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Abstract

Listeria monocytogenes may be found on ready-to-eat (RTE) meats, posing a public health risk. To minimize the public health impact,
an appropriate level of protection (ALOP) can be established for a population with respect to L. monocytogenes, and ideally should be
based on a scientific assessment of the risk, as well as societal and economic factors. Food safety systems can be based on meeting the
ALOP. Food safety objectives (FSO) provide a link between the ALOP and performance objectives that are established to control a
foodborne hazard. An FSO can be used as a risk management tool for L. monocytogenes in RTE meats, as the FSO establishes the strin-
gency of the measures being used to control the hazard, by specifying the frequency and/or cell number of the pathogen in the food that
should not be exceeded at the time of consumption. Typically, this requires setting performance objectives or performance criteria at an
earlier point in the food chain, to ensure that the product will meet the FSO. Establishing an FSO requires an assessment of the risk of
the hazard to the population of interest. Risk management strategies such as use of HACCP systems and Good Manufacturing Practices
can then be used to ensure that the FSO is met.
Published by Elsevier Ltd.
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1. Introduction

Many different pathogens are found on meat and meat
products, including Escherichia coli O157:H7, Salmonella,
Listeria monocytogenes and Staphylococcus aureus (CDC,
1989; CDC, 1997; Gill, Jones, Bryant, & Brereton, 2000;
Gill, McGinnis, & Bryant, 2001; McEvoy, Doherty, Sheri-
dan, Blair, & McDowell, 2003; O’Brien et al., 2005; Pearce,
Sheridan, & Bolton, 2006; Sheridan, Duffy, McDowell, &
Blair, 1994; Sofos, Smith, Kochevar, & Reagan, 1999).
Pathogens may be found on the hides of live animals and
may contaminate the meat if cross contamination occurs
during the slaughter, or they may colonize the intestines
of animals, which could contaminate muscle meat at
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slaughter. Pathogens can be reduced by knife trimming
or vacuuming any visible contamination off the carcass,
through acid rinses or hot water or steam pasteurization
of the carcass (Bacon et al., 2000; Gill, Bryant, & Bedard,
1999; Gill, Bryant, & McGinnis, 2000; Logue, Sheridan, &
Harrington, 2005). Thorough cooking or processing of
meat products should destroy vegetative pathogens, but
contamination of cooked meat products can occur from
the environment, after processing and before packaging
in the processing plant. Further contamination or micro-
bial growth can occur through improper handling during
storage, at retail or in the home. Organisms can grow to
large numbers if time and temperature controls are not in
place. Therefore, food safety management strategies must
be in place to protect public health. Food safety systems
have typically been based on how well an industry is capa-
ble of performing, i.e., the concept of as low as reasonably
achievable (ALARA) rather than a stated degree of strin-
gency. Where feasible, an alternative approach is to set
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public health goals, or targets, for reducing the level of dis-
ease associated with specific pathogens. Setting public
health goals requires consideration of societal and eco-
nomic considerations as well as scientific information to
balance the need to ensure protection of public health with
the practical realities of food production. Goals should be
developed with consideration to the prevailing levels of ill-
ness associated with a pathogen/food combination, and the
need to reduce this level of illness such that continuous
improvement in public health occurs, while acknowledging
that zero risk cannot be attained. This manuscript
describes the use of risk analysis for managing microbial
pathogens in meat, including a case study on Listeria mon-

ocytogenes in ready-to-eat meats.

