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0BINTRODUCTION  
Shiga toxin-producing E. coli (STEC) can cause  
devastating illness, particularly in children, by  
causing hemolytic uremic syndrome (HUS) leading  
to kidney failure. Outbreaks of illness caused by  
STEC have been epidemiologically related to contact  
with animals and consumption of meat and fresh pro 
duce. E. coli O157:H7 is the most notorious of the  
STEC strains causing approximately 73,500 cases in  
the U.S. each year. CDC estimates that non-O157  
STEC are responsible for about 37,000 cases of ill 
ness annually but relatively fewer cases of HUS com 
pared to O157:H7. Although many strains of non 
O157 STEC appear to be less virulent than E. coli 
O157:H7, a 2008 outbreak of STEC strain O111 in  
Oklahoma caused illness in at least 314 people, HUS  
in 17 cases, and one death (203). Other non-O157  
outbreaks in the U.S. have been traced to contami 
nated lake water, salad greens, and milk.  Numerous 
E. coli strains are capable of producing  one or both 
Shiga toxins (Stx1 and Stx2), but not all  of them are 
important human pathogens. STEC  strains have been 
divided into 5 seropathotypes  (108;147):   

A, including the O157 strains that are common  
causes of outbreaks and HUS in most countries;  
B, non-O157 strains that cause occasional  
outbreaks but are fairly common isolates from  
sporadic cases and HUS (examples: O26:H11,  
O103:H2, O111:NM, O121:H19, O145:NM);  C, 
non-O157 strains associated only with sporadic  
cases;   
D, strains associated with diarrhea, not more  

severe symptoms; and   
E, strains not associated with human disease.  Stx2 

is the more potent toxin, and those strains pro 
ducing this toxin are generally associated with more  
acute illness. Other virulence factors are also impor 
tant, including intimin, adhesions, enterohemolysin,   
and those involved in the type III secretion system  
that participates in the production of characteristic  
intestinal lesions (56;59).   

More than 200 virulent non-O157 serotypes have  
been isolated from outbreaks and sporadic cases of  
HUS and severe diarrhea in the U.S. and other coun 
tries. Serogroups O111, O103, and O26 are among  

the most frequently detected (35). The true incidence  
of non-O157 STEC infections is probably underesti 
mated because standard stool culture methods rou 

tinely used in many clinical laboratories do not detect  
these bacteria. Recently developed analytical meth 
ods for STEC strains detect Stx proteins or genes  

encoding these proteins (24;113). However, the pres 
ence of Stx or its genetic determinants in a sample   

does not necessarily mean that there are viable STEC  
bacterial cells.   

As with E. coli O157:H7, non-O157 STEC  
serotypes are often associated with cattle and other  
ruminants and surveys have demonstrated their pres  
ence in samples from cattle carcasses, retail beef, and  
raw milk (53;130;131;133). Cattle often harbor  
multiple serotypes, some of which appear to be less  
of a health risk to humans because they lack one or  
more important virulence factors. Nevertheless,  
because microbes can readily exchange genetic  
information (137), the presence of any STEC in food  
production environments is of concern. A recent  
review summarized data on the prevalence of STEC  
in the beef production chain (227).   

In order to minimize human infections with non 
O157 STEC, it is necessary to understand which  
serotypes are most virulent and all the ways in which  
people are exposed to these pathogens. A more com 
prehensive understanding of the epidemiology of  
infections caused by non-O157 STEC serotypes will  
lead to improved control methods to prevent illness  
and reduce economic losses to food producers and  
processors. This white paper will draw together epi 
demiological information from the scientific litera 
ture and government publications on outbreaks and  
discuss effectiveness of existing interventions for  
preventing exposure of humans to pathogenic non 
O157 STEC.   

1BEPIDEMIOLOGY OF 
NON-O157:H7  STEC   

5BSurveillance and Pathogenicity   
According to published data, non-O157 STEC were  
first recognized as a possible cause of sporadic cases  
of HUS in 1975 in France, where hospital records  
reported that STEC serotype O103 was present in  
some patients (148). The earliest reported outbreak,  
caused by serotype O145:H–, occurred in Japan in  
1984. No vehicle of infection was determined for this  
outbreak (143). E. coli O157:H7 was first identified  
as a possible human pathogen at about the same time,  
in a California patient with bloody diarrhea in 1975,  
and was first associated with a foodborne (ground  
beef) outbreak of disease in 1982 (228;266).   

CDC estimates that about a third of STEC infec 
tions in the U.S. are caused by non-O157:H7 sero 

types. However, this is likely an underestimate  
because of the challenges in identification of non 

O157 strains. Although there are methods for identi 
fication of different serotypes, they are not widely  

available. In addition, many laboratories do not rou- 
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tinely screen diarrheal stools for Shiga toxins and  
may only attempt to isolate pathogens in cases of  
bloody diarrhea or if there is a suspected outbreak   
(268). It should be noted that there are atypical  
strains of serogroup O157 designated as O157:H–  
that can ferment sorbitol and may initially be pre 
sumed to be non-O157 strains. Isolates of serotype  
O157:H– often produce Shiga toxins and have been  
associated with cattle and with severe illness in chil 
dren (146;207).   

Some surveys in the U.S. and elsewhere indicate  
that non-O157 STEC may cause diarrhea as fre 
quently as E. coli O157:H7 even though they are less  
commonly identified in cases of severe illness, such  
as HUS. A 2006 review article (142) reported results  
from studies in 17 countries indicating that non-O157  
serotypes were responsible for 19–100% of STEC  
infections from which pathogens were isolated. These  
studies spanned a 10-year period and examined dif 
ferent patient groups (certain ages or geographical  
areas), so they do not necessarily reflect a greater  
prevalence of certain serotypes in different countries.   

In more recently published surveys, non-O157  
serotypes were reported to be significant causes of  
STEC infections (% = number of non-O157/total  
STEC identified):   

∙ 80% in a nationwide survey in the Netherlands  
(256)   

∙ 82% in a laboratory sentinel program in  
Germany (267)   

∙ 74% in a national surveillance program in  
Denmark (197)   

∙ 13% of HUS cases in France (72)   
∙ 63% in an enhanced surveillance study in  

Manitoba (252)   
∙ 28% in Ireland in 2008 (93)   
∙ 42–61% in Australia during 2004–2006 (209)  ∙ 
24% (2007) and 35% (2008) in Japan (7;8)   

Data from summaries of notifiable diseases in  
the U.S. demonstrate an increasing percentage of  
cases of STEC infection associated with non 
O157:H7 serotypes. In 2002, only 5% of serotyped  
STEC isolates from human illness were identified as  
non-O157:H7 strains; in 2005, this had increased to  
16% of isolates (47). Although relative numbers of  
virulent non-O157:H7 strains may actually be in 
creasing, more frequent testing for Shiga toxins and  
different STEC serogroups undoubtedly explains  
much of the increase in non-O157:H7 isolates. In  
Idaho, an enhanced surveillance program targeting a  
“low” STEC incidence area of the state found that  
with more comprehensive laboratory analysis the  
reported non-O157 STEC incidence increased from  
<1 to 11 cases/yr/100,000 population and 56% of   

serotyped STEC isolates were non-O157 strains  
(171).   

During 2003–2005, the most common non 
O157:H7 strains identified in the U.S. were O26  
(19–25%), O103 (14–18%), O111 (13–17%), O45  
(5–13%), O121 (6–7%), and O145 (3.4–7.5%) (43;  
44;45). Even though a large number of different  
serogroups are identified in some enhanced surveil 
lance studies of human diarrheal cases, the most  
common non-O157 STEC strains reported are the six  
serogroups listed above. Nine to ten serogroups are  
identified yearly in Wisconsin; the most common  
serogroups during 2007–2009 were O26 (24–32%),  
O103 (21–34%), O111 (10–29%), O45 (2–17%), and  
O121 (2–9%) (data from J. Archer, Wisconsin Divi 
sion of Public Health). No cases of HUS have been  
associated with non-O157 STEC in Wisconsin in the  
past 3 years, but some strains of all the common  
serogroups have caused illness severe enough to  
require hospitalization of some patients (J. Archer).  
Virulence factors important for human infection are  
more commonly carried in these strains, resulting in  
more frequent detection.   

