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Section 6: Reservoirs for VTEC and the food chain  

 

In 1982, following outbreaks of infection traced to under-cooked hamburgers, VTEC 

O157: H7 became associated with contaminated ground beef and cattle were 

identified as a primary reservoir for these bacteria and their transmission to man.  

Since then, VTEC O157: H7 has been isolated from a variety of animals, 

environmental sources and a range of foods. 

 

Ruminants, especially cattle and sheep, remain important sources of VTEC, including 

serotype O157: H7, and there have been many documented outbreaks world-wide 

which can be traced directly or indirectly to an animal source, particularly cattle and 

sheep.  Other animals can harbour VTEC although, prevalence rates are often much 

lower than for ruminants and carriage may be transient. 

 

Besides VTEC O157: H7, there are serotypes of non-O157 VTEC which also cause 

human disease.  Certain of these VTEC serotypes also appear to be strongly 

associated with particular animal hosts.  The clinical significance of these serotypes 

and their ability to cause disease in man has yet to be fully understood. 

 

The commonest cause of outbreaks caused by VTEC O157: H7 and other VTEC 

serotypes has been from raw or undercooked meat.  Contamination by VTEC often 

arises during slaughter, especially during hide removal, when VTEC can be 

transferred to the carcass or dispersed in the slaughterhouse environment. 

 

During primary production, foods can become contaminated by VTEC in a variety of 

ways, for example by direct contact (e.g. animal faeces and manure) and indirect 

contact (e.g. contaminated irrigation water or run-off from farm buildings or farmland) 

with contaminated animal faeces.  Contaminated fresh produce has become an 

important vehicle for VTEC contamination in recent years. 

 

Although less common, VTEC contamination during food manufacture can arise 

through cross-contamination during manufacture or preparation or by post-process 

contamination. 

 

Strains of E. coli O157: H7 have been associated with acid resistance and survival in 

acid preserved foods.  There have been outbreaks linked to a variety of low pH 

products including apple cider, fermented meats and yoghurt. 
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6.1 Introduction 

 

VTEC can be found in a wide range of domestic and wild animals and 

represent an important group of zoonotic bacteria.  Carriage rates in 

ruminants appear to be especially high and contamination of foods from these 

animals has been highlighted as a major source of human infection (Chapman 

et al. 1993).  Important sources of VTEC include the intestines of healthy 

cattle (Paiba et al. 2003; Caprioli et al. 2005) and sheep (Chapman et al. 

1996; Bettelheim et al. 2000; Urdahl et al. 2001; Blanco et al. 2003), although 

VTEC have been associated with goats and other ruminants (Shukla et al. 

1995; Blanco et al. 2001).  Outbreaks have also been attributed to carriage of 

VTEC by wild rabbits (Scaife et al. 2006). 

 

Studies have revealed host associations between particular serotypes and 

certain animals.  For example, the O113: H21 serotype is commonly isolated 

from cattle (Hornitzky et al. 2002; Jenkins et al. 2002) and O91: H- and O5: H- 

are common ovine associated serotypes (Kudva et al. 1997; Bettelheim et al. 

2000; Djordjevic et al. 2001).  It has been suggested that certain VTEC 

serotypes are adapted to colonising the intestines of particular animal hosts, 

hence their persistence in these animals, whereas other serotypes appear 

transient (Beutin et al. 1997). 

 

There is much still to be learned about the public health significance of these 

bacteria, particularly non-O157 VTEC, their presence in animals, the 

environment and the risk they pose when they enter the food chain.  The UK 

Food Standards Agency (FSA) funded the development of a risk assessment 

model for different pathways of infection by E. coli O157 (Stanfield et al. 2004) 

which models the risk associated with various sources of VTEC including 

environmental and food sources.  In this review of VTEC research, some of 

the known VTEC reservoirs are described together with what is currently 

understood about these bacteria in relation to water, the environment and the 

food chain. 
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Figure 6.1 Routes of VTEC transmission to humans 

 
Figure 6.1 shows the various routes of VTEC transmission to humans which 

are described in the following sections.  Domestic animals, especially 

ruminants such as cattle and sheep, are important reservoirs for E. coli O157: 

H7 and other VTEC.  From these and other animal sources VTEC can infect 

humans via direct and indirect routes of contamination. 

 

6.2 Reservoirs of contamination 

 

6.2.1 Animal 

 

The carriage and shedding of VTEC by animals represents one of the 

greatest risks to humans.  In addition to the potential for foods derived directly 

from animal or animal-based products becoming contaminated with VTEC, 

animals can themselves act as vectors for the dissemination of VTEC and the 

direct and indirect transmission to humans (see Figure 6.1).  Moreover, 

carriage of VTEC in cattle and other animals is often asymptomatic, so it is 

impossible to identify which animals are colonised by these bacteria and 

which animals are excreting VTEC in their faeces.  Asymptomatic carriage of 

VTEC in humans can also occur which is described in Section 4.3.1.  Carriage 

of VTEC by different animals is described below. 
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a) Cattle 

 

Cattle are clearly a very important reservoir of VTEC including VTEC O157, 

but also non-O157 VTEC.  Not surprisingly, because cattle have been 

identified as a primary source of VTEC O157: H7, there have been numerous 

prevalence studies conducted on cattle herds throughout the world.  Literature 

reviews on the prevalence of VTEC in dairy cattle and their products (Hussein 

and Sakuma 2005), the effects of changing diets on E. coli levels in cattle 

(Russell et al. 2000) and the prevalence of VTEC in beef cattle have been 

published.  These and other reviews (Blanco et al. 2001) give information on 

the prevalence of VTEC, including non-O157 VTEC, in cattle as well as 

describing the different serotypes encountered and their virulence profiles 

compared with human isolates.  

 

Shedding rates and herd prevalence vary, although it is now realised that 

methodology will also affect the outcome of such studies.  The adoption of 

IMS has greatly improved recovery and detection of VTEC O157, together 

with the use of less selective enrichment media such as BPW and careful 

choice of sampling techniques and sample numbers.  The use of standardised 

procedures also means that comparisons between prevalence rates from 

different reported studies can now be made.  A summary of the prevalence of 

E. coli O157 in cattle herds and in individual animals is presented in Tables 

6.1 and 6.2, respectively. 
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Table 6.1 Reported herd prevalence of Escherichia coli O157 in 

cattle in different countries showing methods used 

 

Cattle 

studied 

Country Sampling 

year 

No. 

positive 

herds 

(%) 

Method used Reference 

Slaughtered 

cattle  

Belgium 1998-1999 34/467 

(7) 

BPW+ IMS + CT-

SMAC 

DeZutter et al. 

(1999) 

Dairy cattle Canada 1992-1993 7/80 (9) SMAC Wilson et al. 

(1996) 

Dairy cattle Canada 1993 2/8 (25) MacConkey broth 

+ BHIB + vtx 

PCR 

Rahn et al. 

(1997) 

Cattle at 

processing 

Canada 1995-1996 (20) mTSB + IMS + 

CT-SMAC 

Van 

Donkersgoed 

et al. (1999) 

Submitted for 

diagnostic 

England & 

Wales 

1994-1995 50/5037 

(1) 

BPW VCC + IMS 

+ CT-SMAC 

Richards et al. 

(1998) 

Cattle 

(farms) 

England & 

Wales 

1999 29/75 

(39) 

BPW + IMS + 

CT-SMAC 

Paiba et al. 

(2003) 

Cattle 

(abattoir) 

Italy 1997-1998 28/133 

(21) 

mTSB+ IMS + 

CT-SMAC 

Bonardi et al. 

(1999) 

Cattle 

(abattoir) 

Japan 1999 25/211 

(12) 

Enrichment + 

IMS + plating 

Omoe et al. 

(2000) 

Dairy cattle 

(farm) 

Netherlands 1996 7/10 

(70) 

mECn+ IMS + 

CT-SMAC 

Heuvelink  

et al. (1998c) 

Heifers & 

milking cows 

Norway 1995 2/197 

(1) 

IMS + CT-SMAC Vold et al. 

(1998) 

Imported 

meat cattle 

Norway 1996 7/105 

(7) 

IMS + CT-SMAC Wasteson & 

Lassen (1998) 

Slaughtered 

cattle 

Norway 1998 1/367 

(0.3) 

BPW VCC + IMS 

+ CT-SMAC 

Johnsen et al. 

(2000) 

Slaughtered 

cattle 

Norway 1998-1999 3/848 

(0.35) 

BPW VCC + IMS 

+ CT-SMAC + vtx 

PCR 

Johnsen et al. 

(2001) 

 

 

 

 

 



   

Report No.: MB/REP/106304 Page 282 t:\2008\cb\review\se00683 

 

Table 6.1 (continued) 

 

Cattle 

studied 

Country Sampling 

year 

No. 

positive 

herds 

(%) 

Method used Reference 

Herds with 

human 

incidence 

Scotland 1993-1995 13/40 

(33) 

IMS + CT-SMAC Synge & 

Hopkins 

(1996) 

Beef suckler 

cows 

Scotland 1997-2000 14/20 

(70) 

DP: CT-SMAC + 

ENR: BPW + IMS 

+ CT-SMAC 

Synge et al. 

(2003) 

Dairy & beef 

cattle (farm) 

Spain 1993-1994 1/51 (2) CT-SMAC Blanco et al. 

(1996b) 

Blanco et al. 

(1997) 

Feedlot cattle Spain 1998-1999 32/145 

(22) 

BPW VCC + IMS 

+ CT-SMAC 

Blanco et al. 

(2000) 

Dairy cattle USA  11/25 

(44) 

mTSB + SMAC Wells et al. 

(1991) 

Dairy & beef 

cattle 

USA 1991-1992 9/85 

(11) 

TSB + V + SMAC Hancock et al. 

(1994) 

Dairy cattle USA 1993 18/64 

(28) 

mTSB + O157 

ELISA + SMAC 

Zhao et al. 

(1995) 

Feedlot cattle USA 1994 63/100 

(63) 

TSB + CV or 

mECn + CT-

SMAC 

Hancock et al. 

(1997) 

Dairy cattle USA 1996 22/91 

(24) 

mECn + CT-

SMAC 

Garber et al. 

(1999) 

Beef calves 

(weaning) 

USA 1997 13/15 

(87) 

GNB + VCC + 

IMS + CT-SMAC 

Laegreid et al. 

(1999) 
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Table 6.2 Reported prevalence of Escherichia coli O157 in individual 

animals (cattle) in different countries 

 

Country Cattle 

studied 

Sampling 

year 

No. positive 

(%) Animals 

Method 

used 

Reference 

Australia Dairy cattle  11/588 (1.9) mEC + vtx 

PCR 

Cobbold & 

Desmarchelier 

(2000) 

Australia Cattle at 

processing 

2000 39/310 (13) BPW + 

AIMS + CT-

SMAC & 

Chromagar 

O157 

Fegan et al. 

(2004) 

Belgium Slaughtered 

cattle  

1998-1999 41/648 (6.3) BPW+ IMS 

+ CT-SMAC 

DeZutter et al. 

(1999) 

Belgium Slaughtered 

cattle 

1998-1999 81/1281 (6.3) BPW+ IMS 

+ CT-SMAC 

Tutenel et al. 

(2002) 

Canada Dairy cattle 1992-1993 12/1478 (0.8) SMAC Wilson et al. 

(1996) 

Canada Dairy cattle 1993 2/406 (0.5) MacConkey 

broth + 

BHIB + vtx 

PCR 

Rahn et al. 

(1997) 

Canada Herds with 

human 

incidence 

1995 59/95 (62) mECn + 

IMS + CT-

SMAC 

Jackson et al. 

(1998) 

Canada Cattle at 

processing 

1995-1996 (8) mTSB + 

IMS + CT-

SMAC 

Van 

Donkersgoed 

et al (1999) 

Czech 

Republic 

Feedlot 

cattle 

1997-1998 72/365 (20) mECn+ IMS 

+ CT-SMAC 

Cizek et al 

(1999) 

Denmark Cattle 1999 4/82 (5) IMS + CT-

SMAC 

Møller & 

Frydendahl 

(2000) 

Denmark Slaughtered 

cattle 

1999-2000 30/195 (15.5) Enrichment 

+ ELISA + 

IMS + CT-

SMAC 

Boel et al. 

(2000) 
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Table 6.2 (continued) 

 

Country Cattle 

studied 

Sampling 

year 

No. positive 

(%) Animals 

Method 

used 

Reference 

England Cattle 

(abattoir) 

1992 78/2103 (4) CR-SMAC Chapman  

et al. (1993) 

England & 

Wales 

Submitted 

for 

diagnostic 

1994-1995 54/6495 (0.8) BPW VCC 

+ IMS + CT-

SMAC 

Richards et al. 

(1998) 

England Cattle 

(abattoir) 

1995-1996 752/4800 

(15.7) 

BPW VCC 

+ IMS + CT-

SMAC 

Chapman  

et al. (1997) 

England & 

Wales 

Cattle 

(farms) 

1999 196/4663 (4) BPW + IMS 

+ CT-SMAC 

Paiba et al. 

(2003) 

England Cattle 

(calves) 

2002 113/229 (49) 

DP 

134/229 (59) 

ENR 

DP: BPW V 

+ Harlequin 

SMAC 

BCIG agar 

+ CT & 

ENR: BPW 

V + AIMS + 

CT-SMAC & 

Chromagar 

O157 PCR 

(vtx, rfb, 

eae) 

Robinson et al. 

(2004) 

England Cattle 

(calves) 

2003 129/321 (40) 

DP 

209/321 (65) 

ENR 

As above Robinson et al. 

(2004) 

England Slaughtered 

cattle 

1997-1998 620/4800 (13) BPW + 

VCC + IMS 

+ CT-SMAC 

Chapman  

et al. (2001) 

England Cattle 

(dairy) 

1993-1994 153/3593 

(4.3) 

BPW + 

VCC + IMS 

+ CT-SMAC 

Mechie et al. 

(1997) 

France Slaughtered 

Heifers 

1998 1/300 (0.3) AIMS Montet et al. 

(1999) 
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Table 6.2 (continued) 

 

Country Cattle 

studied 

Sampling 

year 

No. positive 

(%) Animals 

Method 

used 

Reference 

Finland Cattle 

(finishing 

unit) 

1999 110/688 (16) mTSB + 

IMS + CT-

SMAC 

Lahti et al. 

(2004) 

Ireland Cattle 

(abattoir) 

1998-1999 7/250 (3) BPW VCC + 

IMS + CT-

SMAC 

McEvoy et al. 

(2000) 

Italy Cattle 

(abattoir) 

1998-1999 17/100 (17) MTSBn + 

IMS + CT-

SMAC 

Bonardi et al. 

(2001) 

Italy Calves 

(farm) 

1996-1997 13/341 (3.8) BPW VCC + 

IMS + CT-

SMAC 

Conedera  

et al. (2001) 

Italy Heifers 

(farm) 

1996-1997 138/1293 

(10.7) 

BPW VCC + 

IMS + CT-

SMAC 

Conedera  

et al. (2001) 

Italy Cattle 

(abattoir) 

1997-1998 59/450 (13) mTSB+ IMS 

+ CT-SMAC 

Bonardi et al. 

(1999) 

Japan Slaughtered 

cattle 

1992-1994 7/387 (2) Sorbitol-

IPA-bile salt 

agar 

Miyao et al. 

(1998) 

Japan Cattle 

(abattoir) 

1999 35/536 (6.5) Enrichment 

+ IMS + 

plating 

Omoe et al. 

(2000) 

Netherlands Dairy cattle 

(farm) 

1996 75/1152 (7) mECn+ IMS 

+ CT-SMAC 

Heuvelink  

et al. (1998c) 

Netherlands Adult cattle 

(abattoir) 

1995-1996 57/540 (10.6) mECn+ IMS 

+ CT-SMAC 

Heuvelink  

et al. (1998b) 

Netherlands Veal calves 

(abattoir) 

1995-1996 2/397 (0.5) mECn+ IMS 

+ CT-SMAC 

Heuvelink  

et al. (1998b) 
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Table 6.2 (continued) 

 

Country Cattle 

studied 

Sampling 

year 

No. positive 

(%) Animals 

Method 

used 

Reference 

Norway Heifers & 

milking 

cows 

1995 6/1970 (0.3) IMS + CT-

SMAC 

Vold et al. 

(1998) 

Norway Imported 

meat cattle 

1996 19/504 (4) IMS + CT-

SMAC 

Wasteson & 

Lassen (1998) 

Norway Slaughtered 

cattle 

1998 1/680 (0.1) BPW VCC + 

IMS + CT-

SMAC 

Johnsen et al. 

(2000) 

Norway Slaughtered 

cattle 

1998-1999 3/1300 (0.23) BPW VCC + 

IMS + CT-

SMAC + vtx 

PCR 

Johnsen et al. 

(2001) 

Poland Slaughtered 

cattle 

1999 4/551 (0.7) BPW+ IMS 

+ CT SMAC 

Tutenel et al. 

