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Section 5: Epidemiology of VTEC in humans 

 

5.1 Introduction 

 

The link between Verocytotoxin-producing Escherichia coli (VTEC) and 

human disease was first established in 1982.  Escherichia coli O157: H7 was 

the cause of outbreaks of haemorrhagic colitis (HC) in two widely 

geographically dispersed parts of the United States (Riley et al. 1983).  These 

outbreaks were associated with hamburger consumption and the ñburger bugò 

was discovered.  At around the same time, Karmali (1983) established the link 

between VTEC and haemolytic uraemic syndrome (HUS).  Infection with 

VTEC is now thought to account for over 90% of all cases of HUS in 

industrialised countries.  In the years since its discovery, the complexities of 

the epidemiology and ecology of this important pathogen have emerged 

(O'Brien and Adak 2002). 

 

Since VTEC O157: H7 was first recognised as a foodborne pathogen in 1982, this 

serotype has been responsible for many large food and waterborne outbreaks of 

disease.  Over 400 different VTEC serotypes now exist and approximately 60 of 

these have been associated with disease in humans. 

 

In many countries, including the UK and USA, VTEC O157: H7 is the predominant 

VTEC serotype associated with severe human disease.  In some countries, non-

O157 VTEC have been responsible for outbreaks of infection, although differences in 

methodology and surveillance systems does make comparisons between countries 

difficult, especially diagnosing non-O157 VTEC infections. 

 

VTEC can be isolated from a variety of animals, although ruminants, especially cattle 

and sheep, remain the most important source.  Routes of transmission to man 

include contact with contaminated animals, their faeces and contaminated farmland.  

Run-off from farmland may result in contamination passing into streams, rivers and 

lakes. Occasionally private water supplies become contaminated and water has been 

linked to E. coli O157: H7 outbreaks.  Foods, especially raw meats, are commonly 

associated with VTEC infections, although a wider range of foods have now been 

implicated. Foods can become contaminated with VTEC at various stages in the food 

chain, although it is most likely to occur during primary production.  Person-to-person 

transmission can also occur, especially during outbreaks.  The majority of cases of 

VTEC infection are sporadic. 
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A variety of VTEC serotypes are frequently isolated from animals and 

humans, although VTEC O157: H7 is the predominant serotype associated 

with severe human infection, particularly in the USA and UK (Griffin and 

Tauxe 1991).  In the United States, E. coli O157: H7 is estimated to cause 

73,000 illnesses annually (Rangel et al. 2005).  Whilst it is true to say that 

many methods preferentially detect and isolate serogroup O157, it is also 

apparent that many strains of VTEC O157: H7 (H-) possess pathogenicity- 

associated genes and colonisation factors which enable strains belonging to 

this serotype to cause severe disease in man.  However, it is also known that 

other VTEC serotypes possess the same virulence factors or, at least, have 

the potential ability to acquire some of these additional genes, thus enabling 

them also to cause severe human disease. 

 

5.2 Sources of information on VTEC Infections: surveillance 

 

The extent to which the burden of disease caused by VTEC is recognised 

depends upon the surveillance methods employed.  The most common E. coli 

serotype causing haemorrhagic colitis and HUS in the UK and United States 

is E. coli O157: H7.  One potential reason why this serotype is the most 

commonly identified is that it is also the easiest to identify in clinical 

microbiology laboratories.  Characterised by its inability to ferment sorbitol, 

standard methods exist for the detection and isolation of E. coli O157, and 

testing for other VTEC is not performed routinely in some countries.  In 1995, 

the Advisory Committee on the Microbiological Safety of Food (ACMSF) in the 

United Kingdom recommended that all clinical laboratories should routinely 

examine all diarrhoeal stool specimens for E. coli O157 (ACMSF, 1995).  This 

recommendation was adopted in all Public Health laboratories in England and 

Wales (Anon 1995), although the extent to which it was taken up by NHS 

laboratories is unknown. 

 

In a published survey from Foodnet in the United States, the authors 

examined factors affecting the diagnosis of E. coli O157 in Foodnet sites 

(Bender et al. 2004; Voetsch et al. 2004).  They found that the diagnosis of 

E.coli O157 was influenced by the following:- 

 

 The percentage of physicians who did not request a stool culture for  

E. coli O157, thinking, mistakenly, that their laboratory cultured all stool 

samples for O157 routinely (8 ï 32%). 

 

 The percentage of physicians who obtained a stool sample for culture 

from the last patient they saw with bloody diarrhoea (72 ï 79%). 
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 The proportion of stool samples that underwent culture for E. coli O157 

in laboratories that cultured all bloody stool samples for E. coli O157 

(58% in Georgia to 96% in Connecticut). 

 

The fact that surveillance systems under-estimate disease incidence has also 

been studied in Canada and in the Netherlands.  In Canada, Michel et al. 

(2000) used a modelling approach and estimated that the rate of under-

reporting of symptomatic cases of E. coli O157: H7 infection in Ontario ranged 

from 78 to 88%, corresponding to a ratio of 1 reported case for approximately 

4-8 symptomatic cases missed by the surveillance system.  In the 

Netherlands, a programme for enhanced surveillance of VTEC O157 was 

implemented in January 1999 (Van Duynhoven et al. 2002).  VTEC O157 was 

reported to pose a limited public health problem, although a combination of 

selective laboratory testing policies and low sensitivity of the culture 

techniques used probably meant that incidence of VTEC O157 infection was 

underestimated. 

 

There are at least 400 different serotypes of VTEC (Scheutz and Strockbine 

2005) and approximately 60 of these types have been associated with 

disease in humans (Andreoli 2002). Among the non-O157 VTEC associated 

with outbreaks, the predominant serogroups include O26, O111 and O128 

(Bettelheim 2007).  However, attempts to isolate non-O157 VTEC vary by 

country.  For example, in the United States the majority of clinical laboratories 

do not look routinely for non-O157 VTEC (Andreoli 2002).  Similarly, in the 

Netherlands only 6% of the laboratories look for non-O157 VTEC, although 

95% perform testing for VTEC O157 (Van Duynhoven et al. 2002).  This 

suggests that, at least in part, an apparent absence of non-O157 VTEC may 

be artefactual, resulting from failing to use appropriate diagnostic techniques.  

Andreoli (2002) reported two studies in which the aim was to determine the 

prevalence of both O157 and non-O157 VTEC in selected sites in the United 

States.  Using enzyme immunoassay, 124 (0.9%) of 13,798 stool samples 

analysed were positive for VTEC.  Of 104 VTEC isolates that were further 

characterised, 54% were O157 and 46% were non-O157 serotypes.  Similar 

findings were reported by Fey et al. (2000) examining diarrhoeal stool 

samples from Nebraska. 

 

In Scotland, enhanced surveillance of E. coli O157 was established in 1999 

(Locking et al. 2004).  The Scottish E. coli O157 reference laboratory (SERL) 

receives clinical samples from diagnostic laboratories throughout Scotland 

and confirms the presence of E. coli O157 or other serogroups of E. coli using 

phenotypic and genotypic typing methods.  In 2003, serogroup O157 was 

identified in 94.1% of all VTEC isolated from clinical samples in Scotland, the 
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remainder being non-O157 VTEC.  In Scotland, the rate of infection/100,000 

population fell from 4.6 in 2002 to 3.0 in 2003 (Figure 5.1). 

 

Infection rates in Scotland are generally higher than those reported in the rest 

of the UK (Figure 5.1) but the reasons for this remain unclear.  Possible 

factors include greater exposure of people in parts of Scotland to 

environmental contamination, drinking from untreated water supplies by rural 

communities in some areas and possible differences in the prevalence and 

shedding rates in animals in this country and the concentration of VTEC O157 

being excreted.  However, it is unlikely to be due to one single factor.  

