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Shiga toxin-producing Escherichia coli (STEC) infections are a substantial 
health issue worldwide. Circa 2010, foodborne STEC caused > 1 million human 
illnesses, 128 deaths, and ~ 13,000 Disability Adjusted Life Years (DALYs). 
Targeting interventions to address this hazard relies on identifying those STEC 
strains of greatest risk to human health and determining the food vehicles for 
such infections.   

This report brings together the review and analysis of existing information on 
the burden, source attribution, hazard characterization and monitoring of STEC. 
It proposes a set of criteria for categorizing the potential risk of severity of 
illness associated with the presence of a STEC in food, for consideration by 
risk managers, as part of a risk-based approach to control STEC in foods. It 
presents the initial results on source attribution of foodborne STEC, highlighting 
that while ruminants and other land animals are considered the main reservoirs 
for STEC, largescale outbreaks have also been linked to other foods, such as 
fresh produce. It also provides a review of monitoring programmes and meth-
odology for STEC, which can serve as a reference for countries planning to 
develop such programmes.

This work was undertaken in response to a request from the Codex Alimentarius 
to support the development of international standards on foodborne STEC. The 
advice herein is useful for both risk assessors and risk managers, at national 
and international levels and those in the food industry working to control this 
hazard.  

For further information on the joint FAO/WHO activities on microbiological  
risk assessment and related areas, please contact
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Executive summary

Strains of pathogenic Escherichia coli that are characterized by their ability to 
produce Shiga toxins are referred to as Shiga toxin-producing E. coli (STEC). STEC 
are an important cause of foodborne disease and infections have been associat-
ed with a wide range of human clinical illnesses ranging from mild non-bloody 
diarrhoea to bloody diarrhoea (BD) and haemolytic uraemic syndrome (HUS) 
which often includes kidney failure. A high proportion of patients are hospitalized, 
some develop end-stage renal disease (ESRD) and some die. 

The Codex Committee on Food Hygiene (CCFH) has discussed the issue of STEC 
in foods since its 45th Session, and at the 47th Session, in November 2015, it was 
agreed that it was an important issue to be addressed (REP 16/FH, 2015)2. To 
commence this work, the CCFH requested the Food and Agriculture Organization 
(FAO) and the World Health Organization (WHO) to develop a report compiling 
and synthesizing available relevant information, using existing reviews where 
possible, on STEC. The CCFH noted that further work on STEC in food, including 
the commodities to be focused on, would be determined based on the outputs of 
the FAO/WHO consultation. 

The information requested by CCFH is divided into three main areas: the global 
burden of disease and source attribution; hazard identification and characteriza-
tion; and monitoring, including the status of the currently available analytical 
methods. This report provides an overview of the work undertaken in response to 
the request from the CCFH and provides the conclusions and advice of the Expert 
Group based on the currently available information.

GLOBAL BURDEN OF FOODBORNE DISEASE ASSOCIATED 
WITH STEC

In 2015, WHO published the first estimates of the global burden of foodborne 
disease, which estimated that in 2010 more than 600 million people fell ill from 
foodborne disease caused by 31 microbiological and chemical agents (including 
STEC), resulting in 420 000 deaths and 33 million Disability Adjusted Life Years 
(DALYs). The Foodborne Disease Burden Epidemiology Reference Group (FERG), 
which conducted the work for WHO, estimated that foodborne STEC caused more 
than 1 million illnesses, resulting in more than 100 deaths and nearly 13 000 DALYs. 

2 Report of the 47th Session of the CCFH Rep 16/FH available at  http://www.fao.org/fao-who-codexalimentarius/
meetings/detail/en/?meeting=CCFH&session=47
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A main source of evidence underpinning these estimates was a commissioned 
systematic review that incorporated evidence on the incidence of human STEC 
infections available circa 2013. The STEC estimates are subject to several limita-
tions, including numerous modelling assumptions as well as the lack of data from 
many countries and sub-regions. While this report highlights improvements that 
could be made to the FERG estimates, such as through the inclusion of new data 
either from peer-reviewed studies or from national surveillance from countries 
beyond those originally included, it concludes that this estimate of disease burden 
is adequate for the current CCFH needs.

Although, of the microbiological hazards considered by FERG, STEC ranked 
towards the lower end in terms of burden, the Expert Group concluded that STEC 
is indeed a global problem. After considering additional data on human STEC 
illness from FAO and WHO Member countries and the peer reviewed and grey lit-
erature, it was noted that human STEC illnesses have been found in most countries. 
In addition, STEC has an economic impact in terms of disease prevention and 
treatment, and has implications for domestic and international trade. Because of 
international trade, STEC has the potential to become a risk management priority 
in countries in which it is not currently a public health priority. 

SOURCE ATTRIBUTION

Following a review of the available approaches for source attribution, the Expert 
Group decided to develop their source attribution studies based on data available 
from outbreaks and case control studies of sporadic illness. In addition, the results 
of the FERG work on source attribution, which was based on expert elicitation, 
were considered. It was deemed important to reiterate that not all STEC illnesses 
are foodborne and that the work of FERG estimated that only approximately half 
are foodborne.  

While a systematic review of case-control studies is still ongoing, the results were 
available from both the expert elicitation undertaken by FERG, and the source 
attribution results based on the outbreak data analyses conducted by the Expert 
Group.The results from both studies were found to be largely in coherence. The 
Experts Group recommended from their analyses that a range of foods should be 
considered when managing the risk of foodborne STEC infection. Overall, beef, 
vegetables and fruits, dairy products, and meat from small ruminants were most 
commonly attributed in the WHO South East Asia Region. Whereas beef was 
identified as the most frequent food category attributed in the African, Americas, 
European and Eastern Mediterranean regions, analysis of the outbreak data 



xvii

indicated that fresh produce (i.e. fruits and vegetables) were almost as frequent in 
North America and Europe.

The order of the top five food categories differed across regions, which may be 
explained by cultural food preparation practices and consumption pattern differ-
ences. For instance, meat from small ruminants was most commonly attributed in 
the South-East Asia region. However, it should be noted that although several calls 
for outbreak surveillance data were made, the data obtained remained limited. As a 
result, the analysis of outbreak data primarily reflects the situation in countries that 
currently consider STEC to be a significant public health concern. More globally 
representative data and well-designed studies may improve the accuracy of the 
source attribution estimates. More data are required also to enable sufficiently 
robust conclusions to be made on the sub-categories within the five top food cat-
egories to which cases may be attributed. However, the Expert Group agreed that it 
was likely those subgroups of food not subject to a hazard reduction step would be 
among the most important sources of foodborne illness. Analysis of case-control 
studies of sporadic infections is ongoing and may contribute to further refinement 
of the source attribution estimates. However, further outbreak data, particularly 
from countries from which data have not been available to date, would strengthen 
the analysis. 

As food preferences and the implementation of food safety strategies change over 
time, these source attribution estimates may change. The association of specific 
food categories with STEC illness reflects the historical and current practices of 
food production, distribution and consumption. Changes in food production, 
distribution and consumption may result in changes in STEC exposure. Conse-
quently, microbial risk management (MRM) should be informed by an awareness 
of current local sources of STEC exposure. 

HAZARD IDENTIFICATION AND CHARACTERIZATION

An extensive scientific review was undertaken to underpin the development of a 
set of criteria for categorizing STEC on a risk basis. There are hundreds of STEC 
serotypes; however, based on the evidence gathered during the review, the Expert 
Group concluded that the serotype of the STEC strain should not be considered 
a virulence criterion. All STEC strains with the same serotype should not be 
assumed to carry the same virulence genes and to pose the same risk, as many 
STEC virulence genes are mobile and can be lost or transferred to other bacteria. 
Serotype can be useful in epidemiological investigations, but is not very reliable for 
risk assessment. 
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The risk of severe illness from STEC infections is best predicted based on virulence 
factors (encoded by genes) identified for a STEC strain. Based on current scientific 
knowledge, STEC strains with stx2a and adherence genes, eae or aggR, have the 
strongest potential to cause diarrhoea, BD and HUS. Strains of STEC with other 
stx subtypes may cause diarrhoea but their association with HUS is less certain 
and can be highly variable. The risk of severe illness may also depend on virulence 
gene combinations and gene expression, the dose ingested, and the susceptibility 
of the human host.

A set of criteria for categorizing the potential risk of severity of illness associ-
ated with a STEC in food is recommended based on evidence of virulence gene 
profiles and associations with clinical severity. The criteria could be applied by 
risk managers in a risk-based management approach to control STEC in food. 
This could also be used to assess the potential risk associated with a STEC strain 
detected in a food. The set of criteria includes 5 risk levels (highest to lowest) based 
on virulence gene combinations, which can be used to identify risk management 
goals for STEC and the testing regimes that would be needed to monitor achieve-
ment of those goals.  

While providing a new approach to guide risk management of STEC, it was noted 
that there are nonetheless complexities associated with the criteria described and 
their application in food safety risk management. Due to variations that may occur 
in the bacterium and host factors, the results obtained may not always provide 
a definitive association between a STEC and the development of HUS. The level 
chosen for implementation of the criteria will be at the discretion of the user and 
subject to the availability of resources, staff and laboratory capabilities and capaci-
ties. To facilitate their use, a strategy for practical application of the criteria when 
testing for STEC in food is also proposed. 

CURRENT MONITORING AND METHODS

When considering current monitoring programmes for STEC in food and the 
methods used, the Expert Group acknowledged the Codex texts on the purposes 
for monitoring in microbial risk management and the use of microbiological 
criteria for foods by regulatory authorities. The monitoring programmes should be 
appropriate to answer the risk management questions and the testing programmes 
should be fit for their purpose. 

From the data provided from FAO and WHO member countries, the main food 
groups that are being monitored are meat (mainly beef), dairy, produce, nuts, seeds 
and seed sprouts. The number of different food groups identified as a risk for STEC 
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transmission has increased over time. Baseline studies and targeted surveys are 
conducted along the food chain to provide data on prevalence and level of contam-
ination and identify risk factors. These data are used together with public health 
surveillance data in risk assessments and risk profiles of STEC/food combinations 
to prioritize foods and STEC of the highest risk; to identify points in the food 
chain for effective risk reduction and control; to assess the effectiveness of MRM 
measures; and to identify changing trends and emerging STEC risks. 

In many countries, it is a requirement for food processors, including slaugh-
terhouses and meat processing establishments, to implement food safety pro-
grammes. Many countries routinely use enumeration of sanitary and hygiene 
indicator bacteria in food and processing environments, and measurements of 
critical processing parameters at critical control points to monitor process per-
formance control. Periodic process performance verification testing is conducted 
for STEC in products. In countries where there is a regulatory requirement for the 
absence of STEC in a specific food (e.g. ground beef and precursors), testing for 
STEC is usually required, together with sanitary and hygiene indicators.

Where a country is exporting food to a country that has a domestic regulatory 
requirement for the absence of STEC in that food, the exporter may be required 
to meet these requirements even if there is no such requirement in their domestic 
market. This is common for beef exporting countries that have monitoring pro-
grammes for STEC in export slaughter establishments specifically for international 
market access purposes.

Adoption of a risk-based approach to STEC risk reduction and monitoring is 
most evident for produce and dairy products as individual foods in these groups 
and the STEC risk can be very diverse. The foods within these product groups are 
prioritized based on level of risk and appropriate risk based controls are estab-
lished. Seed sprouts have specific regulatory pathogen control measures  in many 
countries. In the EU, a regulatory microbiological criterion has been established 
for sprouted seeds for the absence of STEC assessed to have the highest potential 
risk of severe illness in the EU, while in other countries testing for high risk STEC 
may be required during processing as a process performance control measure.

The Experts recommended that when countries identify STEC as a food safety 
risk, monitoring for STEC should be an essential activity in MRM in initially es-
tablishing risk management options, measuring their effectiveness, and identifying 
emerging issues. Monitoring programmes for STEC should be based on evidence 
of health risks within the country, should target high risk foods and, at least, target 
the STEC of highest health risk, and should be conducted at points identified in the 
food chain where effective intervention to reduce risk is possible.
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The utility of testing for STEC presence/absence as part of monitoring pro-
grammes for food safety assurance in processing is limited by the typically low 
levels and prevalence of STEC in food. Process performance monitoring may be 
accomplished more effectively and efficiently by quantitatively monitoring sanitary 
and hygiene indicator organisms. These indicator organisms do not indicate the 
presence of pathogens, instead they provide a quantitative measure of the control 
of microbial contamination in the product and processing environment. Periodic 
testing for high risk STEC can also be conducted for verification of process per-
formance.

The significance of the detection of an STEC strain in a food should be considered 
on a case by case basis considering the potential health risk associated with the 
specific STEC strains detected and the food profile (See Task 2 on hazard charac-
terization for recommended criteria). 

Monitoring programmes for MRM include microbial testing to provide evidence 
for risk-based decision making. This may involve testing of food or environmental 
and clinical samples for the presence of specific pathogens or indicator organisms. 
The choice of analytical method should reflect the purpose to which the data 
collected will be applied. For STEC these may include product batch acceptance, 
process performance and market access, and public health investigations. There are 
many analytical methods for STEC that can be used to support monitoring pro-
grammes and a summary table of current technologies for this purpose is provided. 

The Expert Group recommended that analytical methods should be chosen that 
are fit for purpose, that will provide answers to risk management questions, and 
that are within the resources of governments and industry. Analytical methods 
used for testing should be periodically assessed and evaluated to ensure that they 
remain fit for purpose. Novel analytical technologies may possess significant ad-
vantages over established technologies and are appearing at a rapid rate; however, 
until the reliability of technologies and associated test methods results are well 
documented, the results should be interpreted with care.
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1.1 BACKGROUND

The Codex Committee on Food Hygiene (CCFH) has discussed the issue of Shiga 
toxin-producing Escherichia coli (STEC) in foods since its 45th Session and at the 
47th Session, November 2015, it was agreed that it was an important issue to be 
addressed (CAC, 2015). To commence this work, the CCFH requested that the 
Food and Agriculture Organization of the United Nations (FAO) and the World 
Health Organization (WHO) develop a report compiling and synthesizing available 
relevant information on STEC, using existing reviews where possible. The CCFH 
noted that the nature and content of the work to be undertaken, including the 
commodities it would focus on, would be determined based on the outputs of the 
FAO/WHO consultation.  

The information requested by CCFH was divided into three main areas: 
• the global burden of disease and source attribution;
• hazard identification and characterization; and 
• monitoring, including the status of the currently available methodology (com-

mercially available and validated for regulatory purposes) for monitoring of 
STEC in food as a basis for management and control. 

While there is considerable knowledge of specific STEC, such as those belonging 
to serotype O157:H7, the STEC associated with foodborne illness are serologically 
diverse and the scientific understanding of STEC in relation to foodborne trans-
mission and illness continues to develop. Compiling global information relevant 
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to the CCFH request was thus anticipated to progress over 2-3 years. To facilitate 
this work, a Core Group of multidisciplinary Experts was established by FAO and 
WHO. The first meeting of the core Group of Experts was held at WHO Headquar-
ters, Geneva, Switzerland from 19 to 22 July 2016. This was the starting point in ad-
dressing the CCFH request, and the meeting determined the scope of the work,  the 
approaches and the methodologies that might be used, and developed a forward 
work plan in accordancewith the three focus areas indicated above. A report of that 
first meeting is available online3. Following that first meeting, the available data 
on each of the three areas indicated in the Codex request were collated. Two calls 
for data were issued to Codex, FAO and WHO Member countries to incorporate 
global information in the development of background and review papers. A more 
extensive Expert Meeting was then convened in FAO Headquarters, Rome, Italy  
from 25 to 29 September 2017 to consider the available information and elaborate 
advice for Codex. Additional Experts were invited to the 2017 Expert Meeting to 
support optimal deliberations on the available information.

1.2 TERMINOLOGY

Strains of E. coli characterized by their ability to produce Shiga toxins are an 
important cause of foodborne disease, and infections have been associated with 
clinical illness ranging from mild non-bloody diarrhoea (D) to bloody diarrhoea 
(BD) and haemolytic uraemic syndrome (HUS), which often includes acute kidney 
failure. A high proportion of patients are hospitalized, some develop end-stage 
renal disease (ESRD), and some die. 

This pathogenic group of E. coli has been referred to using multiple terms and 
acronyms. Some of these, e.g. verotoxin-producing (VTEC) and Shiga toxin-pro-
ducing (STEC), are synonymous and refer to the Shiga toxin-producing capability 
of the organism. Another, non-O157 STEC, refers to the STEC group aside from 
serotype O157:H7 and O157 non-motile. Misunderstanding and misinterpretation 
can arise if there is not a common understanding of terms, especially if these terms 
are used in food regulation and in international trade without appropriate explana-
tion. To provide a harmonized approach for this work, the Experts discussed the 
variations in terminology and provided some background information.

The Shiga toxins are AB5 bacterial protein toxins (Melton-Celsa, 2014) that are 
the definitive virulence factors of the class of E. coli enteric pathogens known as 
Shiga toxin-producing E. coli (STEC). In this document the term Shiga toxin (or 
its abbreviation, Stx) is used to indicate the toxin, stx to indicate the toxin gene, 

3 Available at: http://www.who.int/foodsafety/areas_work/microbiological-risks/JEMRA-report.pdf?ua=1 and 
http://www.fao.org/3/a-bq529e.pdf.
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and STEC to indicate the E. coli strains demonstrated to carry stx or produce Stx. 
However, more widely, the synonymous terms verotoxin, verocytotoxin, and Shi-
ga-like toxin have also been used for the toxins, and the terms verotoxin-produc-
ing, verocytotoxin-producing and verotoxigenic (VTEC) and Shigatoxigenic E. coli 
have all been used for this class of pathogens. 

These alternative terminologies originated in the history of the discovery of the 
toxins and the development of understanding of their relationship with other 
pathogenic E. coli. The discovery that Shigella dysenteriae type 1 produced a protein 
toxin was reported in 1903 in separate papers by Neisser and Shiga (Neisser and 
Shiga, 1903) and Conradi (Conradi, 1903). Subsequent research culminated in the 
isolation and characterization of this toxin as Shiga toxin in the nineteen forties 
(Melton-Celsa and O’Brien, 2000). In 1977, it was reported that E. coli isolated 
from persons with diarrhoea produced a toxin that had a characteristic cytotoxic 
effect on cultured Vero cells, i.e. kidney cells from African green monkeys (Ko-
nowalchuck, Speirs and Stavric, 1977). Subsequent research determined that these 
toxins could be divided into two groups: Shiga toxin 1, which can be neutralized 
by antibodies to the Shiga toxin of S. dysenteriae, and Shiga toxin 2 which cannot 
(O’Brien et al., 1983; Strockbine et al., 1986). During this period, two terminolo-
gies were developed independently for the same toxins: verotoxins 1 and 2, and 
Shiga-like toxins 1 and 2. The term Shiga-like toxin was later changed to Shiga 
toxin after the amino acid sequence of Shiga toxin 1 was determined to be nearly 
identical to the toxin of S. dysenteriae (O’Brien, Karmali and Scotland, 1994). Since 
then, identification of numerous variations in the amino acid sequences has led to 
recognition of two major Stx families, Stx1 and Stx2, both of which include many 
subtypes and variants (Scheutz et al., 2012). 

In 1987, Levine proposed the term enterohaemorrhagic E. coli (EHEC) to designate 
STEC that can cause an illness similar to that caused by STEC O157:H7 and had 
similar epidemiological and pathogenetic features (Levine 1987). Throughout 
this document and any related reports, the Expert Group agreed to only use the 
term STEC, as it includes EHEC and because the interaction between known and 
putative virulence factors of STEC and the pathogenic potential of individual 
strains is not fully resolved.

1.3 EXPERT MEETING

This report focuses on the deliberations and conclusions of an Expert meeting, 
held 25 to 29 September 2017, at FAO Headquarters in Rome. This meeting con-
sidered the outcome of the meeting of the core group of Experts in 2016 and all 
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the subsequent work undertaken as agreed during that first meeting, in order to 
respond to the specific CCFH request. Additional Experts were invited to further 
expand on specific areas of expertise, and resource persons were present. 

The objective of the meeting was to review and discuss the available information 
and background papers related to the specific questions from CCFH and to provide 
scientific advice on these areas that could be considered not only by Codex but also 
any member countries and the wider food safety community.   

1.4 APPROACH

Following on from the work initiated in 2016, the meeting tasks were di-
vided into four main areas, although it was recognized that there is some 
overlap among them.  

Task 1: The Global Burden of Foodborne Disease Associated with 
STEC
The 2016 meeting of the core Expert Group concluded  that 

“The WHO FERG estimated the burden of STEC disease in 2010. The 
incorporation of new data on the incidence of human STEC infections, either 
from peer-reviewed studies, or via national surveillance, would make these 
estimates more globally representative and more precise. While the analysis 
undertaken by FERG will be collated in a manner that best meets the needs of 
the CCFH, no additional burden of disease estimate work will be undertaken 
at this point. It was agreed that priority will be given to source attribution 
studies.”  

Following the 2016 meeting, a paper collating the relevant information from the 
FERG study concerning the global burden of STEC was developed (Annex 1). The 
paper served as the basis for the discussions and conclusions on the global burden 
of foodborne STEC at the 2017 Expert meeting. In addition, at this meeting the 
Expert Group used additional data on human STEC illness from both FAO and 
WHO Member countries and the peer reviewed and grey literature, and noted that 
human STEC illnesses have been found in most countries.  

Task 2: Source Attribution of foodborne STEC related illnesses
Different source attribution methods have been considered for this project. At the 
2016 meeting, the core Expert Group, reported 

“taking account of the request from CCFH and point of attribution, the Group 
decided to use two approaches to attribute regional and global burden of 
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STEC infections to specific foods: analysis of data collected during outbreak 
investigations and case-control studies of sporadic, laboratory-confirmed 
infections. This is because the Group thought that data from a greater number 
of countries would be available to support these approaches compared with 
the sub-typing or comparative exposure assessment approaches.”

Following the meeting, FAO and WHO commissioned two papers on source attri-
bution, one addressing source attribution based on outbreak data and the other ad-
dressing source attribution based on case control studies. The lead authors together 
with the FAO/WHO JEMRA Secretariat worked to reach out to specific countries 
to obtain additional or more detailed data. The outbreak based source attribution 
work was presented to the Expert meeting and a preliminary report on the source 
attribution work based on case control studies was presented. In addition, the 
Expert Group considered the source attribution work based on expert elicitation 
that was undertaken by FERG. 

Task 3: Hazard identification and characterization  
At the 2016 meeting in 2016, the Core Expert Group recognized that 

“there is no single trait of an STEC that can be used to assess the public health 
risk of its presence in the food chain; rather, a combination of criteria such 
as virulence and phenotypic properties and regional historical knowledge are 
required together with knowledge of the isolation context.”

In this context the Expert Group agreed that 

“a set of criteria and a decision-tree approach will be developed to support 
interpretation of detection of an STEC in food in a harmonized and risk-
based manner. A supporting historical database of strains and serotypes 
would facilitate this approach.”  

A paper on hazard identification and hazard characterization was developed 
(Annex 5). The JEMRA Secretariat collated data on strains and serotypes associ-
ated with outbreaks into an Excel™ spreadsheet to serve as a historical database to 
support this paper. These documents together with available information on ap-
proaches for hazard characterization under discussion or in use in other parts of 
the world, namely Europe and the United States of America, were considered by 
the Expert Group.

Task 4: Current Monitoring Programmes and methods 
At the 2016 meeting, the core Expert Group recognized that there was only a 
limited amount of information available on monitoring programmes and designed 
a template to support the collation of further data. The template was distributed 
as part of a global call for data after the meeting.  The JEMRA Secretariat then led 
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the development of a paper to provide an overview of existing approaches (Annex 
6), based on the response to the Call for Data. In addition, in line with the initial 
request from Codex, an overview of methodologies relevant for foodborne STEC 
was developed (Annex 7). Both of these papers served as the basis for the delibera-
tions of the 2017 Expert meeting. 



7

2

CHAPTER 2 - THE GLOBAL BURDEN OF FOODBORNE DISEASE ASSOCIATED WITH STEC

2. The Global burden of 
foodborne disease associated 
with STEC

2.1 WHO ESTIMATES OF THE BURDEN OF FOODBORNE 
STEC ILLNESS

Foodborne diseases (FBD) represent a constant threat to public health and a 
significant impediment to socioeconomic development worldwide. However, the 
priority placed upon food safety, and on specific FBD varies between countries. 
A major obstacle to adequately addressing food safety concerns in some jurisdic-
tions is the lack of accurate data on the full extent and burden of FBD.

In 2006, WHO launched an initiative to estimate the global burden of FBD, 
which was carried forward by the Foodborne Disease Burden Epidemiology 
Reference Group (FERG). FERG quantified the global and regional burden of 
31 foodborne hazards, including eleven diarrhoeal disease agents, seven invasive 
disease agents, ten helminths, and three chemicals and toxins. Baseline epide-
miological data were translated into Disability-Adjusted Life Years (DALYs) 
following a hazard-based approach and an incidence perspective. Data gaps were 
addressed using statistical imputation models, and the proportions of cases by 
routes of exposure were generated through structured expert elicitation. In 2015, 
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WHO published the first estimates of the global and regional burden of FBD 
(Havelaar et al., 2015).

Using 2010 as the reference year, FERG studied the global burden of 31 foodborne 
diseases and estimated that they caused 600 million illnesses, resulting in 
420  000 deaths and 33 million DALYs, demonstrating that the global burden 
of FBD is of the same order of magnitude as major infectious diseases such as 
HIV/AIDS, malaria, and tuberculosis (Havelaar et al., 2015). The burden is also 
comparable to that related to diet, unimproved water sources, and air pollution. 
Some hazards were found to be important causes of FBD in all regions of the 
world, whereas others were highly focal, resulting in a high local burden. Despite 
the data gaps and limitations of these initial estimates, it is apparent that the 
global burden of FBD is considerable, and while it affects individuals of all ages, 
children under the age of five and persons living in low-income regions are par-
ticularly affected. Stakeholders at national and international levels can use these 
estimates to support evidence-based improvements in food safety to improve 
population health.