2. Appropriate level of protection (ALOP)

Public health goals are established to ensure continu-
ous improvement in the health of the population. For
microbial hazards, public health goals can be stated as a
reduction in the current level of illnesses, for example,
in the USA, a goal was set to reduce the incidence of dis-
ease caused by four key pathogens (Salmonella species,
Campylobacter species, Escherichia coli O157:H7, and
Listeria monocytogenes) by 50% by 2010 (HHS, 2000).
For foodborne listeriosis, this represents a reduction from
0.50 to 0.25 cases per 100,000 population per year. The
current level of listeriosis as measured by the US Centers
for Disease Control and Prevention (CDC) is 0.3 cases
per 100,000 population and is therefore approaching the
public health goal (CDC, 2006). A public health goal is
a statement of a country’s appropriate level of protection
(ALOP). The ALOP concept was introduced in the World
Trade Organization Agreement on the Application of
Sanitary and Phytosanitary Measures (the SPS Agree-
ment), which promotes the use of risk assessment, based
on objective and accurate scientific data, when setting
food safety standards. The ALOP is defined as the level
of protection deemed appropriate by the member-country
establishing a sanitary or phytosanitary measure to pro-
tect human, animal or plant life or health within a terri-
tory. The ALOP is viewed as the degree of risk that a
society is willing to tolerate, or accept, and measures what
is achievable before ‘‘costs’’ to society become too great.
Costs may be human, economic, ethical, medical, legal,
etc. Risk managers are responsible for setting the ALOP.
The ALOP will be influenced by the severity of the haz-
ard, the degree of outrage associated with a hazard
(e.g., if children are affected) and the perception of risk,
which is a function of the ability of a consumer to control
the hazard. The ALOP may include safety margins
deemed appropriate for minimizing illnesses and to
account for uncertainty. The safety margins employed
should be proportional to the uncertainty as measured
by the underlying risk assessment. As uncertainty is
reduced through acquiring more information, the ALOP
can be adjusted.
3. Food safety objectives

Food safety standards should be set to meet the ALOP.
One difficulty when implementing the ALOP concept is
that the ALOP may not be described in terms that can
be used by the food industry or government regulatory
agencies to set a target for food safety systems, for exam-
ple, the ALOP may be described as a reduction in illnesses,
whereas industry or government need a target based on the
number of organisms in a food. The International Com-
mission on Microbiological Specifications for Foods
(ICMSF, 2002) has proposed the establishment of Food
Safety Objectives (FSO) to provide a link between the
ALOP and target points in the supply chain. The intention
of FSO is that they be established by government regula-
tory agencies and serve as a means of communicating pub-
lic health goals to industry and other stakeholders in a
form that can provide a measurable target (Walls & Bucha-
nan, 2005). The FSO is defined as ‘‘the maximum fre-
quency and/or concentration of a microbial hazard in a
food considered tolerable for consumer protection at the
time of consumption’’ (CAC, 2004). Setting the FSO at
the time of consumption requires consideration of the like-
lihood and impact of contamination at all points further
back in the food chain. Targets earlier in the food chain
are termed performance objectives (PO) and performance
criteria (PC). A PO is the maximum level (frequency and/
or concentration) of a hazard in a food at a specified point
in the food chain that should not be exceeded in order to
achieve an FSO (CAC, 2004). A PC is the outcome of
one or more steps in the food safety management system
that must be met in order achieve an FSO. For example,
the outcome could be a particular minimum reduction in
the prevalence or numbers of the hazard in a specific unit
of food required, or a maximum increase in the hazard
level tolerable. Processors or legislative authorities may
need to set POs or PCs at lower levels than the FSO to
ensure that the FSO is met.

When establishing PO, consideration must be given to
the initial levels of the organism and to any changes that
may occur during production, distribution, storage, prepa-
ration, and use of a product. The PO can be expressed con-
ceptually by the following equation introduced by the
ICMSF (2002):

H 0 �
X

Rþ
X

I 6 FSO

where H0 is the initial level of the hazard,
P

R is the total
(cumulative) reduction of the hazard,

P
I is the total

(cumulative) increase of the hazard and FSO is the food
safety objective. FSO, H0, R and I are expressed in log10

units.

4. Establishing a food safety objective – scientific

considerations

Setting an FSO can involve the following actions (Walls
& Buchanan, 2005):
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(1) Identification of a public health concern and the need
for management actions.

(2) Evaluation of the level of risk (e.g., by conducting a
risk assessment).

(3) Articulation of the public heath goal.
(4) Determination of the maximum level of exposure that

would achieve the public health goal (including con-
sideration of the need to build in an extra margin
of safety to account for variability in food safety
management performance and uncertainty in our
knowledge on the level of risk) – this is the FSO.

(5) Evaluation of the feasibility of complying with the
FSO.