Moreover, whilst data on the concentration of VTEC O157 being shed by 

animals has been determined in Scotland (see Section 6.2.1), without 

equivalent information from other countries it is not possible to explain the 

higher incidence in Scotland on carriage, shedding and concentrations of 

VTEC O157 being excreted by livestock alone (Iain Ogden, personal 

communication).  Whilst there are different structures for laboratory reporting 

of cases of VTEC in Scotland compared with England and Wales it is unclear 

whether this leads to differences in case ascertainment.  Regional variations 

in infection rates are apparent; for example, in Scotland, rates are remarkably 

higher in the North East and in Dumfries and Galloway.  In England & Wales, 

rates tend to be higher in the North and in the West. 

 

Figure 5.1 The rates of VTEC O157 infection per 100,000 for the UK 

(1982-2006) 
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In the Netherlands, disease burden has been described in terms of Disability 

Adjusted Life Years (DALYS) (Havelaar et al. 2004).  The mean disease 

burden associated with VTEC O157 in the Dutch population was found to be 

116 DALYs per year.  Mortality due to HUS was 58 DALYs, End Stage Renal 

Disease (ESRD) was 21 DALYs and dialysis due to ESRD was 21 DALYs.  

These constituted the main determinants of disease burden (see also Section 

4.2.4.2). 

 

In England and Wales in 2003, 675 isolations of VTEC O157 were confirmed; 

this was a 13% increase compared with 595 isolates in 2002.  Approximately 

71% of strains had vtx2 genes and 28% had both vtx1 and vtx2; one isolate 

was vtx1 only.  The strains belonged to 21 designated phage types but 77% 

belonged to PT21/28, 8 and 2.  Approximately 5% of strains reacted with the 

typing phages but did not conform to a designated type (RDNC).  Phage types 

for England, Wales and Scotland are shown in Table 5.1.  PT21/28 continues 

to be the most common seen since 1999 in England and Wales.   

 

Table 5.1 Predominant phage types of VTEC O157 from human  

  infections in England, Wales and Scotland, 2003 

 

Phage type 
England and Wales 

% of total 

Scotland  

% of total 

21/28 35 66 

8 26 6 

2 16 9 

32 5 2 

4 4 6 

14 3 1 

Others 11 9 

 

In Scotland in 2003, 148 isolates of E. coli O157 were reported to HPS, of 

which 146 were examined by SERL.  Only two of the 146 isolates were VT-

negative and these were also sorbitol fermenters.  Two-thirds of the E. coli 

O157 isolates were PT21/28 (Table 5.1).  PT2 was next most frequently 

identified, followed by PT4 and PT8; 6.2% of isolates were RDNC. 

 

In 2003, SERL isolated one sorbitol fermenting VTEC O157 strain from an 

adult with farm contact.  A sorbitol-fermenting VTEC O157 was isolated from a 

cat sample in the subsequent investigation; this isolate shared an 

indistinguishable PFGE profile with the clinical isolate. 
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Following recommendations in the E. coli O157 Task Force Report, faecal 

samples were examined for non-O157 VTEC by SERL.  In 2003, nine non-

O157 VTEC isolates were confirmed, four O26 and one each of O91, O103, 

O113, O118 and O177.  One patient carried both VTEC O91 and VTEC O118 

(Locking et al. 2004). 

 

In Brazil, there is no nationwide surveillance for either haemorrhagic colitis or 

HUS.  In an attempt to investigate the association of severe illness with VTEC 

infection, a study in São Paulo examined sera for antibodies to O26, O111 

and O157 LPS, in patients with severe diarrhoea or HUS.  High levels of 

antibodies, particularly IgM, against these LPS were identified in 63.6% of the 

examined sera. 

 

In Denmark, VTEC surveillance is dependent on differences in diagnostic 

practices and area (Fig 5.2).  The two major components are clinical criteria 

for the examination of VTEC and detection methods.  There are clear 

differences in the incidence reported by Statens Serum Institut (SSI) counties 

in Denmark, using specific clearly defined clinical criteria and DNA based 

methods, and by regional hospitals that use more ad-hoc clinical criteria and a 

combination of DNA-based detection methods performed at SSI and slide 

agglutination carried out locally.  In this study, there were significant 

differences noted in the clinical manifestations depending on the virulence 

types of the VTEC strains (Fig. 5.3).  The incidence of VTEC infection in 

Danish counties is shown in Fig 5.4. 
 

Figure 5.2 Incidence of patients with VTEC infection  

in relation to diagnostic area: Statens Serum Institut (SSI) 

counties and regional hospitals, 1997-2002 
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Figure 5.3 Differences in the clinical manifestations and  

virulence types of eae-positive (5.3a) and eae-negative 

(5.3b) VTEC strains  

a) 

b) 

 

 

 

 

 

Key for 5.3a and 5.3b 

n: Number of cases 

D: Diarrhoea 

PD: Persistent Diarrhoea 

BD: Bloody Diarrhoea 

PBD: Persistent Bloody Diarrhoea 

HUS: Haemolytic Uraemic Syndrome 
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Figure 5.4 Incidence of VTEC infection in Danish counties in 2004  

  (5.4a) and 2006 (5.4b) 

5.4a) 

 
 

5.4b) 

 

 

Key: circles represent Statens Serum Institut counties using DNA-based methods (note: these 

generally have a higher reported incidence of VTEC infection than ones using traditional 

methods) 

 

Figures 5.2 to 5.4 courtesy of Dr. Flemming Scheutz, SSI, Denmark. 
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5.2.1 European Surveillance 

 

In Europe, monitoring of VTEC has been carried out as part of the Zoonosis 

Directive (2003/99/EC) which has provided valuable information on VTEC for 

individual Member States.  However, the lack of harmonisation and 

differences in the way data has been obtained and collected has made it more 

difficult to compare data from different member countries.  In the past, data on 

VTEC infections has been collected by EU Member States as well from the 

Enter-net network.  Enter-net was an international surveillance network for 

human gastrointestinal infection established in 1997 which monitored 

salmonellosis, VTEC and their antimicrobial resistance (Fisher 1999).  The 

VTEC data base includes data for 31 countries.  This network involved 

participants from EU member states, WHO and non-EU countries such as the 

USA, Canada, South Africa, Australia and Japan.  Enter-net was funded by 

DG SANCO of the European Commission until September 2006 and then 

received funding from the European Centre for Disease Prevention and 

Control (ECDC) until September 2007 when the coordination activities of 

Enter-net was transferred to ECDC.   

 

The current ECDC network includes 24 EU Member States as well as 

Switzerland, Norway and Iceland.  Data from existing national surviellance 

databases will be transferred to a common EU database and in the future 

attempts will be made to standardise the way data is collected and submitted 

to the the ECDC.  Data on VTEC is available for 2004 or 2005 onwards from 

17 Member States and Norway, although data is not directly comparable 

because of the way it has been collected and because surveillance of 

communicable diseases among different EU Member States is organised 

differently.  Moreover, directly combining Enter-net and ECDC data is not 

currently possible (EFSA 2007).  The criteria for reporting cases of VTEC 

infections and the national strategies for surveillance of human VTEC 

infections in different European countries is described in the Scientific Opinion 

of the Panel on Biological Hazards (BIOHAZ) (EFSA 2007). 

 

In 2006, EC DG SANCO established a Community Reference Laboratory 

(CRL) for E. coli, including VTEC, at the Istituto Superiore di Santa in Rome.  