The objective of this section is to provide a summary of the FERG estimates of the 
global and regional burden of STEC, including those from all exposures routes as 
well as those that are foodborne. A main source of evidence underpinning these 
estimates was a commissioned systematic review that incorporated evidence on 
the incidence of human STEC infections available circa 2013 (Majowicz et al., 
2014). The resulting burden of disease estimates for STEC infections, in terms 
of incident cases, deaths, and DALYs have been published by Kirk et al. (2015). 
Also reported is the proportion of this burden that is estimated to be foodborne 
at regional and global level. Details of the methods used for the estimates are 
described in Annex 1.

2.2 RESULTS

2.2.1 Global and regional STEC incidence rates
From more than 17,000 initially identified titles, Majowicz et al. (2014) retained 
16 articles, reports, and databases, containing information on 21 countries, and 
regions from 10 of the 14 sub-regions considered, representing a cumulative popu-
lation of 2.1 billion (~30% of the 2005 global population). The most likely estimates 
ranged from 0.6 STEC illnesses per 100,000 person-years in the African sub-re-
gions, to 136 per 100,000 person-years in the Eastern Mediterranean sub-regions  
(Table 1).
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2.2.2 Global and regional STEC disease burden
FERG estimated that 2.5 million new STEC cases (from all sources, including 
but not limited to foodborne) occurred in 2010 worldwide, resulting in 3  330 
HUS cases, 200 ESRD cases, 269 deaths, and 27 000 DALYs (Kirk et al., 2015). 
In absolute numbers, the highest disease burden occurred in the South-East Asia 
region, followed by the European and American regions (Table 2). The highest 
burden per 100 000, however, occurred in the low-mortality European sub-region 
(EUR A), followed by the medium mortality American sub-regions (AMR B, AMR 
D) and the low-mortality Western Pacific sub-region (WPR A) (Figure 1).

FIGURE 1. Disease burden (DALYs) of STEC by sub-region, 2010 (Kirk et al., 2015)

TABLE 2. Estimated global and regional disease burden of Shiga toxin-producing 
Escherichia coli, 2010 (adapted from Kirk et al., 2015)

Region/
Sub-region#

Cases* Deaths* Disability-Adjusted 
Life Years*

GLOBAL 2,481,511
(1,594,572–5,376,503)

269
(111–814)

26,827
(12,089–72,204)

AFR 100,988
(67,333–146,291)

11
(4–27)

970
(455–2,205)

AFR D 9,053
(4,239–18,313)

1
(0.3–3)

88
(32–239)

AFR E 91,634
(59,745–133,610)

10
(4–25)

875
(408–2,010)

        DALYs per 100k
(0,0.24]
(0.24,0.48]
(0.48,0.72]
(0.72,0.96]
(0.96,1.2]
Not applicable

0 1000 2000 3000 km

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or 
of its authorities,or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border linesfor which there may not yet be full agreement.
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AMR 282,161
(189,530–499,650)

64
(23–191)

5,501
(2,211–15,238)

AMR A 50,835
(46,119–55,928)

8
(6–12)

947
(564–1,809)

AMR B 152,319
(60,664–368,572)

47
(13–164)

3,713
(1,099–12,373)

AMR D 78,887
(70,477–88,088)

8
(3–19)

754
(404–1,562)

EMR 738,740
(568,327–939,525)

17
(7–42)

2,717
(1,671–4,846)

EMR B 207,545
(157,999–267,341)

3
(2–5)

687
(446–1,113)

EMR D 530,443
(409,164–677,393)

14
(5–37)

2,027
(1,215–3,757)

EUR 286,409
(217,314–386,536)

51
(31–93)

5,597
(2,971–11,441)

EUR A 244,390
(178,780–340,346)

39
(24–64)

4,596
(2,424–9,285)

EUR B 14,856
(7,323–29,092)

5
(1–14)

359
(127–1,036)

EUR C 25,440
(13,133–44,736)

8
(3–22)

608
(226–1,628)

SEAR 919,800
(102,705–3,805,401)

94
(9–538)

8,745
(903–45,006)

SEAR B 185,592
(42,146–688,413)

19
(3–98)

1,778
(343–8,151)

SEAR D 734,263
(58,988–3,114,613)

75
(5–441)

6,987
(524–36,821)

WPR 122,051
(72,084–198,034)

16
(8–36)

1,791
(822–4,085)

WPR A 66,831
(35,387–113,374)

10
(5–21)

1,252
(540–2,960)

WPR B 53,334
(19,500–118,021)

5
(1–18)

502
(152–1,481)

NOTES: #A list of the countries included in each of the sub-regions listed here can be found in Annex 2 of this report.*Median number 
with 95% Uncertainty Intervals in brackets

2.2.3 Routes of STEC transmission
Across all sub-regions, about half of the STEC disease burden was estimated to 
be foodborne, with 1.2 million new cases resulting in 128 foodborne deaths and 
nearly 13 000 foodborne DALYs each year, worldwide (Hald et al., 2016) (Figure 2). 
A key to the regions included is provided in Annex 2.
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2.3 DISCUSSION OF THE FERG ESTIMATES

The FERG study provides the first estimates of the global and regional disease 
burden of STEC. Compared with other foodborne hazards considered, the global 
burden of STEC is moderate; indeed, the foodborne disease burden of STEC 
ranked next-to-last among all 31 foodborne hazards considered in the FERG study 
for global estimates (Havelaar et al., 2015) (Figure 3). Despite a high incidence (2.5 
million cases in 2010, of which 1.2 million are estimated to have been foodborne), 
both the probability of developing significant sequelae and the case-fatality ratio 
were low, resulting in a low population-level disease burden. This, however, does 
not minimize the significant burden on individual patients and their families, nor 
does it capture the economic or trade impacts of this important pathogen.

2.3.1 Additional considerations from the Expert Group on 
the Global burden of STEC

2.3.1.1 Assessment of the WHO FERG estimates 
The FERG estimates represented the cumulative work of many international sci-
entists, and used the best evidence available at the time of estimates of the burden 
of STEC. However, the estimates have several important limitations; for example, 
incidence data were available from a limited number of countries. Therefore, this 
Expert Group reviewed the FERG estimates and identified several ways in which 
they could be improved, as follows:

FIGURE 2. Routes of transmission for STEC infection by sub-region (adapted from Hald 

et al., 2016)
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Improved geographical scope
The baseline epidemiological data underlying the current FERG STEC burden 
estimates have a limited geographical scope i.e., they arise from 21 countries and 
regions (20 WHO member states plus Hong Kong SAR), covering only 10 of the 
14 sub-regions considered. The incorporation of new data on the population-level 
incidence of human STEC infections, either from peer-reviewed studies, or from 
national surveillance data, could make estimates more globally representative (e.g., 
by including countries beyond the original 21) and more precise (i.e. by narrowing 
the 95% Uncertainty Interval (UI)). For example, national surveillance data are 
now available from Argentina; incorporating these data could make the sub-re-
gional estimate for the AMR B region more accurate and representative (compared 
with the FERG estimate, which was based on extrapolation of data from Chile 
alone).

Data-driven imputation approaches
Given the scarcity of the data, the FERG STEC incidence estimates were based on 
an expert-driven imputation approach, which relies on ad hoc choices and does 
not allow propagating uncertainties. As more data become available, the feasibility 
of performing statistical, i.e. data-driven, imputation approaches would increase. 

NOTES: White dots indicate the median burden, black boxes the inter-quartile range, black lines the 90% uncertainty interval, and 
grey lines the 95% uncertainty interval. Note the y-axis is on a logarithmic scale. EPEC = Enteropathogenic Escherichia coli; ETEC = 
Enterotoxigenic E. coli; STEC = Shiga toxin-producing E. coli.  

FIGURE 3. Ranking of the global burden of 31 foodborne hazards, 2010 (adapted from 
Havelaar et al., 2015) 
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These imputation approaches would allow generation of a more robust estimate of 
the global burden of STEC, and would further increase comparability with other 
estimates of the global burden of foodborne disease.

Updated disease model
The disease model FERG used to translate STEC incidence estimates into DALYs 
used transition probabilities that were considered to be the same for each country 
(e.g. the probability of developing HUS or ESRD, and the probability of death 
following HUS). This is not ideal, as health care access and standards differ greatly 
around the world. The accuracy of the global, regional, and national estimates 
could be improved by deriving and applying country- or region-specific transi-
tion probabilities. This would require data from a sufficiently diverse number of 
countries. Furthermore, the current disease model only included HUS and ESRD 
as sequelae for STEC infection, but excluded other important sequelae such as 
time-limited requirements for dialysis and stroke rehabilitation.

Discrimination of outbreak versus sporadic cases
The FERG estimates of the global and sub-regional annual number of STEC cases 
do not specify the numbers of outbreak versus sporadic cases of illness. Under-
standing the relative proportion of outbreak versus sporadic cases may be useful 
when attributing the global number of cases of illness to particular food exposures, 
given that attribution estimates are often derived from outbreak or sporadic data 
sources that may identify different rank orders of exposures.

The incorporation of new data on the incidence of human STEC infections, 
either from peer-reviewed studies, or via national surveillance, would make these 
estimates more globally representative and more precise. However, the Experts 
decided that the FERG estimates of the incidence, burden and percentage of STEC 
illness that are foodborne were sufficient for the current purpose and no additional 
burden of disease estimate work was undertaken as this time.  The Experts consid-
ered it was more important to prioritize other aspects of the work such as source 
attribution studies. 

2.3.1.2 Consideration of other data on the global occurrence of STEC 
In addition to the 21 countries and regions whose quantitative data on the 
incidence of STEC illness were used by FERG when estimating the global burden 
of STEC illness (Table 1), the Expert Group used additional qualitative data (e.g. 
case reports, surveillance results, outbreak data) provided by member states and 
evidence from the peer-reviewed and grey literature to corroborate that human 
STEC illness occurs worldwide (Figure 4). The dynamic nature of pathogenic E. coli 
was also considered. For example, the large outbreak of diarrhoea and HUS with 
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high mortality in Germany in 2011 caused by an enteroaggregative E. coli (EAEC) 
(Beutin and Martin, 2012) demonstrates how genes encoding Shiga toxin can 
move into other E. coli pathotypes, creating pathogenic E. coli with novel virulence 
profiles. Shiga toxin genes have also been identified in some enteropathogenic, 
enterotoxigenic and extraintestinal pathogenic E. coli (EPEC, ETEC and ExPEC), 
pathogens common in less developed areas and nascent economies, further dem-
onstrating the dynamic nature of this pathogen. Rapidly evolving international 
trade and demands associated with the need to mitigate the risk of international 
outbreaks, and the severe human consequences, and potential trade embargoes 
that could result from emergence of STEC in less developed areas suggest that all 
countries should have the ability to detect and monitor STEC in foods destined for 
domestic or international consumption. In terms of international food standards 
developed by the Codex Alimentarius Commission, which serve as the benchmark 
for the safety and quality of foods traded internationally, it was also noted that 
STEC is one of the few foodborne pathogens that was considered in FERG’s global 
burden on foodborne disease work for which Codex has not, as yet, developed 
explicit risk management guidance.

2.4 CONCLUSIONS 

It is important to reiterate that not all STEC illnesses are foodborne. For the 
purposes of this report, the estimation by the WHO FERG group that half of the 
STEC disease burden is foodborne, both regionally and globally, is assumed to be 
correct. 

FIGURE 4. Countries with reported human STEC illness.

NOTES:  *21 countries and regions with data on STEC isolated from humans used to develop the FERG estimate of the burden of 
foodborne illness by region; Majowicz et al. (2014).

STEC data used for FERG estimate*
Other reports of human STEC illness
Reports of human STEC illness not found
Not applicable 0 1000 2000 3000 km

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or 
of its authorities,or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border linesfor which there may not yet be full agreement.
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FERG estimated that STEC poses a health burden worldwide. This Expert Group 
agrees with this view, following the review of additional data from FAO and WHO 
Member countries and independent literature.

In addition to the burden of disease documented by FERG, STEC also poses an 
economic impact in terms of disease prevention and treatment, and has implica-
tions for domestic and international trade. Furthermore, because of international 
trade, STEC has the potential to become a risk management priority in countries 
in which it is not currently a human health priority. 

Given the above and that STEC is among the few remaining foodborne hazards 
considered by FERG for which risk management guidance has not been developed 
by Codex, it was considered appropriate that international guidance be considered.
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3
3. Source attribution of foodborne 

STEC related illnesses

3.1 OVERVIEW OF SOURCE ATTRIBUTION CONCEPTS 

Human foodborne illness source attribution is defined as the partitioning of the 
human disease burden of one or more foodborne illnesses to specific sources, 
where the term source can include reservoirs or vehicles. To this end, source at-
tribution methods analyse data from food or animal monitoring programmes 
or both, together with  public health registries, where available, to estimate the 
relative contribution of different sources to disease burden. 

A variety of approaches to attribute foodborne diseases to specific sources are 
available, including hazard occurrence analysis (the subtyping and the compara-
tive exposure assessment methods), epidemiological methods (analysis of data 
from outbreak investigations and studies of sporadic infections), intervention 
studies, and expert elicitations (Pires et al., 2009). Each of these methods has ad-
vantages and limitations, and the usefulness of each depends on the questions 
being addressed and on characteristics and distribution of the hazard. The choice 
of the method to be used should be guided by these factors. Details of different 
approaches to source attribution are found in Annex 3. Additionally, source at-
tribution can take place at different points along the food chain (points of attribu-
tion), most often at the point of reservoir (e.g. animal production stage,) or point 
of exposure (i.e. end of the transmission chain). The point of attribution depends 
on the method chosen, which will depend on the risk management question being 
addressed and on the availability of data. 
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3.2 APPROACH TO ATTRIBUTING STEC ILLNESS TO 
FOOD SOURCES

Using 2010 as the reference year, FERG produced estimates of the proportion of 
foodborne disease burden of STEC that is attributable to specific foods (Hoffman 
et al., 2017). The Expert Group reviewed and considered the findings from the 
FERG work, and decided to extend it, as described below.

3.2.1  Summary of findings from the FERG expert 
elicitation

In the absence of data-based evidence at regional or global level, FERG relied on 
expert elicitation to estimate the proportion of the foodborne disease burden of 
STEC due to specific foods (Hald et al., 2016; Havelaar et al., 2015; Hoffmann et 
al., 2017. Expert elicitations are particularly useful to attribute human illness to 
the main routes of transmission, i.e. foodborne, or environmental or direct contact 
with humans or animals. Another advantage of the expert elicitation is that it 
enabled the views of Experts in all regions of the world to be used towards regional 
attribution estimates.  

FERG’s expert elicitation applied Cooke's “Classical Model”(Cooke, 1991; Cooke 
and Goossens, 2000; Cooke and Goossens, 2008) for structured expert elicita-
tion to provide a consistent set of estimates. The global expert elicitation study 
involved 73 experts and 11 elicitors, and was one of the largest, if not the largest 
study of this kind ever undertaken (Hald et al., 2016; Hoffmann et al., 2017). 
Possibly due to the study constraints (e.g. remote elicitation instead of face-to-
face meetings), accuracies of individual experts – elicited based on calibration 
questions – were generally lower than in other structured Expert judgment 
studies. However, performance-based weighting, a key characteristic of Cooke's 
classical model, increased informativeness, while retaining accuracy at accept-
able levels (Aspinall et al., 2016).

The FERG’s expert elicitation attributed the foodborne STEC burden to six food 
categories plus the category “other foods”; a proportion of disease attributable to 
unknown categories was not estimated (Hoffman et al., 2017). Beef was estimated 
to be the major food source in most regions (~50%), except in the South-East Asia 
sub-regions where small-ruminant meat (includes sheep, goat and other small 
ruminants) was estimated as the major source (~25%). In the Western Pacific sub-
region (WPR B), beef and small ruminants’ meat were attributed in equal contri-
butions (~25% each) (Figure 5). 



19CHAPTER 3 - SOURCE ATTRIBUTION OF FOODBORNE STEC RELATED ILLNESSES 19

3.2.2 Extending the work of FERG using data-driven 
attribution methods

To produce data-driven source attribution estimates at the global and regional 
level, this Expert Group decided to apply two approaches to attribute regional and 
global burden of STEC infections to specific foods:
• An analysis of data from outbreak investigations; and
• A systematic review of case-control studies of sporadic infections.

The implementation of a comparative exposure assessment could be conducted in 
selected countries at a later stage, if better quality food-chain data become available. 
This approach would estimate source attribution at the reservoir, processing and/
or exposure points. The Expert Group noted that with data-driven approaches, the 
quality of the outcomes depends on the availability and quality of the data. It was 
also noted that significantly more information is available for STEC belonging to 
serogroup O157 than for other STEC serogroups.

The Expert Group, consistent with FERG, estimated source attribution of the STEC 
disease burden at the point of exposure. A hierarchical categorization scheme is 
also being used to consider food categories at different levels. The food categoriza-
tion scheme produced by the United States of Americas’ Interagency Food Safety 
Analytics Collaboration (IFSAC) has been adopted (Figure 6). This scheme differs 

FIGURE 5. Attribution of foodborne STEC disease burden to specific food categories 
(Hoffmann et al., 2017).
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FIGURE 6.  Foods categorization scheme, Interagency Food Safety Analytics 
Collaboration (IFSAC).

NOTES: Food categories not shown can be included by further detailing the scheme.
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from the FERG’s expert elicitation in some routes, for example in the hierarchi-
cal categorization of vegetables, fruits and nuts. Food categories not shown in the 
scheme were included by further detailing it (e.g. small ruminant’s meat, grouped 
under “other meats” in the scheme, was specified.

3.3 SOURCE ATTRIBUTION METHODS

3.3.1 Systematic review of case-control studies of sporadic 
illness

A systematic review is currently being conducted by members of the Expert Group 
to determine the relative contribution of different foods to sporadic, foodborne 
illnesses caused by STEC. The systematic review search strategy was designed to 
include all studies with no limits (e.g. all dates, locations, populations). The search 
covers peer-reviewed and grey literature, and includes wide Expert consultation to 
ensure that studies from countries typically not indexed in international databases 
are identified. To-date, over 9,000 citations have been screened and over 400 po-
tentially relevant studies are now being evaluated. Case-control studies from the 
Region of the Americas (AMR), European Region (EUR) and Western Pacific 
(WPR) regions have been identified.  Meta-analysis will be used to generate pooled 
odds ratios, and population attributable fractions estimated.

3.3.2 Analysis of data from outbreak surveillance
A call for surveillance data was forwarded to Member Countries in April 2016 
following the CCFH request on STEC. The call included a list of data requirements 
and a suggested template to submit the outbreak surveillance information. The 
request and information were sent through the national Codex contact points and 
other relevant channels. In addition, direct contacts to regional or national offices 
were made in an attempt to collect more data. Using the responses to this call, the 
Expert Group developed a source attribution model for outbreaks.

3.4 RESULTS 

Preliminary results of the source attribution analysis using the data currently 
available from outbreak surveillance are presented in this report. The systematic 
review of case-control studies of sporadic infections is ongoing, and results will be 
available and integrated at a later stage.

3.4.1 Source attribution using outbreak data 
STEC outbreak surveillance data has been received from 27 countries covering the 
period between 1998 and 2016 and spanning three WHO geographical regions: 
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AMR, EUR and WPR. The oldest data were reported by the United States of 
America between 1998 and 2015; European Union Member States and remaining 
countries reported data corresponding to outbreaks that occurred between 2010 
and 2015. 

In total, the data set included 919 STEC outbreaks, the large majority being 
reported in the AMR region. Of the total outbreaks, 328 (36%) were caused by 
a simple food (i.e. containing a single food category), 79 (9%) by a complex food 
(i.e. containing ingredients from several food categories), and 512 (56%) were not 
attributed to a source (Table 3).

TABLE 3. Number and proportion of outbreaks caused by simple, complex or unknown 
foods in WHO Regions. 

Region
Simple food Complex food Unknown

Total
Number % Number % Number %

AMR 266 38 60 8 382 54 708

EUR 55 31 14 8 107 61 176

WPR 7 20 5 14 23 66 35

 Total 328 36 79 9 512 56 919

Outbreaks associated with HUS cases        

AMR 119 55 20 9 79 36 218

EUR 0 0 0 0 1 100 1

WPR 0 0 0 0 7 100 7

Total 119 20 87 226

Outbreaks associated with 
deaths

AMR 22 59 1 3 14 38 37

EUR 0 0 0 0 2 100 2

WPR 0 0 0 0 1 100 1

Total 22 1 17 40

NOTES: AMR: Region of the Americas; EUR: European Region; WPR: Western Pacific Region. For details of the specific countries in a 
region refer to Annex 2.
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A total of 226 outbreaks that involved cases of HUS were reported in the study 
period, the very large majority (96%) in the AMR region, where, 55% were caused 
by simple foods, 9% by complex foods and 36% were not attributed to a source 
(Table 3). Most of the 40 outbreaks with fatalities were also reported in the AMR 
region, with the majority of them either being caused by simple foods (59%) or  
not attributed to a source (38%). Twenty-nine percent (266/919) of all reported 
outbreaks were associated with either HUS or deaths. However, HUS was more fre-
quently reported in outbreaks with known sources (34%) compared with outbreaks 
where the vehicle of transmission was not identified.

The Expert Group estimated the most frequently attributed sources of STEC cases 
globally are produce with an attribution proportion of 13%, beef, 11%, and dairy 
products, 7% (Table 4). More than half of the cases globally could not be attributed 
to any source (60%).

WHO regions differ in the proportion of STEC cases attributed to foods (Table 
4) and in the relative contributions of different sources of STEC (Figure 7). Beef 
and produce were responsible for the highest proportion of cases in the AMR 
region with estimates of 18% and 16% respectively (Table 4). Six percent of STEC 
cases could be attributed to dairy products. In the EUR region, the ranking of the 
sources of cases was similar though with less marked differences between each 
source, with an overall attribution proportion of 12% for beef, 11% for produce 
and 6% for dairy (Table 4). In contrast, the most common source of STEC in WPR 
was produce (14%), followed by dairy (9%), and with game and beef third and 
fourth (~3% each). It is important to note that in this region approximately 2% of 
outbreaks were attributed to another category “meat”, which cannot distinguish 
between the relative contributions of different meat species. However, given the 
meat-specific attribution estimates in this and remaining regions, it is likely that 
most of these outbreaks could be attributed to beef and/or game. Among all other 
meat categories, pork plays a minor role, with an attribution proportion between 
1 to 2% across regions. The general term “poultry”, turkey, or ducks was never 
cited as a source of any outbreaks in any region; however, chicken was mentioned 
as a source in a very few outbreaks in the AMR and the EUR. The proportion of 
outbreaks that could not be attributed to a source varied between 54% in AMR and 
66% in WPR.

The relative contributions of food categories to STEC cases, excluding those of 
unknown source, are shown in Figure 7. In the AMR the relative contributions 
of beef (40%) and produce (34%) were highest while in the EUR these relative 
contributions were 30% and 27%, respectively. Dairy contributed similarly, with 
12% and 16% in the AMR and EUR respectively. In contrast, in the WPR region 
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the relative contributions differed, with produce making the greatest contribution 
(40%) among the food categories, followed by dairy (25%), and meats, including 
beef (8%), game (8%) and pork (4%).

To investigate the relative contribution of different sources for severe cases of 
disease, analysis was restricted to outbreaks leading to cases of HUS and to deaths. 
Due to limited data availability, these analyses were restricted to the AMR. Results 
show that, similar to the overall STEC cases in the region, the most important 
sources of HUS cases were beef, produce and dairy, with attribution proportions 

TABLE 4 Proportion of STEC cases attributed to foods and an unknown source in WHO 
Regions (%, mean and 95% Credibility Interval)

Food 
category

WHO Region*

AMR EUR WPR

Mean 95% CI Mean 95% CI Mean 95% CI

Eggs 0.03 0.00 0.08 0.57 0.00

Dairy 5.54 5.48 5.59 6.25 8.57

Poultry 0.00 0.00 0.00

Chicken 0.30 0.29 0.33 0.58 0.57 0.58 0.00

Ducks 0.00 0.00 0.00

Turkey 0.00 0.00 0.01 0.00 0.00

Beef 18.29 18.23 18.35 11.83 11.69 11.98 2.64 2.51 2.75

Pork 1.18 1.11 1.25 1.70 1.47 0.86 2.11

Lamb 0.43 0.43 0.43 0.59 0.58 0.62 0.00

Mutton 0.00 0.00 0.00

Game 0.57 0.57 0.58 0.57 2.86

Other meat, 
unspecified 1.19 1.16 1.21 2.91 2.88 2.95 1.93 1.28 2.56

Produce 15.66 15.58 15.74 10.77 10.61 10.93 13.61

Grains and 
beans 0.87 0.78 0.97 1.15 1.14 1.17 0.35 0.15 0.62

Seafood 0.42 1.70 0.00

Nuts 0.14 0.00 0.00

Oils and 
sugar 0.01 0.00 0.02 0.00 0.00

Unknown 
source 54 60.8 65.7

NOTES: CI = Confidence Interval. AMR = Region of the Americas; EUR = European Region; WPR = Western Pacific Region. 
For details of the specific countries in a region refer to Annex 2.
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NOTES: Estimates exclude proportion of unknown-source outbreaks

FIGURE 8. Relative contribution of food sources to overall STEC cases, HUS cases and 
fatalities in the AMR  

FIGURE 7. Relative contribution of foods categories to STEC cases in WHO regions

NOTES: Estimates exclude proportion of unknown-source outbreaks 
AMR = Region of the Americas; EUR = European Region; WPR = Western Pacific Region.
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very similar for most sources. In contrast, the most important source of fatalities 
was produce, with an attribution proportion of over 22% (which corresponds to a 
48% attribution proportion for known-source outbreaks), followed by beef (17% 
or 36% attribution proportion when excluding the proportion of unknowns). The 
relative contribution of dairy was lower than for the overall STEC cases (5% or 11% 
attribution proportion when excluding the proportion of unknowns) (Figure 8).