(2002) 

Scotland Beef suckler 

cows 

1997-2000 5/7818 DP 

392/9256 (4) 

ENR 

DP: CT-

SMAC + 

ENR: BPW 

+ IMS + CT-

SMAC 

Synge et al. 

(2003) 

Scotland Herds with 

human 

incidence 

1993-1995 65/441 (15) IMS + CT-

SMAC 

Synge & 

Hopkins 

(1996) 

Scotland Beef Cattle 

(farm) 

2001-2002 221/1144 

(19) 

BPW + IMS 

+ CT-SMAC 

Vali et al. 

(2005) 

Scotland Cattle 

(abattoir) 

2002 44/589 (7.5) BPW + V + 

IMS + CT-

SMAC 

Omisakin et al. 

(2003) 

Scotland Beef cattle 

(Calves) 

2002 4/664 (0.6) BPW + IMS 

+ CT-SMAC 

Pearce et al. 

(2004) 

Scotland Beef cattle 

(Dams) 

2002 11/172 (6.4) BPW + IMS 

+ CT-SMAC 

Pearce et al. 

(2004) 
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Table 6.2 (continued) 

 

Country Cattle 

studied 

Sampling 

year 

No. positive 

(%) Animals 

Method 

used 

Reference 

Serbia Cattle 

(farms and 

feedlot) 

1998-2001 5/824 (0.6) MacConkey 

agar colony 

sweep + 

VCA + 

SMAC 

Cobeljic et al. 

(2005)  

Slovenia Slaughtered 

cattle 

1996-1997 2/250 (0.8) TSB + 

SMAC 

Andlovic & 

Marinksek 

(1998)  

Spain Dairy & beef 

cattle (farm) 

1993-1994 1/686 (0.1) CT-SMAC Blanco et al. 

(1996b) 

Blanco et al. 

(1997) 

Spain Dairy & beef 

cattle 

(abattoir) 

1995 7/383 (2) BPW VCC + 

IMS + CT-

SMAC 

Blanco et al. 

(2000) 

Spain Feedlot 

cattle 

1998-1999 55/471 (12) BPW VCC + 

IMS + CT 

SMAC 

Blanco et al. 

(2000) 

Sweden Cattle 1997-1998 88/631 (14) BPW+ IMS 

+ CT-SMAC 

Eriksson et al. 

(2000) 

Switzerland Slaughtered 

cattle 

2002-2003 47/2930 (1.6) BGBB + rfb 

PCR 

Al-Saigh 

(2004) 

Thailand Dairy & beef 

cattle 

1998 1/55 (2) mECn + 

IMS + 

SMAC 

Vuddhakul  

et al. (2000) 

Turkey Slaughtered 

cattle 

2000-2001 14/330 (4.2) mECn + 

IMS + CT 

SMAC 

Yilmaz et al. 

(2002) 

USA Dairy cattle  24/351 (7) TSB + CV 

+CT-SMAC 

Sanderson  

et al. (1995) 

USA Dairy cattle  18/1266 (1) mTSB + 

SMAC 

Wells et al. 

(1991) 
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Table 6.2 (continued) 

 

Country Cattle 

studied 

Sampling 

year 

No. positive 

(%) Animals 

Method 

used 

Reference 

USA Dairy & beef 

cattle 

1991-1992 22/5582 (0.4) TSB + V + 

SMAC 

Hancock et al. 

(1994) 

USA Dairy 

heifers 

1991-1992 25/6894 (0.4)  Garber et al. 

(1995) 

USA Dairy cattle 1993 31/965 (3) mTSB + 

O157 ELISA 

+ SMAC 

Zhao et al. 

(1995) 

USA Feedlot 

cattle 

1994 210/11881 

(2) 

TSB + CV 

or mECn + 

CT SMAC 

Hancock et al. 

(1997) 

USA Cull dairy 

cows 

(packing 

plant) 

1995 22/1668 (1) mEC + 

SMAC 

McDonough  

et al. (2000) 

USA Dairy cattle 1996 52/4361 (1) mECn + CT 

SMAC 

Garber et al. 

(1999) 

USA Beef calves 

(weaning) 

1997 61/878 (7) GNB + VCC 

+ IMS + CT 

SMAC 

Laegreid et al. 

(1999) 

USA Slaughtered 

cattle 

1999 91/327 (27.8) GNB + VCC 

+ IMS + CT 

SMAC 

(Elder et al. 

2000) 

 

Footnote (Abbreviations used in Table 6.1 and Table 6.2) 

 

Techniques and methods: DP; (direct plating), ENR; (enrichment), PCR; (polymerase chain 

reaction), ELISA; (Enzyme linked immunosorbent assay), IMS (immunomagnetic separation) 

VIDAS (VITEK Immunodiagnostic assay system) 

Enrichment media:  

BPW (buffered peptone water), BPW+V; (BPW supplemented with vancomycin), BPW VC 

(BPW supplemented with vancomycin and cefixime), BPW+ VCC (BPW supplemented with 

vancomycin and cefixime and cefsulodin), GNB (Gram negative broth), GNB VCC (GNB + 

vancomycin, cefixime and cefsulodin, mEC (modified E. coli broth) mECn (mEC + 

novobiocin), mTSB (modified Tryptone Soya broth), mTSB + V (mTSB + vancomycin), mTSB 

CV, (mTSB + cefixime and vancomycin), CT MAC (MacConkey broth + cefixime and 

potassium tellurite) 

Plating media: 

SMAC (sorbitol MacConkey agar), CT-SMAC (SMAC + cefixime and potassium tellurite) 
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Shedding of VTEC O157 in cattle has been shown to be transient and many 

animals carry these bacteria asymptomatically.  This apparent resistance of 

cattle to the systemic effects of VT may be due to the pattern of Gb3 receptors 

in bovine kidney and the absence of receptors in certain cattle tissues (Hoey 

et al. 2002).  The presence of these organisms also appears to be influenced 

by the age of the animal (Hussein and Sakuma 2005).  Studies in the USA 

have shown VTEC O157 to be present in less than 1.5% of faeces of calves 

under two months old and 1.8 to 5% of the calves between two and four 

months (Meyer-Broseta et al. 2001).  The prevalence was lower in older 

animals.  It has been proposed that faecal shedding may be more frequent 

after weaning.  Similar results have been reported in England and Wales 

(Paiba et al. 2003).  A study in Japan also demonstrated higher faecal 

shedding after weaning.  The prevalence of VTEC O157 in cattle also 

depends on the season, with higher rates being reported in the warmer 

months (Hussein and Bollinger 2005a).  In one study by Chapman et al., the 

prevalence of E. coli O157 was highest in spring and late summer (Chapman 

et al. 1997).  In a second study, the majority of E. coli O157 strains from 

animals, carcasses and meat samples were also isolated during the warmer 

summer months (Chapman et al. 2001).  These findings are in agreement 

with other published studies (Hussein and Sakuma 2005).  Consequently, it 

has been proposed, if studies were performed during the cooler months and if 

the methods used were less sensitive, then the prevalence of E. coli O157 in 

cattle is probably higher than figures would indicate (Gansheroff and O'Brien 

2000).  In contrast, a study by Ogden et al. (2004) investigating the seasonal 

trend of E. coli O157 prevalence in Scottish cattle at abattoir, reported it to be 

greater during the cooler months (11.2%) compared to the warmer months 

(7.5%) which is the reverse of seasonality of human infections.  However, 

Ogden et al. (2004) proposed that the increased rate of human infection 

during the warmer months may coincide with high shedding, beef cattle 

excreting > 104 cfu/g during this period. 

 

Studies in Australia have examined the molecular ecology and epidemiology 

of VTEC in the bovine gastrointestinal tract (Kerdell, Fegan and 

Desmarchelier, personal communication).  Cattle diets were strongly 

associated with the VTEC serotypes shed by cattle, with a reduction in the 

number of serotypes isolated from cattle on grain diets.  The predominating 

serotypes found in the cattle were O113: H21 and O91: H21, although many 

transient serotypes were also isolated.  This study also indicated that spread 

of a phage encoding vtx2 might account for the diversity of serotypes found.  

Other studies have also highlighted the effect of diet on carriage of E. coli 

O157, but they have reported higher prevalence in barley fed cattle compared 

with corn fed animals (Buchko et al. 2000; Berg et al. 2004).  This has been 
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attributed to the greater acid resistance of E. coli in cattle fed with grain 

(Hovde et al. 1999).  The effect of diet on E. coli O157 prevalence has been 

reviewed by Russel et al. (2000).  One theory put forward for the higher 

prevalence of E. coli O157 in grain fed cattle, is that rapid grain fermentation 

decreases rumen pH which favours the survival and subsequent increase in 

numbers of acid resistant E. coli O157 strains.  In contrast, the number of  

E. coli O157 in cattle fed on hay has been shown to decrease, although the 

effect of hay on E. coli O157: H7 shedding in cattle has not been fully 

explained.  Besides diet, researchers have also investigated the effect of 

feeding practices on prevalence and numbers of E. coli O157.  In a study by 

Fegan et al. (2004), it was reported that there was no apparent effect of 

feeding practices (grass fed and lot fed) on E. coli O157 prevalence in cattle 

at slaughter. 

 

The shedding patterns of VTEC in a cohort of calves and their dams were 

investigated in Scotland (Shaw et al. 2004).  During a 21 week period, VTEC 

were isolated from 130 (20%) of 664 calf samples and 40 (47%) from their 

dams.  The most frequently detected serogroups in calves were O26 and the 

newly designated group O177.  In dams, serogroups O91 and O178 were 

predominant.  VTEC O26 shedding was associated with age.  In this study, 

there was no association between calf diarrhoea and any of the VTEC 

serogroups.  In another study, persistent shedders excreting high numbers of 

O157 (>103 cfu/g) have been identified within cattle herds, but in the same 

study, calves were shown to be shedding this pathogen only intermittently 

(Robinson et al. 2004).  In a study by Rahn et al. (1997), shedding of O157 by 

infected dairy cattle was reported to be transient and although E. coli O157, in 

this study, was not isolated from environmental samples on the farm, other 

VTEC were recovered. 

 

In addition to shedding rates among herds of cattle, some studies have also 

estimated the actual number of VTEC being shed in the faeces of individual 

animals.  It would appear from these studies that levels of E. coli O157 in 

cattle faeces, whilst variable, are often very low.  Consequently, sensitive 

methods are required to estimate their numbers accurately.  In a study by 

Fegan et al. (2004), a 5 x 3 tube MPN with BPW and AIMS, followed by 

plating onto CT-SMAC and CHROMagar O157, was used to quantify the 

number of E. coli O157 in cattle faeces.  In this study, reported levels of E. coli 

O157 were between < 3 and 1.1 x 105 MPN/g, with the majority of samples 

(67%) containing <10 MPN/g.  This is in agreement with the findings of 

another study, which reported numbers of E. coli O157 in calves as varying 

between 60 and 105 cfu/g of faeces (Shere et al. 2002).  In Scotland, the 

average concentration of E. coli O157 in cattle faeces has been estimated to 



   

Report No.: MB/REP/106304 Page 291 t:\2008\cb\review\se00683 

 

be 1.19 x 103 cfu/g during the warmer months and 3.30 x 102 cfu/g in the 

cooler months (Ogden et al. 2004).  Using this and other quantitative data, 

Strachan et al. (2005) estimated daily faecal outputs of E. coli O157 from a 

variety of farm animals in the Grampian region of Scotland.  Strachan et al. 

(2005) estimated that collectively cattle were shedding 1.01 x 1013 E. coli 

O157 bacteria/day and sheep were shedding 1.96 x 1013.  However, the 

authors acknowledge that these estimates should be treated cautiously 

because of the impact of high shedding animals (>104 E. coli O157/g of 

faeces) on the data. 

 

These high shedding animals, sometimes termed “super shedders”, may 

excrete high numbers of these bacteria (>104 cfu/g) in their faeces.  Sheep 

have also been shown to shed high numbers of E. coli O157, with 1.5x106 

cfu/g recorded in one study (Ogden et al. 2005).  Consequently, these 

animals pose a significant risk of contaminating other animals within the herd 

or the environment and represent an increased risk to the food chain if 

presented for slaughter.  Stress is another factor which can influence 

shedding rates and it has been demonstrated that transportation, which 

induces stress in domestic animals, can increase shedding of Salmonella and 

potentially E. coli O157 in cattle (Barham et al. 2002). 

 

Besides animal-to-animal transmission within herds, there are many other 

sources of contamination which facilitate transmission of E. coli O157 and 

other VTEC to cattle and other domestic animals on the farm and in the 

environment.  These factors include housing and animal stocking density 

(Lahti et al. 2003; Synge et al. 2003).  It has been shown that increased 

transmission can occur as a result of direct contact of animals with the 

contaminated hides of other animals in the same environment (McGee et al. 

2004) and that E. coli O157 can persist on barn surfaces (Lahti et al. 2003).  

Water is another important source of contamination and transmission of  

E. coli O157 to farm animals on farms (Shere et al. 1998; Conedera et al. 

2001; LeJeune et al. 2001; McGee et al. 2002; Shere et al. 2002).  Although 

VTEC O157 can be found in many wildlife species, these are not thought to 

be responsible for the widespread distribution of common subtypes.  Instead, 

it has been proposed that purchased feeds could represent the primary 

vehicle for regional dissemination of E. coli O157: H7 in the USA (Hancock et 

al. 2001) and that feeds can occasionally be contaminated with enteric 

pathogens including E. coli O157 (Davis et al. 2003; Dodd et al. 2003 and 

also see Section 7.3.5.1). 
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b) Sheep and other ruminants 

 

As well as cattle, other ruminants such as sheep and goats are known carriers 

of E. coli O157 and other VTEC although there have been fewer surveys to 

determine prevalence in these compared with cattle.  As in cattle, E. coli O157 

has been shown to persist in sheep after colonisation (Cornick et al. 2000).  

The epidemiology of VTEC in ruminants is the topic of a review which gives 

information on prevalence and VTEC serotypes associated with sheep and 

other ruminant species (Blanco et al. 2001).  Compared with the reported 

prevalence in cattle, prevalence rates for E. coli O157 and other VTEC in 

sheep and goats are higher (Beutin et al. 1993; Sidjabat-Tambunan and 

Bensink 1997; Fegan and Desmarchelier 1999).  The prevalence rates of non-

O157 VTEC were 67% in sheep, 56% in goats and 21% in cattle in one study 

in Germany (Beutin et al. 1993).  In another German study, VTEC was 

recovered from 18% of cows, 32% of sheep and 75% of goats (Zschock et al. 

2000).  In Australia, stx (vtx) genes were detected in 88% of faecal samples 

from sheep grazing on pasture (Fegan and Desmarchelier 1999).  Flock 

prevalence of VTEC in sheep can also be higher, with rates of between 56 

and 68% (Beutin et al. 1993) and 49% (Urdahl et al. 2001) reported.  As well 

as the high prevalence of VTEC in sheep and other ruminants, these animals 

act as reservoirs for a broad range on VTEC serotypes, including those 

associated with human infection (see Table 5.4).  In a study by Rey et al. 

(2003), 253 VTEC strains isolated from sheep in Spain were compared.  It 

was reported that 43% carried stx (vtx) 1 genes, 4% carried vtx 2 genes and 

53% carried both.  Enterohaemolysin (ehxA) and intimin (eae) virulence-

associated genes were present in 47% and 4% of strains, respectively.  The 

majority of these ovine strains belonged to 6 serogroups (O6, O91, O117, 

O128, O146 and O166) and 71% belonged to 9 serotypes (O6: H10, O91: H-, 

O117: H-, O128: H2, O128: H-, O146: H21, O166: H28, O76: H19 and O157: 

H7).  Ten new O: H serotypes, not previously reported in VTEC strains, were 

also discovered.  

 

c) Pigs 

 

VTEC O157 has been identified in swine faeces in Japan (Nakazawa and 

Akiba 1999), Norway (Johnsen et al. 2001), Chile (Rios et al. 1999) and the 

United Kingdom (Feder et al. 2003).  Reported prevalence rates in pigs in 

Norway and the UK were 0.1% and 2%, respectively (Johnsen et al. 2001; 

Feder et al. 2003).  In South America, reported rates of 8% to 10% faecal 

carriage of VTEC O157 in slaughtered pigs have been reported (Borie et al. 

1997; Rios et al. 1999).  The marked differences between countries may 

reflect differences in pig husbandry and slaughtering practices.  In a recent 
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survey of VTEC in the United States, as part of the National Animal Health 

Monitoring System’s Swine 2000 study, it was reported that although E. coli 

O157 was not isolated from 687 samples of pigs' faeces, 70% were vtx 

positive using PCR (Fratamico et al. 2004).  From these samples a variety of 

non-O157 VTEC serotypes were isolated.  The majority of the 219 strains that 

were characterised carried genes for stx (vtx) 2e (80%) whereas 13% carried 

genes for vtx1 and 6% for vtx2.  One strain carried genes for both vtx2 and 

vtx2e.  Whilst VTEC O157 was not isolated in this study, the authors 

concluded that VTEC from pigs could potentially cause human illness.  