The CRL covers veterinary, public health and food safety and is establishing a 

nework with National Reference Laboratories (NRLs) in each Member State to 

collect data on VTEC, to improve standardisation of methods and to ultimately 

provide a harmonised approach for studying the characteristics of VTEC in 

Europe. 
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Table 5.2 Data from Enter-net showing reported VTEC cases and  

  proportions attributed to O157 and non-O157 VTEC in 2005 

 

   % Cases attributed to 

Country 
No. 

cases 

No. HUS 

cases+ 
O157 non-O157 

Austria 59 9 46 54 

Belgium 52 20 60 40 

Denmark 156 4 17 72* 

England & Wales 954 Not known 100 0 

Finland 21 Not known 71 29 

France 108 20 68 19* 

Germany 759 8 10 64* 

Hungary 5 0 60 40 

Ireland 125 17 86 14 

Italy 22 19 14 82* 

Luxemburg 11 Not known 18 82 

Malta 5 0 100 0 

Netherlands 54 4 100 0 

Norway 18 1 39 50* 

Portugal 15 Not known Not known Not known 

Scotland 176 Not known 94 6 

Spain 15 1 100 0 

Sweden 364 11 52 13* 

+ includes reported cases of clinically diagnosed HUS in the absence of 

VTEC isolation/confirmation, * isolates from some cases not serotyped. 

Table 5.2 is modified from EFSA (2007). 
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Table 5.2 highlights differences between the numbers of cases of VTEC 

infection and HUS reported through Enter-net in 2005.  The proportion of 

cases attributed to VTEC O157 compared with non-O157 VTEC is of 

particular interest.  The absence of non-O157 related cases in some countries 

is likely to be attributed to differences in surveillance strategies, in particular 

the use of O157-specific laboratory methods by some countries. 

 

5.3 Sources and vehicles of VTEC infections 

 

Outbreaks provide valuable information about sources of VTEC, routes of 

transmission to man and the main vehicles of infection.  Food has been the 

commonest cause of outbreaks and VTEC are generally regarded as 

foodborne pathogens.  Many of the early outbreaks involving VTEC O157: H7 

were associated with raw or under-cooked meats, especially ground beef and 

beef burgers, although a wider range of foods have now been implicated in 

outbreaks (see Section 5.3.2).  Moreover, other VTEC transmission routes 

besides foods have now been discovered.  Environmental exposure is known 

to be an important risk factor and there have been outbreaks caused by 

contaminated water (see Section 5.3.3) as well as through human contact with 

contaminated animals, their faeces and contaminated farmland (see Section 

5.3.4).  Person-to-person transmission is another important feature of VTEC 

infection, especially among family members and in institutional settings. 

 

As well as the vehicles of infection, outbreaks caused by VTEC O157 have 

been attributed to specific phage types of this pathogen.  In 2003 in England 

and Wales, there were eight general outbreaks of VTEC O157, of which four 

were caused by PT21/28; the rest were associated with strains of PT8 (2 

outbreaks), PT2 (1) and PT50 (1).  There were also eight general outbreaks in 

Scotland involving 23 cases.  Three further outbreak cases were resident in 

Scotland, who acquired infection by person-to-person spread following contact 

with a case linked to a nursery school outbreak in England.  One additional 

case was part of an outbreak involving a hotel in the Irish Republic.  The 

transmission routes of VTEC O157 infection in general outbreaks in England 

and Wales have been analysed.  Between 1995 and 2004 there were 150 

general outbreaks of VTEC O157 infection.  The percentage of outbreaks that 

were foodborne fell to less than 25% in the period 2000/2004, compared with 

40% between 1995 and 1999.  For the same periods, there was a significant 

rise in outbreaks in which the major transmission route was person-to-person 

spread.  In addition to the foodborne outbreaks, 10 water-associated 

outbreaks were investigated.  Four of these were caused by contamination of 

recreational waters or the environment. 
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In England and Wales, annual isolations of E. coli O157 from humans have 

been increasing, although there was a decline from over 1000 isolations in 

1999 to below 600 in 2002, but this has been followed by an increase in 

isolations (Fig 5.5). 

 

Figure 5.5 Isolations of E. coli O157 from humans in England and  

Wales 1989-2006 

 

119

250

361

470

385
411

792

660

1087

890

1079

896

768

595

675
699

950
1003

0

200

400

600

800

1000

1200

1989 1990 1992 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year

N
u

m
b

e
r

 

Source: Health Protection Agency, Colindale, London, UK 

 

It is estimated that non-O157 VTEC are responsible for approximately 10% of 

VTEC cases in England and Wales (Adak et al. 2002).  In the USA, reported 

outbreaks have largely featured serotype O157: H7, although there were two 

documented outbreaks involving non-O157 VTEC in 1999 (Table 5.3).  

Although E. coli O157: H7 has been most frequently associated with large 

disease outbreaks, VTEC belonging to other serotypes have been implicated 

in sporadic cases of infection and outbreaks (Goldwater and Bettelheim 1994; 

Johnson et al. 1996; Karch et al. 1997; Neill 1997; Bonnet et al. 1998).  

Consequently there is concern over the incidence of non-O157 E. coli 

infections, their presence in the food chain and the lack of suitable methods 

for their detection (Caprioli et al. 1997; Law 1997; Acheson 2000).  
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Table 5.3 Summary of reported outbreaks caused by Verocytotoxin- 

producing Escherichia coli (including serotype O157: H7)  

in the United States of America 1998 to 2001 

 

Year 
No. 

States 

Reported 

outbreaks 

No. 

illnesses 

No. 

hospitalised 

Cases 

of HUS 
Deaths 

1998 25 45 777 150 29 3 

1999 30 38* 1897 201 37 4 

2000 26 69 1564 190 50 4 

2001 23 36 925 126 31 2 

 

*Two outbreaks involved non-O157 STEC; O111: H8 (8 persons affected) and 

O121 (11 persons affected).  All other outbreaks involved E. coli O157: H7. 

Source: Centers for Disease Control (www.cdc.gov). 

 

Although there is evidence of infection with non-O157 VTEC in the UK, the 

true incidence and clinical significance of non-O157 VTEC is unknown 

(Willshaw et al. 1992).  Two surveys using DNA probes against the vtx genes 

have reported the presence of non-O157 VTEC in 25% of sausages in the UK 

(Smith et al. 1991) and 16.8% of ground beef samples in the United States 

(Samadpour et al. 2002a).  In the former study, serotypes O91: H-, O115: H10 

and O128: H2, associated with human infections, were isolated.  In addition to 

O157, the WHO recognises VTEC in serogroups O111, O26, O103, and O145 

as being human pathogens (WHO Scientific Working Group 1999).  Data 

collected from EU member states between 2002 and 2006 via the Enter-net 

network revealed 9 of commonest VTEC serogroups associated with human 

disease to be O157, O26, O103, O91, O145, O111, O146, O128 and O55 

(EFSA 2007).  The serogroup most commonly associated with human disease 

over this 5 year period was O157 (average 66% of cases).  The rank order of 

the non-O157 serogroups associated with cases and HUS varied slightly 

between 2002 and 2006, although O157 was the commonest serogroup 

associated with HUS (average 69% of cases).  

 

5.3.1 Animals as a source of VTEC 

 

It is well documented that farm animals, particularly cattle and sheep, are 

reservoirs for VTEC (Chapman et al. 1989; Chapman et al. 1993a; Kudva et 

al. 1997; Heuvelink et al. 1998; Bettelheim et al. 2000; Cornick et al. 2000; 

Blanco et al. 2001; Djordjevic et al. 2001) and that other serotypes besides 

O157: H7 have been reported to be commonly isolated from food, particularly 

meat (Read et al. 1990; Smith et al. 1991; Willshaw et al. 1993).  In a one 

year prospective study of the prevalence of VTEC in cattle, food and children 

http://www.cdc.gov)/
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in France, it was revealed that the majority of VTEC strains (66%) belonged to 

serotypes not previously associated with severe disease in humans (Pradel et 

al. 2000).  However, there are many more serotypes of VTEC found in cattle 

and other animals that are rarely or never isolated from humans (Hornitzky et 

al. 2002) and some strains appear to lack the virulence factors commonly 

found in strains isolated from patients and animals suffering from infection 

(Beutin et al. 1995; Rogerie et al. 2001).  

 

Toxin type and other virulence genes carried by VTEC isolated from specific 

animals also show associations, with VT2 and specific VT2 variants 

associated with human disease being particularly common in sheep and cattle 

(Beutin et al. 1997; Asakura et al. 2001; Hornitzky et al. 2002; Jenkins et al. 