(6) Implementation of the FSO by the industry.

4.1. Risk analysis

Risk analysis can be used to identify public health con-
cerns and evaluate risk (Buchanan, Dennis, & Miliotis,
2004; CAC, 2004; Stringer, 2004; Walls, 2004). Risk analy-
sis comprises risk management, risk assessment and risk
communication. Risk assessment provides a framework
to collect and analyze the best available scientific informa-
tion on a hazard. Risk managers consider the scientific
information developed during the risk assessment process
in light of other important non-scientific information (for
instance costs, cultural and environmental factors, etc.),
identify a range of appropriate options to manage that risk,
and select the best option from the various possibilities to
help make risk management decisions, i.e., determine the
most appropriate ways to prevent or minimize harm from
the hazard. The final decision on the risk management
option should be based on all the available scientific, tech-
nical, economic and other relevant information.

Quantitative microbial risk assessment provides a sys-
tematic means for assessing the severity of microbial haz-
ards and the likelihood that they will occur (Buchanan,
Smith, & Long, 2000; CAC, 1999; ILSI RSI, 1996, 2000;
Lammerding & Fazil, 2000.) Hazards have the potential
to cause harm if an individual is exposed to the hazard.
When assessing risks, the nature of the hazard, the likeli-
hood that an individual or population will be exposed to
the hazard, and the likelihood that exposure will result in
an adverse health effect are considered. Quantitative micro-
bial risk assessment includes: (i) hazard identification/risk
profile; (ii) hazard characterization; (iii) exposure assess-
ment; and (iv) risk characterization.

4.2. Developing a risk profile

Development of a risk profile is a planning step in which
the goals, breadth and focus of the risk assessment are
identified, as well as the regulatory and policy context of
the assessment. The risk profile should include a brief
description of the situation, product or commodity
involved. The specific risk management questions to be
addressed by the risk assessment should be determined at
this point. Examples of risk management questions are:

(1) What is the risk associated with different levels of
pathogens for normal and sensitive subpopulations
(e.g., for L. monocytogenes in ready-to-eat meats,
estimate the risk associated with 0 cfu/25 g,
<1 cfu/g, <10 cfu/g, and <100 cfu/g at the point of
consumption).

(2) What is the change in risk likely to occur from spe-
cific interventions (e.g., for Salmonella Enteritidis in
raw chicken, estimate the change in risk if you reduce
the prevalence of Salmonella Enteritidis positive
flocks).

(3) What is the change in risk if I add preservatives to
prevent the growth of L. monocytogenes in ready-
to-eat meat?

Data needed to complete the risk assessment should be
identified in the risk profile and the assumptions inherent
in the analysis should be stated. A key element is that dia-
logue is established between risk assessors, risk managers
and other stakeholders during this phase to ensure that
the appropriate scientific concerns are addressed and that
the risk assessment provides the information necessary
for making sound risk management decisions. The risk
profile should allow risk managers to determine whether
a full risk assessment is needed, or whether the questions
to be answered can be addressed with the existing knowl-
edge. For example, implementation of known good manu-
facturing practices may be sufficient to resolve the issue. If
there are illnesses or evidence of product contamination,
immediate action may be needed, in which case a decision
should be made based on existing knowledge, and a full
risk assessment undertaken at a later stage.

4.3. Hazard identification

Hazard identification is the identification of biological,
chemical and physical agents capable of causing adverse
health effects and which may be present in a particular food
or group of foods (CAC, 1999). In microbial risk assess-
ment, usually the microorganism is known to be a hazard,
based on epidemiological data on illnesses associated with
the organism. Information may be available from the pub-
lished literature or government databases (CDC, 2006;
FDA, 2006).

4.4. Hazard characterization

Hazard characterization is the qualitative and/or quan-
titative evaluation of the nature of the adverse health effects
associated with biological, chemical and physical agents,
which may be present in food (CAC, 1999). Characteriza-
tion of human health effects includes identifying the host
population, and a dose–response assessment, if data are
available. Information on the host could include: age,
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health/immune status (including pregnancy), gender, eth-
nicity, location (urban, rural), profession and associated
environment, education level and income level.

