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Foreword 

The Members of the Food and Agriculture Organization of the United Nations (FAO) and of 
the World Health Organization (WHO) have expressed concern regarding the level of safety 
of food at both national and international levels. Increasing foodborne disease incidence over 
the last decades seems, in many countries, to be related to an increase in disease caused by 
microorganisms in food. This concern has been voiced in meetings of the Governing Bodies 
of both Organizations, and in the Codex Alimentarius Commission. It is not easy to decide 
whether the suggested increase is real or an artefact of changes in other areas, such as 
improved disease surveillance or better detection methods for microorganisms in foods. 
However, the important issue is whether new tools or revised and improved actions can 
contribute to our ability to lower the disease burden and provide safer food. Fortunately new 
tools that can facilitate actions seem to be on their way. 

Over the past decade, Risk Analysis—a process consisting of risk assessment, risk 
management and risk communication—has emerged as a structured model for improving our 
food control systems, with the objectives of producing safer food, reducing the numbers of 
foodborne illnesses and facilitating domestic and international trade in food. Furthermore, we 
are moving towards a more holistic approach to food safety, where the entire food chain 
needs to be considered in efforts to produce safer food. As with any model, tools are needed 
for the implementation of the risk analysis paradigm.  

Risk assessment is the science-based component of risk analysis. Science today provides 
us with in-depth information on life in the world we live in. It has allowed us to accumulate a 
wealth of knowledge on microscopic organisms, their growth, survival and death, even their 
genetic make-up. It has given us an understanding of food production, processing and 
preservation, and of the link between the microscopic and the macroscopic world and how we 
can benefit from as well as suffer from these microorganisms. Risk assessment provides us 
with a framework for organizing all this data and information and to better understand the 
interaction between microorganisms, foods and human illness. It provides us with the ability 
to estimate the risk to human health from specific microorganisms in foods and gives us a 
tool with which we can compare and evaluate different scenarios, as well as to identify the 
types of data necessary for estimating and optimizing mitigating interventions.  

Microbiological risk assessment can be considered as a tool that can be used in the 
management of the risks posed by foodborne pathogens and in the elaboration of standards 
for food in international trade. However, undertaking a microbiological risk assessment 
(MRA), particularly quantitative MRA, is recognized as a resource-intensive task requiring a 
multidisciplinary approach. Yet foodborne illness is among the most widespread public 
health problems, creating social and economic burdens as well as human suffering, making it 
a concern that all countries need to address. As risk assessment can also be used to justify the 
introduction of more stringent standards for imported foods, a knowledge of MRA is 
important for trade purposes, and there is a need to provide countries with the tools for 
understanding and, if possible, undertaking MRA. This need, combined with that of the 
Codex Alimentarius for risk-based scientific advice, led FAO and WHO to undertake a 
programme of activities on MRA at the international level. The Nutrition and Consumer 
Protection Division, FAO, and the Department of Food Safety and Zoonoses, WHO, are the 
lead units responsible for this initiative. The two groups have worked together to develop the 
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area of MRA at the international level for application at both the national and international 
levels.  

This work has been greatly facilitated by the contribution of people from around the world 
with expertise in microbiology, mathematical modelling, epidemiology and food technology, 
to name but a few. This Microbiological Risk Assessment series provides a range of data and 
information to those who need to understand or undertake MRA. It comprises risk 
assessments of particular pathogen-commodity combinations, interpretative summaries of the 
risk assessments, guidelines for undertaking and using risk assessment, and reports 
addressing other pertinent aspects of MRA.  

We hope that this series will provide a greater insight into MRA, how it is undertaken and 
how it can be used. We strongly believe that this is an area that should be developed in the 
international sphere, and have already from the present work clear indications that an 
international approach and early agreement in this area will strengthen the future potential for 
use of this tool in all parts of the world, as well as in international standard setting. We would 
welcome comments and feedback on any of the documents within this series so that we can 
endeavour to provide Member countries, Codex Alimentarius and other users of this material 
with the information they need to use risk-based tools, with the ultimate objective of ensuring 
that safe food is available for all consumers. 

 

Mr Samuel C. Jutzi Dr M. Maged Younes 

Officer-in-Charge 
Nutrition and Consumer Protection Division 

Food and Agriculture Organization of the 
United Nations 

Director 
Department of Food Safety and Zoonoses 

World Health Organization 
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1. Introduction 

1.1 Background  

Escherichia coli O157:H7 is a member of the enterohaemorrhagic E. coli (EHEC) group of 
and was first identified as a human pathogen in 1982 when strains of a previously uncommon 
serotype, O157:H7, were implicated in two outbreaks of haemorrhagic colitis (HC) in the 
United States of America (Riley et al., 1983). Since then, outbreaks and sporadic cases of 
EHEC O157:H7 infection continue to be reported in a number of countries throughout the 
world. Outbreaks of infections from non-O157 serotypes of E. coli, including O26:H11, 
O103:H2, O104:H21, O111:H8 and O113:H21, are also regularly reported.  

The symptoms of infection from this group of organisms include bloody diarrhoea and 
severe abdominal pain, but range from asymptomatic infection to death, with the incubation 
period ranging from one to eight days. Infection with EHEC may lead to further 
complications, most notably haemolytic uraemic syndrome (HUS). HUS is characterized by 
acute kidney failure and is the leading cause of renal failure in young children.  

The incidence of EHEC varies by country. In 2004, the number of laboratory-confirmed 
cases in the European Union (17 member states) and Norway was 1.3 cases per 100 000 
population (EFSA, 2006), while in the same year the incidence in the United States of 
America was 0.9 cases per 100 000 people (Vugia et al., 2005). In 2001, the incidence in 
New Zealand was reported to be 2 cases per 100 000 (Sneyd et al., 2002) and 0.2 cases per 
100 000 in Australia (OzFoodNet, 2001). The frequency of EHEC, and more specifically 
HUS, appears to be the highest in Argentina, with estimates of approximately 22 cases of 
HUS per 100 000 children aged 6 to 48 months (Lopez et al., 1997). While EHEC infections 
have also been reported for other parts of the world, including a number of African countries, 
specific incidence data are not always collected or readily available. EHEC infection and 
associated diseases can occur in any age group; however, it seems that illness occurs most 
often in young children. For example, in Japan, the median age for EHEC illness has been 
reported to be 8 years (Kawamura, Yamazaki and Tamai, 1999). Children less than five years 
of age appear to be the most susceptible to HUS, while EHEC infections in the elderly lead 
more often to thrombotic thrombocytopaenic pupura (TTP) (Banatvala et al., 2001).  

EHECs have been isolated from various domestic animals and wildlife, including cattle, 
sheep, swine, goats and deer. Ruminants, and in particular cattle, are considered a major 
reservoir of EHEC. While multiple sources and routes of transmission are now recognized, 
data based on outbreaks and sporadic infections indicate beef and beef products as the most 
frequently identified source of foodborne EHEC infection. In particular, undercooked ground 
beef products have emerged as an important source of foodborne infection. Other foodborne 
sources include milk and dairy products (e.g. unpasteurized milk, cheese from raw milk), 
fresh produce (e.g. sprouts, salads), drinks (e.g. apple cider or juice) and water. Dozens of 
new outbreaks have been reported implicating different sources and illustrating the 
multifaceted epidemiology of EHEC infections.  

The Codex Committee on Food Hygiene (CCFH) is considering addressing the need for 
risk-based control of EHEC. A risk profile has been prepared as the basis for further work in 
this area (CCFH, 2005). The Committee has noted that no international risk assessment has 
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been undertaken on this issue and suggested that this could be the next step in order to move 
forward (CAC, 2004). 

Taking into consideration the ongoing public health problem of EHEC in their member 
countries, the impact of this pathogen on meat trade, and the suggestion from Codex to 
undertake a risk assessment on this issue, FAO and WHO consider that this highlights the 
need for urgent attention at both national and international level to develop appropriate 
management interventions. Therefore, as part of JEMRA activities, FAO and WHO, together 
with the Food Safety Authority of Ireland (FSAI), convened an inception meeting on 
enterohaemorrhagic E. coli in raw meat and meat products from 4–7 September 2006 in 
Dublin, Ireland. This meeting was convened to provide guidance to FAO and WHO on the 
appropriate steps in the development of this activity before embarking on any risk assessment 
work. 

As well as providing guidance to FAO and WHO in their future work on EHEC, the 
outcome of the meeting will be made available to CCFH to assist the committee in its efforts 
to develop risk management guidance documents on EHEC and to facilitate its interaction 
with FAO and WHO on defining and clarifying the scientific advice needed for this work. 

To assist the participants in their deliberations, FAO and WHO commissioned the 
preparation of two background papers: one provided an update on the current state of 
knowledge on the bacteria and related issues at the time of the meeting, while the other gave 
a description and analysis of the risk assessments that had already been undertaken in a 
number of Member States. These two documents are appended as Annexes 1 and 2 to this 
report.  

1.2 Objectives 

It has been noted that a number of risk assessments have already been undertaken on EHEC 
in meat and meat products and that there is experience in some countries on the risk 
management of this issue. The meeting was convened to review the current state of 
knowledge on EHEC in terms of existing risk assessments and related information. In doing 
so, the meeting was requested to consider the risk management actions, if any, that resulted 
from those risk assessments and to identify what was useful about the existing risk 
assessments from a risk management perspective, as well as identifying the strengths and 
weaknesses of the risk assessments. Based on this review and discussion, a roadmap for 
future FAO/WHO activities in this area would be developed to inform the process of risk-
based management of EHEC in raw beef and beef products in CCFH and in member 
countries. 

The specific objectives of the meeting were to: 

• Review the existing risk assessments on EHEC in terms of (a) their fulfilling their scope 
and providing the basis for scientifically-based risk-management actions; and (b) their 
potential application (in whole or on a modular basis) to the development of a risk 
assessment at the international level.  

• Consider the risk management actions, if any, taken to date that were based on risk 
assessment and identify the strengths and weakness of the risk assessments from a risk 
management perspective, in particular identifying when and why the risk assessments did 
not meet the needs of risk managers.  

• Identify the key issues currently faced by risk managers in terms of addressing the 
problems associated with EHEC in raw beef and beef products. 
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• Considering the output of the above objectives and the existing data on EHEC in raw 
beef and beef products, provide guidance to FAO and WHO on the specific areas to be 
addressed in any future work on this issue, and how to address them. 

1.3 Scope 

1.3.1 Hazards of concern 

The hazard of concern that was the focus of this meeting was EHEC. However, throughout 
this document specific mention is made of one particular EHEC, verotoxin producing E. coli 

O157:H7, because of its implication in the first recognized outbreak of EHEC infection. In 
addition, several other major outbreaks, coupled with its unique physiology (in terms of 
EHEC) have resulted in E. coli O157:H7 being the EHEC most frequently referred to and 
most extensively described in the literature.  

1.3.2 EHEC 

Verocytotoxin producing Escherichia coli is a term used to describe strains of E. coli 
characterized by the ability to produce verocytotoxin(s) (VT), or just verotoxins that are 
capable of killing vero cells, a tissue culture line of monkey kidney cells. This group, often 
referred to as verotoxigenic E. coli or VTEC, includes over 100 serogroups in addition to 
E. coli O157:H7. Furthermore, it is recognized that the terms Shiga toxin producing E. coli 
(STEC) and VTEC as well as the terms Shiga toxin(s) (ST or Stx) and verocytotoxin or 
verotoxin (VT) are used interchangeably worldwide. A more extensive description of the 
relevant terms is provided in Section A2.1 of Annex 2. 

EHEC is defined as a subgroup of VTEC/STEC associated with human diseases and 
which in addition to the verocytotoxin/shigatoxin producing capacity harbours additional 
genes that are important in virulence. These include the genes encoded in the pathogenicity 
island designated LEE (locus of enterocyte effacement), which can cause attaching and 
effacing lesions on the surface of epithelial cells (A/E factor, usually determined by the 
presence of the intimin (eae gene) and a 60 MDa ‘virulence’ plasmid (usually determined by 
the presence of the ehx gene). It should be noted that the clinical outcome of an infection 
might not necessarily include HC or HUS. In addition to E. coli O157, EHEC includes other 
serotypes causing foodborne illness, such as O26, O111, O113 and O121. 

Due to the paucity of information on most other EHECs, the scope of this paper was 
limited to E. coli O157:H7 or VTEC O157 when discussing strain- or serotype-specific data, 
on the assumption that this is where most of the data are available. However, assuming that 
the behaviour of E. coli O157:H7 would be similar to other relevant EHEC serotypes, the 
advice provided would be applicable for most if not all EHECs. In other words, the strategy 
recommended on how to control EHEC is based on our knowledge of O157:H7. The meeting 
nevertheless recognized that such a generalization may not be appropriate as more 
information on other EHECs becomes available. 

1.3.3 Food commodities of concern  

It is commonly accepted that the primary reservoirs of EHEC are farm ruminants, and in 
particular cattle. It is, however, unclear to what extent EHEC can be considered ubiquitous in 
cattle, and what the reasons are for the sporadic nature of EHEC and the variation in 
prevalence in cattle in different regions of the world. 
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The main recognized routes of EHEC infection are: person-to-person transmission; 
contact with animals; foodborne transmission; and waterborne transmission. Only the 
foodborne route is considered further in this document.  

Food vehicles implicated most frequently in outbreaks of EHEC infection have been raw 
or undercooked foods of bovine origin, especially undercooked ground beef and 
unpasteurized milk (CCFH, 2005). A number of case-control studies have identified ground 
beef as an important risk factor for EHEC infection, with current data based on outbreaks and 
sporadic infections indicating that consumption of ground beef remains the single most 
frequently identified source of foodborne EHEC infection. Dry fermented meats, as well as 
cooked and fermented sausages, have also been implicated in reported outbreaks of EHEC 
infection. However, an increasing number of outbreaks have been associated with the 
consumption of raw or minimally processed fruits and vegetables. Leafy green vegetables, 
such as lettuce, have been implicated in a number of large outbreaks of E. coli O157:H7, 
some of which had serious public health impacts (Hilborn, Mermin and Mshar, 1999; Martin 
et al., 1986; US FDA, 2006, 2007). These are an important source of human cases of 
foodborne illness due to EHEC as they are subject to contamination and eaten raw (CAC, 
2002). 

Thus, while recognizing the importance of other sources of foodborne EHEC infections, 
the meeting decided to restrict the scope of its work to raw ground beef and beef products 
along the entire food chain from primary production to consumption. This restriction was also 
motivated by the availability of data. Figure 1 illustrates the routes of transmission and 
products of concern considered during the meeting.  
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Figure 1. Routes of transmission of EHEC and products of concern considered during the meeting. 
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2. Review of the risk assessments undertaken to date and 

their application  

2.1 Introduction 

Five risk assessments addressing the risk of EHEC, and specifically E. coli O157 in raw 
ground beef or similar comminuted products, have been undertaken to date. These are: 

• Quantitative risk assessment for Escherichia coli O157:H7 in ground beef hamburgers 
(Cassin et al., 1998).  

• Shiga toxin-producing E. coli in Ground Beef Manufactured from Australian Beef: 
Process Improvement. Report Prepared for Meat and Livestock Australia (2000). (Meat 
and Livestock Australia, pers. comm.). 

• Draft risk assessment of the public health impact of Escherichia coli O157 in ground beef 
(USDA-FSIS, 2001). 

• Risk assessment of Shiga-toxin producing Escherichia coli O157 in steak tartare in the 
Netherlands (Nauta et al., 2001). 

• E. coli O157:H7 in beef burgers produced in the Republic of Ireland: A quantitative 
microbial risk assessment (Teagasc, 2006).  

These risk assessments are reflections of the published evidence and scientific opinion at 
the time and place of their development. This affected both the risk questions posed and also 
the structure and content of the risk assessment. A summary of each of the risk assessments 
in terms of their structure, data used, assumptions made and outputs of the model was 
prepared for a previous FAO/WHO activity, and is provided as Annex 3 of this report. In 
addition, a review of the models, particularly with regard to the dose-response models used, 
was prepared as a background discussion paper for this meeting and is attached as Annex 1. 

These risk assessments have been developed over almost a ten-year period. So while they 
reflect to some extent a continuum of development, with, over time, some refinement of the 
approaches used, more striking is their role in building capacity and expertise in the area of 
risk assessment. It is important to note that all of the risk assessments consider the risk of 
E. coli O157:H7 in ground beef and ground beef products and do not consider other meat (e.g. 
sheep) or other food products or other EHECs. This was considered to be a reflection of the 
lack of information on the risk pathways for other (i.e. non-O157) EHECs and the 
overwhelming regulatory and scientific interest in this particular pathogen–product pair. Such 
information would be required before a risk assessment that specifically addresses other 
EHECs could be developed. Although risk managers are often interested in a holistic 
approach, i.e. consideration of multiple pathogens and not just EHEC, it is not surprising that 
none of the existing risk assessments address this. While the holistic approach is indicative of 
recent and ongoing changes in risk management, the meeting was not aware of any 
completed risk assessments for any pathogens that have taken such an approach.  

In reviewing the risk assessments the meeting considered whether or not they were used as 
a basis for, or influenced in some way, risk management actions for the control of EHEC 
associated with beef and beef products in the countries in which they were undertaken. A 
common theme emerged in that the risk assessments were undertaken subsequent to or as a 
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separate exercise to risk management activities directed towards the control of EHEC. 
Although not yet implemented, the use of the risk assessment to re-evaluate risk management 
actions is planned in some countries, for example Ireland and the United States of America.  

A further risk assessment regarding mechanically tenderized beefsteak (USDA-FSIS, 
2002) was made known to the meeting, but was not reviewed.  

2.2 Overview of the risk assessments 

The meeting reviewed the existing risk assessments on several levels: 

• their utility in developing future risk assessments on the product-pathogen combination; 

• if and how they have been used by risk managers to inform risk management actions or 
other activities; and 

• their potential use in answering future risk management questions.  

In addition, Table 1 (on the next page) provides a broad comparison of the five risk 
assessments under consideration, summarizing both their current use and future potential. 

2.2.1 Quantitative risk assessment for Escherichia coli O157:H7 in ground 
beef hamburgers (Cassin et al., 1998)  

This was not only the first risk assessment to be undertaken on EHEC but also one of the first 
microbiological food safety risk assessments to be undertaken. In this regard it was ground-
breaking work. Undertaken in Canada, this risk assessment was not commissioned to inform 
risk management actions to control EHEC, which at that time were based on existing tools 
such as Good Hygienic Practice (GHP) and Good Manufacturing Practice (GMP). Rather it 
was carried out as a research activity to develop risk assessment approaches and demonstrate 
how such a tool could be used to assess the risk associated with microbiological hazards in 
foods. However, a process is currently underway in Canada to develop public health targets 
for EHEC that will link to risk management activities and allow for impact assessment.  

As it was undertaken as a research exercise, the risk assessors defined the scope, the risk 
question to be addressed and identified some hypothetical intervention scenarios for 
consideration. In other words, it was never intended to be a risk management tool or to 
address the specific needs of a risk manager. Consequently, it needs to be regarded as a 
research activity rather than within the context of what we now consider to be a risk analysis 
process, a process that implies considerable interaction between risk assessors and risk 
managers. 



 

Table1. Broad level comparison of the risk assessments (from a risk management perspective). For a more detailed comparison, see Annexes 1 and 3 

Attribute of 
interest 

Cassin et al. (1998) MLA (2000) USDA-FSIS (2001) Nauta et al. (2001) Teagasc (2006) 

Hazard  E. coli O157:H7 STEC. Presence of 
virulence makers Stx1, 
Stx2, the eae gene 
and the EHEC plasmid 

E. coli O157 E. coli O157:H7 E. coli O157:H7 

Product Ground beef hamburgers Ground beef 
hamburgers 

Any product containing ground 
beef 

Steak tartare Ground beef hamburgers 

Purpose Research exercise Research exercise Risk management decision Research and capacity 
building exercise 

Research/capacity building 
exercise.  
Risk management guidance 

Risk questions 
and what-if 
scenarios  

Identified by the risk 
assessors 

Identified by the risk 
assessors 

Numerous and ambitious, 
which led to large and highly 
complex model 

Identified by the risk 
assessors 

Identified by a risk 
management group that was 
formed within the research 
project 

Start and end 
points 

Start: herd prevalence and 
faecal contamination at 
farm 
End: probability of illness, 
HUS and mortality per 
serving 

Start: herd prevalence 
and faecal 
contamination at farm 
End: probability of 
illness, HUS and 
mortality per serving 

Start: live animal prevalence 
End: risk of illness, HUS and 
mortality per serving and per 
annum in the USA 

Start: on farm animal 
prevalence 
End: number of human 
cases 

Start: prevalence and 
contamination at point of 
slaughter 
End: probability of illness per 
serving 

Data generation 
done in parallel 
with the risk 
assessment 

None None None None Experimental data generated 
for both model input and 
model validation purposes 

Dose-response 
model 

Random coefficients model 
based on human clinical 
data on Shigella 
dysenteriae and Shigella 
flexneri 

Same approach as 
used by Cassin et al. 
(1998) 

Envelope model with upper 
bound based on human clinical 
trial data with Shigella 
dysenteriae for the upper 
bound and enteropathogenic 
E. coli, anchored using 
epidemiological data for E. coli 
O157 from ground beef 

Dose response model 
based on Japanese 
outbreak data. Also 
used the model by 
Teunis, Takumi and 
Shinagawa (2004) 

Used envelope model 
developed by Powell et al. 
(2000) as part of the USDA-
FSIS risk assessment 



 

Attribute of 
interest 

Cassin et al. (1998) MLA (2000) USDA-FSIS (2001) Nauta et al. (2001) Teagasc (2006) 

Model validation No data available for the 
validation of the model. 
Model not Canadian 
specific 

Although developed 
using Australian data, 
no data available for 
the validation of the 
model 

No illness data were available 
to validate model as these 
were used in model 
development 

Validated against 
epidemiological data for 
the burden of illness. 
Dose-response model 
changed due to 
overestimation of the 
number of cases 
attributable to steak 
tartare 

Model validated and agreed to 
microbiological survey data at 
two points: prevalence of 
E. coli O157 in boxes of trim; 
prevalence of E. coli O157 at 
retail 

Use in a risk 
management 
decision  

Not used (commissioned as 
research exercise) 

Not used directly 
(commissioned as 
research exercise) but 
guided future MLA 
policy re MRA 

Not used directly as developed 
post-risk management actions, 
but guided some aspects of 
hazard control and facilitated 
risk communication 

Not used 
(commissioned as 
research exercise) 

Risk managers will consider 
the conclusions of the risk 
assessment and consider 
whether their current action 
plan for E. coli O157 is still 
valid 

Future use and 
intentions 

None planned None planned Plan to revisit the risk 
assessments to investigate the 
human health risk posed by 
both ground beef and 
mechanically tenderized beef 
based on new data derived 
from more recent outbreaks 
and from a nationwide 
baseline survey on prevalence 
and levels of pathogens in 
beef manufacturing trim 

None planned Various activities, including 
further data generation for use 
in the model and the inclusion 
of other EHECs 

Generic 
components 

Dose-response 
Calculation of within-herd 
prevalence 
Calculations of cross-
contamination within a 
processing plant 
Growth and inactivation 
modelling 

Dose-response 
Calculation of within-
herd prevalence 
Calculations of cross-
contamination within a 
processing plant 
Growth and 
inactivation modelling 
Approach for the 
definition of STEC 

Growth and inactivation 
Live animal – within-herd 
estimates (captures the 
transient nature of infection) 

Modelling approach 
used to describe mixing 
and partitioning 

Methodology for the 
consideration of 
microbiological test sensitivity 
Time-temperature modelling 
work 
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Although the risk assessment answered specific questions, its ability to answer future risk 
management questions could not be determined one way or the other without knowing what 
questions are likely to be posed. For example, if the question is “what is the impact of the 
reduction of E. coli O157:H7 in cattle faeces?”, this model could be utilized. However, its use 
to investigate such a scenario would be more coincidental rather than a deliberate desire at 
the development stage to include such a scenario or intervention. The model can be used to 
provide in a descriptive fashion information on what risk interventions might be effective. 
That is, it could provide general guidance as to where to intervene, but is less fit in its ability 
to provide quantitative estimates regarding decrease in risk or absolute risk. 

Although the risk assessment was developed for the Canadian situation, in common with 
many other risk assessments it was not possible to parameterize the model solely with 
national data.  

In relation to its ability to be included as part of a risk assessment at the international level 
it would, most importantly, have to be noted that the Cassin et al. (1998) risk assessment is 
out of date, particularly in terms of the data used therein. However, it should be recognized 
that many of the later risk assessments were aided by the development of this risk assessment 
at a time when the concept of microbiological food safety risk assessment was emerging.  

There are two elements of this risk assessment that were considered to be generic and 
could be used in the development of future risk assessments for EHEC, namely : 

The dose-response model 

While a more detailed description of this is provided in Annex 1, the meeting noted that 
subsequent risk assessments did not appear to substantially improve the dose-response model 
used by Cassin et al. (1998). While some clarifications as to its basis are still needed (see 
Annex 1), it was considered that this model, based on human clinical trials with Shigella, has 
the potential to be used for the development of a consensus dose-response model at 
international level.  

Certain approaches related to calculating prevalence and level of the hazard  

Approaches used in calculation of within-herd prevalence, cross-contamination within a 
processing plant, and growth and inactivation modelling may be useful in the development of 
future risk assessments, but in doing so consideration should be given to the scope of the risk 
assessment as well as features offered by some of the other risk assessments described below. 
For example, the live animal prevalence estimation had some useful features (e.g. considering 
variability among studies) but it did not consider test sensitivity or herd prevalence, which 
has been considered in USDA-FSIS (2001). Similarly, the growth and inactivation modelling 
only considered uncertainty about the predicted mean response, whereas Nauta et al. (2001) 
suggested an approach that could incorporate variability. 

2.2.2 Shiga toxin-producing E. coli in Ground Beef manufactured from 
Australian Beef: Process Improvement 

Report prepared for Meat and Livestock Australia (2000) (Meat and Livestock Australia, pers. 
comm.). 

This risk assessment was commissioned by Meat and Livestock Australia (MLA). Again, 
rather than addressing specific risk management questions, this risk assessment was 
developed as a research activity and focused on the application of the approach developed 
and described by Cassin et al. (1998) to the situation in Australia by using data available in 
that country. Current risk management actions in relation to the safety of raw beef products 
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were not based on the findings of the risk assessment and do not focus specifically on EHEC. 
As in many countries, they are based on GHP. Over the two years prior to the meeting 
Australia had implemented an ‘on-farm’ HACCP programme and approximately 160 000 
farms participate in this scheme. The Livestock Production Assurance scheme focuses on the 
supply of safe and clean cattle to slaughterhouses. The motivation for the development of an 
on-farm programme was the desire to have a system to underpin statutory declarations on the 
safety and suitability of animals for slaughter (for example, that the animal has not been fed 
ruminant material, or that sufficient time has elapsed between antibiotic treatments and 
slaughter). The development of this scheme was not driven by the risk assessment but based 
on HACCP principles. Few slaughterhouses have specific interventions for EHEC in their 
process. Control activities have developed by steady evolution and it was considered that 
there were no public health indications of a need for specific risk management actions for 
EHEC. However, an exception is the production of fermented meat products where specific 
production requirements and end product microbiological criteria aimed to control EHEC in 
these products. 

Therefore, the development of the Australian risk assessment was primarily a capability 
building exercise that started in 1997, followed by a report in 2000. Although based on the 
work of Cassin et al. (1998), one important difference or addition was the consideration of 
the virulence markers for STEC, where the presence of virulence markers Stx1, Stx2, the eae 
gene and the EHEC plasmid were considered. Such an approach could also be adopted for 
any future EHEC risk assessment model. There was also an attempt to explore the use of risk 
assessments in assessing the equivalence of different processing systems. 

The risk assessment did have some utility in shaping risk management directions and 
identifying data needs. MLA has made a decision not to embark on future risk assessments 
unless there is sufficient data available to achieve the objectives of the assessment, thus there 
has been more focus on collecting data in a way that is useful for risk assessment. In addition 
a ‘process risk model’ (limited to hazard identification and hazard characterization, with 
emphasis on the exposure assessment element and changes in hazard during processing steps) 
is being developed as a tool to identify issues and data gaps that might require research, and 
to suggest where research might best be applied towards reducing EHEC prevalence in beef 
products.  

2.2.3 Draft risk assessment of the public health impact of Escherichia coli 
O157 in ground beef (USDA-FSIS, 2001) 

This was the only risk assessment of the five that was specifically commissioned by a 
government risk management agency. It considered the risk for any food products that 
contain ground beef and was both time and country specific. 