2002; Omisakin et al. 2003; Pearce et al. 2004).  In cattle, vtx1 was reported 

to be the most common toxin gene present in over 90% of strains of O26, 

together with eae and ehl genes (Pearce et al. 2004).  In a study by Orden et 

al. (2003), almost half of the VTEC serotypes isolated from sheep and goats 

were those associated with severe human disease, but many of these lacked 

the eae gene. 

 

Based on current knowledge of VTEC it would appear that not all VTEC 

serotypes isolated from animals are capable of causing disease in humans.  

The concept of seropathotype classification (Karmali et al. 2003) has been 

used in an attempt to classify VTEC into groups based on knowledge of 

serotype, vtx subtypes and the presence of additional virulence factors in the 

context of knowledge of clinical outcome of VTEC infections.  During the 

EFSA review of human pathogenic VTEC types, the BIOHAZ Panel concluded 

that it was not possible to fully define human pathogenic VTEC because there 

was no consensus for the optimal strategy to characterise these virulence 

factors (EFSA 2007).  They did acknowledge that further refinement of the 

seropathotype concept may assist with future assessment of human 

pathogenic VTEC.  

 

In pigs, VTEC can be responsible for oedema disease and post-weaning 

diarrhoea syndrome (Marques et al. 1987; Wasteson 2001).  Escherichia coli 

O157: H7 is only occasionally isolated from healthy pigs, and experimentally 

infected animals have been shown to shed the organism in their faeces for at 

least 2 months (Cornick and Helgerson 2004).  Moreover, although strains of 

E. coli O157 have been isolated from pigs during surveys of VTEC prevalence 

among farm animals, a large proportion of these isolated strains have been 

shown to be VT negative or produce the variant toxin type VT2e (Beutin et al. 

1995).  Consequently, the current evidence would imply that strains of E. coli 

O157 from pigs are different to those isolated from cattle and sheep, which 
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have been shown to carry a range of virulence associated genes and toxin 

types associated with human disease.  However, reports from some countries 

would indicate that strains of VTEC possessing similar virulence profiles to 

those associated with human disease can be found in pigs.  For example, in 

Chile, Rios et al. (1999) reported that VTEC O157, O26 and O111 isolated 

from slaughtered pigs had similar toxin profiles to those associated with 

human disease.  Moreover, whilst the reported incidence of VTEC O157 in 

pigs is apparently low, one study by Cobeljic et al. (2005) reported recovery of 

VTEC from 11% of pigs on farms in Serbia.  In a study by Bouvet et al. (2001), 

up to 50% (75/150) of pig carcasses from three French slaughterhouses were 

vtx-positive by PCR, although E. coli O157: H7 was not detected. 

 

Potential explanations for the paucity of naturally occurring infections in swine, 

as compared to cattle, include a lack of animal-to-animal transmission so that 

the organism cannot be maintained within a herd, the requirement for a high 

infectious dose, or herd management practices that prevent the maintenance 

of the organism in the gastrointestinal tract. 

 

It has been hypothesised by Dean-Nystrom et al. (personal communication) 

that donor pigs infected with E. coli O157: H7 would transmit the organism to 

naive pigs.  During their research Dean-Nystrom et al. determined the 

infectious dose and whether housing pigs individually on grated floors would 

decrease the magnitude or duration of faecal shedding. Infected donor pigs 

shedding <104 cfu of E. coli O157: H7 per g transmitted the organism to 6 of 

12 naive pigs exposed to them.  The infectious dose of E. coli O157: H7 for 3-

month-old pigs was approximately 6 x 103 cfu.  There was no difference in the 

magnitude and duration of faecal shedding by pigs housed individually on 

grates compared to those housed two per pen on cement floors.  These 

results suggest that swine do not have an innate resistance to colonisation by 

E. coli O157: H7 and that they could serve as a host under suitable 

conditions. 

 

Besides cattle and sheep, VTEC, including E. coli O157: H7, have been 

isolated from a number of other animals, some of which have been 

responsible for sporadic cases or outbreaks of infection (Table 5.4).  There is 

even a report of houseflies being implicated in an outbreak in rural Japan 

(Kobayashi et al. 1999) as well as other studies implicating flies as possible 

vectors for the transmission of E. coli O157.  However, not all E. coli O157 

present in these species exhibit the same virulence markers (Murinda et al. 

2005). 
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Table 5.4 Animals other than sheep and cattle as sources of  

  Verocytotoxin-producing Escherichia coli,  

  including VTEC O157 

 

Animal host References 

Pigs 
Beutin et al. (1995), Callawat et al. (2004) 

Cornick & Helgerson (2004), Cobeljic et al. (2005) 

Goats 

Shukla et al. (1995), Bielaszewaka et al. (1997) 

Beutin et al. (1995), Chapman et al. (2000) 

Pritchard et al. (2000), La Ragione et al. (2005) 

Cobeljic et al. (2005) 

Chickens Cobeljic et al. (2005) 

Wild birds (seagulls) Wallace et al. (1997), Makino et al. (2000) 

Kobayashi et al. (2002) 

Wild birds (pigeons) Schimidt et al. (2000), Morabito et al. (2001) 

Kobayashi et al. (2002) 

Horses 
Trevena et al. (1996), Chalmers et al. (1997) 

Chapman et al. (2000) 

Deer 

Chapman & Ackroyd (1997), Keene et al. (1997),  

Lahti et al. (2001), Renter et al. (2001),  

Rabatsky-Ehr (2002), Nagano et al. (2004),  

Dunn et al. (2004) 

Cats Smith et al. (1998), Beutin (1999) 

Dogs 
Beutin et al. (1995), Trevena et al. (1996) 

Beutin (1999), Murinda et al. (2005) 

Wild rabbits 
Pritchard et al. (2001), Bailey et al. (2002) 

Garcia & Fox (2003), Scaife & Crooke (2005) 

Wild rats Cizek et al. (1999) 

Slugs Sproston et al. (2006) 

Flies 
Kobayashi et al. (1999), Sasaki et al. (2000) 

Alam & Zurek (2004), Szalanski et al. (2004) 

 

Many VTEC food and waterborne outbreaks can be linked either directly or 

indirectly to animal reservoirs.  Both domestic and wild animals can 

contaminate water supplies, or infection can arise by the faecal-oral route as a 

consequence of direct animal-human contact or contact with contaminated 

faeces, manures and slurries (Ogden et al. 2001; Duffy 2003).  Direct 

transmission has been repeatedly demonstrated from animals to farmers, and 

particularly highlighted in outbreaks and sporadic cases of VTEC infection 

among children who visit farms.  Children are at higher risk of developing HUS 

from O157 and several outbreaks implicating farms have occurred (Table 5.9).  
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The importance of hand hygiene is difficult to enforce and impress upon 

children, particularly in large group visits. 

 

5.3.2 Food 

 

Over the years, a great variety of foods have been linked to outbreaks of 

VTEC (Mead and Griffin 1998).  One report has estimated that 63% of VTEC 

O157 outbreaks in England and Wales are foodborne (Adak et al. 2002).  

Probably the most commonly implicated food vehicle worldwide is food 

derived from cattle, especially ground beef and raw milk (Mead and Griffin 

1998; Caprioli et al. 2005).  Other foods of animal origin may also transmit this 

pathogen, including venison (Keene et al. 1997; Rabatsky-Ehr et al. 2002) 

and, potentially, lamb (Chapman et al. 2001).  There is evidence that meat 

becomes contaminated at the time of slaughter and the process of grinding or 

mincing meat may compound the problem by introducing the pathogen into 

the interior of the meat where it is more likely to survive cooking.  Cross-

contamination from raw to cooked meats also occurs (Cowden et al. 2001).  

Examples of foods, other than raw meat, implicated in outbreaks of VTEC 

infection, primarily E. coli O157: H7, unless otherwise stated, are presented in 

Table 5.5. 