A dose–response analysis is undertaken to characterize
the relationship between dose, infectivity and the likelihood
and severity of the spectrum of adverse health effects asso-
ciated with the hazard in an exposed population. A major
assumption in dose-response modeling for microbial risk
assessment is that a single microbial cell has a very small
but finite probability of causing illness. Dose–response
relationships may be determined by human volunteer feed-
ing trials, but for many microorganisms, such trials may
not be ethical as the organisms may cause life-threatening
diseases. Animal models have been used to develop dose–
response models, but their utility is limited due to uncer-
tainties in the correlation with the human response to the
pathogen. One approach to estimating the dose–response
relationship for a specific subpopulation is to collect data
during an outbreak of foodborne disease, including quan-
titative data on contamination levels of the implicated
food, food consumption levels and attack rate data (Kas-
uga et al., 2004). However, these data also have limitations;
typically quantitative data on contamination levels of the
implicated food are not available; when they are, the esti-
mated dose–response may be based on a single data point,
which depending on when the food is sampled, may be an
over-estimate of the actual amount consumed. A further
confounding factor is that there is no consideration of
the impact of stomach acid or the human immune system
on reducing the number of organisms in the food before
organisms reach the target site to cause infection.

4.5. Exposure assessment

Exposure assessment has been defined as the qualitative
and/or quantitative evaluation of the likely intake of bio-
logical, chemical and physical agents via food as well as
exposures to other sources if relevant (CAC, 1999). When
characterizing exposure to microbial pathogens, data are
needed on the frequency of contamination (prevalence)
and the numbers of microorganisms (concentration) in a
specific food. The amount of food consumed is also
needed.

Ideally the contamination levels should be determined at
the time of consumption, but typically foods are sampled at
earlier points in the food chain. The amount of pathogen
growth or inactivation prior to consumption can be esti-
mated for the given scenario from mathematical models,
e.g., Combase (http://wyndmoor.arserrc.gov/combase/),
or developed for a specific pathogen/food combination
(Buchanan, Golden, & Phillips, 1997; Walls & Scott,
1997a; Walls & Scott, 1997b; Whiting, 1995.) Uncertainties
in the data should be estimated and quantified where
possible.

Consumption data are necessary to complete the expo-
sure scenario. Data needs include the estimated number of
servings per year and the average size of a typical serving.
Consumption data may be available from national nutri-
tion surveys, e.g., in the USA nationally representative data
are collected on the amount of food consumed by an indi-
vidual (based on consumers’ 24-h recall of dietary intakes),
the number of servings of a food consumed per year, and
demographic characteristics of the consumer e.g. contin-
uing survey of food intakes by individuals (CSFII) (Mur-
phy, 2003; US Department of Agriculture, 2000).

4.6. Risk characterization

Risk characterization is the qualitative and/or quantita-
tive estimation, including attendant uncertainties, of the
probability of occurrence and severity of known or poten-
tial adverse health effects in a given population based on
hazard identification, hazard characterization and expo-
sure assessment (CAC, 1999). In risk characterization, the
results from the hazard characterization and exposure
assessment are combined to give an estimate of the risk.
The magnitude and severity of the risk should be quantified
and the attendant variability and uncertainties should be
documented, along with the assumptions made when doing
the risk assessment. The results should allow the questions
identified in the risk profile to be answered.

5. Case example: Listeria monocytogenes in ready-to-eat

meats

In the USA a risk assessment was undertaken to provide
a risk ranking of various ready-to-eat foods, to determine
which foods provided a greater risk to human health than
others (HHS/USDA, 2003). Ready to eat food categories
used in the assessment were selected based on their poten-
tial for L. monocytogenes contamination, history of causing
listeriosis, and availability of food contamination and con-
sumption data. Food categories included meats (frankfurt-
ers, dry/semi-dry fermented sausages, delicatessen meats
and pate); seafood, dairy, fruits and vegetables and delica-
tessen salads.