Virulence characteristics vary somewhat among  
STEC strains but all strains, by definition, produce  
Shiga toxin 1 (Stx1) and/or Shiga toxin 2 (Stx2).  
Strains producing Stx2 cause more serious illness  
than those producing only Stx1. Several variants of  
these proteins have been described and some are  
more often detected in certain serotypes or certain  
host animals (59). Part of the toxin molecule binds to  
host cell receptors and facilitates transfer of the toxin  
into cells. Another toxin subunit has enzymatic  
activity and interferes with protein synthesis in cells  
and induces inflammatory responses. In addition to  
these toxins, virulent STEC often carry the locus of  
enterocyte effacement (LEE) whose genes code for  
proteins that form attaching and effacing lesions in  
the intestines of infected animals. LEE also encodes a  
type III secretion system to deliver virulence factors  
to intestinal enterocytes. Many pathogenic STEC also  
produce enterohemolysin. Several recent reviews  
discuss these virulence factors in more depth  
(21;41;108;139;142).   

Some virulence factors may confer advantages to  
STEC cells in the environment. Shiga toxins are also  
toxic to Tetrahymena, a common fresh-water proto 
zoan predator of bacteria. STEC may have a survival  
advantage when these predators are present (161). In  
addition to being an important virulence factor in  
some STEC infections, the serine protease, espP, also  
aids in attachment to lettuce leaves and may aid sur 
vival in the environment (154;239).   

Although non-O157 STEC are generally associ 
ated with less severe illness than E. coli O157:H7,  
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this may change because bacteria readily exchange  
genetic material and are constantly gaining or losing  
genetic information, such as virulence genes. A  
genomic comparison of virulent STEC strains of  
serotypes O157, O26, O103, and O111 revealed that  
they contained a large number of prophages and  
transmissible integrative genetic elements containing  
virulence genes. These strains had distinct evolution 
ary histories and independently acquired the mobile  
genetic elements coding for virulence factors (202).  
STEC strains isolated from patients in the early  
stages of infection may differ from those isolated  
from fecal samples several days later, indicating that  
evolution of virulence characteristics occurs even  
during a matter of days within a host (179). Transfer  
of genes for Shiga toxins through bacteriophage  
transduction could potentially also occur in foods.  
However, some experiments examining this process  
in milk, ground beef, salads, and other foods found  
that cell numbers would need to be much greater than  
those normally observed in foods for efficient gene  
transfer (137).   

6BOutbreaks and Sporadic Cases   
Reports from public health surveillance studies in  
many (U.S.) states and from other countries indicate  
that sporadic cases of non-O157 STEC greatly out 
number outbreak cases (35;127;163;178; 197;229).  
This is also true for E. coli O157:H7. According to  
FoodNet data from 2005, only 23% of 473 confirmed  
cases of infection with E. coli O157:H7 were associ 
ated with outbreaks (48). Approximately 50 non 
O157 STEC cases have been identified annually in  
Wisconsin during 2007–2009 but these were nearly  
all sporadic cases (J. Archer).   

Outbreaks attributed to non-O157:H7 STEC  have 
been reported from the U.S., Europe, Australia,  and 

Japan. Data on 80 outbreaks, from 1984 to 2009,  
reported in the literature or government websites are  
presented in Table 1 (see p. 15). It is very likely that   

other outbreaks have occurred but were not  
recognized because of the difficulties in identifying  
and characterizing non-O157:H7 STEC serotypes.  
Information on some other outbreaks may have been  
published on foreign language websites or in  
inaccessible journals and were not included here.   

In the U.S., the earliest outbreak occurred in  
Ohio in 1990 among family members. A 2008 out 
break in Oklahoma, caused by serotype O111:NM,  
affected 341 patrons and workers at a particular res 
taurant. Despite an extensive investigation by public  
health authorities, targeting a variety of foods, food  

handlers and water sources, no specific source of the  
E. coli O111:NM was identified (203).   

Notable international outbreaks include the 1995  
mettwurst outbreak in Australia, caused by serotype  
O111:NM, which resulted in 23 cases of HUS among  
88 persons affected (38) and a more recent outbreak  
in Norway in 2006 caused by a virulent strain of  
serotype O103:H25, present in a particular kind of  
mutton sausage. There were 10 cases of HUS and  1 
death among the 18 cases that were recognized  after 
an extensive epidemiological investigation  (236). A 
Danish outbreak in 2007 due to serotype  O26:H11, 
present in a different type of sausage, was  much 
milder with no cases of HUS or death (75). The  
O103:H25 strain was reported to produce only Shiga  
toxin 2 whereas the O26:H11 strain produced only  
Shiga toxin 1.   

Another interesting aspect of the Danish out 
break was the epidemiological investigation. Initial  
interviews with parents of the affected children gen 
erated no useful hypotheses. Next, the investigators  
asked the parents where they shopped in the previous  
3 weeks and how much they had spent on food. With  
this information, they were able to retrieve from the  
stores’ computers exactly what was purchased and  
they identified one particular organic fermented sau 
sage, bought by several families, as the likely vehicle.  
The outbreak strain was isolated from the sausage  
and the sausage was recalled (75).   

Relative importance of different vehicles of in 
fection for outbreaks is depicted in Figures 1 and 2.  
In 15 outbreaks (18.8%), no vehicle was identified.  
Person–person contact was reported to be the cause  
of about 29% of outbreaks and 20% of cases. Many   
of these occurred in schools and day-care situations  
in Japan. Other outbreaks were traced to meat (9),  
dairy products (8), water, both drinking water and  
pool or lake water (8), produce (5), and other food  
(7). Several small outbreaks (5) occurred among  
visitors to farms and petting zoos. The “other food”  
category accounted for about 9% of outbreaks but  
27% of cases. This was due to two large outbreaks:  
the 2008 Oklahoma restaurant outbreak, with 341  
cases, and a 2004 outbreak associated with unpas 
teurized cider. Compared to outbreak data gathered  
for a previous white paper on E. coli O157:H7 (64),  
non-O157:H7 STEC strains are much less often asso 
ciated with meat, water, and produce as outbreak  
vehicles and much more often attributed to person-to 
person contact or unknown vehicles (Table 2). These  
differences are likely due, in part, to the better ana 
lytical methods available for E. coli O157:H7. E. coli 
O157:H7 is also more virulent than some non 
O157:H7 STEC strains and thus outbreaks are recog 



nized and investigated more rapidly and thoroughly.  
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7BReservoirs of Non-O157:H7 STEC   
Understanding the epidemiology of non-O157:H7   

Table 2. Comparison of the relative importance of vehicles  
associated with outbreaks of non-O157:H7 STEC and  E. 
coli O157:H7.   

STEC serotypes requires a knowledge of where they  

live and grow in nature (their reservoir) and of how  
humans come into contact with them. Ruminants   

Vehicle non-O157:H7  STEC   

E. coli  

O157:H7(64)   
have been identified as the major 

reservoir of E. coli  O157:H7 and also 
appear to be a reservoir of non  

Animal contact 6.2% 9.7%  Water 10.0% 25.6%  
Person–person contact 28.8% 6.8%  Dairy 10.0% 12.5%  
Meat 11.2% 24.6%  Produce 6.2% 9.2%  Other food 8.8% 
5.8%  Unknown 18.8% 5.8%   

Figure 1. Outbreaks of non-O157:H7 STEC associated  
with known vehicles.   