However, pigs are not recognised currently as important sources of VTEC 

strains associated with human infections.  Given the potential for spread and 

carriage of VTEC serotypes in farm animals and the reports of VTEC 

serotypes associated with human infection being found in pigs, this aspect of 

VTEC epidemiology may warrant further investigation in the future. 

 

d) Poultry 

 

There have been no outbreaks of VTEC infection that have been directly 

linked to poultry meat and current data would indicate that the prevalence of 

VTEC in poultry compared with other animal species, especially ruminants, is 

low (see 6.3.1 and Table 6.6).  A Dutch study reported the prevalence of  

E. coli O157 in broiler flocks and laying flocks to be 1.7% and 0.5%, 

respectively (Schouten et al. 2005).  In Italy, E. coli O157: H7 was detected in 

26/720 (3.6%) of cloacal swabs from intensively managed laying hens from 4 

farms (Dipineto et al. 2006).  In contrast, faecal samples from 158 broilers 

from farms in Japan failed to isolate VTEC from chickens, whereas 23% of 

cattle and 14% of pig samples were positive (Kijima-Tanaka et al. 2005).  

Based on current knowledge it is reasonable to assume that poultry could 

potentially act as a reservoir for VTEC, although there is currently insufficient 

evidence to show that poultry represents an important source of these 

bacteria. 

 

e) Wild animals 

 

As well as domestic animals, VTEC O157: H7 and many other VTEC 

serotypes have been isolated from a wide range of wild animals (see Section 

5, Table 5.4).  Consequently, it is accepted that VTEC are widely distributed in 

nature and numerous routes of transmission to cattle, sheep and man exist.  It 

has been suggested that databases created for epidemiology and surveillance 

purposes should be broadened to include information on animal, 

environmental, food and human clinical isolates and that the current PulseNet 
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(www.cdc.gov/pulsenet/) should consider including veterinary isolates 

(Liebana et al. 2003). 

 

In the UK wild rabbits have been linked to an outbreak of VTEC O157: H7 

infection (Scaife et al. 2006).  Apples contaminated in orchards by deer 

carrying VTEC O157: H7 were linked to unpasteurised apple juice which was 

responsible for a large outbreak in the Western United States and Canada in 

1996 (Cody et al. 1999).  However, prevalence of VTEC O157: H7 in deer is 

reported to be low.  In a study of white-tailed deer by Fischer et al. (2001), 

VTEC O157: H7 was detected in the faeces from 3 (0.6%) of 469 free ranging 

deer in 1997 but none was detected from the positive site in 1998.  The 

overall prevalence of E. coli O157 among 338 hunter harvested deer reported 

by Dunn et al. (2004) was 0.3% and in a study by Branham et al. (2005)  

E. coli O157 was not detected in white-tailed deer.  These current results do 

not support deer as a prominent source of VTEC O157, although future 

investigation into prevalence and seasonal shedding by deer requires further 

investigation.  Among the factors identified as contributing to the E. coli O157 

outbreak associated with pre-packed spinach in the USA in 2006, was the 

movement of wild pigs between cattle grazing areas and those where spinach 

was being grown (California Food Emergency Response Team 2007).  This 

highlights the potential role that wild animals can play in the transmission of 

VTEC between areas, especially those where VTEC is likely to be more 

prevalent, such as land being grazed by ruminants shedding these bacteria.  

 

f) VTEC diversity in animals 

 

The diversity of VTEC serotypes found in sheep has also been reported in 

cattle (Blanco et al. 2001; Hussein and Bollinger 2005a; Hussein and 

Bollinger 2005b; Hussein and Sakuma 2005), highlighting the complexity of 

the current situation.  A survey in Scotland investigated the prevalence and 

shedding of non-O157 VTEC (specifically O26, O111, O145 and O103) in 

cattle on 338 farms (Low 2005); prevalence of these VTEC serogroups was 

19.8% (O26), 20.3% (O103) and 7.1% (O145).  Despite it being a common 

VTEC serogroup in other European countries, O111 was not isolated in this 

study.  Interestingly, carriage of vtx genes was reported to be uncommon 

among O103 strains whereas the most common serogroup isolated (O26) 

carried vtx1 (49%) or both vtx1 and vtx2 (12.4%).  Furthermore, 83.9% of 

these O26 strains were eae positive, 51.8% carried the ehl gene and 39% 

carried both ehl and vtx genes.  The number of animals shedding O26, O103 

or O145 during this study, however, was reported to be low (<2% of animals). 

 



   

Report No.: MB/REP/106304 Page 295 t:\2008\cb\review\se00683 

 

In a study by Blanco et al. (2004), 85% of the bovine VTEC serotypes 

identified were human-associated VTEC serotypes and 54% were VTEC 

serotypes associated with human HUS.  Moreover, although these strains 

possess vtx genes, their ability to cause human infection is not fully 

understood.  The low incidence of the eae gene (4%) in the strains tested by 

Rey et al. would indicate that these VTEC could be considered to be less 

pathogenic, although alternative colonisation mechanisms, yet to be 

discovered, may exist so they could still be regarded as potential pathogens.  

As well as the diversity of serotypes and virulence associated genes carried 

by non-O157 VTEC, their prevalence rates also vary, with reported ranges in 

dairy cattle of 0.17% to 52% in cows, 0.16% to 57% in heifers and 0.4% to 

68.7% in calves (Hussein and Sakuma 2005).  In beef cattle the prevalence of 

non-O157 VTEC varies from 2.1% to 70.1% (Hussein and Bollinger 2005b).  

Furthermore, in contrast to the current E. coli O157: H7 data from dairy cattle, 

studies indicate that there is no age effect on the prevalence of non-O157 

VTEC (Hussein and Sakuma 2005).  

 

In a study of healthy cattle in Japan by Kobayashi et al. (2001), the reported 

prevalence of VTEC in calves, heifers and cows was 46%, 66% and 69%, 

respectively.  Among 92 isolates previously isolated from 54 farms in this 

study, only 74 (80%) could be classified into O serogroups, of which 50% of 

these isolates belonged to serogroups O8, O26, O113 and O116, whereas 

only one isolate belonged to serogroup O157.  Virulence profiles revealed that 

all isolates belonging to serogroup O26 carried vtx1/stx1, whereas vtx2/stx2 

was associated with strains belonging to serogroup O84, O113 and O116.  

The presence of eae and other LEE associated genes (espA, espB, espD and 

tir) was confirmed in 24% of strains and this included the majority of O26 

strains and all strains of O84, O103 and O111.  The majority (72%) of the 

VTEC isolated and characterised carried the hlyA gene but none of the strains 

carried the bundle-forming pilus gene nor the EPEC adherence factor 

plasmid.  In this study, 11.5% of the farms harboured VTEC with 

characteristics typical of EHEC strains associated with human infections. 

 

During a prospective 1 year study in France, 70% (330/471) of faecal samples 

from healthy cattle presented for slaughter were PCR positive for vtx genes, 

of which VTEC were isolated from 162 (34%) samples (Pradel et al. 2000).  A 

total of 203 VTEC strains out of 220 that were typeable were classified into 58 

different serogroups, the most common being OX3, O113, O22, O91, O172, 

O6 and OX178.  With the exception of O172 these serogroups have been 

associated with severe human disease.  Interestingly, Pradel et al. reported 

that very few VTEC strains belonging to the major serogroups associated with 

human pathogenicity (i.e. O26, O103, O110 and O157) have been found in 
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bovine faeces and food samples in France.  Comparison of the virulence 

profiles of 186 VTEC strains isolated from cattle revealed the presence of 

genes for vtx1 in 18 (10%), vtx2 in 106 (57%), both vtx1 and vtx2 together in 

62 (33%), eae in 9 (5%) and ehxA in 90 (48%). 

 

To add further complexity to the situation, there also appear to be 

geographical differences in VTEC prevalence between different countries, 

although some of this may be related to improved methods and surveillance in 

some parts of the world.  The isolation of VTEC from dairy and beef cattle as 

well as from sheep has been described in different Brazilian regions.  Non-

O157 VTEC strains were predominant, although a few VTEC O157 strains 

were isolated from a few animals.  Most of the VTEC serotypes identified in 

animals were not isolated from human infections, with the exception of VTEC 

O77: H18, O111: H8, O111: H-, O118: H6 and O157: H7.  In India, Khan et al. 

(2002) reported the prevalence of VTEC in 140 stool samples from healthy 

domestic cows from a semi-urban community near Calcutta and 66 cow stool 

samples from a farm 71 km away to be 8% and 29%, respectively using an 

vtx/stx specific PCR test.  The overall prevalence was 37/206 (18%) for VTEC 

in cow stool samples in this study.  However, VTEC could only be recovered 

from 5 of 29 (17%) PCR positive samples, highlighting the problems 

associated with recovering and confirming the presence of VTEC from PCR 

positive samples.  In another study in India, prevalence of VTEC in calves and 

lambs with diarrhoea was reported to be 9.7% and 6.7%, respectively (Wani 

et al. 2003). 

 

g) Global spread of VTEC 

 

One aspect of VTEC epidemiology that has not been fully investigated is the 

role of international travel, both human and animal, and also the potential role 

of migratory birds and insects and their contribution to the global spread of 

VTEC.  Previous studies have revealed that isolates of E. coli O157: H7 from 

different continents can occur on the same cluster of a dendrogram (Davis et 

al. 2003).  This close relationship between strains of different geographical 

origin has also been observed with other VTEC serotypes (Baylis 2004).  

Whilst the lack of discriminatory power of certain characterisation tests cannot 

be ruled out (see Section 5.4.1), it would appear that some VTEC strains can 

be transferred with considerable frequency over global distances.  How this 

occurs is not known, although various hypotheses have been proposed 

including the movement of domestic or wild live animals, shipment of food and 

feed, bird migration and human travel.  The role of feed, in particular, in the 

dissemination of E. coli O157: H7 among cattle and as a vehicle for the 
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spread of VTEC over large geographical areas warrants closer examination.  

This was being investigated by Hancock et al. (2001). 

 

6.2.2 Environmental 

 

As a consequence of the carriage and excretion of VTEC by a wide range of 

animal hosts it is inevitable that environmental contamination will occur.   

E. coli O157 can remain viable for up to 21 months in ovine faeces exposed to 

environmental conditions, however this reduces to 4 months if the faeces are 

aerated by mixing, which possibly promotes drying (Kudva et al. 1998).  

 

In Scotland, Ogden et al. (2005) highlighted the importance of sheep as a 

reservoir of E. coli O157 and their role in the contamination of the farming 

environment which can subsequently become a source of human infection.  

This was clearly demonstrated from an outbreak at New Deer, Scotland in 

May 2000 (Howie et al. 2003).  This outbreak involved Scouts that had 

ingested mud contaminated with sheep faeces during grazing.  The infective 

dose in this outbreak was estimated to be low and in the order of 4-24 

organisms (Strachan et al. 2001). 

 

Previous studies have demonstrated how drinking water can become 

contaminated by E. coli O157 (Ogden et al. 2001) and that E. coli O157 can 

persist for prolonged periods in the environment.  Rural populations are 

therefore likely to have a greater exposure to E. coli O157 than urban 

populations.  This theory has been supported by serological evidence, which 

has shown the prevalence of O157 antibodies, raised in response to the O157 

antigen, to be higher in the blood of rural residents compared with urban ones 

(Haack et al. 2003).  In a study of disease in the Grampian region (North-East 

Scotland), Strachan et al. (2006) found a positive association between E. coli 

O157 infection and cattle and sheep density as well as the percentage of the 

population on private water supplies. 

 

Documented outbreaks of VTEC infection, particularly VTEC O157, have 

been directly linked to environmental contamination (see Section 5.3.4).  The 

survival and transmission of VTEC in the environment is also the subject of 

published reviews (Maule 2000; McDowell 2001; Duffy 2003).  In the UK, the 

FSA set up a research programme (B17) to specifically investigate the 

potential risks associated with the application of organic wastes to land (FSA 

2004b). 
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6.2.2.1 Soil 

 

The application of contaminated manure and slurry onto farmland contributes 

to environmental contamination.  Run-off from contaminated farmland will 

contaminate streams, rivers and other watercourses, especially after heavy 

rainfall.  When microorganisms, including VTEC, reach the soil as runoff from 

stored manure or when manure is applied directly to the fields, rainfall or 

irrigation provides a mechanism of dispersion and these organisms may 

survive and subsequently travel through the soil.  In soil cores containing 

routed grass, E. coli O157 has been shown to survive for up 130 days (Maule 

2000).  In sandy soils, survival of E. coli O157: H7 is reported to be less (8 

weeks) yet with loam and clay soils they can survive for ca 25 weeks (Fenlon 

et al. 2000). 

 

The leaching of E. coli O157: H7 into soil is influenced by the structure and 

soil type. In a study by Gagliadi and Karns (2000), leaching of E. coli O157: 

H7 in different soil types and the effect of simulated rainfall and tillage was 

investigated.  Nutrient enrichment of soils from slurry or manure applications 

was found to have a significant effect on the survival and leaching of E. coli 

O157: H7.  It was demonstrated that if soil pores do not become clogged,  

E. coli O157: H7 can travel below the top layers of soil for more than 2 months 

after initial application and soluble nitrogen may enhance transport.  In a later 

study (Gagliardi and Karns 2002), E. coli O157: H7 was reported to persist for 

25-41 days in fallow soils, 47-96 days on rye roots and 25-40 days on other 

legumes.  In this study, persistence did not appear to be affected by manure 

but was increased by the presence of clay.  In manure amended soil, E. coli 

O157: H7 has been shown to survive for over 220 days with survival 

dependent on the manure-to-soil ratio, soil temperature and indigenous 

microorganisms in the soil (Jiang et al. 2002). 

 

Using intact and repacked soil cores, Artz et al. (2005) demonstrated that 

relatively small variations in the internal structure of soil can affect the 

pathway that cells take through the soil.  Leaching rates were reported to 

decrease with increasing dry bulk density and were significantly increased by 

the presence of earthworm burrows in repacked soil cores.  Compaction of 

the soil and occurrence of pores providing preferential flow were reported to 

be important factors and prime determinants of the degree of leaching of  

E. coli O157: H7 through soil. 
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6.2.2.2 Silage 

 

Besides survival and transport through soil following contamination, the 

potential for E. coli O157: H7 to survive on grass, which is subsequently 

ensiled, has also been investigated.  When improper ensiling techniques 

result in aerobic conditions and therefore inadequate fermentation, E. coli 

O157: H7 is reported to multiply to numbers exceeding 106 cfu/g (Fenlon et al. 

2000; Fenlon and Wilson 2000).  However, under proper ensiling conditions 

E. coli O157: H7 has been reported not to survive the fermentation process 

(Byrne et al. 2002) and during maize fermentation, used to provide an animal 

feedstuff, E. coli O157: H7 is also reported not to survive (Avery et al. 2005b). 

 

6.2.2.3 Contaminated Waste 

 

In many countries it has become common practice to apply effluents from 

sewage treatment works, farms, food industries and abattoirs to agricultural 

land as fertiliser.  However, in the USA and Europe the application of 

untreated sewage to land is not permitted.  Wastes are either applied to the 

surface of arable and grassland by spreading or by deep injection at 15-30 cm 

below the soil surface.  Irrespective of the method of application, untreated 

and potentially contaminated wastes pose a potential health risk to farm 

animals and humans, and the wider dispersal of human pathogens, including 

VTEC, will occur in the environment.  A study by Munisea (2004) confirmed 

the presence of free phages carrying the stx2 (vtx2) gene in a range of 

sewage samples.  These were able to infect different VTEC serogroups 

(O111, O26 and O157) and laboratory strains of E. coli as well as Shigella 

spp. with varying degrees of infectivity (9% to 100%).  This study confirmed 

that the genetic organisation of stx2 (vtx2) genes was very similar among 

different phages and it highlighted that free vtx-phages are present in the 

environment, although their role in the distribution of vtx genes in the 

environment remains unclear. 

 

Studies have been conducted to investigate the survival of E. coli O157 in 

abattoir waste products (Hepburn et al. 2002; Avery et al. 2005a) and other 

organic wastes such as raw and treated sewage and bovine slurry (Avery et 

al. 2005a).  In abattoir wastes (blood and gut contents), Hepburn et al. (2002) 

demonstrated survival of E. coli O157 over a 28h period.  In gut contents, 

there was no increase in numbers observed during 5°C storage, whilst 1-2 

log10 unit increases after 28h were observed at 15°C and 30°C.  In ovine and 

bovine blood, no change or 0.5-2 log10 unit reductions were observed, 

irrespective of temperature.  The exception was storage at 30°C, which gave 

an initial decline followed by a 3 log10 unit increase in the E. coli O157 
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population.  When the bovine blood was aged by 4°C storage for 18h prior to 

inoculation, no significant changes were observed at 5°C, whereas 15°C 

storage yielded a 2-log10 unit increase after 48h.  At 30°C, a 1-log10-unit 

decrease followed by a 1-log10-unit increase over 40h was observed.  The 

authors concluded that abattoir waste presents a significant source of 

contamination if not disposed of correctly or if applied to land without further 

treatment, especially if it is stored at elevated temperatures when growth and 

an increase in numbers of E. coli O157 can occur.  To prevent this happening, 

immediate disposal or treatment of waste was recommended.  

