicate the effectiveness of plant
cleaning and sanitation programmes. Listeria-specific tests would be required, since the
presence of L. monocytogenes has not been found to be correlated with high bacterial counts
in dairy plants (Cotton and White, 1992).

Testing of environmental samples and finished product for L. monocytogenes is being carried
out by ice cream manufacturers in New Zealand under the requirements of PSPs and the
relevant Dairy Standards. Six of those manufacturers have supplied information for this
document, and that information will cover the majority of the ice cream manufactured in New
Zeadland. There may be a few manufacturers who supply only the domestic market and who
are not currently operating under a PSP, but under a Food Safety Programme or some other
food safety status. It is not possible to assess the risk from these manufacturers, and the
prevalence of L. monocytogenes in their product represents the most important data gap for
thisrisk profile.

Ice cream can be accepted as a low risk product due to the very low risk of bacterial growth,
even if post pasteurisation contamination has occurred. Post pasteurisation contamination is
most likely to introduce only low numbers of cells. Assuming that no L. monocytogenes
growth occurs between pasteurisation and freezing, then the frozen storage of ice cream offers
the potential to consider this food as separate from the majority of unfermented dairy
products which do not receive this storage treatment. Scientists in the United States and
Canada, on the basis of an extensive survey of ready-to-eat food samples for L.
monocytogenes, have argued that an effective public health management strategy should be
based on eliminating higher concentrations of the bacterium in foods in which it is present
and likely to grow (Chen et al., 2003).

Controls on ingredients added after pasteurisation should be considered, and testing applied if
appropriate e.g. for ingredients where bacterial growth is possible. The NZICMA Code of
Practice recommends that each ingredient or inclusion is subjected to a hazard analysis (page
49) and if products are unable to be heat treated or inspected, they should be subject to
appropriate control measures at purchase, or subject to testing before use. Such case-by-case
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assessments with respect to L. monocytogenes could be documented by manufacturers, and
this would strengthen the evidence for assessment of ice cream as a low risk product. Any
such assessments should consider whether an ingredient might be available as a retail food
already, and the status of that ingredient with respect to L. monocytogenes.

Extensive environmental monitoring is likely to locate at least some L. monocytogenes in
each manufacturing plant. Theinability of bacteriato grow in the product means that any low
numbers of contaminating L. monocytogenes will not increase. Any positive environmental
sample results should be followed by full identification of the isolate (e.g. serotyping, PGFE)
to improve the ability to locate and eliminate the source of contamination.

8.3 Data Gaps
The data gaps identified in this Risk Profile are:

Prevalence of L. monocytogenes in ice cream from manufacturers who have not supplied
data in response to the request for this report;

Quantitative data on levels of L. monocytogenes in ice cream when contamination does
occur;

Types of products added to ice cream after pasteurisation and their potential for L.
monocytogenes contamination;

New Zealand ice cream industry practices with respect to the use of eggs.
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APPENDIX 1: CATEGORIESFOR RISK PROFILES

The assignment of a category for a food/hazard combination uses two criteria: incidence and
severity.

1. Incidence

The incidence is an estimate of the proportion of the foodborne disease rate due to an
individual hazard, that is transmitted by a single food or food group.

The overal rate of foodborne disease caused by individual hazards can be derived from
information in the published estimate of foodborne disease (Lake et al., 2000). This estimate
has been updated to reflect more recent notifications rates for the 12 months to June 2001, but
still using 1996 census figures (3,681,546 population). Rates include estimates for unreported
cases who do not present to a GP.

Disease/or ganism Food rate (/100,000 Food rate (/100,000
population) population)
Calculated for 12 monthsto Calculated for 12 monthsto
June 2001 December 1998
Campylobacteriosis 1320 2047
Listeriosis 0.4 0.4
VTEC/STEC 1.9 14
Samonellosis 176 230
Yersiniosis 38 62
Shigellosis 7 7
NLV* 478 478
Toxins* 414 414
Typhoid* 0.3 0.3
Hepatitis A* 0.4 0.4

* not recal cul ated.

These are total foodborne rates, so it is probably safe to assume that in most cases the rates
associated with a particular food are likely to be an order of magnitude lower. For instance, a
category of “>1000" would only be assigned if it was decided that all campylobacteriosis was
due to asingle food/food type.

The following categories are proposed for the rates attributable to a single hazard/food (or
food group) combination:

Category | Raterange | Comments/examples

1 >100 Significant contributor to foodborne campylobacteriosis
Major contributor to foodborne NLV

2 10-100 Major contributor to foodborne salmonellosis
Significant contributor to foodborne NLV

3 1-10 Magjor contributor to foodborne yersiniosis, shigellosis

4 <1 Major contributor to foodborne listeriosis

A further category, of “no evidence for foodborne disease in New Zealand” is desirable, but it
was considered more appropriate to make this separate from the others. Also separate is
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another category, of “no information to determine level of foodborne disease in New
Zealand’.

The estimation of the proportion of the total foodborne disease rate contributed by a single
food or food group will require information from a variety of sources including:

exposure estimates
results from epidemiological studies (case control risk factors)
oversess estimates

For illnesses where the rate is <1 per 100,000 the ability to assign a proportion is unlikely to
be sensible. For such illnesses it may be more useful to consider a Risk Profile across the
range of al high risk foods, rather than individual foods or food groups.

2. Severity
Severity isrelated to the probability of severe outcomes from infection with the hazard.

The outcomes of infectious intestinal disease are defined in the estimate of the incidence
(Lakeet al., 2000) as.

death

hospitalised and long term iliness (GBS, reactive arthritis, HUS)
hospitalised and recover

visit a GP but not hospitalised

do not visit aGP

The first three categories of cases were classed as severe outcomes. Some hospitalisations
will result from dehydration etc. caused by gastrointestinal disease. However, for infections
with Listeria and STEC hospitalisation will result from more severe illness, even if recovery
is achieved.

The proportion of severe outcomes resulting from infection with the hazards can be estimated
from the proportion of cases hospitalised and recover, hospitalised and long term illness, and
deaths (Lake et al., 2000).

Disease/or ganism Per centage of outcomesinvolving death or long term illness from
foodbor ne cases

Campylobacteriosis 0.3
Listeriosis 60.0
VTEC/STEC 104
Salmonellosis 1.0
Yersiniosis 04
Shigellosis 2.7

NLV Assumed to be <0.5%
Hepatitis A 154
Typhoid 83.3

Toxins Assumed to be <0.5%

Categories for the probability of severe outcomes are suggested as follows:
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Severity | Percentage of cases that | Examples
Category | experience severe outcomes

1 >5% listeriosis, STEC, hepatitis A, typhoid
2 0.5-5% salmonellosis, shigellosis
3 <0.5% campylobacteriosis, yersiniosis, NLV, toxins

There are a number of hazards for which the incidence of foodborne disease is uncertain.
These have been assigned to the above severity categories as follows:

Severity category 1:
Bacteria

Clostridium botulinum
Protozoa

Toxoplasma

Severity category 3:
Bacteria

Aeromonas/Plesiomonas

Arcobacter

E. coli (pathogenic, other than STEC)
Pseudomonas

Sreptococcus

Vibrio parahaemolyticus

Viruses

Others (e.g. rotavirus)
Protozoa

Giardia
Cryptosporidium

Cyclospora
Others (e.g. Entamoeba)
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Proposed Category Matrix

Incidence

>100

10-100

1-10

<1

Severity 1

Severity 2

Severity 3

Alternatives:

No evidence for foodborne disease in New Zealand

No information to determine level of foodborne disease in New Zeaand
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