3.5 DISCUSSION

FERG’s expert elicitation was conducted to address knowledge gaps at that time 
and provide evidence on the relative contribution of specific foods to the foodborne 
burden of STEC at global and regional levels. While expert elicitations should not 
replace use of ‘hard’ data, they are useful where such data are unavailable or have 
significant limitations (Hoffmann et al., 2017). In these situations, studies have 
conventionally relied on the judgments of study authors or modellers whose un-
certainty judgments may reflect specific experience or specialism bias. Formal 
structured elicitation of judgments from a panel of multiple Experts provides a 
systematic, transparent and auditable alternative.

The data-driven source attribution estimates presented are based on data from 
outbreak surveillance. The overall assumption of this model is that the estimated 
attribution proportions based on outbreak data can be used to attribute the overall 
burden of STEC infections (i.e. the total incidence, including both outbreak-asso-
ciated and sporadic cases).

However, because some foods are more likely to cause outbreaks than others, and 
especially large outbreaks, the relative importance of sources of outbreak-associated 
cases may not be representative of the overall contribution of sources for the total 
burden of disease. The estimated relative contribution of each food type depends 
on the types of foods and situations that result in an outbreak being recognised 
and successfully investigated. For example, outbreaks in groups of children may 
be more frequently recognised than those in young adults. Thus, certain food-risk 
groups and smaller outbreaks may be underrepresented in the available data and 
more data would be required to improve estimates. Overall, estimates inevitably 
depend on the selection of potential sources to be examined in outbreak investiga-
tions, as well as the reporting capacity of each country. To avoid potential overesti-
mation of the importance of sources that caused large outbreaks, the number of ill 
people implicated in the outbreaks was not considered in the analysis.

Though foodborne outbreaks receive the most media and political attention, the 
main proportion of the burden of foodborne diseases consists of sporadic cases. 
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Thus far, few countries have implemented surveillance of sporadic cases of STEC 
foodborne illness, particularly in the developing world, where the majority of 
reported human cases are associated with foodborne outbreaks. Outbreak data 
have the advantage of being widely available worldwide, including in countries 
or regions where sporadic cases of disease are not likely to be reported. However, 
the data obtained were rather limited, and biased towards high income countries. 
The limitations of extrapolation of these results to global estimates needs to be 
recognised.

3.6 CONCLUSIONS 

Overall, beef, vegetables and fruits, and dairy, were estimated to be the most fre-
quently identified sources of foodborne STEC illness. According to the outbreak-
data analysis and the expert elicitations, beef was the most frequently attributed 
food category based on the entire study period in the African Region, Region of the 
Americas, European Region and Eastern Mediterranean Region. Some of the data 
included in the analysis included outbreaks reported over two decades (specifically 
data from the United States of America, which covered 1998 through 2015), and 
thus potential changes in the relative contribution of food sources for STEC disease 
over time may be concealed. 

The order of the top five food categories differed somewhat across regions, which 
may be explained by differences in culture and food preparation and consumption. 
For instance, meat from small ruminants was most important only in the South-
East Asia Region.

There were not adequate data to identify the most important sub-groups of foods 
within each category, but the ongoing analysis of case-control studies should con-
tribute to the identification of any subgroups.  However, the Expert Group agreed 
that it was likely those subgroups of food not subject to a hazard reduction measure 
e.g. raw or under-cooked meat, unpasteurized dairy products, would be among the 
most important sources of foodborne illness.

As food preferences and food safety practices and programmes change over time, 
these estimates of attribution proportions may change. The association of specific 
food categories with STEC illness reflects historical practices of food production, 
distribution and consumption. Changes in production, distribution and consump-
tion may result in changes in STEC exposure. Consequently, microbial risk man-
agement should be informed by an awareness of current local sources of STEC 
exposure.
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Estimates from the outbreak analysis and the FERG expert elicitation were largely 
in coherence. Differences between outbreak and expert elicitation estimates could 
be attributed in part to the expert elicitation not being limited to outbreaks, and 
because the outbreak data did not represent all world regions.

Data on outbreaks mainly reflect the situation in developed countries. Additional 
data and well-designed studies might improve the accuracy of source attribution.

3.7 RECOMMENDATIONS

The Expert Group recommended from their analyses, that a range of foods should 
be considered when managing the risk of foodborne STEC infection. Overall, beef, 
vegetables and fruits, and dairy, appear to be the most important food categories. 
While beef was identified as the most common food category in the African, the 
Americas, European and Eastern Mediterranean regions, analysis of the outbreak 
data indicated that fresh produce (i.e. fruits and vegetables) were emerging almost 
as frequently as a source in North America and Europe. Small-ruminant meat was 
frequently attributed in the South-East Asia Region by FERG.
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4. Hazard identification and 

characterization

4.1 INTRODUCTION

Ever since the emergence of STEC serotype O157:H7 as an important foodborne 
pathogen, serotype data have been used as a factor for identifying STEC strains 
that have the potential to cause severe human diseases. This focus on serotypes 
continued as non-O157 STEC strains were implicated in outbreaks and other 
serotypes became targeted as being of health concern. However, serotype itself is 
not a virulence factor, and amongst the hundreds of known STEC serotypes not all 
have been implicated in human infections. Many STEC virulence genes are mobile 
and can be lost or transferred to other bacteria, so STEC strains that have the same 
serotype may not carry the same virulence genes or pose the same risk. As a result, 
although serotype information remains useful for epidemiological surveillance, 
serotype data alone is not reliable for assessing the health risk of STEC strains. The 
potential risk of an STEC strain causing severe illness or the severity of disease 
resulting from STEC infections is best predicted using virulence factors (genes), a 
position that is advocated in this report and described in the sections on conclu-
sions and recommendations.  

4.2 SUMMARY OF THE AVAILABLE DATA

As detailed in Annex 5, STEC comprised a large, highly diverse group of strains, 
common only in the fact that they produce the Shiga toxin (Stx) and share a 
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common theme of pathogenesis, namely – entry into the human gut (often via 
ingestion), attachment to the intestinal epithelial cells and elaboration of Stx.  It has 
been postulated that the production of Stx alone without adherence is deemed to 
be insufficient for STEC to cause severe infections. As a result, Stx and the ability 
to adhere to intestinal epithelial cells are the critical characteristics of STEC in de-
termining the course of infections and are regarded as major STEC virulence traits. 

Molecular studies have been used to determine that each of these vital charac-
teristics are by themselves highly complex. The intimin protein encoded by the 
eae gene is the most common STEC adherence protein, but adhesion via other 
mechanisms is also possible. For example, in the 2011 German outbreak, a strain 
of STEC of serotype O104:H4 that did not possess eae, but did have the ability to 
adhere via aggR-regulated adhesins resulted in equally devastating consequences. 
Furthermore, there are eae-negative STEC with no known described adherence 
mechanism that have caused HUS, so there are other means for STEC adherence. 
Many potential adherence genes have been found in these and in other STEC 
strains and these occur in many different combinations.  Consequently, it is not 
possible to fully define all highly pathogenic STEC by molecular definitions. Thus, 
at present, eae and aggR are the best known and accepted adherence genes involved 
in STEC infections.

Our knowledge of the association of Stx subtypes with infections is equally complex, 
with many data gaps and uncertainties. There are at least 10 known Stx subtypes, 
but not all have been implicated in human disease. Of these, STEC producing Stx2a 
are most consistently associated with HUS, whether in eae-positive or aggR-posi-
tive strains, and even in some eae-negative strains. Among the other Stx subtypes, 
Stx1a, Stx2c and Stx2d have also been implicated in cases of BD and HUS, but their 
association is not as definitive nor conclusive, especially with Stx2d, where the type 
of stx phage it carries, the site in the bacteria where the phage had inserted, the 
combination of other genes present, and other factors may affect disease outcome. 
Lastly, human factors, which are largely unknown, and the use of certain antibi-
otics in the acute phase of disease, may have an effect on the severity of disease 
outcomes in STEC infections. For instance, STEC strains with Stx subtypes that 
are not known to affect humans or usually do not have a severe effect on healthy 
individuals, have on rare occasions, been reported to have caused severe disease in 
those that are immunosusceptible. It is, therefore, not prudent to regard any STEC 
strain as being non-pathogenic or not posing a health risk, as all STEC strains 
probably have the potential to cause diarrhoea and to have the potential to cause 
diarrhoea and be of risk, especially to susceptible individuals.

In accordance with our existing knowledge of STEC virulence, the potential of a 
STEC strain to cause severe disease in humans can, independent of the serotype, 
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be categorized based on virulence gene content (Table 5). Future research may 
identify new or additional virulence-critical genes, which in turn, may alter these 
criteria. Currently, the presence of the Stx2a subtype in conjunction with known 
adherence genes (eae or aggR) is deemed to be a reliable predictor of STEC that 
pose a risk of causing severe disease. It should be noted however, that in addition to 
these STEC factors, the progression to HUS is often affected by many other param-
eters, including host factors, pathogen load, antibiotic treatment, etc. The implica-
tion of other Stx subtypes with HUS is less conclusive and can vary depending on 
multiple other factors.

TABLE 5. Combinations of STEC virulence genes and the estimated potential to cause 
diarrhoea (D), bloody diarrhoea (BD) and haemolytic uraemic syndrome (HUS) 1

Level Trait (gene) Potential for:

1 stx
2a

 + eae or aggR D/BD/HUS

2 stx
2d

D/BD/HUS2

3 stx
2c

 + eae D/BD3

4 stx
1a

 + eae D/BD3

5 Other stx subtypes D^
NOTES: 1. depending on host susceptibility or other factors; e.g. antibiotic treatment 
2. association with HUS dependent on stx2d variant and strain background. 
3. some subtypes have been reported to cause BD, and on rare occasions HUS

The information  in Table 5 can be used as guidance to assess at what level of pro-
tection from STEC infections should risk management be targeted. For example, 
if the objective is to minimize the risk of diarrhoea from STEC infections, level 
5 or testing for all STEC (stx genes) may be considered as an approach. Various 
STEC serotypes can be found in many food and environmental sources, but their 
presence may not always reflect risk of infection and symptoms of diarrhoea. 
However, if the objective is to reduce the incidence of HUS, restricting to level 1 or 
testing for stx2a and eae or aggR would be a logical approach for achieving those 
objectives. Use of the criteria described at the other levels (2, 3 and 4) may further 
reduce the risk of HUS, but will require additional strain characterization.  

There are many complexities associated with the criteria at those levels, so the 
results obtained may not always provide definitive association with HUS.  The level 
of implementation will be at the discretion of the user but may be limited by the 
availability of resources, staff and laboratory capabilities and capacities. 

The following schematic (Figure 9) represents an example of a testing strategy to 
obtain the criteria information outlined in Table 5 and enable the user to assess 
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the risk of whether a STEC strain has a high potential to cause HUS. The aim 
of this strategy is to employ the minimum number of methodological steps to 
achieve hazard characterization in terms of risk for HUS and therefore, may be 
appropriate for use in resource-limited settings. Users that have more resources 
at their disposal, may explore other strategies to obtain these criteria data. The 
approach shown in Figure 9 can provide a framework to assess the different STEC 
hazard levels with increasing precision as additional methodological layers are 
added.  Whilst this strategy relies on obtaining an isolate for confirmation and for 
additional characterization, isolate independent methodologies such as metage-
nomics have the potential to provide alternative approaches to circumvent this in 
the future. 
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There are many STEC databases that have been compiled by various government 
agencies, public health and reference laboratories, as well as researchers, that 
describe the different STEC serotypes found in various sources, as well as their 
association with infections. An example of such databases is one developed by 
K. Bettelheim4, which contains over 2,500 entries of STEC isolates from different 
sources worldwide. As illustrated in Figure 10, such databases are highly useful as 
they can provide a quick snapshot of STEC serotypes that have been isolated from 
human and foods sources and those isolated from both. 

FIGURE 10 Venn diagram of STEC serotypes as present in the Bettelheim database 
showing the fractions of serotypes that are unique to human and non-human (animal, 
food, water), and both sources.

A historical database of strains and serotypes linked to foodborne illness has been 
collated by the Secretariat5. This database and that of Bettelheim could be used to 
support the approach to hazard characterization presented here. 

4.3 CONCLUSIONS 

The STEC serotype is not a reliable predictor of the potential of the STEC strain to 
cause severe diseases.

4 Available at: https://web.archive.org/web/20091015000249/http://www.microbionet.com.au/vtec1u.htm. Most 
recent archive of web site on Internet Achieve January 4, 2010. Compiled by Dr. K. A. Bettelheim. Accessed 12 
December 2017.

5 Available from: jemra@fao.org/jemra@who.int
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Risk of D, BD or HUS for STEC infections is best predicted using STEC virulence 
factors (encoded by genes). 

All STEC, regardless of the Stx subtype they produce, should be considered as po-
tentially diarrhoeagenic, especially in susceptible individuals. 

Based on existing scientific knowledge, STEC strains belonging to the Stx2a 
subtype and with adherence genes eae or aggR are considered to pose the highest 
risk of illness and have the strongest potential to cause HUS.  

The association of STEC that belong to other Stx subtypes with HUS is less conclu-
sive and can vary, depending on multiple other bacterial and host factors. 

Human factors, such as health, the use of antibiotics and other drugs, and host 
factors including genetics and immunosusceptibilities, can affect the severity of 
outcomes in STEC infections.   

4.4 RECOMMENDATIONS 

The criteria outlined on Table 5 provide food safety risk managers with guidance 
on assessing the various levels of potential risk and severity of infections associated 
with exposure to STEC when present in food.  

It is recommended to select the level depending on desired risk management ob-
jectives, resource availability and laboratory capabilities. 

Example 1 –  Level 5: testing for all STEC (stx genes) may reduce the potential risk 
of diarrhoea from STEC infections, but data may not always reflect 
true risk of diarrhoea.  

Example 2 –  Level 1: testing for stx2a and eae or aggR may be the best approach to 
minimizing the risk of HUS from STEC infections. 

Example 3 – Levels 2, 3 and 4: testing for other Stx subtypes may further reduce 
incidences of HUS, but not all strains will have a strong association 
with HUS. 

Whole-genome sequencing may provide additional information by accessing 
STEC genetic sequence databases that exist worldwide. Where available, the use of 
metagenomics may be an alternative strategy to obtaining data on STEC virulence 
criteria, and provide additional information by accessing STEC genetic sequence 
databases that exists worldwide.
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5
5. Current monitoring 

programmes and methodology 
available

5.1 INTRODUCTION

At the 2016 meeting the core Expert Group concluded:

“From the limited information obtained on country programmes, the Group 
thinks that most programmes, including specific monitoring and assurance 
requirements for STEC, are often imposed as market access requirements for 
foreign food manufacturing establishments. It was agreed that monitoring 
for STEC should be commodity specific and require purpose for testing  
(e.g. market access, survey, baseline establishment). Otherwise other 
indicators should be considered to monitor overall hygiene control during 
processing.”

Further, it was proposed that data received from the Codex Member States on 
country monitoring programmes could be tabulated and these together with an 
overview of currently available methods could serve as a basis for further discus-
sion. This report includes summary tables of the data received on monitoring for 
STEC, and discussion.
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5.2  SCOPE

In preparing this document, a definition of the term “monitoring” with respect 
to pathogens in foods and the role of monitoring in Microbial Risk Management 
(MRM) processes has been taken from relevant Codex documents, and a defini-
tion of monitoring and surveillance in public health taken from WHO sources. 

Codex defines monitoring as an essential part of the MRM process, which includes 
the on-going gathering, analysing, and interpreting of data related to the perfor-
mance of food safety control systems (CAC, 20076). 

Codex suggests monitoring activities could include the collection and analysis of 
data derived from: 
• surveillance of clinical diseases in humans, and those in plants and animals 

that can affect humans; 
• epidemiological investigations of outbreaks and other special studies; 
• surveillance based on laboratory tests of pathogens isolated from humans, 

plants, animals, foods, and food processing environments for pertinent 
foodborne hazards; 

• data on environmental hygiene practices and procedures; and
• behavioural risk factor surveillance of food worker and consumer habits and 

practices. 

The data collect by monitoring programmes may be used for purposes such as:
• Establishing the burden of illness related to a pathogen
• Establishing the potential risk of exposure
• Establish criteria for process performance measures or standards
• Enforcement of process performance measures or standards.

Once baseline data has been collected, ongoing monitoring allows the effective-
ness of new MRM activities to be assessed, and can provide information to identify 
further measures to achieve improvements in public health.  

Monitoring the state of public health is in most cases the responsibility of 
national governments. An extension of public health monitoring is surveillance 
that is defined by the WHO, with respect to public health, as the continuous, sys-
tematic collection, analysis, and interpretation of health-related data needed for 

6 Principles and Guidelines for the Conduct of Microbiological Risk Management (MRM) CAC/GL 63-2007. 
Available at: http://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved
=0ahUKEwjp39n8_f3WAhXIybwKHdlmAKoQFggmMAA&url=http%3A%2F%2Fwww.fao.org%2Finput%2Fd
ownload%2Fstandards%2F10741%2FCXG_063e.pdf&usg=AOvVaw16HPgG3XDCD5t7PyRqEt9B. Accessed 12 
December 2017.
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the planning, implementation, and evaluation of public health practice (WHO, 
20177).

Monitoring microbial hazards may be needed at multiple points along the entire 
food chain to identify food safety issues and to assess public health and food safety 
status and trends. Codex recommends that monitoring should provide informa-
tion on all aspects of risks from specific hazards and foods relevant to MRM, 
provide essential data for the development of risk profiles or risk assessments, and 
provide data for review of risk management activities (CAC, 2007). 

A call for data on country monitoring programmes for STEC in food was sent to 
Codex member countries in April 2017 according to the concluding recommenda-
tions of the Experts at the meeting in 2016. A summary of the responses and ad-
ditional data provided at the meeting on monitoring programmes are presented in 
Annex 6. Eleven responses were received; 9 countries (Argentina, Brazil, Canada, 
Chile, Denmark, France, Germany, Japan, the United States of America, the 
European Food Safety Authority, and the sprouted seed industry in Europe. 

Monitoring activities for STEC have been summarized on a broad commodity 
basis (e.g. beef, dairy, fruit and vegetable etc.) and, where information was 
available, the purpose of testing (baseline, process verification etc.) and some 
description of the monitoring programme (point of sampling etc.) have been 
included. These programmes are conducted at the national level by Competent 
Authorities. It is recognized that industry or other groups may also conduct 
monitoring for a variety of reasons and that alternative testing approaches, 
particularly rapid or screening methods, may be used in house for food safety 
control purposes. This report is not an extensive literature review of current and 
future approaches to STEC monitoring, it is a compilation of data received and 
expert opinion, and for some countries data may have been supplemented by 
publicly available information.

5.3 MONITORING PROGRAMMES 

5.3.1 Microbiological testing and food safety
Countries have taken different paths in their approaches to monitoring for STEC 
in food. Baseline studies are commonly conducted to inform initial risk analyses. 
Following this, country choices of MRM options diverge with some choosing to 
mandate for the absence of high risk STEC in targeted high-risk foods. Baseline 
surveys are further used to monitor MRM progress and emerging issues. When 

7  Available at: http://www.who.int/topics/public_health_surveillance/en/  Accessed 12 December, 2017
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considering monitoring for STEC, the purpose and limitations of the management 
tools used should be considered.

The ICMSF describes the reasons for microbiological testing of food related to 
safety as falling into several categories (ICMSF, 2011). Microbiological testing can 
be used to determine safety and adherence to Good Hygienic Practices (GHPs), 
to gather background information (e.g. baseline data), and in epidemiological 
investigations. The sampling plans and approaches required, and the interpreta-
tion of results differ with the purpose. Test programmes related to product safety 
or adherence to GHPs require standards with limits set. Risk managers can make 
decisions on the acceptance of products and processes according to the pre-de-
fined limits set, and sampling plans must be designed to provide sufficient confi-
dence in the results. The prevalence and numbers of bacterial enteric pathogens, 
including STEC, in food products under GHP is usually very low. This can mean 
that practical sampling plans may not be adequate, e.g. sample numbers may be 
too small, to detect STEC for product acceptance purposes. However, testing 
may serve to detect and remove lots with higher than normal prevalence or load 
that might present an increased risk of causing illness depending on the STEC 
strain(s) present. As an alternative approach to STEC testing, quantitative testing 
for generic E. coli or other sanitary and hygiene indicators may be used routinely to 
verify process performance and for trend analysis. If non-microbiological critical 
parameters at control points are available in the process they also can be used. 
The ongoing success of these approaches can be measured by periodic verification 
testing, STEC surveys and repeat STEC baseline studies. 

Codex provides guidance on the establishment and application of microbiological 
criteria in food and for their application by regulatory authorities8. Codex states 
the following:

“Microbiological criteria can be used to define and check compliance with 
the microbiological requirements. Mandatory microbiological criteria shall 
apply to those products and/or points of the food chain where no other more 
effective tools are available, and where they are expected to improve the 
degree of protection offered to the consumer. Where these are appropriate 
they shall be product-type specific and only applied at the point of the food 
chain as specified in the regulation. 

In situations of non-compliance with microbiological criteria, depending on 
the assessment of the risk to the consumer, the point in the food chain and 
the product-type specified, the regulatory control actions may be sorting, 
reprocessing, rejection or destruction of product, and/or further investigation 
to determine appropriate actions to be taken.”

8 Available at: http://www.who.int/topics/public_health_surveillance/en/  Accessed 12 December, 2017
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5.3.2 Beef
It is well established that STEC are carried by healthy cattle and that STEC can be 
transferred to beef carcasses and subsequently meat during processing. STEC are 
present in faeces and faecally contaminated cattle hides, gut and environments, 
together with other zoonotic foodborne hazards such as non-typhoidal Salmonella 
spp. These hazards are managed by industry simultaneously.

Key risk management measures to reduce STEC presence and risk in fresh beef 
include control of STEC contamination on carcasses and in the meat products 
using interventions (e.g. decontamination), to reduce contamination, and mini-
mising STEC growth (e.g. chilling) during processing and distribution. In many 
countries, beef slaughterhouses and meat processing establishments are required 
to implement food safety programmes that incorporate hygienic processing and 
preventive measures for pathogens, through the application of GHP, Good Man-
ufacturing Practice (GMP), Sanitation Standard Operating Procedures (SSOPs), 
and Hazard Analysis Critical Control Point (HACCP) plans. The effectiveness of 
process hygiene is monitored by measuring non-microbiological parameters at 
Critical Control Points (CCPs) and can include microbiological monitoring of 
the presence of generic E. coli, and faecal and hygiene indicators in products and 
processing environments. As discussed in 5.3.1, STEC testing may be performed 
periodically or, in some countries, it is mandated in regulation.

5.3.2.1 National baseline studies
Many countries, e.g. Australia, Canada, Chile, France, Germany, Ireland, New 
Zealand and the United States of America have conducted baseline studies for 
STEC in beef carcasses and beef products to estimate the prevalence and bacterial 
load (quantitative level) of STEC O157 and non-O157. The common objective 
of these surveys was to determine baseline reference levels, to develop pathogen 
reduction programmes against food safety objectives, and to serve as benchmarks 
against which the government and industry could measure the effectiveness of their 
HACCP systems or pathogen reduction programmes, or both. STEC is generally 
tested together with other pathogens such as Salmonella and Listeria monocyto-
genes, and hygiene indicators (e.g. generic E. coli, total aerobic plate count).

5.3.2.2 Monitoring processing
Those countries reporting domestic process monitoring programmes for STEC 
listed in Annex 6 have mandatory regulatory requirements for the absence of 
STEC in beef products and precursors. In the United States of America, specific 
STEC serotypes have been declared as adulterants in raw non-intact beef and beef 
products intended for non-intact use. There is a requirement for processing estab-
lishments to implement a HACCP plan with at least one intervention for STEC, 
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monitoring of critical processing parameters at CCPs, and process performance 
verification, including STEC testing of end products. Canada also has a food safety 
standard for STEC in ground beef and its precursor products. 

In countries where there is a requirement for hygienic processing, though not a 
mandatory standard for STEC in beef products, other process hygiene indicators 
are used for process hygiene verification. For example, in the EU, based on their 
risk assessments, it was determined that applying an end-product microbiological 
standard for STEC in food would not provide meaningful reductions in the associ-
ated risk for their consumers (Commission Regulation (EC) No 2073/2005 of 15 
November 2005 on microbiological criteria for foodstuffs). Microbiological guide-
lines aimed at reducing the faecal contamination along the food chain are used 
to contribute to a reduction in public health risks, including STEC. EU member 
countries may vary in their approach to their regulatory requirements and testing 
may be driven by domestic and export market requirements. For example, in 
Ireland establishments are testing for STEC; however, some establishments may be 
doing this because they are now accessing markets in the United States of America. 
This report includes information from countries that have mandatory standards for 
STEC in beef and have associated monitoring requirements, while those that have 
alternative risk management plans may be under-represented. Only two countries 
reported mandating standards and pathogen control specifically for STEC in both 
domestic and imported beef and beef products, Canada and the United States of 
America. 