Water (11%)  

O157:H7 STEC strains. STEC have been isolated  
from cattle, sheep, goats, and deer. STEC are occa 
sionally isolated from other wild and domestic ani 

mals but it is believed that, in many cases, they are   
present as transients that the animals acquired from  
foods or water contaminated by fecal material from  
ruminants. Nevertheless, some of these transient  
hosts may be vehicles of infection for humans.   

Non-O157:H7 STEC have been detected in  
numerous species of animals. Two non-O157:H7  

STEC outbreaks in Australia were traced to contact  
with non-ruminants: a 2002 outbreak at a petting zoo  
with pigs and alpacas infected with STEC serotype  
O26 (208) and a 2007 outbreak at an animal sanctu 

ary likely caused by koalas and/or kangaroos infected  
with serotype O55:H80 (110). Both a child with diar  

Person-to-person  (38%)  

Dairy (11%)  

Produce (6%)  

Meat (15%)  

rhea and domestic pigeons in 
Germany were found to  harbor the 
same STEC serotype, O128:H2 
(246), and  another child in Germany 
and her cat were found to  be 

excreting identical strains of STEC 
O145:H– (36).  A survey of wildlife 
meat in Germany found a num ber of 
non-O157:H7 STEC serotypes 
present in deer,  wild boar, and wild 
rabbit meats. Some of these  STEC 
were serotypes that have also been 
detected in   

Other food (11%) Animal contact (8%)  

Figure 2. Outbreak cases of non-O157:H7 STEC  
associated with known vehicles.   

Water (7%)  

cases of human illness (182).   

18BUCattle—the primary reservoir   
Cattle are probably the most important source of  
human infections. Of the outbreaks listed in Table 1,  
16 appear to be associated directly with cattle. These  
include two associated with beef, four with “meat,”  
and six with dairy products from cows. In addition  
there were four outbreaks associated with contact  
with animals at farms or petting zoos. Other out  

Person-to-person  (25%)  

Other food (35%)  

Dairy (5%)  

Produce (9%)  

Meat (15%)  



Animal contact (4%)  

breaks associated with contaminated 
water and fresh  produce may be 
indirectly associated with cattle.  
Wide ranges of prevalences of 
non-O157:H7  STEC in feces from 

dairy (0.4–74%) and beef (2.1– 
70.1%) cattle have been reported 
from various coun tries. A total of 
193 STEC serotypes were reported  
from dairy and 261 serotypes from 
beef cattle. About  12–17% of these 
serotypes have also been isolated  
from cases of human illness. Many 

of the apparently  non-pathogenic 
strains appeared to be lacking one or  
more virulence factors (131;133). 
While it is difficult  to compare 
results of all these studies because of  
variations in sampling and detection 
methods, they  do indicate that cattle 
shed a variety of non-O157:H7  
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STEC serotypes, some of which are human patho 
gens.   
More recently published studies also demon strate a 

large number of serotypes shed by cattle: 26  
serotypes detected on organic and conventional dairy  
farms in Minnesota (51), at least 10 detected on beef   

carcasses in the Pacific northwest (53) and 31 sero 
groups detected in dairy cattle in Japan (157). These  
studies also illustrate an analytical issue that must be  
considered in analyzing published data. Estimates of  
prevalence were much higher from PCR or immuno 
assays detecting Shiga toxins or genes coding for  
these toxins (23–30%) than estimates obtained from  
isolation of STEC bacteria (6–12%). It is unclear  
whether the toxin assays are detecting proteins or  
DNA from viable or dead bacterial cells.   

Several studies have reported the STEC are shed  
more often by cattle during warm months (227). Most  
isolates of O26 and O111 in Korean cattle were  
detected during May–October (140). Non-O157:H7  
STEC were detected more often in Spring and  
Autumn in Midwestern U.S. beef processing plants  
(13). Seasonality may be related to ambient tempera 
tures, age of cattle, and/or type of feed or pasture  
consumed at different seasons.   

A likely source of infection for cattle is feed or  
water contaminated with feces of other infected ani 
mals. Research has documented the survival of STEC  
O26 for extended periods in manure: up to three  
months in manure heaps (85) and cow slurry (86) and  
up to a year in manure-amended soil depending on  
temperature and soil type (87). Persistence of these  
pathogens in an environment contaminated with  
manure is a concern not only for on-farm transmis 
sion and reinfection but also for environments such  
as county fairs and petting zoos where children may  
be exposed.   

Several on-farm studies have documented the  
acquisition of STEC by calves. Sera and colostrum of  
dams and sera of newborn calves were found to con 
tain Stx1-specific antibodies which may help protect  
newborn animals from infection. Antibody titers  
decreased rapidly during the first 6 weeks, and by  8 
weeks most calves were shedding STEC (88).  

Another study showed that very young calves do not  
shed STEC (52) and calves shed different STEC  
strains as they age (238). About 40% of calf infec 
tions were estimated to be acquired from other calves  
(170). Some STEC strains appear to be cleared within  
a day while other strains persist in calves for several  
days (270). Population dynamics of STEC shedding  
by beef calves from birth to about two years of age  
was monitored and modeled to understand changes  
that occurred over time (70). Results from these   

studies may suggest new approaches for on-farm  
control of STEC.   

19BUOther ruminants   
Sheep have been found to carry a great diversity  

of STEC but E. coli O157:H7 is infrequently isolated.  
Non-O157:H7 STEC have been detected in lambs  
and/or adult sheep from Australia (63), Brazil (259),  
India (26), Jordan (200), New Zealand (55), Norway  
(254), Spain (30;204;225), Switzerland (275;277),  
and the U.S. (135;144). In all of these surveys, multi 
ple STEC strains were detected but O157:H7, if pre 
sent, was a minor component of those identified.  
Several serotypes detected in sheep in different  
countries were similar, indicating that there may be  
some serotypes that have adapted to colonizing  
sheep. STEC serotypes that have been associated  
with human illness were detected in some studies but  
the majority of STEC strains present in sheep  
appeared to be of low virulence because they lacked  
some important virulence factors (intimin, hemolysin,  
Stx2).   

Data gathered at a commercial lamb processing  
plant in the U.S. revealed that the prevalences of  E. 
coli O157:H7 on pelts, preevisceration carcasses,  and 
postintervention carcasses were 12.8%, 1.6%,  and 
2.9% respectively. For non-O157:H7 serotypes,  
prevalences were 86.2%, 78.6%, and 81.6%, respec 
tively. A total of 69 different non-O157:H7 serotypes  
were identified. About 4% of these serotypes have  
previously been associated with severe human illness  
(144).   

Goats are another reservoir of STEC. Of 13  
caprine dairy herds surveyed in Ireland, STEC were  
isolated from milk filters from 3 farms. Serotypes  
O157 and O26 were each detected twice (193). A  



longitudinal study of two dairy goat farms in Spain  
documented chronic shedding of STEC by many  
adults on both farms but more sporadic shedding by  
kids. On one farm kids were carrying STEC bacteria  
within 1 week of age, while on the other farm it was  
four months before shedding began. Fewer adults  
were frequent shedders on the latter farm. Serotypes  
identified were primarily O33, O76, O126, O146, and  
O166. None of the isolates produced intimin and they  
appear to be adapted for colonizing the goat intestine  

(205). Non-O157:H7 STEC have also been detected  
in goats in Jordan (200;249), Bangladesh (138), and  
Vietnam (128).   

Buffaloes. Nearly one-quarter of the buffalo  
slaughtered at a facility in Bangladesh contained non 
O157:H7 STEC of several serogroups. Most strains  
produced Stx1 but many did not produce hemolysin  

or some other virulence factors. E. coli O157:H7 was  
isolated from 14.4% of the buffalo (138). A survey of  

98 farms in central Vietnam revealed that 70% of  
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farms had STEC-positive buffalo. However a minor 
ity (5%) of the serotypes identified were commonly  
associated with human illness (128).   

Guanaco (Lama guanicoe). STEC O26:H11 was  
isolated from a two-month old guanaco with severe  
diarrhea in Argentina (181).   