In the United States of America the need for action on this pathogen–product combination 
was driven by large outbreaks of EHEC in the late 1980s and early 1990s. Cooking practices 
in the catering sector, including fast-food restaurants, were changed in line with risk 
management recommendations. Furthermore, it was considered very important to control the 
levels of EHEC in product supplied to food service operators and the consumer. A risk 



 12 Meeting Report 

management decision to declare E. coli O157:H7 an adulterant1  in raw ground beef was 
implemented as a means of driving the beef industry towards action to solve the problem and 
reduce the prevalence of EHEC in ground beef.  

The aim of the risk assessment was to identify potential controls, and to evaluate which 
were most important, by considering different scenarios. Risk assessors and risk managers 
did not sit down beforehand to discuss and define the scope of the risk assessment. 
Consequently, the risk questions identified were numerous, theoretical and broadly focused. 
Hence, an extremely large, detailed and comprehensive risk assessment was produced. 
Subsequently, the needs of the risk manager were almost lost in the complexities of the risk 
assessment. If the risk question had been more focussed (most useful are well articulated, 
discrete questions), it would have been a different risk assessment. In addition, it can be said 
that questions relevant to risk managers were not addressed in such detail or rigour as would 
have been the case had the risk assessment been developed in more recent times.  

As part of the risk assessment, an independent estimate of risk of illness or burden of 
illness was obtained using epidemiological data. Although the risk assessment and the 
epidemiological study estimated the same thing (i.e. risk of illness) a risk assessment was still 
developed to identify potential controls. The epidemiological estimate of the risk of illness 
was used in the model to parameterize the dose-response model.  

Unlike the other risk assessments, the USDA-FSIS model identified neither live animal 
prevalence nor microbial load as the most important variable for risk of illness. This was due 
to the baseline assumption in the model that while between- and within-herd prevalence 
estimations were subject to uncertainty, no on-farm control measures had been demonstrated 
to reliably control E. coli O157 prevalence or levels in live animals. (See Section 3.2 below.) 
Nonetheless, it is intuitive that further research into control of EHEC in the animal reservoir 
potentially could have a substantial public health impact (Hancock et al., 2001). 

Thus this baseline model can be considered more as a description of the process rather 
than a scenario-based model. While the model did include the ability to address ‘what-if’ type 
questions, it did so in a particularly complex manner and so the other risk assessments 
developed may be more appropriate as a basis for developing scenario-based models. 

Similar to the Cassin et al. (1998) model, this risk assessment does have potential in terms 
of providing generic approaches for use in future risk assessments. It can therefore be used as 
a guide to methodology for countries that decide to develop a risk assessment. Just as the 
Cassin et al. (1998) work was used as a basis for the MLA risk assessment, this risk 
assessment has been used as a starting point for the risk assessment undertaken in Ireland 
(described in Section 2.2.5). In particular, the meeting identified the EHEC growth and 
inactivation components and the approach to addressing within-herd estimates in the live 
animals—which captures the transient nature of infection—as particularly transferable to a 

                                                      
1 Under the Federal Meat and Inspection Act (FMIA), 21 United States Code 601(m) (1), a product 

may be adulterated because it bears or contains a poisonous or deleterious substance which may 
render it injurious to health. Consumers in the United States of America consider ground beef to be 
properly cooked rare, medium rare, or medium. Thus in the case of E. coli O157:H7, it is not 
‘proper’ cooking but ‘thorough’ cooking that is necessary to protect consumers. As E. coli 
O157:H7 can cause serious illness, including death, the courts in the United States of America have 
agreed that E. coli O157:H7 fits the definition of an adulterant under the FMIA as ground beef 
containing this pathogen may render the product injurious to health. 
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generic risk assessment for EHEC, and which could be tailored to the needs of different 
countries. However, it was considered that other approaches used in the risk assessment, such 
as the anchoring approach used in the dose-response model, would not be globally applicable 
as the data required are very country specific. 

While this risk assessment did not lead directly to risk management actions, other benefits 
did ensue. The provision of a risk assessment for EHEC became the forerunner for the current 
United States of America system of a transparent risk analysis process whereby risk 
managers take decisions based on a risk assessment process with full consultation and 
comment. This was not common practice when many EHEC interventions were put in place 
in the early 1990s. From the United States of America perspective, the risk assessment 
proved to be a means for describing the ground beef production process using a 
multidisciplinary approach, and some of its findings informed subsequent HACCP plans 
implemented in the industry. The outbreaks of EHEC drove a greater public health focus in 
the federal control agency, and risk assessment was a means of linking public health 
outcomes to federal controls on the food industry. Data from the EHEC risk assessment 
helped to identify the likelihood of contamination, and this became a key part of the risk 
communication strategy to help with industry acceptance of federal interventions and 
consumer acceptance of the residual risk. The risk assessment process also helped to focus on 
prevalence data acquisition, which eventually led to the recognition of a more widespread 
prevalence than initially anticipated. The meeting noted that it was the intention of the United 
States of America to continue to update the EHEC risk assessment with new data and that 
new risk management actions or revised risk management actions may ensue. These actions 
will be clearly linked to public health goals. From the United States of America experience it 
is clear that risk assessments should not be static but should be dynamic processes that are 
continually updated and used to link risk management actions to public health outcomes. 

The attention of the meeting was also directed to another risk assessment that was carried 
out on mechanically tenderized meat (USDA-FSIS, 2002). While not reviewed by the 
meeting, it was noted that this risk assessment was used as a basis for risk management 
decision-making. At the time it was undertaken, and using the available data, the risk 
assessment indicated that there was no increased risk associated with these products, and it 
was used as the basis for a decision to take no specific risk management action with regard to 
control of EHEC in this type of product. However, subsequent to its completion, two 
outbreaks in the United States of America related to EHEC in mechanically tenderized 
beefsteak caused the United States of America to revise its position and to issue a 
requirement for all regulated facilities to conduct a re-assessment of their HACCP plans in 
order to account for new data associated both with recent outbreaks and with failure to 
adequately control sanitation of the equipment. In addition the United States of America 
recommended, but did not require, explicit labelling of mechanically tenderized products in 
order to provide consumers with relevant information that could affect how these products 
are safely prepared. Furthermore, the risk assessment is being revised in light of this recent 
epidemiological information. In addition to considering more current risk management 
questions, more current contamination data and consumer handling data will be considered to 
re-evaluate the comparative risk of intact versus non-intact beef. This recent epidemiological 
information and subsequent data collection to re-evaluate risk estimates highlights the 
concept of risk assessments as evolving rather than static tools.  
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2.2.4 Risk assessment of Shiga-toxin producing Escherichia coli O157 in 
steak tartare in the Netherlands (Nauta et al., 2001)  

The risk assessment by Nauta et al. (2001) was undertaken as part of a research and capacity 
building exercise rather than as a consequence of any risk management decision to 
commission a risk assessment. The risk assessment considers just one food product, steak 
tartare2, a high quality comminuted beef product in the Netherlands, which is minced meat 
with a fat content of less than 10%. As with the work of Cassin et al. (1998), the risk 
assessors set the questions to be addressed in the risk assessment and decided to limit the 
scope to steak tartare. 

Similar to the other risk assessments considered here, this one was not used to inform any 
risk management decisions. The risk assessors who developed it suggested three reasons for 
this:  

• While interventions were investigated, this was not done in a very concrete way, as the 
scenarios selected were hypothetical. For example, the risk assessment considered the 
impact of an increase in the prevalence of EHEC in the animals, but did not consider any 
specific interventions that could lead to a decrease in such prevalence. 

• It is recognized that the cost of interventions is an important factor in risk management 
decisions, but economic considerations were not included in this analysis. 

• As the risk assessment was undertaken as a research activity, little effort was made to 
interact or communicate with risk managers in terms of designing the risk assessment or 
promoting its availability or application. In contrast, more recent risk assessments in the 
Netherlands, e.g. the CARMA (Campylobacter Risk Management and Assessment) 
project on risk assessment of Campylobacter jejuni in broilers, have been undertaken 
with more involvement of risk managers both during and after the risk assessment work. 
In addition, the CARMA project included economic considerations. 

The results of the model were compared to the available epidemiological data (with 
adjustment for under-reporting). This exercise suggested that 65% of E. coli O157 infections 
were attributable to steak tartare, which was felt to be much too high. In the baseline model, 
an exponential dose response function was used based on Japanese outbreak data. A 
hypergeometric dose response curve fitted to the same data led to a higher number of 
predicted cases, whereas the Beta-Poissin dose response function developed by Powell et al. 
(2000) led to a much lower number of predicted cases. In terms of applicability of the model, 
the approach for considering mixing and partitioning (Nauta, 2005) could be considered as a 
generic element of the risk assessment that could be used for a future EHEC model. 

Currently in the Netherlands there are no risk management actions that have been 
specifically implemented for EHEC. The meat used in steak tartare is of a higher quality than 
that used for ground beef, which is the food vehicle considered by the other risk assessments. 
However, the hygienic practices of production and processing for both products are believed 
to be good in the Netherlands. Although there was an outbreak of EHEC illness related to 

                                                      
2  Steak tartare is a high quality product that is similar to a hamburger, but thicker. Prior to 

consumption, it is heated for around 10 minutes and is therefore a partly prepared and partly raw 
(i.e. inner) product. It is not possible to quantify the proportion of the steak tartare that is consumed 
raw. Steak tartare has not been linked to foodborne infections in the Netherlands.  
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filet american
3, there are currently no plans to re-visit the risk assessment or use it in any 

future risk management decision-making processes.  

2.2.5 E. coli O157:H7 in beef burgers produced in the Republic of Ireland: A 
quantitative microbial risk assessment (Teagasc, 2006)  

In Ireland the need for action was driven by a rise in the notification of EHEC cases and 
outbreaks. The risk management actions adopted in Ireland to address the EHEC hazard 
stemmed from a scientific report published in 1999 (FSAI, 1999). This report reviewed the 
scientific information available at the time and made science-based recommendations for 
interventions at each link in the food chain. These recommendations became the plan for risk 
management actions. The scientific evaluation could not be described as a risk assessment by 
current understanding of that term. However, a risk assessment has now been completed in 
Ireland and it is the intention that the relevant risk management activities would be reviewed 
on the basis of this work. 

Although the risk assessment was developed as part of a research project, a risk 
management group was formed and put forward seven risk questions for consideration in the 
risk assessment model. The risk management questions were based on the risk management 
activities that were implemented following the scientific evaluation in 1999. To a great extent 
the model was developed with Irish-specific data and assumptions. As the most recently 
developed risk assessment for E. coli O157, the risk assessment had the advantage that the 
Cassin et al. (1998) and draft USDA-FSIS (2001) models were already available, and this 
facilitated the process, rendering the learning curve less steep.  

An important element of this model is that data were collected in parallel with the 
development of the risk assessment. Consequently, the model was validated at two points 
along the food chain; these were (1) boxes of beef trim; and (2) beef products at retail. The 
model results and the results from the experimental work were comparable. In addition, other 
data types obtained from experimental work within the project were used for the estimation 
of model parameters. 

In the model, no particular interventions were considered; rather a number of scenarios 
were included. For the dose-response component, it was not possible to adopt the anchoring 
approach, proposed by the USDA-FSIS model, using Irish data due to the small population 
basis for any such data. Therefore, an existing dose-response model (Powell et al., 2000) was 
used within the model, without further development. However, unlike Powell et al. (2000), 
the dose-response was not compared with epidemiological data, as such data were limited due 
to the small population base and thus made it impossible to validate the probability of illness 
predicted by the model. As with the other models, there are a number of components specific 
to the exposure assessment that could be used as a basis for future risk assessments. 
Particularly noteworthy are the methodology used for consideration of test sensitivity and the 
approach used to describe the impact of time–temperature storage combinations on E. coli 
O157. This is not to suggest that previous risk assessments did not adjust prevalence to 
account for test sensitivity. However, in this case, the sensitivity of the isolation methods was 
directly evaluated using inoculation studies. Other risk assessments also used models that 
predicted growth and inactivation based on time–temperature combinations, although the 
approaches differed. 

                                                      
3 Filet american is a product where minced beef is mixed with mayonnaise and is eaten totally raw. 
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The scenario-based approach taken in developing this model broadens its application 
compared with, for example, the process-description approach taken in the USDA-FSIS 
baseline model. For example, this model has been used in an exercise that attempts to 
illustrate the use of risk assessment models to establish performance objectives for E. coli 
O157 (FAO/WHO, 2006; Nally et al., 2006). Although the combinations were arbitrary, i.e. 
not intended to represent any particular intervention, it was noted that risk assessors need to 
employ caution when doing exercises such as this.  

In terms of its application, the risk assessment has provided a better evidence base for risk 
management activities that have been implemented to date in Ireland, and has illustrated at 
the very least that none of them were inappropriate. However, areas for improvement have 
been identified and work is underway to gather more data to reduce uncertainty at certain key 
steps in the beef production chain. Furthermore, there have been benefits arising from this 
risk assessment that are not necessarily captured by focusing on its utility in risk management. 
For example, Ireland has developed the capability to conduct quantitative microbiological 
risk assessment (QMRA) by funding this research activity. In addition, the identification of 
data gaps during the development process has led to the acquisition of data suited to risk 
assessment. These data may have utility in other countries. With respect to beef, the risk 
assessment has now provided a clearer picture of what is happening to EHEC in the beef 
production chain and this is due to feed into a review of current risk management practices. 

2.3 Common features and lessons learned 

Table 1 provides a summary of each of the risk assessments in terms of their features, 
commonalities and potential application. Based on this review of the risk assessments, a 
number of issues were identified that are probably common to all risk assessments and are 
worth highlighting. 

Model validation 

Many of the risk assessment models were thought to have overestimated the risk of illness. 
However it was noted that the validation of risk assessment models is not straightforward, as 
there is no ‘gold standard’ data with which the model outputs can be compared. For example, 
it is difficult to compare the model outputs with human EHEC cases, as the epidemiological 
data will suffer from issues such as under-reporting. Likewise, in comparing the model output 
with microbiological sampling data, the sensitivity and statistical validity (e.g. convenience 
or randomized sampling) of the microbiological data need to be taken into consideration, and 
this is not always possible. With regard to EHEC, another important consideration is the 
difference in virulence among different strains of E. coli O157. It was not possible to directly 
account for this variability in any of the risk assessments that were undertaken, and it is also 
likely to affect efforts for validation. Although the dose response model developed by Cassin 
et al. (1998) did account for variability among strains, it was based on Shigella spp. rather 
than E. coli O157. 

Quantitative data 

Before many microbiological risk assessments were done there was an overwhelming focus 
on acquiring prevalence data without obtaining concentration data. Risk assessments have 
demonstrated that both are needed to gauge risk and link interventions to public health 
outcomes. 

No such thing as zero risk 
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Risk assessments have demonstrated that a safe level of a pathogen does not exist. This is 
now more accepted than prior to risk assessment and has led to the concept of risk reduction 
opportunities rather than risk elimination. 

Risk assessment scope 

The importance of having a clear and focused scope for a risk assessment cannot be 
overemphasized. The risk assessments reviewed here differed in scope and complexity and 
illustrated that if something is too complex and tries to take everything into account its utility 
may get lost in the complexity. In other words, there is a risk of developing a risk assessment 
that tries to satisfy everyone by including everything, but in the end satisfies no-one.  

Application of existing EHEC risk assessments 

While the meeting explicitly considered this point and identified a number of components of 
each of the models that could be used in future risk assessment, it should be noted that these 
components have not been developed in a manner that is stand-alone and would allow them 
to be used directly in future risk assessments. Rather, their development and the expertise 
gained in their elaboration should greatly facilitate and expedite future risk assessment work.  
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3. Key management issues associated with EHEC in raw and 

ready-to-eat beef products 

3.1 Introduction 

In considering the risk management issues associated with EHEC the meeting noted that to 
date most of these have been addressed in the absence of quantitative microbial risk 
assessments. The previous section describes some of the actions that have been taken in those 
countries that have carried out a risk assessment, irrespective of whether or not the risk 
assessment contributed to the risk management decision. For the purposes of identifying key 
issues, the meeting participants considered it useful to also look at one country where no risk 
assessment has been undertaken, as such an example may also reflect the situation in many 
other countries, especially with respect to the adoption of HACCP and GHP in 
slaughterhouses.  

In Denmark, for example, there has not been a systematic approach to the control of 
EHEC (VTEC O157) and no risk assessment has been undertaken. The focus of risk 
managers has been on the application of GHP, with the enforcement of a low prevalence of 
pathogens in meat and meat products. The incidence of VTEC in Denmark was 2.8/100 000 
in 2005 with 0.5/100 000 for VTEC O157. The sources for VTEC infections are generally 
unknown, but to date no VTEC O157 outbreaks have been associated with the consumption 
of beef. Although VTEC O157 are present in cattle and on carcasses at levels similar to other 
EU countries, this does not appear to be causing recognizable disease.  

This example clearly illustrates the complexity of issues that are facing risk managers in 
terms of controlling foodborne, and more specifically meat-borne, EHEC. Nevertheless, from 
the risk manager’s viewpoint, the food safety goal must be pursued realizing that absolute 
prevention or elimination of the pathogen cannot be guaranteed.  

The meeting generated a list of key issues facing risk managers. It was not intended that 
this be exhaustive, but it was used by the meeting to guide subsequent deliberations on 
developing approaches for the provision of scientific advice. 

3.2 Issues for consideration at pre-harvest stage 

The pre-harvest stage refers to the live animal on farm or at the feedlot and from a food safety 
perspective focuses on keeping the prevalence and numbers of microorganisms carried by the 
animal or in the animal herd to a minimum. With regard to EHEC, this requires consideration 
of issues such as:  

• Prevalence and levels of EHEC on or in animals, hide and faeces, including issues such 
as ‘supershedders’ (Naylor et al., 2003) and seasonality, and their impact on subsequent 
levels in the beef or beef product. 

• The relative importance of levels of EHEC in faeces and on contaminated hide.  

• Age and background of the animals (i.e. whether they were dairy or meat production 
animals). 

Although research continues, the meeting was unaware of currently available evidence 
that demonstrates specific on-farm measures (e.g. probiotics, competitive inhibition, stress 
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reduction) reliably controlling EHECs in live animals. Farmers are being encouraged to 
implement a clean-animal policy. However, cross-contamination in the abattoir may diminish 
the effect of on-farm controls. In some countries, to prevent gross contamination, food safety 
measures indicate that live cattle be categorized based on visible cleanliness upon arrival at 
the abattoir. However, the available evidence does not demonstrate the efficacy of visual 
inspection of live animals in lowering EHEC prevalence on carcasses. In comparison, the 
United States of America strategy requires that slaughter measures be designed presuming 
that E. coli O157:H7 is reasonably likely to occur on carcasses. Nevertheless it would seem 
to be appropriate to link on-farm controls with a logistical slaughter strategy, which would be 
improved if cross-contamination issues during slaughter could be addressed. 

3.3 Issues for consideration at harvest stage (transport, 
lairage, slaughter and dressing) 

The harvest stage is widely considered to include transport from the farm through to dressing 
(evisceration) of the slaughtered animal. It was noted that much of the activity at this stage 
related to minimizing cross-contamination and, if possible, reducing levels of EHEC on 
carcasses. To this end the meeting regarded key issues that required consideration to include: 

• Effect of transport time, fasting and stress prior to slaughter on prevalence or levels of 
EHEC. 

• Effect of cleaning animals prior to slaughter. 

• Decontaminants and their impact and efficacy. 

• Animal contact surfaces (e.g. lairage, stun box) and their role in cross-contamination. 

• De-hiding processes and minimizing cross-contamination. 

• Role of aerosols in cross-contamination. 

• Role of workers in cross-contamination. 

• Slaughterhouse design. 

• Time to chilling and its impact on levels of EHEC. 

• Role of high-risk cuts (e.g. head meat). 

The United States of America food safety policy of declaring E. coli O157:H7 an 
adulterant in raw ground beef has resulted in substantial changes in hygienic slaughter 
practices designed to reduce the likelihood that the pathogen is present at detectable levels. It 
is reasonable to expect that the same hygienic slaughter practices have affected the 
occurrence and levels of other pathogens. The implementation of such a control was based on 
the preference of some consumers in the United States of America for lightly cooked ground 
beef. 

The United States of America adulterant policy was fundamental in forcing a 
technological solution in this segment of the production chain. In the United States of 
America, decontaminants such as lactic acid, acidified sodium chlorate and ozonated water 
are treatment options for decontaminating carcasses and trim. Due to their temporary effect, 
such decontaminants are not considered to be food additives but rather processing aids. These 
chemical treatments are used with the understanding that there must be no measurable residue 
on the carcass and that the treatment effect is temporary. Irradiation is allowed in the United 
States of America, but it is primarily used by producers in response to legal liability exposure 
where the consumers are known to be susceptible (e.g. institutional settings), or by consumers 
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who prefer this additional safety treatment. In Europe, in contrast, only potable water and 
steam can be used for carcase decontamination, and irradiation is not permitted. However, 
controls are clearly seen to extend to the consumer level. This is an example of the significant 
differences that may exist between policies in different countries or regions.  

Another control measure at this stage reflects a test-and-divert approach. The impact of 
such an approach can depend on the scale of the operation and the point at which the sample 
is taken. For example, it is more likely to detect EHEC in beef trim rather than the carcass, 
particularly when trim from many animals is combined. In the United States of America, the 
largest beef producers test large consignments of trim (‘combo bins’) for E. coli O157:H7 
with high frequency (e.g. based on the ICMSF n = 60 sampling plans (ICMSF, 2002)) and 
divert failed product to ready-to-eat product in which a lethality step is implemented. 

The meeting noted that geographical differences at this stage of the chain and differences 
in policy and legislation mean that the relevance of any list of key risk management issues 
will depend on the local situation. Nevertheless, given the extent of international trade in this 
product, it is pertinent for risk managers to be aware of the issues that arise, even if they are 
not directly applicable to their own country.  

3.4 Issues for consideration at post-harvest stage  

This is probably the most diverse stage of the process, as elements of it will vary depending 
on the final product that is marketed by the meat processor; the conditions of retail and of 
distribution; whether it is supplied in bulk to catering establishments or is purchased in small 
amounts for consumption in the home; and, finally, how it is prepared before final 
consumption. Given the diversity of this section, it was considered appropriate to address the 
relevant issues under three broad headings: cold chain conditions; application of lethal 
processes; and opportunities for and prevention of cross-contamination. 

Cold chain from slaughterhouse to consumer 

As with any fresh product, the maintenance of the cold chain is critical. The time from 
slaughter to chilling is an important issue. In addition, other issues to be considered in terms 
of control of EHEC include: 

• Time and temperature of the chilling process.  

• Growth and survival of EHEC under various time–temperature combinations. 

• Impact of water activity and other environmental conditions on EHEC (such as freezing). 

Application of lethal processes 

Such processes can be implemented by the processor, retailer or consumer. In cases where 
such processes are implemented by the processor or retailer, the outcome is normally a ready-
to-eat product that will not be subjected to further lethal heat treatments by the consumer. 
Depending on who is implementing the lethal process, some of the issues to be considered 
include: 

• Prevalence and levels of EHEC prior to implementation of lethal process.  

• Process criteria (in terms of producer practices). 

• Consumer practices in terms of what they do with beef and beef products. What types of 
products are consumed? What are the cooking preferences and what subjective indicators 
of appropriate cooking are used? An important issue in terms of meat in international 
trade is the differences between countries in terms of their preparation practices. Thus 
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consumption of raw meat may be more widely accepted in some countries than others, 
and so may a certain level of risk associated with those products. 

Cross-contamination 

Cross-contamination can potentially occur at any point along the food chain, thus leading to a 
potential increase in risk. In considering relevant issues it was decided to divide cross-
contamination into (a) that which can occur during commercial activities such as processing 
and retail, and (b) that which occurs in a domestic setting. This reflects the differences in risk 
management approaches needed in each situation and hence a difference in the issues to be 
considered. In terms of cross-contamination in commercial post-harvest settings, important 
issues to consider include:  

• role of equipment in cross-contamination; 

• presence of biofilms and survival of organisms; 

• pathways of cross-contamination; and  

• frequency and extent to which cross-contamination occurs. 

With regard to addressing cross-contamination during domestic preparation, one of the 
primary tools available is consumer education. However, as a control measure its impact is 
difficult to measure, as knowledge does not always translate into changes in consumer 
behaviour. In addition, issues to be considered include:  

• Role of equipment, kitchen surfaces and non-standardized equipment in cross-
contamination, presence of biofilms and survival of organisms. Home kitchens are not 
dedicated food preparation areas. 

• Pathways of cross-contamination (transport from retail to home). 

• Frequency and extent to which cross-contamination occurs. 

3.5 Other relevant issues 

Apart from those issues that directly relate to the three stages of pre-harvest, harvest and post-
harvest, there are a number of product-, trade- and health-specific issues that may need to be 
addressed by the risk manager. 

3.5.1 Mechanically tenderized meat 

It was noted that the process of mechanical tenderization of beef can introduce surface 
contamination into the interior of the muscle. While the United States of America considers 
mechanically tenderized beef to be a non-intact product, this is not necessarily the case in 
other countries. While not currently commonplace in many countries, this practice is 
increasing with the adoption of industrial beef production processes. As there are currently no 
requirements to label such product as mechanically tenderized, consumers are often unaware 
that such products need to be treated in the same manner as non-intact products. Some of the 
issues to be thus considered with regard to this type of product include: 

• Provision of information to consumer (e.g. labelling, evidence of impact of labelling, 
effect on consumer behaviour). 

• Cooking methods or instructions. 

• Proportion of product subject to mechanical tenderizing. 

• Level of hygiene and sanitation for mechanical tenderizing processes. 
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• Level of EHEC potentially introduced into interior muscle by the process. 

• Are other tenderization processes used (e.g. injecting curing agents into meat) that could 
potentially introduce EHEC? 

3.5.2 Intrinsically high risk products (risk communication)  

The meeting noted that some ready-to-eat4 meat products are not subjected to a lethal process. 
While it was noted that the United States of America defines ready-to-eat beef as beef 
subjected to an integrated 5-log reduction (e.g. a 2-log reduction via heating plus a 3-log 
reduction due to acidification) of EHEC, this does not represent a standard against which 
other approaches should be judged, and most other countries do not apply such a definition. 
In some European countries, for example, there is a consumer preference for some types of 
sausages (fermented or unfermented) or for comminuted products (such as steak tartare), 
which are not intended for cooking prior to consumption and which are not produced in a 
manner that would achieve a significant degree of E. coli reduction. In such cases issues that 
need to be considered by the risk manager include:  

• Providing information to consumer (e.g. labelling, evidence of impact of labelling, effect 
on consumer behaviour). 

• Level of risk associated with particular products. 

• Product definition and method of manufacture. 

• Legal requirements. 

3.5.3 Validation, monitoring and verification, and establishment of 
equivalence 

In addressing EHEC and other microbial pathogens, food safety risk managers face a 
persistent tension between the certainties of prescriptive measures versus the vagaries of 
performance measures. It may be difficult to determine what level of treatment is afforded by 
a given process. Furthermore, the resultant level of protection is dependent on the levels in 
incoming product. Frequently, risk managers must also make determinations of equivalence 
in international trade for countries that have different regulatory schemes or different levels 
of EHEC in incoming product. In attempting to address these issues, the meeting identified 
the following issues that need to be taken into consideration: 

• Role of indicator organisms for process control of slaughter and processing. 

• Microbiological criteria (including sampling methodology). 

• Effectiveness of interventions: how this is measured or evaluated, or both. 

• Evaluation of measurement and testing techniques.  

• Evidence for utility of testing regime, including level of certainty of detection and level 
of detection, implying statistically valid sampling frequency. 

• Scientific basis for performance objectives.  

• Equivalence of different production and processing systems, requiring knowledge on the 
level of performance of a system. 

                                                      
4 Codex defines ready-to-eat food as “Any food (including beverages) which is normally consumed 

in its raw state or any food handled, processed, mixed, cooked, or otherwise prepared into a form in 
which it is normally consumed without further processing.” (CAC/GL 22-R) 
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• Predominance of different serotypes.  