 

In the study by Avery et al. (2005a), abattoir waste stored at 10°C maintained 

the population of E. coli O157 for up to 16 days when their numbers declined 

by ca 1 log10 unit; however, they could still be recovered after 64 days.  In the 

same study, a steady population decline was observed in cattle slurry, 

although the rate depended on the type of slurry, and in creamery wastes the 

organism persisted for the entire 64 day experimental period, despite a 0.5-

1.5 log10 unit reduction.  Overall, this study demonstrated that E. coli O157 

was able to persist for up to 2 months in organic wastes.  In contrast to 

Hepburn et al., the authors of this study concluded that long-term storage of 

organic wastes, leading to a significant and gradual decline of E. coli O157 

numbers, could be a useful means of reducing the pathogen load prior to land 

application. 

 

Current guidance from the UK regulatory authorities (Environment Agency 

and Defra) advises that farm animals should be kept off the land for 42 days 

following application of organic waste.  Given that E. coli O157 can persist for 

prolonged periods in contaminated soil and faeces, even after legal 

compliance, sufficient numbers of infecting organisms could still remain.  

However, survival of VTEC following waste application or direct contamination 

by animal faeces is likely to be affected by a number of other factors.  These 

include desiccation, temperature and solar radiation.  Long term storage of 

waste material destined for application onto farm land may increase the 

decline of VTEC and other pathogens, but results also indicate that E. coli 

O157 could increase if inappropriate storage conditions prevail.  This aspect 

of VTEC research may therefore warrant further investigation, especially 

given the number of factors that could contribute to survival and persistence 

of these organisms in the environment. 

 

6.2.3 Water 

 

Natural water courses, streams, rivers, lakes etc. can become contaminated 

with VTEC in numerous ways.  Firstly, run-off from contaminated farmland, 
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which is greatly assisted by heavy rainfall, will introduce VTEC into 

watercourses where they may subsequently survive.  Secondly, water, 

particularly recreational waters such as lakes but also streams and rivers, 

may become contaminated with the faeces of animals and birds carrying 

these bacteria.  These bacteria therefore present a risk to anyone swimming 

in contaminated waters or to rural communities obtaining water from private 

water supplies.  Waterborne E. coli O157 is the subject of a review by 

Chalmers et al. (2000), which together with Section 5.3.3 of this review 

provides further information on waterborne outbreaks. 

 

Waterborne transmission of VTEC O157 is an emerging concern and 

consequently the survival of this pathogen in aquatic environments has been 

a focus of research.  In a study by Rice et al. (1992), the survival 

characteristics in drinking water of a strain of E. coli O157: H7 associated with 

a waterborne disease outbreak of HC, another O157 strain and a typical 

indicator E. coli strain from a ground water source, were compared.  It was 

reported that there was no significant difference in the survival rates of these 

strains and that die-off was more rapid at 20°C than at 5°C.  Irrespective of 

temperature, significant reductions for all three strains did not occur until after 

7 days.  All strains incubated at 20°C exhibited a 5 log10 reduction after 35 

days whilst at 5°C the reduction was 3.0 – 3.5 log10 after 70 days.  

 

In a later study, Wang and Doyle (1998) studied the survival of VTEC O157: 

H7 in municipal and recreational waters.  Five nalidixic acid-resistant E. coli 

O157: H7 strains were used to investigate survival in filtered and autoclaved 

municipal water, reservoir water and water from two recreational lakes. 

Survival was studied over a period of 91 days at 8, 15 and 25°C.  Survival 

was reported to be greatest in filtered, autoclaved municipal water and least in 

lake water and greatest at 8°C and least at 25°C, regardless of water source. 

These findings, particularly greatest survival at reduced temperature, show 

similar trends to those reported by Rice et al. (1992). 

 

In the marine environment, VTEC O157 has been shown to survive in 

unsterilised marine water for at least 15 days (Miyagi et al. 2001).  

Furthermore, it was also demonstrated that VTEC O157 could multiply in a 

medium containing 5% NaCl.  In this same publication, the results of a survey 

in 1998 of natural marine waters from an estuary near 3 rivers in Japan, 

revealed the presence of stx (vtx) genes using the PCR technique.  However, 

no viable VTEC or other vtx-positive bacteria could be cultured from these 

samples, which highlights the difficulty that can be encountered when trying to 

confirm PCR positive results culturally.  In this study, the authors concluded 

that this discrepancy could be due to differences in the sensitivity of the 
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methods or other method related factors.  Another phenomenon discussed 

but not investigated by Miyagi et al., was the possibility that cells could be in a 

viable but non-culturable (VBNC) state.  Although the VBNC state remains a 

controversial topic, it is known that this state can be induced by a range of 

stress factors including pH, temperature changes, carbon and energy 

starvation and exposure to UV and antimicrobial agents. 

 

The VBNC state of VTEC O157 is also discussed by Wang and Doyle in the 

context of their study, and work by Rigsbee et al. (1997) has demonstrated 

that VTEC O157: H7 does enter into a VBNC state in water at lower 

temperatures.  Rigsbee et al. (1997) studied two strains of VTEC O157: H7 in 

river water and artificial sea water at 5°C and 25°C.  They showed that cells 

remained culturable for over 40 days from waters at the higher temperature, 

whereas at 5°C, the numbers of culturable cells dropped gradually in both 

types of water and cells appeared to enter the VBNC state.  Furthermore, it 

was reported that temperature, and not salinity, appeared to be the primary 

signal for entry into the VBNC state. 

 

In bottled water inoculated with VTEC O157: H7, a minimum survival time at 

22°C was reported to be greater than 300 days for mineral, distilled and tap 

water and was over 240 days for spring water (Warburton et al. 1998).  

Moreover, in this same study, scanning electron microscopy indicated that 

VTEC O157: H7 cells attached to, and multiplied on, the container walls.  In a 

study by Kerr et al. (1999), the survival of a non-toxigenic strain of E. coli 

O157: H7 in non-carbonated mineral water (MW), sterile natural mineral water 

(SMW) and sterile distilled deionised water (SDDW) stored for 10 weeks at 

15°C was investigated.  The findings revealed that survival was longest in 

mineral water, although the length of time was dependent on the initial 

population.  In samples inoculated with lower levels (103 cfu/ml), detectable 

numbers of E. coli O157: H7 were recorded at 63, 42 and 14 days in MW, 

SMW and SDDW respectively.  Samples inoculated with high E. coli levels 

(106 cfu/ml) survived for longer than 70 days irrespective of water type.  The 

levels of E. coli decline in these samples were 3.54, 3.05 and 4.16 log10 in 

MW, SMW and SDDW, respectively.  Transmission electron microscopy also 

revealed that E. coli O157: H7 cells lyse during storage and that the contents 

of these cells released into the environment are probably utilised by the 

autochthonous flora. 

 

It has become apparent that VTEC, especially VTEC O157: H7 which has 

been the focus of most research, can remain viable in water for long periods 

of time.  There have been many well-documented outbreaks of human 

waterborne infections caused by VTEC O157: H7 (See Section 5.3.3) and 
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cases attributed to contaminated private water supplies.  In private drinking 

water well samples, E. coli O157: H7 has been shown to survive for over 60 

days depending on the water quality (Artz and Kilham 2002).  In this study, 

long term survival was shown to be dependent on the absence of protozoan 

grazer populations and low concentrations of heavy metals such as copper.  

Interestingly, whereas the study by Artz and Kilham demonstrates the ability 

of protozoan grazing to remove E. coli O157 from an aquatic environment, 

other studies have reported that protozoans in soil can also harbour 

pathogens, including E. coli O157 (Barker et al. 1999). 

 

6.3 Food contamination in primary production 

 

As with other foodborne pathogens, E. coli O157: H7 and other VTEC can 

enter the food chain directly and indirectly by various routes.  The primary 

source, or reservoir, of these bacteria is therefore the most important to 

control, to reduce or avoid the risk of subsequent contamination of foods 

within the food chain.  Since the early recognition of VTEC O157: H7 as a 

foodborne pathogen (Riley et al. 1983), there has been an established link 

between this pathogen and cattle (Orskov et al. 1987; Chapman et al. 1989) 

and other ruminants such as sheep (Blanco et al. 2001).  Subsequent 

research has revealed that both cattle and sheep are important sources of a 

large number of other VTEC serotypes carrying a diverse range of virulence 

associated genes besides vtx.  Additionally, other domestic animals have 

been shown to carry VTEC and therefore also represent important sources of 

contamination. 

 

a) Animal sources 

 

Perhaps the most common source of contamination of meat and meat 

products is via direct contact of these products with infected or contaminated 

animals presented to slaughter.  Milk and milk products can also become 

contaminated during primary production from contact with animals and their 

faeces.  Contamination of fresh produce can occur by many different routes 

including direct and indirect contact with animals that harbour these bacteria 

and excrete them in their faeces.  Contaminated water and faeces and 

manure are important vehicles in the transmission of VTEC from primary 

reservoirs to fresh produce and man.  Once contamination enters the food 

chain, proper hygiene, particularly the avoidance of cross-contamination and 

the maintenance and monitoring of critical control points as part of risk-based 

control systems such as HACCP, are critical (see Section 7). 
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It is known that domestic farm animals become infected or colonised by VTEC 

from a variety of sources.  Animal-to-animal contact is an important factor in 

the spread of VTEC between animals.  The presence of high shedding 

animals increases this spread significantly and other members of the herd or 

flock quickly become colonised by VTEC from these animals or from the 

surrounding environment.  Whilst prevalence of VTEC O157 in individual 

animals or herds is important, the presence of high shedding animals poses 

the greatest risk.  Not only do animals shedding high numbers of VTEC 

increase the spread of VTEC among individual animals prior to slaughter, 

when such animals are presented for slaughter they pose an even a greater 

contamination risk to carcasses and the abattoir environment.  On the farm, 

housing and the close proximity of animals to each other is known to 

contribute to the spread of VTEC.   

 

b) Contamination during slaughter 

 

In slaughterhouses, lairage is a likely source of contamination of animals and 

their hides by VTEC O157 (Avery et al. 2002; Small et al. 2002).  In modern 

meat production plants, contamination arising from rupture or leakage of 

gastrointestinal tract contents during slaughter is rare.  Contamination of meat 

carcasses from other sources such as contaminated hides is therefore more 

likely.  Tables 6.3 and 6.4 show the different percentage prevalence rates of 

VTEC for hides and carcasses reported in published studies, respectively.  In 

a study by Avery et al., the lairage environment was reported to be a likely 

source of a prevalent E. coli O157 clone found on contaminated hides, of 

which a high proportion (32.9%) were positive.  In a previous study (Small et 

al. 2002), prevalence of E. coli O157: H7 in cattle and sheep lairages was 

reported to be 27.2% and 2.2% respectively.  In this study, cattle lairages and 

cowhides were reported to be more frequently contaminated with pathogens, 

including E. coli O157, than lamb lairages and lamb pelts.  Lairage pen floors 

and the floor of the stunning box were both identified as potential sources of 

contamination. The brisket areas of hides are therefore the most likely areas 

to become contaminated, either when cattle are lying on the floor of the 

lairage pen, or when they come into contact with the floor of the stunning box 

and area around the roll-down ramp and hoist area (Avery et al. 2002).  

Transfer of E. coli O157 to beef carcasses during hide removal operations has 

been shown in another study, in which this pathogen was detected at different 

sites of carcasses including the hock, cranial back and brisket after hide 

removal (McEvoy et al. 2003).  In a study of Belgian slaughter houses 

reported by Tutenel et al. (2003b), E. coli O157 could be isolated from the 

environment, including the stunning box and on operatives' aprons, before the 

onset of slaughter, even though there had been no slaughter activity for 3 
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days.  Before and during slaughter, E. coli O157 was found in the stunning 

box, the race and the holding pen.  During this study, the hides of cattle were 

found to be contaminated with E. coli O157 and this pathogen was also 

isolated from skin samples taken at the anal region and shoulder of beef 

cattle. 

 

Work done in the laboratory of Koohmaraie et al. at the USDA has also 

highlighted contamination of cattle hides as an important source of E. coli 

O157 contamination and its transfer to carcasses during hide removal (Dr. 

Mohammad Koohmaraie, personal communication).  Previous studies by this 

group have revealed that the prevalence of E. coli O157 in live animals 

presented for slaughter and contamination on carcasses was considerably 

higher than previously estimated (Elder et al. 2000).  They also revealed that 

faecal and hide prevalence of E. coli O157 showed a significant correlation 

with carcass contamination by the organism (Elder et al. 2000).  The higher 

prevalence of non-O157 VTEC compared with VTEC O157 has also been 

shown (Arthur et al. 2002), along with high seasonal peaks in VTEC 

prevalence (Barkocy-Gallagher et al. 2003; Barkocy-Gallagher et al. 2004). 

 

Comparison of prevalence rates for VTEC in animals and meats can be 

difficult to interpret because of the differences in methodology used, the 

choice of sampling site and the season when samples are taken.  In beef 

cattle and sheep, the brisket area has been identified as a likely source of 

VTEC contamination (Small et al. 2002).  In pigs, skin samples of belly, leg 

and shoulder have been shown to yield more than 80% of VTEC positive 

carcasses and a strong link between contamination of pig carcasses after 

bleeding and after chilling has been reported (Bouvet et al. 2001).  On sheep 

carcasses, three sampling sites (neck, brisket and perineal area) are 

recommended for aerobic plate count and Enterobacteriaceae counts and 

could be used as indicators of carcass contamination, including the presence 

of VTEC (Zweifel and Stephan 2003). 

 

To enable direct comparisons to be made between studies, it is important that 

standardised methods and approaches are used.  The brisket region of cattle 

hides has been highlighted as a good region to sample for VTEC, although 

other locations on the hide could be more heavily contaminated.  Airborne 

contamination of VTEC in abattoir environments cannot be ruled out either.  

Furthermore, there will be seasonal changes in VTEC prevalence among 

animals as well as differences in farm operational procedures.  Further work 

will be necessary to confirm sources of contamination found from previous 

studies and to identify other potential sources of VTEC contamination in 

abattoir environments. 
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Table 6.3 Reported prevalence of VTEC on hides 

 

Product Country Test No. tested  

(% positive) 

Reference 

Cattle hides USA E. coli O157 355 (10.7) Elder et al. (2000) 

Cattle hides USA E. coli O157 1288 (60.6) Barkocy-Gallagher 

et al. (2003) 

Cattle hides USA Non-O157 VTEC 1288 (56.3)* Barkocy-Gallagher 

et al. (2003) 

Cattle hides USA VTEC (PCR) 1288 (91.7)* Barkocy-Gallagher 

et al. (2003) 

Cattle hides UK E. coli O157 90 (28.8) Small et al. (2002) 

Cattle hides UK E. coli O157 73 (32.9) Avery et al. (2002) 

Cattle hides Rep. Ireland E. coli O157 1500 (7.3) O'Brien et al. (2005) 

Sheep pelts UK E. coli O157 90 (5.5) Small et al. (2002) 

 

* = Average values from four seasons 

 

In a study by Bonardi et al. (2001), the overall prevalence of VTEC O157 

isolated from the intestinal contents of 100 cattle at slaughter was 17%.  This 

pathogen was isolated from 6 (35.3%) of the 17 carcasses associated with the 

stool-positive animals and 6 (7.3%) of the 82 carcasses from stool-negative 

animals.  It was also reported that most of the contaminated carcasses from 

stool-negative animals were adjacent to stool-positive cattle on the production 

line floor.  In Belgium, a survey of VTEC O157 prevalence in foodstuffs of 

animal origin (beef, veal, pork, chicken and fish) from 1999 to 2003 was 

reported (Chahed et al. 2005).  In this survey, VTEC O157 was only isolated 

from beef with a prevalence of 0.73%.  Prevalence on beef carcasses was 

25/1984 (1.3%) in 1999, 6/1501 (0.5%) in 2000, 13/1388 (0.9%) in 2001, 

13/1215 (1.1%) in 2002 and 10/1479 (0.68%) in 2003.  

 



   

Report No.: MB/REP/106304 Page 307 t:\2008\cb\review\se00683 

 

Table 6.4 Reported prevalence of VTEC on carcasses 

 

Product Country Test No. tested  

(% positive) 

Reference 

Beef carcasses Australia E. coli O157 893 (0.5 Vanderlinde et al. 