 

Table 5.5 Foods other than raw meat (beef and lamb) implicated as  

primary vehicles of VTEC infection in outbreaks 

 

Food implicated Country Reference 

Fresh apple juice (cider) USA Besser et al. (1993a) 

Unpasteurised apple juice (cider) USA Cody et al. (1999)  

Unpasteurised milk UK Chapman et al. (1993b) 

Pasteurised milk UK Upton & Coia (1994) 

Cheese curds USA Centers for Disease Control (2000) 

Unpasteurised cheese UK Reid (2001) 

Mayonnaise USA Zhao & Doyle (1994) 

Yoghurt UK Morgan et al. (1993) 

Venison jerky USA Keene et al. (1997) Rabatsky et al. (2002) 

Radish sprouts Japan 
Itoh et al. (1998) 

Michino et al. (1999) 

Alfalfa sprouts USA 
Mohle-Boetani et al. (2001) 

Ferguson et al. (2005) 

Lettuce USA Hilborn et al. (1999) 

Coleslaw USA Griffin & Tauxe (1999) 

Salami Canada MacDonald et al. (2004) 

Spinach USA 
California Food Emergency Response Team 

(2007) 
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Where fruit and vegetables have been implicated in outbreaks, two 

mechanisms for contamination are possible.  The first is cross-contamination 

from meat products (Wachtel et al. 2003) and the second is direct 

contamination in the field with faeces of wild or domestic animals (Solomon et 

al. 2002).  Contact with contaminated manure was the most likely explanation 

for an outbreak associated with handling raw potatoes (Chapman et al. 1997).  

Table 5.6 gives examples of reported outbreaks of E. coli O157: H7 infections 

caused by contaminated fresh produce and unprocessed foods. 

 

The largest reported E. coli O157 outbreak associated with produce occurred in 

1996 in Sakai, Japan which involved contaminated white radish sprouts 

(Machinio et al. 1999).  The outbreak resulted in over 7966 people becoming ill 

(ca 7892 school children and 74 teachers), of which 606 were hospitalised (106 

with HUS) and there were 3 confirmed deaths.  At least 2 different strains of 

VTEC O157 were involved in the outbreak but no specific source or route of 

contamination was identified, although a single farm was suspected.  In the 

USA fresh spinach was responsible for a large E. coli O157 outbreak in 

August/September 2006 (CFEMRT, 2007).  This outbreak affected at least 26 

states in America and Canada.  The outbreak resulted in 204 people becoming 

infected of which 104 (51%) were hospitalised and 31 (15%) developed kidney 

failure (HUS).  There were 3 deaths and E. coli O157 was isolated from 13 

packages of bagged fresh spinach (Dole baby spinach) in 11 states.  

Contaminated water, cattle faeces and wild pigs in the field were identified as 

possible sources of contamination. 

 

In the UK two large outbreaks of O157 infection were caused by meat where 

cross-contamination and poor hygiene were major factors.  In 1996 the Central 

Scotland outbreak resulted in 512 cases (279 confirmed), 20 deaths during the 

outbreak and 2 more in 1997 (Cowden et al. 2001).  This remains the largest 

number of deaths associated with E. coli O157: H7 infection that has yet been 

recorded.  In 2005 a supplier of cooked meats to the school meals services 

was responsible for an outbreak of VTEC O157 which affected over 40 schools 

in South Wales, UK (Salmon and Outbreak Control Team 2005).  The outbreak 

involved 157 cases (67 male and 90 female with 65% in children of school 

age).  Of the 97 microbiologically confirmed cases 96 were VTEC O157, PT 

21/28 (VT2).  This outbreak resulted in the death of a 5 year old boy. 
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Table 5.6 A selection of Escherichia coli O157 outbreaks associated with fresh produce and unprocessed foods 

 

Food Year Country 
No. of Cases 

(deaths) 
Potential source of Contamination  Reference 

Apple Juice 1991 USA 23 (0) 
Unwashed apples used (90% drops), cattle 

grazed nearby  
Besser et al. (1993b) 

Apple Juice 1996 USA 14 (0) Some low grade drops used but washed Hilborn et al. (2000) 

Apple Juice 1996 USA 70 inc 14 HUS (1) Poor quality apples and drops used  CDC (1996), Cody et al. (1999) 

Apple Juice 1998 Canada 14 (0) Dropped apples used Tamblyn et al. (1999) 

Lettuce (Iceberg) 1995 Canada 23 (0) Lettuce spoiled. Preston et al. (1997) 

Lettuce 1995 USA 70 (0) 
Run-off from manured field and cattle 

access to irrigation stream 
Ackers et al. (1998) 

Lettuce (Mesclun) 1996 USA 49 (0) Cattle near the lettuce fields Hilborn et al. (1999) 

Alfalfa sprouts 1998 USA 8 (0) Violations in Good Manufacturing Practice Mohle-Boetani et al. (2001) 

Salad 1998 USA 2 (0) Unknown Griffin and Tauxe (1999) 

Coleslaw 1998 USA 33 (0) Unknown Griffin and Tauxe (1999) 

Cantaloupe 1993 USA 9 (0) Cross-contamination from cattle Anon (1993) 

Fruit salad 1998 USA 47 (0) Unknown (possibly environmental) Griffin and Tauxe (1999) 

Lettuce 1999 Sweden 11 (0) Unknown (possibly environmental) Welinder-Olsson (2004) 

Lettuce (Romaine) 2002 USA 55 (0) Unknown (possibly environmental) (Anon 2006) 

Lettuce 2005 Sweden 120 (0) Contaminated irrigation water (Söderström et al. 2005) 

Lettuce (Romaine) 2005 USA 23 (0) Unknown (possibly environmental) (Anon 2007) 

Fresh spinach 2006 USA 205 (3) Environmental (water and wilds pigs) (Anon 2007) CFERT(2007) 

Pre-packed 

lettuce (iceberg) 
2007 Netherlands 36 (0) Unknown (Friesema et al. 2007) 
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Outbreaks caused by VTEC have been linked to a diverse range of food 

types, although many can be traced directly to animal reservoirs, particularly 

those involving undercooked beef, unpasteurised milk and unpasteurised milk 

cheeses.  In addition, because of the acid resistance of some strains of E. coli 

O157: H7 (Law 2000), outbreaks involving acidified foods such as fermented 

meats, yoghurt and apple cider have occurred (see Table 5.5 and Table 5.6).  

 

The lack of appropriate methods, especially those for non-O157 VTEC, has 

prevented the true incidence of infection, and the epidemiological importance 

of these other VTEC serotypes from being established.  Consequently, many 

outbreaks of infection have probably been attributed to E. coli O157 whilst 

other serotypes, although present, remained undetected.  It has been 

acknowledged by the WHO that standardised procedures for the detection 

and isolation of non-O157 VTEC are essential (WHO Scientific Working 

Group 1999).  This point was reiterated by the BIOHAZ Panel in 2007 who 

reported that there was a greater need for standardised methods for the 

detection, isolation and characterisation of VTEC, especially non-O157 VTEC 

from human and non-human sources (EFSA 2007). 

 

5.3.3 Water 

 

Contaminated water as a source of VTEC infection was first suggested in two 

unconnected human cases in 1985 (Chalmers et al. 2000).  Waterborne 

outbreaks of VTEC have occurred as a result of drinking (Olsen et al. 2002; 

Bopp et al. 2003; Hrudey et al. 2003) and swimming in (Samadpour et al. 

2002b) un-chlorinated water.  The largest waterborne outbreak worldwide 

occurred in Walkerton in Canada where around 2,300 people were estimated 

to have been affected and seven died (Hrudey et al., 2003). 