5.1. Hazard identification

Listeria monocytogenes is a foodborne pathogen that
can cause listeriosis. Listeriosis is a very severe disease with
an estimated case fatality rate of 20–40%, considerably
higher than most other foodborne pathogens (Mead
et al., 1999). The current level of listeriosis in the USA is
estimated to be around three cases per 1,000,000 popula-
tion per year, based on the US FoodNet surveillance data
(CDC, 2006). Clearly, L. monocytogenes poses a public
health concern and risk management actions are required
to reduce the levels of listeriosis that currently exist.

5.2. Hazard characterization

In adults, listeriosis occurs in an invasive or a noninva-
sive form. After initial flu-like symptoms (fever, fatigue,
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malaise, nausea, cramps, vomiting, and diarrhea), invasive
listeriosis in adults is characterized by the onset of septice-
mia and meningitis. In a pregnant woman, invasive listerio-
sis can lead to spontaneous abortion (CDC, 1998; Linnan
et al., 1988). Invasive listeriosis typically occurs in suscepti-
ble individuals who have one or more underlying conditions
that depress immune function, which predispose them to
this disease. Susceptible individuals include patients with
cancer or undergoing treatment with steroids or cytotoxic
drugs; pregnant women or neonates; renal transplant recip-
ients; patients with acquired immunodeficiency syndrome
(AIDS); and the elderly (Gellin & Broome, 1989; Jensen,
Frederiksen, & Gerner-Smidt, 1994; Goulet & Marchetti,
1996; Slutsker & Schuchat, 1999). A noninvasive form of
listeriosis resulting in febrile gastroenteritis has been docu-
mented in several outbreaks (Dalton et al., 1997; Salamina
et al., 1996). The frequency of febrile gastroenteritis as a
result of L. monocytogenes infection is undetermined, as
are host characteristics associated with this syndrome.

Dose–response relationships cannot be determined for
L. monocytogenes using human volunteer feeding trials,
because such trials are not ethical as listeriosis is a life-
threatening disease and may not be meaningful if con-
ducted in healthy adults, because healthy adults are not
Fig. 1. Dose–response curve for L. monocytogenes for neonatal populations
before birth), showing the probability of mortality for a given dose (HHS/US
the at-risk population and rarely contract listeriosis. Mice
have been used to develop dose–response models for L.

monocytogenes, but mice are more susceptible to listeriosis
than humans, so using mice will overestimate the risk (Gol-
nazarian, Donnelly, Pintauro, & Howard, 1989). In addi-
tion, there is considerable variation among strains of L.
monocytogenes in their ability to cause disease, and this
should be considered when developing dose–response
curves. Despite these uncertainties, dose–response relation-
ships have been estimated for L. monocytogenes based on
studies in animal models and human illness data for both
the normal healthy population and for many at risk popu-
lations (Buchanan, Damart, Whiting, & Van Schothorst,
1997; Farber, Ross, & Harwig, 1996; Lindqvist & Westoo,
2000; HHS/USDA, 2003).

In the HHS/USDA (2003) risk assessment, dose–
response was estimated for three different populations:
perinatal (16 weeks after conception to 30 days after
birth); elderly (60 or more years of age); and intermedi-
ate-age (general population less than 60 years old, includes
healthy people and people more susceptible to listeriosis).
The drawback to this approach is that individuals who are
immunocompromised but under 60 years of age will be
included with the healthy population, confounding the
(newborns infected from contaminated foods consumed by their mothers
DA, 2003).



Table 2
Frequency of consumption (HHS/USDA, 2003)

Food categories Servings/year-US
(millions)

Amount/serving (g)

Smoked seafood 200 57
Soft unripened cheese 4410 29
Pasteurized milk 87,000 244
High fat dairy products 21,000 13
Fermented meats 1800 46
Deli meats 21,000 56
Deli-type salads 13,000 96
Pâté 120 57

Table 3
Summary of exposure to L. monocytogenes (HHS/USDA, 2003)

Listeria monocytogenes

levels in food (per serving)
Number of servings
(per year in the US)

Number of servings
(per person per year)

<1.0 3.3 · 1011 1300
1.0–1000 4.9 · 109 19
>1000 < 1,000,000 6.2 · 108 2.4
>I,000,000 < 1,000,000,000 1.3 · 108 0.5
>1,000,000,000 7.3 · 107 0.3
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dose–response assessment. However, insufficient data were
available to separate these two groups in a meaningful
way.