3.5.4 Hazard characterization (including dose-response) 

While hazard characterization, and in particular dose response, are addressed in more detail in 
other parts of the report, it was considered that their impact in terms of risk management was 
worth highlighting. It was noted that, currently, most knowledge of EHEC dose-response 
relationships exist for E. coli O157, but little is known about the virulence (pathogenicity and 
infectivity) of different pathotypes and whether measures taken by the risk manager are also 
having an effect on these different types. It was considered that another important issue in 
this regard was that of susceptible populations and whether their consumption patterns meant 
that they could potentially be exposed to these pathogens. 
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4. Designing approaches for the provision of scientific advice 

4.1 Introduction 

As indicated in Section 1, the focus of this report is risk assessment activity for beef, 
purchased raw or ready-to-eat. As a working hypothesis, it seems reasonable to presume that 
EHECs other than E. coli O157:H7 will respond to food safety measures in the same manner, 
or at least will not be made worse. The scope of issues faced by risk managers may range 
from production to consumption, or their authority and control may be limited to segments of 
the production-to-consumption continuum. Thus, their requirements for scientific advice will 
vary accordingly. The meeting noted the potential application of risk assessment elements of 
the production-to-consumption continuum to other products and routes of EHEC transmission 
associated with or affected by beef production, but not directly attributable to beef 
consumption. However, there are numerous factors that may constrain the application of a 
particular risk assessment, such as global food distribution and differences in processing 
practices. In this context, this section aims to identify approaches to the provision of scientific 
advice that could be applied to address a range of risk management issues. 

4.2 Flexibility in approach to provision of advice to risk 
managers 

A flexible approach to risk assessment is necessary to inform risk management decisions for 
a wide range of products, produced and processed in a variety of ways, with different 
products being significant in different parts of the world. It is not possible to provide a 
comprehensive risk assessment for the full range of products and processes, prepared in a 
variety of ways and consumed by different populations. 

Considerable data exists in the scientific literature on the efficacy of various risk 
mitigations on numbers of EHEC. These studies are useful in themselves, and provide risk 
managers with information about risk mitigations that might be directly applicable and cost 
effective. Risk management actions based on this approach may be sufficient to achieve 
public health goals.  

Full farm-to-consumption risk assessments are huge endeavours. It may therefore be 
necessary to prioritize the focus of attention. This can take an iterative approach: 

• prepare a risk profile (review of information); 

• implement a qualitative risk assessment and simple quantitative risk assessment; and 

• increase the resolution of risk assessment at key steps, in consultation with risk managers 
and subject to available data. Risk managers need to request modifications to generic risk 
assessments to cover their own circumstances. 

A risk assessment is one part of a package that would allow risk managers to make risk 
management decisions. An assessment covering the whole chain from production to 
consumption was one option. However, it would not be necessary to cover the entire chain in 
great depth, and it would be possible to produce a detailed model only for the parts of the 
chain where data allowed, or where an interest in risk mitigation exists. It is possible to 
develop an empirical relationship to describe the input and outputs of a part of the chain, if 
there are few data or little interest in that part of the chain, but it is then not possible to make 
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more detailed inferences about the part of the chain thus treated. A risk assessment should 
provide an estimate of illness, but a risk manager may derive benefit from a risk assessment 
model that terminates at the point of exposure or some other point prior to the actual risk 
estimate. A general model of the entire chain, but with a low level of detail, could be 
developed relatively easily, but the development of a comprehensive, detailed assessment 
requires considerable time and expense. Once completed, a model may only be applicable for 
the country or geographical area, and the product selected. Risk managers on an international 
level (such as CCFH) may derive benefit from a general risk assessment model, but national 
risk managers are more likely to require detailed risk assessment models, and certainly ones 
based, to some extent, on data collected from their own country. 

There is currently no global solution to the problems posed by EHECs. If a risk 
assessment is developed for a global purpose, generic components can be used from the 
existing risk assessments (see Table 2). The risk assessment could take a modular approach. 
This provides a starting point for countries that do not have a risk assessment and will 
provide a ‘formula’ into which countries can insert their own numbers. A scenario-based 
model could be produced, similar to the FAO/WHO Enterobacter sakazakii risk assessment 
model (FAO/WHO, 2008; for model see: http://www.mramodels.org/ESAK/default.aspx). 
Such a model could never fully describe country-to-country variability, and therefore some 
country-specific data may need to be entered into the model, unless it is deemed that the data 
used in the risk assessment is representative for the country of interest. However, the result of 
the ‘what-if’ analyses could provide insight into potential controls that might be applied by 
different countries depending upon their situation as captured in the �what-if’ scenario. 

The package of information that could be provided by scientists and assessors to risk 
managers might consist of: 

• A critical or systematic review of aspects of the biology, ecology and risk mitigations 
investigated for EHEC, including non-O157. This could be based on the information 
provided in Annex 2 of this report. Another significant recent work is Sofos (2005). 

• A risk assessment, covering three modules (pre-harvest, harvest and post-harvest) to a 
low level of detail, using one data set as an example and a few scenarios (‘what-if’ 
examples), which will provide risk managers with an insight into the complexities of the 
supply chain, where possible risk mitigations might best be applied, and the likely impact 
that those mitigations might have.  

• Existing risk assessments (such as those reviewed in this report) that might be used to 
supply approaches or elements for national risk assessments. 

• Consensus risk assessment model elements, that could be used in the risk assessment and 
consist of standard data that could be used in all risk assessments (such as dose-response 
functions, growth parameters, death parameters) and data that would be required to apply 
the basic risk assessment to another situation (e.g. data may be required on the prevalence 
and concentration of E. coli O157 in faeces at the time of slaughter, or on the times and 
temperatures encountered in the distribution chain). 

This package of information would allow risk managers to: 

• Make risk management decisions based on critically reviewed interventions, but without 
estimating their impact on public health outcomes. 

• Collect appropriate data before commencing risk assessment activities. 
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• Prepare a risk assessment on a range of products of interest, to the desired level of detail 
consistent with the objectives of the risk manager. 

• Determine an illness estimate for a particular product and population. 

• Evaluate possible risk mitigations and understand the impact that they might have on 
disease associated with a particular product and population. 

4.3 Asking risk management questions 

Non-specific risk management questions were a common theme in many of the O157 risk 
assessments and also in previous FAO/WHO work. A vague risk management question is one 
of the primary contributors to a less than optimal risk assessment by increasing the potential 
for an overly complex assessment that is not able to answer any of the risk management 
questions in any detail. In formulating risk questions it should also be noted that the strength 
of risk assessment is not primarily as an estimator of the burden of illness, as this is best done 
via epidemiological studies, or only estimating the risk of illness per serving. The strength of 
risk assessments is their ability to, inter alia, consider what-if scenarios and their impact on 
public health; measure relative risk reductions through various strategies; determine where to 
focus risk management attention; provide insight into where data and information is most 
likely to improve decisions; and to test strategies before implementation.  

The risk question needs to be relevant for the activities of the risk assessment, and it is 
important to ensure that the risk assessment is fit for purpose, i.e. that it answers the risk 
question as well as possible given the resources available (time, data, staff). Depending on 
the risk question it may not be necessary to consider the full chain (e.g. if only interested in 
interventions at the consumer level, then no model, or a less detailed model, would be needed 
at the pre-harvest and harvest levels). However, it is often necessary to produce the full farm-
to-consumption module (to some degree of complexity) since there are often multiple 
interventions to be considered at different points in the chain. Risk assessors need to have 
good communications with risk managers to provide guidance on what risk assessment can 
and cannot answer, i.e. to condition the expectations of the risk manager. 



 

Table 2. Example of the types of risk assessments that could be undertaken to assist risk managers in controlling EHEC in beef and beef products and 
their potential areas of application. 

Starting point of 
EHEC risk 
assessment 

Types of risk 
management advice 

Advantages Disadvantages 
Example data or 

information needs 

1) Prevalence and 
concentration of EHEC 
in beef products exiting 
processing plant 

Prevalence and concentration 
level performance targets for 
beef at the end of slaughter 
linked to a public health 
outcome 

Risk reduction effectiveness of 
post-slaughter interventions 

Ranking of post-slaughter 
interventions in terms of risk 
reduction potential 

Risk reduction effectiveness of 
combinations of interventions 

Ability to establish public health-linked 
performance targets 

Ability to evaluate post-slaughter interventions 
in terms of risk reduction 

Depending upon specific data availability, 
relatively fast turnaround time 

Relatively low resource requirement 

Minimal data and information requirements  

Supports the identification and prioritization of 
data gaps after the processing plant  

All existing EHEC risk assessments cover this 
scope, so moderate turnaround time due to 
some existing risk modelling modules  

Inability to assess effectiveness 
of interventions prior to 
slaughter exit 

No insight into how to achieve 
performance targets that might 
be established 

Intervention options that can be 
implemented post-process are 
limited  

Dose response (generic) 

Consumption patterns 
(country specific) 

Preparation and handling 
(country specific) 

Transportation, storage, 
distribution (country specific) 

Growth (generic) 

Inactivation (generic) 



 

Starting point of 
EHEC risk 
assessment 

Types of risk 
management advice 

Advantages Disadvantages 
Example data or 

information needs 

2) Prevalence of 
contaminated cattle and 
contamination level of 
EHEC on animals 
entering the slaughter 
and processing plant 

All of the above + 

Performance targets for 
prevalence of contaminated 
cattle entering plant linked to a 
public health outcome 

Risk reduction effectiveness of 
specific interventions between 
slaughter and consumer 

Risk reduction effectiveness of 
broader scope interventions 
such as logistical slaughter  

Ranking of all interventions 
considered from slaughtering 
plant to consumer 

Assessment of combinations 
of interventions from slaughter 
to consumer to determine 
most effective combinations 

Ability to establish public health-linked per-
formance targets at any point from process to 
consumer 

Ability to generate guidance on how to achieve 
performance targets through slaughter 
interventions 

Ability to evaluate interventions from slaughter 
through to consumer in terms of risk reduction 

Moderate turnaround time due to some existing 
risk modelling modules 

Supports increased understanding of how beef 
processing system works  

Supports the identification and prioritization of 
data gaps through slaughter plant. Existing risk 
assessments cover this scope to varying 
degrees of detail 

All existing EHEC risk assessments cover this 
scope, so moderate turnaround time due to 
some existing risk modelling modules  

Inability to assess effectiveness 
of interventions prior to 
slaughter 

Relatively higher resource 
requirements 

Data requirements for inter-
vention effectiveness through 
slaughter process 

More time required to complete 
assessment model 

All of the above + 

Slaughter and processing 
practices and their impact 
on prevalence and levels of 
EHEC 

Specific interventions 
(specific) used in slaughter 
processing house and their 
impact (generic) 



 

Starting point of 
EHEC risk 
assessment 

Types of risk 
management advice 

Advantages Disadvantages 
Example data or 

information needs 

3) Herd Prevalence and 
faecal contamination 
levels at the farm 

All of the above + 

Performance targets can be 
established from farm to 
consumer linked to a public 
health outcome 

Risk reduction effectiveness of 
specific interventions between 
farm and consumer 

Ranking of all interventions in 
the farm-to-fork chain 

Assessment of combinations 
of farm-to-fork interventions to 
determine multi-hurdle risk 
management strategy 

General evaluation of farm 
level management practices 
(e.g. biosecurity) 

Potential to develop risk management strategies 
across the entire farm-to-fork chain 

Supports increased understanding of how 
overall beef production system works 

Supports the identification and prioritization of 
data gaps through farm-to-fork chain 

Ability to evaluate interventions at any point in 
the farm-to-fork chain 

Existing risk assessments cover this scope in 
varying degrees of detail. Could therefore 
include some existing risk modelling modules 

Inability to assess effectiveness 
of interventions at the farm level 

High resource, time and data 
requirements 

No inference on how to control 
EHEC at farm level 

All of the above + 

Prevalence and levels of 
EHEC in animals and herds 
(country specific) 

Interventions used and 
ability to implement (country 
specific) 

Description of cattle 
population (country specific) 

Structure and scale of 
production (country specific) 

Efficacy of interventions 
(generic) 

Impact of transport and 
lairage on prevalence and 
levels of EHEC 

4) Routes of introduction 
and spread of EHEC 
into and within herds 

All of the above + 
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Increased knowledge on the dynamics of VTEC 
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ment (and ability to consider non-foodborne 
sources of VTEC) 
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ments cover this scope 

Very high resource, time and 
data requirements 

 

All of the above + 

Increasing the knowledge of 
the ecology of EHECs 

On-farm management of 
beef cattle (country specific) 

Animal-level information on 
levels and frequency of 
shedding EHECs (generic) 

Survival of EHECs in on-
farm environments (Generic) 

 



 

Is assessment of the 

impact of 

management actions 

on public health 

desired or needed ?

Alternative Methods to 

Assess Impact
Apply Risk Assessment 

Approaches

Critical scientific 

review of evidence on 

intervention 

effectiveness

Experiment / conduct 

studies to measure 

impact of intervention 

at point of application

Model farm-to-point of 

consumption, or other 

parts of chain without 

dose-response

OUTCOME

•Effect of only 

documented 

strategies / 

interventions at the 

point of application 

can be evaluated

OUTCOME

•Effect of the desired 

/ specific strategy at 

the point of 

application

OUTCOME

•Effect of existing 

strategies at point of 

application

•Effect of 

combinations of 

strategies 

•Development of 

potential strategies 

for future study

No Yes

Starting point 

of model could 

be EHEC 

Prevalence & 

Concentration 

at exit of 

slaughter 

through to 

consumer

Starting point 

of model could 

be EHEC 

Prevalence & 

Concentration 

at entry to 

slaughter 

through to 

consumer

Starting point 

of model could 

be herd level 

EHEC 

prevalence & 

fecal 

concentration 

at farm

Starting point 

of model could 

be routes of 

EHEC 

introduction 

into herds

Fazil, 2006

OUTCOME

Risk management options can be assessed and chosen to obtain 

desired public health outcomes

 

Figure 2. Roadmap for the application of risk assessment approaches in managing the public health impact of EHEC.  
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In summary, when posing the risk questions, the following should be taken into consideration: 

• Risk assessors and risk managers should jointly identify the risk question(s) and revisit their 
relevancy during risk assessment development.  

• Vague questions should be avoided. With a clear risk question a risk assessment model can 
be developed that is fit for purpose. 

• Prioritize the risk questions and adopt an iterative approach.  

• Recognize that a full farm-to-consumption risk assessment is not always necessary.  

• A strength of risk assessment is its ability to investigate relative risks or ‘what-if’ scenarios 
and link them to public health outcomes.  

4.4 Application of risk assessment 

Table 2 provides some examples of points in the chain at which an EHEC risk assessment might 
commence. As noted previously, it is also possible to terminate an assessment prior to 
determining an illness estimate. In this case, the assessment would properly be called an exposure 
assessment, rather than a risk assessment, but could be suitable for the purpose. As an example, 
the first option in the table describes the advantages, disadvantages and type of risk management 
advice that could be generated with a risk assessment that has as its starting point the prevalence 
and concentration of EHEC in ground beef exiting the slaughter plant. This type of risk 
assessment has the advantage of being relatively straightforward to construct (low resource 
demand), but can only be used to provide insight into the risk or relative risk of various 
contamination levels and rates exiting the slaughter plant. The assessment could not be used to 
measure the relative merits of interventions at points prior to the exit of slaughter, but would 
allow the decision-maker to establish contamination rate or contamination level targets at the exit 
of slaughter, which could be linked to a public health risk outcome. Risk managers need to aware 
that a uniform risk reduction factor across the slaughter industry as a whole is challenging, if 
even feasible, since there can be extensive differences between individual slaughterhouses. Thus 
there may be a need to initially assess individually the risks associated with different 
slaughterhouses and their practices.  

The specific approaches that could be used to achieve those targets would be left unanswered. 
Specific guidance on the effect of interventions or combinations of interventions after the 
slaughtering plant could, however, be assessed. The other options in the table may be interpreted 
in a similar way. 

It should be noted that the options listed in Table 2 are not exhaustive. Other risk-assessment-
based approaches or elements of a risk assessment could potentially be used. For example, a 
model that primarily focuses on the exposure assessment segment of a risk assessment may be 
more applicable for use by a specific industrial producer. A roadmap for the application of risk 
assessment approaches in managing the public health impact of EHEC is presented in Figure 2. 

4.5 Future application of existing risk assessments 

Existing risk assessments provide a basis for future risk assessment work in this area. Risk 
managers and risk assessors should be cognisant of the following issues in considering the scope 
of any future commissioned risk assessment.  

4.5.1 Pre-harvest (Live animal) 

Existing risk assessments all start at a point where prevalence and levels of O157 on animals is 
known. 
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All pre-harvest intervention strategies are designed to affect prevalence or concentrations, or 
both, of E. coli O157 on animals entering the abattoir. 

Given data availability, some variables, such as seasonal variation in prevalence, can be 
relatively easily incorporated into existing risk assessment models (i.e. variables that can be 
easily expressed in terms of impact on prevalence or microbial load). The USDA-FSIS model 
incorporates seasonal effects on prevalence. 

Even with available data, some variables are more difficult to incorporate into the existing risk 
assessment models, such as the incorporation of the effect of temporal dynamics on pathogen 
levels when considering the duration of fasting and its relationship with the levels of E. coli O157 
in the animal. 

There has been modelling work at the pre-harvest stage that may help in incorporating some 
of the more complex variables, including transmission, and recycling of organism at farm (Jordan 
et al., 1999a, b; Wood, McKendrick and Gettinby, 2006; Stacey et al., 2007; Turner et al., 2003. ) 

4.5.2 Harvest (transport, lairage, slaughter and dressing) 

Existing risk assessments address this stage relatively comprehensively, with the exception of 
transport and lairage. 

Existing risk assessments can be used without much modification to address intervention 
strategies (e.g. carcass decontamination measures) that affect levels of the organism on the 
carcass. 

A weakness is that cross-contamination is addressed in a simplistic manner (e.g. mechanisms 
by which cross-contamination occur are not described). If cross-contamination is a particular area 
of concern, existing models would have to be modified to adequately address this, and will 
require specific data that may not currently exist. 

Data for the harvest stage may be transferable between countries within similar slaughter 
processes, although differences do exist, such as permitted carcass decontamination treatments. 

4.5.3 Post-harvest (processing, transport, storage, distribution, preparation, 
consumption)  

Risk managers will address different stages of post-harvest separately. However, many of 
following comments apply to each of the stages:  

• Existing risk assessments address these steps in a similar manner but there are large 
geographical differences in the variables, including preparation and consumption practices, 
and consumer practices (cooking preferences, subjective indications of appropriate cooking, 
acceptability of raw meat). 

• Given data availability, some variables, such as storage time, can be relatively easily 
incorporated into existing risk assessment models (i.e. variable that can be easily expressed in 
terms of impact on levels). Therefore these are likely to need country- or cultural-specific 
survey data.  

• A scenario approach could be used to consider some variables, e.g. impact of storage time. 

• Cross-contamination at the retail and domestic levels has not been considered in existing 
models for EHEC, although it is a relevant consideration. Risk assessments for other 
pathogens have attempted to address this, such as those for Salmonella and Campylobacter. 

• None of the quantitative risk assessments reviewed specifically address specific high-risk 
products, e.g. some non-heat treated ready-to-eat products. Therefore, the existing models 
need to be modified to include any considerations specific to these products. While the 
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modelling is not expected to be complex and some of the relevant predictive models exist, the 
relevant data need to be collected and collated. 

• Current models do not consider the impact of sociological factors on food safety, including 
providing information to consumer or labelling. 

• Risk assessment models can evaluate the impact of actions based on microbiological criteria, 
e.g. rejection or re-direction of non-conforming product. For instance, the USDA-FSIS risk 
assessment model has evaluated a specific sampling plan. 

4.5.4 Assessment of equivalence 

The existing risk assessments provide a starting point in terms of establishing performance 
objectives, although this is still a developing area and one being tackled in other FAO/WHO 
consultations. Nevertheless, the meeting considered that the use of risk assessment is the only 
transparent and objective way of showing equivalence between processing systems in terms of 
public health outcomes. An attempt has been made to explore this direction in the Australian risk 
assessment (MLA, pers. comm.) but it is an area that still needs more work. Equivalence is not 
only an issue for internationally traded beef and beef products. Domestically, a risk manager 
faces issues of equivalence between different plants and between different inspection systems. 

It is also important to consider the range of organisms that constitutes an EHEC. Differences 
in the prevalence of serotypes of importance in different countries may be significant to public 
health outcomes (See Section 3.5.3). If the prevalence and concentration of a relevant serotype in 
animals is known to be lower than levels of O157, then a risk assessment based on E. coli O157 
may be adequate. It may be safe to assume that data on the behaviour of E. coli O157 in response 
to interventions will be the same as for other serotypes, but if microbiological testing is used as a 
risk management option then that approach may be insensitive to serotypes other than E. coli 
O157. 

4.5.5 Dose response 

The application of a common dose response relationship in risk assessments facilitates 
consistency and comparison. Use of different dose response relationships in an assessment 
outcome may introduce more variability than other parameters. While there is uncertainty in the 
dose-response relationship, there is still sufficient information for estimation of relative risk. 
There are questions about the applicability of the E. coli O157 dose response relationship to other 
serotypes, but there is little or no evidence that this dose response would not be conservative for 
other types of EHECs. 
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5. Data gaps and future research needs 

The objective of this section is to identify the data gaps and other information and resource needs 
in order to improve and expand the existing quantitative risk assessments. Quantitative risk 
assessments are not a substitute for good data or information acquisition, and quantitative risk 
assessments cannot be conducted in the absence of data required for the development of the 
model. It was the view of the meeting that data gaps will continue to change and are dependent 
on the specific risk management questions being addressed, which also limits the range of the 
data gaps. For example, if the focus of the risk assessment is on harvest issues, then pre-harvest 
data gaps have no relevance. The data relevant to risk assessment need to be constantly updated, 
and historical data (on prevalence, consumer practice, etc.) runs the risk of no longer being valid 
for inclusion in a risk assessment. The ideal would be similar to the Irish risk assessment, where 
data gathering was carried out in parallel with the quantitative risk assessment. 

In the background paper prepared by Sava Buncic, and included as Annex 2 of this report, a 
review outlines the main scientific knowledge gaps where improvement is needed. In addition, 
the meeting thought it appropriate to highlight broad categories of information gaps that a risk 
manager would have to address, depending on the category of risk assessment being undertaken. 
Table 2 sets out four broad categories of possible risk assessments that could be undertaken and 
their associated data gaps. The categories are not exhaustive and other risk assessments are 
conceivable. Likewise, the lists of data requirements for each category of risk assessment are also 
not exhaustive. The risk assessments may not always need to terminate with an estimate of illness, 
and this will be determined by the risk management issue being addressed. 

The meeting distinguished between information gaps that were universally transferable and 
country-specific data gaps that will have to be addressed locally to ensure that any future country 
or regional risk assessment is relevant. The group considered that it was better to describe 
information gaps that were universally transferable as research priorities, and to highlight these 
research priorities so that they could be incorporated into international and national research 
funding programmes. Accordingly, in Table 2, the data gaps are divided into generic and 
universal issues versus country-specific requirements. 

5.1 Other information gaps 

5.1.1 Non-O157 EHECs  

There is a significant lack of information on non-O157 EHECs and consequently this report 
focuses only on E. coli O157:H7. However the narrow focus on one serotype (for example, 
O157) in a risk assessment and in subsequent control strategies may result in insufficient control 
of other serotypes. 

E. coli O157 could well be a useful surrogate for process control as long it can be 
demonstrated that the behaviour of E. coli O157 is representative of the major organism of 
concern. However, microbial surveillance based only on E. coli O157 may well result in other 
serotypes being missed. This could cause difficulties in trade if the control is based only on 
E. coli O157. However control of EHECs is an emerging control issue and if other serogroups are 
shown to be a public risk, then policy will be changed accordingly. 

5.1.2 Dose response 

The meeting concluded that although the dose-response component is one of the most generic 
components of an E. coli O157:H7 risk assessment (i.e. applicable to risk assessments developed 
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in any country), having considered the available models it would also appear to be the most 
uncertain component of a production-to-consumption risk assessment. While uncertainty remains 
relating to the appropriateness of the model used by Cassin et al. (1998) it was considered that 
this could be reduced if the basis of the model were further explained (see Annex 1), and that this 
might be a good basis for a consensus dose response model at the international level. Although 
the resultant confidence intervals for this model were wider than the other dose-response curves, 
it should be noted that this is because it is the only one that considers variability across studies 
and strains. It should be noted that although there is high uncertainty about the ability of the 
existing dose-response models to estimate risk of infection and illness, it is not such an issue 
when the aim of the risk assessment is to identify relative risks, which is one of the strengths of 
risk assessment.  

Sources of data for dose-response models have typically been old data from feeding trials, 
which are now considered unethical to perform, and outbreak data. It was noted that laboratory 
models could also be used to provide inference on the impact of gastric fluids and variability in 
virulence between strains. The applicability of such data needs to be considered further. An 
identified knowledge gap was whether strains of E. coli O157 isolated as part of outbreak 
investigations are different from those isolated in sporadic cases. 

Although outbreaks of E. coli O157 are a regular occurrence, the primary role of outbreak 
investigators is to identify the source and to control the outbreak. Their primary role is not to 
increase the knowledge base on dose-response mechanisms. Following extensive discussion the 
meeting agreed that three pieces of information are required to gain dose-response data from 
outbreaks, and it was suggested that these be communicated within any FAO/WHO-produced 
documents relating to this area. The three data requirements, which would provide one data point 
on the dose-response curve, are: 

• dose consumed (number of E. coli O157 per gram and number of grams of food vehicle 
consumed); 

• number of people exposed; and 

• number of people with a response (e.g. illness). 

In terms of obtaining such data, it was considered that those countries that have a requirement 
for large catering establishments (e.g. schools, care homes) to keep samples of all meals for a 
period of time after serving to assist their investigations in the event of an outbreak occurring 
were the most likely source of this type of information. It was suggested that were an 
international risk assessment on EHEC to be commissioned, then FAO and WHO should 
approach these particular countries with the abovementioned requirement in place to establish 
whether they have any new EHEC information that could be shared and hence used in the dose-
response model.  

No dose-response relationships are available for non-O157 EHECs, which is a significant data 
gap. Consequently there is high uncertainty on the infectivity and virulence of these non-O157 
pathotypes, and how representative the current O157 dose-response models are for other EHECs. 
Certainly, it seems that E. coli O157 with vt2 and eae genes are the pathotypes more often 
associated with cases of HUS.  

In conclusion, while there are a number of dose response estimates available, it was 
considered by the meeting that all are in need of improvement. There is consensus required to 
develop a standardized dose response module that can be bolted on to new risk assessments at 
international and national level. The existing dose response models were developed for E. coli 
O157 and it is unknown how applicable they are to other EHECs. However, in the absence of 
other knowledge, and reflecting the uncertainty associated with the current dose response models, 
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they can possibly be applied to other EHECs. It should be recognized that while there is 
considerable uncertainty in the existing dose response models, it does not invalidate their use for 
comparative purposes. There was agreement that there is a requirement to develop a consensus 
dose response so that outputs from different exposure assessments are put through the same dose 
response model and so the results of the risk assessments can be compared. 

5.1.3 Emerging issues 

The meeting recognized that processes and practices are continually changing and the pathogens 
of concern also continue to evolve. Changing practices in the food chain could impinge on the 
validity of a risk assessment. Therefore, existing risk assessments may need to be updated prior 
to use in informing future risk management actions. This will require systematic studies of new 
practices, which will need to be structured to meet the needs of risk assessment. The same applies 
to the development of new risk assessments. To be useful they must take into account the most 
up-to-date situation and data. Certain data loses its value with time and needs to be updated. 
However, it was also noted that data collection can be expensive and not always feasible. At the 
same time, some data can be considered to be shelf-stable, such as basic relationships for 
predictive microbiology. Thus the application of tools such as predictive microbiology and the 
sharing of new data as it becomes available are critical to ensure that risk assessments can be 
developed and updated in a way that addresses new issues as they emerge.  



E. coli in raw beef and beef products – Approaches for the provision of scientific advice 37 

6. Conclusions and recommendations 

Many of the risk management decisions made to date to address the problems associated with 
EHECs, and specifically E. coli O157:H7, were of a GHP nature and not explicitly based on risk 
assessment. Apart from the United States of America, which had witnessed a decline in the 
incidence of EHEC cases at the time of the meeting, all the other countries represented in this 
meeting had not seen a significant public health effect from any of the interventions that might 
have been taken along the production chain. Foodborne EHEC remains an important public 
health problem. Predominantly, in the past, corrections to risk management decisions have been 
led by single or independent scientific evaluations. For example, initially washing hides seemed 
like a good intervention but subsequently scientific studies showed that aerosols can spread 
contamination from hides to carcasses. This, however, did not directly demonstrate that washing 
hides would increase the level of contamination on carcasses. This correction did not necessarily 
look at the effect on risk but rather focused on the effect on hazard alone. Thus it was concluded 
that while risk managers can undertake common sense risk management activities without risk 
assessment, when more difficult decisions are made or complex interventions throughout the 
food chain are needed, the risk assessment is more likely to help. This appears to be a common 
thread in many countries.  