5.3.2.3 Market access
Importing countries generally require from exporting countries the same pro-
cessing standards as for their domestic products. This has compelled countries 
exporting beef to countries with mandated standards for STEC in beef products 
to adopt these requirements in their export establishments regardless of their 
domestic regulations. This can result in dual systems for domestic and export 
products within a country. For example, the United States of America requires that 
all foreign meat processing establishments exporting beef to the United States of 
America implement relevant testing programmes for E. coli O157:H7 and certain 
non-O157 STEC (O26, O45, O103, O111, O121, and O145). The requirement 
includes the use of laboratory methods approved by the United States of America 
or recognized as equivalent. Products are tested also at the point of entry. In Japan, 
an imported food monitoring programme is applied to all the imported beef, horse 
meat, and unheated meat products, and testing for E. coli O157 and STEC sero-
groups: O26, O103, O104, O111, O121, and O145 is required.
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5.3.2.4 Follow-up decisions on STEC positive samples in beef 
products

Where there is a regulatory standard for STEC in beef and beef products, follow-up 
action on disposition of positive samples forms part of that standard. These actions 
can include the following: 

(i) cooking using a validated cooking process (full lethality treatment); 
(ii) denaturation and condemnation under regulatory supervision; or 
(iii) rejection of positive products, e.g. return to the supplier under 

company seal for appropriate disposition. 

A recall may be required by the competent authority if the contaminated 
product has been already shipped. Unless otherwise specified within the 
policy, presumptive positive results may be considered as positive results by 
the operator. When obtaining positive results for STEC O157:H7 or non-mo-
tile, the operator must take immediate action: notification of the competent 
authority; determination of the scope of implicated product; and consider-
ations for product disposition. STEC is generally tested together with other 
pathogens such as Salmonella and Listeria monocytogenes in ready-to-eat 
products, and hygiene indicators (e.g. counts of generic E. coli, total plate 
count).

In a pathogen reduction strategy, follow-up actions may include process improve-
ment at the establishment, overview of performance and implementation of addi-
tional measures to control the risk posed by STEC, and evaluation of all applicable 
HACCP controls and sanitation procedures.

Where there is no regulatory standard for STEC, process hygiene is monitored 
using indicators as described above and corrective action should be taken when 
there is evidence the process is not under control. This is further discussed under 
other food products.

5.3.3 Other food products
Over time STEC have been progressively included in pathogen monitoring pro-
grammes of a variety of foods other than beef, as STEC infections have been at-
tributed to other foods. Those countries submitting data for this work, reported 
using a risk-based approach in their national MRM activities. Their monitoring 
programmes, foods prioritized for monitoring for STEC, the sampling points in 
the food chain, and the interpretation of the health risk posed by the detection 
of an STEC isolate, vary by country, with factors such as their respective human 
STEC infection epidemiology, estimates of route of transmission of STEC infec-
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tions, and food supply characteristics, as well as observations of foodborne STEC 
infections internationally. 

Countries submitting data had an overarching basic requirement that food for 
human consumption should not be injurious to human health, so that STEC 
that have the potential to cause illness should not be present in food at the point 
of consumption. Food regulations require participants along the food chains to 
implement appropriate hygiene and hazard-based control programmes where 
STEC should be considered and their risks assessed among other likely microbial 
hazards. Baseline studies have been used to provide data on levels of STEC con-
tamination in the food supply, that, with trends in disease surveillance, support 
assessment of the effectiveness of existing risk management programmes and need 
for further control measures. Priority has been given to monitoring those STEC 
in the food chain that pose a risk to human health and at those points in the food 
chain best suited to measure exposure. It is noted that caution should be taken 
in comparing STEC serotypes monitored between countries. Some earlier studies 
were focused on serotype O157:H7 when the importance of other serotypes may 
not have been recognized and this may have changed over time.

Targeted surveys have been periodically conducted to provide further evidence of 
specific STEC in high-risk foods and of factors influencing contamination levels. 
These data have been used in risk profiles and risk assessments, and in choosing 
more specific risk management options or improving existing risk mitigation 
measures. More specific risk management approaches that have been applied 
include Codes of Practice and Guidelines for specific products, where approaches 
for control of STEC of high risk are specified and sampling plans for monitor-
ing and process performance verification are recommended. The effectiveness of 
these measures has been assessed through repeat targeted surveys, and periodic in-
spection of facilities that include compliance verification testing. The EU chose to 
establish a microbiological criterion (Commission Regulation (EU) No 209/2013) 
for STEC known to be associated with the highest level of public health risk in 
a specific food, sprouted seeds, to strengthen their risk management system for 
this food following an extensive and severe outbreak linked with sprouts in EU 
member states. In setting the criterion, it was recognized this product×hazard 
combination presents unique challenges in establishing an appropriate sampling 
plan and in interpretation of STEC detection, due to the complexity of classifying 
STEC in terms of pathogenic potential and the nature of this ready-to-eat product 
and its production. 

The following summarizes data on monitoring programmes received that includes 
pork, dairy products, produce, nuts and nut products, seeds and sprouted seeds 
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(Annex 6). Additions to the list of other foods will likely be ongoing. After the call 
for data, flour and uncooked products including flour contaminated with STEC, 
have been implicated in outbreaks of STEC infections and these have not been 
included in this report.

5.3.3.1 Produce 
The range of produce types with which STEC infections have been associated is 
diverse. Many produce types have a short shelf life, so, with most testing methods 
the results may not be available before the product is distributed and consumed, 
and this restricts the usefulness of monitoring. Monitoring of produce was 
reported for several purposes, e.g. determining contamination levels and trends in 
both domestic and imported products, assessing effectiveness of regulatory control 
measures and data gathering in targeted surveys of specific produce supply chains 
and STEC types. These data have been used in risk profiles and risk assessments 
that support risk management, and in identifying emerging food safety issues. 
Produce types monitored have been prioritized on assessment of health risks and 
include both whole and fresh-cut products to be eaten raw. Main produce types 
include leafy green vegetables and salads, herbs, berries, nuts and nuts products, 
seeds and sprouted seeds, and, in Japan, pickled vegetables. The point of moni-
toring chosen by countries varies. For example, process performance verification 
testing is applied at packers, re-packers, and processing facilities; targeted surveys 
are conducted along the food continuum, and many national surveys include retail 
products. In Germany, leaf salads and strawberries are sampled at primary pro-
duction and retail, and in Japan, domestic vegetables are sampled at primary pro-
duction to measure on farm food safety controls. Other countries test imported 
products at retail or ports of entry. The STEC targeted vary in accord with the 
STEC types that pose the greatest health risks as determined in a country through 
disease surveillance.

Sprouted seeds, shoots, microgreens and related products are monitored different-
ly from other produce types. The EU has established a microbiological criterion for 
sprouted seeds where STEC belonging to serotypes O157, O26, O111, O103, O145 
and O104:H4 should be absent in 25 g samples (n=5) in products placed on the 
marketplace during their shelf-life (Commission Regulation (EU) No 209/2013). 
Monitoring in that region is used to assess compliance with this standard. Some 
other countries with codes of practice and guidelines for production of these 
products require monitoring for pathogens, including STEC, during production 
in spent irrigation water, and in finished product. Monitoring irrigation water 
provides results before those for finished product. 
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5.3.3.2 Dairy
Several countries report the inclusion of STEC in monitoring programmes for 
dairy products. The programmes vary with the dairy products involved, the 
result of their assessment of the health risks, and associated national regulations 
regarding sale of raw milk and raw milk products. In Germany, STEC are included 
in the testing of bulk raw milk from cattle, sheep and goats, at primary produc-
tion in their ongoing Zoonosis Monitoring programme. Raw milk was surveyed in 
New Zealand and the data were used to support their risk management choice of a 
regulated control scheme for raw milk.

Monitoring raw milk cheeses for STEC was more commonly reported among dairy 
products. Germany, in their Zoonoses Monitoring programme, differentiates cat-
egories of raw milk cheeses to be sampled at retail based on the risk associated 
with individual cheese types, and includes soft and semi soft, and hard cow milk 
cheeses, and cheese from sheep and goats, except hard cheese. Canada includes 
E. coli O157/NM STEC among pathogens in process performance verification 
testing at domestic raw-milk cheese processors, and for soft and semi-soft and un-
pasteurized cheeses from the non-federally registered sector, including imported 
products. France also reports monitoring raw-milk cheeses for the five STEC of 
current high risk in the EU. Japan monitors imported natural cheese for further 
processing for seven STEC serotypes deemed to present the highest health risk 
for Japanese consumers. The United States of America has conducted intensive 
surveys of domestic and imported raw milk cheeses rated as high risk to inform 
their risk management activity.

5.3.3.3  Pork
Two countries reported monitoring pork meat for STEC. In the Czech Republic, 
official STEC monitoring programmes are in place in slaughterhouses for both 
beef and pork meat. Carcasses are tested for STEC O26, O103, O104, O111, O145 
and O157 in pre-selected slaughterhouses prior to decontamination and chilling. 
In Canada, targeted surveys are conducted for retail ground pork meat under their 
National Monitoring Programme.

5.3.3.4 Follow-up decisions on STEC-positive samples in other food 
products

Much of the monitoring reported for other food products is to collect data for risk 
managers for establishing and assessing risk management measures. Sprouted 
seeds present a specific product where in the EU there is a regulation defining 
a microbiological criterion for STEC. In the EU member states, the detection 
of specified STEC in sprouts would be in violation of the Regulations. In other 
countries, process monitoring during sprout production is required, including 
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sampling of spent irrigation water, in-process or finished product for specified 
STEC. The manufacturer is required to either take corrective action or imme-
diately notify the regulatory authority of detection of a target STEC or other 
pathogens, and direction is provided on further action, e.g. disposition or recall 
of product, inspection, and remedial action at facilities. In other foods, regula-
tory intervention following the detection of STEC may be considered on a case-
by-case basis taking into account the risk profile of the STEC×food combination 
and monitoring purpose. The characteristics of the STEC strain and the profile 
of the food up to its end use are key considerations. Regulatory authorities 
have the responsibility for preventing harmful products from coming onto the 
market if considered injurious to health, even if no food safety criteria have been 
established for this purpose. 

5.3.4 Conclusions 
Monitoring for STEC is undertaken in many countries to provide information for 
MRM. Control of STEC contamination and reduction of growth during process-
ing and distribution, are among key risk management measures to reduce STEC 
presence and risk in foods. The main food commodity groups monitored in the 
data provided for this work from Codex member countries are meat (mainly 
beef), dairy, produce, nuts, and sprouted seeds. The number of foods identi-
fied as a risk for STEC transmission has increased over time. Baseline studies 
and targeted surveys are conducted to provide prevalence data and identify risk 
factors along the food chain. These data, together with public health surveillance 
data, are used in risk assessments and risk profiles of STEC×food combinations 
to prioritize foods and STEC of the highest public health risk. They also help 
identify points in the food chain where control can be most effectively achieved.  
After control measures are implemented, baseline and other surveys are used to 
assess the effectiveness of MRM measures and to identify changing trends and 
emerging STEC risks.

In many countries, it is a requirement for food processors, including slaughterhouses 
and meat processing establishments, to implement food safety programmes, GHPs, 
GMPs, SSOPs, and HACCP. If STEC are present in foods hygienically processed 
and safely distributed, they are heterogeneously distributed and present at very low 
prevalence and concentration. Therefore, the use of STEC testing for food safety 
assurance is limited as large numbers of samples are required to provide sufficient 
confidence that a positive batch or lot will be detected. Therefore, many countries 
routinely use enumeration of sanitary and hygiene indicator bacteria in food and 
processing environments, and measurements of critical processing parameters at 
CCPs, to indirectly monitor food safety control. Periodic process performance 
verification testing is conducted for STEC in products. In countries where there 
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is a regulatory requirement for the absence of STEC in a food (e.g. ground beef 
and precursors), testing for STEC is usually conducted together with sanitary and 
hygiene indicators.

Where a country is exporting food to a country that has a domestic regulatory 
requirement for the absence of STEC in that food, then the exporter is required 
to meet these requirements even if there is no such requirement in their domestic 
market. This is common for beef exporting countries that may have monitoring 
programmes for STEC only in export slaughter establishments for international 
market access purposes.

Adoption of a risk-based approach to risk reduction and monitoring is most 
evident for produce and dairy products that are very diverse, to provide focus 
on those products of highest risk, to target STEC of highest potential health risk, 
and to choose points in the food chain where most effective risk reduction can be 
achieved. Sprouted seeds are given special consideration. In the EU a regulatory 
microbiological criterion has been established for the absence of high risk STEC 
in sprouts while in other countries testing for specific STEC during processing is 
required as a process control measure.

Responses to the presence of an STEC in foods can include disposition of the food, 
corrective actions and increased monitoring, where the detection of a specified 
STEC is a regulatory requirement. Otherwise, the detection of STEC may be 
considered on a case-by-case basis, taking into account the predicted health risk of 
the STEC subtype and the food profile. 

5.3.5 Recommendations
Where countries identify STEC as a food safety risk, monitoring for STEC should 
be an essential activity in MRM in initially establishing risk management options, 
monitoring their effectiveness, and identifying emerging issues.

Monitoring programmes of STEC control measures should be based on health 
risks assessed within a country, targeting identified high risk foods and the STEC 
of highest health risk, and be conducted at points identified in the food chain 
where risk reduction is effective.

The utility of testing for STEC presence/absence as part of monitoring programmes 
for food safety assurance in processing is limited by the typically low levels and 
prevalence of STEC in food. Process performance monitoring may be accom-
plished more effectively and efficiently by quantitatively monitoring sanitary and 
hygiene indicator organisms. These indicator organisms do not indicate pathogen 



CHAPTER 5 - CURRENT MONITORING PROGRAMMES AND METHODOLOGY AVAILABLE 47

presence; instead they provide a quantitative measure of the control of microbial 
contamination in the product and processing environment. Periodic testing for 
high risk STEC can also be conducted for verification of process performance.

The significance of the detection of a STEC strain in a food should be considered 
on a case by case basis taking into account the potential health risk associated with 
the STEC strain and the food profile (See section 4 on hazard characterization for 
recommended criteria).

5.4 ANALYTICAL METHODS FOR MICROBIAL RISK 
MANAGEMENT OF STEC 

Monitoring programmes to support MRM may involve analysis of food, environ-
mental and clinical samples for the presence of specific pathogens or indicator 
organisms. The choice of analytical method should reflect not only the type of 
sample to be tested, but also the purpose for which the data collected will be used. 
The purpose of analysis for bacterial foodborne pathogens, including STEC, can be 
divided into the following categories: 
• product batch or lot acceptance;
• process performance control to meet domestic food regulation;
• to meet market access requirements; and 
• public health investigations. 

Product batch acceptance involves testing individual batches of product to 
determine whether they comply with food safety standards either for the domestic 
markets or for export market access. Product that fails to meet the standard is 
considered unfit for human consumption and may be destroyed or diverted to a 
decontamination process, such as cooking. Market Access testing typically also 
involves individual batches of product, but the standard required is determined 
by the importer. Product that fails to meet the Market Access standard cannot be 
exported to that market, but might be considered acceptable under local market 
domestic standards.

Process Performance is the testing of product from individual processes for com-
pliance with process performance standards. The failure of a product to meet the 
performance standard informs the operator that the control of the process has been 
compromised and corrective action is required. If process performance testing is 
for pathogens, the standard will include either the frequency or concentration of 
the pathogen in production batches. Process control testing may also consist of 
enumeration of sanitation and hygiene indicator organisms. These indicators do 
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not measure the presence or absence of the pathogen. They quantitatively measure 
changes in the indicators to signal whether the overall level of microbial contami-
nation of the product is changed or not as required and therefore whether or not 
under control. This information can be used to determine when and where con-
tamination events occur and when processes fail, to support targeted corrective 
action. 

Public health authorities may conduct tests for the purposes of source identifi-
cation, surveillance or diagnosis. Diagnostic testing is used to determine the 
pathogen responsible for the illness presenting in a patient for ensuring appropri-
ate medical intervention; it may also be used to determine whether an individual is 
a carrier of the pathogen and constitutes a transmission risk. Source Identification 
is conducted for identifying the source of the pathogen and may involve testing 
food, clinical or environmental samples. Surveillance testing may also involve food, 
clinical or environmental samples, but is conducted to determine the exposure risk 
associated with potential sources.

5.4.1 Current Analytical Methods for STEC 
A series of technologies used in analytical methods for STEC is provided in 
Annex 7. The purpose of testing for STEC should determine the choice of analyti-
cal method and the specific analytical technologies used. Analytical methods for 
STEC, in support of monitoring programmes, may include the steps of enrich-
ment, screening, isolation and characterization (Table 6). 

Because some STEC strains pose a significant risk of infection upon exposure to 
a single cell, and STEC have the potential to replicate in foods at temperatures 
greater than 7°C the method of analysis should be highly sensitive, ideally ap-
proaching detection of 1 viable cell per analytical unit. Current molecular methods 
cannot achieve this limit of detection, especially with the sample sizes required (10 
to 375 g), and, in principle, cannot distinguish between viable cells and cell debris. 
Consequently, enrichment is an essential step in STEC analysis of food and envi-
ronmental samples to ensure that the required limit of detection can be achieved. 

Screening involves the detection of biomolecules (genome sequence, antigens, 
etc.), which indicate the possible presence of STEC or a specific STEC group. The 
role of screening tests is commonly misunderstood. The purpose of screening en-
richment broths is not detection of the target organism, because the enrichment 
broth contains a mixed population of organisms and there is a potential for false 
positive results, which need to be eliminated by isolation and characterization. 
Instead, the purpose of screening enrichment broths is to reduce the number of 
samples that need to proceed to isolation, reducing the cost and time to achieve 
a negative result. 
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Isolation of the STEC as a pure culture verifies that viable STEC cells were present 
and allows characterization to be conducted without interference from other 
organisms.

Characterization provides information on specific phenotypic and genotypic traits 
of the isolate. The level of characterization required depends upon the information 
needed. It may vary from verifying the presence of virulence markers to confirm 
the presence of STEC, to genome sequencing to establish phylogenetic relation-
ships.

How far through this sequence a method of analysis should proceed depends on 
the purpose of the testing and the information needed to support decision-mak-
ing. For product batch acceptance, market access and process performance STEC 
testing, a presumptive positive result from screening of the enrichment broth may 
be sufficient. If proceeding to isolation is not a regulatory requirement, a cost-
benefit analysis can be made regarding considering the sample positive versus pro-
ceeding to isolation and characterization with the risk of false positive screening 
tests or STEC not isolated.

For the purposes of a MRM programme it is highly desirable to proceed to 
isolation, as characterization data can be used to inform risk assessment, hazard 
characterization, and source identification. These data are invaluable for informing 
evidence-based risk management and identifying opportunities to reduce the risk 
of exposure to STEC in food. 

TABLE 6. Relationship between testing purpose and analytical methodology

Purpose and type of 
testing

Who performs 
testing

Type of sample Methods used

Batch or lot 
(product) 
acceptance for 
domestic or export 
markets

Food industry/
exporter

Food •  Enrichment, 
screening, 
optionally 
isolation and 
characterization.

•  Methodology 
for export 
market defined 
by importing 
countries

Monitoring, 
surveillance, 
baseline testing

Government, 
inspection 
personnel, industry 
and research groups 

Food, animals, 
environment

•  Enrichment, 
screening, 
optionally 
isolation and 
characterization
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Process 
performance: 
•  pathogen testing 
         
       

•  hygiene 
monitoring

Food industry Food, food 
processing 
environment

•  Enrichment, 
screening, 
optionally 
isolation and   
characterization 

•  Enumeration 
of appropriate 
indicator 
organisms. 
Selection of 
hygiene indicator 
is context 
dependent

Public health
•  source 

identification, 
outbreak 
investigation

        

•  surveillance

•  Public health and 
food inspection 
personnel

•  Public health 
and food and 
veterinary 
inspection 
personnel

•  Human specimens, 
e.g. stool; food, 
environmental

•  Human specimens, 
e.g. stool; food, 
environmental

•  Enrichment, 
screening, 
isolation and 
characterization, 
subtyping (e.g. 
PFGE, MLVA, 
WGS)

•  Enrichment, 
screening, 
isolation, and 
characterization

 

5.4.2 Advances in Analytical Technology 
Technologies for microbial analysis, including for STEC, are rapidly advancing. In 
selecting technologies to be used, consideration should be given to whether the 
technology is fit for purpose. Established technologies may be available as part 
of validated methods of analysis, listed by regulatory authorities or private pro-
grammes. 

Novel technologies, such as high throughput single nucleotide polymorphism ge-
notyping, may possess significant advantages over established technologies, but 
until validated and the reliability of results is documented they should be inter-
preted carefully. Advances in next-generation sequencing technologies is allowing 
whole genome sequencing to replace the current gold standard, pulsed field gel 
electrophoresis (PFGE), for subtyping of STEC isolates, by providing much greater 
discrimination than PFGE. This is of value to MRM programmes to support the 
linking of clinical cases in outbreak investigations and for source tracking. Genome 
sequencing-based approaches for detection, characterization, and subtyping 
are being implemented. However, due to the relative novelty of this technology, 
standards for data interpretation and the need for comparison of results with tra-
ditional methods such as serotyping, PCR-based approaches, and PFGE, will be 
required.
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An emerging technology, shotgun metagenomic sequencing, has the potential 
for the detection, confirmation, and detailed genotypic characterization of 
STEC, directly from food enrichments, independent of isolation procedures. 
Metagenomic sequencing requires that the concentration of STEC cells be at suf-
ficient levels for analysis and bioinformatic expertise is required to accurately 
and rapidly analyse the sequence data. Ideally, isolation should remain part of 
the analytic process to allow further characterization, particularly phenotypic 
characterization.

Information on the reliability of novel technologies and platforms is rapidly in-
creasing. Thus, methods used in MRM should be reviewed regularly to ensure 
that they remain fit for purpose and to support the integration of technological 
advances. 

5.4.3 Conclusions
Monitoring programmes for MRM require microbial testing to provide data as 
evidence in risk-based decision making. The choice of analytical method should 
reflect the purpose to which the data collected will be applied. For STEC, these 
might include product batch acceptance, market access, process performance or 
public health investigations.

Analytical methods for STEC that support monitoring programmes may include 
enrichment, screening, isolation and characterization. For product batch ac-
ceptance, market access and process performance control, while a presumptive 
positive result from screening of the enrichment may be sufficient to support 
decision making. If confirmation of tests by cultural isolation is not a regulatory 
requirement, a cost-benefit analysis can be made to decide whether to consider the 
presumptive sample as positive versus proceeding to isolation and characterization 
to identify false positives, or whether to use a validated molecular confirmation 
procedure.

For the purposes of a MRM programme, it is highly desirable to proceed to 
isolation, as characterization data can be used to inform risk assessment, hazard 
characterization, and source identification. These data are invaluable for informing 
evidence-based risk management decisions and identifying opportunities to reduce 
the risk of exposure to STEC.

Following this, monitoring data are used to measure the effectiveness of any 
control measure put in place and to establish alternative or improved measures, 
and to identify trends and emerging STEC hazards, food vehicles, and food chain 
practices. 
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5.4.4 Recommendations
Analytical methods should be chosen that are fit for purpose, that will provide 
answers to risk management questions, and that are within the resources of gov-
ernments and industry.

Analytical methods used for testing should be periodically assessed and evaluated 
to ensure that they remain fit for purpose.

Novel analytical technologies can possess significant advantages over established 
technologies and are appearing at a rapid rate. However, until the reliability of these 
technologies and associated test methods is well documented, the results should be 
interpreted with care.
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6.1 SUMMARIZED RESPONSE TO CCFH REQUEST

The request from the CCFH for information on specific aspects of STEC in food 
related to risk management was considered by a multidisciplinary group of in-
ternational Experts. The invited Experts participated in two Joint FAO/WHO 
Technical Meetings held in 2016 and 2017. The goal of the first meeting in July 
2016 at WHO in Geneva was for the Experts to develop the overall approach and 
a work plan, and provide oversight and input to the implementation of the work 
plan. The planned work was continued by the Experts until the second meeting in 
2017 at FAO in Rome, where additional Experts were invited to provide further 
input and the work plan brought near to completion. Calls for data from Codex 
Member countries were made to provide data for the Experts in undertaking their 
tasks.  

The CCFH request to FAO and WHO was to develop a report compiling and syn-
thesizing available relevant information, using existing reviews where possible, on 
STEC. The nature and content of new work on STEC in food to be undertaken 
by CCFH, including the commodities on which to b focus, would be determined 
based on the outputs of this FAO/WHO consultation. The information requested 
by CCFH is divided into threemain areas: 
• burden of disease and source attribution; 
• hazards identification and characterization; and
• monitoring and analytical methods. 

6

CHAPTER 6 - OVERALL CONCLUSIONS

6. Overall Conclusions
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The key considerations agreed by the Experts at the 2017 meeting are summarized 
below.

6.1.1 CCFH request 1. Estimate the global burden of disease 
and source attribution based on outbreak data, 
incorporating information from FERG as appropriate 

Burden of disease
1.  The report reiterates that not all STEC illness is foodborne and highlights the 

FERG estimates that both globally and within sub-regions, about half of the 
STEC disease burden is foodborne.

2.  FERG estimated that STEC poses a health burden worldwide. This Expert 
meeting has reviewed additional data from its member states and independent 
literature, and corroborated that STEC illness occurs worldwide.

3.  In addition to the burden of disease, STEC also poses an economic impact in 
terms of disease prevention and treatment, and has implications for domestic 
and international trade. 

4.  Furthermore, because of international trade, STEC has the potential to become 
a risk management priority in countries in which it is not currently a public 
health priority. 

5.  STEC is the sole remaining foodborne hazard considered by FERG for which 
risk management guidance has not been developed by Codex.