(1998) 

Beef carcasses Belgium E. coli O157 62 (4.8) Korsak et al. (1998) 

Beef carcasses Belgium E. coli O157 2452 (1.0) Tutenel et al. (2003a) 

Beef carcasses Rep. Ireland E. coli O157 250 (3.2) McEvoy et al. (2003) 

Beef carcasses 

(pre-evisceration) 

USA E. coli O157 341 (43.4) Elder et al. (2000) 

Beef carcasses 

(pre-evisceration) 

USA E. coli O157 1281 (27.1)* Barkocy-Gallagher  

et al. (2003) 

Beef carcasses 

(pre-evisceration) 

USA Non-O157 VTEC 1281 (58.5)* Barkocy-Gallagher  

et al. (2003) 

Beef carcasses 

(pre-evisceration) 

USA VTEC (PCR) 1282 (96.6)* Barkocy-Gallagher  

et al. (2003) 

Beef carcasses 

 (pre-evisceration) 

USA Non-O157 VTEC 334 (53.9) Arthur et al. (2002) 

Beef carcasses 

(post-evisceration) 

USA E. coli O157 332 (17.8) Elder et al. (2000) 

Beef carcasses UK E. coli O157 1500 (1.4) Chapman et al. 

(2001) 

Cattle carcasses Italy E. coli O157 100 (12.0) Bonardi et al. (2001) 

Lamb carcasses UK E. coli O157 1500 (0.7) Chapman et al. 

(2001) 

Lamb carcasses Switzerland VTEC 535 (36.6) Zweifel and Stephan 

(2003) 

Pig carcasses Belgium  E. coli O157 49 (4.3) Korsak et al. (1998) 

Pig carcasses Belgium  E. coli O157 85 (1.2) Tutenel et al. (2003a) 

Pig carcasses France VTEC 150 (50.0) Bouvet et al. (2001) 

Pig carcasses France VTEC 546 (25.6) Bouvet et al. (2002c) 

Pig carcasses 

(post-bleeding) 

France VTEC 182 (45.6) Bouvet et al. (2002b) 

Pig carcasses 

(post-dressing) 

France VTEC 182 (15.9) Bouvet et al. (2002b) 

Pig carcasses 

(post-chilling) 

France VTEC 182 (15.4) Bouvet et al. (2002b) 

 

* = Average values from four seasons 

 

6.3.1 Meat 

 

Meat, especially raw beef and lamb, is perhaps the most important 

documented food source of VTEC.  This has been highlighted by the many 

outbreaks of VTEC O157: H7 infections which have been directly linked to the 
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consumption of undercooked meat products and by cross-contamination from 

raw meats to other foods. 

 

Whilst VTEC O157: H7 has been the primary target of VTEC research, there 

are many other VTEC serotypes reported to be more commonly isolated from 

food, particularly meat, in different countries including Canada and the UK 

(Read et al. 1990; Smith et al. 1991; Willshaw et al. 1993).  The reported 

incidence of VTEC O157 in raw meat, including beef, appears to be relatively 

low.  In 20 published studies examining 16,861 samples of beef and beef 

products for VTEC O157 (Table 6.5), the incidence reported ranged from 

0.0% to 36%, the latter being exceptionally high.  The overall incidence is only 

1.2% (210 positive samples).  However, as with studies reporting the 

prevalence of E. coli O157 in cattle, the incidence of this pathogen found in 

food will be greatly influenced by the sensitivity of the methods being used.  

Therefore, the incidence reported in earlier studies may be lower than the true 

incidence, a point emphasised by the USDA FSIS in their white paper on  

E. coli O157 (Anon 1999).  This report states that in September 1999 the 

FSIS began to use a method that was four times more sensitive than earlier 

methods used.  As a consequence, since the implementation in 1994 of the 

FSIS testing program for E. coli O157: H7 in beef, 40% (21 out of 53) of the 

positive samples reported were found since the new method was 

implemented.  However, although method sensitivity will influence the results, 

there have been several later studies which all used standard procedures, 

including IMS (Chapman et al. 2001; Cagney et al. 2004; Conedera et al. 

2004) and the reported incidence of VTEC O157 was relatively low (below 

5%). 

 

Compared with beef, the incidence of VTEC O157 in other meats is generally 

lower.  The overall incidence of E. coli O157 calculated from published studies 

(Table 6.6) is 0.8%, 0.1% and 1.0% for pork, poultry and lamb, respectively. 

The mixed meats category (Table 6.6) included a variety of meat products, 

including some containing beef as well as game and meat products with 

undisclosed contents.  However, of the 4607 samples tested in this category,  

only 9 (0.2%) yielded E. coli O157.  Interestingly, despite large numbers of 

samples being examined in these studies, E. coli O157 was still not detected 

or isolated.  This could be attributed, in part, to the heterogeneous distribution 

in foods which makes detection more difficult, although the consistently low 

levels reported in different parts of the world, even with the employment of 

sensitive methods, would indicate that the incidence is relatively low and that 

the overall incidence has declined.  In a report by the USDA FSIS, data from 

their regulatory testing program for E. coli O157 in beef showed a 43.3% drop 

in the percentage of E. coli O157 positive ground beef samples collected in 
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2004 compared with the previous year (USDA 2005).  Of the 8010 samples 

collected and tested in 2004, 0.17% tested positive for E. coli O157: H7 

whereas the figures were 0.30%, 0.78%, 0.84% and 0.86% for 2003, 2002, 

2001 and 2000, respectively.  In a survey in Belgium over a similar period, 

prevalence of E. coli O157 in minced beef was 1/974 (0.1%) in 1999, 1/487 

(0.2%) in 2000 and 2/285 (0.7%) in 2003 (Chahed et al. 2005).  In this study, 

no VTEC O157 was detected in 298 and 297 samples during 2001 and 2002, 

respectively.  The most common serotype isolated from beef products during 

this survey was O157: H7 (75%) and the most common virulence profile was 

eae, stx2 (vtx2) and ehxA (74%). 

 

By comparison, the incidence of other VTEC besides those belonging to 

serogroup O157 is reported to be considerably higher, thus highlighting the 

widespread presence of these bacteria in many foods, particularly raw meats.  

In ten separate studies examining the prevalence of VTEC other than O157 in 

beef, the incidence ranged from 3.6% to 36.4% with an overall average of 

16.6% (Table 6.7).  In 9 of the studies reporting serotype/group prevalence, 

only one study reported the presence of VTEC O157. 

 

In 6 published studies examining a total of 2370 pork samples, 271 (11.4%) 

were reported to be contaminated by VTEC, but VTEC O157 was not 

detected in any of the samples (Table 6.8).  There is little data on prevalence 

of VTEC in lamb meat, other than those studies conducted to detect VTEC 

O157.  However, one published study by Samadpour et al. (1994) does 

indicate a potentially high incidence (46.7%) in this meat, which perhaps is not 

surprising given the relatively high prevalence of VTEC in sheep.  Prevalence 

data for non-O157 VTEC in poultry meat, particularly chicken, is scarce.  This 

may reflect the fact that there have been no microbiologically linked outbreaks 

of VTEC infection associated with poultry meat, except those where cross-

contamination was the likely source of contamination.  Furthermore, in four 

published studies, tests for VTEC O157 in 5109 poultry meat samples only 

yielded 6 (0.1%) positive samples (Table 6.6), highlighting the low incidence 

of this pathogen in this type of meat. 

 

Besides prevalence and frequency of VTEC isolation from meats, two 

important considerations are the seasonality of VTEC prevalence in animals 

and the effect of this on the incidence in associated meat and meat products, 

and the actual number of VTEC present.  Whilst seasonal prevalence of 

VTEC on carcasses in processing plants has been investigated (Barkocy-

Gallagher et al. 2003; Barkocy-Gallagher et al. 2004), there is less data 

available from investigations of seasonal prevalence in meats.  In France, 

higher rates of VTEC prevalence in beef samples was reported in August and 
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December (Pradel et al. 2000).  In one UK study by Chapman et al. (2001) 

which describes the prevalence of E. coli O157 in raw beef and lamb products 

over a 1 year period, it was reported that the majority of E. coli O157 strains 

were isolated during the summer period.  During July and August, high counts 

(>104/g) of generic E. coli in lamb and beef were reported.  In contrast, 

numbers of E. coli O157 remained relatively low during the 1 year period, with 

counts typically <3/g and the highest being 90/g in a lamb burger in August.  

This lack of correlation between numbers of generic E. coli and the presence 

of E. coli O157 confirms the view that there are currently no suitable indicator 

organisms for E. coli O157 and other VTEC in foods.  This is further confirmed 

by Crowley et al. (2005), who reported that there was no correlation between 

the number of Enterobacteriaceae and the presence of E. coli O157 in beef 

products.  In this study, the level of contamination was also reported to be 

low, with approximately half (21/43) of the samples yielding counts of E. coli 

O157 below the detection limit of the plating method and the remaining 

samples giving counts between 0.52-4.03 log10 cfu/g, of which 4 samples 

contained >3.00 log10 cfu/g.  A seasonal effect was also observed during this 

study with highest prevalence recorded in January (4.65%), March/April 

(4.68%) and August (4.35%). 

 

It is now known that non-O157 VTEC can be found in raw meats with a 

greater frequency than that of VTEC O157.  Furthermore, VTEC found in raw 

meats belong to a wide range of serotypes (Tables 6.7, 6.8 and 6.9), including 

some which have been previously associated with disease, including HC and 

HUS in man.  Among the serotypes isolated from raw meats, those previously 

associated with HUS include O8: H21, O22: H8, O26: H11, O26: H-, O103: 

H2, O103: H-, O112: H2, O113: H21, O118: H16, O174: H21, O?: H- (Boerlin 

et al. 1999; World Health Organisation Scientific Working Group 1999).  

However, the situation is made more complex by the diversity of virulence 

associated genes found besides vtx.  Although it has now been recognised 

that carriage of vtx2 and eae are strongly associated with severe disease in 

humans (See Section 2), many VTEC isolated from raw meats do not appear 

to possess the same repertoire of virulence associated genes found in human 

clinical strains.  In particular, eae is reported to be absent in many non-O157 

VTEC (Blanco et al. 1997; Bonardi et al. 2004; Kumar et al. 2004; Irino et al. 

2005).  Consequently, the clinical significance of these VTEC is not known 

and the likely mechanisms of colonisation, especially in the absence of eae, 

and the process in human pathogenesis involving these organisms have yet 

to be fully explained or elucidated. 
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Table 6.5 Prevalence of VTEC O157 in raw beef and beef products 

 

Country Product No. positive/ 

No. tested (%) 

Reference 

Argentina Minced beef 6/160 (3.8) Chinen et al. (2001) 

Belgium Minced beef 1/549 (0.2) Tutenel et al. (2003a) 

Botswana Beef cubes 7/134 (5.2) Magwira et al. (2005) 

Botswana Ground beef 5/133 (3.8) Magwira et al. (2005) 

Botswana Sausages 3/133 (2.3) Magwira et al. (2005) 

Malaysia Tenderloin beef 9/25 (36.0) Radu et al. (1998) 

Egypt Ground beef 3/50 (6.0) Abdul-Raouf et al. (1996) 

Italy Ground beef 9/564 (1.6) Colombo et al. (1998) 

Italy Ground beef 4/931 (0.4) Conedera et al. (2004) 

The Netherlands Ground beef 6/571 (1.1) Heuvelink et al. (1999) 

The Netherlands Raw beef products 0/223 (0) Heuvelink et al. (1999) 

Republic of 

Ireland 

Minced beef & beef 

burgers 

43/1533 (2.8) Cagney et al. (2004) 

Spain Ground beef 3/58 (5.2) Blanco et al. (1996a) 

Spain Raw beef products 5/455 (1.1) Blanco et al. (2003) 

Thailand Beef 8/93 (8.6) Suthienkul et al. (1990) 

UK Beef burgers 3/1015 (0.3) Little and de Louvois (1998) 

UK Raw beef products 36/3216 (1.1) Chapman et al. (2000) 

UK Raw lamb products 29/1020 (2.9) Chapman et al. (2000) 

UK Raw mixed meat 

products 

7/857 (0.8) Chapman et al. (2000) 

UK Raw beef products 12/3112 (0.4) Chapman et al. (2001) 

USA Ground beef 6/164 (3.7) Doyle and Schoeni (1987) 

USA Ground beef 3/107 (2.8) Padhye and Doyle (1991) 

USA Beef 2/1668 (0.1) Griffin and Tauxe (1991) 

USA Ground beef 1/76 (0.3) Kim and Doyle (1992) 

USA Ground beef 0/563 (0) Food Safety Inspection 

Service (1996) 
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Table 6.6 Prevalence of O157 VTEC in meat and meat products 

(not beef) 

 

Product Country No. 

positive/No. 

tested (%) 

Reference 

Pork    

Raw minced pork The Netherlands 1/76 (1.3) Heuvelink et al. (1999) 

Raw pork products The Netherlands 1/393 (0.3) Heuvelink et al. (1999) 

Raw pork USA 4/264 (1.5) Doyle and Schoeni (1987) 

Poultry    

Raw chicken Egypt 2/50 (4.0) Abdul-Raouf et al. (1996) 

Raw poultry The Netherlands 0/819 (0) Heuvelink et al. (1999) 

Raw poultry USA 4/263 (1.5) Doyle and Schoeni (1987) 

Raw poultry USA 0/3977 (0) Griffin and Tauxe (1991) 

Lamb    

Raw lamb Egypt 1/25 (4.0) Abdul-Raouf et al. (1996) 

Raw lamb The Netherlands 0/46 (0) Heuvelink et al. (1999) 

Raw lamb products UK 9/1144 (0.8) Chapman et al. (2001) 

Raw lamb USA 4/205 (2.0) Doyle and Schoeni (1987) 

Mixed meats    

Fresh sausages Argentina 4/83 (4.8) Chinen et al. (2001) 

Dry sausages Argentina 1/30 (3.3) Chinen et al. (2001) 

Raw minced 

pork/beef 
The Netherlands 2/402 (0.5) Heuvelink et al. (1999) 

Meat products The Netherlands 1/328 (0.3) Heuvelink et al. (1999) 

Raw game The Netherlands 0/83 (0) Heuvelink et al. (1999) 

Raw sausage UK 0/1197 (0) Little and de Louvois (1998) 

Raw meat products UK 0/118 (0) Little and de Louvois (1998) 

Cooked meats UK 0/2183 (0) Little and de Louvois (1998) 

Raw meats UK 1/183 (0.5) Little et al. (1999a) 
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Table 6.7 Prevalence of VTEC in beef and beef products 

 

Product Country No. 

positive/No. 

tested (%) 

Serotypes/Serogroups isolated Reference 

Raw beef Brazil 20/105 (19.0) No VTEC O157: H7 isolated.  Serotypes isolated: O?: H34, O rough 

H7, O rough H42, O rough H47, O69: H28 O?: H8, O rough H42, 

O46: H38, O rough H14 (VT1 only). O rough H8, O rough H19, 

O17/77: H18, O113: H21, O116: H21 (VT2 only). O?: H21, O46: 

H38, O65: H48, O116: H21, O46: H38, O82: H8 (both VT1 & VT2) 

Cerqueira et al. 

(1999) 

Raw beef Canada 82/225 (36.4) No VTEC O157: H7 isolated.  Serotypes isolated: O113: H21, 

O139: H19, O117: H4, O?: H19, O15: H27, O153: H25, O22: H8, 

O6: H34, O8: H19, O128: H35 

Read et al. 

(1990) 

Raw beef Canada 41/120 (34.1) No VTEC O157: H7 isolated. All VTEC tested were eae negative.  

Serotypes isolated: O15: H27 (VT1 only). O113: H21, O?: H21, 

O163: H19, O116: H-, O2: H29, O174: H21, O?: H11 (VT2 only). 

O113: H4, O116: H21, O?: H2, O rough H21, O91: H21, O88: H25, 

O?: H19, O153: H25, O22: H8, O105: H18, O8: H19 (both VT1 & 

VT2) 

Atalla et al. 

(2000) 

Raw beef France 47/411 (11.0) All VTEC tested were eae negative.  Serotypes isolated:OX3: H2 

(vtx1 only), O113: H4, O6: H10, O22: H16, O91: H21, O6, (vtx2 

only), O172, O39, O150 (toxin type not stated) 

Pradel et al. 

(2000) 

Raw beef India 4/111 (3.6) No VTEC O157: H7 isolated.  Serotypes isolated: O?: H21 (vtx1 

only). O20: H12, O110: H?, O172: H- (both vtx 1 & vtx2) 

Khan et al. 

(2002) 
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Table 6.7 Prevalence of VTEC in beef and beef products (continued) 

 

Product Country No. 

positive/No. 

tested (%) 

Serotypes/Serogroups isolated Reference 

Raw 

minced beef 

The 

Netherlands 

13/92 (14.1) No VTEC O157 isolated.  Serotypes/groups isolated O101: H-, O123: H?, O? 