The risk assessment performed in Ireland is, to the best knowledge of the meeting, the only 
EHEC risk assessment designed using an iterative process of collaboration with risk managers. It 
is also the only EHEC risk assessment where the model can be validated and the effects of 
controls measured. Nevertheless, the other EHEC risk assessments developed provide a valuable 
resource for risk managers and those planning risk assessment work on EHEC in ground beef and 
related products.  

While the existing risk management actions to address EHEC were designed taking into 
consideration available science, the meeting concluded that more widely applicable EHEC risk 
assessment would permit future risk management actions to be analysed based on their 
quantifiable impact on public health, while also taking into consideration other priorities, 
resources, etc.  

Risk assessments may generate universally applicable information in terms of decision-
making advice, but country-specific risk management actions need to be predicated on 
supplemental country-specific data. There is no such thing as a ‘one size fits all’ risk assessment, 
but certain elements of specific risk assessments may be widely applicable. In some cases it may 
be adequate to supplement a risk assessment model with data representative of the situation being 
assessed, but in other cases more substantive changes to the model may be required (for example 
due to differences in processing steps among countries).  

As always, knowledge gaps inhibit the construction of risk assessments. In particular the lack 
of agreement on the dose-response relationship limits the comparability of different models for 
estimating the probability and magnitude of illness. There are several dose response models 
available, and while no single model is perfect, the adoption of a consensus model would allow 
for consistency and comparability of national risk assessments. The meeting recommended that 
the development of a consensus dose response model at the international level would be a 
valuable asset to future risk assessments in this area.  

As the development of risk assessments can be resource intensive, the value of sharing models 
and expertise cannot be underestimated. However, as risk assessments are not currently 
developed in a format that can be easily and readily made available, the meeting recommended 
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that, in the design of future risk assessments, consideration be given as to how generic modules in 
particular could be easily shared with other users. It was acknowledged that simply making the 
whole risk assessment available on the internet does not necessarily make it more accessible, and 
therefore efforts in this direction requires incorporation of user-friendly explanatory elements 
into the model. While microbial risk assessment should strive for transparency, it should also be 
recognized that the technical nature of the model presents real barriers to meaningful broad 
participation.  

Although this deliberation addressed the control of risk associated with E. coli O157 in beef, 
there is a broader need to address risks associated with this and other EHECs in the environment 
and on other meats and foods. The meeting made the assumption that EHECs other than E. coli 
O157:H7 would respond to many food safety measures in the same manner, or at least would not 
be made worse. It further concluded that controls for EHEC would also affect other pathogens. 

In terms of developing future risk assessment work on this issue, it was recommended that 
FAO and WHO: 

• develop a flexible risk assessment tool with generic modules that could be adapted for use at 
national level; 

• develop a consensus module for dose-response; 

• provide a template of how such generic modules could be used to illustrate the application of 
the tool at national level and also to provide a basis for some broad or widely applicable risk 
management actions in this area; and 

• recognize that the interventions applicable in some countries might not be the same as those 
for other countries and take these into consideration in developing the model so that the 
model would be relevant and adaptable for all countries. 

With regard to the scientific basis for future risk management on the control of EHEC in raw 
beef and beef products, the meeting recommended that risk managers at both national and 
international level consider the approach provided in this report and in particular Table 2 in its 
deliberation on what kind of scientific advice they need and what issues they want to have 
addressed. 
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Annex 1 – Background paper 1 

Overview of existing risk assessments on 

enterohaemorrhagic Escherichia coli in meat and meat 

products 

Prepared by Mark Powell,  
USDA/ORACBA, Washington, DC, United States of America. 

 

DISCLAIMER 

This summary paper was prepared in response to a request from FAO/WHO stating specific 
Terms of Reference, which determined the main scope of the paper, as follows:  

• Provide a summary and analysis of existing microbiological risk assessments (MRA) of 
E. coli O157 in different meat and meat products done at national level. In doing so, the 
author will in particular present an analysis of the strong and weak elements of each 
relevant MRA with regards to what they can and cannot provide in terms of risk estimation 
and scenario analysis.  

• Identify and discuss the elements of these risk assessments that would particularly be useful 
in developing an international risk assessment, as the meeting will consider whether it is 
necessary or possible to develop such a risk assessment to address risk management of this 
hazard at an international level. 

In addition to the above, and also due to the limited timeframe in which this paper was 
prepared, the author, FAO and WHO do not warrant that the information contained herein is 
complete and shall not be liable for any damage incurred as a result of its use. 

The views expressed herein are those of the authors and do not necessarily represent those 
of FAO or WHO or the United States Department of Agriculture (USDA). Reference herein 
to any specific commercial products, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation or favouring by the United States Government. 
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A1. Introduction 

Butler et al. (2006) provide a summary of several available risk assessments of EHEC in meat 
and meat products: Cassin et al. (1998); Lammerding et al. (1999); USDA-FSIS (2001); 
Nauta et al. (2001); and Duffy et al. (2005). (Note: USDA-FSIS has also conducted a risk 
assessment of E. coli O157:H7 in blade-tenderized beef products. However, that risk 
assessment was not included in the review charge, and USDA-FSIS plans to update that risk 
assessment based on more recent information.) Therefore, this background paper focuses 
primarily on available dose-response analyses. Other risk assessment topics that may 
generalize internationally include a working definition of EHEC, evaluation of 
microbiological methods for EHEC identification, EHEC growth and inactivation (by 
fermentation or heat), the efficacy of well-specified controls or treatments in removing EHEC 
contamination that may be present in raw product, and case ratios (e.g. proportion of EHEC 
infected individuals that progress to more severe illnesses). 

A1.1 EHEC dose-response analyses 

A1.1.1 Cassin et al., 1998 

Cassin et al. (1998) used what they refer to as a Beta-Binomial dose-response model for 
E. coli O157:H7. However, based on the available documentation, the dose-response model 
does not appear to be based on the beta-binomial likelihood function, which allows for extra-
binomial dispersion among replicates (Haas, Rose and Gerba, 1999: 299–300). Instead, the 
dose-response relationship appears to be based on a random coefficients model developed by 
Ross (1995) that accounts for random variability among studies. Given the substantial 
variability in infectivity observed among EHEC strains and studies, a random coefficients 
dose-response model may be preferable to the more conventional, non-hierarchical dose-
response models used in other EHEC risk assessments. The latter limit inferences to the 
strains and studies observed. 

As shown in Figure A1.1 below, the dose-response model specified by Cassin et al. (1998, 
Table A5) differs from that presented by Cassin et al. (1998, Figure 2). The latter is actually 
the corresponding beta-Poisson (BP) model. The expected value of the dose-response (not 
shown) is the same for both curves, but the confidence intervals for the Beta-Binomial (BB) 
are broader. 
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Figure A1.1. Comparison of Cassin et al. (1998) dose-response models 
NOTES: BP = Beta-Poisson; BB = Beta-Binomial. 

 

In developing the dose-response model, Cassin et al. (1998) used human clinical data on 
Shigella dysenteriae and S. flexneri reported in Crockett et al. (1996). However, Crockett et al. 
(1996) only found a significant fit to the beta-Poisson model for the pooled S. dysenteriae and 
S. flexneri data after removing a suspected outlier (the 107 colony forming units (cfu) dose 
group for S. flexneri). Therefore, it is unclear exactly which dose-response data were used by 
Cassin et al. (1998). Furthermore, Crockett et al. (1996) omit clinical trial data available for S. 

dysenteriae Strain A-1. (Data are available for two S. dysenteriae Strain A-1 dose groups: 2 × 
102 cfu, with 1 out of 4 subjects ill; and 104 cfu, with 2 out of 6 subjects ill. Levine et al. 
(1973), cited by Crockett et al. (1996), is the source for both the Strain A-1 and Strain M131 
data.) 

Based on the conventional beta-Poisson dose-response model (Haas, Rose and Gerba, 
1999), combining the S. dysenteriae Strain A-1 and Strain M131 data provides a statistically 
significant fit. Although there are insufficient degrees of freedom to statistically assess 
variability between strains because there were only two dose groups for S. dysenteriae A-1, 
Figure A1.2 below suggests that the omission of the S. dysenteriae Strain A-1 clinical trial 
data may have a practical impact on the estimated dose-response relationship for S. 

dysenteriae. In Figure A1.2, the beta-Poisson model parameter maximum likelihood 
estimates (MLEs) were obtained by minimizing the residual deviance (Regli et al., 1991), and 
the confidence intervals were obtained by parametric bootstrapping. (See Appendix for 
details.) Similar to the findings of Crockett et al. (1996), however, pooling all of the S. 

dysenteriae (A-1 and M131) and S. flexneri data results in a statistically insignificant beta-
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Poisson model fit, but removing the suspect outlier (107 cfu dose group for S. flexneri) results 
in a statistically significant fit to the beta-Poisson model. 

 

Figure A1.2. Beta-Poisson dose-response models for S. dysenteriae strains 

 

A1.1.2 Lammerding et al., 1999 

Lammerding et al. (1999) used the same dose-response model and parameters used by Cassin 
et al. (1998). However, Lammerding et al. (1999) only mentions the use of S. dysenteriae as a 
surrogate; there is no mention that the model used by Cassin et al. (1998) also is derived from 
S. flexneri. 

A1.1.3 USDA-FSIS 2001 

USDA-FSIS (2001) used a dose-response envelope model described by Powell et al. (2000) 
to estimate the dose-response relationship for E. coli O157:H7. The upper bound of the 
envelope was the MLE of the beta-Poisson model for S. dysenteriae (M131 and A-1) (solid 
black line in Figure A1.2). The lower bound of the envelope was the MLE of the beta-
Poisson model based on human clinical trial data for four enteropathogenic E. coli (EPEC) 
strains. Within these bounds, a ‘best estimate’ of the dose-response relationship was obtained 
by ‘anchoring,’ or calibrating the dose-response model parameters such that the product of 
the exposure assessment output distribution and the dose-response model agreed with an 
epidemiologically-based estimate of the annual number of cases of E. coli O157:H7 illness in 
the United States of America attributable to ground beef consumption.  

The motivation for specifying a single most likely value within the bounds of the envelope 
was to provide a point estimate and an uncertainty range for each percentile of the variability 
distribution, consistent with two-dimensional Monte Carlo modelling approaches that seek to 
separate uncertainty and variability. There are several disadvantages to the anchoring 
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approach, however. First, the specification of the ‘best estimate’ of the dose-response curve is 
subjective; the median was assumed to be the ‘best estimate’, but the mode or average could 
have been used. Second, the ‘best estimate’ of the dose-response curve changes with each 
update or revision of the exposure assessment model or epidemiologically-based estimate of 
the burden of illness. For example, the ‘most likely value’ reported by Powell et al. (2000) 
was not identical to the ‘best estimate’ presented by USDA-FSIS (2001), since the latter 
reflected revisions to the exposure model. Finally, an expert panel that reviewed USDA-FSIS 
(2001) concluded that although the ‘anchoring’ technique is “well founded in health risk 
assessment and the related field of environmental modelling ... the ability to validate the 
model through comparison with observed events or the output of other E. coli O157:H7 risk 
assessments is compromised” (Institute of Medicine, 2002: 10). Institute of Medicine (2002) 
recommended removing the algorithms for calibrating the dose-response parameters and 
replacing them with model elements based on evidence that is independent of E. coli 
O157:H7 epidemiologic data to allow for a stable evidence base and provide for some 
validation of model estimates with epidemiologic data. 

Institute of Medicine (2002) also supported the decision to use Shigella as an upper bound 
for the EHEC dose-response function, but found the use of EPEC as the lower bound 
problematic because epidemiologic data do not support the relevance of EPEC as a surrogate 
for EHEC. Institute of Medicine (2002: 81) recommended several candidates for a more 
rational source of a lower limit to bracket the EHEC dose-response relationship: 
enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enteroaggregative E. coli 
(EAggEC), diffusely adherent E. coli (DAEC), Campylobacter jejuni, Salmonella enterica 
serovar Typhi, and V. cholerae O1, O139 and non-O1/non-O139. It is worth noting, however, 
that the lower confidence limit for the dose-response model used by Cassin et al. (1998) 
based on Shigella spp. is comparable with the EPEC dose-response function used by USDA-
FSIS (2001) as the lower bound for E. coli O157:H7 for mean doses less than 105 cfu 
(Figure A1.3). This suggests that the expert panel (Institute of Medicine, 2002) may have 
underestimated the full range of uncertainty in the EHEC dose-response relationship. 
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Figure A1.3. Comparison of Cassin et al. (1998) Shigella spp. and USDA-FSIS (2001) EPEC dose-
response models 

 

A1.1.4 Nauta et al., 2001 

Nauta et al. (2001) based their dose-response analysis on a 1996 E. coli O157:H7 outbreak in 
Morioka, Japan. A significant advantage of this approach is that the model is based on a well-
documented outbreak of E. coli O157:H7 in humans. Given the rather unique outbreak data, 
including stool samples collected from all exposed individuals, the dose-response endpoint is 
the probability of infection, rather than the symptomatic illness that is more commonly 
reported. This provides potentially important insights about attack rates and case ratios. 
Samples of the suspected foods were also available for quantitative analysis, allowing 
uncommonly accurate estimation of the bacterial concentration for an outbreak exposure 
reconstruction. The primary limitation is that the outbreak provides a single data point with 
which to estimate the entire dose-response function. 

A noteworthy observation based on the outbreak report alone is that the infection rates in 
children (208 of 828) and adults (7 of 43) are not significantly different. In Figure A1.4 
uncertainty about the infections rates is characterized by beta distributions using the method 
of matching moments. This suggests the possibility that children may be no more susceptible 
than adults to infection (i.e. colonization) with E. coli O157:H7, but may be more susceptible 
to more severe health outcomes caused by infection. 
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Figure A1.4. Comparison of infection rates in children and adults from the 1996 E. coli O157:H7 
outbreak in Morioka, Japan 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

children adults

p
(i

n
fe

c
ti

o
n

)

 
 

Figure A1.5 compares the exponential dose-response function calculated based on the 
Japan 1996 outbreak data reported by Nauta et al. (2001), for adults and children and 
adjusted for the reported 55% case ratio (p(illness|infection)), with an exponential dose-
response function calculated for the 1992–93 multi-state outbreak in the United States of 
America Pacific Northwest. Powell et al. (2000) provided a crude reconstruction of the 1992–
93 outbreak to provide starting values for the dose-response ‘anchoring’ algorithm (shown as 
an open diamond). Figure A1.5 presents an exponential dose-response function calculated 
using a slightly more refined estimate for the 1992–93 Pacific-Northwest outbreak (solid 
diamond, using the mean consumed dose, a more precise estimate of the number of servings 
rendered free of E. coli O157:H7 by cooking, and adjusting for under-reporting of illness 
according to USDA-FSIS (2001)). Compared on the basis of a common endpoint—
cumulative probability of illness—the difference in the location of the two exponential curves 
is well within the range reasonably expected given the large parameter uncertainty and the 
variability among consumers and EHEC strains. Although crude, this comparison suggests 
the potential for considering additional outbreak data in formulating a dose-response analysis 
for EHEC in meat and meat products. 
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Figure A1.5. Comparison of exponential dose-response functions for E. coli O157:H7 based on Nauta 
et al. (2001) analysis of 1996 Japanese outbreak and analysis of the 1992-93 Pacific-Northwest 
outbreak 

 

Nauta et al. (2001) do not provide sufficient documentation to reproduce the 
hypergeometric (beta-Poisson) dose-response model results. Because a single outbreak data 
point is used to update the model, the prior distribution for the parameters (α, β) must 
dominate the posterior distribution. The functional forms of the prior distributions for α and β 
are specified, but there is no mention of the values. However, Teunis, Takumi and Shinagawa 
(2004) present a more detailed description of the hypergeometric (beta-Poisson) dose-
response analysis of the 1996 outbreak in Morioka, Japan. The latter paper includes a detailed 
specification of the diffuse prior on the dose-response model parameters. Unsurprisingly, 
therefore, Teunis, Takumi and Shinagawa (2004: Figure 1) indicate large uncertainty 
surrounding the posterior dose-response relationship. Although comparing infection and 
illness rates clouds the analysis to some extent, like Nauta et al. (2001), Teunis, Takumi and 
Shinagawa (2004) found the responses from both children and adults in the 1996 Japanese 
outbreak consistent with the human clinical trial data for Shigella dysenteriae, but strongly 
discordant with the E. coli O157:H7 infant rabbit model data and the human clinical trial data 
for EPEC. 

A1.1.5 Duffy et al., 2005 

Duffy et al. (2005) report using the E. coli O157:H7 dose-response model reported by Powell 
et al. (2000). However, only the estimated ‘most likely value’ reported by Powell et al. 
(2000), rather than the entire dose-response envelope, was used in the model developed by 
Duffy et al. (2005). 
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A1.1.6 Strachan et al., 2005 

Duffy et al. (2006) note that Strachan et al. (2005) evaluated additional E. coli O157:H7 
outbreak data relevant to dose-response analysis. Specifically, Strachan et al. (2005) discuss 
eight outbreaks that suggest a very broad scatter in the observed interaction between the 
pathogen and human host. Figure A1.6 represents the outbreak data presented by Strachan et 
al. (2005), as well as their estimated dose-response curve. 

 

Figure A1.6. Outbreak data and dose-response curve estimated by Strachan et al. (2005) 

 
 

The important point to note from Figure A1.6 is the large variability among outbreaks; 
however, this is clouded by the use of an inconsistent definition of ‘response’ among the 
outbreaks. In some outbreaks, the observed response was illness, whereas in other outbreaks 
the observed response was infection. In addition, in some cases, the estimated outbreak attack 
rate was adjusted for under-reporting, while in other outbreaks the estimated rate reflects only 
reported cases. Especially in outbreaks involving large numbers of exposed consumers, the 
proportion of unreported illness may be substantial. Furthermore, while Strachan et al. (2005) 
demonstrate a useful analytical approach that may be applied to outbreak data analysis, the 
maximum likelihood estimate of the dose-response relationship obtained by Strachan et al. 
(2005) was not statistically significant. It may be possible to refine the analysis by adopting a 
consistent response definition and incorporating any additional EHEC outbreak data where 
information is available about the attack rate (including the number of exposed consumers 
who did not become ill) and the ingested dose. 

Finally, despite the inconsistency in the definition of response, it is useful to consider the 
outbreak data presented by Strachan et al. (2005) in the light of the previously available dose-
response analyses. Although limited inferences may be drawn from what appears to be a 
tangled bowl of pasta (Figure A1.7), it appears that the random coefficients Shigella dose-
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response model developed by Ross (1995) (and used by Cassin et al., 1998) may be 
reasonable, at least as a first approximation. 

 

Figure A1.7. E. coli O157:H7 dose-response ‘Pasta Model’ 

 

A1.2. Other modelling issues 

A1.2.1 Addressing uncertainty and variability 

The discussion by Duffy et al. (2005) suggests that there may be some confusion regarding 
the meaning of second-order risk analysis models. In predictive microbiology, a primary 
model describes changes in microbial numbers over time, while a secondary model predicts 
changes in primary model parameters based on environmental conditions. In risk analysis, a 
two-dimensional (2D) or second-order Monte Carlo simulation model attempts to separate 
uncertainty and variability. Separation of uncertainty and variability has been widely touted 
as a principle of good risk assessment practices (Burmaster and Anderson, 1994). However, it 
is frequently difficult in practice to completely or unambiguously separate uncertainty and 
variability. Furthermore, the need to distinguish uncertainty and variability depends on the 
decisional criteria (Burmaster and Anderson, 1994). For example, it would be necessary if the 
food safety tolerance must be defined as X% confidence that the Yth percentile of the risk 
variability distribution is less than a threshold of concern, Z. 
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Figure A1.8. Illustration of model-dependence of separating uncertainty and variability. Two models are 

based on the same data (Panel A). Model 1: log10(y) = b0+b1X1+e1, with R
2
 ≅ 0.8. Model 2: log10(y) = 

b0+b1X1+b2X2+e2, with R
2
 ≅ 0.9. Both models are evaluated at X1=10 (vertical reference line). A portion 

of the residual variability unaccounted for by Model 1 is shifted to parameter uncertainty under Model 2 
(Panel B). CL = 90% confidence limits for each variability distribution. 
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This hypothetical example illustrates that what appears to be random variation given one 
state of knowledge may, in fact, be deterministic. Unexplained variation may become 
predictable as knowledge increases, or it may remain unpredictable. Consequently, the 
classification of unexplained variation as ‘epistemic’ uncertainty or variability (‘aleatory’ 
uncertainty) can be ambiguous. This is not to suggest that attempts to separate uncertainty 
and variability cannot provide useful information for decision-making, only that the 
limitations of the approach must be recognized. Nauta et al. (2001), for instance, provide a 
useful and pragmatic example of distinguishing between uncertainty and variability. Each 
scenario considered by Nauta et al. (2001) is modelled as a variability-only Monte Carlo 
simulation. Nauta et al. (2001) felt that uncertainty could not be adequately quantified, due to 
its complex nature and the level of uncertainty in the food pathway, the models and the data. 
Therefore, a single-dimension variability model with most-likely parameter values provided a 
baseline risk distribution, and the effect of uncertainty in individual parameters was explored 
under alternative scenarios. 

The use of secondary predictive microbiology models illustrates an important aspect of 
considering the impact of both uncertainty and variability. Typically, reported secondary 
models for microbial growth only provide confidence intervals about growth model 
parameters such as lag time, maximum specific growth rate, and maximum population 
density. This parameter uncertainty, however, only translates to uncertainty about the 
expected (mean) growth response. To capture the natural scatter of data about the mean 
response, an estimate of the variability in growth under replicated environmental conditions 
is required. 

A1.2.2 Detecting differences 

The discussion by Duffy et al. (2005) suggests that there may be some confusion about 
detecting differences in distributions generated by Monte Carlo simulation. In some cases 
where two distributions overlap, the inference is that there is no statistically significant 
difference between the distributions. In other cases, two distributions overlap, but the 
inference is that they differ. To some extent, this confusion may stem from the fact that 
conventional statistical methods for hypothesis testing are not directly applicable to Monte 
Carlo simulation. Under conventional hypothesis testing, two variability distributions may 
overlap to a considerable degree such that if we take a single observation (X) at random, we 
would be unable to say with much confidence from which distribution the value was drawn. 
However, if the sample size is large enough, the means of the two distributions can be 
arbitrarily close but we nevertheless may be able to have confidence that the two samples 
represent populations with different means. In the Monte Carlo context, there is no 
‘uncertainty’ about the average value of a particular simulation; it is directly calculable, and 
the only constraint on the precision of the estimate (convergence) is computer run time. In 
general, distributions may overlap, but they nevertheless may differ in terms of location, 
spread or shape in ways that have important implications for decision-making. 

Consider, for example, two post-lethality concentration distributions (treatments A and B) 
where the pre-lethality prevalence is 3%. Because neither treatment A nor B has any effect on 
97% of the product, the two post-lethality distributions have a dominant modal value of zero. 
If we randomly sampled a serving from the two streams and found no contamination, there 
would be no basis for inferring that the sample came from A or B. Nevertheless, there may be 
an important difference in the location of the second modes of the distributions that represent 
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the post-lethality concentration of the contaminated product. For example, treatment A may 
have a second mode of 0.5 log and treatment B may have a second mode of 2 logs. 

In contrast, when dealing with surveillance data, standard statistical methods based on 
random sampling error are applicable. For example, the seasonality inferred by Duffy et al. 
(2005: 19) in the prevalence of E. coli O157:H7 at retail would appear to be indistinguishable 
from a random pattern given the limited sample sizes. Discerning temporal patterns would 
require a statistical test for trend or correction for multiple comparisons to maintain an overall 
type I error rate. 

A1.2.3 Thorough documentation 

At a minimum, transparency in risk assessment requires that the analysis be reproducible by a 
qualified analyst given sufficient time and resources. The existing quantitative EHEC risk 
assessments, however, provide numerous examples of incomplete model documentation. 

A1.2.4 Evidence vs intuition 

Many of the ‘risk management’ documents reviewed contained examples of 
recommendations based on intuition and practical experience rather than documented data 
and analysis. For example, conventional wisdom considers cheek and head meat suspect. 
Thus Food Safety Authority of Ireland (1999: 22) states: “Of particular concern is the risk of 
contamination of meat taken from the head of the carcass shortly after slaughter.” CCFH 
(2005: 7) notes “The head and cheek meat, which typically are used in the manufacture of 
ground beef, have been identified as sources of E. coli O157:H7 in manufacturing 
trimmings.” Butler et al. (2006), discussing control of E. coli O157:H7 in the United States of 
America state “Pre-chilled meat from the head and the oesophagus, removed before 
applications of carcass interventions, are now inspected for evidence of contamination, and 
industry has begun to apply decontamination treatments to the head, cheek and weasand 
(oesophagus) meat, and testing this material for the presence of E. coli O157:H7.” Practical 
experience and intuition suggest that due to the configuration and practices of some slaughter 
facilities, head meat represents a ‘plausible worse-case scenario.’ 

Nevertheless, experimental data and surveillance evidence may not support conventional 
wisdom. For example, as shown in Figure A1.9, Duffy et al. (2005: 17–18) report 
surveillance data that provide no statistical basis for distinguishing among trim, carcass and 
head in the terms of prevalence of O157. Other data may exist, however, that support the 
identification of high-risk products based on verifiable evidence, rather than intuition or 
anecdote. 
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Figure A1.9. Percent of samples with O157 recovered by Duffy et al. (2005) 
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Appendix to Annex A1 

The conventional beta-Poisson dose-response model (Haas, Rose and Gerba, 1999) is: 
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where p = probability of response, d = dose, and a and b are model parameters. 

Beta-Poisson model parameter maximum likelihood estimates (MLE) may be obtained by 
minimizing the residual deviance (Regli et al., 1991): 
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where Y is the residual deviance, j is the number of dose groups, Pi is the observed number of 
positive responses at the ith dose, pi is the response estimated by the beta-Poisson model for 

the ith dose, pi

o
 is the observed proportion of responses at the ith dose, and Ti is the total 

number of subjects in the ith dose group. Confidence intervals may be obtained by parametric 
bootstrapping using the following SAS© PROC NLP code: 

Beta-Poisson Bootstrapping Routine 

data bootdata; 

set sasuser.shigspp; 

itrns = 1000; /*itrns = number of bootstraps desired*/ 

do j = 1 to itrns; 

 possim=ranbin(0,subj,pobs); 

 pobssim=possim/subj; 

 output; 

end; 

run; 

proc sort data=bootdata out=bootdata2; 

by j dose pobs possim subj; 

run; 

proc nlp data=bootdata2 noprint outvar=estimates maxiter=1000; 

min Y; 

parameters a b = 0.157 9.169; /*Use MLEs as initial values*/ 

bounds 0.01<a, 0.1<b; /*a,b>0, but bounds > 0 avoid convergence problems for very 
small parameter values*/ 

phat = 1-(1+(dose/b))**-a; 

dev_th = (-possim*log((phat+1e-9)/(pobssim+1e-9))+ 

 (-(subj-possim)*log((1-phat+1e-9)/(1-pobssim+1e-9)))); 
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 /*small increment (e.g., 1e-9) added for zero pobs values*/ 

s=2*dev_th; 

Y=s; 

by j; 

run; 

data parms; 

set estimates; 

if _TYPE_ eq 'PARMS' then output; 

run; 

proc print data=parms; 

run; /*this is the end*/ 

The bootstrapped beta-Poisson parameter pairs (a, b) output from this procedure may then be 
exported to an @Risk spreadsheet, with Monte Carlo simulation performed by selecting 
discrete pairs with uniform probability (RiskDuniform (a:b, lookup)). 

 

 

Reference cited: 

Haas, C.N., Rose, J.B. & Gerba, C.P. 1999. Quantitative Microbial Risk Assessment. John 
Wiley & Sons, New York, USA. 
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Annex 2 – Background paper 2 

An overview of Escherichia coli O157 along the meat chain 

Prepared by Sava Buncic 
Professor of Meat Hygiene and Safety, University of Novi Sad, Serbia. 

 

DISCLAIMER 

This summary paper was prepared in response to a request from FAO/WHO with specific 
Terms of Reference that determined the main scope of the paper:  

• Prepare a literature review summarizing the current state of knowledge on E. coli O157 in 
meat and meat products [other serogroups and foods or sources were therefore not dealt with]; 

• in particular, focus on information relevant for the Hazard Characterization and Exposure 
Assessment steps of a risk assessment [the Risk Characterization step was therefore not 
addressed]; and  

• identify knowledge gaps with regard to risk assessment work on E. coli O157 in meats. 

Because of its condensed nature, and also because both the time available for its 
preparation and its target size were pre-determined and limited, the paper is meant to be a 
guide through the topic and related literature, and should not be taken as an all-inclusive 
source of data or details per se.  