 

Waterborne outbreaks and sporadic cases of VTEC infection can occur from 

different sources.  The water sources include private and municipal drinking 

water, swimming/paddling pools, or fresh water such as lakes, rivers and 

reservoirs, which have been contaminated by animal and human faeces or 

sewage (Brewster et al. 1994; Hildebrand et al. 1996), (Keene et al. 1994; 

Centers for Disease Control 1996; Ackman et al. 1997; Paunio et al. 1999). 

 

In the UK, waterborne outbreaks of VTEC are uncommon, although there 

have been several reported.  In 2001, four persons all under the age of 15 

(one of whom was asymptomatic) were involved in an outbreak in the 

Yorkshire region.  This was microbiologically linked to consumption of well 

water from a private water supply.  The supply was untreated except for 

minimal exposure to a UV lamp.  The lamp replacement was overdue by one 
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month and intermittent contamination of the water by animal faeces or 

carcasses was thought to be responsible. (Professor F.J. Bolton, personal 

communication). 

 

In August 2002, there was an outbreak associated with a contaminated 

private water supply on a campsite in North Wales (Anon 2002).  In total, 16 

cases were reported, of which 10 had VTEC O157.  There were mixed 

infections with Campylobacter and Salmonella also.  The source was traced to 

a water tap on the site served by an untreated private water supply, which fed 

from a nearby spring by grazing land.  VTEC O157 and Campylobacter were 

both cultured from water samples obtained from the tap.  In July of that same 

year there was another outbreak at Coylumbridge in Scotland, also linked to a 

private water supply that served a campsite and caravan park (SCIEH 2002).  

This outbreak involed 3 confirmed cases (O157 PT 21/28) and 12 probable 

cases. 

 

In the USA, one of the largest outbreaks occurred in Oregon, concurrently 

with Shigella sonnei infection (Keene et al. 1994).  Americans tend to utilise 

outdoor fresh water sources for recreation and the rural nature of these sites 

amplifies the potential for contamination.  Results of the study by Defour et al. 

(2006) indicate that non-adults ingest about twice as much water as adults 

during swimming activity and that the average amount of water swallowed by 

non-adults and adults is 37 ml and 16 ml, respectively.  Despite the dilution 

effect of water, because VTEC have such a low infective dose, waterborne 

infections, despite being rare, occur more often than one might think.   

 

Due to the stringent treatment and surveillance of drinking water, VTEC O157 

is not a problem in the municipal water supply.  However, private water 

supplies have been associated with outbreaks.  In a report on VTEC 

waterborne infections from 2001-2002 by Yoder et al. (2004), in total, six 

recreational water-associated outbreaks of gastroenteritis were attributed to 

bacterial pathogens, three of which were linked to freshwater sources, but not 

all could be attributed to VTEC.  Twenty cases of E. coli O157: H7 infection 

occurred among persons who had visited a lakefront beach located in a 

metropolitan area (Minnesota, July 2001).  The environmental investigation at 

the lake identified high faecal coliform levels, and the beach was closed for 

the rest of the season.  Five of the infected persons subsequently reported 

attending childcare centres during or shortly after their illness, which resulted 

in a secondary outbreak. 

Three bacterial outbreaks of gastroenteritis (two of Shigella sonnei and one of 

E. coli O157: H7) occurred in venues using chlorinated tap water with no 
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additional disinfection.  Another outbreak (Maine, July 2002) affecting nine 

persons at a private home was caused by E. coli O157: H7 in a toddler 

wading pool.  One child was hospitalised.  The pool was filled with tap water 

but was not additionally treated.  A faecal accident might have contributed to 

the outbreak. 

 

5.3.4 Environmental 

 

In recent years, contact with farm animals, the farm environment or animal 

manure has emerged as an important cause of both outbreaks and sporadic 

cases of VTEC infection (Locking et al. 2001; O'Brien et al. 2001a; Crump et 

al. 2002).  Contaminated soil and sewage run-off into streams, lakes or 

spread onto arable farm land are reported causes of outbreaks (Licence et al. 

2001; Strachan et al. 2006).  This has led to guidance documents being 

issued to assist both the farmworkers and visitors to farms and farmland to 

reduce the chances of contamination and infection (see Section 7.3.7). 

 

At a scout camp in Aberdeenshire in May 2000, 20 people fell ill with E. coli 

O157 infection.  The camp was held on land previously used for grazing 

sheep and the ground was heavily contaminated with sheep faeces.  The 

subsequent investigation of the outbreak revealed that E. coli O157 was 

isolated from sheep faeces, lying water, soil, boots and debris from a climbing 

frame on the site (Ogden et al. 2002). 

 

Contamination of bathing beaches has also been implicated as a source of 

human infection (Harrison and Kinra 2004).  Seven cases of E. coli O157 (PT 

21/28) infection in August 2004 were identified in children on holiday in 

Cornwall, southwest England.  The subsequent investigation revealed that the 

likely vehicle of infection for this outbreak was a contaminated freshwater 

stream flowing across a seaside beach.  It was proposed that heavy rainfall in 

the days preceding the outbreak may have led to faeces from the cattle 

potentially contaminated by E. coli O157 contaminating the stream in which 

the children may have played (Ihekweazu et al. 2006). 

 

5.4 Sources and vehicles of outbreaks and sporadic cases of VTEC 

infection 

 

Systematic investigation of outbreaks provides a unique opportunity to further 

our knowledge about routes of transmission and vehicles of infection. The 

epidemiology of outbreaks of VTEC infection has changed over time.  In 1982 

E. coli O157: H7 emerged as a foodborne pathogen; two decades later it is 

evident that it is transmitted from the animal reservoir via food, water, 
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environmental contamination, animal-to-person spread, and person-to-person 

transmission. It has also been demonstrated in outbreaks in households, 

nurseries, hospitals and nursing homes (O'Brien and Adak 2002). 

 

5.4.1 Foodborne VTEC outbreaks 

 

Table 5.7 shows the range of food vehicles implicated in outbreaks published 

worldwide between 2000 and 2005. 
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Table 5.7 Food vehicles implicated in outbreaks of VTEC O157 

     published 2000-2005 

 

Country Setting 
Number 

affected 

Implicated 

Vehicle 
Reference 

US Community 9 Ground beef Vogt & Dippold, (2005) 

Japan Military camp 3 Ground beef 

Centers for Disease 

Control and 

Prevention, (2005) 

US Community 20 Alfalfa sprouts Ferguson et al., (2005) 

US Community 4 Frozen beef steaks Laine et al., (2005) 

Canada Community 13 
Unpasteurised 

gouda cheese 
Honish et al., (2005) 

Canada 

Community 

(Summer 

hockey 

camp) 

27 
Undercooked 

hamburger 
Sutcliffe et al., (2004) 

US Community 13 Beef tacos Jay et al., (2004) 

Slovakia Family 9 
Unpasteurised 

cowôs milk 
Liptakova et al., (2004) 

Canada Hospital 
109  

(17 confirmed) 

Salads and 

sandwiches in 

vending machine 

Bolduc et al., (2004) 

Canada Community 143 Salami 
MacDonald et al., 

(2004) 

US 

High school 

cheerleading 

camp (Note: 

E. coli   

O111: H8) 

55 
Salad, ice, cob 

corn, dinner roll 
Brooks et al., (2004) 

Sweden Hospital 11 Lettuce 
Welinder-Olsson et al., 

(2004) 

UK Community 30 

Cooked meats 

cross-

contaminated in a 

butcherôs shop 

Rajpura et al., (2003) 

Japan Childcare 13 

Wafu-Kimuchi 

(Japanese-style 

pickle) 

Ozeki et al., (2003) 

UK 
School trip to 

France 
10 (two confirmed) Cucumber salad Duffell et al., (2003) 
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Table 5.7 (Continued) 
 

Country Setting 
Number 

affected 

Implicated 

Vehicle 
Reference 

UK 
Farm visitor 

centre 

24 (inc. 7 

secondary 

cases) 

Candy floss and/or 

Ice-cream 
Payne et al., (2003) 

Sweden Community Not stated 
Cold smoked 

sausage 
De Yong et al., (2003) 

France 
Wedding 

party 
11 

Lightly roasted 

mutton and poultry 

pâté 

Espie et al., (2003) 

UK Community 
114 (88 

confirmed) 

Milk sold as 

pasteurised 
Goh et al., (2002) 

Japan Community 43 Grilled beef Tsuji et al., (2002) 

US Community 9 Ground beef Proctor et al., (2002) 

Canada Family 5 
Unpasteurised 

goatsô milk 
McIntyre et al., (2002) 

US 

Three 

community 

outbreaks 

55 Retail ground beef Smith et al., (2002) 

US Community 85 Alfalfa sprouts Breuer et al., (2001) 

UK Hospital 

45 infected 

(12 

symptomatic) 

Home-baked 

cream-filled cakes 
OôBrien et al., (2001b). 