Dose–response was estimated by combining exposure
assessment data with epidemiological data to derive a
dose–response model for each population (Fig. 1). The
shape of the dose–response curve was based on mouse
lethality data for L. monocytogenes but the position of
the dose–response curve was fixed by ‘‘anchoring’’ the
curve to US annual disease statistics (CDC, 2006; Mead
et al., 1999). Mice are much more susceptible to listeriosis
than humans, so anchoring the curve to human disease sta-
tistics prevents the dose–response curve from over-estimat-
ing human fatalities to listeriosis. This provides the most
accurate estimate of dose–response given the difficulties
associated with developing dose–response curves.

5.3. Exposure assessment

A probabilistic assessment was made of the number of
L. monocytogenes consumed based on the prevalence of
contamination of foods, the extent of contamination,
amount of growth before consumption, amount of food
consumed at a serving and the frequency that a food was
consumed. Table 1 shows the prevalence and contamina-
tion levels of L. monocytogenes in various ready-to-eat
foods. Table 2 shows the frequency of consumption. Table
3 provides a summary of the exposure assessment data that
was used for the risk characterization.

5.4. Risk characterization

In the risk characterization, the HHS/USDA risk assess-
ment considered the risk per serving to an individual con-
sumer and the risk per annum to various populations.
Individual food category data and the dose–response
model were used to predict the number of cases per serving
and per year for each food category. This allowed foods to
be ranked. An uncertainty analysis was performed and
results were compared with existing knowledge to ensure
that they conformed to within expected boundaries.
Table 1
Prevalence and contamination levels of L. monocytogenes in various ready-to-

Product categories No. positive (no. tested) Number of positive sam

0.04a –0.1 >0.1–1

Deli salads 202 (8549) 162 28
Deli meats 82 (9199) 42 20
Fresh soft cheeses 5 (2931) 2 0
Bagged salads 22 (2966) 17 1
Blue-veined cheeses 23 (1623) 18 3
Mold-ripened cheeses 14 (1347) 12 0
Seafood salads 115 (2446) 82 19
Smoked seafood 114 (2644) 67 11

Total 577 (31,705) 402 82

a Positive in 25 g of a sample.
Fig. 2 is a risk characterization curve showing the results
of a risk ranking for Listeria monocytogenes in various
foods, based on the predicted cases of listeriosis associated
with the foods, on a per serving basis. In the USA, deli
meats, frankfurters (not reheated) and pâté and meat
spreads pose a much greater risk (about 1 case of listeriosis
per 107 servings is predicted) than hard cheeses, cultured
milk products and processed cheeses, where the predicted
level of illness is approximately 1 case of listeriosis per
1014 servings. The main reason for this is that the former
group of foods supports the growth of L. monocytogenes

to high numbers while the latter group does not.
Food categories were grouped as follows:

5.4.1. Risk designation – very high
This group included delicatessen meats and frankfurters

– not reheated. Risk assessors predicted a high relative risk
per serving and per annum, due to relatively high rates of
eat foods in 2000–2001 (ILSI, 2005)

ples in each concentration range (cfu/g)

>1–10 >10–102 >102–103 >103–104 >104–105 >105–106

9 2 0 1 0 0
10 2 7 1 0 0
0 3 0 0 0 0
1 2 1 0 0 0
1 1 0 0 0 0
2 0 0 0 0 0

10 2 2 0 0 0
19 8 6 1 0 2

52 20 16 3 0 2



Fig. 2. Predicted cases of listeriosis (log scale) associated with food categories for the total united states population on a per serving Basis (HHS/USDA,
2003). [The box indicates the median predicted number of cases of listeriosis (log scale) and the bar indicates the lower and upper bounds (i.e., the 5th and
95th percentiles). The y-axis values are presented on a log scale. For example a log of �6 is equivalent to 1 case of listeriosis in a million servings.] DM, deli
meats; FNR, frankfurters (not reheated); P, pâté and meat spreads; UM, unpasteurized fluid milk; SS, smoked seafood; CR, cooked ready-to-eat
crustaceans; HFD, high fat and other dairy products; SUC, soft unripened cheese; PM, pasteurized fluid milk; FSC, fresh soft cheese; FR, frankfurters
(reheated); PF, preserved fish; RS, raw seafood; F, fruits; DFS, dry/semi-dry fermented sausages; SSC, semi-soft cheese; SRC, soft ripened cheese; V,
vegetables; DS, Deli-type salads; IC, ice cream and frozen dairy products; PC, processed cheese; CD, cultured milk products; HC, hard cheese.