The author, FAO and WHO do not warrant that the information contained herein is 
complete and shall not be liable for any damage incurred as a result of its use. 

The views expressed herein are those of the author and do not necessarily represent those 
of FAO or WHO 

 

A2.1. Introduction 

Escherichia coli O157 is a potential foodborne pathogen, a variant of the bacterial species 
E. coli. Generic (non-toxigenic) E. coli are normally harmless bacteria found most frequently 
in the gastrointestinal tract of numerous animal species, including humans. There, they can be 
beneficial for the host through competition with pathogenic microorganisms and by helping 
digestion. Faecally excreted, they spread to the environment, water or foods that are directly 
or indirectly contaminated by the faecal material. In contrast, E. coli O157 is a toxin-
producing serogroup that—after ingestion—can cause severe damage to the intestinal lining 
and, in some cases, other internal organs of the human host.  

First reports of the E. coli O157:H7 serotype as a foodborne pathogen date from the early 
1980s, with undercooked meat as the source of infection. The public largely perceives E. coli 
O157:H7 infections as associated with consumption of meat and meat products (‘the 
hamburger bug’), although numerous outbreaks and sporadic cases of E. coli O157:H7 illness 
have been caused via non-meat vectors: milk and dairy products, water, fresh produce 
(vegetables, fruit) or contact with patients. 
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E. coli O157 emerged as one of the most significant pathogens of public health relevance 
not because of the incidence of the illness, which is much lower than that of other foodborne 
pathogens such as Campylobacter or Salmonella, but because of the severity of the symptoms 
and the low infectious dose. Associated with its high public health profile and related 
consumer sensitivities, other significant E. coli O157 concerns include the potential for large 
financial losses to the meat industry due to closures of facilities and product recalls associated 
with meat-related outbreaks.  

Therefore, advancement of relevant knowledge and development of efficient control 
measures for E. coli O157 are, and will remain for the foreseeable future, one of the priorities 
for both researchers and regulators in the area of meat safety. In the context of a risk 
assessment-based, longitudinal and integrated approach to meat safety assurance that is now 
widely accepted in all relevant circles (i.e. scientific, regulatory and commercial) (Buncic, 
2006), availability and quality of relevant data at different points in the meat chain are key 
pre-requisites.  

A2.2. Hazard identification  

A2.2.1 Characteristics of Escherichia coli O157 

A2.2.1.1 Genus Escherichia and enterohaemorrhagic E. coli 

Escherichia coli, a prokaryote commonly found in gastrointestinal tracts of humans and 
animals, is a member of the family Enterobacteriaceae, which also includes the genera 
Salmonella, Shigella, Klebsiella and Enterobacter. E. coli and the four species of Shigella are 
a single genus on the basis of DNA-relatedness (Brenner et al., 1972, 1973). Brenner (1984) 
noted that the original classification into two genera was based on Shigella being pathogenic 
and Escherichia being apathogenic. However, Enterobacteriaceae, including E. coli, range in 
behaviour from relatively harmless commensals to fully pathogenic for humans and animals. 
Therefore, although this family classification may be useful for identification purposes, it 
serves little purpose in helping to define the organisms, establishing their relatedness, or 
identifying their ability to cause human disease. 

E. coli is a Gram-negative straight rod, facultatively anaerobic, oxidase negative and 
catalase positive, and usually motile. Several hundred antigenic types of E. coli are 
differentiated via 171 O (somatic lipopolysaccharide in the cell wall) and 56 H (flagellar 
protein) antigens, producing a range of serovars (Ørskov, 1984). O-antigens classify E. coli 
isolates into serogroups, while the H-antigens define serovars (Doyle and Padhye, 1989). 

E. coli pathogenic for humans can be faecally shed by humans and animals; they can be 
divided into different groups, including: 

• enteropathogenic E. coli (EPEC), associated with infantile diarrhoea;  

• enteroinvasive E. coli (EIEC), causing dysentery-like disease; 

• enterotoxigenic E. coli (ETEC), producing enterotoxins and diarrhoea; 

• enteroaggregative E. coli (EAEC), expressing aggregative adherence; 

• diffusely adherent E. coli (DAEC), adhering to the surface of epithelial cells; 
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• enterohaemorrhagic E. coli (EHEC, including serotype O157), producing Verocytotoxin 
(VT) or Shiga-like toxin (ST), and causing haemorrhagic colitis (HC) in humans; and 

• others? 

When considering primary sources of pathogenic E. coli contaminating foods, it is useful 
to keep in mind that human shedders are the primary reservoir for pathogenic E. coli 
belonging to the first five groups, whilst for those belonging to the sixth group (e.g. E. coli 
O157) the primary reservoir is farm ruminant shedders, i.e. cattle. 

E. coli O157:H7 was recognized as a distinct group of E. coli in 1983 after two outbreaks 
of a distinct illness in the United States of America were associated with this particular 
serovar (Riley et al., 1983). The gastrointestinal illness, dubbed haemorrhagic colitis (HC), 
was characterized by severe abdominal pain, with watery diarrhoea followed by bloody 
diarrhoea, and little or no fever. However, sporadic cases of illness with haemolytic uraemic 
syndrome (HUS) (Karmali et al., 1983) or thrombotic thrombocytopaenic pupura (TTP) 
manifestations were also associated with the presence of cytotoxin and cytotoxin-producing 
E. coli in human faeces. E. coli O157 typically does not grow well or at all in the temperature 

range 44 to 44.5°C (Doyle and Schoeni, 1984), does not ferment or only slowly ferments 
sorbitol, and does not produce the enzyme β-glucuronidase (Doyle and Padhye, 1989). These 
characteristics enabled E. coli O157 to be distinguished relatively easily from other E. coli 
serogoups by their isolation on related culture media (e.g. containing sorbitol) and probably 
contributed to the fact that most studies have focused on this particular serotype. Nevertheless, 
cases of HUS caused by sorbitol-fermenting E. coli O157:H-- (Ammon, Petersen and Karch, 
1999) and E. coli O157 (SCIEH, 2002) have been reported. 

A2.2.1.2 Definitions associated with E. coli O157 

VTEC 

In Europe, most commonly, the cytotoxin produced by E. coli serotype O157 has been called 
verotoxin (verocytotoxin) due to its lethal in vitro effects on Vero cells. Hence, a group of 
E. coli producing verotoxin has been called verotoxigenic E. coli (VTEC) and currently over 
100 serogroups, including O157, are recognized within VTEC (Neill, 1997). However, 
although all VTEC produce verotoxin, they do not always have other virulence factors that 
enable them to cause human disease (Neill, 1997; Nataro and Kaper, 1998; Pradel et al., 
2000). Therefore, not all VTEC strains are, nor can be, considered pathogenic or able to 
cause foodborne disease, so the use of term VTEC to denote E. coli O157 causing foodborne 
infections is imprecise from a food safety perspective. Furthermore, VTEC includes not only 
O157 but also some other non-O157 serotypes causing illness. 

VTEC O157 

This usually denotes verotoxin-producing E. coli of O (somatic) serogroup O157, but with 
either an ‘unspecified’ or ‘undetermined’ H (flagellar) serovar. In addition, it can include 
E. coli O157 determined as non-motile, so of H-- serovar. The term VTEC O157 is imprecise 
from a food safety perspective as it does not indicate whether the strains produce other 
virulence factors (apart from verotoxin) necessary for causing foodborne illness. 

VTEC O157:H7 

This denotes verotoxin-producing E. coli of the O157 serogroup and of H (flagellar) 7 
serovar. The term VTEC O157:H7 is imprecise from a food safety perspective as it does not 
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indicate whether the strains produce other virulence factors (apart from verotoxin) necessary 
for causing foodborne illness. 

STEC 

In United States of America, most commonly, the cytotoxin produced by E. coli O157 has 
been called Shiga toxin (Stx). Hence, a group of E. coli producing Shiga toxin has been 
called Shiga-toxigenic E. coli (STEC; including O157). However, for the same reasons as 
indicated for the term VTEC above, the use of term STEC to denote E. coli O157 causing 
foodborne infections is imprecise from a food safety perspective. Furthermore, STEC 
includes not only O157 but also some other non-O157 serotypes that cause illness. 

EHEC 

Those VTEC that cause enterohaemorrhagic colitis (i.e. a subset of VTEC) have been called 
enterohaemorrhagic E. coli (EHEC; including O157), particularly in the medical domain. In 
addition to possessing a particular 60 MDa plasmid coding for verotoxigenicity, EHEC 
posses other necessary virulence factors, such as the A/E factor causing attaching and 
effacing lesions on the surface of epithelial cells (Neill, 1997; Nataro and Kaper, 1998). 
However, some EHEC strains do not cause enterohaemorrhagic colitis as the only clinical 
manifestation of the human infection; either instead of, or in addition to, they cause other 
manifestations, i.e. HUS or TTP. Therefore, because it inherently relates only to one of the 
possible clinical manifestations (i.e. HC), the use of the term EHEC to denote E. coli O157 
causing foodborne infections is imprecise from a food safety perspective. Furthermore, 
EHEC includes not only O157 but also some other non-O157 serotypes causing foodborne 
illness. 

HP-VTEC 

More recently, the use of the term Human pathogenic verotoxigenic E. coli (HP-VTEC; 
including E. coli O157) has been proposed (EU, 2003) in an attempt to cover both key 
aspects, namely the ability to cause illness of ‘any’ clinical manifestation in humans, and the 
ability to produce verotoxin. However, the use of the term HP-VTEC has not yet been widely 
adopted, and also HP-VTEC includes not only O157 but also some other non-O157 serotypes 
causing foodborne illness. 

The use of various terms to define E. coli O157 causing human food (meat)-borne illness 
is confusing and creates significant difficulties in the interpretation of related data and reports, 
as well as in between-report comparisons. For reporting E. coli O157 in the context of food 
safety and foodborne disease, as well as for developing a risk assessment for the pathogen in 
meat and meat products, a more precise and appropriate term(s) for the target microorganism 
has yet to be defined. In this paper, when quoting various reports or sources, in general the 
original terminology of the source will be used so as to avoid possible misrepresentation of 
the reports and sources.  

A2.2.1.3 Other (i.e. non-O157) serotypes of E. coli that can cause human 
foodborne illness 

E. coli O157 is notably prevalent in the Canada, Japan, United Kingdom and United States of 
America. Because of the prominence of E. coli O157 in these countries, specific methods for 
its detection and confirmation have been developed, making this serogroup one of the most 
frequently looked for and, indeed, the most frequently found.  
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However, HUS and HC can also be caused by many other serogroups of E. coli. In 
mainland Europe, O26, O103, O113, O118 and O145 are relatively frequently isolated from 
patients (Caprioli and Tozzi, 1998), while O26, O103, O111 and O121 commonly cause 
human disease in the United States of America (Griffin et al., 2001). It is important to keep in 
mind that a large proportion of cases of human infections caused by E. coli serogroups other 
than O157, even those that occurred in outbreaks, could not be proven to be of foodborne 
origin. One example of a microbiologically clearly confirmed non-O157 foodborne outbreak 
was that caused by E. coli serogroup O111 (H--) in Australia (CDC, 1995a; Paton et al., 
1996). There were 21 cases, with one death, and the confirmed food vehicle was semi-dry 
fermented sausage ‘mettwurst’ (Paton et al., 1996). Examples of microbiologically 
unconfirmed non-O157 foodborne illness include HC cases in the United States of America, 
caused by non-sorbitol fermenting E. coli O104:H21, in which the implicated food vehicle, 
putatively pasteurized milk, was identified by epidemiologic evidence only (CDC, 1995c). 
Other examples of non-O157 E. coli foodborne illnesses include HUS cases in France caused 
by E. coli O119, possibly from unpasteurized goat milk cheese (Deschenes et al., 1996) and 
in Germany caused by E. coli O22 (possibly from mayonnaise) or O101 (possibly from raw 
milk) (Bülte, 1995). 

Because the Terms of Reference of this review clearly state that an overview of E. coli 
O157 is required, non-O157 serogroups will not be dealt with further in this paper. 

A2.2.2 Overview of E. coli O157 infections 

A2.2.2.1 Incidence 

Incidence in Europe 

The EU system for monitoring and collection of information on zoonoses, including E. coli 
O157, was previously based on the Council Directive 92/117/ECC and included data 
collected in 2004. Reporting according to the new rules in Zoonoses Directive 2003/99/EC, 
entering into force on 12-12-2003, and to be applied from 12 June 2004, would start with data 
collected during 2005 (EU, 2003).  

In 2004, a total of 4 143 laboratory-confirmed cases of all VTEC infections in humans 
were reported in 17 EU states and in Norway; the EU-incidence was 1.3 cases per 100 000 
population (EFSA, 2006). The large majority of the VTEC infections had diarrhoea as 
clinical manifestation (i.e. were non-HUS), whilst VTEC infections with HUS manifestations 
were markedly less frequent (Table A2.1).  

 

Table A2.1. Cases of laboratory confirmed VTEC infections in humans in Europe in 2004 (countries that 
did not report them are not shown) (Adapted from EFSA, 2006) 

VTEC infections with manifestations 
other than HUS* 

VTEC infections with HUS 
manifestations* 

Country VTEC cases per 
100 000 

population 

% caused by 
O157 

VTEC cases per 
100 000 

population 

% caused by 
O157 

Austria 0.6 29 0.12 90 

Belgium 0.3 56 <0.1 100 

Czech Republic 17.1 18 — — 

Denmark 3.0 27 <0.1 60 
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Estonia 0 0 0 0 

Finland 0.2 40 — — 

France — — 0.1 82 

Germany 1.1 10 <0.1 67 

Greece — — 0.76 — 

Hungary <0.1 71 <0.1 0 

Ireland 1.4 88 0.1 50 

Italy 0 100 <0.1 24 

Poland 0.2 99 — — 

Portugal — (3 cases) — (1 case) 

Slovakia 0.3 0 — — 

Slovenia 0.1 — — — 

Sweden 1.7 — <0.1 100 

Netherlands 0.2 100 <0.1 100 

United Kingdom 1.5 99 <0.1 95 

EU-Total 1.3  <0.1  

Norway 0.3 7 <0.1 100 

NOTES: * = EU total incidence is based on population in reporting countries. 

When considering only countries that reported VTEC infections, on the whole, around 
50% of the cases were caused by E. coli O157. However, the participation of E. coli O157 in 
all VTEC infections (regardless of whether with non-HUS or HUS manifestations) at 
individual country level was extremely variable (ranging from 0% to 100%); there is no clear 
understanding of the underlying reasons for this phenomenon, but it is likely to be 
multifactorial. Furthermore, no information on the serotype distribution was available for 
many of the countries. Also, because the laboratory-diagnostic methods used by the countries 
to detect VTEC are usually specific for E. coli O157, this may lead to overestimation of the 
participation of O157 serotype, or underestimation of the participation of non-157 serotypes, 
or both, in all VTEC infections in the countries. 

Incidence in United States of America 

National surveillance for EHEC began in 
2001. Surveillance categories for EHEC 
include (1) EHEC O157:H7; (2) EHEC, 
serogroup non-O157; and (3) EHEC, not 
serogrouped. During 1994–1999, reported 
infections with the most well known 
pathogen in this group, E. coli O157:H7, 
increased annually, to a peak of 4 744 cases 
in 1999. During 2004, cases of EHEC were 
reported from 50 States, the District of 
Columbia, and Puerto Rico. Of these, 80% 
were classified as EHEC O157:H7; 10% as 
EHEC, serogroup non-O157; and 10% as 
EHEC, not serogrouped (Vugia et al., 2005). 
The overall incidence in 2004 was 0.9 per 
100 000 population (Table A2.2).  

Table A2.2. Incidence of E. coli O157 in United 
States of America in 2004  
(Adapted from Vugia et al. 2005) 

State 

E. coli O157 
incidence per 

100 000 
population 

Population in 
surveillance* 

(million) 

California 0.8 3.2 

Colorado 0.8 2.5 

Connecticut 0.9 3.5 

Georgia 0.3 8.7 

Maryland 0.4 5.5 

Minnesota 2.2 5.1 

New Mexico 0.5 1.9 

New York 1.3 4.3 

Oregon 1.7 3.6 

Tennessee 0.8 5.8 

Overall 0.9 44.1 

NOTES: * Populations indicated are either of the whole 
state or selected counties. 
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Examples of incidence in other countries 

In Canada, VTEC infection first became nationally notifiable in 1990. The annual incidence 
of infection ranged from 3 to 5.3 cases per 100 000 population during the 1990–1994 period 
(Wilson et al., 1997). The large majority of cases were caused by E. coli O157:H7, reflecting 
its predominance in more severe forms (bloody diarrhoea and HUS) as well as the reliance of 
diagnostic laboratories on the specific method. 

In New Zealand, VTEC infections were made notifiable in 1996; the incidence in 2001 
was 2.0 per 100 000 population (Sneyd et al., 2002), with E. coli O157 causing 90% of cases.  

In Australia, the incidence of VTEC reported for 2001 was 0.3 cases per 100 000 (Blumer 
et al., 2003), whilst the incidence of HUS (excluding the epidemic cases) during the 1994–
1995 period was 0.62 cases per 100 000 children under 16 (Desmarchelier, 1997); the 
majority of the VTEC isolates were non-O157 serotypes. Active surveillance of HUS was 
initiated in 1994. 

In Argentina, the frequency of HUS appear to be the highest in the world (250–300 
cases/year); in Buenos Aires, the risk of HUS was estimated as approximately 22 cases per 
100 000 children aged 6–48 months (Lopez et al., 1997). The majority of the cases were 
caused by non-O157 serotypes; E. coli O157 was associated with only 2% to 18% and 4.5% 
to 7% of children with HUS and bloody diarrhoea, respectively. 

In Japan, according to a report by Takeda (1999), 6 outbreaks (946 cases) of E. coli O157 
and 4 outbreaks (445 cases) of non-O157 infections occurred during 1984–1995. However, 
subsequently, in just one year (1996), a huge surge of 23 outbreaks of E. coli O157 (8456 
cases) and 1 outbreak of non-O157 (6 cases) occurred. After that, EHEC infections in 1997 
and 1998 decreased to 1532 and 1380, respectively. 

A2.2.2.2 Routes of infection 

‘Proving’ the source-case association 

Much knowledge of food- and waterborne E. coli O157 infections has accumulated due to 
study of disease outbreaks affecting more than one person. Outbreaks are easier to detect, and 
provide more useful epidemiological data than isolated sporadic cases, where only one person 
is affected. Hence, most of the published data concentrates on outbreaks rather than sporadic 
cases. Sub-serovar typing methods are used to study the epidemiology of E. coli O157 
disease and measure relatedness of isolates. Generally, more than one sub-serovar typing 
method should be used in epidemiologic investigations (Grif et al., 1998). Phage typing is 
based on the abilities of bacteriophages to lyse individual isolates of E. coli O157:H7 
(Ahmed et al., 1987). Pulsed field gel electrophoresis (PFGE), the current ‘gold standard’ of 
genetic typing techniques visualizes differences in the sizes of high molecular weight 
fragments produced after bacterial chromosomes are digested with rare-cutting endonucleases. 
Restriction Fragment Length Polymorphism (RFLP) determines differences in multi-copy 
genes (e.g. ribosomal RNA). Plasmid profiling shows differences in plasmid size and copy 
number among different isolates. 

Person-to-person transmission 

The faecal-oral route of infection of E. coli O157 appears to be commonly occurring in 
patients’ homes, pre-schools, geriatric homes and hospitals (Bell et al., 1994; CDC, 1995b; 
Chapman et al., 1997a; Paunio et al., 1999; Rangel et al., 2005). An Argentinean prospective 



E. coli in raw beef and beef products – Approaches for the provision of scientific advice 67 

 

study showed 34/87 (39%) of household contacts of HUS patients had free faecal Stx (López 
et al., 1997). 

Contact with animals 

E. coli O157 was found in a range of animal species, including farm animals (primarily cattle, 
but also sheep and pigs), companion animals (horses, rabbits) and wild animals (gulls, rats, 
flies). Contact with faecally contaminated animals or animal-related environments can lead to 
the faecal/oral route of infection. For example, three children developed HC or HUS after 
animal contact on an open farm during a school visit in England (Milne et al., 1999). The 
three matching patient isolates were identical by PFGE typing to isolates from a goat paddock 
and from one cow. Animal-to-person transmission was also confirmed by PFGE typing in 
Canada (Louie et al., 1999). Also, some cases in Belgium were more likely than controls to 
have had farm animal contact (Piérard et al., 1999). Patients (51) with symptoms of vomiting, 
HC or HUS caused by E. coli O157 were associated with a farm in the United States of 
America, where the patient matching strains (identified using PFGE) were isolated from 
28/216 (13%) of cattle rectal swabs and a rail surface (CDC, 2001). Hand-mouth contact, nail 
biting and purchasing food at the site were significantly associated with disease (CDC, 2001). 

Foodborne 

This is considered, overall, to be the main infection route, at least in the outbreaks. The 
implicated sources of foodborne infections include:  

• meats (e.g. meat patties, fermented sausages, deer jerky); 

• milk or dairy (e.g. unpasteurized milk, heat-treated milk, cheese from raw milk); 

• produce (e.g. potato, alfalfa or radish sprouts);  

• drinks (e.g. apple cider); and 

• water (well water, reservoir water, mains water supply).  

Information on the relative relevance of the foodborne route vs other routes for E. coli 
O157 infections is scarce. In the UK during the 1995–2004 period, within O157 infections 
with identified infection routes, the foodborne route was the most common and was 
responsible for 25% to 40% of the cases (Smith, 2004). In the United States of America, over 
a 20-year period, 52% of outbreaks were foodborne, amongst which ground beef was 
implicated as a food vehicle in 41% of outbreaks (Rangel et al., 2005). However, the situation 
regarding routes of foodborne diseases can—and do—vary markedly between countries, and 
also both spatially and temporally within a given country.  

In this paper, only the foodborne route of infection with meat or meat products as the 
sources will be dealt with; other routes and sources will not be addressed. 
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A2.3. Hazard characterization 

A2.3.1 E. coli O157 infections 

A2.3.1.1 Basic mechanism of E. coli O157 infection  

Infection process in humans 

After ingestion and incubation of around 4 (range 3 to 9) days, E. coli O157 is thought to be 
non-invasive, presumably colonizing the gastrointestinal tract (large intestine, i.e. colon) by 
adhering to the external surface of gut epithelial cells (mediated by the Locus of Enterocyte 
Effacement - LEE). The establishment of the pathogen in the host gastrointestinal tract 
comprises the following stages: (i) loose adherence to the mucosal lining via bundle-forming 
pili; (ii) production and translocation into the host cell of a number of virulence-associated 
proteins; and (iii) enterocyte effacement and intimate attachment. It seems that the exact 
location associated with A/E lesions in the gut is not fully understood, possibly because 
human colon biopsy specimens are collected relatively late in the disease process, and lesions 
would only be visible during the early stages of infection (Nataro and Kaper, 1998). However, 
Phillips et al. (2000) found one E. coli O157 isolate did form microcolonies and 
attaching/effacing (A/E) lesions on human Peyer’s patches in vitro, but not on proximal or 
distal small intestine nor on colon tissue. Once established in the gastrointestinal tract, E. coli 
O157 cells do not move from the gut lumen, but produce one or more verotoxins in the large 
intestine (Griffin, Olmstead and Petras, 1990). The verotoxins bind to the 
globotriasylceramide (Gb3) receptor on the host cells and are translocated to the kidney and 
central nervous system, which are the sites of active cell damage (Nataro and Kaper, 1998). 
The Gb3 receptor is found on most host cells but in varying amounts; kidney and brain cells 
are particularly rich in it. The damage or death of the affected cells manifests in different 
clinical forms as considered below. 

Pathogen growth vs toxin production in the gastrointestinal tract 

It is not known whether, or to what extent, attached bacteria need to proliferate in the 
gastrointestinal tract in order for disease to occur, although one could assume that if large 
numbers are excreted in stools following initial ingestion of small numbers of pathogen cells, 
then growth could have occurred. Also, given the low infectious dose (see below), it is 
possible that intestinal growth is needed to produce sufficient quantities of verotoxin to 
induce a clinical effect. Alternatively, the production of verotoxin in the gastrointestinal tract 
by very few cells of E. coli O157 may potentially be dramatically enhanced by yet unknown 
conditions in the gut. Cornick et al. (2000) speculated that in their animal (pig) model system, 
the pathogen adhered to pig intestinal epithelia had enhanced production, release or activation 
of verotoxin. If this indeed occurs, then environmental conditions in the large intestine or the 
status of the organism on arrival in the large intestine, or both, could have a major impact on 
its ability to cause clinical disease. 

Observations in animals or tissues 

A/E lesions occurred in lambs after experimental inoculation (Wales et al., 2001), so 
colonization of ruminants may occur, even though inoculation studies reveal inconsistent 
faecal shedding. One VTEC O139 isolate (which causes oedema disease of pigs) grew after 
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initial fimbrial attachment in pig small intestine (Cornick et al., 2000). E. coli O157 growth 
and A/E lesions occurred with pedestal formation or intimate attachment in adult steer 
epithelial mucosal tissues (Baehler and Moxley, 2000), and in bovine ileum, where the cells 
involved were probably epithelial cells (Phillips et al., 2000). Recent studies indicate that the 
caudal end of the bovine gastrointestinal tract, just inside the anus, may be a focal area for 
E. coli O157 in cattle (Grauke et al., 2002; Naylor et al., 2003; Rice et al., 2003). The rectal-
anal junction of inoculated calves harboured microcolonies of E. coli O157, as did the same 
area of one unrelated, naturally infected calf (Naylor et al., 2003). The presence of 
microcolonies may indicate that the organism has proliferated in situ.  

Nevertheless, it is important to keep in mind that normally animals are asymptomatic 
carriers of E. coli O157.  

A2.3.1.2 Manifestations of human infection 

Hemorrhagic colitis (HC) 

HC is usually accompanied by abdominal cramps causing severe pain. It may start with non-
bloody diarrhoea that progresses to bloody diarrhoea within 2 to 3 days, and may be 
accompanied by vomiting and sometimes relatively mild fever (Nataro and Kaper, 1998). 
Most cases are self-limiting (Park, Worobo and Durst, 1999). In a number of E. coli O157 
infection outbreaks, all cases had bloody diarrhoea (Hilborn et al., 2000). Nevertheless, 
E. coli O157 infection also can cause non-bloody diarrhoea (Ackman et al., 1997; Chapman 
et al., 1997a; Trevena et al., 1999; Pebody et al., 1999); in some outbreaks it was 20 to 50% 
of cases. It is not clearly understood if or which factors contribute to development of non-
bloody diarrhoea compared with bloody diarrhoea, or whether this is merely an anomaly of 
the reporting or diagnostic procedures used in the different outbreaks. 

Haemorrhagic uraemic syndrome (HUS) 

HUS is characterized by acute kidney failure; it is the leading cause of kidney failures, 
overall, in children (Park, Worobo and Durst, 1999). Verotoxin causes endothelial damage in 
kidney glomeruli and arterioles, and in cases involving haemolytic anaemia, erythrocytes 
burst during passage through occluded vessels (Park, Worobo and Durst, 1999). In many 
cases of HUS, a triad of clinical symptoms is actually present: kidney failure, 
thrombocytopaenia and acquired haemolytic anaemia. It is important to keep in mind that 
HUS can be caused also by pathogens other than E. coli O157, such as Shigella and 
Campylobacter. 

Thrombotic thrombocytopaenic pupura (TTP) 

In adults, E. coli O157 infection may result in thrombotic thrombocytopaenic pupura (TTP). 
This disease is similar in course to HUS, but the central nervous system is involved in 
addition to the kidneys. Neurological complications occur in about 25% of HUS patients 
(Mead and Griffin, 1998). Precursor diarrhoea may not occur, but patients can develop blood 
clots on the brain, and death is relatively frequent (Park, Worobo and Durst, 1999).  

Manifestations in outbreaks vs sporadic cases 

The percentage of E. coli O157:H7 infections which progress to HUS appears to vary 
between sporadic cases and those associated with outbreaks. E. coli O157:H7 infection 
progresses to HUS in 3% to 7% of sporadic cases, and ≥20% of outbreak-associated cases 
(Mead and Griffin, 1998). In addition, it seems that the severity of HUS illness also may 
differ between sporadic cases and those associated with outbreaks, with the latter more often 
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having a shorter diarrhoeal prodrome, a higher rate of bloody diarrhoea and severe HC 
(Elliott et al., 2001). 

Mortality 

Approximately 30% to 45% of the E. coli O157 infection cases are hospitalized. Long-term 
complications are possible in patients that have recovered from the acute infection, 
particularly in case of HUS (e.g. chronic renal sequelae). Fatalities are usually associated 
with HUS and the mortality rate is usually between 2 and 7% (Siegler et al., 1994; Banatvala 
et al., 2001; Tarr and Hickman, 1987; Mahon et al., 1997; Roberts and Upton, 2001). 