Deer and elk are present in significant numbers  
in some environments also used by cattle, sheep and  
goats, and their droppings may contaminate fresh  
produce in the field and surface waters. Cultures from  
fecal pellets from native Idaho ungulates revealed  
that about 19% were positive for Stx, which is about  
the same prevalence reported for cattle in that state  
(80;96). There have been numerous reports of E. coli 
O157:H7 in wild deer in the U.S. and other countries  
(119) and a few cases of human illness attributed to  
deer meat (152). Free-ranging wild sheep and deer in  
Spain were found to shed at least 11 non-O157:H7  
STEC serotypes, with O146 being the most com 
monly detected serogroup (230). Several captive  
ruminants in an Argentine zoo, including alpaca,  
antelope, deer, eland, sheep, and yak, shed non 
O157:H7 STEC (168).   

20BUOther animals  
Swine have been found, in several studies, to be  

infected with both E. coli O157:H7 and non 
O157:H7 STEC strains (22;82;120;141;150;151;  
199;235;276), whereas in other surveys only non 
O157:H7 STEC were detected (155;264). Although  
virulent STEC strains have been found in a few  
samples from swine, most researchers conclude that  
swine are not an important source for human  
infections because the STEC strains isolated from  
these animals often lack some important virulence  
genes and differ from strains usually isolated from  
cases of human illness (62;155;264;276).   

Horses do not appear to be an important reser 
voir for STEC. Only one of 400 fecal samples from  
horses in Germany tested positive for STEC (sero 
type O113:H21) and one of 100 horse meat samples  
tested was positive for STEC (serotype O87:H16)  
(218).   

Rabbits, both wild individuals and animals  
being raised commercially on farms, were reported to  
harbor non-O157:H7 enterohemorrhagic E. coli 
(91;164;231).   

Poultry have occasionally tested positive for  
E. coli O157:H7 (64), but so far there are no reports  
of non-O157:H7 STEC in poultry.   

A Cat and a 2-year-old German girl with 
bloody diarrhea were found to excrete the same 
STEC sero type, O145:H–. The cat had no 
symptoms but was  found to excrete this STEC 
strain for several months  and was apparently the 
source of the child’s original  infection and/or 
reinfection (36).   

Dogs in Brazil were reported to harbor non 
O157:H7 STEC that caused diarrhea (58).  Shellfish 
in contaminated waters are known to  concentrate 
some pathogens such as Cryptosporid ium. E. coli is 
present in human sewage and the pos sibility exists 
that pathogenic strains such as STEC  could be 
present in lakes, rivers or coastal waters  
contaminated by sanitary sewer overflow or runoff  
from fields containing fecal matter from domestic or  
wild animals. There have been reports of non 
O157:H7 STEC detected in shellfish collected from  
coastal areas of France (100) and India (160;175).  
However, it appears that STEC strains are not a sig 
nificant contaminant of shellfish.   

8BTransport Hosts   
Birds are a potential transport host for STEC  

because some wild birds harbor these bacteria and  
might spread them around a farm environment. There  

are a number of reports of non-O157:H7 STEC in  
both captive (ornamental, racing) pigeons (78;102;  
246) and in feral pigeons in the city or countryside  

(102;156;190). Stx2f, originally described from  
pigeon isolates (234), has been detected in a number  
of human diarrheal STEC isolates (221). Although a  

possible case of domestic pigeon-to-human trans 
mission of non-O157:H7 has been reported (246), a  
study in Colorado indicated that wild pigeons may  

not be a major route of transmission of STEC (214).   
Other wild birds may also carry non-O157:H7  

STEC. A starling on a Danish farm was found to har 



bor STEC serotype O2:H29 (198). STEC serotype  
O20 was detected in an Oriental turtle dove, and  
serotype O147 was detected in a barn swallow living  
near Tokyo Bay (156). Stx2 was detected in feces of  
30 wild bird species (of 99 species tested) in the UK,  
but strains were not serotyped (125).   

Rodents, including mice and rats, are also  
potential transport hosts for STEC. However, STEC  
have not been frequently reported from these  
animals. There is one report of STEC serotype  
O136:H12 from a rat on a cattle farm in Denmark  

(198). Among animals tested at an Argentine zoo,  
STEC serotype O146:H28 was detected in a cavy  
(related to guinea pigs) (168).   

Flies and beetles, collected on farms with ani 
mals shedding E. coli O157:H7, have been found to  
contain detectable levels of these bacteria (64). These  
insects frequent fecal deposits and may transfer these  
pathogens to foods, feed and water. STEC were  
recently isolated from flies collected at pig pens and  
in cattle barns but were not serotyped (90). 
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9BRoutes of Human Infection   
Ruminant fecal material is believed to be the ultimate  
source of a large percentage of human non-O157  
STEC infections. A study in Germany found that  
there was a positive association between illness  
caused by a number of non-O157 STEC serotypes  
and the density of cattle in an area. From data on over  
3000 STEC cases, analyses indicated that risk for  
infection increased by 68% per 100 additional  
cattle/km2. Increased risk varied for different sero 
types but was greatest for O111 (81). A similar asso 
ciation has been documented for E. coli O157:H7  
(255). Sporadic STEC cases have been traced to con 
tact with cattle on farms (118;196).   

Fecal material may contaminate meat during  
slaughter, may be washed or blown into lakes or  
drinking water sources, or may be deposited on fruits  
and vegetables by use of manure for fertilization or  
sewage-contaminated water for irrigation. Some  
animals, such as insects, birds, and rodents, may  
transport these bacteria from feces to drinking water  
or foods. In addition, non-O157 STEC may be inad 
vertently ingested by persons interacting or working  
with animals. Humans may therefore acquire infec 
tions through direct contact with an infected person  
or animal or their environment or through food,  
drinking water or surface water containing STEC 
contaminated fecal material from an animal or human  
(115).   

21BUDirect contact  
Numerous outbreaks of enteric zoonotic disease have  
been associated with animal exhibits at fairs, zoos  
and other venues. Cryptosporidium, Salmonella spp.,  
and STEC are the pathogens most commonly identi 
fied in these outbreaks (119;167). Several non-O157  
STEC outbreaks among children who visited farms  
(1;245) or petting zoos (110;208) resulted from direct  
contact with animals and their environment followed  

by inadequate hand washing. E. coli O26:H11 and  
O111:H– can survive in cattle feces for 10–12 weeks  
at 15ºC (89), and STEC may persist on surfaces at  
farms and zoos for extended periods (even after ani 
mals have stopped shedding) if there is sufficient  
moisture and temperatures are not excessive (119).  
An outbreak of non-O157 STEC at a Minnesota farm  
day camp occurred in two consecutive years despite  
attempts to clean the premises and encourage hand  
washing (245).   
Contact with domestic animals has also been a  route 
of STEC infection. A cat and a 2-year-old  German 

girl with bloody diarrhea were both found to  excrete 
O145:H–. Although the cat had no symptoms,  it 
excreted this strain for several months and was  

apparently the source of the child’s original infection  
and/or reinfection (36). Another child with diarrhea   

and some pigeons harbored the same STEC O128  
strain (246). Pet rabbits have also been reported to  
harbor non-O157:H7 enterohemorrhagic E. coli (91).   

Person-to-person spread of non-O157 STEC has  
been the primary mode of infection in outbreaks in  
day-cares, schools and senior care facilities (7;8;35;  
54). In many other outbreaks, some cases who  
consumed contaminated food or water passed the  
infection directly to friends or others in their family.  
Although most people apparently stop shedding  
STEC bacteria within a week or so of recovering  
from illness, there are some people who continue to  
shed bacteria for weeks or months afterwards. A  
study in a German sausage factory over a 21-month  
period demonstrated that one healthy worker excreted  
non-O157 STEC intermittently for 7 weeks; another  
symptomless worker excreted STEC for nearly ten  
months (92).   