UK Community 
512 (279 

confirmed) 

Cross-

contaminated 

meats from a 

butcherôs shop 

Cowden et al., (2001) 

Japan 
Livestock 

festival 

58 infected 

(30 

symptomatic) 

Whole roasted cow 

(spit roast) 
Yamamoto et al., (2001) 

US Community 55 

Fresh cheese 

curds made from 

raw milk 

Centers for Disease 

Control and Prevention, 

(2000) 

Canada Community 9 Hamburgers MacDonald et al,. (2000) 

US 
Restaurant 

Chain 
? Salad bar items Jackson et al., (2000) 

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

US  Community 14 
Unpasteurised 

apple cider (juice) 
Hilborn et al., (2000) 
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Table 5.8 summarises data on foodborne outbreaks of VTEC O157 reported 

to the Health Protection Agency between 2000 and 2004. 

 

Table 5.8 Foodborne outbreaks of VTEC O157 reported to the Health 

Protection Agency Centre for Infections, England and 

Wales, 2000-2004 

 

Year 
Place reporting the 

outbreak 
Setting 

No. 

ill 

No. 

confirmed 

Suspected food 

vehicle 

2000 West Pennine Farm 4 4 Unpasteurised milk (M) 

2000 Somerset School 2 2 Unpasteurised milk (M) 

2000 East Norfolk Mobile retailer 14 5 Brawn, Jot (M) 

2000 Stockport Retailer 11 8 Cold cooked meats (D) 

2000 
Calderdale & 

Kirklees  
Community 18 18 None 

2000 NW Lancashire Hotel 30 8  None 

2000 South Derbyshire Retailer 8 4 Meat products (D) 

2000 South Staffs Retailer 9 9 Cold cooked meats (D)  

2000 Dorset Prison 56 32 

Grilled pork chops, 

lamb steaks, spaghetti 

rings (S) 

2001 Northampton Family 5 4 Beefburger positive 

2001 Birmingham Restaurant 5 5 None 

2001 Chorley Supermarket 27 10 
Inadequate Heat 

treatment 

2002 Wigan & Bolton Community 6 6 Milk (D) 

2004 
County Durham & 

Tees 
Retailer 14 11 

Sandwiches, cooked 

meats (S) 

 

Note: (M) = microbiological; (S) = statistical; (D) = descriptive 

 

Although a variety of foods have been implicated in foodborne outbreaks of 

VTEC, foods of bovine origin continue to dominate the picture.  In the UK, 

unpasteurised milk, or milk sold as pasteurised, are commonly implicated in 

foodborne outbreaks of VTEC (Gillespie et al. 2003a; Gillespie et al. 2003b).  

In a recently published review of outbreaks in the US, 52% of outbreaks over 

a 20 year period were foodborne.  In the foodborne outbreaks, ground beef 
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was implicated as a food vehicle in 41% of outbreaks.  In 21% of foodborne 

outbreaks the implicated food vehicle was produce (salad vegetables etc.) 

(Rangel et al. 2005).  In a draft risk assessment of the public health impact of 

E. coli O157 in ground beef, Ebel et al. (2004) estimated that, on average, 

0.018% of servings consumed between June and September and 0.007% of 

servings consumed during the rest of the year are contaminated with one or 

more E. coli O157: H7 cells, equating to a US population risk of illness of 

nearly one illness in each 1 million servings of ground beef consumed.  

 

Diligent outbreak investigation has changed markedly our understanding of 

the epidemiology of VTEC that has extended to include other modes of 

disease transmission.  Recently, non-foodborne transmission routes have 

dominated the epidemiology of VTEC outbreaks in England and Wales.  In a 

ten year review of general outbreaks of VTEC O157 in England and Wales 

(1992-2001), foodborne transmission (43%) and person-to-person 

transmission (26%) were the predominant transmission routes.  An important 

finding of this review was the emergence of contact with animals as a major 

transmission route towards the end of the surveillance period (Gillespie et al. 

2003a).  The importance of transmission from animals and the environment is 

also recognised in North America. 

 

One of the intriguing differences between the epidemiology of outbreaks in the 

US and in the UK is that national outbreaks of VTEC O157 are rarely reported 

in the UK, whereas multi-state or national outbreaks are detected in the US.  

One explanation for this difference might lie in the food supply chain, for 

example US-wide distribution by large suppliers of ground beef produced from 

feedlot cattle.  Another might be in the way outbreaks in the US are detected 

and investigated by means of PulseNet.  PulseNet employs molecular 

methods which are very sensitive for detecting VTEC O157.  However, the 

public health significance of some of the clusters detected by this means is 

less certain. 

 

A major contribution to detecting outbreaks is the advent of molecular typing 

methods and the ability to direct these methods towards cluster detection, for 

example, by routinely subtyping isolates using pulsed field gel electrophoresis 

(PFGE) (Bender et al. 1997; Swaminathan et al. 2001; Willshaw et al. 2001b).  

PFGE is commonly used to support or refute the likelihood of epidemiological 

relatedness among strains from patients and suspect food vehicles in 

epidemiological investigations and, in the US, the PulseNet model has been 

successful (Swaminathan et al., 2001).  However, interpretation of clusters 

can be challenging; for example, Gupta et al. (2004) report an investigation in 

which the results of routine PFGE subtyping of E. coli O157: H7 isolates led to 
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a large, multi-state epidemiological investigation. Isolates were thought to be 

potentially related because, firstly, the PFGE patterns obtained using one 

restriction enzyme (XbaI) were reported to be indistinguishable (and the 

pattern was relatively unusual), and secondly, the isolates shared a Shiga 

toxin profile that was relatively uncommon among E. coli O157 (Stx2 only).  A 

well-conducted case-control study implicated ground beef consumption 

(Slutsker et al. 1997).  However, despite two extensive traceback 

investigations no common source was identified.  Subsequent additional 

subtyping, involving digestion of patient isolates with a second enzyme, 

showed that the cases were in fact part of multiple, small clusters and were 

unlikely to result from a common source.  Gupta et al. (2004) concluded that 

when clusters of E. coli O157 are detected through subtyping alone, i.e. in the 

absence of any supporting epidemiological evidence, digestion with two or 

more endonucleases is indicated, even if the isolates appear to share a 

primary enzyme pattern or possess other microbiological evidence of clonality 

(e.g., Shiga toxin profile).  This should help to direct scarce public health 

resources more effectively and to shed further light on the significance of 

microbiological clusters of VTEC.  

 

5.4.2 Person-to-person transmission of VTEC infection 

 

As well as outbreaks attributed to consumption of contaminated foods, water 

and animal contact, a notable feature of VTEC outbreaks is person-to-person 

(secondary) transmission (Willshaw et al. 2001a; Rangel et al. 2005). 

Following a primary case, which may be attributed to a food or animal source, 

spread within a familiy or the wider community results in secondary cases. 