Asymptomatic carriers 

Humans can be asymptomatic carriers of E. coli O157 (Curnow, 1999). In a summary of 
human cases and carriage (both sporadic and outbreak) that were detected in Wales from 
1990 to 1998, 15% were asymptomatic (Chalmers et al., 1999). In Japan, Takeda (1999) 
reported 632 and 624 asymptomatic ‘infections’ in 1997 and 1998, respectively. It is also 
known that asymptomatic carriers can be detected during family surveillance of clinical cases. 
However, the proportion of exposed individuals who shed E. coli O157 without developing 
the illness is unknown.  

A2.3.1.3 Meats associated with E. coli O157 infections 

Outbreaks 

The meat-borne outbreaks of E. coli O157 shown in Table A2.3 totalled 1898 cases. If a very 
simplified calculation is applied to the shown data, it appears that around 52% of these cases 
were associated with ground beef (minces, burgers or patties), around 33% from other meats, 
around 12% from various fermented sausages, and around 0.5% from dried venison. 
Although these ad hoc obtained percentages cannot be taken as definitive parameters of the 
relative importance of different types of meats in meat-borne E. coli O157 infections, they 
illustrate the dominant role of raw meats intended for cooking, particularly ground beef, 
followed by ready-to-eat sausages (i.e. fermented salamis).  
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Table A2.3. Examples of confirmed E. coli O157 cases in meat-borne outbreaks 

Implicated meats (country) Cases (deaths) Reference 

Ground beef (USA) 26 Wells, Davis and Wachsmuth, 1983. 

Ground beef (USA) 21 Wells, Davis and Wachsmuth, 1983. 

Ground beef (USA) 34 (4) Ryan et al., 1986. 

Ground beef (USA) 51 Pavia et al., 1990. 

Ground beef (USA) 54 Belongia et al., 1991. 

Ground beef (USA) 732 (4) Meng et al., 2001., Bell et al., 1994., CDC, 1993. 

Ground beef (USA) 22 (1) CDC, 1999. 

Ground beef (USA) 8 (1) CDC, 2000. 

Ground beef (USA) 19 CDC, 2003. 

Ground beef (USA) 28 Barrett et al., 1992. 

Beef tacos (USA) 13 Conway, 1995. 

Beef (‘seeme rolle’) (USA) 11 Werber et al., 2002. 

Beef (roast) (USA) 70 CDC, 1991. 

Cooked meat (Scotland) 496 (20) Pennington, 1998. 

Cooked meat (UK) 30 Rajpura et al., 2003. 

Meat balls, coleslaw (USA) 13 Meng et al., 2001. 

Salami (USA) 20 CDC, 1995b. 

Genoa salami (Canada)  39 Williams et al., 2000. 

Hungarian-style sausage (Canada) 150 (?) Health Canada, 2000. 

Sausages (mortadella and teewurst) 
(Germany) 

28 (3) Ammon, Petersen and Karch, 1999. 

Cold-smoked sausage 30  Sartz et al., 2008. 

Venison jerky (USA) 11 Keene et al., 1997. 

 

Sporadic cases 

The major characteristics of sporadic meat-borne cases are that they are categorized as caused 
from undercooked meats, and that they lack laboratory confirmation.  

Table A2.4. Examples of possible E. coli O157 sporadic cases (case-control; laboratory-unconfirmed)  

Likely implicated meat Likely risk factor Reference 

Ground beef Consumption of cooked meat with ‘pink centre’ Slutsker et al., 1998. 

Ground beef  Consumption of cooked meat with ‘pink centre’ Kassenborg et al., 2004. 

Ground beef Consumption of meat cooked ‘rare’ MacDonald et al., 1988. 

Ground beef Consumption of ‘undercooked’ meat  Le Saux et al., 1993. 

 



 72 Annex 2 – An overview of E. coli O157 along the meat chain 

 

A2.3.2 Dose-response relationship  

Assumption that exposure to a relatively low number of E. coli O157 cells can lead to the 
development of the illness is generally accepted, although it appears to be inferred from 
retrospective analysis of foods and the occurrence of animal-to-person and person-to-person 
spread, rather than from clear experimental data. If the infectious dose is very low, the 
consequence would be that infection may occur without pathogen growth occurring in 
contaminated food (Anon., 1999).  

A2.3.2.1 Infectious dose concept 

Based on a retrospective analysis of foods involved in outbreaks, the capability of person-to-
person transmission, and the ability of the pathogen to tolerate acidic conditions, which 
enables survival in the acidic environment of the stomach, Doyle et al. (1997) estimated the 
infectious dose of E. coli O157:H7 to be less than a few hundred cells, and even <10 cells 
ingested. Some other studies (FSIS, 1993; Willshaw et al., 1994) have indicated that as low 
as <2 cells per 25 gram of foodstuff were sufficient to cause infection. A comparable estimate 
of infectious dose has been proposed by CAST (1994). 

The retrospectively calculated infectious dose for patients who consumed known 
quantities of contaminated dry-fermented salami was only 2 to 45 colony forming units (cfu) 
(Tilden et al., 1996). Furthermore, contaminated hamburger patties sampled during one 
outbreak contained 0.9 to 4.3 cfu per patty (Johnson et al., 1995), but the authors did not 
extrapolate this information to estimate the actual average cfu dose consumed by patients. 
Similarly, in another United States of America outbreak, the uncooked hamburger patties 
contained 67 to 670 cfu per patty, suggesting an infectious dose of fewer than 700 cfu (Tuttle 
et al., 1999). However, although it is reasonable to assume that the heat-treated patties (at the 
time of consumption) contained fewer organisms than the uncooked, the actual number of the 
ingested cells is not known. 

A2.3.2.2 ‘Probability of infection’ concept 

More recently, the concept of estimating the probability of infection from exposure to 
differing numbers of cells has been introduced. 

An estimate of the dose response for E. coli O157:H7 using a beta-Poisson model gives a 
value of 1.9×105 cells as the median dose (50% exposed become symptomatic), with a 
probability of 0.06 (6×10-2) of infection when exposed to 100 cells (Powell et al., 2000).  

With respect to non-O157 serotypes, Haas, Rose and Gerba (1999) developed dose-
response relationships for E. coli O111 and O55 using human volunteers. The relationship 
gave a 2.6×106 organism dose for infection of 50% of the exposed population; and a 3.5×10-4 

risk for consumption of 100 organisms. 

A2.3.2.3 Factors affecting dose-response 

Pathogen-related factors 1 – Virulence factors 

Verotoxins 

Among the most important virulence characteristics of E. coli O157 is the ability to produce 
one or two verotoxins (i.e. verocytotoxins, Shiga toxins (Stx) or Shiga-like toxins) (Mead and 
Griffin, 1998). Verotoxin 1 (VT1) is indistinguishable from Shiga toxin produced by Shigella 

dysenteriae type 1. However, verotoxin 2 (VT2) has only 56% amino acid homology with 
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Shiga toxin 1. The majority of E. coli O157 strains produce VT2, whilst the proportion of 
strains producing VT1 can vary from <25% (in Europe) to >80% (in North America and 
Japan) (Nataro and Kaper, 1998). Both toxins are encoded on a temperate bacteriophage 
(inserted into the pathogen’s chromosome) and are composed of five B subunits and a single 
A subunit. The B subunit binds to globotriaosylceramide (Gb3). The A subunit, after 
endocytosis, activates the 60S ribosomal subunit which blocks protein synthesis. Production 
of VT1 or VT2, or both, is not in itself sufficient to cause disease. 

Enterohaemolysin 

Nearly all strains of E. coli O157 produce a haemolysin (termed enterohaemolysin) that is 
encoded on the 60-MDa plasmid. Enterohaemolysin belongs to the RTX toxin family, 
members of which are expressed by uropathogenic E. coli, Pasteurella haemolytica and other 
pathogens (Bauer and Welch, 1996). Patients with HUS develop antibodies to 
enterohaemolysin (Schmidt, Beutin and Karch, 1995), but it is still unclear whether or how it 
is involved in pathogenesis of disease.  

Intimin 

The genes encoding the A/E histopathology are contained on a 35.6 kb pathogenicity island 
called the Locus of Enterocyte Effacement (LEE) (Frankel et al., 1998) the complete 
sequence of which has been determined in E. coli O157 strain 933. The intimin (94- to 97-
kDa outer membrane proteins), encoded by the eae gene, is an adherence factor that plays a 
role in intestinal colonization of E. coli O157 in vivo and in animal models (Nataro and 
Kaper, 1995). In conventional and gnotobiotic piglets, E. coli O157:H7 strains produce 
extensive A/E lesions in the large intestine, whilst strains specifically mutated in the eae gene 
neither produce A/E lesions nor colonize the intestinal site. The role of the intimin is further 
supported by the anti-intimin immune response seen in HUS patients (McKee and O’Brien, 
1996).  

Other intestinal adherence factors 

Some adherence factors other than intimin have been reported for E. coli O157:H7 but they 
have been neither well characterized nor specifically demonstrated in vivo. For example, a 
94-kDa outer membrane protein (distinct from intimin) mediated adherence to Hep-2 
epithelial cells (Sherman et al., 1991) but it was not further characterized. 

pO157 plasmid 

All E. coli O157:H7 strains contain a 93.6–104 kb plasmid, designated pO157 (Schmidt, 
Karch and Beutin, 1994) that, in addition to enterohaemolysin and adherence factors 
mentioned above, encodes a catalase-peroxidase with unknown function. The plasmid is 
widely distributed among human EHEC isolates, but its role in the pathogenesis of disease is 
not yet determined and the results of in vivo and in vitro studies have been conflicting (Nataro 
and Kaper, 1995). 

Iron transport 

E. coli O157:H7 strains contain an iron transport system (a 69-kDa protein encoded by the 
chuA gene) allowing the use haeme or haemoglobin as an iron source (Torres and Payne, 
1997), which possibly aids infection as it stimulates the growth of the pathogen.  
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EAST1 

Many strains of E. coli O157:H7 possess the astA gene encoding EAST1 (Savarino et al., 
1996), the role of which in pathogenesis of disease is not known although it may be involved 
in non-bloody diarrhoea. 

Pathogen-related factors 2 –  Strain-diversity effects on virulence 

Overall variability of verotoxin production 

A number of reports indicate that in vitro verotoxin production pattern of E. coli O157 (and 
other VTEC) can significantly differ between different strains (Köhler, Karch and Schmidt, 
2000; Tilden et al. 1996; Wagner et al. 2001; Whiting and Golden 2002; Yokoyama et al. 
2000).  

Virulence of human vs animal strains 

VTEC strains from an international collection, including E. coli O157:H7 and O157:H–, were 
analysed statistically (univariate and multivariate analyses) for correlation of virulence 
factors with source, bovine or human clinical (Boerlin et al., 1999). Bovine isolates were 
more likely to carry stx1 and espP (a gene encoding for a protease) than isolates from humans. 
Additionally, stx2 and eae were most likely to occur in isolates from cases of severe human 
disease. The authors conclude that VTEC isolates from humans are a distinct sub-population 
of VTEC isolates from bovines (Boerlin et al., 1999). Also, Baker, Moxley and Francis 
(1997) found that E. coli O157 isolates from humans were more virulent in their gnotobiotic 
pig model than isolates from cattle. Furthermore, Ritchie et al. (2003) found significantly 
greater in vitro VT2 production by E. coli O157 isolates from HUS cases than by bovine 
isolates. In addition, an in vitro study was conducted using 123 strains of E. coli O157 of 
known origin (from animals, human cases and meats) and sub-types (PFGE-type and phage-
type) that were stored at 4°C, subsequently anaerobically grown at 37°C, followed by 
examination of the VT2 produced in the broths; the human isolates were significantly more 
likely to produce in vitro VT2 (Avery, 2003). 

Pathogen-related factors 3 – Virulence-marker characteristics of strains from animal 

and meat 

It is known from a number of studies from different countries that animals excrete a diversity 
of VTEC strains, which differ not only with respect to serotype but also regarding virulence 
patterns (Table A2.5). 

 

Table A2.5. Examples of virulence-marker diversity in VTEC strains (including, but not limited to, O157) 
associated with the meat chain (adapted from Desmarchelier, 2001) 

Source 
VT1  

(% strains) 
VT2 

(% strains) 
VT1+VT2 
(% strains) 

eae 
(% strains) 

ehx 
(% strains) 

Cattle 

Faeces 36 34 31 16 34 

Carcass 11 49 40 49 69 

Ground beef retail 2 54 43 2 67 

Sheep 

Faeces 13 3 84 1 58 

Carcass 38 4 58 3 33 

Lamb meat retail 11 9 80 5 55 
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It is clear that not all E. coli O157 isolated at various points of the meat chain possess all 
the known virulence genes. Childs et al. (2006) determined the distribution of E. coli O157 
virulence genes eaeAO157, VT1, VT2, hlyA, rfbEO157 and fliCH7 among samples collected 
longitudinally from feedlot to slaughter. Different groups of isolates differed with respect to 
which genes they possessed and which they did not, but relatively few possessed all the genes 
investigated: 0–9 isolates (out of 65) from various samples collected at feedlot level; 1–7 
isolates (out of 19) at transport level; 0–6 (out of 16) at lairage level; and 3–24 isolates (out of 
224) at slaughtered animal level (hides or colon).  

Pathogen-related factors 4 – Sub-cultivation effects on virulence determination 

A study by Karch et al. (1992) indicated that verotoxin genes in human clinical isolates of 
VTEC, including E. coli O157, were frequently lost during their sub-cultivation. Such 
phenomena could affect both establishing and reporting of dose-response data for isolates. 

Pathogen-related factors 5 – Overall relevance of E. coli O157 strain diversity regarding 

virulence 

One of the most relevant potential implications of the strain diversities of E. coli O157 
(indicated above) is that not all the E. coli O157 strains present in animals or meats would 
necessarily have the same dose-response relationship if ingested by humans. However, it is 
unclear whether these differences indeed occur in real life.  

Host-related factors 1 – Gastric juice effects on virulence 

Survival rates of ingested E. coli O157 during gastric passage within the host can be 
presumably reflected in the dose-response relationship. The survival of E. coli (one non-
pathogenic strain and one enterohaemorrhagic strain) during passage through the stomachs of 
young and elderly people has been investigated using mathematical modelling, and a 
fermenter that mimicked the human gastric pH (Takumi, de Jonge and Havelaar, 2000). On 
average 20–80% of the ingested E. coli were estimated to arrive at the small intestine without 
inactivation by low pH. This was attributed to the temporary increase in gastric pH after 
consumption of food, as well as acid tolerance of E. coli. To illustrate this last point, the 
E. coli O157:H7 isolate tested showed no decline in numbers after incubation for two hours at 
pH 2.5, and 26% of the cells survived when the pH was 2.0. Furthermore, McKellar and 
Knight (1999) reported significantly higher survival rates of outbreak strains of 
enterohaemorrhagic E. coli (serotype O157:H7 was included in, but not separated from, 
these) to acid (pH 2.0) as compared with non-outbreak strains.  

On the basis of the results it could be speculated that outbreak strains would have survived 
gastric juice to a greater extent than other strains, which would affect the dose-response 
relationship.  

Host-related factors 2 –  Host susceptibility 

Infection with E. coli O157 can occur in any population and age group. Nevertheless, it is 
assumed that the illness most often occurs in infants (<4 years) and the elderly (>65 years); 
children under five years are considered as the most susceptible to HUS whereas the elderly 
are more likely to develop TTP (Baker et al., 1999).  

Children 

In Japan, the median age of both HUS and non-HUS cases of E. coli O157 infections was 8 
years (Kawamura, Yamazaki and Tamai, 1999). In the United States of America, one report 
showed that the majority (55.4%) of patients with HUS were younger than 5 years, whilst 
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approximately one-third (32.5%) were 5 to 17 years old (Banatvala et al., 2001). Another 
report showed that 35.3% of reported HUS cases occurred in 1–10-year olds and 17.6% in 
10–20-year olds (CDC, 1999). The young-age-dependency in children can be also seen from 
reported overall incidences of HUS (cases per 100 000 population): 

• Data for ‘children younger than 15 years’: 0.7 (United States of America), 0.65 (Austria) 
and 0.64 (Australia) (Elliott et al., 2001); 

• Data for ‘children younger than 5 years’: 1.4 (United States of America) and 1.35 
(Australia) (CDC, 1999). 

Elderly 

Studies in the United States of America indicated that, among patients with HUS (both 
children and adults), as high as 80% of the adult patients also developed TTP, with 25% 
mortality (Banatvala et al., 2001), whilst the children patients had no fatalities. It seems that 
>60 year olds are more affected (CDC, 1999).  

Food matrix effects on virulence  

Current knowledge on whether or how food-matrix-related factors affect virulence and 
pathogenicity of E. coli O157 is very poor.  

Growth phase 

It has been reported that expression of A/E activity on HeLa epithelial cells by 
enteropathogenic E. coli (EPEC) depends on a previous in vitro growth phase and on 
temperature, with early-logarithmic-phase EPEC grown at 37°C eliciting particularly strong 
A/E activity (Rosenshine et al., 1996). However, this cannot be extrapolated directly to the 
A/E activity of E. coli O157 in the host following exposure to different growth conditions and 
temperature in foods.  

Food treatments 

Some in vitro studies indicated that verotoxin production by E. coli O157 can vary depending 
whether or not the pathogen was previously exposed to acid environment alone (Duffy et al., 
2000) or to an acid shock-heat shock combination (Buncic and Avery, 1998). Again, the 
results cannot be extrapolated directly to the situation when E. coli O157 is pre-exposed to 
real foods and subsequently produces verotoxin within the host.  

Food composition 

Generally, fat from fatty foods can protect foodborne pathogens from the bactericidal effects 
of the gastric fluid during their passage through the stomach (Blaser and Newman, 1982), but 
whether or how much this factor plays a role in the process of E. coli O157 illness is unclear.  
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A2.4. Exposure assessment  

A2.4.1 Introduction 

At present, there is no single point along the meat chain at which E. coli O157 can be reliably 
eliminated so as to entirely prevent exposure of consumers to the pathogen, apart from 
sufficient heat treatment and reliable post-heating control of contamination. However, these 
are inapplicable or unachievable universally. Therefore, a longitudinal and integrated 
approach to the meat chain, including reduction of the pathogen at multiple points, is 
necessary to reduce the risk of E. coli O157of infections occurring via meats. 

As early as 1980, the World Health Organization (WHO, 1980) formulated a meat-chain 
approach to the control of Salmonella in meat, comprising three lines of defence: the food 
producing animal; slaughter and further processing of meat; and final preparation of the food. 
In general agreement with that, and for the purpose of this document, the meat chain will be 
approached through its three global phases (EFSA, 2006), covering: 

• pre-harvest: the on-farm part of the chain; 

• harvest: the part of the chain beginning with the transport of the slaughter animals from 
the farmgate (normally controlled by abattoirs), the lairage phase, slaughtering itself, up 
to the cooling of the carcasses; and 

• post-harvest: the part of the chain comprising meat cutting, meat processing, and retail 
and consumer levels. 

With respect to the importance of individual farm animal species with respect to E. coli 
O157, literature data confirms that cattle are the most important reservoir and source. 
Therefore, not surprisingly, most published data relate to E. coli O157 in the beef chain; 
hence it will dominate in the sections below. 

A2.4.2 E. coli O157 along the meat chain – Prevalence and 
incidence data 

A2.4.2.1 Pre-harvest phase  

Fate in the farm environment 

The intermittent nature of shedding in cattle (see below) produced the suspicion that animals 
are possibly re-infected regularly from environmental sources as, of course, animals may 
infect the environment (e.g. pasture, slurry ponds and water sources) and vice versa. However, 
more quantitative data concerning the actual spread of the pathogen from one environmental 
source to another and subsequent re-infection of livestock (i.e. on-farm ‘recycling’ of 
pathogens) are lacking. 

Slurry used as fertilizer 

E. coli O157 was found in slurry collected from cattle feedlots (Cízek et al., 1999) and a dairy 
farm (Porter et al., 1997). Additionally, E. coli O157 inoculated into slurry or animal faeces 
or occurring naturally in manure piles from inoculated animals can survive for very extensive 
periods, ranging from a few weeks to 21 months (Kudva, Blanch and Hovde, 1998; Bolton et 
al., 1999; Fukushima, Hoshina and Gomyoda, 1999; Himathongkham et al., 1999). 
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Soil 

E. coli O157 survived up to 99 days in soil (Bolton et al., 1999), or proliferated in various soil 
types, including silt loam, sandy loam and clay loam (Gagliardi and Karns, 2000). 

Feed 

Commercial stock feeds sampled at retail and on-farm contained E. coli, but not E. coli O157 
(Lynn et al., 1998). It seems that proper silage fermentation reduces and, depending on initial 
levels, can even eliminate E. coli O157. However, the organism proliferated in some 
commercial stock feeds (Lynn et al., 1998) and in improperly fermented silage. If silage is 
made from grass where animals have been shedding E. coli O157, or which was irrigated 
with contaminated water, the organism could spread between the environment and animals. 

Vectors 

Potential for ‘mechanical’ spread of E. coli via vectors (e.g. rodents, birds, flies, vehicles, 
workers, visitors, feeds) exist on farms, in the same (well known) way as with other 
foodborne pathogens, such as Salmonella. 

Presence in animals on farms 

The relative relevance of the main red meat species with respect to E. coli O157 can be 
illustrated by data from the UK showing the presence of the pathogen in animal faeces at 
slaughter: in 4.7% of cattle, 1.8% of sheep and 0.16% of pigs (Synge and Paiba, 2000). It is 
accepted that cattle represent main reservoir and source of E. coli O157 in the food chain, so 
most published data relate to cattle, as summarized in Table A2.6. 
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It is important to keep in mind that 
healthy cattle can harbour E. coli O157 in 
the digestive tract and intermittently shed 
the organism without any symptoms.  

The reported occurrences of faecal 
shedding are variable, and the reasons why 
shedding is only intermittent in cattle, and 
what contributes to a burst of shedding from 
an animal, are not clear, in spite of much 
research in this field. Factors, or their 
combinations, that can affect on-farm 
prevalence of E. coli O157:H7 in cattle are 
considered below (not in order of 
relevance):  

Age 

Prevalence is usually higher in younger 
animals (Synge, 2000; Cray and Moon, 
1995; Hancock et al., 1997; Mechie, 
Chapman and Siddons, 1997; Van 
Donkersgoed, Graham and Gannon, 1999). 

Weaning status 

Unweaned calves may be protected against 
E. coli O157 colonization (Garber et al., 
1995; Zhao et al., 1995). 

Individual variability in shedding 

patterns 

According to the ‘supershedder’ concept, 
individual animal shedding patterns within 
cattle herds can be divided into three categories: non-shedders, low-level shedders and 
‘supershedders’ (those shedding >10 000 cfu/g faeces) (Grauke et al., 2002; Naylor et al., 
2003). Obviously, the presence of supershedders exacerbates in-herd and on-farm spread of 
the pathogen.  

Season 

Both measured shedding prevalences in cattle (Chapman et al., 1997b; Mechie, Chapman and 
Siddons, 1997; Heuvelink et al., 1998a; Garber et al., 1999; Van Donkersgoed, Graham and 
Gannon, 1999) and disease in people (López et al., 1997; Simmons, 1997; WHO, 1997; 
Michel et al., 1999; Decludt et al., 2000) appear to be seasonally distributed, as both are more 
common in warmer months. 

Diet 

One study claimed that inoculated cattle eating hay shed E. coli O157:H7 for significantly 
longer than grain-fed cattle (>39 days and 4 days, respectively), but type of feed did not 
affect numbers of E. coli O157:H7 shed (Hovde et al., 1999). A dramatic increase in ovine 
shedding inoculated E. coli O157 was reported in a study where lamb diet changed from low 

Table A2.6. Examples of E. coli O157 occurrences 
found in individual adult cattle on-farm (adapted 
from Buncic, Avery and De Zutter, 2004; Avery and 
Buncic, 2005) 

Occurrence 
prevalence (%) 

Reference 

Faeces 

0.00 Numerous studies, but data not 
included in this table 

0.50 Rahn et al., 1997. 

0.50 Buncic and Avery, 1997. 

1.70 Minihan et al., 2003. 

4.40 Conedera et al., 2001. 

4.51 Faith et al., 1996. 

4.60 Vold et al., 2001. 

5.50 Rahn et al., 1997. 

6.50 Heuvelink et al., 1998b. 

9.50 Barham et al., 2002. 

16.00 Lahti et al., 2003. 

18.00 Minihan et al., 2003. 

22.70 Smith et al., 2001. 

Faeces - Average* 8.17 

Faeces - Median* 5.05 

Hides 

18.00 Barham et al., 2002. 

Animal-related surfaces 

24.60 Lahti et al., 2003. 

NOTES: *Average and median occurrences are calculated 
from positive findings only. 
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to high fibre (Kudva, Hatfield and Hovde, 1995), although housing and weaning also changed 
during this study and could have contributed to this result. Adult sheep inoculated with 
E. coli O157 feeding on hay shed the organism for significantly longer (and tended to shed 
higher levels) than animals eating a corn-alfalfa mixture (Kudva et al., 1997).  

Fasting 

Some studies indicated that fasting can lead to proliferation in, or higher shedding of generic 
E. coli from, or both, the caudal end of the gastrointestinal tracts of fasting cattle (Reid et al., 
2002a; Naylor et al., 2003). 

Water 

Water troughs may be a route for animal-to-animal transmission (Rahn et al., 1997; Hancock, 
Besser and Rice, 1998; Barham et al., 2002). E. coli O157 survives in waters for significant 
periods of time, although numbers generally decrease (Wang and Doyle, 1998; Muniesa, 
Lucena and Jofre, 1999). 

Husbandry 

Some reports indicate that prevalence of E. coli O157 is significantly higher in housed cattle 
than in unhoused (Synge et al., 2001); in such cases the underlying reasons may include close 
proximity of animals promoting cross-contamination, but also are likely to be multi-factorial. 
McGee et al. (2004) examined the transmission of E. coli O157 within groups of cattle held 
in pens; into each group an E. coli O157-inoculated animal was introduced. Within 48 hours, 
the pathogen extensively contaminated hides of cohort animals and pen surfaces. Within 3 
days, positive faecal samples also started to be found in cohort animals.  

Anti-E. coli O157 ‘treatments’ 

The effectiveness of on-farm (i.e. before transport to abattoir) treatments of cattle was 
evaluated in a recent study (Woerner et al., 2006). The treatments comprised: controls (no 
treatment), Bovamine (Bov; a Lactobacillus dietary product), NEOMIX (feeding Neo; 
neomycin sulphate), an anti-E. coli O157 vaccine (Vac), and all combinations of the single 
treatments. The result showed reduced prevalences in animals with all treatments. Animals 
treated with the Bov-Vac-Neo combination had E. coli O157 prevalence of 2.7% and 6.7% in 
faeces and on hides, respectively, whilst control animals had 45.8% and 40.3%, respectively.  

Sampling and isolation methods for E. coli O157 

Sampling methods (e.g. faecal pats vs rectal swabs) and the amount of faecal material 
collected will obviously affect the results. Also, generally, less sensitive microbiological 
methods (e.g. plating, enrichment-plating) were used in early studies, whilst more sensitive 
(e.g. enrichment-immunomagnetic separation-plating) were used in recent studies. These 
factors probably account for some of the variability seen in on-farm E. coli O157 prevalence 
data.  

Pre-harvest controls 

Currently, there are no on-farm measures that can be relied upon to guarantee complete 
absence of E. coli O157 carriage in individual cattle or herds. This is very difficult, even if 
herds are subjected to an on-farm testing regime, because of the intermittent nature of the 
shedding. Due to the multi-factorial nature of the E. coli problem on-farm, the efficacies of 
individual control measures or their combinations at pre-harvest level are difficult to quantify 
and involve many uncertainties. Therefore, when cattle destined to enter the human meat 
chain are transported from farms for slaughter, their E. coli O157-carriage status is largely 
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unknown. Currently, on-farm control measures could only reduce E. coli O157 incidences 
and prevalences, and only to uncertain extents. The main considerations related to on-farm 
controls include: 

• Prevention of pathogen recycling, through: 
– land management (animal wastes, irrigation, etc.); 
– limiting vectors (rodents, wildlife, workers, mechanical vectors, etc.); and 
– animal husbandry (GFP, GHP, animal cleanliness). 

• Prevention of ingestion of the pathogen, by: 
– feed treatments; 
– water treatments; and 
– animal interactions (suckling, licking, etc)  

• Suppression of the ingested pathogen by: 
– dietary manipulation; 
– probiotics, pre-biotics, competitive exclusion, etc.; and 
– phage therapy. 