2BUContaminated food  
Beef, lamb, and mutton can be contaminated during  
slaughter and processing by exposure to feces or  
hides containing non-O157 STEC. A 2007 review  
stated that reported levels of non-O157 STEC in  



whole cattle carcasses, ground beef, retail beef cuts,  
and sausage were 1.7–58%, 2.4–30%, 11.4–49.6%,  
and 17–49.2%, respectively (129). Beef trim, which  
is ground to make hamburger, is believed to be an  
important source of STEC contamination in ground  
beef. A survey of boneless beef trim from Australia  
(220 samples), New Zealand (223 samples), Uruguay  
(256 samples), and the U.S. (487 samples) revealed  
that non-O157 STEC were present in 10% of the  
New Zealand samples and in about 30% of the other  
samples (31). Other surveys have reported the STEC  
prevalence to be 15% in ground meat in France  
(216), 1.5% in beef in Japan (113), 40% in ground  
lamb in Australia (14), 1% in horse meat in Germany  
(218), and 24% in buffalo meat in India (116) Proce 
dures for collecting samples and performing analyses  

differed among these studies, so results are not  
directly comparable.   

Milk from dairy cows, sheep, and goats may be  
contaminated with E. coli and other bacteria from the  
environment. A review in 2005 summarized numer 
ous surveys that detected STEC in milk and dairy  
products. Contamination with E. coli is generally  
low, and some of the STEC strains detected in raw  
milk have not been associated with human disease  
(133). Some non-O157 STEC may be more prevalent  
in milk than E. coli O157:H7. STEC strains have  
been shown to survive various steps in cheese making 
so that raw milk cheeses are potentially a  vehicle for 
STEC infections (16).   

Most later surveys also report a relatively low  
prevalence of non-O157 STEC in raw milk but there  
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were some positive samples indicating the need for  
proper treatment of milk (173;174). STEC strains  
were isolated from 11% of bulk milk tank samples,  
4% of cheese curds, and 5% of cheese in Spain (226)  
and in 21% of raw milk samples in France (216). In a  
Swiss study, non-O157 STEC were isolated from 16  
of 744 raw milk hard and semi-hard cheeses (248).  
Analyses of 40 STEC strains isolated from raw milk  
and cheese in France found that most of the strains  
lacked some virulence factors found in isolates from  
human disease (220). Proper pasteurization kills E.  
coli; so outbreaks of STEC due to contaminated dairy  
products are usually associated with unpasteurized  
milk (2;4;61) but there has been an outbreak due to  
post-pasteurization contamination (189).   

Field and greenhouse experiments have demon 
strated that both E. coli O157:H7-contaminated  
manure and irrigation water may cause contamination  
of vegetables and this is probably true for non-O157  
STEC as well. Manure is a valuable fertilizer for  
crops but manure containing STEC may be a source  
of contamination for vegetables or fruits that are not  
normally cooked before eating. In one study, non 
O157 STEC were able to survive for 42 days in  
manure heaps that were turned and for 90 days in  
unturned heaps (85). STEC O26 survived for at least  
90 days in cow slurry (an effluent comprised of feces,  
urine, water, spilt feed, and bedding) (86). Serotype  
O26 was also detectable in manure-amended loam  
soil for more than 9 months at 4ºC and for more than  
6 months at 20ºC (87).   

Foods can also be contaminated with STEC by  
cross-contamination during food preparation and by  
infected workers who don’t practice good hygiene.  
There have been several outbreaks attributed to res 
taurant food. Cross-contamination in food prepara 
tion areas or infected food handlers might have con 

tributed to these outbreaks. An outbreak in a prison  
was traced to a food handler (46).   

23BUContaminated water  
Water used for drinking or recreation has been  
reported as the vehicle of infection for 7 outbreaks.  
One outbreak in 1988 in Czechoslovakia was associ 
ated with tap water. Several outbreaks occurred  
among children playing or swimming in pool or lake  
water. Other infected children may have been the  
source of bacteria for these cases. Other outbreaks  
were traced to water consumed at summer camps.  
Fecal material from domestic and/or wild ruminant  
animals may have contaminated lakes, rivers, and  
some “drinking water.”   

Surveys of some surface waters have detected stx 
genes in beach and stream water in a park in Penn 
sylvania (243), and in river water in Michigan and  

Indiana (67) and in India (223). The significance of   
these findings is unclear because the presence of stx 
genes was not correlated with numbers of viable  
bacteria present. Some strains of the non-O157 STEC  
serotypes O26 and O111 have been reported to sur 
vive in untreated well water for over 56 days at 10ºC.  
Cells die off more quickly at 22ºC but do persist in  
significant numbers for four weeks (265).   

2BINTERVENTIONS FOR CONTROL  
OF NON-O157:H7 STEC   
Research on prevention of STEC contamination of  
foods and water and strategies to kill or severely limit  
growth of any STEC that might be present in foods  
has concentrated primarily on E. coli O157:H7. In the  
following sections, data will be presented for non 
O157 STEC when available and summarized for  E. 
coli O157:H7 or other E. coli. Susceptibility of  
non-O157 STEC to various intervention techniques is  



probably similar to that of other E. coli although  
there are known differences among strains in acid  
tolerance and sensitivity to some other agents. Some  
recent reviews discussing intervention techniques  
have been published (119;134;224;257).   

Effects of processing technologies on E. coli and  
other bacteria in meat were recently reviewed (10).  
Among the procedures discussed were irradiation,  
high hydrostatic pressure, natural antimicrobials,  
active packaging, and thermal treatments. Compari 
sons between E. coli O157:H7 and non-O157 STEC  
were not discussed, but conditions generally effective  
against E. coli were described.   

10BPre-Harvest Interventions   
24BUDietary Interventions  

Feed. Results of experiments published about  ten 
years ago indicated that different diets fed to  cattle 

may affect concentrations of E. coli O157:H7  shed in 
feces. Feeding of high grain rations to feedlot  cattle 
to increase feed efficiency causes some starch  from 
the grains to escape fermentation in the rumen  and 
pass to the hindgut where it is fermented by other  
bacteria. This can change the pH of the rumen and  

hindgut thereby affecting survival of some bacteria,  
such as STEC strains. A recent review paper dis 

cussed various experiments conducted since that time  
to determine whether dietary interventions could  

reduce numbers of STEC bacteria excreted by cattle  
(37). Subsequent experiments have shown that die 

tary differences do affect E. coli populations in cattle  
but the effects varied in magnitude and impact. Some  
studies suggest that the tannins and phenolic acids in  
forage may be the important components affecting  

shedding of STEC while other experiments, in which  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

10 FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources  

barley and distillers grains were fed to cattle, demon 
strated an increase in shedding of E. coli O157:H7.  
Dietary experiments that tested for genes coding  
STEC virulence factors in cattle feces (which would  
measure effects on all STEC not just E. coli 
O157:H7) suggested that a diet with more roughage  
may reduce concentrations of STEC bacteria that  
cause human disease. However, the cattle in this  
study were excreting low levels of STEC, and further  
experiments are needed to determine the significance  
of these results (95).   

Probiotics, commensal bacteria fed to animals to  
reduce numbers of pathogens, have been suggested as  
a strategy to prevent growth of STEC in young rumi 
nants. In one experiment with calves, a three-strain  
mixture of non-pathogenic E. coli was fed to calves  
three days after challenge with one of three STEC  
serotypes. The probiotic E. coli mixture decreased  
fecal shedding of O157:H7 and O111:NM but did not  
affect shedding of O26:H11. At necropsy, all of the  
calves challenged with O26:H11 and four of twelve  
calves challenged with the other STEC still harbored  
viable STEC (253). E. coli strains used as probiotics  
may produce colicins that kill STEC strains (232).  
Other experiments have tested the effects of lactic  
acid bacteria on STEC survival. Some inhibition of  
STEC has been observed in tests in vitro (98;126).  
Some variability in practical results of tests with pro 
biotics may be due to different management prac 
tices, including the effects of subtherapeutic levels of  
antibiotics fed to livestock to enhance growth (119).   