72 I. Walls / Meat Science 74 (2006) 66–75
contamination with L. monocytogenes, and the potential
for rapid growth of L. monocytogenes to high numbers.
Products were stored for extended periods, and had rela-
tively high consumption rates. Immediate risk management
action is needed for these types of products, which could
include development of new control strategies and/or con-
sumer education programs.

5.4.2. Risk designation – high

This group included pâté and meat spreads, smoked sea-
food, and unpasteurized fluid milk. Risk assessors pre-
dicted a high relative risk per serving or per annum.
Products support the growth of L. monocytogenes to high
numbers, and are contaminated at a moderate to high rate,
but have low consumption rates. New control measures
and/or continued avoidance of these products is warranted
by those at high risk of listeriosis.

5.4.3. Risk designation – moderate

This group includes dry/semi-dry fermented sausages
and frankfurters – reheated. These products include a bac-
tericidal step or inhibitors, which reduces their risk as
growth of L. monocytogenes to high numbers is prevented
or retarded. Presence of L. monocytogenes is primarily
associated with post-processing recontamination.

5.4.4. Risk designation – low

This group includes preserved fish and raw seafood.
These products may have natural barriers to L. monocytog-
enes growth, e.g., competitive flora, or low water activity.
They have low to moderate contamination and low con-
sumption rates.

5.4.5. Risk designation – very low

This group includes cultured milk products, hard cheese,
and ice cream. Risk assessers predicted a low per serving
and per annum risk. These products do not support the
growth of L. monocytogenes to high numbers, due to low
water activity or being frozen. They are not likely to be a
significant source of foodborne listeriosis.

Risk assessors found that the major factors that affect
risk of listeriosis included the susceptibility of an individ-
ual, the amount and frequency of consumption of contam-
inated foods, the frequency and levels of contamination of
the foods, the ability of the food to support growth of L.

monocytogenes to high numbers and the opportunity for
growth – which is a function of refrigerated storage temper-
ature and refrigerated storage time.

6. Risk management options

The risk assessment results estimate that more than 99%
of illnesses are associated with foods containing greater
than 10,000 cfu L. monocytogenes per serving (Buchanan,
2003; Table 4). Therefore, strategies that reduce the likeli-
hood of contamination of foods with L. monocytogenes

or reduce the likelihood of growth of L. monocytogenes

to high numbers will be effective at reducing listeriosis



Table 4
Estimated relationships between Listeria monocytogenes (Lm) dose per
serving at the time of consumption and incidence of foodborne listeriosis
in the US, based on the HHS/USDA (2003) risk assessment (Buchanan,
2003)

Level of Lm in food at
consumption (cfu/serving)

% Servings annually
at that level

% Cases of listeriosis
attributable to that
level

0.04 96.37 0.02
0.1 1.90 <0.01
1 0.91 0.01
10 0.43 0.03
100 0.21 0.13
1000 0.10 0.60
10,000 0.05 2.85
100,000 0.02 13.47
1,000,000 or greater 0.01 82.89
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(ILSI, 2005). This can be achieved by implementing good
hygiene practices (GHP), good management practices
(GMP) and hazard analysis critical control point
(HACCP) systems (Gallagher, Ebel, & Kause, 2003). A
broad range of food control measures are available, includ-
ing: (a) reformulating foods to include antimicrobials to
prevent/retard growth of L. monocytogenes to high num-
bers; (b) post packaging listericidal treatments, (c) reduc-
tion of shelf life, or (d) use of competitive flora to
minimize growth of L. monocytogenes.