• Modification of animal response, through: 
– vaccination. 

A2.4.2.2 Harvest phase  

Transport, livestock markets and 

lairage 

During transport and lairage, E. coli 
O157 can be present in or on both 
animals and related environments 
(Table A2.7). 

Transport 

Whilst transport may not necessarily 
increase E. coli O157 in the cattle 
gastrointestinal tract (i.e. faeces; 
Minihan et al., 2003), significant 
spread of the pathogen contaminating 
animal coats during transport can 
occur. This occurs through the same mechanisms of animal-to-animal and animal to surfaces 
to animal cross-contamination taking place during lairage (see below). Using PFGE 
characterization, Childs et al. (2006) confirmed transport trailers as an important source of 
E. coli O157 found on cattle hides at slaughter, as the E. coli O157 isolates from the trailer 
and the hides matched genotypically.  

Livestock markets 

Information on the prevalence and fate of E. coli O157 in and on cattle during the livestock 
market phase is lacking. Nevertheless, a recent study showed that the prevalence of marker 
organisms (including generic E. coli) inoculated onto the hides of cattle entering the market 
process increased 2- to 5-fold on those animals post-market (Collis et al., 2004).  

Table A2.7. Examples of E. coli O157 occurrences found 
during transport and lairage of cattle 

Occurrence (%) Reference 

Transporter surfaces 

5.0 Childs et al., 2006. 

7.3 Barham et al., 2002. 

Faeces post-transport but pre-lairage 

1.7–13.0 Minihan et al., 2003. 

Lairage surfaces 

13.0 Rivera-Betancourt et al., 2004. 

6.7–50.0 Small et al., 2002) 

50.0 (Tutenel et al., 2003b) 
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Lairage 

The lairage-to-dressing environment plays an important role in the spread of E. coli O157 in 
cattle at slaughterhouses through animal-animal and animal-environment-animal contacts 
(Avery and Buncic 2005; Buncic, Avery and De Zutter, 2004). PFGE typing identified the 
pre-dressing slaughterhouse environment (e.g. surfaces in lairage pens or stunning boxes) as 
the most likely source of a predominant E. coli O157 clone found on 24.7% of hides of 
slaughtered cattle (Avery et al., 2002). The cattle had originated from 18 different farms and 
arrived at the slaughterhouse via 17 different hauliers, so had no epidemiological link apart 
from the same lairage-to-stunning box environment (Avery et al., 2002). Similarly, Bonardi 
et al. (2001) found indistinguishable E. coli O157 isolates in the faeces of cattle slaughtered 
on the same day in a single slaughterhouse, but which had originated from different farms, 
suggesting that pre-slaughter cattle mixing served as a vector. In contrast, Tutenel et al. 
(2003a) found differing E. coli O157 types in the lairage-to-dressing environment and on the 
hides of slaughtered cattle, on two of three days they studied. However, on the third day, a 
predominant E. coli O157 clone existed in the environment, and on the hides (Tutenel et al., 
2003a).  

Survival of E. coli O157 on transport and lairage surfaces 

The pathogen survives very well on environmental surfaces; decimal reduction times (D-
values) on hide, concrete, metal or straw ranged between 3 and 15 days (Small, Reid and 
Buncic, 2003) although significant surface-cleanliness- and strain-related variability exists 
(Avery and Buncic, 2003). An additional meat safety concern is that naturally-occurring 
E. coli O157 can persist on surfaces even after routine washing; not only in lairage areas 
(Small et al., 2002; Tutenel et al., 2003b), but also on surfaces on-farm (Lahti et al., 2003) 
and in transporters (Barham et al., 2002). It should be noted that, unfortunately, cattle lairage 
washing rarely includes treatments with detergents or sanitizers (Small, Reid and Buncic, 
2003). Therefore, carry-over of E. coli O157 contamination on lairage surfaces from one day 
to subsequent days seems likely. When considering the relative meat safety relevance of 
different sites along the progression from lairage to dressing at slaughterhouses, the most 
relevant sites are those through which all animals are funnelled (e.g. pen and corridor gates). 
One of the most important sites is the stunning box, the surfaces of which all animals 
slaughtered during the day contact in succession (Small et al., 2002; Avery et al., 2002). 

Controls during transport-livestock market-lairage phase 

A summary of main considerations related to controls of E. coli O157 during this phase 
include: 

• Transport (in sanitized vehicles) with minimal duration because: stress increases 
shedding; and cross-contamination. 

• Avoid livestock markets because of: mixing of animals from different farms; and 
environment-mediated cross-contamination. 

• Lairage (in sanitized pens) with minimal duration because of: carry-over of pathogens on 
surfaces from one day to another; cross-contamination; and animals lying on 
contaminated floor. 

• Sanitation of stun boxes, because of: surface-mediated cross-contamination of 
consecutively stunned animals. 
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One of the biggest meat safety implications of the transport and lairage findings is that 
animal-to-animal and animal-to-surface-to-animal mediated cross-contamination occurring 
during transport and lairaging may ultimately lead to carcasses even from "pathogen-free" 
farms becoming contaminated at abattoirs. In other words, it could negate any successful 
control of E. coli O157 achieved on individual farms. 

Slaughter and dressing 

Sources, routes and frequency of contamination along slaughterline  

The main sources and routes of microbial contamination along the slaughterline, i.e. during 
slaughter of animals and dressing of carcases, can be summarized as in Figure A2.1. 

Figure A2.1. Main sources and routes of microbial contamination along the slaughterline 

  Slaughtered animals before skinning   

        

     Airborne microorganisms 

Actual contribution: ???   

     

Microorganisms from hide 

Hide-meat cross-contamination: regular? 

     Microorganisms from equipment 

Actual contribution: ???   

     

Microorganisms from guts 

Estimated gut spillage: 1 in 1000 (?) 

     Microorganisms from people 

Actual contribution: ???      

        

  Final dressed carcases   

 

Both levels and composition of microflora found on carcasses at the end of the 
slaughterline depend on microbial loads brought in or on incoming animals, as well as on 
how hygienic is the abattoir process technology. However, it should be kept in mind that, 
even in the best abattoirs, total prevention of microbial contamination of carcasses is 
unachievable under commercial conditions. In abattoirs applying good hygienic practice 
(GHP), direct faecal contamination from animal gastrointestinal tracts should be rare. 
However, based on a number of recent studies, it is now widely accepted that animal coats 
are the key source of carcass contamination, including with E. coli O157, in ruminants. A 
summary of published occurrences of E. coli O157 along the slaughterline is given in 
Table A2.8. 

Table A2.8. Examples of E. coli O157 occurrences found during slaughter and dressing (adapted from 
Buncic, Avery and De Zutter, 2004; Avery and Buncic, 2005)  

Occurrence (%) Reference Occurrence (%) Reference 

Hides at skinning (cattle) Carcases during dressing (cattle) 

4.50 Barham et al., 2002. 1.10 Lahti et al., 2003. 

10.70 Elder et al., 2000. 3.20 McEvoy et al., 2003. 

18.00 Ransom et al., 2002. 6.70 Tutenel et al., 2003b. 

22.20 Reid et al., 2002b. 11.10 McEvoy et al., 2003. 

25.00 Tutenel et al., 2003b. 12.00 Bonardi et al., 2001. 
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Occurrence (%) Reference Occurrence (%) Reference 

28.80 Small et al., 2002. 43.40 Elder et al., 2000. 

32.90 Avery et al., 2002. Carcass dressing – Average* 12.92 

56.00 Tutenel et al., 2003b. Carcass dressing – Median* 8.90 

Hide – Average* 24.76   

Hide – Median* 23.60   

5.5 (Sheep pelt) Small et al., 2002.   

Faeces at evisceration (cattle) Final carcases (cattle) post-decontamination and/or post-
chill 

0.00 Minihan et al., 2003. 0.00 Minihan et al., 2003. 

2.40 McEvoy et al., 2003. 0.00 Minihan et al., 2003. 

5.50 Barham et al., 2002. 0.00 Ransom et al., 2002. 

6.20 Cízek et al., 1999. 1.40 Chapman et al., 2001. 

6.70 Ransom et al., 2002. 1.80 Elder et al., 2000. 

7.50 Van Donkersgoed, Graham 
and Gannon, 1999. 

3.20 McEvoy et al., 2003. 

8.30 Tutenel et al., 2003b. 5.50 McEvoy et al., 2003. 

10.60 Heuvelink et al., 1998a. Final carcass – Average* 2.98 

12.00 Minihan et al., 2003. Final carcass – Median* 2.50 

12.90 Chapman et al., 2001.   

15.70 Chapman et al., 1997.   

17.00 Bonardi et al., 2001.   

27.80 Elder et al., 2000.   

Faeces - Average* 11.05   

Faeces - Median* 9.45   

NOTES: *Average and median occurrences are calculated from positive findings only. 

Obviously, E. coli O157 occurrences associated with the slaughter-dressing phase vary 
markedly between different studies. These variations are due to correspondingly large 
variations that exist between individual studies in terms of the pre-slaughter microbiological 
status of animals, abattoir process hygiene, and study design, including sampling and 
examination methods used. Nevertheless, when considering the data in the E. coli O157 
occurrences (Table A2.8), some general points are important to be noted: 

• Hides at skinning > faeces at evisceration (i.e. hides are the key source). 

• Carcasses during dressing < hides at skinning (i.e. significant reductions are achievable 
via hygienic skinning). 

• Faeces at evisceration ~ carcases during dressing (Direct correlations? Uncertainty 
whether carcasses were contaminated from guts or hides). 

• Final carcases < carcases during dressing (i.e. significant reduction via carcass treatments 
are achievable). 

Controls along the slaughterline 

Significant control measures for E. coli O157 (and, indeed, other pathogens) during slaughter 
and dressing include: 

• efficient cleaning and sanitation of the slaughter-hall environment;  
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• minimizing microbial contamination through application of GHP and HACCP principles; 
and 

• decontamination treatments, including pre-emptive decontamination of hides before 
skinning and reactive decontamination of carcasses.  

Cleaning and sanitation Although there is no doubt that effective cleaning and sanitation of 
the slaughterline environment is necessary and beneficial for microbial safety of the meat, 
quantitative information is lacking on the relative contribution of contaminated slaughterline 
environmental surfaces (i.e. those not in direct contact with meat) to incidences of E. coli 
O157 on dressed carcasses.  

GHP and HACCP A range of measures aimed at prevention or reduction of microbial 
contamination during slaughter and dressing are used, including slaughtering only visually 
clean animals (i.e. rejection of dirty ones), mechanical skinning, bagging of anus and tying 
(‘rodding’) of oesophagus before evisceration, and regular hot water or steam ‘sterilization’ 
of all tools and equipment coming in direct contact with meat.  

Decontamination treatments It seems clear that washing live animals with a power hose 
does not reduce E. coli O157:H7 carriage on the carcases after slaughter (Byrne et al., 2000). 
Therefore, hide decontamination can be used and is applied on animals post-exsanguination 
but pre-skinning (Table A2.9). Furthermore, decontamination treatments of dressed carcasses 
(e.g. steam vacuuming, steam pasteurization, hot water washes, organic acid washes) and 
their combinations can be used (Table A2.9). Carcass decontamination is a mandatory critical 
control point for abattoirs in the United States of America, whilst it is not used in the EU at 
present.  

Overall, as meat safety measures, decontaminations can be effective and routinely used as 
a part of or in addition to (but not instead of) GHP- and HACCP-related hygiene-based 
measures. Where both hide- and carcass-decontamination treatment are used, it is expected 
that overall improvement of the microbiological status of the meat is determined by a 
combination (possibly synergistic) of microbial reductions achieved by both treatments. 
Nevertheless, it should be borne in mind that E. coli O157 reductions achieved under 
experimental conditions probably exceed those actually achievable under routine, commercial 
abattoir conditions. 

 

Table A2.9. Examples of the effects of decontamination treatments on E. coli O157 on hide or meat 

Treatment 
Anti-E. coli O157 effects 
achieved (approx.) 

Reference 

Hide decontamination 

Sodium sulphide-hydrogen peroxide 
combination (chemical dehairing) 

5 log reduction Castillo et al., 1998a. 

Steam (condensing at 80°C; sub-
atmospheric pressures) 

4 to 6 log reduction McEvoy et al., 2001. 

Sodium hydroxide wash plus 
chlorinated (1 ppm) water rinse 

Prevalence reduced from 44% to 
17%  

Bosilevac et al., 2005. 

Meat decontamination 

Hot water (74–80°C) 3.7 log reduction Castillo et al., 1998b. 

Steam pasteurization (above 
atmospheric pressure) 

3.7 to 4.4 log reduction Phebus et al., 1997. 
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Trisodium phosphate (TSP) spray at 
55°C 

0.8 to 1.3 logs reduction Dickson, Cutter and Siragusa, 1994. 

Organic acid sprays (e.g. acetic, 
lactic, citric) at potable water 
temperature 

No significant reductions Brackett, Hao and Doyle, 1994. 
Cutter and Siragusa, 1994a.  
Uyttendaele et al., 2001. 

Other treatments (e.g. organic acid 
sprays at 55°C, combinations of nisin 
with acids or chelating agents)  

Inhibitory or some reducing 
effects 

Cutter and Siragusa, 1994b.  
Carneiro, Cassar and Miles, 1998. 

 

A2.4.2.3 Post-harvest phase 

E. coli O157 in or on meats at post-harvest 

The pathogen can be present in meats at retail level with varying incidences (Table A2.10). 
The highest incidences are reported for beef, whilst sheep-, pig- and poultry-meat can also 
contain the pathogen, but to significantly lesser extents. With respect to the risk of meat-
borne E. coli O157 infections in humans, based on epidemiological data, the most important 
categories of meats are: 

• fresh beef preparations (e.g. ground beef, hamburger) that are frequently eaten 
undercooked (‘pink centre’); and 

• raw or mildly heated fermented sausages, particularly those containing beef (e.g. salami; 
these are ready-to-eat). 

For other meats (e.g. sheep, goat, venison, pig or poultry), information is much more 
limited. In addition, any ready-to-eat foods can become cross-contaminated from fresh meat. 
For example, cross-contamination between raw beef and processed meats coupled with 
inadequate refrigeration was thought to be the cause of a Scottish VTEC outbreak 
(Pennington Group Report, 1997). 

 

Table A2.10. Examples of Escherichia coli O157 occurrences on beef at processing and retail level 
(adapted from Buncic, Avery and De Zutter, 2004; Avery and Buncic, 2005) 

Occurrence (%) Reference Occurrence (%) Reference 

Beef at retail  Lamb/mutton at retail 

0 Tarr, Tran and Wilson, 1999. 2.0 Doyle and Schoeni, 1987. 

0 Atalla et al., 2000. 2.9 Chapman et al., 2000. 

0 Brooks et al., 2001. < 6 (beef and mutton) Duffy et al., 2001  

0 Fantelli and Stephan 2001. Pork at retail 

0 Silveira et al., 1999. 0.3-1.3 Heuvelink et al., 1999. 

0 Uhtil et al., 2001. 1.5 Doyle and Schoeni, 1987. 

0.18 Tutenel et al., 2003a. 1.5 Duffy et al., 2001. 

1.10 Chapman et al., 2000. Poultry at retail  

1.10 Heuvelink et al., 1999. 1.5 Doyle and Schoeni, 1987. 

2.00 Stampi et al., 2004. 4 Duffy et al., 2001. 
MISSING 

3.70 Doyle and Schoeni 1987. Fermented sausage (‘salami’) 

3.80 Chinen et al., 2001. 0 Little and de Loubois, 1998  

4.20 Vuddhakul et al., 2000. 0 Levine et al., 2001  
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5.00 Blanco et al., 1996. 0.3 Heuvelink et al., 1999 

5.00 Zhou et al., 2002. 3.3 Chinen et al., 2001 

9.00 Suthienkul et al., 1990.   

36.00 Radu et al., 1998.   

Average* 6.5    

Median* 3.8    

NOTES: *Average and median occurrences are calculated from positive findings only. 

Meats at processing and retail level 

Fresh meats and preparations 

After chilling, carcasses are cut into different parts. Meat cutting and de-boning operations 
involve relatively intensive manipulation and handling of meat, which increases the risk of 
microbial cross-contamination via hands and utensils (knives, saws, etc.) and transfer of 
bacteria from the meat surface to the internal parts. Fresh meat can be ground and sold as 
such, or can be used for meat preparations comprising raw ground (minced) meat and 
additives (salts, spices), such as for hamburgers or meat patties. Although such meat 
preparations are commonly cooked before consumption, they may be undercooked, or in 
some cultures can even be eaten raw.  

Further processing of meat 

Fresh meat also can be used for further processing into a large number of different meat 
products. Generally, meat processing techniques can involve various treatments including 
salting or curing based on the addition of salt (sodium chloride) alone or together with other 
additives (e.g. sodium nitrite, potassium nitrate or a combination), smoking, drying, 
fermentation, with or without a heat treatment. These treatments can be used in various 
combinations to produce a very large number of different types of meat products in different 
countries; due to their large numbers, it is not possible to consider various meat products 
individually in this paper. 

Meats at retail level 

At the retail level, meats and meat products are further extensively handled, including slicing 
into individual parts (e.g. ham, sausages, pâtés) and packaging, which can lead to cross-
contamination. The nature of food safety problems associated with E. coli O157 in meats at 
retail level, as well as related control measures, do not differ significantly from those 
associated with other foodborne pathogens. The retail-level issues have been recently 
summarized in the form of brief guidelines (Bolton and Maunsell, 2006). 

Meats at catering and consumer levels 

Food safety problems associated with E. coli O157 in meats at catering and consumer levels 
are similar; they relate to final preparation of food for consumption. The catering-level issues 
have been recently summarized in the form of brief guidelines (Bolton and Maunsell, 2004). 
At consumer level, epidemiological data from Europe (Tirado and Schmidt, 2000), North 
America, Australia and New Zealand indicate that substantial proportions of foodborne 
disease can be attributed to food preparation practices used in the domestic environment. 
Major risk factors include:  

• cross-contamination from raw to cooked foods via refrigerators, contaminated hands, 
cutting boards and kitchen towels;  

• inadequate refrigeration;  
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• improper cooking; and  

• inadequate post-cooking handling, including slow cooling and re-contamination.  

However, quantitative contributions of these factors, or their combinations, specifically to 
meat-borne E. coli O157 infections have yet to be determined. A more general overview of 
factors contributing to red-meat-borne outbreaks in England and Wales (Smerdon et al., 
2001) indicated that inappropriate storage was implicated in 32%, inadequate heat treatment 
in 26% and cross-contamination (most commonly, raw-to-cooked) in 25% of those outbreaks. 

Controls during the post-harvest phase  

Principles for control of E. coli O157 in meats during the post-harvest phase are largely based 
on GHP and HACCP principles, and include: 

• effective cleaning and sanitation in related premises; 

• prevent cross-contamination during cutting, de-boning and further processing; 

• include a bactericidal step (e.g. heating) in the process; 

• prevent recontamination of the heated products during further handling (e.g. slicing, 
packaging); 

• apply a ‘hurdle’ concept for non-heated products; 

• maintain the cold chain at all steps of the post-harvest phase; and 

• prevent cross-contamination of ready-to-eat products from raw meats (and other raw 
ingredients) during food preparation. 

With respect to the two types of meats that are most relevant regarding E. coli O157 
infections, examples of recommended specific controls are indicated below (Table A2.11). 

 

Table A2.11. Examples of recommended controls of E. coli O157 in ‘higher risk’ meat products 

Meat Recommended controls  Reference 

Ground meats and 
hamburgers 

– Cooking to an internal temperature of 66ºC for 
1 min, 68ºC for 15 sec, or 70ºC for <1sec. 

– Consumers to use a thermometer to ensure 
that ground beef is cooked to 71ºC 

FDA, 1999. 
USDA, 2003. 

Fermented sausages The five options : 

1) Utilize a heat process equal to 63°C for 4 
minutes 

2) Include a validated 5D inactivation treatment 

3) implement a ‘hold and test’ programme for 
finished product 

4) Propose other approaches to assure at least a 
5D inactivation 

5) Initiate a HACCP system that includes raw 
batter testing and a 2D inactivation. 

Reed, 1995. 

NOTES: D-value (Decimal reduction time) is the time required for a 10-fold reduction in viable numbers of organisms 
at a given temperature. 2D and 5D are the time required for 2-log and 5-log reductions, respectively. 
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A2.4.3 E. coli O157 along the meat chain – Concentration data 

The large majority of currently available published quantitative data on E. coli O157 along 
the meat chain is in the form of incidences or prevalences. In contrast, quantitative data on 
concentrations of E. coli O157 cells in positive samples is scarce (Table A2.12).  

 

Table A2.12. Examples of concentrations of E. coli O157 in positive samples along the beef chain 

Samples E. coli O157 (Log10 cfu) Reference 

Bovine 

Faeces <2.0 to 6.0/g Zhao et al., 1995; Robinson et al., 2004; Fegan 
et al., 2004; Lahti et al., 2003; Rice et al., 
2003; Shere, Bartlett and Kaspar, 1998; Shere 
et al., 2002. 

Hide 0.13 to 4.24/100 cm
2
 O’Brien et al., 2005. 

Carcasses 0.70 to 1.41/g Carney et al., 2006. 

De-boned meats: 

- Trimmings 

- Head meat 

 

0.70 to 1.61/g 

0.70 to 1.00/g 

O’Brien et al., 2005. 

Retail beef (minced, 
burger) 

0.52 to 4.03/g Cagney et al., 2004.  

Ovine 

Retail lamb (burger) <0.3 to 90/g Chapman et al., 2001. 

As indicated before, the main reason for the lack of concentration data is the fact that 
E. coli O157 is usually present at very low levels, so is difficult to determine by direct 
plating, i.e. without a previous enrichment step. The lack of concentration data is particularly 
associated with earlier studies. More recently, some direct plating media (e.g. chromogenic) 
for E. coli O157 have been developed and become commercially available. From currently 
available concentration data (Table A2.12), it appears that the range of E. coli O157 counts in 
comparable samples at any given point of the meat chain can be very wide.  

Further concentration data for E. coli O157 is needed, particularly for the purpose of 
developing quantitative microbial risk assessments, as well as for more accurate quantifying 
the control measure effects and efficacies.  

A2.4.4 Microbial ecology of E. coli O157 in meats 

Published information on various aspects of the effect of intrinsic or extrinsic, or both, factors 
in foods on the related behaviour of E. coli O157 is voluminous. A recent overview of E. coli 
O157 in foods including meats, one that also addressed the issues of microbial ecology of the 
pathogen in meats, was been produced in the EU (SCVMPH, 2003).  

Chilling 

Chilling is probably the most widely used method for meat preservation. Meat chilling to 

temperatures below 7°C prevents growth of E. coli O157, but allows survival of the pathogen 
(Dykes, Moorhead and Roberts, 2001; Barkocy-Gallagher, Kang and Koohmaraie, 2002). 

Some isolates can grow at 7°C, but not at 4°C (Barkocy-Gallagher, Kang and Koohmaraie, 
2002). 
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Freezing 

During frozen storage of meat, the number of E. coli O157 declines, but for substantial 
reductions (e.g. 2 log) long storage periods (>15 months) are required (Conner and Hall, 
1996). 

pH 

Fresh red meats and most meat products are relatively mildly acidic environments (e.g. pH in 
beef normally 5.4–5.8, and the majority of meat products 6.0–6.5). Only fermented products 
(salamis) are significantly more acidic, as discussed below. Generally, low concentrations 
(<2%) of organic acids did not reduce E. coli O157 levels on meats (Park, Worobo and Durst, 
1999), but there is conflicting evidence on the efficacy of various acids against the pathogen 
(Davidson, 2002; Buchanan, Whiting and Golden, 2002). Although different E. coli O157 
isolates had a range of acid resistances (Benjamin and Datta, 1995; Lin et al., 1996; Duffy, 
Grau and Vanderlinde, 2000), on average, E. coli O157 did not appear to be more acid 
resistant than generic E. coli (Lin et al., 1996; Duffy, Grau and Vanderlinde, 2000). 

Curing 

The combination of salt and nitrites is used in many meat products and can have an inhibitory 
or even bactericidal effect on E. coli O157. This is especially the case in products with acid 
pH and high salt concentrations (Riordan et al., 1998; Casey and Condon, 2000).  

Fermentation 

Fermented sausages rely on both a reduced pH (4.6 to 5.3) and a reduced water activity (aw) 
of <0.95 for microbial stability (ICMSF, 1998). Alternatively, either a pH <4.5 or aw <0.91 
may achieve the same result (Ross and Shadbolt, 2001). If the moisture reduction during 
drying is less than 15%, smoking and mild heat treatment may be used as additional steps to 
restrict microbial growth. It was demonstrated that E. coli O157:H7 can survive but not grow 
during fermentation, drying and storage (for 2 months) of salami (Glass et al., 1992). Some 
types of fermented sausages that are microbiologically less stable, such as those with 
relatively higher pH or aw, or both, are additionally pasteurized. The dynamics of changes of 
E. coli O157 counts during processing and pasteurization and storage of various types of 
fermented sausages have been described in a number of papers (Glass et al., 1992; Hinkens et 
al., 1996; Clavero and Beuchat, 1996; Faith et al., 1997, 1998a, b; Riordan et al., 1998; 
Calicioglu et al.,1997, 2001) 

Cooking 

Adequate cooking is currently the only bactericidal step in the meat chain by which any level 
of E. coli O157 can be reliably and completely eliminated. Some studies showed that the 
pathogen is not particularly heat-resistant and that usual heat treatments designed for the 
elimination of other vegetative pathogens would eliminate E. coli O157 (Juneja, Snyder and 
Marmer, 1997; Duffy et al., 1999; Ryu and Beuchat, 1999). With respect to hamburger 
cooking, some data on consumers’ preferences are available (Table A2.13). 
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Table A2.13. Internal temperature achieved by cooking hamburgers according to various doneness 
preferences (in Cassin et al., 1998) 

Cooking preference 
Percent of population 

(McIntosh, Christensen and 
Acuff, 1994) 

Internal temperature (ºC) 
(Jackson, Hardin and Acuff, 

1996) 

Rare 

Medium rare 

Medium 

Medium well 

Well 

3.0% 

16.1% 

17.9% 

23.4% 

39.6% 

54.4 

58.6 

62.7 

65.6 

68.3 

 

Irradiation 

In the United States of America, legislation allows use of irradiation for decontaminating 
minced meat and poultry, in doses suitable for E. coli O157 inactivation. Irradiation is not 
permitted for red meats in the EU at present, although permitted for certain herbs and spices 
(in UK: Satin, 2002). 

Again, a relatively large body of information on the microbial ecology of E. coli O157 in 
meats has accumulated, but the reported data are variable, and even conflicting in some cases, 
probably due to significant differences in the experimental conditions between the studies and 
the many strains involved. Nevertheless, ecological effects most relevant for the fate and 
control of E. coli O157 in foods are summarized in Table A2.14. 

A2.4.5 Global trends in meat production and consumption 

One of the most important characteristic of both meat production and consumption patterns is 
their very high variability and changeability, due to the specific effects of meat product, 
country, culture, population group, economic development, and time. Therefore, both 
gathering and interpreting meat production and consumption data are difficult, unless it is for 
a very specific set of conditions. Even in the case of very specific conditions, the data validity 
is likely to change over time. Furthermore, most consumption data—where available—are 
collected for nutritional and not for microbial food safety purposes. For these reasons, and 
also because of space limitations for this paper, only global trends will be briefly commented 
on here. 

A2.4.5.1 Trends in meat production 

Data for the volume of meat production per year are shown in Table A2.15. The United 
States of America is the world’s major beef producing country, producing 65% more than all 
the EU countries together. China produces more than double the amount of sheep and pig 
meat than the EU countries, and the United States of America produces double the amount of 
poultry meat.  
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Table A2.14. A summary of the effects of main ecological factors on E. coli O157 in foods 

Food-related factors Effects on E. coli O157 

Growth or survival 

Temperature - Optimum 37°C (range 7°C to 46°C) 

- Generation time at 37°C approximately 0.4 hours 

- Survives freezing well: e.g. -20°C for 9 months in meat hamburgers 

pH - Optimum: 6–7 (range 4.4 to 9.0) 

- Survives in acidic environments (e.g. pH 3.6) 

Atmosphere  - Can grow with or without O2 

- Growth occurred in vacuum-packed meat at 8 to 9°C 

- Growth prevented in meat packed under 100% CO2 at 8–9°C 

Water activity (aw) - Optimum for growth: aw = 0.995  

- Minimum for growth: aw = 0.950 

Salt - Growth retarded: 2.5% NaCl 

- Growth prevented: 8.5% NaCl at 37°C  

- Growth prevented: 5% NaCl at 12°C  

‘Hurdle’ concept  

(salamis are a typical example of 
the ‘Hurdle’ technology)  

- ‘Hurdle’ technologies: Preservation of foods using ‘mild’ techniques enabling 
the concerted and sometimes synergistic effects of a number of preservative 
factors (‘hurdles’) used at levels that are lower than if only one hurdle were 
used.  