Source attribution
The Expert Group prepared an overview of approaches to source attribution 
and recommended that, in addition to the FERG expert elicitation study, a da-
ta-driven approach was appropriate for this work, including an analysis of data 
from outbreak investigations and a systematic review of case-control studies of 
sporadic infections in order to attribute regional and global burden of STEC to 
specific foods. 

1.  Overall, beef, vegetables and fruits, and dairy, were the most frequently attrib-
uted food categories. Beef was commonly attributed in the AFR, AMR, EUR 
and EMR regions and small ruminants’ meat in the SEAR over the entire study 
period. Analysis of outbreak data indicated that produce (fruit and vegetables) 
were almost as frequent in North America and Europe.

2.  The order of the top five food categories differed somewhat across regions, 
which can be explained by cultural food preparation and consumption differ-
ences. For instance, small ruminant meat was commonly attributed in SEAR.

3.  Data were insufficient to identify sub-classes of the food categories that were 
associated with outbreaks; however, it was agreed that foods not subjected to 
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a hazard reduction step (e.g. raw or under-cooked meat, unpasteurized dairy 
products) were the most likely sources of illness.

4.  As food preferences change over time, these estimates may change. The as-
sociation of specific food categories with STEC illness reflects the histori-
cal practices of food production, distribution and consumption. Changes in 
production, distribution and consumption may result in changes in STEC 
exposure. Consequently, MRM should be informed by an awareness of current 
local sources of STEC exposure.

5.  Estimates from the outbreak analysis and the FERG expert elicitation were 
largely in coherence. Differences between outbreak and expert elicitation 
estimates could be explained as expert elicitation was not limited to outbreaks, 
and because the outbreak data did not represent all world regions.

6.  Data on outbreaks mainly reflect the situation in developed countries. Ad-
ditional data and well-designed studies may improve the accuracy of source 
attribution.

6.1.2 CCFH request 2 Hazard identification and 
characterization, including information on genetic 
profiles and virulence factors

1.  While there are hundreds of STEC serotypes, many have not been implicated 
in human illness. Thus, serotype data of STEC strains is not reliable for pre-
dicting risk and the potential of the STEC to cause severe diseases.

2.  Risk and the severity of STEC infections are best predicted using STEC 
virulence factors (genes). 

3.  All STEC, regardless of Stx subtype it produces,  can probably cause diarrhoea, 
especially in susceptible individuals, and therefore, pose some risks. 

4.  Based on existing scientific knowledge, STEC strains with Stx2a subtype and 
adherence genes eae or aggR poses highest risk and have the strongest potential 
to cause BD and HUS.  

5.  The association of other Stx subtypes with HUS is less conclusive and can vary, 
depending on multiple bacterial and host factors. 

6.  Human factors, such as health, genetics and immunosusceptibilities can affect 
the severity of outcomes in STEC infections.   

7.  A set of criteria is provided as guidance to managing the various levels of 
potential risk and severity from STEC infections.  Selection of the level depends 
on desired risk management objectives, resource availability and laboratory 
capabilities. 

Example 1 – level 5: test for all STEC (stx genes) may reduce the potential 
risk of diarrhoea from STEC infections, but data may not always 
reflect true risk of diarrhoea.  
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Example 2 – Level 1: testing for stx2a and eae or aggR may be the best approach 
to minimizing the risk of HUS from STEC infections. 

Example 3 – Levels 2, 3 and 4: testing for other Stx subtypes may further reduce 
incidences of HUS, but data may not always provide definitive 
association with HUS. 

8.  A strategy for testing isolates to assess the potential to cause serious illness 
against the criteria is also provided.

9.  If available, use of metagenomics may be an alternative strategy to obtaining 
data on STEC virulence criteria and provide additional information by 
accessing STEC genetic sequence databases that exists worldwide.     

6.1.3 CCFH request 3. Monitoring programmes for STEC 
and currently available methodology for monitoring 
of STEC in food as a basis for management and 
control

Monitoring programmes
1.  Where countries identify STEC as a food safety risk, monitoring for STEC 

should be an essential activity in MRM in initially establishing risk manage-
ment options, monitoring their effectiveness, and identifying emerging issues.

2.  Monitoring programmes of STEC control measures should be based on health 
risks assessed within a country, targeting identified high-risk foods and the 
STEC of highest health risk, and being conducted at points identified in the 
food chain where risk reduction is effective.

3.  The utility of testing for STEC presence or absence as part of monitoring pro-
grammes for food safety assurance in processing is limited by the typically low 
levels and prevalence of STEC in food. Process performance monitoring may 
be accomplished more effectively and efficiently by quantitatively monitoring 
sanitary and hygiene indicator organisms. These indicator organisms do not 
indicate pathogen presence; instead they provide a quantitative measure of the 
control of microbial contamination in the product and processing environ-
ment. Periodic testing for high-risk STEC can also be conducted for verifica-
tion of process performance. 

4.  The significance of the detection of an STEC strain in a food should be consid-
ered on a case-by-case basis, taking into account the potential health risk as-
sociated with the STEC strains and the food profile (See recommended criteria 
for hazard characterization in section 4).

Currently available methodology for monitoring of STEC in food as a basis for 
management and control



CHAPTER 6 - OVERALL CONCLUSIONS 57

1.  Analytical methods should be chosen that are fit for purpose, that will provide 
answers to risk management questions, and that are within the resources of 
governments.

2.  Analytical methods used for testing should be periodically assessed and 
evaluated to ensure that they remain fit for purpose.

3.  Novel analytical technologies may possess significant advantages over estab-
lished technologies and are appearing at a rapid rate; however, until adequately 
validated and the reliability of these technologies and associated test methods 
results are well documented, the results should be interpreted with care.

6.2 OTHER CONSIDERATIONS

An important consideration during this work was the relevance for and impact 
on developing countries.  In several places in the report the lack of data from 
developing countries has been identified as a limitation, particularly in terms of 
source attribution and monitoring programmes. The challenges with the lack of 
data were reiterated by some of the meeting participants.  For example, in sub-
Saharan Africa, there is little information available on the epidemiology of STEC in 
humans, food and animals. The inadequate information on human cases of STEC 
in sub-Saharan Africa could be attributed to many factors including weak infra-
structures for diagnostics, inadequate legislations on food safety for domestic use 
and international trade, few cases as common cultural practices among the people 
reduce the risk of STEC infection e.g. eating of fully cooked foods, including meat, 
meat products and produce.

Nevertheless, it was noted STEC-related illnesses have been reported in most parts 
of the world thus making this a global issue. Even in regions, such as Africa, where 
data are limited, sporadic studies have indicated their presence in food animals 
(Mainda et al., 2016) and an indication of similarities of the STEC serotypes in 
food animals and humans with potential to cause disease were highlighted in 
Ugandan studies (Kaddu-Mulindw et al., 2001; Majalija et al., 2008). 

However, there is also progress which should lead to more data on this pathogen 
becoming available in the future. For example, in Latin America, it was noted 
that while STEC surveillance systems differ in each country, and are implement-
ed according to local priorities and resources in Public Health, in recent years 
some countries have enhanced their food monitoring system for STEC detection 
for domestic and international markets, according to national and international 
regulations, respectively. Currently, the trend is going towards multidisciplinary 
collaboration to achieve food safety with examples of integration between human 
health and agriculture already underway at national level, (for example, in Chile 
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(Chilean Agency for Food Safety, Uruguay (General Department for Food Safety) 
and Argentina (Network for Food Safety)) and at regional level (for example  
IntrAmerican network of food analysis laboratories; PulseNet Latin America and 
the Caribbean). 

To conclude, STEC has been reported in all regions of the world. The role of in-
ternational trade of food in the spread of these pathogens and the potential for 
transfer of virulence genes between organisms, including between STEC and other 
pathogenic E. coli (which are often more frequently identified as a problem in de-
veloping countries), highlights that the meeting recommendations are relevant to 
all countries. It is in this context that the approaches proposed for hazard charac-
terization in a stepwise manner and that can be implemented with relatively basic 
technologies, are recommended. Similarly, the emphasis on a risk based approach 
to monitoring means that monitoring programmes can be adapted to the local 
situation. 

Nevertheless, our understanding of STEC and in particular the sources to which 
we can attribute illness would be greatly improved by data from more countries. 
Initiatives such as those in Latin America indicate that such data may indeed be 
forthcoming in the not too distant future. For other countries, it is noted that this 
report can highlight the issue and contribute to the development of a scientifically 
informed and feasible way forward to improve understanding, and management, 
of this pathogen.
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WHO FERG estimates of the burden of 
foodborne STEC illness -Methods

A1.1 FERG METHODOLOGICAL FRAMEWORK 

The FERG methodological framework was structured around five distinct com-
ponents leading to estimates of the global burden of foodborne disease (FBD) 
for the year 2010, expressed as DALYs – i.e. baseline epidemiological data; im-
putation model; disease models and disability weights; probabilistic burden as-
sessment; and source attribution (Figure A1.1) (Devleesschauwer et al., 2015). 
DALYs combine Years Lived with Disability (YLD) and Years of Life Lost (YLL) 
due to premature mortality into a single estimate of healthy life years lost (Dev-
leesschauwer et al., 2014a). YLDs are obtained by multiplying the number of 
incident cases for each considered health state with the corresponding duration 
and disability weight (which reflects the severity of the health state on a scale 
from zero [perfect health] to one [death]). YLLs are obtained by multiplying the 
number of deaths with the residual life expectancy at the age of death. By using 
an incidence perspective for calculating DALYs, the estimates reflect the future 
health losses due to infections acquired in 2010. To estimate the YLLs, FERG 
used as residual life expectancy table the highest United Nations projected life 
expectancy for 2050, with a life expectancy at birth of 92 years for both sexes 
(WHO, 2017). In line with current practice, age weighting and time discounting 
were not applied.

A1.2 BASELINE EPIDEMIOLOGICAL DATA

The starting point of the FERG methodological workflow was the commissioning 
of a systematic review of baseline epidemiological data of each of the considered 
hazards. The outcomes of the systematic review for STEC have been published by 
Majowicz et al. (2014).

The authors collected information on STEC incidence in the general population 
by searching peer-reviewed and gray literature (using Medline, Scopus, SIGLE/
OpenGrey, CABI, and WHO regional databases), as well as publicly available no-

Annex 1 
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tifiable disease data (i.e. nationally reported, laboratory-confirmed STEC infec-
tions). Additional studies, particularly non-English and pre-publication sources, 
were identified via cross-referencing citations and consulting with international 
knowledge Experts.

Studies published between January 1, 1990 and April 30, 2012, were included, 
without language restrictions. Further inclusion criteria were the following: the 
study included all ages; results pertained to the general population; and either the 
article provided the incidence or prevalence of acute STEC illness, or the number 
of cases and both the relevant time period and source population were given or 
derivable. The authors required that STEC be identified via laboratory confirma-

FIGURE A1.1. FERG methodological framework (Devleesschauwer et al., 2015). CTF: 
Computational Task Force; YLDs: Years Lived with Disability; YLLs: Years of Life Lost 
due to mortality; DALYs: Disability-Adjusted Life Years.
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tion or epidemiological link to a laboratory-confirmed case. Investigations were 
included regardless of laboratory method, including the following: isolation of 
non-sorbitol fermenting E. coli O157; isolation of non-O157 E. coli carrying stx 
genes or producing Shiga toxin; detection of stx genes in stool by polymerase chain 
reaction or other molecular methods; and detection of Shiga toxin in stool by en-
zyme-linked immunosorbent assay or cell cytotoxicity assay. Urinary and asymp-
tomatic infections were excluded. Inclusion criteria for notifiable disease data were 
as follows: data arose from a population-level, laboratory-based, routine notifiable 
disease system; and case ascertainment was done via laboratory confirmation, or 
epidemiological link to a laboratory-confirmed case.

In the final characterization stage, the authors classified all remaining studies by 
design, and selected the highest quality design per sub-region for extraction and 
inclusion in the analysis. This method was determined a priori, given the following 
hierarchical preference for different study designs. Prospective cohort studies, 
which follow a defined population over time and measure incidence via laboratory 
confirmation, were considered the standard. Because these studies are expensive, 
many countries rely on data obtained from national, laboratory-based surveillance 
systems. However, such data under-report the true population incidence, because 
many ill people do not seek medical care or undergo laboratory testing. To address 
this, some countries have calculated corrected incidence estimates, which adjust 
notifiable disease data for under-reporting. These “multiplier studies” were con-
sidered the next highest quality study design, followed by notifiable disease data 
(which were corrected for under-reporting using available information).

A1.3 IMPUTATION

FERG used statistical models to estimate values for missing data from the data that 
were available and to quantify the associated uncertainties by sub-region (Annex 2; 
Ezzati et al., 2002). Striving for parsimony and transparency, a hierarchical Bayesian 
log-normal random effects model was adopted as the default model for imputing 
missing country-level incidence data (McDonald et al., 2015). This model took 
into account the observed variability between sub-regions, and between countries 
within sub-regions (Devleesschauwer et al., 2014a).

For certain hazards, alternative imputation models were used, especially if the 
number of data points was too limited to allow meaningful extrapolations based 
on the random effects model. For STEC, an expert-driven imputation approach 
was adopted (Majowicz et al., 2014). First, for each sub-region, incidence 
estimates from the systematic review were modelled as PERT distributions, 
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defined by a minimum, most likely, and maximum estimate (Vose, 2000). Each 
country within a given sub-region was assigned the thus-obtained sub-regional 
incidence estimate. For sub-regions with prospective cohort studies, the average 
incidence, weighted by the respective national populations, was used as the most 
likely value in the corresponding PERT distribution, and the lowest and highest 
values were used as the minimum and maximum values, respectively. For sub-re-
gions without prospective studies, data from multiplier studies were used in the 
same manner. In sub-regions without prospective cohort or multiplier studies, 
incidence was estimated using the annual number of cases reported in notifi-
able disease data and 2010 United Nations country population estimates (United 
Nations, 2010). In sub-regions with notifiable disease data from one country, the 
annual incidence estimate was used as the most likely value in the corresponding 
PERT distribution. To determine appropriate minimum and maximum values, 
a 10-fold decrease/increase was used (e.g. the range calculated across multiple 
countries’ surveillance data in the EUR B and EUR C sub-regions). For sub-
regions with notifiable disease data from more than one country, the average 
incidence, weighted to the respective national populations, was used as the most 
likely value, and the lowest and highest country-specific incidence rates were 
used as the minimum and maximum values, respectively. To account for known 
under-ascertainment in notifiable disease data, the annual incidence was mul-
tiplied within these sub-regions by published STEC-specific under-reporting 
estimates (Thomas et al., 2006; Hall et al., 2008; Scallan et al., 2011; Tam et al., 
2012; Haagsma et al., 2012), which averaged 36 (range: 7.4–106.8).

Finally, for sub-regions without any eligible data, an incidence estimate was 
adopted from an alternative sub-region based on geographical proximity.

A1.4 DISEASE MODEL

The course of disease is characterized by various health states (e.g. acute or chronic 
phases, short-term or long-term sequelae) and variable severity levels (Devleess-
chauwer et al., 2014b). A disease model, also referred to as an outcome tree, is a 
schematic representation of the various health states associated with the concerned 
hazard and the possible transitions between these states. A disease model for each 
hazard was defined by the members and commissioned Experts of each hazard-
based task force, considering relevant health outcomes supported by evidence 
identified in the respective reviews. As a result, the burden of a foodborne hazard 
could be defined and quantified as the burden resulting from all related health 
states, including acute illness, chronic sequelae, and death.
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Figure A1.2 shows the FERG disease model for STEC (Kirk et al., 2015). The 
modelled sequelae, most common among the O157 serogroup, were haemolytic 
uraemic syndrome (HUS) and end-stage renal disease (ESRD). Based on literature 
review, FERG estimated 0.8% of O157 infections and 0.03% of infections caused by 
other serotypes result in HUS, and 3% of HUS cases result in ESRD. Furthermore, 
FERG estimated that the case fatality ratio (CFR) for HUS was 3.7%; for ESRD 
the CFR was 20% in the 35 sub-region A countries and 100% in the remaining 
countries. The disability weights and durations attributed to the different health 
outcomes considered are shown in Table A1.1.

A1.5 PROBABILISTIC BURDEN ASSESSMENT

All calculations were performed in a probabilistic framework, in which parameter 
uncertainties were propagated to the final DALY estimates using 10  000 Monte 
Carlo simulations. The resulting uncertainty distributions were summarized by their 
median and 95% uncertainty intervals. Due to the limitations in data availability, 
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FIGURE A1.2. Shiga-toxin producing Escherichia coli (STEC) disease model (Kirk et al., 
2015). Green boxes contribute Years Lived with Disability, while red boxes contribute 
Years of Life Lost. INC = incidence; PROB–global = transition probability applied to all 
countries; HUS = haemolytic uraemic syndrome; ESRD = end-stage renal disease
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FERG decided to present its estimates on a sub-regional level only, even though 
all calculations were performed on a national level. The sub-regional estimates are 
considered more robust as they build on data from several countries in most sub-
regions. It should, however, be noted that the sub-regional estimates do not reflect 
the diversity of risks among countries in a sub-region or even within a country.

A1.6 ROUTE OF TRANSMISSION

Many foodborne hazards are not exclusively transmitted by food; therefore, a 
separate effort was made for the attribution of disease burden to other exposure 
routes, including the environment and direct contact between humans or with 
animals. As many data are lacking for attribution, it was decided to apply Cooke's 
“Classical Model”(Cooke, 1991; Cooke and Goossens, 2000; Cooke and Goossens, 
2008) for structured expert elicitation to provide a consistent set of estimates. 
The global expert elicitation study involved 73 Experts and 11 elicitors, and was 
one of the largest, if not the largest study of this kind ever undertaken (Hald et 
al., 2016). Due to the study constraints (remote elicitation instead of face-to-face 
meetings), accuracies of individual Experts, elicited based on calibration questions, 
were generally lower than in other structured Expert judgment studies. However, 
performance-based weighting, a key characteristic of Cooke's classical model, 
increased informativeness, while retaining accuracy at acceptable levels (Aspinall 
et al., 2016).
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disease
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Definition of sub-regions used for the 
purposes of the WHO FERG estimates of 
the global burden of foodborne disease  

The sub-regions are defined on the basis of child and adult mortality as described by 
Ezzati et al. (2002), namely: Stratum A, very low child and adult mortality; stratum 
B, low child mortality and very low adult mortality; stratum C, low child mortality 
and high adult mortality; stratum D, high child and adult mortality; and stratum 
E, high child mortality and very high adult mortality. The term “sub-region” here 
and in the text, does not refer to an official grouping of WHO Member States, and 
the “sub-regions” are not related to the six official WHO regions, which are AFR 
= African Region; AMR = Region of the Americas; EMR = Eastern Mediterra-
nean Region; EUR = European Region; SEAR = South-East Asia Region; WPR = 
Western Pacific Region.

A2.1 Table of Sub-regions and WHO member states

Regions Sub-region WHO Member States

African Region 
(AFR)

AFR D Algeria, Angola, Benin, Burkina Faso, Cameroon, Cabo 
Verde, Chad, Comoros, Equatorial Guinea, Gabon, 
Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, 
Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria, 
Sao Tome and Principe, Senegal, Seychelles, Sierra 
Leone, Togo

AFR E Botswana, Burundi, Central African Republic, Congo, 
Côte d’Ivoire, Democratic Republic of the Congo, 
Eritrea, Ethiopia, Kenya, Lesotho, Malawi, Mozambique, 
Namibia, Rwanda, South Africa, Swaziland, Uganda, 
United Republic of Tanzania, Zambia, Zimbabwe

Region of 
the Americas 
(AMR)

AMR A Canada, Cuba, United States of America

AMR B Antigua and Barbuda, Argentina, Bahamas, Barbados, 
Belize, Brazil, Chile, Colombia, Costa Rica, Dominica, 
Dominican Republic, El Salvador, Grenada, Guyana, 
Honduras, Jamaica, Mexico, Panama, Paraguay, Saint 
Kitts and Nevis, Saint Lucia, Saint Vincent and the 
Grenadines, Suriname, Trinidad and Tobago, Uruguay, 
Venezuela (Bolivarian Republic of)

AMR D Bolivia (Plurinational State of), Ecuador, Guatemala, 
Haiti, Nicaragua, Peru



SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) AND FOOD: ATTRIBUTION, CHARACTERIZATION, AND 
MONITORING

76

Eastern 
Mediterranean 
Region (EMR)

EMR B Bahrain, Iran (Islamic Republic of), Jordan, Kuwait, 
Lebanon, Libya, Oman, Qatar, Saudi Arabia, Syrian Arab 
Republic, Tunisia, United Arab Emirates

EMR D Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, 
Somalia, South Sudan(a), Sudan, Yemen

EUR A Andorra, Austria, Belgium, Croatia, Cyprus, Czech 
Republic, Denmark, Finland, France, Germany, Greece, 
Iceland, Ireland, Israel, Italy, Luxembourg, Malta, 
Monaco, Netherlands, Norway, Portugal, San Marino, 
Slovenia, Spain, Sweden, Switzerland, United Kingdom 
of Great Britain and Northern Ireland

European 
Region (EUR)

EUR B Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, 
Bulgaria, Georgia, Kyrgyzstan, Montenegro, Poland, 
Romania, Serbia, Slovakia, Tajikistan, The Former 
Yugoslav Republic of Macedonia, Turkey, Turkmenistan, 
Uzbekistan

EUR C Belarus, Estonia, Hungary, Kazakhstan, Latvia, 
Lithuania, Republic of Moldova, Russian Federation, 
Ukraine

South-East Asia 
Region (SEAR)

SEAR B Indonesia, Sri Lanka, Thailand

SEAR D Bangladesh, Bhutan, Democratic People’s Republic of 
Korea, India, Maldives, Myanmar, Nepal, Timor-Leste

Western Pacific 
Region (WPR)

WPR A Australia, Brunei Darussalam, Japan, New Zealand, 
Singapore

WPR B Cambodia, China, Cook Islands, Fiji, Kiribati, Lao People’s 
Democratic Republic, Malaysia, Marshall Islands, 
Micronesia (Federated States of), Mongolia, Nauru, 
Niue, Palau, Papua New Guinea, Philippines, Republic of 
Korea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, 
Viet Nam

Note: South Sudan was assigned to the WHO African Region in May 2013. As the FERG study covers only periods before that date, 
estimates for South Sudan were included in those for the WHO Eastern Mediterranean Region.
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Annex 3

Approaches to Source Attribution 

A3.1 APPROACHES

Approaches to source attribution considered by the Group to address the CCFH 
request are summarized below.

The subtyping approach, based on the characterization of the aetiological agents, is 
particularly useful to identify the most important pathogen reservoirs and can be 
used to attribute disease to the reservoir or to the point of processing (Guo et al., 
2011; Little et al., 2010). However, weak associations between certain subtypes and 
sources can limit the usefulness of this method; for example, some subtypes spread 
and contaminate sources throughout the food production chain. The method also 
requires representative and complete surveillance data from both humans and 
either animal or food sources, which is unavailable in many countries or for many 
pathogens.

Comparative exposure assessment compares the relative importance of the known 
transmission routes by estimating the human exposure to the hazard via each route. 
Information is required for each known route on the prevalence and quantity of 
the hazard in the source, the changes in these throughout the transmission chain, 
and the frequency of human exposure by each route (e.g. consumption data). These 
estimates are used to partition the total number of illnesses caused by the specific 
hazard to each transmission route, proportionally to the total exposure from all 
routes. The estimates of exposure for each route can be subsequently combined 
with a dose-response model to predict the number of infections in the population 
from each route. The comparative exposure assessment approach is particularly 
useful for pathogens that can be transmitted to humans by several routes from the 
same reservoir, and can be applied at the points of reservoir and processing.

Case-control studies of sporadic, laboratory-confirmed infections are the most 
commonly used approach for determining the importance of possible risk factors 
for illness, including sources and predisposing behavioural or seasonal factors. 
Population attributable fractions (PAFs) from case-control studies are used to 
estimate the proportion of laboratory-confirmed illnesses in the target population 
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attributable to each source. A systematic review of published case-control studies 
of a given hazard can provide an overview of the relevant exposures and risk factors 
for disease, as well as a summary of estimated PAFs generalized to a broader popu-
lation. A PAF derived from a meta-analysis of several case-control studies can be 
combined with an estimate of the total number of illnesses in a population caused 
by that hazard to estimate the number of illnesses attributable to each exposure. 
SRs of case-control studies attribute disease at the point of exposure, and are par-
ticularly useful for regional and global studies.

Analysis of data collected during outbreak investigations can be used to identify 
the most common foods involved in outbreaks and is useful for quantifying 
the relative contribution of different foods to outbreak illnesses, to estimate the 
total number of illnesses in the population attributable to different foods, and to 
estimate the contaminated ingredients in “complex” foods. Analyses of outbreak 
data to attribute disease at the point of exposure are useful for pathogens that fre-
quently cause outbreaks; this method has the advantage of using data that is widely 
available worldwide.

Expert elicitations are particularly useful to attribute human illness to the main 
routes of transmission, i.e. foodborne, environmental, and direct contact to 
humans or animals. FERG has conducted an expert elicitation for all foodborne 
diseases, including STEC (Hald et al., 2016; Havelaar et al., 2015) and the output of 
that work will be considered in this project. 
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Guo, C., Hoekstra, R.B., Schroeder, C.M., Pires, S.M., Ong, K.L., Hartnett, E., 
Naugle, A., Harman, J., Bennett, P., Cieslak, P., Scallan, E., Rose, B., Holt, 
K.G., Kissler, B., Mbandi, E., Roodsari, R., Angulo, F.J. & Cole, D. 2011. 
Application of bayesian techniques to model the burden of human salmonellosis 
attributable to U.S. food commodities at the point of processing: adaptation of a 
Danish model. Foodborne Pathogens and Disease, 8: 509-516.