Bacteriophages are viruses that can kill bacteria  
and have been proposed as potential control agents  
for STEC. In experiments with an artificial rumen  
system, phage D22, specific for E. coli O157:H7,  

eliminated these bacteria from the fermentor within  
four hours. However, in experiments with lambs,  
inoculated first with E. coli O157:H7 and then two  
days later with the phage, there was no decrease in  
numbers of E. coli O157:H7 shed. The phage did not  
persist in these animals (11). To avoid the problem of  
inactivation of phage in an animal’s digestive tract,  
another experiment tested the effects of two phages  
(one of which could also kill some non-O157 STEC  
strains); the phages and E. coli O157:H7 were  
applied directly to the rectoanal junction of steers.  
Phage therapy reduced the average number of E. coli 
O157:H7 detected in feces but did not eliminate these  
bacteria from most of the animals (240). Although  
bacteriophages have not yet emerged as a practical  
preharvest solution to STEC shedding by ruminants,  
some research continues to find other phages that  
might be more effective (262).  

Chlorate is metabolized by some bacteria, in 
cluding E. coli, to a toxic compound, chlorite. Feed  

ing chlorate to cattle in feed and water prior to  
slaughter can significantly reduce concentrations of  
E. coli O157:H7 and other E. coli in feces at slaugh 
ter. This is a potentially useful strategy for reducing  
contamination of meat during processing at slaughter  
facilities (6). Chlorate in drinking water is also effec 
tive in reducing E. coli populations (119).  

Drinking water may be contaminated by fecal  
material and is known to be a source of infection for  
cattle (241). Four chemical treatments of drinking  
water using lactic acid, acidic calcium sulfate and one  
of the following: benzoate, caprylic acid, butyric  
acid, chlorine dioxide resulted in >3 log reduction in  
numbers of E. coli O157:H7, O26:H11, and  
O111:NM in contaminated trough water. However,  
cattle consumed much less water when these chemi 
cals were present, so they should not be used con 



tinuously (274).   

25BUVaccines  
Some infected calves develop an immune response to  
STEC, and vaccines targeting some important STEC  
proteins may be useful in preventing the establish 
ment of STEC in calves. A recent review article  
mentioned 7 vaccines that have been described in the  
literature. There is not much information available on  
most of them because of proprietary considerations.  
Some have been tested in cattle but others have  
apparently been tested only in pigs or laboratory  
animals. Some vaccines, if demonstrated to be effec 
tive in cattle, may offer protection against non-O157  
strains if they induce antibodies to a common viru 
lence factor (257). Two recent articles described  
some new vaccines but they have not been tested in  
cattle as yet (105;169). Large-scale testing of a vac 
cine to reduce carriage of E. coli O157:H7 in cattle  
has begun in Colorado. A New York Times article on  

December 4, 2009 described the program and the  
obstacles faced by vaccine producers in getting  
approval for use of this product.   

1BProcessing Interventions   
Many interventions that aid in control of E. coli 
O157:H7 are likely to be effective for non-O157  
STEC also. Effectiveness of interventions for decon 
taminating meat was recently reviewed (10). Use of  
hot water and lactic acid washes and steam to clean  
carcasses effectively reduces contamination with  E. 
coli O157:H7 (32;158). Intervention techniques to  
remove E. coli O157:H7 from the surface of beef  
carcasses were found to be similarly effective against  
O26:H11 and O111:H8 (57).   

Stress tolerance to heat, salt and acid has been  
observed in many STEC strains and should be con 

sidered when devising interventions in food process 
ing. Some non-O157 STEC are more susceptible or  
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resistant to stresses so that effectiveness of proce 
dures needs to be tested with more than one serotype.  
For example, E. coli O157:H7 was found to be more  
resistant to acid in a model stomach system than  
some non-O157 STEC serotypes (18). However,  
other tests in different media found E. coli O157:H7  
to be more sensitive to acid than other non-O157  
STEC (20;162;186). Acid-resistant non-O157 STEC  
survive longer in fermented raw sausage than non 
acid resistant strains (188). Both sodium lactate and  
sodium benzoate inhibit non-O157 STEC but the  
extent of inhibition is temperature dependent  
(117;166).   

STEC serotypes do not grow at refrigeration  
temperatures but can remain viable in food for ex 
tended periods in the cold (211), and E. coli O157:H7  
can survive at least for several days in meat and  
yogurt when frozen at –18ºC (104). Thermal treat 
ments can destroy STEC, but one study reported that  
STEC O26 was less heat sensitive than E. coli 
O157:H7 in minced beef heated at 55ºC (66).   

Effectiveness of sanitizers and disinfectants has  
been tested against STEC O111 and O26 (159;242;  
258). Several STEC serotypes tested were more  
resistant to desiccation on paper discs than Shigella 
and non-pathogenic E. coli. STEC also survived for  
months in chocolate (17;121).   

12BZoo and Farm Environmental 
Interventions  CDC published in 2009 an 
updated version of rec ommended measures to 
prevent disease associated  with animals in public 
settings. Million of human–  

animal interactions occur annually in a variety of  
settings. Hand washing is the most important preven 
tive step for reducing disease transmission. In addi 
tion, CDC recommends prohibition of food in animal  
areas, education of visitors about disease risk and  
prevention, proper care and management of animals,  
and transition areas between animal and non-animal  
locations. The updated guidelines also discuss risks  
associated with baby poultry, reptiles, rodents, and  
aquatic animals (49).   

Composting of manure from animals shedding  
STEC can eliminate STEC when temperatures and  
the presence of other bacteria are optimized (97).   

3BANALYTICAL METHODS FOR  
DETECTING NON-O157:H7 STEC   

13BIntroduction   
E. coli O157:H7 can usually be readily identified in  
the laboratory because of its inability to ferment sor 
bitol or cleave the fluorogenic substrate 4-methylum  

belliferyl-B-d-glucuronide within 24 hours, which  
distinguishes it from other E. coli and most of the  
other bacteria in its environment. Nearly all E. 
coli  
O157:H7 produce Shiga-like toxins or harbor genes  
(stx) encoding the toxins so a culture-positive result  
is assumed to be positive for STEC. It should be  
noted that there are atypical strains of serogroup  
O157, designated as O157:H–, which can ferment  
sorbitol and may initially be presumed to be non 
O157 strains. Isolates of serotype O157:H– often  
produce Shiga toxins and have been associated with  



cattle and with severe illness in children (146;207).   
Detection and identification of non-O157:H7  

STEC serotypes in a timely fashion are more diffi 
cult. These strains do ferment sorbitol so they are not  
detectable on sorbitol MacConkey agar plates. Even  
though six non-O157 serogroups (O26, O45, O103,  
O111, O121, O145) cause most of the reported cases  
of non-O157 infection, over 150 STEC serotypes  
have been associated with illness. In addition, not all  
strains of these serogroups produce stx. Therefore,  
CDC recommended in a recent report that laborato 
ries simultaneously (1) test samples for the toxins  
with enzyme immunoassays or for stx with PCR  
methods and also (2) isolate and grow the bacteria in  
pure culture (99). If Shiga toxin is detected, then cul 
tures will be immediately available for serotyping  
and molecular characterization.   

Over 100 reports in scientific journals describe  
analytical methods for detection of non-O157 STEC.  
Immunoassays, PCR methods, and molecular analyti 

cal methods, developed in the past five years, are  
highlighted in the discussions below. Some useful  

descriptions of culture and enrichment methods are  
also included. Several comparisons of the accuracy of  

different methods and evaluations of commercially  
available detection methods will be discussed in the  

final section along with future research needs.   