- In typical uncooked salamis, E. coli O157 does not multiply but can survive in 
reduced numbers; reductions can vary 0.9 to 2.1 log during production and up 
to 3.4 if subsequent storage is included. 

(for cooked salamis types, see additional heat effects below)  

Elimination (inactivation) 

Heating - Inactivated rapidly by 71°C (USA: recommended hamburger cooking 
conditions = 70°C for 2 minutes)  

- D54.4°C = 40 minutes 

- D60.0°C = 4.95 minutes 

- D64.3°C = 0.16 minutes 

- D70ºC = 3 seconds 

- Reductions in heat-treated salamis (e.g. 54°C in centre) range 3.2 to 7 log, 
depending on other intrinsic factors (e.g. pH) 

Irradiation - Inactivated by 2 to 3 kGy 

- D value = approx. 0.31 kGy (frozen beef) 

- D value = approx. 0.24 kGy (chilled beef) 

 

Table A2.15. Total meat production ('000 tonne) in different countries (Wood, 2006) 

Meat type 
Largest producer 

worldwide 

EU production 
(15 countries; pre-

2004) 
UK production 

Highest EU 
producer 

Beef and veal USA 12 311 7 445 700 France 1 755 

Sheep and goat China 2 654 1 149 392 UK 392 

Pigmeat China 43 053 17 606 901 Germany 3 864 

Poultry USA 16 471 8 802 1 526 France 2 255 
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A2.4.5.2 Trends in meat consumption 

An illustration of global meat consumption patterns is shown in Figure A2.2. Meat 
consumption is very variable between countries; for example, the average EU annual per 
capita consumption of pigmeat is currently 43 kg, but in some countries it is much higher, e.g. 
66 kg in Spain and 64 kg in Denmark (Wood, 2006). There are many factors influencing meat 
consumption other than price and availability. Some of the important ones include: popularity 
of high protein rather than high carbohydrate foods (e.g. the ‘Atkins’ diet); vegetarianism; 
food safety scares (especially BSE); animal welfare issues (e.g. intensification); and 
nutritional value (red meats being high in saturated fat). For all these many reasons, meat 
consumption patterns have changed significantly over time. Processed meats and ready-to-eat 
meals supply the increasing demand for meals prepared simply and quickly, i.e. convenience 
food. In developed countries, people today are less prepared to spend the time required to 
cook a traditional meat meal, especially during the week. In addition to the effects of 
consumers’ preferences, another force driving processed meats supply is their higher 
economic value (Wood, 2006).  

In 2000 and 2003, the retail market for fresh beef remained constant, but that for fresh 
processed beef increased by 17%. Even more marked were the increases in the food service 
sector, reflecting an increase in the number of meals eaten outside the home. For example 
between 2000 and 2003, food service sales of beef increased by 56% and 52% for the 
fresh/frozen and processed sectors, respectively (Wood, 2006).  

 

Figure A2.2. Meat consumption (kg/head population/year) by species (Wood, 2006) 
NOTES: black columns are Britain; shaded columns are EU average. 
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A2.5. Knowledge gaps and improvements needed  

Overall trends of E. coli O157 occurrence along the meat chain (using the beef chain as an 
example) are indicated in Figure A2.3 for illustrative purposes, based on average values 
calculated from published data. 

Figure A2.3. Overall trends in E. coli O157 occurrence (%) along the beef chain 

Whilst such an illustration may be useful as an indication of global trends, they are 
significantly affected by combinations of high degrees of variability, incomparability and 
non-reproducibility of data, which make their quantitative analysis very difficult, as indicated 
below. 

A2.5.1 Hazard identification 

• The use of different terminology for the targeted organism (E. coli O157) is confusing, 
and needs to be defined and standardized to enable direct data comparability between 
different sources. 

• Notification–confirmation–reporting systems for E. coli O157 infections are very variable, 
so the reported data are difficult to compare between countries, regions and reports. 

• Sampling protocols and methods, as well as isolation-characterization methods for E. coli 
O157, vary significantly between studies, even for the same type of sample, which 
significantly affects the reported data and their comparability. 

A2.5.2 Hazard characterization 

• Overall, available E. coli O157 concentration data are insufficient, compared with 
prevalence-incidence data. 
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• The contribution of different routes to human E. coli O157 infection (e.g. foodborne vs 
others; meat-borne vs other foodborne; higher risk meats vs lower risk meats) is difficult 
to quantify because a relatively large proportion of cases (e.g. sporadic) are unconfirmed. 

• Whilst raw beef (particularly ground) and raw fermented sausages appear to be the most 
relevant meats with respect to meat-borne E. coli O157 infections, the relative 
contribution of other meat species and meat products is unclear. 

• The infectious dose of meat-borne E. coli O157 is not clearly determined. 

• Clear definition is lacking of the combination or set of virulence factors necessary for 
E. coli O157 isolates to be considered as able to cause foodborne illness. 

• Strain diversity with respect to E. coli O157 virulence is significant, but the food safety 
relevance of observed differences between human isolates from outbreaks and ‘ordinary’ 
isolates from animals-meats is insufficiently understood. 

• The relevance of extrinsic or intrinsic factors, or both, acting in meats and potentially 
contributing to the infectious dose, and their effects on different E. coli O157 strains, is 
not sufficiently understood. 

A2.5.3 Exposure assessment 

• Overall, available E. coli O157 concentration data are insufficient, compared with 
prevalence-incidence data. 

A2.5.3.1 Pre-harvest 

• The contribution of environmental recycling of E. coli O157 (e.g. animal waste fertilizers, 
contaminated pasture and contaminated plants for feed production) to the occurrence in 
farm animals and further along the meat chain are very difficult to evaluate and quantify. 

• Effects of various interrelated on-farm variables (farming system, diet, husbandry, 
geographical region, etc.) on E. coli O157 occurrence and shedding patterns in meat 
animals are very difficult to evaluate and quantify. 

• Effects of various on-farm controls (dietary manipulations, probiotics, etc.) on E. coli 

O157 occurrence and shedding patterns in meat animals are very difficult to evaluate and 
quantify. 

• The intermittent nature of faecal shedding raises serious questions about the 
comparability of E. coli O157 occurrences in meat animals determined during different 
timeframes. 

A2.5.3.2 Harvest 

• The effect of cross-contamination during transport on E. coli O157 occurrence in meat 
animals, and its relevance for the occurrence in meat, is difficult to quantify. 

• The effect of cross-contamination during lairaging on E. coli O157 occurrence in meat 
animals, and its relevance for the occurrence in meat, is difficult to quantify. 

• The effect of cross-contamination via stun-box surfaces on E. coli O157 occurrence in 
meat animals, and its relevance for occurrence in meat, is difficult to quantify. 
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• The effect of significant variability related to process hygiene between abattoirs (related 
to slaughter and dressing) on E. coli O157 occurrence on final carcasses is difficult to 
quantify. 

• The eliminating or reducing effects of decontamination treatments on E. coli O157 on 
hides or carcasses determined under experimental conditions are variable and dependent 
on a number of factors; and are difficult to extrapolate to commercial conditions. 

A2.5.3.3 Post-harvest 

• The nature and the extent of E. coli O157 cross-contamination occurring during the initial 
stages of meat processing (e.g. cutting, boning, mincing) is highly variable and processor 
specific, so its contribution to the occurrence of the organism in the final product is 
difficult to quantify. 

• An extremely large variety of meat products exist, and these differ between regions, 
countries and cultures—even within a given type of meat product—so E. coli O157 data 
obtained with one meat product cannot be directly extrapolated to other (even nominally 
similar) meat products. 

• The nature and the extent of E. coli O157 cross-contamination occurring during retailing 
and food preparation is highly variable, so its contribution to the E. coli O157 ingested by 
consumers is difficult to quantify. 

• Data (those that are microbial food safety orientated) on consumption of meat and meat 
products are scarce and highly variable, and are subject to both spatial and temporal 
changes, which results in significant difficulties in dose-response analysis. 
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Annex 3 

Summary of existing risk assessments 

Note: This summary was prepared by a working group consisting of Anna Lammerding, Canada; 
Geraldine Duffy, Ireland; Dan Englejohn, United States of America; and Bruce Tompkin, United 
States of America, as part of a case study on Escherichia coli O157:H7 in fresh raw ground beef to 
examine how existing risk assessments could be used as a basis for risk management actions. 

A3.1. Quantitative risk assessment for Escherichia coli 
O157:H7 in ground beef hamburgers (Cassin et al., 1998). 

Model description 

A farm-to-fork process risk model for the production of beef trim in 5 kg packs for grinding 
at retail, and final preparation and consumption of hamburgers in the home.  

Initial data inputs 

• Prevalence of E. coli O157:H7 in cattle: 0–1.6 % (published data from survey years 
1984–1994 in Canada and the United States of America);  

• estimated distribution of numbers of E. coli O157:H7 shed in faeces of positive animals, 
based on one study of 13 animals, ranging from <2.0–5.0 log10 cfu/g (Zhao et al., 1995);  

• distribution of hamburger cooking practices based on United States of America survey 
data indicating approximately 20% of consumers prepared rare or medium rare, 
corresponding to mean internal temperatures of 58.6°C or less. 

Key assumptions 

A ‘carcass contamination factor’ was derived from data on concentration of Biotype 1 E. coli 
counts in faeces and resulting counts on carcass surfaces after de-hiding. The reduction of 
counts of E. coli O157:H7 on the carcass due to decontamination treatments was aggregated 
into a single parameter and assumed to be a 1–2.5 log reduction; retail and home storage 
temperatures distribution assumed a minimum of 4°C, mode 10°C, to a maximum of 15°C. 
The dose-response model was a modification of one based on Shigella feeding studies. 
Probability of illness for susceptible populations was assumed to be the same as the general 
population, although the model considered increased severity of outcomes in children and the 
elderly (i.e. HUS and mortality) based on epidemiological data.  

Intermediate outputs 

Mean prevalence of contaminated retail packages (300–1000 g) of fresh ground beef: 2.9%. 
Predicted number of O157:H7 in contaminated packages: 87% <10 cfu/package; 90% 
<1000 cfu.  

Risk estimate 

Average probability of illness from a single meal: 5.1×10-5 (range 10-2 to 10-22).  

Key findings 

Importance analysis ranked the following factors as the most important predictors of risk: 
Concentration of pathogen in faeces; host susceptibility; carcass contamination factor; 
cooking preference; retail storage temperature; reductions due to decontamination during 
primary processing; growth during processing. 
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Potential targets for risk management were assessed using hypothetical assumptions for 
effectiveness of interventions: (i) pre-slaughter treatment of cattle to reduce maximum 
concentration of pathogen shed in faeces such that levels higher than 4 log cfu/g were 
eliminated resulted in a 25% reduction in risk; (ii) retail storage temperature mode reduced to 
8°C from 10°C resulted in an 80% reduction in risk; and (iii) an information campaign 
targeting consumers resulting in a shift from 18.6% consuming rare or medium rare ground 
beef to 12% resulted in a 16% reduction in number of illnesses. 

A3.2. Shiga toxin-producing E. coli in Ground Beef 
manufactured from Australian Beef: Process Improvement. 

Report prepared for Meat and Livestock Australia (2000). (Meat and Livestock Australia, 
pers. comm.) 

Model description and data inputs 

The process risk model was an adapted model of Cassin et al. (1998), substituting data for 
prevalence of STEC (Shiga-toxin (Stx)-producing E. coli) in Australian cattle (35.4–53.4%) 
and with a modification to account for the proportion of ‘potentially pathogenic’ STEC, 
based on the presence of virulence markers Stx1, Stx2, the eae gene and the EHEC plasmid. 
Weekend chilling for a portion of carcasses was also considered and assumed to allow greater 
proliferation of the pathogen than overnight chilling.  

Risk estimate 

Expected probability of illness was 6.4×10-4 per serving for adults and 4.6×10-4 for a child 
under the age of 5 years.  

Key observations 

Scenario analysis showed that use of hot water decontamination (expected 1- to 4-log 
reduction in STEC numbers on carcasses) resulted in a predicted 99.7% reduction in risk of 
illness; irradiation of de-boned and frozen trimmings with 1 kGy (expected reduction in 
STEC numbers of 1.3 to 1.8 logs) gave a 97% reduction of illnesses; eliminating or 
implementing stricter temperature controls for over-weekend chilling such that the maximum 
proliferation was limited to the same as overnight chilling resulted in a 20% decrease in risk. 

A3.3. Draft risk assessment of the public health impact of 
Escherichia coli O157 in ground beef (USDA-FSIS, 2001) 

Model description 

Exposure assessment considers farm, slaughter, production of trim for grinding, and 
preparation factors that influence likelihood of consumption in ground beef servings; multiple 
2000 lb (909.1 kg) combo bins or 60 lb (27.27 kg) boxes produced for grinding; and ground 
beef servings as patties, meatballs and meatloaf.  

Initial data inputs 

E. coli O157-H7 prevalence data published 1994–2001 were used, adjusted to estimate true 
prevalences, namely breeding (cull) cattle: herd mean 63%; and within-herd 3% during low 
prevalence season (October–May), 4% during high prevalence season (June–Sept). Feedlot 
(beef) cattle: 88% herd prevalence; within-lot animal prevalence during low and high 
prevalence seasons of 9% and 22%, respectively. Carcass pathogen densities were based on 
1994 baseline data: positive carcasses ranged from <0.03 to 3.0 cfu/cm2. Fresh ground beef 
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prevalence was predicted by the model adjusted by ‘anchoring’ to actual survey data. 
Cooking practices were based on United States of America survey data (approximately 20% 
prepared rare or medium rare). 

Key assumptions 

The collective effect of interventions for decontamination (First decontamination step after 
de-hiding: trim/wash/vacuum; Second decontamination step after final wash: hot water, 
steam pasteurization) was estimated to be 1.5 log reduction. The dose-response function was 
derived from (i) epidemiological data for E. coli O157:H7 illnesses; (ii) predicted number of 
contaminated ground beef servings; and (iii) bounded by upper and lower dose-response 
curves from surrogate pathogens Shigella dysenteriae and enteropathogenic E. coli (EPEC), 
respectively (Powell et al., 2000). 

Intermediate outputs 

For the combo bins of manufacturing trim derived from dairy cattle, an estimated average of 
6% in the low-prevalence season and 8% in the high-prevalence season contained at least 1 or 
more E. coli O157:H7 organism (Figure A3.1). Similarly, for the combo bins of 
manufacturing trim derived from steers and heifers, an estimated average of 23% and 43% of 
combo bins contained at least 1 or more E. coli O157:H7 organisms during the low and high 
prevalence seasons, respectively (Figure A3.2). Estimates also were made on the likely 
counts of E. coli O157:H7 in combo bins of manufacturing trim, ranging from 2 and 3 
organisms in trim from dairy cattle in the low and high prevalence season, respectively. For 
combo bins of manufacturing trim from steers and heifers, the likely counts of E. coli 
O157:H7 organisms ranged from 13 and 41 organisms in the low and high prevalence 
seasons, respectively. For the combo bins of ground beef composed of combinations of 
manufacturing trim from both dairy cattle and steers and heifers in order to attain a specified 
fat content in the resulting finely comminuted beef, an average of 68% and 86% of combo 
bins contained at least 1 or more E. coli O157:H7 organisms during the low and high 
prevalence seasons, respectively (Figure A3.3). The model predicted that 0.018% of prepared 
servings consumed during June through September (high prevalence season) and 0.007% of 
servings consumed during the remainder of the year are contaminated with one or more 
E. coli O157:H7. 

 

Figure A3.1. Comparison of seasonal distributions for number of E. coli O157:H7 in combo bins 
constructed from the slaughter of breeding (cow/bull) cattle. Dark lines are the mean distributions for 
each season. 
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Figure A3.2. Comparison of seasonal distributions for number of E. coli O157:H7 in combo bins 
constructed from the slaughter of feedlot (steer/heifer) cattle. Dark lines are the mean distributions for 
each season. 

Figure A3.3. Frequency of ground beef contamination in contaminated grinder loads made from 2000-
pound combo bins in low and high prevalence seasons. Grinder loads that are not contaminated are not 
shown in this chart. The mean grinder load distribution is represented by the dark line. 
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Risk estimate 

The annual United States of America population risk estimate was nearly 1 illness in each 1 
million (9.6×10-7) servings of ground beef consumed. When seasonality was considered, 
there was a 3× higher risk in June–September, namely 1 in every 600 000 servings (1.7×10-6) 
versus 1 in 1.6 million servings (6.0×10-7) during October–May. For children aged 0–5 years, 
the risk was estimated to be 2.5 times higher than for older consumers; although fewer 
exposures are expected, that they are at greater susceptibility was accounted for by using the 
upper bound of the dose-response curve.  

Key findings 

Various scenarios were modelled, and indicated that the likelihood of finding E. coli 
O157:H7 through testing of manufacturing trim was substantively higher, by approximately a 
5-fold difference, than through testing of ground beef alone. Importance analysis for the 
occurrence and extent of E. coli O157:H7 contamination in beef trim and subsequent grinder 
loads ranked the following factors as the most important predictors: (i) feedlot and within-
feedlot prevalence; (ii) probability of carcass contamination following de-hiding; (iii) amount 
of carcass contaminated; (iv) effectiveness of decontamination procedures; and (iv) carcass 
chilling. The effect of these factors on the occurrence and extent of contamination varied by 
season and type of cattle (feedlot herd or breeding herd). 

Occurrence and extent of E. coli O157:H7 contamination in cooked ground beef was in 
addition influenced by (i) the proportion of ground beef that is frozen; (ii) the maximum 
population density of E. coli O157:H7 in ground beef; (iii) storage temperatures; and 
(iv) cooking. The United States of America population risk is influenced more by number of 
contaminated servings than number of E. coli O157:H7 per serving. 

A3.4. Risk assessment of Shiga-toxin producing Escherichia 
coli O157 in steak tartare in the Netherlands (Nauta et al, 
2001). 

Model description 

Risk was estimated for the consumption of steak tartare patties, a lean (<10% fat) ground beef 
product typically eaten raw or partially raw in The Netherlands. The model considered three 
routes of exposure that encompass different slaughter practices and subsequent processing 
(industrial and traditional, differentiating size of slaughter operation and traditional butcher 
versus industrial preparation of product); three preparation styles of tartare patties (raw, 
medium and well done); and three age classes of consumers: 1–4 years, 5–14 years, and 15+ 
years of age.  

Initial data inputs 

Overall average animal-level prevalence of E. coli O157:H7 in Dutch cattle used for tartare 
was estimated to be 1%. (On the farm: 0–19 % and 0–25% for dairy cattle and veal calves, 
respectively; at the animal level: 0–9% and 0–61% for negative- and positive-tested farms for 
dairy cattle; for veal bulls, the animal level varied from 10 to 36% for farms found positive. 
Prevalences at herd and animal level at slaughterhouses also considered). Concentration of 
pathogen in faeces of shedding animals was based on studies of Zhao et al. (1995). Tartare 
was consumed raw 2.6% of the time and prepared (medium or well done) by remainder of 
consumers. 
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Key assumptions 

Expert elicitation was used to estimate several parameters, including extent of faecal 
contamination of carcasses and percentage of patties thoroughly heated (20%). Given typical 
storage times and temperatures at retail and in the home, growth of pathogen in steak tartare 
not expected to be an important factor. The dose-response model was based on data from a 
1996 outbreak in Japan and resulted in a dose-response similar to that for feed trials for 
Shigella. The model derived for this study predicts the highest probability of illness per single 
cell ingested compared with alternative models (Table A3.1). 

 

Table A3.1. A comparison of dose-response models for STEC O157:H7 (adapted from Nauta et al., 
2001) 

Model Bacterial species 
Probability of illness 
per single cell * 

Reference 

Exponential E. coli O157:H7 0.005 Nauta et al., 2001 

Beta-Poisson Shigella and S. flexneri 0.001 Cassin et al., 1998 

Beta-Poisson S. dysenteriae and 
enteropathogenic E. coli 

0.00003 Powell et al., 2000; USDA-
FSIS, 2001; Ebel et al., 2004; 
Teagasc, 2006  

NOTES: * Probabilities given for the beta-Poisson model are mean values of the underlying beta distribution. 

Intermediate outputs 

For industrial ground beef (i.e. large volumes processed), the model predicted that the 
prevalence of contaminated batches is higher than that prepared in traditional facilities, where 
meat of only one or a few carcasses is used per batch. However, at the level of raw steak 
tartare patties (unit sizes), prevelances are almost equal. Pathogen numbers in contaminated 
product were smaller in industrially produced patties, a result of diluting contamination 
throughout large volumes of uncontaminated meat. Overall, the exposure model predicts 
0.3% of raw steak tartare patties are contaminated; about 64% of positive patties contain only 
1 cfu, and only 7% contain more than 10 cfu. Given the model assumption that 1 cfu per 
100 g is detected, the results underestimate national Netherlands survey data for the product, 
which indicated 1.2% of raw patties positive (1/82 samples), noting that the realistic 
sensitivity of testing is closer to 10 cfu/100 g.  

Risk estimation 

The predicted number of illnesses associated with the consumption of steak tartare in The 
Netherlands is 1284 cases per year, an incidence rate of 8 per 100 000 persons. By 
comparison, the incidence rate of STEC O157 illnesses from all sources, based on 
epidemiological data, is estimated to be 13 cases per 100 000. The authors suggest that the 
model prediction may be overestimating the number of illnesses associated with the product, 
possibly driven by the dose-response model used, which predicts a higher probability of 
illness than models used by other authors. Using an alternative dose-response model (Powell 
et al., 2000), only 17 cases per year were predicted from the consumption of steak tartare. 

Key findings 

Scenario analysis was used to identify the important parameters of the model and model 
assumptions. Effects on the risk estimate of uncertainty in farm prevalence and concentration 
of the pathogen in faeces were large, as were effects of growth and inactivation on carcasses. 
Based on the model and expertise, the factors that are most likely to decrease the risk 
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associated with the product are: lowering prevalence and concentration of E. coli O157 in 
cattle, improved hygiene at slaughter, or increased frequency of industrial processing. 
Product control by monitoring at retail did not appear to be practical given low prevalence 
and concentrations, and growth during storage unlikely. Intervention at the consumer level, 
using an information campaign to influence preparation practices, was not part of the risk 
assessment model. However, this aspect is addressed through professional opinions from 
communication experts on potential effectiveness of an information campaign. It was 
concluded that this strategy would probably not be favourable to risk reduction for the 
product. 

A3.5. E. coli O157:H7 in beef burgers produced in the 
Republic of Ireland: A quantitative microbial risk assessment 
(Teagasc, 2006).  

Model description 

The model considered slaughter and the potential contamination of carcasses in the abattoir 
with E. coli O157:H7, taking into account the impact various slaughtering processes may 
have on the distribution of the bacteria; preparation of beef burgers, focusing on processing 
of beef trimmings (from one or more 27.5-kg boxes of beef trimmings) into beef burgers; 
retail handling practices and their effects on bacterial numbers; and finally domestic storage, 
preparation and cooking were considered. In the model developed, variability and uncertainty 
in the input parameters were incorporated by the construction of a second-order model by 
means of probabilistic distributions. 

Data inputs 

Data inputs on the prevalence and concentration of E. coli O157:H7 in the Irish beef chain 
were based on a number of microbiological surveys on the pathogen at key points in the chain, 
including bovine faeces (McEvoy et al., 2003), bovine hide (O’Brien et al., 2005), carcass 
and beef trimmings (Carney et al., 2006) and beef burgers and minced beef at retail (Cagney 
et al., 2004).  

Data shown in Table A3.2 include results for bovine hide, used as starting input data set 
for the model. The additional data shown were collected to validate the results of the risk 
model outputs.  

 

Table A3.2. Prevalence and numbers of E. coli O157:H7 at various sample points along the beef chain 
in Ireland. 

Sample type 
Sample 

numbers 
Number 

positive (%) 
Numbers present (log10 cfu) Reference 

Bovine hide 1500 109 (7.3) 0.13–4.24/100 cm
2
 O’Brien et al., 2005  

Beef carcasses 132 4 (3.0) 0.70–1.41/g Carney et al., 2006 

Head meat 100 3 (3.0) 0.70–1.00/g O’Brien et al., 2005 

Beef trimmings 1351 32 (2.4) 0.70–1.61/g O’Brien et al., 2005 

Retail minced beef 
and burgers 

1533 43 (2.8) 0.52–4.03/g Cagney et al., 2004 

Data for the retail and domestic part of the model was based on two main sources. 
Information on typical consumer handling practices in the domestic environment was derived 
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from a questionnaire survey of consumers conducted by the Market Research Bureau of 
Ireland (MRBI) (Mahon, Cowan and Henchion, 2003). Data on storage temperatures at retail 
and in domestic refrigerators was gathered from temperature studies in both environments 
(Kennedy et al., 2005; Duffy et al., 2005). Consumption data figures for minced beef was 
derived from an Irish Food Consumption Survey carried out by the Irish Universities 
Nutrition Alliance (Mahon, Cowan and Henchion, 2003). 

Key assumptions 

• The assumption is that the beef trimmings are boxed into 27 kg lots and trimmings from 
these boxes are minced into 100 g beef burger patties. 

• The potential growth for E. coli O157:H7 in the beef burger (at retail, transport to home, 
and in domestic environment) was adapted from the model employed in the USDA-FSIS 
(2001) risk assessment model, using Irish data on storage times and temperatures at retail, 
transport and domestic stages. The calculation for the probability temperature abuse was 
carried out in a different manner to the FSIS model.  

• The product is a 100 g fresh beef burger sold in either a supermarket or a butcher's shop. 

• A temperature distribution was set for the cooking temperature based on the assumption 
that beef burgers are cooked to mean temperatures of 68.3°C (well done), 62.7°C 
(medium) or 54.4°C (rare). (Normal Distribution: standard deviation ±2°C). The log 
reduction as a result of cooking was then estimated. Based on a population survey, 87% 
of consumers prepare hamburgers well done, 12% medium and 1% cooked them rare.  

The dose response used was chosen from the literature based on United States of America 
data (Powell et al., 2000). In this EPEC was chosen to represent the lower bound of an E. coli 
O157:H7 dose-response function, as has been done in previous studies, and S. dysenteriae 
was selected as an upper bound to the E. coli O157:H7 dose-response function. The dose-
response analysis was performed using a beta-Poisson function. 

Risk estimate 

Transposing the exposure assessment data through a dose response model yielded an estimate 
of the probability of illness caused by exposure to E. coli O157:H7 in beef burgers. The 
probability reported is for an ‘average’ individual. It is acknowledged that this dose response 
relationship may be an underestimate for immuno-compromised individuals; however, to try 
to create one for individual risk groups was not possible given the lack of reliable data for a 
dose-response relationship in these categories. The simulated probability of illness from a 
contaminated serving of fresh beef was -5.94 log (i.e. 10-5.94 = approximately 1 chance in a 
million). 

Key findings 

The sensitivity of model inputs to model predictions was modelled by rank order correlation 
sensitivity analysis. The initial count on bovine hides and the initial hide prevalence were 
significant parameters, indicating the importance of minimizing contaminated hides entering 
the slaughter plant. Cross-contamination at hide removal was also a significant parameter, 
indicating where producers might focus efforts to reduce risk. Consumer behaviour in terms 
of cooking temperature and temperature abuse during transport and storage also plays an 
important part in dictating the final risk value, indicating the important role consumers have 
to play in ensuring their food is safe for consumption. 
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A3.6. Summary 

Each of the available risk assessments indicate the limitations of data and understanding in 
modelling the events that result in contamination of ground beef with E. coli O157:H7. 
Empirical survey data and in-depth investigation following episodes of illnesses associated 
with product substantiate MRA predictions that the pathogen occurs in ground beef at low 
levels and low prevalence most of the time, with sporadic occurrences of high levels leading 
to a contaminated lot. The risk assessments all important factors identified correlated with 
risk, from pre-harvest to consumer, some of which may be potential targets for risk mitigation 
and intervention, or are highly uncertain and require further research. However, beyond 
application of good hygienic practices, adoption of multiple interventions at slaughter, and 
strict temperature controls throughout the food chain, there are no practical risk management 
options available today that would entirely eliminate the pathogen from live animals, from 
carcasses, or in raw ground product, with the exception of irradiation. Irradiation can 
effectively reduce the number of pathogens and result in a microbiologically safe product that 
retains its raw appearance.  
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