(VT1 only), O22, O113: H4, O?, O2 (VT2 only), O8H?, O22: H8, O71: Hauto, 

O88: H8 (both VT1 & VT2) 

Heuvelink 

et al. (1996) 

Raw 

minced beef 

Switzerland 5/211 (2.4) No VTEC O157: H7 isolated.  All VTEC tested were eae negative. Serotypes 

isolated: O174: H21, O82: H8 (VT2 only), O22: H8, O148: H8 (both VT1 & 

VT2) 

Fantelli and 

Stephan 

(2001) 

Raw beef 

products 

Spain 57/455 (12.5) VTEC O157: H7 isolated from 5 samples.  Other VTEC serogroups isolated: 

O1, O2, O4, O6, O8, O15, O20, O21, O22, O26, O39, O42, O54, O64, O75, 

O77, O88, O103, O111, O112, O113, O116, O118, O120, O146, O156, 

O171, O174, OX178. Out of 60 strains 8 (13%)were eae positive, 16 (27%) 

carried vtx 1 only, 36 (60%) vtx 2 only and 8 (13%) both vtx 1 & vtx 2 

Blanco et al. 

(2003) 

Raw beef Thailand 8/93 (8.6) No VTEC O157 isolated.  Serotypes isolated: O117: H8 (vtx1 & EHEC 

plasmid positive, O22: H8 (vtx1 positive, EHEC plasmid negative), O149: H45 

(Stx2 & EHEC plasmid positive, O4: H21 (Stx1 & Stx2 & EHEC plasmid 

positive)  

Suthienkul  

et al. (1990) 

Raw beef USA 14/60 (23.3) No VTEC O157 isolated.  Serogroups isolated: O6, O113, O163, O?, O153, 

X3 

Samadpour 

et al. (1994) 

Raw 

minced beef 

USA 50/296 (16.9) Serotypes not determined Samadpour 

et al. (2002). 
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Table 6.8 Prevalence of VTEC in lamb and pork 

 

Product Country No. 

positive/No. 

tested (%) 

Serotypes/Serogroups isolated Reference 

Raw pork Canada 25/235 (10.6) No VTEC O157: H7 isolated.  Serotypes isolated: O82: H8, 

O?: H19, O2: H29, O?: H9, O6: H34, O?: H2, O?: H- 

Read et al. 

(1990) 

Raw pork France 188/1600 (11.8) No VTEC O157 isolated.  VTEC serotypes not determined 

but none belonged to serogroups O26, O55, O111 or O157. 

Majority (29/30 strains) tested were positive for VT2e 

Bouvet et al. 

(2002a) 

Raw minced 

pork 

Switzerland 2/189 (1.1) No VTEC O157: H7 isolated.  All VTEC tested were eae 

negative.  Serotypes isolated: O20: H7, O82: H8 (VT2 only) 

Fantelli and 

Stephan (2001) 

Raw pork Thailand 1/111 (0.9) No VTEC O157 isolated.  Serotypes isolated: O?: H45 (Stx2 

positive, EHEC plasmid negative) 

Suthienkul et al. 

(1990) 

Raw pork USA 9/51 (17.6) No VTEC O157 isolated.  Serogroup isolated: O91 Samadpour  

et al. (1994) 

Raw pork 

sausage 

UK 46/184 (25.0) No VTEC O157 isolated.  Serotypes isolated: O91: H-, O115: 

H-, O146: H8, O?H9, O?H8, O?H-(VT1 only), O8: H25, O9: H-

, O60: H9, O100: H-, O rough H-, O rough H8 (VT 2 only), 

O128: H2, O?H8, O?H21 (both VT1 & VT2) 

Smith et al. 

(1991) 

Raw lamb USA 10/21 (47.6) No VTEC O157 isolated.  Serogroups isolated: O?, O8 Samadpour et al. 

(1994) 
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Table 6.9 Prevalence of VTEC in miscellaneous meat and meat 

products 

 

Product Country No. positive/ 

No. tested 

(%) 

Serotypes/Serogroups 

isolated 

Reference 

Salami Italy 0/70 (0) N/A Colombo et al. 

(1998) 

Raw minced 

beef/pork 

The 

Netherlands 

16/88 (18.2) No VTEC O157 isolated. 

Serotypes/groups 

isolated: O? (VT1 only), 

O22, O?, O113 (VT2 

only), O75: H?, O22 

(both VT1 & VT2) 

Heuvelink et 

al. (1996) 

Raw meats 

(various: 

beef, lamb, 

pork & game) 

Belgium 67/2440 (2.8) No VTEC O157 isolated.  

Serotypes isolated: O15: 

H27, O76: H19, O91: H-, 

O91: H14, O91: H21, 

O128: H2, O145: H-, O 

rough H16 (only 2 

strains: O145: H- from 

wild boar & O rough H16 

from beef were eae 

positive).  VT1 only (19), 

VT2/VT2v only (32), both 

VT1 & VT2 (12) 

Piérard et al. 

(1997) 

 

6.3.2 Milk and dairy products 

 

Prevalence of VTEC O157 in dairy herds varies; however, reported figures 

are generally low (Table 6.2).  Contaminated raw milk and dairy products 

made with contaminated milk have been reported to be responsible for 

outbreaks of VTEC O157 infection (See Table 5.5).  Improperly pasteurised 

milk, or post-process contaminated milk and dairy products, have also been 

responsible for VTEC O157 infections.  In a study of 1097 samples of 

unpasteurised milk purchased from 242 retail outlets in England and Wales 

between May 1996 and July 1997, 3 were found to contain E. coli O157 (de 

Louvois and Rampling 1998).  In this study, reported by de Louvois and 

Rampling (1998), a fifth of samples that did not contain pathogens had 

unacceptable aerobic plate counts or coliform counts (de Louvois and 

Rampling 1998).  In a study by Gillespie et al. (2003), the most commonly 

reported vehicle of infection associated with milkborne outbreaks (all agents) 
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in England and Wales between 1992 and 2000 was unpasteurised milk 

(52%).  This was followed by milk sold as pasteurised (37%) and most of the 

outbreaks (67%) were linked to farms.  In this same study, the second most 

common pathogen detected in milkborne outbreaks was VTEC O157 (33%) 

whereas figures for Salmonella and Campylobacter were 37% and 26%, 

respectively. 

 

Previously published studies would indicate that the prevalence of VTEC 

O157 in raw milk and unpasteurised dairy products is low with many of the 

samples tested failing to indicate the presence of this pathogen (Table 6.10).  

As with prevalence studies for cattle and meats, the methodology used and its 

ability to recover these pathogens will influence the results.  Dairy products, in 

particular, present practical difficulties when trying to isolate VTEC, such as 

interference by competitor organisms (Vernozy-Rozand et al. 2005) and the 

high fat content of some products which can adversely affect the IMS 

technique (Baylis et al. 2001). 

 

The presence of pathogens, including VTEC, in milk is likely to arise from 

contamination by faecal material during the milking process.  Good hygiene, 

including the removal of faecal material from udders and ensuring a clean 

environment, is therefore important.  Once contaminated, milking parlour 

equipment and floors can facilitate the further spread of these pathogens to 

udders; subsequently, milking equipment including teat cups, pipelines, filters 

and bulk storage vessels can become colonised (O'Loughlin and Upton 2001).  

If effective cleaning and disinfection procedures are not implemented, this can 

result in contamination of subsequent batches of product.  In a study of VTEC 

in ovine and caprine milk and other dairy products in Spain, VTEC were 

detected in bulk tanks, fresh cheese curds and cheese, and one bulk tank 

was positive for VTEC O157 (Rey et al. 2005).  Post-process contamination of 

pasteurised milk or failure of the pasteurisation process have also been 

highlighted in previous E. coli O157 milk associated outbreaks.  One example 

of this is the Red House Dairy E. coli O157 outbreak in Scotland in 1996 

(Upton and Coia 1994). 
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Table 6.10 Prevalence of VTEC O157 in raw milk and unpasteurised 

dairy products 

 

Country No. positive/ 

No. tested (%) 

Reference 

Australia 0/147 (0) Desmarchelier et al. (1998) 

Egypt 3/50 (6.0) Abdul-Raouf et al. (1996) 

France 0/385 Fach et al. (2001) 

Germany 1/273 (0.4) Klie et al. (1997) 

Italy 0/227 (0) Colombo et al. (1998) 

Italy 0/100 (0) Massa et al. (1999) 

Italy 0/1313 (0) Conedera et al. (2004) 

The Netherlands 0/1011 (0) Heuvelink et al. (1998a) 

UK 0/586 (0) Neaves et al. (1994) 

UK 3/1097 (0.3) de Louvois and Rampling (1998) 

USA 11/115 (9.6) Padhye and Doyle (1991) 

USA 0/603 (0) Hancock et al. (1994) 

USA 0/42 (0) Ansay and Kaspar (1997) 

 

Research has shown that E. coli O157 can survive during the manufacture of 

cheddar cheese (Reitsma and Henning 1996).  In Scotland, despite the retail 

sale of raw milk being prohibited since 1983, there have been several 

documented outbreaks of cheese associated E. coli O157 infection.  In 

Scotland, three outbreaks of E. coli O157 infection between 1994 and 1999 

were associated with consumption of unpasteurised cheese (Reid 2001).  

Although the hygiene standards of the premises involved appeared 

satisfactory, a common theme in two of the outbreaks was that raw milk was 

stored at temperatures that facilitated growth of bacteria.  In one outbreak, no 

starter culture was used and in another, the maturation step was too short to 

enable sufficient reduction in pH and subsequent decrease in the bacterial 

population in the product.  Lack of adequate labelling and poor traceability of 

contaminated products was also revealed during two outbreak investigations.  

 

Non-O157 VTEC are prevalent in milk and dairy products whereas VTEC 

O157 is not commonly isolated (Table 6.10 and Table 6.11).  Furthermore, 

despite the wide variety of VTEC serotypes isolated from these products, the 

majority appear to lack the eae and other virulence genes associated with 

severe human disease.  As well as milk and cheese, other dairy products 

associated with E. coli O157 infections include yoghurt although in this case 

the link was epidemiological and the organism was not isolated from the food 

(Morgan et al. 1993). 
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Table 6.11 Prevalence of VTEC in milk and dairy products 

 

Product Country No. positive/ 

No. tested (%) 

Serotypes/Serogroups Reference 

Raw milk Canada 15/1720 (0.9) No VTEC O157 isolated.  

Serotypes isolated: O?: H-, 

O121: H7, O163: H19, O136: 

H16, O26: H11, O136: H12, 

O91: H21, O?: H8, O1: H20, 

O113: H21, O142: H38, O?: H21 

Steele et al. 

(1997) 

Cheeses France 60/603 (9.9) No VTEC O157 isolated.  

Serotypes and serogroups 

isolated: OX3: H2, O91: H21 

(both vtx1 & vtx2), O113, O8, 

O15, O103 (toxin type not 

stated). All strains eae negative 

Pradel et al. 

(2000) 

Raw milk France 44 (21.5)* 

14/205 (7.0)** 

No VTEC O157 isolated.  

Serogroups isolated: O3, O91, 

O110, (vtx1 only), O6, O117, 

O77 (vtx2 only), O76/O22 (both 

vtx1 & vtx2) 

Fach et al. 

(2001) 

Unpasteurised 

cheeses 

France 55/180 (30.5)* 

16/180 (9.0)** 

No VTEC O157 isolated.  

Serogroups isolated: O5, O76, 

O110, O117, O136 (vtx1 only), 

O6, O77, O91, O113 (vtx2 only), 

O79, (both vtx1 & vtx2). Only O5 

strains eae positive 

Fach et al. 

(2001) 

Pasteurised 

cheeses 

France 4/45 (8.9)* 

0/45 (0)** 

N/A Fach et al. 

(2001) 
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Table 6.11 Prevalence of VTEC in milk and dairy products (continued) 
 

Product Country No. positive/ 

No. tested (%) 

Serotypes/Serogroups Reference 

Raw milk 

cheeses 

France 136/1039 (13.1) No VTEC O157 isolated.  

Serotypes isolated: O6: 

H10, O76: H19, O109: 

H25, O174: H8 (vtx1 

only), O22: H8, O109: 

H25 (vtx2 only), O?: H8, 

O174: H8*, O76: H19, 

O6: H1, O175: H16, O6: 

H10, O162: H10 (both 

vtx1 & vtx2). *Only eae 

positive strain 

Vernozy-

Rozand et al. 

(2005) 

Unpasteurised 

milk (bulk 

tank) + 

 

Spain 39/360 (10.8) O157: H7 serotype as 

isolated from one (0.3%) 

bulk tank 

 

Rey et al. 

(2005) 

Fresh cheese 

curds+  

 

Spain 4/103 (3.9) O27: H18, O45: H38, 

O76: H19, O91: H28, 

O157: H7, ONT: H7, 

ONT: H9 and ONT: H21. 

only O157: H7 serotype 

showed eae virulence 

genes 

 

Rey et al. 

(2005) 

Cheeses+  

 

Spain 2/39 (5.1)  Rey et al. 

(2005) 

 

* stx (vtx) positive by PCR ELISA 

** positive by Vero cell assay 
+Ovine & caprine milk and other dairy products 

 

6.3.3 Fruit and vegetables 

 

It has been demonstrated that, given the right conditions, E. coli O157, and 

potentially other VTEC, can persist in soil and the environment for prolonged 

periods.  The application of contaminated waste or manure to agricultural land 

therefore represents a serious risk to consumers if fruit and vegetables grown 

on contaminated land are eaten without treatment.  This has been highlighted 

by previous cases of E. coli O157 infections linked to manure contaminated 
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vegetables (Cieslak et al. 1993) and the handling of contaminated potatoes 

(Morgan et al. 1988).  There have now been several documented outbreaks of 

E. coli O157 infection directly linked to consumption of fresh produce grown in 

the USA (Sivapalasingam et al. 2004); also see Table 5.6 of this Review.  In 

the UK, the Advisory Committee for Microbiological Safety of Foods (ACMSF) 

reviewed the microbiological status of ready-to-eat fruits and vegetables.  As 

part of this review, data presented to the ACMSF by the Health Protection 

Agency (HPA) highlighted at least two outbreaks of O157 infection linked to 

salad in the UK (ACMSF 2005). 

 

Although there is documented evidence that fresh produce can become 

contaminated with E. coli O157, the incidence of this pathogen reported in 

ready-to-eat fresh produce is very low.  This is supported by results from 

various published surveys of fresh produce in which the presence of E. coli 

O157 could not be detected despite the large number of samples examined 

(Table 6.12).  In Japan, radish sprouts have been a vehicle of E. coli O157 

infection and were responsible for a large outbreak of E. coli O157 infection in 

1996 (see Section 5.3.2).  Contamination of radish sprouts after exposure to 

water contaminated with E. coli O157 was studied by Hara-Kudo et al. (1997).  

In their research they revealed that the edible parts, the cotyledons and 

hypocotyl, became heavily contaminated with E. coli O157: H7 when they 

were grown from seeds soaked in contaminated water.  Hara-Kudo et al. 

(1997) also showed that rapid multiplication of the organism occurs during the 

early stages of radish sprout development, including the germination stage.  

Therefore, preventing contamination of seeds and the use of treated 

hydroponic water are critical factors in the safer production of radish sprouts.  

In another study, it was revealed that Salmonella showed better growth on, 

and adherence to, alfalfa sprouts than E. coli O157: H7, with the latter being 

removed by repeated washing steps, whilst Salmonella remained attached 

(Barak et al. 2002). 
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Table 6.12 Prevalence of VTEC in vegetables and other ready-to-eat 

fresh produce 

 

Food Country Year Test No. positive/ 

No. tested (%) 

Reference 

Organically grown 

lettuce 

Norway 2001 O157 0/179 (0.0) Loncarevic  

et al. (2005) 

Raw vegetables Thailand N/S VTEC 0/130 (0) Suthienkul  

et al. (1990) 

Ready-to-eat pre-

cut fruit, sprouted 

seeds & 

unpasteurised 

fruit/vegetable 

juices 

UK 2002 O157 0/2096 (0) Little and 

Mitchell 

(2004) 

Ready-to-eat salad 

vegetables 

UK 2001 O157 0/3820 (0) Sagoo et al. 

(2003b) 

Ready-to-eat salad 

vegetables 

UK 2001 O157 0/2820 (0) Sagoo et al. 

(2003a) 

Imported lettuce UK 1998 O157 0/151 (0) Little et al. 

(1999b) 

Ready-to-eat 

organic vegetables 

UK 2000 O157 0/3193 (0) Sagoo et al. 

(2001) 

 

In the USA, alfalfa sprouts have been associated with outbreaks of E. coli 

O157 infection.  In response to the hazard posed by E. coli O157: H7 with 

other pathogens, the FDA issued two guidance documents to enhance the 

safety of raw sprouts (FDA 1999a; FDA 1999b).  As well as the safety of the 

final product, the FDA highlights the risk associated with contaminated seeds 

which should be grown under good agricultural practices (GAP).  In a study by 

Ferguson et al. (2005), it was reported that independent case control studies 

of outbreaks in Colorado and Minnesota in 2003 were able to 

epidemiologically link infections with eating alfalfa sprouts which could be 

traced to the same seed distributor.  This highlights the potential role that 

contaminated seeds can play in the contamination of fresh produce 

responsible for outbreaks of E. coli O157: H7 infection.  Using a Monte Carlo 

simulation model of the sprout production process to determine pathogen 

behaviour, Montville and Schaffner (2005) determined that pathogen 

concentration and uniformity of seed contamination had a large effect on the 

portion/number of contaminated batches.  Furthermore, the model predicted 

that sprout sampling and irrigation water sampling at the end of the sprouting 
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process would be more effective in pathogen detection than seed sampling 

prior to production. 