14BEnrichment and Culture   
Isolation of non-O157:H7 serotypes from animals  
and foods containing large numbers of a variety of  
other bacteria is challenging because of the genetic  
and biochemical diversity of these STEC and their   
similarity to some non-pathogenic bacteria. In a 2006  
review article, enrichment/culture protocols,  
described in 132 papers published since 1997, were  
discussed (261). Many researchers used media con 
taining bile salts to inhibit non-Enterobacteriaceae  
and antibiotics, such as novobiocin, which inhibit  
primarily Gram-positive bacteria. Incubation times  
and temperatures varied. However, because of varia 
tions in experimental procedures, no definitive con 
clusions could be drawn about the relative effective- 
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ness of the protocols for enrichment from different  
environmental samples.   

Other antibiotics (cefixime, vancomycin) and  
selective agents (tellurite) have been used to inhibit  
non-STEC bacteria (132) but there are reports that  
some non-O157:H7 STEC are sensitive to these  
agents (15;206). Other experiments demonstrated  
that growth of some non-O157:H7 STEC is inhibited  
by novobiocin in media and use of this antibiotic was  
not recommended (260). Universal preenrichment  
broth (which does not contain antibiotics), incubated  
at 42ºC, was reported to be more effective for detec 
tion of STEC O26 and O157 on beef, poultry, and  
radish sprouts than modified Escherichia coli broth  
with novobiocin (145).   

An acid enrichment procedure was recently  
reported to substantially decrease background flora in  
fecal specimens and enhance recovery of STEC  
strains (124). In a comparison of three enrichment  
protocols, a USDA procedure, an FDA procedure and  
acid enrichment, stx2 gene was detected in more  
samples of swine waste treated with acid than sam 
ples enriched by the other methods. All strains were  
non-O157:H7 STEC. The acid enrichment media was  
found to support the growth of all of 31 STEC strains  
tested while FDA media supported growth of 23  
strains and USDA medium supported growth of 5  
strains (101).   

15BIdentification of STEC Serotypes   

26BUCulture methods  
There are no completely reliable culture methods for  
identifying non-O157 STEC strains, although  
research indicates that some specific nutritional  
requirements or capabilities are associated with cer 
tain STEC serotypes. O26 strains that produce Shiga  
toxins are often unable to ferment rhamnose and can  
usually (but not always) be distinguished from non 
toxigenic strains on rhamnose MacConkey agar (77).  
A procedure using a consecutive series of differential  
and confirmation media was developed to distinguish  
4 STEC serotypes (O26, O103, O111, O145). Sam 
ples of artificially contaminated food and fecal sam 
ples were first enriched in media containing novobio 
cin, vancomycin, rifampicin, bile salts and tellurite.  
On the first differential media containing sorbose and  
sucrose, the non-O157 STEC strains produced differ 
ent colored colonies. These were then plated to media  
containing D-arabinose, D-raffinose, L-rhamnose, or  
dulcitol for confirmation. Isolation efficiency of all  
serotypes from different sources was 100%, 82.3%,  
88.5%, 65.9%, 64.3%, and 13.6% for STEC in raw  
milk, cheese made from pasteurized milk, cheese  
made from raw milk, ground beef, fermented meat,  
and cattle feces, respectively (219).   

27BUImmunoassays  
E. coli serotypes can be identified by immunoassays  
that target the O and H antigens on cell surfaces.  
Antisera for the most common non-O157 serotypes  
(O26, O45, O103, O111, O121, O145) are available  
commercially and can be used to identify many  



STEC isolates (99). Antibodies may be coated on  
immunomagnetic-separation beads and are poten 
tially useful for detecting cattle shedding a large  
number of STEC of certain serotypes, but these  
methods are not as reliable if STEC numbers are low  
(109). Immunomagnetic beads have also been used to 
detect O26 and O111 in ground beef (201).  

28BUPCR for serotype specific genes  
PCR (polymerase chain reaction) methods targeting  
DNA variants specific to different serotypes have  
been developed recently. These are often combined  
with PCR assays detecting genes coding for Shiga  
toxins or other virulence markers. Some assays target  
a gene associated with the O antigen such as the wzx 
gene in serotype O26 (172) and in serotype O103  
(215), while others target genes associated with both  
the O and H antigens as in methods described for  
O111:H8 (69) and O26:H11 (68). More recent multi 
plex methods detect specific genes present in O-anti 
gen gene clusters of four or five different O groups  
(23;83;84;187;217). These procedures can identify  
serotypes isolated from foods and fecal samples.   

16BShiga Toxin Detection   
29BUImmunoassays for toxins  

Six commercial immunoassays have been approved  
by FDA for the diagnosis of STEC infections (99):  
∙ Biostar OIA SHIGATOX, an optical   

immunoassay which does not distinguish  
between stx1 and stx2, can detect toxin in broths  
and fecal samples (251). (This will be withdrawn  
from market in 2009.)   

∙ Duopath Verotoxin test detects and differentiates  
Shiga toxins 1 and 2 in less than one hour in  
cultures of isolated cells (212).   

∙ Immunocard STAT!EHEC also differentiates  
Shiga toxins 1 and 2 in less than an hour in  
enrichment broths and cultures of isolated cells  
(99).   
∙ Premier EHEC does not distinguish between  

Stx1 and Stx2 and takes several hours to per 
form. It can detect toxins in stool samples and  
enrichment broths. Stx concentrations in fecal  
samples are typically very low, however, and  

detection is better in enrichment broths (153).   
∙ ProSpecT Shiga Toxin E. coli Microplate Assay  

does not differentiate Stx1 and Stx2 and takes  
several hours to perform. It can detect toxins in  

stool samples as well as enrichment broths.  
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Results are generally better in testing broth  
cultures (94).   

∙ VTEC Screen “Seiken” does differentiate Stx1  
and Stx2 and takes several hours to perform. It  
detects toxins in cultures of isolated cells (42).   

An evaluation of the Ridascreen Verotoxin Immuno 
assay published in 2007 noted that it could detect all  
known variants of Stx1 and Stx2 in routine screening   
of bacterial isolates (24). A more recent evaluation of  
this assay and the Premier EHEC and ProSpecT  
assays found that none of the tests could detect some  
Stx2 variants. The ProSpecT assay was about ten fold 
less sensitive than the other two assays. Premier  
EHEC assay may be useful in screening cattle (271).  

30BUNanoparticle assay for toxin proteins  
Stx bind to cell surface receptors containing terminal  
Gal-α1,4-Gal disaccharides. Glycopolydiacetylene  
nanoparticles, with Gal-α1,4-Gal disaccharides on  
their surfaces, were found to change color from pur 
ple to brown when bound to stx. These nanoparticles  
could distinguish between E. coli strains that did and  
did not produce Stx within 10 min (194).  

31BUPCR for toxin genes  
PCR assays for stx genes are generally designed for  
testing isolated cells from media or bacteria growing  
in enrichment broths rather than bacterial DNA  

extracted directly from foods or fecal specimens.  
PCR procedures have been developed and evaluated  
for identification of STEC from human stool samples  
(103), cattle feces (237), and foods (9;84). Some  
multiplex PCR assays are designed to screen for dif 
ferent types of diarrheagenic E. coli targeting viru 
lence genes found in enterohemorrhagic, enteroinva 
sive, enteropathogenic, enterotoxigenic, and entero 
aggregative strains (107). An evaluation of the  
GeneDisc assay, a multiplex assay targeting genes for  
stx, intimin, and DNA sequences characteristic of  
O26, O103, O111, and O157, found that it was very  
sensitive and capable of detecting 2 to 3 STEC colo 
nies in a lawn of 50,000 bacteria (25). A highly sensi 
tive immuno-PCR utilizing an immunoassay with  
antibody capture and DNA amplification detected as  
little as 10 pg purified stx2/ml (compared to 1 ng  
detected by a commercial immunoassay (273).   