An FSO can be used as a risk management tool for L.

monocytogenes in ready-to-eat foods, because the FSO
establishes the stringency of the measures that will be used
to control L. monocytogenes by articulating the frequency
or cell number of L. monocytogenes in the food that should
not be exceeded at the time of consumption. The public
health impact of setting an FSO for L. monocytogenes in
ready-to-eat foods depends on how effectively industry
can meet the FSO. The current standard for L. monocytog-

enes in the USA for regulatory purposes is no L. monocyt-

ogenes cells detected in the sample size tested. For a sample
size of 25 g, this standard equates to <0.04 cfu/g. If this
were achieved for all foods, the predicted number of cases
of listeriosis would be <1 per year, based on risk assess-
ment estimates (HHS/USDA, 2003). As there are an esti-
mated 2500 cases of listeriosis in the USA per year
(Mead et al., 1999) this standard is clearly not being
achieved for all foods.

Science-based education messages targeted to suscepti-
ble populations are a critical component to the risk man-
agement of listeriosis (ILSI, 2005). One challenge lies in
adequately defining susceptible populations. At the
extreme, there may be individuals (e.g., transplant patients
immediately after surgery) who are so susceptible to L.

monocytogenes that the only protective FSO would be the
total exclusion of foodborne exposure to the pathogen until
the patients once again have a reasonable level of immune
function (Lyytikäinen et al., 2000). In these populations,
strict avoidance of foods that pose an increased risk of lis-
teriosis may be necessary, and the only practical safety
strategy may be the consumption of only commercially-
sterile foods. Individuals at increased risk, such as pregnant
women and the elderly, will need guidance on healthy eat-
ing, including avoid high-risk foods or cooking them
before consumption. However, most of the population is
at very low risk for listeriosis. Comprehensive food safety
education should be provided to the general population,
including good food handling practices, starting in pre-
school (ILSI, 2005).

FSOs will generally have to be implemented via the
establishment of POs and PCs because an FSO is at the
time of consumption so that it can be related directly to
the public health goal. In the case of a ready-to-eat product
that does not support growth of L. monocytogenes, the PC
or PO at the point of manufacture may be the same as the
FSO (e.g., the frequency and level of L. monocytogenes in a
hard cheese). Alternatively, the PO or PC for a product
may be substantially different at specific steps in the food
chain in order to achieve the stated FSO. For example, if
a ready-to eat product supports the growth of L. monocyt-

ogenes during normal refrigerated storage (e.g., cooked tur-
key) the PO at the point of manufacture will likely be more
stringent than the FSO to account for the potential growth
of the microorganism during distribution and home-use.
Conversely, if a product is reliably and consistently cooked
just prior to consumption (e.g., reheated frankfurters), a
PO set at the time of manufacture could be less stringent
than the FSO. However, care must be taken in such
instance to ensure that L. monocytogenes infections are
not caused by the product cross-contaminating other foods
before they are reheated. By defining food safety goals in
terms of FSO and their corresponding PO and PC, the
focus is on defining what needs to be accomplished and
allows the manufacturers to decide what strategy will be
effective for their products and technological capabilities.
This flexibility is one of the advantages of the FSO concept.

When establishing the FSO, an evaluation should be
made to determine whether the FSO is achievable, i.e.,
whether food safety management systems can be imple-
mented that will ensure that the FSO is met. For certain
products it may be that current technologies in the industry
do not allow the FSO to be met. In such instance, the gov-
ernment regulatory agency and the industry have effectively
three choices, revise the FSO, identify a surrogate product
(e.g., consumption of pasteurized milk cheeses instead of
raw milk cheeses), or remove the product from commerce.

Setting a food safety objective, and designing strategies
for meeting the objective, are effective means for reducing
foodborne listeriosis, provided that the FSO is met. If the
FSO is being met, the public health goal upon which it is
based should be met. A reduction in the level of illness in
the population related to the particular hazard should
become apparent through disease surveillance. Verification
through the acquisition of disease and food surveillance
data is needed to estimate the burden of disease and relate
it to the level of compliance to the FSO. Implementing
effective food safety control measures, which ensure that
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the FSO is being met consistently, is a key factor for reduc-
ing foodborne listeriosis.
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