 

Although lettuce has been associated with outbreaks of infection from 

pathogens, including E. coli O157, one study indicated that the organism was 

not taken up from organic manure into Crisphead lettuce (Johannessen et al. 

2005).  In this study, E. coli O157: H7 was able to persist in the soil for at least 

8 weeks but was not detected after 12 weeks.  Furthermore, the authors 

concluded that although transmission was not demonstrated in their study, 

cultivation under different conditions and in different soils could lead to 

transmission.  It was also reported that soil microflora have an antagonistic 

effect against E. coli O157 and other pathogens introduced into soil.  

 

Some fruit and vegetables can be easily washed whereas others, such as 

strawberries and raspberries, are not usually washed during production, 

harvest or post-harvest handling.  Consequently, these types of fruits can 

pose a higher risk of contamination.  Unlike some other pathogens, including 

viruses and protozoan parasites, there have been no reported incidents of  

E. coli O157: H7 infection associated with strawberries and raspberries.  

However, studies have confirmed that E. coli O157: H7 is able to survive both 

on the surface and within the fruit of strawberries stored under refrigeration 

and freezing conditions (Knudsen et al. 2001; Yu et al. 2001).  Apples have 

been associated with outbreaks of E. coli O157 infection, mainly through their 

association with unfermented, unpasteurised apple cider made with 

contaminated windfall apples.  E. coli O157: H7 is reported to grow on apple 

slices stored in air but under modified atmosphere, high CO2 ( 15%) and low 

O2 (<1%), inhibition occurred at 15°C and 20°C (Gunes and Hotchkiss 2002). 

 

6.3.4 Other foods 

 

Much of the research to date has focussed on food that can be directly or 

indirectly associated with domestic animals such as cattle and sheep, in 

particular meat and meat products and milk and dairy products.  More 

recently, attention has focussed on fresh produce which, in the USA, was first 

associated with E. coli O157 outbreaks in 1991 and which has remained a 

prominent food vehicle (Rangel et al. 2005).  However, as researchers 

investigate the prevalence of VTEC in other foods and the environment, it has 

become clear that VTEC are widely disseminated and that they can be found 

in a variety of different foods, although the potential risk to human health 

posed by many VTEC remains unclear.  Fish and seafood are among the 

foods that have also been examined for VTEC, although there is limited data 

and no outbreak associated with these foods has been reported.  In the past, 
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examination of fish and shellfish has revealed the presence of vtx genes using 

PCR but there is little information available on the types of VTEC present 

(Table 6.13).  In the study by Gourmelon et al. (2006), the VTEC serotypes 

isolated from shellfish included O38: H26, O100: H21, O149: H1, and O157: 

H7.  The E. coli O157: H7 strain was detected using IMS and were vtx-

negative but eae and ehxA-positive.  Five strains of VTEC characterised by 

Gourmelon et al. (2006) carried either vtx1 of vtx1d.  This was the first 

reported isolation of a VTEC producing vtx variant 1d in France. 

 

Table 6.13 Prevalence of VTEC in fish and seafoods 

 

Product Country No. positive/ 

No. tested (%) 

Serotypes/Serogroups Reference 

Raw fish USA 6/62 (9.7) No VTEC O157 

isolated.  1 sample vtx 1 

probe only positive and 

5 samples vtx 2 probe 

only positive 

Samadpour et al. 

(1994) 

Raw shellfish USA 2/44 (5) No VTEC O157 

isolated.  Samples vtx 2 

probe positive only 

Samadpour et al. 

(1994) 

Shellfish 

(mussels, 

oysters, 

cockles) 

France 40/140 (28.6) vtx genes detected in 

40/144 (27.8%) sample 

enrichments.  VTEC 

O157: H7 (vtx-negative) 

isolated from 1 of 40 

vtx-positive samples 

and 5 vtx-positive non-

O157 VTEC from 5 

samples. 

Gourmelon et al. 

(2006) 

 

Prior to consumption, numbers of microorganisms in shellfish can be reduced 

by a process called depuration.  This process involves placing the shellfish in 

a tank, through which seawater is continually re-circulated via an integral UV 

lamp, where they are able to continue the natural filter-feeding process. 

Bacteria washed free from the shellfish are killed by UV-radiation.  The 

effectiveness of this commercial process on removal of Cryptosporidium 

parvum, E. coli O157 and Campylobacter was assessed as part of a UK FSA 

funded project B04008 (FSA 2004a).  The results of the survey revealed that 

E. coli O157 was not found in any of the 236 samples of UK shellfish tested.  

The depuration studies revealed that depuration for 42 hours was effective in 

reducing V. parahaemolyticus 100-fold however, studies on C. parvum and 
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Campylobacter spp. required further validation.  Because E. coli O157 was 

not present prior to depuration in this study, the effectiveness of this treatment 

against VTEC was not established.   

 

Previous studies have demonstrated the effective removal of E. coli from 

molluscs using depuration (Doré and Lees 1995; Croci et al. 2002; Marino et 

al. 2005).  Using initial E. coli contamination levels of 104 to 105 MPN/g in 

mussels and 105 MPN/g in oysters, Doré and Lees (1995) showed >99% 

reduction in 12h and >98% within 48h depuration period in mussels and 

oysters, respectively.  In a study of depuration dynamics by de Abreu Corrêa 

et al. (2007), high (104 cfu/g) levels of Salmonella Typhimurium were reduced, 

but not totally eliminated, from contaminated oysters using UV irradiation 

(254nm) and chlorine (1ppm) treatments separately.  When both treatments 

were combined depuration effectively eliminated S. Typhimurium after 12h.  

Results from previous studies using E. coli indicate that depuration would be 

an effective treatment for the removal of VTEC contamination from shellfish, 

especially if they are present at low levels.  However, there are few, if any, 

published studies on the behaviour of VTEC under depuration conditions, 

although there is no evidence to indicate that these bacteria would behave 

any differently to other E. coli. 

 

In a study by Baylis et al. (2004), strains of E. coli, including VTEC, were 

shown to survive for long periods of time (273 days) in artificially 

contaminated chocolate.  Although there has been no recorded outbreaks of 

VTEC infection linked to chocolate or confectionery products, there have been 

outbreaks caused by chocolate contaminated by Salmonella (Baylis et al. 

2004). 

 

6.4 Food processing 

 

Although VTEC, and to a lesser extent E. coli O157, can be present in some 

raw foods, processing, particularly heating, normally destroys these bacteria.  

There is no evidence that E. coli O157 or other VTEC are any more resistant 

to heat than any other vegetative Gram-negative pathogens, for example 

Salmonella.  In one study, E. coli O157: H7 in ground beef was reported to be 

more sensitive to heat than salmonellae (Doyle and Schoeni 1984).  

Therefore, normal pasteurisation regimes and temperatures >72°C should 

destroy VTEC.  Contamination arises in foods which are not processed, or 

which undergo only minimal processing.  Manufacturing practices can also 

permit survival or facilitate cross-contamination and allow the spread of 

contamination during the manufacturing stages.  To reduce the risk of 

contamination and survival of VTEC, foods should be produced according to 
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good manufacturing practice (GMP) and hygiene standards and disinfection 

procedures.  The influence of some of these intrinsic and extrinsic factors on 

VTEC is described in this section and in Section 7. 

 

In some foods, the intrinsic factors (pH, salt content, water activity etc.) 

associated with a particular food will be sufficient to inhibit the growth of these 

bacteria and in some cases will be bactericidal.  The extrinsic factors 

(freezing, chilling, gaseous atmosphere etc.) imposed on certain foods will 

also inhibit or destroy these bacteria.  Certain foods will also contain 

preservatives to control or inhibit the growth of a wide range of 

microorganisms including VTEC.  The effectiveness of many of these factors, 

used alone or in combination to inhibit or destroy E. coli O157: H7 has been 

extensively studied and is described in more detail in Section 7.  Additional 

information on the ability of E. coli O157: H7 strains to survive or be inhibited 

by specific intrinsic and extrinsic factors is described elsewhere (ICMSF 

1996). 

 

Despite the apparent effectiveness of many intrinsic and extrinsic factors 

against E. coli O157 and other VTEC, processed foods have occasionally 

been implicated in cases of VTEC infection, including large outbreaks of 

foodborne disease.  Perhaps the most common factors associated with 

cooked foods are inadequate heat treatment and post-process contamination.  

Cross-contamination from raw to cooked products has been highlighted as the 

key factor responsible for cases of infection in many of the documented 

outbreaks, some of which are mentioned in the following sections and listed in 

Section 5.4.  Another, perhaps more concerning, aspect of VTEC, and some 

strains of E. coli O157: H7, is the apparent ability of some to survive, or even 

grow, under conditions which were generally regarded as being inhibitory to 

these bacteria.  One factor to receive particular attention is the ability of E. coli 

O157: H7 strains to survive under acidic conditions.  This phenomenon was 

highlighted following outbreaks and individual cases of infection linked to acid 

preserved foods, particularly apple cider (an unpreserved apple juice) and 

fermented meats such as salami and pepperoni (see Section 5.4). 

 

6.4.1 Meat and meat products 

 

It is known that animals, particularly ruminants, are important reservoirs for 

VTEC and, consequently, the meat derived from these animals can become 

contaminated.  On whole cuts of red meat, VTEC contamination is likely to 

occur only on the outer surface and therefore cooking would be expected to 

destroy these bacteria.  The greatest concern involves ground meat products 

such as those used to produce hamburgers and similar products, where 
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bacteria become internalised.  Furthermore, ground meats are generally 

produced from trimmings from various cuts, possibly involving considerable 

handling.  Contamination of equipment such as meat grinders, knives and 

storage utensils have the potential to further spread organisms.  If a carcass 

or meat cuts used in the process are heavily contaminated with VTEC, these 

bacteria can be present in the products.  The greater surface area of ground 

meat also contributes to the higher microbial loading which also increases the 

potential risks associated with this type of meat. 

 

If raw meats are contaminated with VTEC, proper handling practices to 

prevent cross-contamination and proper cooking are the two most important 

actions required to ensure the absence of viable VTEC in the final product.  

This applies to both commercial as well as domestic situations where raw 

meat is being prepared.  Properly cooked meats would normally be 

considered safe from VTEC contamination, as these bacteria are not 

particularly heat resistant.  Studies have revealed that E. coli O157: H7 is 

generally heat sensitive and heat treatments sufficient to kill Salmonella 

should also kill E. coli O157: H7.  Furthermore, whilst the majority of heat 

resistance studies have involved strains of E. coli O157: H7 (see Section 

7.7.1), there is no reason to assume that other VTEC serotypes are any 

different in their heat resistance characteristics. 

 

Perhaps the most notable meat products associated with E. coli O157: H7 

infections have been undercooked hamburger patties which have been 

implicated in documented outbreaks and cases of infection in the past (see 

Section 5.4).  Consequently, there have been numerous studies to investigate 

the thermal death characteristics of E. coli O157: H7 in ground beef and 

related meat products (Doyle and Schoeni 1984; Line et al. 1991; Ahmed et 

al. 1995; Jackson et al. 1996; Juneja et al. 1997a; Juneja et al. 1997b; Kotrola 

and Conner 1997; Clavero et al. 1998; Juneja 2003).  Most thermal 

treatments are designed to achieve a 4-6 log10 reduction in E. coli O157: H7.  

In the UK the ACMSF was commissioned by the FSA in September 2004 to 

consider the differences between the recommended cooking conditions for 

burgers in the US and the more stringent requirements in the Chief Medical 

Officer's advice in 1998 in the UK.  The Report by the ACMSF Ad Hoc Group 

on Safe Cooking of Burgers (ACMSF, 2007) upheld the current UK advice that 

burgers should be cooked to 70°C for two minutes or equivalent (also see 

Section 7).  The levels of E. coli O157: H7 contamination in raw meat, 

including ground beef, is reported to be low and is generally reported as 

below 3 log10 cfu/g, although levels do occasionally exceed this (Crowley et al. 

2005).  Therefore, heating to a minimum of 68.3°C should give a 4 log10 

reduction (Juneja et al. 1997b), and be sufficient to ensure a safe product.  
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However, besides temperature and time there are several other factors which 

affect heat resistance of E. coli O157: H7 and other VTEC in foods.  These 

factors together with published data on heat resistance of E. coli O157: H7 

are described in more detail in Section 7.7.1. 

 

As well as undercooking and insufficient heat treatment, another cause of 

contamination of cooked meat products, which have been implicated in cases 

of VTEC infection, is post-process contamination.  There are often several 

factors which contribute to this, such as poor hygiene, inadequate 

understanding of safe handling practices, especially the separation of raw and 

cooked products, ineffective disinfection and cleaning regimes and, in 

commercial premises, inadequate training of staff.  These factors were among 

those identified by the Pennington Group during their investigation of the 

Central Scotland outbreak which involved contaminated gravy and cooked 

meats (The Pennington Group 1997). 

 

Certain ready-to-eat products also have received little or no heat treatment 

during manufacture and therefore rely on their inherent intrinsic 

characteristics, such as low water activity (<0.95 aw) and low pH, to ensure 

that they are microbiologically safe.  One example is fermented sausages 

which rely on the provision of carefully controlled conditions and the action of 

starter cultures to achieve a sufficient drop in pH to render the product safe 

from pathogens.  Fermented sausages are either dry (25-40% moisture) or 

semi-dry (45-50% moisture).  Traditionally, dry sausages (e.g. salami and 

pepperoni) are not normally smoked or heated above 26.7°C but are heavily 

spiced and have a firm texture.  In contrast, semi-dry sausages such as 

summer sausage and Mettwurst are heavily smoked, lightly spiced and heat-

treated (43-65°C).  Acidity, brought about by the fermentation process, is one 

of the most important factors contributing to the stability and safety of 

fermented sausages.  A typical process for dry and semi-dry sausage is 

described elsewhere (ICMSF 1998; Getty et al. 2000).  For dry sausages, 

fermentation is typically at a temperature of 15-26°C at 90% relative humidity 

for ca 72h.  For semi-dry sausages fermentation occurs at higher 

temperatures (32.5-38.1°C) for  18h.  Both types of sausage are fermented 

to achieve a final pH of 4.6 to 5.3, although this can vary depending on the 

sausage and the specifications.  At the end of fermentation, semi-dry 

sausages may be smoked and both types are dried.  The time and conditions 

used for drying will depend on the type of sausage.  

 

Given the low pH of fermented sausages, they have long been regarded as 

safe from common bacterial pathogens.  Despite this there were documented 

E. coli O157: H7 outbreaks associated with salami in the USA in 1994 (CDC 
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1995) and in Canada in 1999 (MacDonald et al. 2004).  In Australia, VTEC 

O111: H- was reported to be the principle cause of an outbreak associated 

with Mettwurst sausage in 1995, although VTEC of other serotypes, including 

O157: H-, were also isolated from some of the patients with HUS (Paton et al. 

1996).  The association between E. coli O157: H7 and fermented sausages is 

the subject of a review by Getty et al. (2000), which provides more details 

about survival of this pathogen in these products and the conditions during the 

manufacturing process.  There have also been numerous published studies 

investigating the survival of E. coli O157: H7 in fermented sausages (Clavero 

and Beuchat 1996; Faith et al. 1997; Faith et al. 1998b; Riordan et al. 1998). 

 

Jerky is another type of uncooked meat product which relies on its intrinsic 

properties, primarily salt and drying, to reduce the water activity and ensure a 

safe and stable product.  This ready-to-eat dried meat product can be made 

from a variety of meats (beef, poultry and game) which can be used to 

produce sliced (whole muscle) jerky or ground (re-structured or reformed 

meat) jerky.  One documented outbreak associated with E. coli O157: H7 was 

linked to jerky made from deer meat (Keene et al. 1997).  Outbreaks linked to 

Salmonella and E. coli O157 in jerky have raised concerns over the safety of 

this product and the way it is prepared.  Traditionally, jerky was made by sun-

drying strips of meat, but smoking and marinating processes were also used.  

Jerky can be produced commercially and the availability of home dehydrators 

has made it possible for jerky to be made in domestic settings.  In one study 

of E. coli O157: H7 in beef jerky prepared in a home-style dehydrator, it was 

revealed that fat content and time and temperature of drying are important 

factors which influence survival of E. coli O157: H7 (Faith et al. 1998a).  In a 

study by Calicioglu et al. (2002), the inactivation of acid-adapted and non-

adapted E. coli O157: H7 in beef jerky during drying and storage was 

investigated, along with the effect of different marinades.  In this study, acid-

adaptation did not appear to enhance survival of E. coli O157: H7 whereas 

the use of certain chemical preservatives in pre-drying marinades and 

subsequent storage did.  To improve the safety of jerky, the USDA FSIS 

recommends cooking the meat to 71.1°C before drying to reduce the risk of 

pathogen contamination (USDA 2000). 