 

Outbreaks involving person-to-person spread have been reported among 

family members (Ludwig et al. 1997; Siegler et al. 2003), in child day-care 

facilities (Al-Jader et al. 1999; O'Donnell et al. 2002) and in hospitals 

(Weightman and Kirby 2000) and other institutions.  Secondary transmission 

by the primary case in a household is a particular concern, and household 

transmission has been estimated at 4%, with patients excreting for around 10 

days following onset (Parry and Palmer 2000).  

 

In 2001, an outbreak of E. coli O157 (PT2) gastroenteritis which affected 35 

staff and 40 residents of a care home for the elderly in the West Midlands, UK 

was attributed largely to person-to-person transmission (Afza et al. 2006).  

The index case was a member of staff who developed bloody diarrhoea and 

HUS. By comparison only one resident developed bloody diarrhoea whilst the 

rest showed mild symptoms of disease.  Although the source of the outbreak 

could not be identified, the prolonged nature of the outbreak and observed 
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lapses in infection control practices indicated that person-to-person spread 

was the likely route of transmission. 

 

It has been demonstrated that infected humans may shed VTEC in their stools 

for several weeks following resolution of their symptoms (Mead and Griffin 

1998).  Carriage in young children tends to occur for longer than in older 

children or adults.  Prolonged shedding has been reported following several 

outbreaks in child day-care centres (Belongia et al. 1993; Shah et al. 1996; 

Galanis et al. 2003).   

 

Studies conducted amongst family contacts have revealed that symptom free 

infection occurs frequently, but the public health implications of symptom free 

shedding to person-to-person transmission have been uncertain (Swerdlow 

and Griffin 1997).  Galanis et al. (2003) recently reported that the single most 

important contributing factor to the spread of infection in an outbreak in 

Alberta was the continuous presence at the day-care centre of children who 

were shedding E. coli O157: H7 or who were asymptomatic. 

 

Secondary spread is assisted by the low infectious dose of VTEC and 

controlling secondary spread is further complicated by asymptomatic carriage 

by individuals.  Strict hygiene is therefore an essential part of preventing 

secondary transmission.  In 2000, a subcommittee of the UK PHLS Advisory 

Committee on Gastrointestinal Infections published guidelines for the control 

of infection by VTEC (Anon 2000).  Within this document, there is guidance for 

institutions (nursing homes, schools and childrenôs day nurseries etc.) and 

specific recommendations for the prevention of cross infection and person-to-

person spread. 

 

5.5  Sporadic cases of VTEC infection 

 

The majority of cases of VTEC infection are sporadic, i.e. not linked to known 

outbreaks.  In a study by Parry and Salmon (1998), screening of faecal 

samples submitted from household contacts for STEC O157 revealed that the 

calculated household transmission rate for sporadic STEC O157 infection was 

4% to 15%.  They also concluded that household contacts in groups at high 

risk (particularly children under 5 years of age) presented a risk of spreading 

the infection in the wider community.  Published case-control studies of 

sporadic infection have been used to identify risk factors and are summarised 

in Table 5.9. 
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Table 5.9 Risk factors for sporadic VTEC infection in case-control 

studies 

 

Country 
Study 

Population 

Size of 

study 
Independent risk factors  Reference 

US 

Community 

(5 FoodNet 

sites) 

196 

cases, 

372 

controls 

Farm exposure, cattle 

exposure, eating a pink 

hamburger (both at home and 

outside the home), eating at a 

table-service restaurant, using 

immunosuppressive 

medication, obtaining beef 

through a private slaughter 

arrangement 

Kassenborg  

et al. (2004) 

Argentina 

Community 

(Buenos 

Aires and 

Mendoza) 

92 cases, 

181 

matched 

controls 

Contact with another child with 

diarrhoea, eating undercooked 

steak, drinking from a bottle 

left at ambient temperature for 

> 2 hours 

Rivas et al. 

(2003) (Note: 

Preliminary 

analysis only) 

US 

Community 

(7 FoodNet 

sites) 

326 

cases, 

591 

matched 

controls  

Eating undercooked ground 

beef in the home, exposure to 

surface water and to farms 

Kennedy et al. 

(2002) (Note: 

Preliminary 

analysis only) 

UK 

(England) 
Community   

Exposure to farming 

environment, travel away from 

home, recreational exposure to 

water 

OôBrien et al. 

(2001a) 

UK 

(Scotland) 
Community 

183 

cases, 

545 

matched 

controls 

Contact, or likely contact, with 

animal faeces 

Locking et al. 

2001 (2004) 

Belgium Community 

37 cases, 

69 

matched 

controls 

Consumption of fish 
Piérard et al. 

(1999) 
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Table 5.9 (Continued)  
 

Country 
Study 

Population 

Size of 

study 
Independent risk factors  Reference 

UK 

(Wales) 
Community 

85 cases, 

142 

matched 

controls 

Consumption of beefburger 

from caterer, cooked sliced 

meats from caterer, household 

contact with previous 

diarrhoeal illness, 

visiting private farm, household 

contact with occupation 

involving contact with farm 

animals 

Parry et al. 

(1998) 

US 
Medical 

Centers 

73 case, 

142 

matched 

controls 

Eating undercooked 

hamburgers 

Slutsker et al. 

(1998) 

US 
New Jersey 

residents 
23 cases 

Eating a hamburger in the 

week preceding illness (mostly 

prepared at home) 

Mead et al. 

(1997) 

 

What emerges from case-control study evidence is that foodborne 

transmission is an important route to humans, but that transmission directly or 

indirectly from the environment to humans is equally important.  In support of 

this evidence, Innocent et al. (2003) reported that, in Scotland, the numbers of 

cattle per head of human population, and the cattle population density, are 

associated with the prevalence of sporadic cases of E. coli O157.  As far as 

foodborne transmission is concerned, undercooked beef, principally ground 

beef, is often identified as a major risk factor for sporadic human infection, 

especially in the USA.  However, the preference for intentionally consuming 

undercooked burgers, which was once popular in the USA, has been an 

uncommon practice in the UK.  Instead, comparison of data from case control 

studies in Scotland would indicate strong risk associations with environmental 

exposure to VTEC and not consumption of undercooked burgers (Strachan et 

al. 2006).  

 

In Argentina, the incidence of HUS is high due to sporadic cases.  Some 

outbreaks have been detected in day-care institutions and epidemiological 

studies have identified recreational water and person-to-person transmission 

as the mode of spread.  Outbreaks due to foodborne disease have been more 

difficult to establish despite the high level of human infections in Argentina and 

detection of contaminated food (Dr. Isabel Chinen, personal communication). 



   

Report No.: MB/REP/106304 Page 258 t:\2008\cb\review\se00683 

 

5.6 Gaps in knowledge 

 

 A deeper understanding of the epidemiology of VTEC other than O157 

in the UK. 

 

 The epidemiology and public health significance of asymptomatic 

carriage of VTEC in the UK ï see Section 4.3.1. 

 

 The public health significance of microbiological clusters of VTEC. 

 

 The geographical differences, both national and international, in the 

incidence of VTEC O157 are not clearly understood at present. 

 

 More information required on the seasonality and age-related 

prevalence of VTEC infections. 

 

 There is very limited surveillance for non-O157 VTEC, therefore the 

comparison of data is very restricted. 

 

 Lack of complete information on the incidence of HUS ï have there 

been significant changes? 

 

 Limited information on importance of non-O157 VTEC as a cause of 

HUS. 

 

 Occurrence of VTEC in healthy individuals. 

 

 Limited information on non-bovine animals carrying VTEC serotypes 

known to cause human disease. 

 

 Quantification of non-O157 VTEC in foods linked to human disease. 

 

 What are the differences between non-O157 VTEC and VTEC O157 in 

terms of specific risk factors for human infection? 

 

 Improved global surveillance systems for VTEC infections. 

 

 Prevalence of VTEC in adult asymptomatic carriers and their potential 

role as a source of VTEC infection and their transmission to children 

warrants investigation. 

 

 Improved ways of obtaining foods from households during outbreaks is 

needed in order to improve identification of food sources and 

establishing routes of transmission. 
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