Hald, T., Aspinall, W., Devleesschauwer, B., Cooke, R., Corrigan, T., Havelaar, 
A.H., Gibb, H.J., Torgerson, P.R., Kirk, M.D., Angulo, F.J., Lake, R.J., 
Speybroeck, N. & Hoffmann, S. 2016. World Health Organization estimates 
of the relative contributions of food to the burden of disease due to selected food-
borne hazards: A structured expert elicitation. PLoS ONE, 11: 1–35. 

Little, C.L., Pires, S.M., Gillespie, I.A., Grant, K. & Nichols, G.L. 2010. Attribution 
of human Listeria monocytogenes infections in England and Wales to ready-to-eat 
food sources placed on the market: Adaptation of the Hald Salmonella source at-
tribution model. Foodborne Pathogens and Disease, 7: 749-756.



ANNEX 3 - APPROACHES TO SOURCE ATTRIBUTION 79

Havelaar, A.H., Kirk, M.D., Torgerson, P.R., Gibb, H.J., Hald, T., Lake, R.J., 
Praet, N., Bellinger, D.C., de Silva, N.R., Gargouri, N., Speybroek, N., 
Cawthorne, A., Mathers, C., Stein, C., Angulo, F.J. & Devleesschauwer, B. 
2015. World Health Organization global estimates and regional comparisons of the 
burden of foodborne disease in 2010. PLOS Medicine, 12: 1–23. 



SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) AND FOOD: ATTRIBUTION, CHARACTERIZATION, AND 
MONITORING

80

Annex 4 

Global and regional source attribution of 
Shiga toxin-producing Escherichia coli 
infections, using analysis of outbreak 
surveillance data

A4.1 BACKGROUND

Strains of Escherichia coli characterized by their ability to produce Shiga toxins 
(Shiga toxin-producing E. coli, STEC) are an important cause of foodborne disease 
worldwide. Infections have been associated with a wide range of symptoms from 
mild intestinal discomfort to haemolytic uraemic syndrome (HUS), end-stage 
renal disease (ESRD) and death. Sources of STEC infections include ruminants 
like cattle, sheep, goats and deer, which are the most important reservoirs of the 
pathogen. In addition, environmental contamination of water and vegetables, 
direct contact with animals, and person-to-person transmission have also been 
identified as important routes of transmission. Knowledge on the contribution of 
different food sources and water for disease is essential to prioritize food safety 
interventions and implement appropriate control measures to reduce the burden 
of diseases in a population. 

The Expert Group decided to apply two source attribution methods, i.e. an analysis 
of data from outbreak investigations, and a systematic review of case-control 
studies of sporadic cases. Source attribution for this purpose was defined as the 
partitioning of the human disease burden of foodborne STEC illnesses to specific 
sources, including reservoirs and vehicles. The two methods selected attribute 
disease at the point of exposure.

This report describes the methodologies and preliminary results of the global and 
regional source attribution study of STEC infections using outbreak surveillance 
data. 

Note: It is expected that the results and report will be updated when data from more 
countries and regions are available. 
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A4.2 METHODS

Analysis of data collected during outbreak investigations can be used to identify the 
most common foods involved in outbreaks, and is useful for estimating the relative 
contribution of different foods to the total number of illnesses in the population. 
Analyses of outbreak data to attribute disease at the point of exposure are useful for 
pathogens that frequently cause outbreaks; this method has the advantage of using 
data that is widely available worldwide.

A simple summarization of results of outbreak investigations can be useful for 
identifying the most common food causing human illness by a pathogen. However, 
often the implicated food is a “complex” food, i.e. containing several food items 
and ingredients, where in principle any of them could be the specific source of 
the outbreak. We applied a method based on outbreak data that is able to consider 
complex foods to attribute human STEC infections to specific sources in WHO 
regions and globally.

A4.2.1 Data
A call for outbreak surveillance data relevant to the CCFH request on STEC was 
forwarded to Member Countries in April 2016. The call included a list of data re-
quirements and a suggested template to submit the outbreak surveillance data. 
The information was sent through the national Codex contact points and other 
relevant channels. In addition, direct contacts to regional or national offices were 
made in an attempt to collect more data. 

Collected data were harmonized and organized so that each reported outbreak 
corresponded to one observation in the final data set. Each observation contained 
information on the year of occurrence, country, aetiology, number of ill people 
and fatalities associated with the outbreak, location of the outbreak, and implicated 
source. For uncompleted fields, the parameter was included as unknown.

To categorize foods into different food categories according to their ingredients, we 
applied the food categorization scheme produced by the United States’ Interagency 
Food Safety Analytics Collaboration (available at https://www.cdc.gov/foodsafety/
ifsac/projects/completed.html, accessed 13 December 2017), allowing for potential 
adaptations to accommodate sub-categories that are common in different countries 
or regions (Figure A4.1).
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FIGURE A4.1. Food Categorization Scheme, Interagency Food Safety Analytics 
Collaboration (IFSAC), USA. 40 food sub-categories appear in tan cells
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A4.2.2 Model overview
The method applied was based on (Pires et al. 2012), modified and applied to the 
STEC dataset. The principle is to attribute human illnesses to food sources on 
the basis of the number of outbreaks that were caused by each of these foods. For 
this purpose, implicated foods are classified by their ingredients as simple foods 
(i.e. belonging to one single food category), or complex foods (i.e. belonging to 
multiple food categories). The ingredients that constitute the complex foods are 
designated through defined criteria (Painter et al. 2009).

The model parameters are described in Table A4.1. The proportion of disease 
that can be attributed to each food source was estimated based on the number 
of simple-food outbreaks caused by that source, on the ingredients (food catego-
ries) composing complex-foods, and on the probability that each of these catego-
ries were the cause of the complex-foods outbreaks. The data from simple-food 
outbreaks were summarized, and the proportion of outbreaks caused by each 
category was used to define the prior distribution representing the probability 
that an outbreak i was caused by source j (Pj). This probability was estimated per 
source using information from all countries and the whole study period. For the 
calculation of the number of outbreaks attributed to each source in each region, 
outbreaks were grouped into the six WHO regions (AFR, AMR, EMR, EUR, SEAR 
and WPR9). In each region, simple-food outbreaks were attributed to the single 
food category in question. Subsequently, complex-food outbreaks were partitioned 
to each of the food categories in the implicated food proportionally to their prob-
ability of causing a simple-food outbreak as calculated for Pj. As a result, outbreaks 
due to a complex food were only attributed to categories that had been implicated 
in at least one outbreak due to a simple food. As an example, outbreaks caused by 
chilli con carne would be attributed to the categories beef, vegetables, grains and 
beans, and oils and sugar. If grains and beans and oils and sugars were not impli-
cated in any pathogen-specific outbreak caused by simple foods, these two catego-
ries would be excluded from the calculations for the attribution of complex-food 
outbreaks. For the attribution of beef and vegetables, the proportion of disease in 
complex-food outbreaks was estimated based on the probability distribution estab-
lished from simple-food outbreaks caused by beef (Pbeef) and vegetables (Pvegetables). 
The total number of outbreaks caused by beef and vegetables in simple- and com-
plex-food outbreaks was then summed, and the proportion of disease attributed to 
each source was estimated on the basis of the total number of outbreaks analysed.  

9 AFR: African region; AMR: Region of the Americas; EUR: European region; EMR: Middle-Eastern region; SEAR: 
South-East Asia region; WPR: Western Pacific Region.



SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) AND FOOD: ATTRIBUTION, CHARACTERIZATION, AND 
MONITORING

84

TABLE A4.1. Parameters used to estimate the number of STEC reported outbreaks 
attributed to food sources and water.

Notation Description Calculation

i Outbreak observation -

j Source -

t Decade -

l Location -

sourceSj Total number of simple-food outbreaks caused 
by source j

Sum

totalS Total number of simple-food outbreaks, in the 
wholetime period and in all countries

Sum

Total number 
of outbreakS

c
; 

total number  
of outbreakS

t

Total number of outbreaks reported in country 
c or in time period t

P
j

Probability that an outbreak i was caused by 
source j

Beta (sourceSj+1, 
totalS-sourceSj+1)

sourceSjc; 
sourceSjt

Total number of simple-food outbreaks caused 
by source j in country c or in decade t

Sum

sourceCjc; 
sourceCjt

Number of complex-food outbreaks attributed 
to source j in country c or decade t

(P[j] * F[i,j]) / 
sum(P[j] * F[i,j:J])

F
ij

Implicated food categories j in outbreak i Data

Total
jc

; Total
jt

Total number of outbreaks attributed to source 
j in country c or in time period t

sourceSjc or sourceSjt 
+ sourceCjc or 
sourceCjt

Attrib
j

Proportion of disease attributed to source j (Totalj *100)/
Total number of 
outbreakSc/t

The proportion of disease attributable to specific sources was estimated on the basis 
of the number of reported outbreaks. The number of ill people implicated in the 
outbreaks was not considered in the analysis to avoid potential overestimation of 
the importance of sources that caused large outbreaks, e.g. waterborne outbreaks. 
To estimate relative importance of the food sources implicated in cases of HUS, 
the same modelling approach was applied to attribute the outbreaks that included 
HUS cases to food sources. In addition, to estimate relative importance of the food 
sources for severe cases of disease, the same model was applied to outbreaks associ-
ated with fatalities.

A Markov Chain Monte Carlo simulation, specifically the Gibbs sampler, was 
applied to arrive to the estimates for Pj. Five independent Markov chains of 40,000 
iterations were run. For each chain, a different set of starting values for Pj, widely 
dispersed in the target distribution, was chosen. Convergence was monitored using 
the methods described by Gelman and Rubin (1992) and was considered to have 
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Organization (WHO) Region*

Country Region Total

Argentina AMR 18

Australia WPR 23

Austria EUR 8

Belgium EUR 10

Canada AMR 16

Croatia EUR 2

Denmark EUR 9

Finland EUR 2

France EUR 59

Germany EUR 9

Hong Kong WPR 3

Hungary EUR 1

Ireland EUR 10

Japan WPR 6

Luxembourg EUR 1

Malta EUR 1

Netherlands EUR 4

New Zealand WPR 3

Norway EUR 3

occurred when the chains had reached a stable level and the variance between the 
different chains was no larger than the variance within each individual chain. The 
model was set up in OpenBugs 3.2. (http://www.openbugs.net/).

A4.3 RESULTS

A4.3.1 Data used in the model
STEC outbreak surveillance data were received from 27 countries covering the 
period between 1998 and 2016 and spanning three WHO geographical regions: 
AMR, EUR and WPR. (Table A4.2). The oldest data were reported by the United 
States of America for between 1998- and 2015; European Union Member States and 
the remaining countries reported data corresponding to outbreaks that occurred 
between 2010 and 2015. 

TABLE A4.2 Total number of STEC outbreaks reported per country and World Health 
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NOTE: * = AMR: Region of the Americas; EUR: European region; WPR: Western Pacific region. 

In total, the data set included 919 STEC outbreaks, the large majority reported in 
AMR. Of these, 328 (36%) were caused by a simple food, 79 (9%) by a complex 
food, and 512 (56%) were caused by an unknown source (Table A4.3).

TABLE A4.3. Number and proportion of outbreaks caused by simple, complex or 
unknown foods in WHO Regions*

  Simple Complex Unknown  

Region Number % Number % Number % Total

AMR 266 38 60 8 382 54 708

EUR 55 31 14 8 107 61 176

WPR 7 20 5 14 23 66 35

Total 328 36 79 9 512 56 919

Outbreaks associated with HUS cases      

AMR 119 55 20 9 79 36 218

EUR 0 0 0 0 1 100 1

WPR 0 0 0 0 7 100 7

Total 119   20   87   226

Outbreaks associated with deaths

AMR 22 59 1 3 14 38 37

EUR 0 0 0 0 2 100 2

WPR 0 0 0 0 1 100 1

Total 22   1   17   40
 
NOTES: * = AMR: Region of the Americas; EUR: European Region; WPR: Western Pacific Region. 

Poland EUR 4

Portugal EUR 2

Romania EUR 1

Slovakia EUR 1

Spain EUR 6

Sweden EUR 13

United Kingdom EUR 30

USA AMR 674

Total   919
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A total of 226 outbreaks that involved cases of HUS were reported in the whole 
period, the very large majority (96%) in AMR. Of the latter, 55% were caused by 
simple foods, 9% by complex foods and 36% by an unknown source (Table A4.3). 
Twenty-nine percent (266/919) of all reported outbreaks were associated with 
either HUS or deaths. However, HUS was more frequently reported in outbreaks 
with known sources (34%) compared with outbreaks where the vehicle of trans-
mission was not identified.

Most of the 40 outbreaks that involved fatalities were also reported in the AMR, 
the large majority of them being caused by simple foods (59%) or unknown source 
(38%) (Table A4.3).

A4.3.2 Source attribution results
The results of the overall analysis, including all countries and the whole time 
period, showed that the most frequently attributed sources of STEC globally were 
produce, with an attribution proportion of 13%, beef, 11%, and dairy products, 7% 
(Table A4.3). More than half of the outbreaks globally could not be attributed to 
any source (60%).

WHO regions differ in the proportion of STEC cases attributed to foods (Table 
A4.4) and in the relative contributions of different sources of STEC (Figure A4.2). 
Beef and produce were responsible for the highest proportion of cases in the AMR 
with estimates of 18% and 16% respectively (Table A4.4). Five percent of STEC 
cases could be attributed to dairy products. In the EUR, the ranking of the sources 
of cases was similar though with less marked differences between each source, 
with an overall attribution proportion of 12% for beef, 11% for produce and 6% 
for dairy (Table A4.4). In contrast, the most common source of STEC in WPR 
was produce (14%), followed by dairy (9%), and with game and beef third and 
fourth (~3% each). It is important to note that in this region approximately 2% of 
outbreaks were attributed to another category “meat”, which cannot distinguish 
between the relative contributions of different meat species. However, given the 
meat-specific attribution estimates in this and remaining regions, it is likely that 
most of these outbreaks could be attributed to beef and/or game. Among all other 
meat categories, pork plays a minor role, with an attribution proportion between 
1 to 2% across regions. The general term “poultry”, turkey, or ducks was never 
cited as a source of any outbreaks in any region; however, chicken was mentioned 
as a source in a very few outbreaks in the AMR and the EUR. The proportion of 
outbreaks that could not be attributed to a source varied between 54% in AMR and 
66% in WPR.
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The Pj estimates (obtained for the overall dataset) are plotted in Figure A4.3 and 
presented in Table A 4.5. Results show that beef, produce and dairy were the 
sources with highest probability of being the cause of an STEC outbreak caused 
by a complex food. In other words, for example if a complex food containing beef, 
grains, dairy and eggs was implicated in an outbreak, the probability that it was 
caused by beef was 41% (95% CI 35-46%), by grains 2% (95% CI 0.09-4%), by eggs 
0.6% (95% CI 0.01-1.7%), and by dairy 15% (95% CI 11-19%).

FIGURE A4.2. Relative contribution of food categories to STEC cases in WHO regions 
(mean %). Estimates exclude proportion of unknown-source outbreaks. 

NOTES: Estimates exclude proportion of unknown-source outbreaks 
AMR = Region of the Americas; EUR = European Region; WPR = Western Pacific Region.
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TABLE A4.4. Proportion of STEC cases attributed to foods and unknown source in WHO 
Regions (%, mean and 95% Credibility Interval) 

  AMR EUR WPR

Food 
category

Mean 
% 95% CI

Mean 
% 95% CI

Mean 
% 95% CI

Eggs 0.03 [0.00, 0.08] 0.57 0.00

Dairy 5.54 [5.48, 5.59] 6.25 8.57

Poultry 0.00 0.00 0.00

Chicken 0.30 [0.29, 0.33] 0.58 [0.57, 0.58] 0.00

Ducks 0.00 0.00 0.00

Turkey 0.00 [0.00, 0.01] 0.00 0.00

Beef 18.29 [18.23, 18.35] 11.83 [11.69, 11.98] 2.64 [2.51, 2.75]

Pork 1.18 [1.11, 1.25] 1.70 1.47 [0.86, 2.11]

Lamb 0.43 [0.43, 0.43] 0.59 [0.58, 0.62] 0.00

Mutton 0.00 0.00 0.00

Game 0.57 [0.57, 0.58] 0.57 2.86

Other 
meats, 
unspecified 1.19 [1.16, 1.21] 2.91 [2.88, 2.95] 1.93 [1.28, 2.56]

Produce 15.66 [15.58, 15.74] 10.77 [10.61, 10.93] 13.61

Grains and 
beans 0.87 [0.78, 0.97] 1.15 [1.14, 1.17] 0.35 [0.15, 0.62]

Seafood 0.42 1.70 0.00

Nuts 0.14 0.00 0.00

Oils and 
sugar 0.01 [0.00, 0.02] 0.00     0.00    

Unknown 53.95 60.80 65.71

NOTES: AMR = Region of the Americas; EUR =  European Region; WPR =  Western Pacific Region. CI = Confidence Interval.



SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) AND FOOD: ATTRIBUTION, CHARACTERIZATION, AND 
MONITORING

90

TABLE A4.5. Estimates for P
j
 for food sources (mean, median and 95% Credibility 

interval fraction)

  Mean Median 95% CI

Eggs 0.006 0.005 0.001 0.017

Dairy 0.149 0.148 0.112 0.189

Poultry 0.003 0.002 0.000 0.011

Chicken 0.009 0.008 0.002 0.022

Ducks 0.003 0.002 0.000 0.011

Turkey 0.003 0.002 0.000 0.011

Beef 0.406 0.406 0.354 0.459

Pork 0.033 0.032 0.017 0.055

Lamb 0.015 0.014 0.005 0.031

Mutton 0.003 0.002 0.000 0.011

Game 0.021 0.020 0.009 0.039

Other meats, unspecified 0.042 0.041 0.024 0.067

Produce 0.306 0.306 0.257 0.356

Grains and beans 0.021 0.020 0.009 0.039

Seafood 0.021 0.020 0.009 0.039

Nuts 0.006 0.005 0.001 0.017

Oils and sugar 0.003 0.002 0.000 0.011

A4.3.3 Source attribution of STEC-associated HUS cases
Because the large majority of outbreaks involving cases of HUS were reported in 
AMR, we restricted the source attribution to that region. Results show that, similar 
to the overall STEC cases in the region, the most important sources of HUS cases 
were beef, produce and dairy, with attribution proportions very similar for produce 
and beef (Table A4.6). In contrast, the most important source of fatalities was 
produce, with an attribution proportion of over 22% (which corresponds to a 48% 
attribution proportion for known-source outbreaks), followed by beef (17%, or 
36% attribution proportion when excluding the proportion of unknowns) (Figure 
A4.4). The relative contribution of dairy was lower than for the overall STEC cases 
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FIGURE A4.3. Estimates for P
j
 for food sources (mean and 95% Credibility Interval)

TABLE A4.6. Proportion of STEC-associated HUS cases attributed to foods and 
unknown source (mean and 95% Credibility Interval(CI)) 

 

Number 
of 

outbreaks Mean 95% CI

Proportion 
attribution 

(%) Mean 95% CI

Egg 0.3 0.0 1.0 0.1 0.0 0.5

Dairy 16.0 15.3 16.5 7.5 7.2 7.7

Poultry 0.0 0.0

Chicken 1.1 1.0 1.3 0.5 0.5 0.6

Duck 0.0 0.0

Turkey 0.0 0.0

Beef 37.2 36.8 37.6 17.5 17.3 17.6

Pork 0.0 0.0

Lamb 1.0 0.5

Mutton 0.0 0.0

Game 1.0 0.5

Other meat, unspecified 6.2 6.1 6.3 2.9

Produce 31.1 30.7 31.4 14.6 14.4 14.7

Grains and Beans 0.0 0.0 0.1 0.0 0.0 0.1

Seafood 1.0 0.5

Nuts 0.0 0.0

Oils and sugar 0.1 0.0 0.5 0.1 0.0 0.2

Unknown 118.0 55.4

0.50

0.45

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0

B
ee

f

P
ro

du
ce

 

D
ai

ry

O
th

er
 m

ea
ts

, 
un

sp
ec

ifi
ed

P
or

k 

G
am

e 

Se
af

oo
d

G
ra

in
s-

 b
ea

ns
 

La
m

b 

C
hi

ck
en

 

N
ut

s 

E
gg

s 

M
ut

to
n 

O
lis

 a
nd

 s
ug

ar

P
ou

lt
ry

Tu
rk

ey

D
uc

ks



SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) AND FOOD: ATTRIBUTION, CHARACTERIZATION, AND 
MONITORING

92

A4.4 DISCUSSION

The results show that most important sources of STEC globally were produce, beef, 
and dairy products. The ranking of the top three food categories varied between 
regions. Beef and produce are estimated to have the highest proportion of STEC 
cases attributed in the AMR and EUR regions. In WPR, dairy appears to play a 
more important role, followed by produce; beef ranks third. More than half of the 
outbreaks globally could not be attributed to any source.

A4.3.4 Source attribution of STEC-associated fatalities
Similar to HUS-associated outbreaks, the large majority of outbreaks involving 
fatalities were reported in AMR and thus the source attribution analysis was re-
stricted to that region. The most important source of STEC-associated deaths was 
produce, with over 22%, (which corresponds to a 48% attribution proportion for 
known-source outbreaks) followed by beef (17% or 36% attribution proportion 
when excluding the proportion of unknowns). The relative contribution of dairy 
was lower than for the overall STEC cases (5% or 11% attribution proportion when 
excluding the proportion of unknowns).

FIGURE A4.4. Relative contribution of foods to overall STEC cases, STEC-associated 
HUS cases and STEC-associated fatalities (mean %). Estimates exclude proportion of 
unknown-source 
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To investigate the relative contribution of different sources for severe cases of 
disease, the analysis was restricted to outbreaks leading to cases of HUS and to 
deaths. Due to limited data availability, these analyses were restricted to the AMR. 
Results suggest that beef and produce are the most frequent source of cases of 
HUS. Produce was responsible for a substantially higher proportion of outbreaks 
leading to fatalities.

The ranking of the top food categories differed somewhat across regions, which 
may be explained by cultural food preparation and consumption differences. As 
food preferences change over time, these estimates may change. The association 
of specific food categories with STEC illness reflects the historical practices of 
food production, distribution and consumption. Changes in production, distri-
bution and consumption may result in changes in STEC exposure. Consequently, 
microbial risk management should be informed by an awareness of current local 
sources of STEC exposure.

The data-driven source attribution estimates presented are based on data from 
outbreak surveillance. The overall assumption of this model is that the estimated 
attribution proportions based on outbreak data can be used to attribute the overall 
burden of STEC infections (i.e. the total incidence, including both outbreak-asso-
ciated and sporadic cases). However, because some foods are more likely to cause 
outbreaks than others, and especially large outbreaks, the relative importance of 
sources of outbreak-associated cases may not be representative of the overall con-
tribution of sources for the total burden of disease. The estimated relative contribu-
tion of each food type depends on the types of foods and situations that result in 
an outbreak being notified and successfully investigated. For example, outbreaks 
in groups of children may be more frequently notified, and outbreaks in young 
adults less frequently. Thus, certain food-risk groups and smaller outbreaks may be 
underrepresented in the available data and require more data to improve estimates. 
Overall, estimates inevitably depend on the selection of which sources will be 
examined in case of outbreak, as well as the reporting capacity of each country. 
To avoid potential overestimation of the importance of sources that caused large 
outbreaks, e.g. waterborne outbreaks, the number of ill people implicated in the 
outbreaks was not considered in the analysis.

Though foodborne outbreaks receive the most media and political attention, the 
main part of the burden of foodborne diseases consists of sporadic cases. Thus 
far, few countries have implemented surveillance of sporadic cases of foodborne 
disease, particularly in the developing world, where the majority of reported 
human cases are associated with foodborne outbreaks. Outbreak data have the 
advantage of being widely available worldwide, including in countries or regions 
where sporadic cases of disease are not likely to be reported. However, obtained 
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data were rather limited, and biased towards high income countries. Available data 
represented only three of the six WHO regions, and even region representativeness 
may be questioned. The extrapolation of these results to global estimates needs to 
be discussed.

In general, the results of the outbreak analysis presented here and the estimates of 
the expert elicitation conducted by FERG were largely in coherence (Hoffmann et 
al. 2017). Differences between outbreak and expert elicitation estimates could be 
explained as expert elicitation was not limited to outbreaks.
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Annex 5 

Hazard identification and 
characterization: Criteria for 
categorizing STEC on a risk basis and 
interpretation of categories

A5.1  INTRODUCTION 

STEC are a large, complex group of E. coli strains that vary greatly in phenotypic, 
serologic and genotypic characteristics. Furthermore, STEC pathogenesis is highly 
complex requiring multiple virulence factors in order to cause severe disease. Some 
of these virulence factors have many subtypes or alleles, not all of which seem to 
affect humans. In addition, many of these STEC virulence and putative virulence 
factors reside on mobile genetic elements and can be lost or transferred. As a result, 
strains of the same serotype may have different virulence genes and pose a different 
health risk. The Expert Group decided that a set of criteria and/or a decision-tree 
based on current knowledge of factors known to be required in STEC pathogenesis 
and phenotypes historically linked with disease should be developed, to provide a 
harmonized risk-based approach for characterization of STEC isolated from a food 
or along the food chain. A database of strains and serotypes could be developed to 
facilitate application of the decision-tree. For example, the database could include 
information on strains that have certain patterns when assessed against the criteria 
used in the decision-tree and historically linked in different regions with different 
levels of health risk from severe to minimal, or if no known risk has been reported. 
This characterization, together with other factors such as knowledge of the intrinsic 
nature of the food, further handling that might affect survival, food preparation 
practices before consumption, and if the food is to be provided to known high-risk 
consumer groups, could be used in determining the potential human health risk 
posed by a particular STEC found in the food chain.