 

6.4.2 Milk and dairy products 

 

Raw milk has been shown, on occasion, to contain VTEC, including VTEC 

O157: H7, and there have been documented outbreaks associated with the 

consumption of contaminated milk.  The two common methods of treating milk 

are high temperature, short time (HTST) processes involving a minimum 

temperature of 72°C for 15 seconds and a low temperature holding (LTH) 
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process at 63°C for 30 minutes or an equivalent process (Anon 2005).  

Immediately after heat treatment the milk should be cooled to less than 10°C.  

Such heat treatments should be effective against a range of vegetative 

bacteria, including VTEC.  Therefore, pasteurised milk and dairy products 

made with pasteurised milk would normally be regarded as safe. 

 

Process failure and post-process contamination are therefore the most likely 

causes of contamination by VTEC in these types of products.  In the UK, there 

have been documented outbreaks of VTEC O157 infection associated with 

pasteurised milk (Upton and Coia 1994).  In many contamination incidents 

involving heat-treated milk, the causes identified include inadequate heat 

treatment, poor hygiene and post-process contamination. 

 

Acidified dairy products, such as yoghurt, have also been implicated in E. coli 

O157: H7 infection (Morgan et al. 1993) and there are reports that E. coli 

O157: H7 can survive, and even multiply, during part of the cottage cheese 

making process, although death occurs during cooking of the curd and whey 

(Arocha et al. 1992).  During the manufacture of cheddar cheese, Reitsma 

and Henning (1996) demonstrated that E. coli O157 can survive more than 60 

days of curing at 2.75% to 3.76% salt in the moisture phase.  Therefore a 

ripening process, similar to the one recommended by the FDA (60 day curing 

period at a temperature  2°C), for cheddar cheese would not ensure 

consumer safety if the cheese is made from raw milk and the pathogen was 

present in sufficient numbers at the start of the ripening process.  Post-

processing entry of E. coli O157: H7 into fermented dairy products has been 

shown to present a potential hazard during the manufacture of yoghurt as this 

pathogen was unable to survive the curd formation step (Dineen et al. 1998). 

 

6.4.3 Fruits and vegetables 

 

There is evidence from outbreaks, that fruits and vegetables can become 

contaminated with E. coli O157: H7 and other VTEC from a variety of natural 

sources and agricultural practices.  Routes of transmission include contact 

with wild animals and their faeces, contaminated irrigation water, run-off from 

contaminated farmland and farm buildings used to house cattle and direct 

contact with contaminated soil and manure.  In a study to investigate 

contamination of intact apples with E. coli O157: H7, it was shown that the 

highest levels were associated with the outer core region of the apple, 

followed by the skin (Buchanan et al. 1999).  A study to identify potential 

sources of E. coli O157: H7 in US orchards failed to detect this pathogen from 

fruit and a variety of environmental sources sampled (Riordan et al. 2001).  

Despite this, the study did highlight potential risk factors, particularly the use 
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of dropped apples and the close proximity of potential contamination sources 

such as pastures next to orchards. 

 

6.4.4 Acid resistance and acid preserved foods 

 

Following ingestion, bacteria, including VTEC, encounter conditions of low pH 

(1.5 to 2.0) in the stomach due to the presence of HCl.  Under normal 

circumstances, these conditions would destroy low numbers of many bacterial 

pathogens and thus prevent viable cells from passing into the intestines (pH 

4.5 to 7.0) where they can multiply and cause infection.  However, survival 

during this stage of digestion can be affected also by the composition of the 

food, especially the fat content which may give added protection to these 

organisms during their passage through the stomach.  Inherent acid 

resistance in some bacteria and pre-exposure to weak acids in foods which 

can induce acid tolerance will influence survival under acidic conditions.  In 

one study, E. coli O157: H7 cells in fermented dry sausage (pH 4.9) were 

shown to survive during an in vitro digestion challenge designed to mimic 

passage though the stomach (Naim et al. 2004).  This study highlighted the 

ability of E. coli O157: H7 cells to survive low pH conditions.  This apparent 

acid resistance demonstrated by strains of E. coli O157: H7 is of considerable 

interest to the food industry.  Consequently, the apparent phenomenon of acid 

resistance among strains of E. coli O157: H7, especially their ability to survive 

in low pH foods, has been the topic of much research activity (Getty et al. 

2000; Duffy and Garvey 2001). 

 

Acid resistance and acid tolerance in pathogenic foodborne bacteria could be 

considered to be important virulence determinants that contribute to their 

survival and hence the pathogenicity of these bacteria.  To date, there have 

been numerous studies to investigate acid resistance and tolerance in strains 

of E. coli O157: H7, but very few in non-O157 VTEC.  However, one study 

has demonstrated that other VTEC serotypes also exhibit similar acid 

tolerance to VTEC O157: H7 (Benjamin and Datta 1995).  The attention 

received by E. coli O157: H7 is probably due, in part, to the past outbreaks of 

foodborne infection caused by this pathogen in acidified foods.  This 

association has raised awareness of the potential risks posed by acid 

resistance in foodborne pathogens and it has stimulated much research into 

the mechanisms and effects of acid resistance and acid tolerance in strains of 

E. coli O157: H7.  Although acid resistance of VTEC in general is poorly 

understood, VTEC O157: H7 has been investigated in considerable detail and 

there are published reviews on the mechanisms involved in acid resistance of 

E. coli O157: H7 (Everis 2001; Foster 2004). 
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There is no universally accepted definition for the term acid resistance (acid 

habituation), although it is generally accepted that acid resistance is the ability 

to withstand low pH conditions (e.g. pH  2.5) following extended exposure of 

a microorganism to moderately acidic conditions (ca pH 5.0).  This trait is 

generally restricted to stationary-phase cells.  Another term often used is acid 

tolerance; this generally refers to a response produced by a two-stage 

process involving an initial pre-shock exposure to moderately acidic 

conditions (pH 5.0 to 6.0), followed by an acidic challenge or shock exposure 

to pH values between 2.5 and 4.0.  In E. coli O157: H7, acid tolerance is 

normally transient and induced at low pH.  One feature associated with acid 

resistance which is of major importance in the context of food safety is acid-

adaptation.  Ultimately, acid-adaptation influences survival in acidic foods but 

it should also be an important consideration for those performing challenge 

tests or studying VTEC survival in acidic foods.  In one study using five strains 

of E. coli O157: H7, it was shown that acid adapting cells by culturing them for 

one or two doublings at pH 5.0 increased their resistance to lactic acid and 

these cells showed enhanced survival in salami (pH 5.0) and apple cider (pH 

3.4), following acid-adaptation (Leyer et al. 1995).  In a study by Garren et al. 

(1997), stationary phase cells of E. coli O157: H7 exposed to acid shock (pH 

3.5 or 4.0) had a higher survival rate compared with acid-adapted cells.  

These cells had been adapted to acidic conditions by exposing them to pH 5.5 

for a defined period, followed by exposure to pH 3.5 or 4.0 during growth. 

 

In E. coli there are three systems involved in acid resistance that have been 

more clearly defined and the subject of investigation (Castanie-Cornet et al. 

1999) and review by Foster (2004).  The first acid resistance (AR) system, 

designated the oxidative or glucose repressed AR system, appears to be 

dependent on the alternative sigma factor S, encoded by the gene rpoS.  In 

many situations this system is also dependent on the global regulatory protein 

termed the cAMP receptor protein (CRP).  The second AR system requires 

arginine and AdiA, an inducible arginine decarboxylase encoded by adiA.  

The third is glutamate dependent and utilises an inducible glutamate 

decarboxylase (GAD).  These systems are believed to consume protons 

during the decarboxylation of glutamate and arginine which yield the end 

products -aminobutyric acid (GABA) and agmatine, respectively.  These 

products are transported out of the cell in exchange for new substrate in a 

process catalysed by specific antiporter systems.  The glutamate-dependent 

system involves gadA and gadB which encode two highly homologous 

glutamate decarboxylase isoforms, GadA and GadB, respectively, whilst the 

putative GABA antiporter is encoded by gadC; AdiC is the antiporter system 

used for arginine.  During acid stress, protons leaking into the cell are 

consumed and excreted from the cell, which prevents the internal pH from 
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decreasing to levels lethal to the cell.  Studies have shown that at pH 2.5,  

E. coli cells depending on the glutamate system can maintain an internal pH 

of 4.2 ± 0.1, whereas those dependent on arginine have an internal pH of 4.7 

± 0.1 (Richard and Foster 2004). 

 

In a study by Lin et al. (1996), the three AR systems described above were 

investigated in 11 EHEC strains of E. coli O157: H7 and 4 strains of 

commensal E. coli.  In this study, the arginine-dependent system provided 

more protection in the EHEC than in the commensal strains when challenged 

at pH 2.0.  However, better protection was provided by the glutamate-

dependent system, which was equally effective in all of the strains.  These 

results would indicate that VTEC O157: H7 are no more acid resistant than 

other E. coli strains.  Also investigated by Lin et al. was the effect of exposure 

to weak acids which occurs in the intestines.  The results revealed that both 

the arginine- and glutamate-dependent systems gave effective protection 

against the bactericidal effects of a variety of weak acids.  It was also reported 

that the RpoS was required for oxidative acid resistance but was only partially 

involved with the arginine- and glutamate-dependent AR systems (Lin et al. 

1996).  Using an rpoS lacking mutant of E. coli O157: H7, it has been possible 

to demonstrate that acid, heat and salt tolerances are significantly reduced 

and that rpoS would appear to be important for survival of E. coli O157: H7 in 

dry fermented sausage (Cheville et al. 1996).  Furthermore, S is reported to 

play a possible role in E. coli O157: H7 passage through mice and shedding 

from calves, possibly by inducing expression of the RpoS-dependent AR 

system and increasing resistance to gastrointestinal stress (Price et al. 2000). 

However, the results from one study suggest that several acid resistance 

systems may contribute to the survival of EHEC in different acid stress 

environments.  This view is supported by later work by Price et al. (2004) who 

compared the involvement of the 3 AR systems in E. coli O157: H7 in acidic 

foods and the bovine intestinal tract.  The results from this study indicated that 

E. coli O157: H7 utilises different AR systems based on the type of acid and 

environmental conditions prevailing.  

 

Once induced, the AR systems in E. coli O157: H7 can remain active for 

prolonged periods of cold (4°C) storage (Lin et al. 1996).  The ability of strains 

of E. coli O157: H7 to tolerate acidic environments has focussed attention on 

acidic fruits.  In Brazil, fruit pulps containing no preservatives are 

commercialised in the frozen state to extend shelf life and consumers dilute 

these with water and refrigerate until they are consumed as a juice.  Results 

from one study revealed that strains of E. coli O157: H7 can be recovered for 

up to 30 days from grape pulp (pH 3.10) and survived for 14 days in various 

fruit pulps with pH values between 2.51 and 3.26 stored at 4°C (Marques et 
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al. 2001).  E. coli O157: H7, Salmonella and Listeria monocytogenes in frozen 

fruit juice concentrates (apple, orange, pineapple and white grape) and 

banana puree stored at –23°C have been shown to survive during 12 weeks 

storage (Oyarzábal et al. 2003).  These studies highlight the potential risk 

posed by these fruit commodities and the ability of E. coli O157: H7 strains to 

survive for extended periods during low temperature storage.  These findings 

have important implications for food safety because cells in foods under 

refrigerated storage would not require further induction before encountering a 

low pH (pH 2.5) environment. 

 

For certain foods, their inherent low pH is important to prevent the growth or 

survival of pathogenic bacteria.  Some foods are produced by fermentation 

processes which rely on the action of starter cultures and carefully controlled 

process conditions to achieve the desired drop in pH, whereas others are 

supplemented with organic acids to enhance their flavour and improve their 

microbiological safety and stability.  Moreover, the type of acidulant used in 

experiments also has an effect on acid tolerance (Conner and Kotrola 1995; 

Deng et al. 1999).  

 

Prior exposure to non-lethal levels of stress such as cold, heat, acid etc. can 

also give rise to a physiological response in many bacteria including E. coli 

O157: H7 termed cross-protection, whereby exposure to one stress factor can 

bring about enhanced resistance against another one.  This phenomenon, 

which is controlled by the rpoS gene, has been studied in many pathogens 

including E. coli O157: H7, which exhibits greater heat and acid resistance in 

foods after exposure to sub-lethal treatments and stresses (Ryu and Beuchat 

1998; Duffy and Garvey 2001). 

 

Studies aimed at elucidating the survival of VTEC O157 in acidified foods 

have provided an insight into how these organisms may tolerate certain 

environmental conditions.  An outbreak of gastroenteritis caused by E. coli 

O157: H7 in apple cider (Besser et al. 1993) indicated that these bacteria may 

have the ability to survive at levels of acidity considered bactericidal for other 

enteric bacteria.  Research has shown that E. coli O157: H7 can grow in the 

presence of 6.5% NaCl and also, that an initial population of 104 cfu/g can 

remain viable for up to 8 weeks in dry sausage following fermentation, drying 

and storage at 4°C (Glass et al. 1992).  In TSB, strains of E. coli O157: H7 

have been shown to tolerate pH 2 for up to 24 hours and in apple cider (pH 

3.7 to 4.1), some strains survive for up to 21 days at 4°C, even in the 

presence of 0.1% sodium benzoate (Miller and Kaspar 1994).  Further reports 

confirmed that some strains of E. coli O157: H7 appeared to be acid tolerant, 

with strains able to survive in acidic conditions (pH  4.0) for up to 56 days, 
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(Conner and Kotrola 1995).  In commercial mayonnaise (pH 3.91), E. coli 

O157: H7 has been reported to survive for up to 72h at room temperature (ca 

22°C) and in salad dressing (pH 4.51) stored at 4°C, survival can last for up to 

17days (Raghubeer et al. 1995).  In a study by Zhao and Doyle (1994), E. coli 

O157: H7 survived for 34 to 55 days at 5°C in commercial mayonnaise (pH 

3.6). 

 

Although our knowledge of acid resistance in E. coli, including E. coli O157: 

H7 has advanced over recent years, it is likely that other AR systems may 

exist and that other mechanisms are not yet fully understood or clearly 

defined and characterised.  Therefore, further research in this area may be 

warranted, especially studies to investigate the interaction of bacteria with 

environmental stresses that can induce acid resistance which may persist in 

food during storage.  The ability of VTEC O157, and probably other VTEC, to 

survive at low pH has implications for the survival of these bacteria during 

passage through the human stomach, following ingestion. 

 

6.5 Gaps in knowledge 

 

 The true significance of vtx carrying phages, especially their role in 

horizontal transmission and the distribution of vtx genes in the 

environment and the ecology and evolution of VTEC serotypes needs 

to be fully understood. 

 

 In order to inform risk assessment, a better understanding of survival of 

VTEC in the animal reservoirs and the environment is required.  

 

 Host, microbial and environmental determinants of pathogen 

persistence need to be better understood. 

 

 Studies on the emergence and spread of VTEC from the ecological 

niches.  These may provide the basis for devising prevention and 

control measures, e.g. control of VTEC in cattle to prevent 

environmental contamination by means of immunization or other 

methods. 

 

 To enable more effective farm-to-fork monitoring, surveillance 

databases should include information on VTEC from a range of 

different sources, e.g. animal, environmental, food as well as human 

clinical isolates. 
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 The role of vectors in the transmission of VTEC to domestic animals 

and man is not fully understood.  Wild animals, migratory birds, insects, 

soil organisms and flies etc in the environment could contribute to the 

dissemination of VTEC and their transmission to man but their exact 

role is not fully understood.  They may not be directly responsible for 

the widespread distribution of VTEC subtypes which are now 

encountered in different countries throughout the world but their exact 

role has not been fully investigated. 

 

 The effect of diet, particularly feeding hay to cattle, and its potential to 

affect E. coli O157 shedding and persistence warrants further 

investigation if it is to be used as an intervention strategy prior to 

slaughter. 

 

 Further studies in abattoir environments over different seasons and 

using standardised methodology and sampling sites are necessary to 

determine VTEC prevalence and understand the ecology of VTEC in 

these environments and routes of transfer to carcasses, including the 

potential role of airborne contamination. 

 

 A greater understanding of VTEC serotypes present in the food chain is 

required to establish the potential risks, routes of contamination and 

prevalence. 

 

 Sources of contamination and potential persistence of VTEC in food 

processing environments (including abattoirs) is not fully understood. 

 

 Further elucidation of mechanisms of acid resistance in E. coli O157: 

H7 and non-O157 VTEC. 

 

 Identification of stress factors and inducers of acid resistance in foods 

and food processes and their role in enhancing acid resistance. 
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