Pathogenicity of STEC is complex but in general, infection entails three features: 
ingestion of a contaminated food or other vehicles; colonization of intestinal epi-
thelial cells by STEC; and production of Shiga toxins (Stx) which disrupts normal 
cellular functions and causes the cell damage. The evidence suggests that produc-
tion of Stx alone without adherence of bacterial cells to gut epithelial cells is insuf-



SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) AND FOOD: ATTRIBUTION, CHARACTERIZATION, AND 
MONITORING

96

ficient to cause severe illness. STEC infection can be asymptomatic. Most people 
who come to medical attention have diarrhoea, which is often bloody (BD) and 
even haemorrhagic (hence the term haemorrhagic colitis). Haemolytic uraemic 
syndrome (HUS) is the most important complication; some patients with HUS 
develop chronic renal failure. People with or without HUS can die. This risk-based 
discussion focuses on mild diarrhoea, bloody diarrhoea, and HUS. 

A5.2 ADHERENCE FACTORS

The vast majority of STEC known to cause BD or HUS have virulence factors that 
enable attachment to intestinal epithelial cells, and these adherence factors are 
generally considered essential for severe illness, and perhaps even for non-bloody 
diarrhoea. The principal adherence factor in STEC is the intimin protein coded by 
the eae gene that resides on the locus of enterocyte effacement (LEE) pathogenic-
ity island. Intimin is also a virulence factor of Enteropathogenic E. coli (EPEC) 
and it is crucial in the attaching-effacing (AE) lesion that has been demonstrated 
for EPEC and LEE-positive STEC strains (Kaper, Nataro and Mobley, 2004).  The 
eae gene is highly polymorphic, with over 34 different genetic variants (alleles) 
(Lacher, Steinsland and Whittam, 2006, Horcajo et al., 2012) designated by Greek 
letters. For example, STEC O157:H7 carries the γ (gamma)-eae allele, O26:H11 
often have β- (beta)-eae, and O121:H19 have ε (epsilon)-eae. The plasmid-borne 
toxB gene also codes for an adhesin and is found in O157:H7 and many LEE-pos-
itive STEC, including strains of the O26, O121 and O145 serogroups, as well as 
in EPEC (Tozzoli, Caprioli and Morabito, 2005). The toxB gene-encoded adhesin 
is thought to contribute to the adherence properties of O157:H7. The presence of 
both eae and stx2 has shown to be a reliable predictor that the STEC strain may 
cause BD or HUS (Ethelberg et al., 2004). 

LEE-negative (i.e. eae-negative) STEC have been implicated as causes of severe 
disease (Newton et al., 2009). For example, a STEC O113:H21 strain was first 
isolated from a child with HUS in 1983 (Karmali et al., 1983) and this serotype 
later caused a cluster of HUS cases in Australia (Paton et al. 2001). STEC O91:H21 
strains that are also LEE-negative have been implicated in HUS in Germany 
(Mellmann et al., 2009). LEE-negative STEC strains probably have other means 
or mechanisms for adherence (Dytoc et al. 1994). The O113:H21 strains have the 
STEC agglutinating adhesin (Saa) (Paton et al. 2001). The sab gene that codes for an 
outer membrane autotransporter protein that enhances biofilm formation (Herold, 
Paton and Paton, 2009) is also thought to be an adherence factor. Molecular char-
acterization of other STEC strains have identified paa, efa1, ompA, lpfA, and other 
genes that code for adhesins (Kaper, Nataro and Mobley, 2004). The plasmid-borne 
toxB gene also codes for an adhesin and is found in O157:H7 and many LEE-
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positive STEC, including strains of O26, O121 and O145 serogroups as well as 
in EPEC (Tozzoli, Caprioli and Morabito, 2005). The toxB gene-encoded adhesin 
is thought to contribute to the adherence properties of the O157:H7 serotype. 
However, like the other adhesin genes mentioned, the precise role of these factors 
in the virulence mechanism of LEE-negative STEC strains has not been fully de-
termined, so are often regarded as putative virulence factors and their prevalence 
varies among STEC strains (Feng et al., 2017). More recently, a report has described 
an 86-kb mosaic pathogenicity island (PAI) composed of four modules that encode 
80 genes, including novel and known virulence factors associated with adherence 
and autoaggregation (Montero et al., 2017). The PAI has been named Locus of 
Adhesion and Autoaggregation (LAA), and phylogenomic analysis using whole 
genome sequencing (WGS) shows that LAA PAI appears to be exclusively present 
in a subset of emerging LEE-negative STEC strains, including strains isolated from 
HC and HUS cases. The authors suggest that the acquisition of LAA PAI is a recent 
evolutionary event, which may have contributed to the emergence of these STEC 
strains (Montero et al., 2017).  

By far the most compelling evidence that adherence is important is the enteroag-
gregative E. coli (EAEC) O104:H4 strain that caused the large outbreak in Germany 
in 2011.  EAEC do not have eae but have the aggregative adherence fimbriae (AAF) 
adhesins regulated by the aggR gene. The ability of O104:H4 strains to aggregate 
on epithelial cells coupled with the production of Stx2 caused an outbreak that 
resulted in a remarkably high HUS rate of 22% (Boisen et al., 2015). This incident 
demonstrated that an adherence factor other than eae, in combination with stx2a, 
can produce severe disease (Beutin and Martin, 2012). Some public health agencies 
are now testing STEC for both eae and aggR to detect EAEC strains that have 
acquired the ability to produce Stx. Because the aggR genes reside on plasmids that 
can be lost after disease is produced, chromosomal markers such as the aaiC gene 
have also been used to identify EAEC strains (EFSA Panel on Biological Hazards, 
2015). 

Key Points
• Adherence factors are critical factors for STEC pathogenicity;
• The principal adherence factor in STEC is the intimin protein coded by the eae 

gene;
• The AAF adhesins regulated by the aggR gene of EAEC are also effective 

adherence factors; and
• Other putative STEC adherence factors include those coded by genes:  saa, sab, 

paa, efa1, ompA, lpfA, toxB and the LAA PAI.
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A5.3 SHIGA TOXIN (Stx) TYPES AND SUBTYPES

STEC are characterized by the production of Shiga toxins (Stx); there are two main 
types, designated Stx1 and Stx2, with three Stx1 (Stx1a, Stx1c and Stx1d) and seven 
Stx2 (Stx2a, Stx2b, Stx2c, Stx2d, Stx2e, Stx2f and Stx2g) subtypes reported (Scheutz 
et al., 2012). A novel subtype of Stx1, Stx1e (accession number KF926684), with 
limited reactivity with anti-Stx1 antibodies has been found in Enterobacter cloacae 
(Probert, McQuaid and Schrader, 2014). Also, provisional designations have 
been proposed (Lacher et al., 2016) for two new Stx2 subtypes, Stx2h (GenBank 
AM904726) and stx2i (GenBank FN252457), but the proposed sequence of stx2h 
(AM904726) was found to be identical to the already published variant stx2e-
O8-FHI-1106-1092 (Scheutz et al., 2012). STEC strains can produce any of the 
Stx or combination of Stx subtypes but not all subtypes have been implicated in 
severe illness (Hofer, Cernela and Stephan, 2012; Martin and Beutin, 2011). For 
example, among the Stx1 group, little is known about the clinical significance of 
the Stx1d subtype. Stx1c is the most common subtype in strains isolated from 
sheep, wild deer, and wildlife meats (Brett et al., 2003; Hofer, Cernela and Stephan, 
2012; Mora et al., 2012); these strains often do not produce intimin and tend to 
cause asymptomatic infection or mild diarrhoea (Fredrich et al., 2003). The Stx1a 
subtype is often produced by LEE-positive strains that have caused severe infec-
tions, including O157:H7, O26:H11, O111:H8 and others.  Brooks et al., (2005) 
showed that 83% of O26, 50% of O111, and 100% of O103 strains that caused BD 
in the United States of America had stx1 and eae; of these only one O111 strain was 
implicated in HUS. Consistent with those observations, O103:H2 is the second 
most common STEC causing infection in Norway, but is not associated with HUS 
(Naseer et al., 2017).  These three O groups have been declared as adulterants in 
raw non-intact beef and intact beef products intended for non-intact use in the 
United States of America. Some STEC serotypes with stx1a and eae are found in 
foods (Feng and Reddy, 2013) but have not been implicated in human infections, 
suggesting that not all STEC that produce Stx1a and have eae pose the same health 
risk. STEC with stx1c – either alone or together with stx2b - is often isolated from 
wild ruminants. Most of these are eae negative (Hofer, Cernela and Stephan, 2012) 
so their presence in humans have not received much attention. However, some 
studies have reported that 10 to 15% of human clinical samples from diarrhoeal 
illnesses are positive for stx1c and/or stx2b (Brandal et al., 2015a, b; Buvens et al., 
2012; de Boer et al., 2015; Fierz et al., 2017).

Studies have shown Stx2 to be more important than Stx1 in the development of 
HUS (Donohue-Rolfe et al., 2000). Among the Stx2 toxin group, the subtype genes 
most reported to be associated with severe disease are stx2a, stx2c and stx2d (Friedrich 
et al., 2002; Persson et al., 2007). There are reports suggesting that other subtypes 
may also cause severe infections. Some Stx2 subtypes share high gene sequence 
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similarities and have probably been misidentified in some reports. The nomencla-
ture for Stx subtypes is continually being refined. Increasing use of WGS should 
help to clarify the associations of Stx subtypes with severe diseases. WGS has also 
indicated that different stx-subtypes are associated with different virulence profiles. 
In a study from the Netherlands, the genes ehxA and ureC were significantly as-
sociated with HUS-associated strains and not correlated with the presence of eae 
(Franz et al., 2015) suggesting that these genes could be important pathogenicity 
markers together with eae and stx2a. 

The Stx2b subtype was proposed to designate a subtype with a variant of stx2c that 
did not cause HUS (Persson et al., 2007). Analysis of STEC in Europe showed that 
stx2b - alone or together with stx1c - is common in STEC from deer dropping and 
wildlife populations (Hofer, Cernela and Stephan, 2012; Mora 2012), but does not 
appear to cause severe human illness (Brandal et al., 2015, Buvens et al., 2012; de 
Boer et al., 2015; Fierz et al., 2017). The Stx2e subtype is mostly found in isolates 
from pigs and pork meats (Beutin et al., 2007) and is commonly associated with 
pig oedema disease (Beutin et al., 2008).  STEC with stx2e have been isolated from 
fresh produce (Feng and Reddy, 2013) and rarely from humans; one study showed 
the frequency of isolation of STEC with stx2e to be similar among people with and 
without diarrhoea (Friedrich et al., 2002). Another study showed that isolation 
of Stx2e-producing STEC was not correlated with diarrhoeal illness (Beutin et 
al., 2008), suggesting that Stx2e producing strains are generally not pathogenic for 
humans. However, Fasel et al. (2014) reported the isolation of STEC with stx2e from 
a HUS patient. In other studies, stx2e was found in serotypes O9abH- and O101:H- 
strains (Thomas et al., 1994) and in another study one stx2e- and eae-  positive 
isolate was isolated from a 65-year old person with HUS in Switzerland; the im-
mune-susceptibility of these patients was not reported. 

The Stx2f subtype has a very distinct genetic sequence from the other Stx2 subtypes 
and the designation Stx2f was first applied to STEC strains isolated from pigeons 
(Schmidt et al., 2000), though this subtype was first reported as Shiga Like Toxin 
(SLT) IIva from a STEC isolated from an infant with diarrhoea (Gannon et al., 
1990). Analyses of STEC isolates from the wild, from bovine farm environments, 
and from humans have seldom found Stx2f (Friedrich et al., 2002, Hofer, Cernela 
and Stephan, 2012, Monaghan et al., 2011). Some studies suggest that STEC that 
produce Stx2f can cause mild diarrhoea or are asymptomatic (Friesema et al., 2015; 
Prager et al., 2009), but it appears to be rare (Hofer, Cernela and Stephan, 2012; 
Persson et al., 2007). However, a recent study reported isolation of STEC O8:H19 
that carried stx2f and eae from an HUS patient in the Netherlands (Friesema et al., 
2015), and others have also reported isolating STEC strains that produced Stx2f 
from HUS patients (Grande et al., 2016). Additional information is needed to un-
derstand the association between Stx2f and severe illness. 
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STEC with the Stx2g subtype was first isolated from bacteriophages in faecally-con-
taminated water (Garcia-Aljaro et al., 2006). It has been found in 8.4% of the STEC 
strains isolated from farm environments in one study (Monaghan et al., 2011), and 
also detected in some STEC strains isolated from foods (Beutin et al., 2007). STEC 
with stx2g have rarely been isolated from human samples (Beutin et al., 2007). It was 
isolated from German patients with diarrhoea, fever, and abdominal pain, but has 
not been implicated in severe diseases (Prager et al., 2011).  

Several studies have indicated that subtypes Stx2a or Stx2d are significantly as-
sociated with the risk of BD, HUS, or both (Brandal 2005a; Buvens et al., 2012; 
Ethelberg et al., 2004; Marjkova 2013; Mellmann et al.. 2008; Persson et al., 2007). 
These subtypes were at least 25 times more potent than Stx2b and Stx2c in analyses 
on primary human renal proximal tubule epithelial cells and Vero cells (Fuller et 
al., 2011). In mice, the potencies of Stx2b and Stx2c were similar to Stx1, whereas 
Stx2a and Stx2d were 40 to 400 times more potent than Stx1 (Fuller et al., 2011). 

In STEC O157:H7, four major and two minor subtypes of stx2 encoding bacterio-
phages have been shown to determine the production level of Stx2a (Ogura et al., 
2015). One of the two bacteriophage subclades in clade 8, a hypervirulent lineage 
of O157:H7, confers the highest Stx2a production in the host strain (Ogura et al., 
2015). Striking phage-related variability in toxin production has been observed 
in clinical isolates of O157 as well as in other O groups (O83, O111 and O145). 
The genotype of the bacteriophage in combination with host strain factors are 
relevant to STEC pathogenesis (Wagner, Acheson and Waldor, 1999). This was 
recently demonstrated in a whole genome sequencing comparison of Stx2f-pro-
ducing STEC strains, some of which were isolated from HUS cases (Grande et 
al., 2016). In this study, only the three strains isolated from HUS patients had the 
EPEC-associated efa1 gene that resides on the pathogenicity island OI122, the 
STEC plasmid genes ehxA, espP and katP, and intimin type ξ (xi) or β (beta). The 
stx2f STEC strains isolated from patients with diarrhoea but without HUS and the 
strains isolated from pigeons lacked these genes (Grande et al., 2016). Although 
some of these genes, like ehxA that code for enterohaemolysin, are prevalent in 
STEC strains that have caused severe infections, their role in STEC pathogenesis 
remains undetermined. Nevertheless, this example suggests that the genotype of 
the host strain can have an effect on disease outcomes.  

The Stx2d subtype has been suggested as an indicator for severe clinical outcomes 
such as BD or HUS (Bielaszewska et al.,  2006). This subtype used to be known 
as stx2d activatable because it was activated by elastase in the mucus to become 
10- to 1000-fold more cytotoxic (Melton-Celsa, Darnell and O'Brien, 1996). In 
a French outbreak caused by a hybrid STEC/extraintestinal pathogenic E. coli 
(ExPEC) strain of serotype O80:H2, Stx2d in combination with other stx subtypes 
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was found in 69% of the 52 strains isolated from HUS patients. Among the isolates, 
62% had stx2c/2d, 7% with stx2a/2d and 31% harboured unique variants of stx2a (22%) 
or stx2d (9%). All 52 strains had the intimin variant eae-ξ (xi), and 87% carried the 
ehxA gene (Mariani-Kurkdjian et al., 2014). Furthermore, all 52 O80:H2 strains 
examined shared >4 genes (sitA, cia, hlyF, and ompTp) that are characteristic of the 
ExPEC pS88 plasmid, as well as other ExPEC traits, with 98% carrying the ISS and 
iroN genes; 96% had the cvaA gene; and 61% had the iucC and etsC genes (Soysal 
et al., 2016). A study from Spain examined 236 STEC strains isolated from patients 
with HUS, diarrhoea, or both. Of these, 193 were eae-positive and 43 were eae-
negative and seven (3%) were found to have stx2d (Sánchez et al., 2017). Further 
analysis showed that six of the stx2d-bearing strains were eae-negative STEC that 
belonged to serotypes O73:H18, O91:H21, O148:H8, O181:H49 and ONT:H21, 
and one was an O157:H7 strain that was also positive for stx2c and eae.  A study 
of 32 O26:H11 sequence type (ST)-29 isolates from cases of HUS between 2010 
and 2013 in France found seven isolates to be positive for stx2d, eae-β (beta) and 
SP_26_E (using a CRISPR-based assay), but devoid of any of the usual plasmid 
genes associated with O26 strains (Delannoy et al., 2015). Although these studies 
are suggestive that Stx2d causes severe infections, not all STEC strains with stx2d 

may causes severe disease. For example, nine patients in Norway infected with 
stx2d-positive STEC did not develop HUS (Brandal et al., 2015b). In an outbreak 
of gastroenteritis in Japan, both E. albertii and STEC O183:H18 that were stx2d 
positive were isolated, but none of the 44 patients examined developed BD or HUS 
(Ooka et al., 2013). In a large study of 626 STEC infections in Germany, none of 
the 268 HUS patients were infected with STEC positive for Stx2d (Friedrich  et al., 
2002). At least 18 different genetic variants of the stx2d subtype have been identified 
and eight of the strains tested showed wide variations in activatability by elastase 
(Scheutz et al., 2012), which may account for the variability in clinical outcomes 
associated with Stx2d.  

Because of gene sequence similarities, stx2a, stx2c and stx2d can be quite difficult to 
discern and identify (Scheutz et al., 2012). stx2c-positive strains had been thought 
to cause severe disease and HUS (EFSA 2013; Friedrich et al.,  2002; Persson et al., 
2007). But recent information has raised uncertainties. For example, the report by 
the EFSA Panel on Biological Hazards (BIOHAZ) (EFSA 2015) 2007) stated that 
O111 strains isolated from HUS patients (Zhang et al., 2007) were stx2c-positive. 
However, in actuality, the alignment of the two sequenced strains showed 100% 
homology with the stx2 sequences found in O157:H7 strain EDL933, which is 
known to have stx2a but not stx2c (Scheutz 2012). Similarly, Persson et al., (2007) 
examined 20 STEC strains isolated from HUS patients and reported one strain 
that had stx2c alone. That strain has since been sequenced (unpublished data) and 
shown to belong to clade 8 of O157:H7, which is known to have stx2a but not stx2c 
(Ogura 2015). Lastly, Friedrich et al. (2002) did not see a statistically significant 
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difference in the prevalence of  stx2c  genotype among STEC isolated from patients 
with HUS vs diarrhoea (P = 0.49), nor in HUS vs asymptomatic patients (P = 0.74) 
(Friedrich et al., 2002). Additional data, obtained by the use of discriminating 
molecular subtyping methods, may clarify whether  stx2c  is strongly associated 
severe disease.  

Large genotypic differences in stx phages have also been observed in LEE negative 
STEC strains (Steyert et al., 2012). It is quite likely that the virulence potential of 
STEC is determined by a combination of factors, including bacteriophage clade, 
stx subtype, and genotype of the bacterial host. Consistent with those assumptions, 
knowing the specific stx subtype and selected virulence genes carried by the STEC 
strain would be useful in assessing health risk, especially considering that not all 
Stx subtypes appear to affect humans and that some subtypes are more often as-
sociated with severe illnesses than others. 

Key Points
Twelve different subtypes of Stx have thus far been identified; Stx1a, Stx1c, Stx1d and 
Stx1e; and Stx2a to Stx2i, encoded by genes; stx1a, stx1c, stx1d and stx1e; and stx2a to stx2i, 
respectively;
• stx2a is most often present in LEE (eae)-positive STEC and has consistently 

been associated with HUS;
• stx2a has also been found in eae-negative and aggR-positive STEC that have 

caused HUS;
• stx2d in LEE-negative strains has to a lesser degree been reported from cases of 

HUS but not all STEC strains with Stx2d may cause severe disease; and
• Case reports of HUS cases where other stx subtypes were identified indicate 

that other factors such as host susceptibility or the genetic cocktail of virulence 
genes in individual isolates may also be associated with severe disease such as 
HUS.

A5.4 SEROTYPES AND REGIONAL DIVERSITY

E. coli are typically identified serologically by two surface antigens; the somatic 
(O) and the flagellar (H), of which there are ~186 and 53 types, respectively. The 
serotype identity of STEC strains have been used widely to identify STEC strains 
that have the potential to cause severe diseases, but serotype is not a virulence 
factor and E. coli strains can carry any combination of O and H antigens, thus the 
number of E. coli serotypes that can exist is very large. It has been estimated that 
there are ~470 STEC serotypes (Mora et al., 2012) that can produce any one of 
the 12 Stx1 and Stx2 subtypes or combinations of these subtypes. However, not 
all Stx subtypes appear to cause human illness; another important reason may be 
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that these strain lack known adherence factors associated with human illness. The 
estimated number of STEC serotypes that causes human illness has ranged from 
>60 (Bettelheim, 2003) to >100 (Johnson, Thorpe and Sears, 2006). 

Incidences of STEC strains causing foodborne infections have been reported from 
numerous countries worldwide (Johnson, Thorpe and Sears, 2006). Whereas some 
serotypes such as O157:H7, O26:H11 seem prevalent and have caused infections in 
many countries, other serotypes caused infections only in a particular country or 
region, suggesting that there may be regional variations in STEC serotypes of im-
portance. For example, in 2009, the European Food Safety Authority (EFSA 2013) 
identified STEC with stx and eae from five O groups (O157, O26, O103, O111 and 
O145), also known as the “big 5”, as being of health concern in the EU. Similarly, in 
the United States of America, six O types (O26, O111, O103, O121, O45 and O145) 
or the “big 6”, have been found to account for >75% of clinical STEC infections 
(Brooks et al., 2005; Hedican et al., 2009). As a result, in 2011, the Food Safety In-
spection Service (FSIS) of the United States of America Department of Agriculture 
(USDA), declared the “big 6” O types that carry stx and eae as adulterants in raw 
non-intact beef and intact beef products intended for non-intact use.  Although 
many of these O types of importance identified by different public health agencies 
were the same, O121 and O45, which were on the United States of America priority 
list, were not listed by other countries in the world (Johnson, Thorpe and  Sears, 
2006).  

The evidence for geographical clustering and divergence not only seems to apply to 
different STEC serotypes but also to strains within serotypes. Mellor et al. (2013) 
used multilocus genotyping to examine O157:H7 strains isolated in the United 
States of America vs Australia and showed that the strains differed not only in 
genotype but also in genetic markers and virulence genes. Similarly, Feng et al. 
(2014) used multilocus sequence typing to characterize O113:H21 strains that have 
caused HUS in Australia vs environmental and clinical strains isolated elsewhere 
in the world and found that even though all the strains were within the same STEC 
clonal group, the Australian O113:H21 strains had sequence type (ST) 820 that was 
not observed in the other strains.  

STEC serotypes are evolving and moving among countries, partly due to the ease of 
worldwide travel, vast international commerce of foods, and migration of wildlife 
within continents (Mora et al., 2012). For example, an atypical O157:H7 variant 
that ferments sorbitol (SFO157) was first identified in Bavaria, Germany in 1988 
(Karch and Bielaszewska 2001) and has now been found in other EU countries, 
including Finland, Austria and Scotland. SFO157 strains seem to have better ability 
than other O157 STEC for adherence (Rosser et al., 2008); perhaps related, there 
are reports that a higher percentage of SFO157 cases develop HUS than for other 
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O157 STEC (Rosser et al. 2008; Allison, 2002). Analysis of SFO157 strains isolated 
from different EU countries showed identical or near identical profiles by pulsed-
field gel electrophoresis, suggesting that the same strains may have spread between 
the countries (Feng et al., 2007). SFO157 strains have thus far not been isolated in 
the United States of America, but have been found in Australia (Bettelheim et al., 
2002), Egypt (Sallam et al., 2013), and Korea (Lee and Choi, 2006); however, some 
of the strains detailed in those reports had different genetic traits from the German 
SFO157 strain, including presence of stx1.  Similarly, most initial reports of STEC 
O26:H11 were found to produce only Stx1, but isolates obtained later produced 
both Stx1 and Stx2.  Since the mid-1990s, a new clone of O26:H11 that produces 
only Stx2 has emerged in Europe and has caused several outbreaks of severe infec-
tions (Allerberger et al., 2003; Bielaszewská et al., 2007b; Chase-Topping et al., 
2012; Kappeli et al., 2011; Liptakova et al., 2005; Paciorek, 2002; Sobieszczanska et 
al., 2004; Verstraete et al., 2013; Zhang et al., 2000; Zweifel, Cernela and Stephan, 
2013). STEC O26 strains have also been isolated from cases of HUS in Argentina 
(Rivas et al., 2006) and it was the most common non-O157 STEC serotype isolated 
during 1983 to 2002 (Brooks et al., 2005) as well as during 2000 to 2010 (Gould et 
al. 2013) in the United States of America Among the O26 human isolates in the 
United States of America from 1983-2002, 13% had stx2, of which only 2% had stx2 
alone whereas the other 11% also had stx1 (Brooks et al., 2005).  Another example 
of changing regional clustering is STEC O121, which was not listed as being of 
concern in many countries (Johnson, Thorpe and Sears, 2006), but together with 
O26, O103, O111, O117, and O145 were listed as the third most common among 
top six non-O157 STEC serogroups associated with serious illness in Canada 
(Catford et al., 2014). A strain of serotype O121:H19, stx2 positive, was implicated 
in a 2017 Canadian outbreak suspected to have been caused by contaminated flour 
(Morton et al., 2017).  Similarly, STEC O104 was a concern in the United States 
of America (Johnson Thorpe and Sears, 2006) due to an outbreak of BD in 1994 
associated with drinking milk contaminated with a strain of O104:H21 serotype 
(CDC, 1995). However, the large outbreak with O104:H4 in Germany and France 
in 2011 quickly raised our awareness of the health risks of this serotype and sent a 
cautionary message regarding the difficulties of anticipating STEC serotypes that 
might emerge to cause severe infections.  The O104:H4 outbreak strain has not 
been found in the United States of America, except for a single strain isolated from 
a patient who had travelled to Germany during the outbreak period, thus high-
lighting the risk of pathogen spread via travel.    

Knowing the serotype of the STEC causing infections is important in epidemio-
logical tracking, including measuring incidence, tracking global emergence, and 
detecting and investigating outbreaks. However, serological typing of E. coli is 
complex due to the large number of O- and H- type antigens that exist. Further-
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more, not all E. coli isolated from foods can be serotyped. Studies characterizing 
STEC and enterotoxigenic E. coli (ETEC) strains isolated from fresh produce found 
that over 50% of the isolates could not be typed or only yielded partial serotypes 
(Feng and Reddy, 2013; Feng et al., 2014). One should also bear in mind that many 
STEC virulence factors are on mobile genetic elements that can be lost of trans-
ferred. Hence, it is not unusual to find STEC strains of the same serotype that 
carry different virulence genes and pose different health risks. As a result, although 
serotype data can be useful in identifying STEC, serotype, in determining health 
risk, such data should not be assessed independently but evaluated along with the 
other attributes.  

Key Points
• It is estimated that there are at least 470 serotypes which can produce any one 

or more of the 12 known Stx subtypes;
• The number of STEC serotypes that causes human illness varies depending on 

reports and is probably greater than 100; and
• The serotype is not a virulence factor, and does not (necessarily) predict the 

virulence profile but is useful in outbreak investigation and for prevalence sur-
veillance.

A5.5 OTHER FACTORS THAT AFFECT VIRULENCE 
CHARACTERIZATION 

A5.5.1 Horizontal gene transfer 
Mobile genetic elements (MGEs) such as plasmids, bacteriophages, transposons, 
pathogenicity islands (PAIs) and insertion sequence (IS) elements play a major 
role in the evolution of E. coli.  Plasmids are highly diverse and may possess genes 
for antibiotic resistance, virulence, regulation, and adhesins. Through the process 
of conjugation, plasmids can transfer small or large fragments of DNA between 
bacteria and convey those traits to the recipient. 

Some bacteriophages have the capacity to mobilize genes, as demonstrated by the 
enormous fraction of phage particles in faeces that contain bacterial DNA. Through 
lysogenic conversion of resident intestinal bacteria, phages may introduce new 
phenotypic traits, such as antibiotic resistance and the ability to produce exotoxins 
(Breitbart et al., 2003). Shiga toxin-converting bacteriophages (Stx phages) carry 
the stx gene and have the capability to lysogenize non-pathogenic bacterial strains 
and convert them into STEC. Stx-phages therefore, represent highly mobile genetic 
elements that play an important role in the expression of Stx and in horizontal 
gene transfer and STEC genome diversification.  One example is the Stx-producing 



SHIGA TOXIN-PRODUCING ESCHERICHIA COLI (STEC) AND FOOD: ATTRIBUTION, CHARACTERIZATION, AND 
MONITORING

106

EAEC O104:H4 strain, which caused a large outbreak in Germany in 2011 (Frank 
et al., 2011). It has been hypothesized that this strain may have originated from a 
genetically primitive lineage of E. coli in a confined geographical area but evolved 
via several independent streams of horizontal gene exchange (Bezuidt et al., 2011; 
Bielaszewská et al., 2011; Rasko et al., 2011). 

As mentioned above, evidence from Central Europe and Italy shows that O26:H11 
strains have been shifting from stx1 only to stx1 and stx2 and now to stx2 only and 
that these  are more virulent than the other O26 strains (Allerberger et al., 2003; 
Bielaszewska et al., 2013; Bielaszewská et al., 2007b). As a further complication, 
loss and gain of Stx-encoding phages has been observed in O26:H11 strains 
(Bielaszewská et al., 2007a). In the United States of America, mostly stx1-bearing 
O26 strains have been found in foods and isolation of the stx2-alone strain has, thus 
far, not been very common. 

Frequent loss of stx genes in clinical isolates of STEC have been observed upon 
subcultivation (Karch et al., 1992) and stx-negative E. coli O157:H7/H- variants 
may occur at a low frequency in patients with diarrhoea or HUS (Schmidt et al., 
1999). The loss and gain of Stx-encoding phages from E. coli in the human intestine 
or during cultivation can result in strains with different pathotypes. Such strains 
can present challenges to DNA fingerprinting (such as PFGE), result in variable 
diagnostics and also have clinical, epidemiological and evolutionary implications. 

Free and infectious stx phages can be found in high densities in healthy human 
faecal samples, in environments polluted with human and animal faces and also in 
foods (Imamovic and Muniesa, 2011; Martinez-Castillo et al., 2013; Muniesa and 
Jofre, 2004).  As a result, molecular detection of stx genes in a sample merely reflects 
the presence of stx genes (phages) and will have to be confirmed by the isolation 
and characterization of STEC. Other enterobacterial species also known to acquire 
stx phages include Shigella dysenteriae type 1, S. flexneri, S. sonnei, Citrobacter 
freundii, E. albertii, Acinetobacter haemolyticus, Aeromonas caviae and Enterobac-
ter cloacae (Alperi and Figueras, 2010; Beutin, Strauch and Fischer, 1999; Brandal 
et al., 2015a; Carter et al., 2016; Grotiuz et al., 2006; Herold, Karch and Schmidt, 
2004; Khalil et al., 2016; Ooka et al., 2012) and these may also be detected by stx-
specific assays. Usually, if one or more stx genes are detected in foods associated 
with an outbreak, coupled with supporting epidemiological data this may provide 
sufficient information to link the food to human illness. But since stx phages can 
be present in foods, these may result in false-positive findings. There are alternative 
methods that can eliminate or significantly reduce the detection of stx-phages from 
non-STEC sources, and this holds promise for more specific detection of STEC in 
foods (Quirós, Martínez-Castillo and Muniesa, 2015). 
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More than 170 pathogenicity islands (PAIs) carrying important virulence proper-
ties have been annotated as genomic islands (GIs) in the sequences of the STEC 
O157:H7 strains EDL933 and Sakai (Hayashi et al., 2001; Perna et al., 2001). One of 
these PAIs carries the locus for enterocyte effacement (LEE), which has the genes 
necessary for the attaching and effacing lesion. Another PAI, designated O island 
122 (OI-122) carries the large virulence gene cluster efa1-lifA (Klapproth et al., 
2000; Nicholls, Grant and Robins-Browne, 2000; Stevens et al., 2002) and has fre-
quently been found in STEC strains associated with severe human disease (Karmali 
et al., 2003; Konczy et al., 2008; Morabito et al., 2003). OI-122 has multiple other 
functions and appears to be involved in cell adhesion, immunosuppression, dis-
ruption of epithelial barrier function, and intestinal colonization (Klapproth and 
Meyer, 2009). 

– Another important PAI is OI-57, which harbours adfO, a putative virulence 
gene for adhesion, and ckf, which encodes a putative killing factor for the 
bacterial cell. OI-57 is present in the majority of the STEC genomes and in a 
proportion of human enteropathogenic E. coli, suggesting it could be involved 
in the attaching-and-effacing colonization of the intestinal mucosa (Imamovic 
et al., 2010).

A more complete description of many of the additional mobile genetic elements 
(MGEs) is beyond the scope of this assessment but a few examples of MGE-derived 
recombinant strains - also referred to as hybrid strains - deserve mention here:  
– EAEC-STEC: E. coli O104:H4 from the German outbreak in 2011 with 

stx2a subtype, pAA (the virulence plasmid encoding genes for AAF/I, AggR, 
and SepA), ESBL antibiotic resistance plasmid, chromosomal genes for Aat 
(dispersin translocator), SigA (IgA protease-like homolog) and Pic (Serine 
protease precursor) (Boisen et al., 2014; Boisen et al., 2015). 

– EPEC-STEC: E. coli serotypes O26:H11, O55:H9, and O80:H2 with stx2f from 
patients with HUS in Austria and Italy having the EPEC-associated efa1 gene 
that resides on the pathogenicity island OI-122, the STEC plasmid genes ehxA, 
espP and katP, and intimin types ξ (xi) or β (beta) (Grande et al., 2016).

– ExPEC-STEC: E. coli O80:H2 have been reported from France and Spain with 
stx2a, stx2c, or stx2d, intimin gene eae-ξ, and at least four genes characteristic of 
pS88 (sitA, cia, hlyF, and ompT), and other genes associated with extraintesti-
nal virulence (iss, iroN, and cvaA genes) (Soysal et al., 2016). Thirteen O2:H6 
strains with sequence type ST141 had stx2b, saa, and ExPEC-associated genes vat, 
clb Island, cdiAB- and ybt clusters; 12 also had iro and 10 had α-hly, cnf1, the pap 
cluster and hek, and nine also had sfaII cluster (Bielaszewska et al., 2014).
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– ETEC-STEC: E. coli O2:H27 with stx2a, ehxA, and estIa (gene for heat-stable 
toxin) was isolated from two people (one had diarrhoea, one was asymptom-
atic), and O101:NM with stx2a, ehxA, estIa, and eae was isolated from a case of 
HUS in Finland (Nyholm et al., 2015). An E. coli O159:HUT, ST171, with stx2a, 
elt for heat-labile toxin, and the ETEC colonisation factor CS12 was isolated 
from a patient with diarrhoea in Korea (Oh et al., 2017). Four O15:H16, five 
O175:H28, two O136:HNM, and one ONT:H16 human clinical isolates from 
Germany were positive for stx2g and estIa (the O15:H16 strains were also 
positive for the plasmid encoded astA and espP) (Prager et al., 2011).

– A less well characterized stx2f-positive O8:H19 isolate from a patient with 
HUS in the Netherlands was also positive for the eae gene but negative for 
ehxA (Friesema et al., 2015).

In summary, mobile DNA and horizontal gene transfer in E. coli can transfer 
virulence genes to other bacteria and poses an ongoing challenge in the diagnostic 
procedures and detection methodology, as well as in the risk assessment of indi-
vidual findings.

Key Points
• Independent streams of horizontal gene exchange play a major role in STEC;
• Mobile DNA and horizontal gene transfer in E. coli poses an ongoing challenge 

in the diagnostic procedures and detection methodology, as well as in the risk 
assessment of individual findings;

• Other diarrhoeagenic E. coli (DEC) pathotypes are also known to acquire stx 
phages; and

• Other species of Enterobacteriaceae are also known to acquire stx phages.

A5.5.2 Dose-response assessment for STEC virulence types 
Shiga toxin (Stx) is the main virulence factor of STEC but Stx is seldom produced 
in foods, unless it has undergone severe time-and-temperature abuse sufficient 
to result in spoilage which will render the food unfit for consumption. Sig-
nificant production of Stx1 in milk and ground beef, when these samples have 
been subjected to vigorous aeration at 37 °C for 48 hrs has been demonstrated 
(Weeratina and Doyle, 1991). However, these conditions are seldom encountered 
in normal food production processes. Foodborne STEC infections typically occur 
as a result of ingesting food and other vehicles contaminated with STEC, as the 
organism binds to intestinal epithelial cells, followed by the expression of Stx. The 
severity of disease outcomes in STEC infections may also depend on the number 
of STEC pathogen cells ingested. The infectious doses of STEC are suspected to be 
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low, but can vary depending on serotypes and strains. Disease outcome can also 
vary depending on the individual’s susceptibility. 

Limited information is available on the dose-response of STEC. The risk of life 
threatening illness in humans and the absence of an animal model that replicates 
human pathology preclude experimental determination of STEC dose-response. 
Estimates of dose-response have been made for STEC O157:H7 based on food 
concentration of the pathogen and patient consumption data from outbreaks. 
It is thought that exposure to less than 100 cells of STEC O157:H7 is sufficient 
to cause infection. Exposure estimates have been reported from three outbreaks 
where the concentration of STEC O157:H7 in the food at consumption could be 
determined; 2 to 45 cells in salami (Tilden et al., 1996), less than 700 cells in beef 
patties (Tuttle et al., 1999) and 31 to 35 cells in pumpkin salad with seafood sauce 
(Teunis, Takumi and Shinagawa, 2004). These estimates are reinforced by reports 
of STEC O157:H7 concentration, expressed either as Colony Forming Units (CFU) 
or Most Probable Number (MPN), in a variety of foods involved in outbreaks 
e.g. in raw milk cheeses, 5-10 CFU/g (Strachan, Fenlon and Ogden, 2001) and 
0.0037 to 0.0095 MPN/g (Gill and Oudit, 2015) and in beef patties 1.45 MPN/g 
(Hara-Kudo and Takatori, 2011) and 0.022 MPN/g (Gill and Huszczynski, 2016). 
The probability of infection on exposure to a single viable cell of STEC O157 is 
significant. In one foodborne outbreak a median value of 25% was estimated for 
children, and a median value of 17% was estimated for adults (Teunis, Takumi and 
Shinagawa, 2004). The frequency of transmission in child care centres and among 
family members also suggests that the probability of infection per cell is significant. 

It is unknown whether the dose-response of STEC that use intimin for attach-
ment varies between strains belonging to different serogroups, although due to 
the known genetic and physiological variability of STEC it can be presumed to be 
significant. However, it is not currently possible to identify STEC strains that have 
a higher probability of causing infection than STEC O157:H7. An investigation of 
an STEC outbreak involving serotypes O145:H28 and O26:H11 in ice cream found 
concentrations of 2.4 MPN/g for O145 and 0.03 MPN/g for O26 (Buvens et al., 
2011). In an outbreak of STEC O111:H- associated with fermented sausage, the 
estimated exposure dose was 1 cell per 10 g (Paton et al., 1996). This indicates that 
the probability of infection upon exposure to other STEC strains may approach 
that of O157:H7. 

In addition to STEC strain factors, host factors very likely affect dose-response 
relationships as well as disease outcome. Individuals with a weakened immune 
system, such as the frail, elderly, and individuals that lack acquired immunity, such 
as young children, have the highest rate of illness and HUS (Havelaar and Swart, 
2014). One study from Germany examined the relation of major STEC O-groups 
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with patient’s age and severity of illness and showed that age was a relevant factor 
in the severity of STEC illness (Preussel et al., 2013). Another study from Germany 
showed that in children under 3 years of age, the relevant risk factors were contact 
with ruminants and consumption of raw milk, and that foods like meats and 
sausages do not become STEC risk factors until the patients are 10 years or older 
(Werber et al., 2007). This should be taken into account when extrapolating dose-
response estimates to settings with different demographic compositions or epide-
miological scenarios.  Furthermore, heterogeneity in exposure, such as infectivity, 
dose, attack rates, host susceptibility, food, etc. also needs to be taken into account 
in determining dose response in O157:H7 outbreaks (Teunis, Ogden and Strachan, 
2008).

Key Points
• The severity of disease outcomes in STEC infections may depend on the 

number of STEC cells ingested;
• The infectious dose of STEC is suspected to be low, but can vary between 

serotypes and strains; and
• Disease outcome varies depending on individual susceptibility.

A5.5.3 Human factors
Although selected STEC traits may be used to assess potential health risks, they 
provide no conclusive prediction of the outcome or the severity of disease. STEC 
pathogenesis is highly complex and aside from STEC virulence traits, other factors 
may also play a role in disease outcome.  For example, co-culturing O157:H7 
strains with commensal E. coli can increase Stx2 production and the virulence of 
O157:H7 strains in mice, suggesting that there is a synergistic effect with intestinal 
flora bacteria (Goswami et al., 2015). Some clades of O157:H7 have been shown 
to over-express Stx2 and is more often associated with severe human infections 
(Neupane et al., 2011).  Similarly, severity of STEC infections can also be due to 
synergistic effect with other organisms. In a 2001-2010 survey of 1800 non-O157 
infections, 3.6% of the cases were attributed to multiple aetiology infections (Luna-
Gierke et al., 2014). In several of these, patients were co-infected with a non-O157 
STEC and O157:H7, Cryptosporidium or Campylobacter. Co-infections of patho-
genic E. coli with other pathogens have been characterized by severe diarrhoea 
(Tobias et al., 2015). 

The occurrence and severity of STEC infections are also affected by human factors 
and genetics, which can affect STEC colonization and the severity outcome of 
STEC infections (Russo et al., 2015).  The impact of human individual suscep-
tibility is also indicated by reports of asymptomatic STEC carriers (Stephan and 
Untermann, 1999). A study of faecal samples from 5590 asymptomatic workers 
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from the Swiss meat processing industry reported that 3.5% were positive for stx 
genes, 47 STEC strains were isolated, and some also had the eae gene, including one 
isolate of the O157:H7 serotype (Stephan, Ragetti and Untermann, 2000). Similarly, 
a study from Northern Italy examined faecal samples from 350 asymptomatic farm 
workers from 276 dairy farms and 50 abattoir workers from 7 different facilities 
and found 1.1% of the farm workers to have O157:H7 strains that had eae and stx1, 
stx2 or both (Silvestro et al., 2004). All these individuals were adults and although 
they were asymptomatic, they could pose health risks to younger individuals. For 
example, an asymptomatic mother with an eae-negative O146:H28 strain with 
stx2b, a Stx subtype usually associated with asymptomatic carriages (Stephan and 
Unttermann, 1999), had transmitted the strain to her child, resulting in neonatal 
HUS (Stritt et al., 2013).   

Other evidence on the effects of human factors include a case from Finland, where 
an eae-negative, stx1c-positive O78:H- strain was isolated from the faecal samples 
of all five family members (Linemann et al., 2012). The stx1c subtype is most 
prevalent in STEC strains isolated from sheep (Brett et al., 2003) and infections by 
stx1c strains tends to be mild or asymptomatic (Friedrich et al., 2003). Accordingly, 
the parents and the older siblings had no symptoms, but the two-year-old child 
developed HUS. Furthermore, there was a report of 3-year old identical twins that 
were infected with the same O157:H7 strain but differed in outcomes, where one 
case resulted in HUS, but not in the other (Inward, Millford and Taylor, 1993). 
The authors speculated that perhaps differences in the size of inoculum may have 
affected on the different disease outcomes observed in the twins. These examples 
suggest that human genetics and individual susceptibility can greatly affect 
disease outcome. Hence, no STEC strain may be “without risk” as all STEC strains 
probably poses some health risk to some individuals but possibly be not everyone. 
If so, instead of the commonly used terms such as “pathogenic” or “non-patho-
genic” STEC, perhaps they should more appropriately be designated as “low-” or 
“high-” health risk STEC. Such a position and terminology have been proposed 
and advocated by others for distinguishing the health risk of STEC strains (Scheutz 
2014; Lacher et al., 2016).  

Finally, although past history can show that a particular STEC serotype has caused 
severe infections and outbreaks, serotype data may therefore be useful to consider 
in STEC health risk characterization, although such information needs to be in-
terpreted with caution. For instance, STEC strains of the O8:H19 serotype have 
been found in flour in the United States of America and are also common in cattle 
(Isiko, Khaitsa and Bergholz, 2015)), but an O8:H19 strain was reported to have 
caused HUS in a boy in the Netherlands (Friesema et al., 2015). Most O8:H19 
strains do not have eae and can have stx1a or stx2a, or both, but the HUS-causing 
strain from the Netherlands is unusual in that it had eae and stx2f. Most of the STEC 
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virulence genes reside on mobile genetic elements that can be transferred between 
strains and, as is evident here, strains with the same serotype can have different 
virulence genes and therefore, differ in their potential to cause severe illnesses. This 
latter incident also shows that in the right circumstances, Stx2f can cause severe 
disease in humans, thereby supporting the notion that all STEC poses health risks 
to certain individuals. The fact that same serotype strains can vary in pathotypes 
greatly complicates health risk decision-making and shows that it will be very 
difficult to establish uniform criteria that can be used to determine if a STEC has 
the potential to cause severe disease.  Future research may identify better traits that 
can be used in STEC health risk characterization. In which case, the critical health 
risk criteria currently used will need to be changed accordingly.  

Key Points
• Human factors are thought to play a role in outcome and severity of STEC 

diseases, but this role is undetermined;
• All STEC have the potential to cause diarrhoea and pose some health risks, 

but those that carry certain virulence traits are regarded as higher risk and can 
cause HUS.  

A5.6 OVERALL CONCLUSIONS:

• Adherence factors are critical factors for STEC pathogenicity;
• The principal adherence factor in STEC is the intimin protein coded by the eae 

gene;
• The AAF adhesins regulated by the aggR gene of EAEC is also an effective 

means for adherence;
• Other putative adherence factors genes include saa, sab, paa, efa1, ompA, lpfA, 

toxB and the LAA PAI;
• Twelve different subtypes of Stx have been identified: Stx1a, Stx1c, Stx1d and 

Stx1e; and Stx2a to Stx2i, encoded by genes stx1a, stx1c, stx1d and stx1e; and stx2a 
to stx2i, respectively;

• stx2a is most often present in LEE (eae)-positive STEC and has consistently 
been associated with HUS;

• stx2a have also been found in eae-negative, aggR-positive STEC and have been 
associated with HUS;

• stx2d in LEE-negative strains has to a lesser degree been reported from HUS 
cases but not all STEC strains with Stx2d may causes severe disease;

• Case reports of HUS cases where other stx subtypes were identified indicate 
that other factors such as host susceptibility or the genetic cocktail of virulence 
genes in individual isolates may also be factors associated with severe disease 
such as HUS;
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• It is estimated that there are at least 470 E. coli serotypes which can produce 
any one or more of the 12 known Stx subtypes;

• The number of STEC serotypes that causes human illness varies depending on 
reports, and probably exceeds 100;

• The serotype is not a virulence factor and does not (necessarily) predict the 
virulence profile, but is useful in outbreak investigation and for prevalence 
surveillance;

• Independent streams of horizontal gene exchange play a major role in STEC 
pathogenicity;

• Mobile DNA and horizontal gene transfer in E. coli transfers virulence genes 
to other bacteria and poses an ongoing challenge in the diagnostic procedures 
and detection methodology, as well as in the risk assessment of individual 
findings;

• Other diarrhoeagenic E. coli (DEC) pathotypes are also known to acquire stx 
phages;

• Other species of Enterobacteriaceae are also known to acquire stx phages;
• The severity of disease outcomes in STEC infections may depend on the 

number of STEC cells ingested;
• The infectious dose of STEC is suspected to be low, but can vary between 

serotypes and strains;
• Disease outcome varies depending on individual susceptibility; and
• Human factors are thought to play a role, but this role is undetermined. 
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ANNEX 7 - SUMMARY TABLE OF CURRENTLY AVAILABLE TECHNOLOGIES AND METHODS FOR DETECTION AND 
CHARACTERIZATION OF STEC IN FOOD

Annex 7

Summary table of currently available 
technologies and methods for detection 
and characterization of STEC in food

The isolation of STEC is currently considered essential for definitive diagnostic 
purposes. Traditionally, without an isolate, the results of assays remain presump-
tive, because assays may detect STEC biomolecules from non-viable cells or non-
target microbiota. Genome sequencing, which is being increasingly used for the 
characterization of STEC in food, is expected to play an increasing role. Character-
ization of STEC is necessary for investigations, surveys, baseline studies, surveil-
lance, in designation of reference strains, and for risk management of processes.   
There are many other methods that may be used for non-regulatory purposes, 
and the methods listed here are some of the official methods currently used in 
countries.
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Shiga toxin-producing Escherichia coli (STEC) infections are a substantial 
health issue worldwide. Circa 2010, foodborne STEC caused > 1 million human 
illnesses, 128 deaths, and ~ 13,000 Disability Adjusted Life Years (DALYs). 
Targeting interventions to address this hazard relies on identifying those STEC 
strains of greatest risk to human health and determining the food vehicles for 
such infections.   

This report brings together the review and analysis of existing information on 
the burden, source attribution, hazard characterization and monitoring of STEC. 
It proposes a set of criteria for categorizing the potential risk of severity of 
illness associated with the presence of a STEC in food, for consideration by 
risk managers, as part of a risk-based approach to control STEC in foods. It 
presents the initial results on source attribution of foodborne STEC, highlighting 
that while ruminants and other land animals are considered the main reservoirs 
for STEC, largescale outbreaks have also been linked to other foods, such as 
fresh produce. It also provides a review of monitoring programmes and meth-
odology for STEC, which can serve as a reference for countries planning to 
develop such programmes.

This work was undertaken in response to a request from the Codex Alimentarius 
to support the development of international standards on foodborne STEC. The 
advice herein is useful for both risk assessors and risk managers, at national 
and international levels and those in the food industry working to control this 
hazard.  

For further information on the joint FAO/WHO activities on microbiological  
risk assessment and related areas, please contact

Office of Food Safety
Agriculture and Consumer Protection Department
Food and Agriculture Organization of the United Nations
Viale delle Terme di Caracalla
00153 Rome, Italy
Email: jemra@fao.org
Website: www.fao.org/food/food-safety-quality 

Department of Food Safety and Zoonoses
World Health Organization
20 Avenue Appia
1211 Geneva 27, Switzerland
Email: jemra@who.int
Website: www.who.int/foodsafety
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