32BULAMP (loop mediated isothermal amplification) 
assay  for toxin genes  
This method for nucleic acid amplification differs  
from PCR in that 4 or 6 primers are used to amplify  
the target gene at a single temperature step. Amplifi 
cation products can be detected by turbidity because  
a by-product of the reactions, magnesium pyrophos 
phate, is insoluble. Turbidity caused by this precipi 
tate correlates with the amount of DNA synthesized  
(112). DNA was extracted from an enrichment from   

ground beef and tested with a LAMP assay targeting  



stx. Several STEC serotypes were detected (111).   

3BUComparison of different stx detection methods STEC 
strains have been detected in the past by de termining 
their cytotoxic effects on Vero (monkey)  cells in 
culture. PCR assays for stx give results that  are more 
than 90% in concordance with the Vero cell  assay 
(272).  

17BSubtyping Methods   
Particularly in suspected outbreak situations, it is  
important to specifically identify the causative patho 
gen in order to trace pathways of contamination and  
determine the extent of outbreaks. There is great  
genetic diversity within STEC due to insertions and  
deletions in certain parts of the chromosome and  
genetic information carried by bacteriophages (202).  
PFGE (pulsed field gel electrophoresis) is a widely  
used technique that analyses patterns of chromosome  
fragments generated by restriction enzymes that  
cause breaks at certain DNA sequences. Such analy 
ses aided in detection of foods associated with an  
outbreak caused by STEC O103:H25 in fermented  
sausage in Norway in 2006 (236) and in tracing the  
contamination of ice cream associated with a Belgian  
outbreak (60). Other molecular analyses of multiple  
genetic loci have provided information on important  
virulence mechanisms and evolutionary relationships  

among various STEC strains (56;180;202;244;250).   

4BFUTURE RESEARCH NEEDS  More 
recently published studies also demonstrate that  a 
large number of E. coli serotypes may be present in  
animals: at least 10 detected on beef carcasses in the  
Pacific northwest (53) and 31 serogroups detected in  
dairy cattle in Japan (157). Estimates of prevalence  
are much higher from PCR or immunoassays detect 
ing Shiga toxins or genes coding for these toxins (23– 
30%) than estimates obtained from isolation of STEC  
bacteria (6–12%) (157). Many of these STEC strains  
may not be virulent but it would be useful to know  
how readily these strains can exchange genetic in 
formation and acquire virulence factors. Although  
multiplex PCR methods are available for confirma 
tion of virulence genes in isolates, initial screening  
methods that segregate the diverse populations of  E. 
coli, that are commonly encountered in clinical,  
environmental, and food samples, would facilitate  
detection and identification of seropathotypes. A  
combination of effective selective and differential  
plating media and molecular typing methods are  
needed to make accurate and comparable prevalence  
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determinations and environmentally track specific  
serotypes or strains.   

Many studies have documented the effects of  
various intervention techniques on E. coli O157:H7.  
Some interventions should also be tested on patho 
genic non-O157 serotypes. The need for these vali 
dations arises from the variability of growth and sur 
vival properties within a given species such as  E. 
coli. With multiple serotypes comprising the non 
O157 STEC, there is greater diversity and a need to  
ascertain if certain serotypes, seropathotypes, or  
strains have growth or survival properties that differ  
significantly from E. coli O157:H7. Because of varia 
tions in resistance to environmental stresses, it is  
possible that the lethality of interventions and proc 
esses used to control E. coli O157:H7 will need to be  
evaluated with a select set of non-O157 STEC.   

To more completely define the epidemiology of  
non-O157 STEC, additional information on animal,  
environmental, and asymptomatic human hosts is  
needed. A more complete understanding of localiza 
tion within hosts as well as the growth, persistence  
and dissemination in the environment would be bene 
ficial. As with E. coli O157:H7, identifying where the  
pathogen is located in and on the animal can lead to  
more effective harvesting and processing strategies to  
reduce contamination of raw food products. Identifi 
cation of preferred environmental niches can lead to  
possible on-farm interventions and reduction of  
pathogen prevalence. Lastly, the incidence of person 
to-person transmission by non-O157 STEC requires  
further investigation to fully understand the role  
humans may play in the dissemination of this diverse  
group of pathogens.  
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Table 1. Reported outbreaks caused by non-O157 STEC.  

Date  Strain  Location  Cases  HUS  Deaths  Vehicle  Reference(s)  Other details  

1984  O145:H–  Japan  100   0  Unknown  (143)  school  

1986  O111:H–  Japan  22  1  1  Unknown  (12)  orphanage  

1988  O111:H2  Australia  2  2  0  Unknown  (12)  family  

1988  O26:H11  Czech Republic  5  5  1  Water, tap  (27)   

1990  O111:NM  US: Ohio  5  1  0  Unknown  (12)  family  

1991  O111:H–  Japan  234    Unknown  (12)  primary school  

1992  O111:B4  France  26  10  0  Person–person  (33;39)  school  



1992  O111  Italy  9  9  1  Unknown  (4;40)   

1992
– 
93  

O119:B14  France  4  4  1  Cheese, unpasteurized  (4;61)  bovine and 
caprine milk  

1994  O103  France  4  4  0  Cheese, raw caprine  
milk  

(4)   

1994  O104:H21  US: Montana  18  0  0  Milk, pasteurized  (79;189)  post-pasteurizat
ion 
contamination  

1995  O111:H–  Spain  13    Water, drinking  (29)  summer camp  

1995  O111:NM  Australia  88  23  1  Sausage  (38;71;213)  mettwurst  

1995
– 
96  

O157:H–  Germany  28  28  3  Sausage  (5)   

1996  O118:H2  Japan  131  0  0  Salads  (114)  junior high school  

1997  O26:H11  Japan  27  0  0  Watermelon; 
sprouts; spinach  

(122)  nursery  

1999  O26  Ireland  10  0  0  Unknown  (28)  child care facility  

1999  O26:H11  Germany  3  3  0  Unknown  (184)  3 children, small  
town  

1999  O111:H8  US: Texas  58  2  0  Unknown: salad 
and/or ice?  

(19;34)  teenage campers  

1999  O121:H19  US: Connecticut  11  3  0  Water, lake  (177)  swimming in lake  

2000  O26:H11  Germany  11  0  0  Beef  (269)  day care centers  

2000  O103  US: Washington  18  +   Punch  (35)   

2000  O111  US: Utah  102    Water, drinking  (165)  also O157:H7 & 
C. jejuni 

2000– 
01  

O51:H11,  
O111  

US: Minnesota  7  0  0  Calves, contact  (245)  farm day camp,  
2 years; other   
enterics  

2001  O26:H11  Japan  11  0  0  Water, river  (123)  water used for 
wash ing  

2001  O26  US: Minnesota  4  0  0  Water, lake  (35)   

2001  O26:H–  Austria  2  2  0  Milk, cow’s, raw  (2)   

2001  O111  US: South Dakota  3  0  0  Person–person  (35)  day care centers  

2001  O111  US: Minnesota  2  2  1  Unknown  (183)   

2002  O148  France  10  2  0  Mutton, lightly roasted  (73)  wedding reception  

2002  O26  Australia  5    Animal contact: 
pigs; alpacas  

(208)  petting zoo  

2002  O157:H–  Germany  38  38  4  Unknown  (3)   



2003  O111  Australia  13  0  0  Person–person  (54)  old folks home  

2004  O86:H27  Australia  4  2  0  Cattle; person–person  (191)  1st case from 
cattle farm  

2004  O111:NM  Japan  107  0  0  Meat  (149)  students 
traveling to 
Korea  

2004  O121:H
19, 
O121:H
7  

Japan  63  0  0  Animal exposure: cattle  (1)  children, farm visit  

2004  O111  US: New York  213    Cider, unpasteurized  (263)  also  
Cryptosporidium 

2005  O26  Italy  6  6  1  Milk products; buffalo  (173)   

2005  O26 &  
O80  

France  16  16   Cheese from 
unpasteur ized 
cow’s milk  

(72)   

2005  O26:H11  Japan  12  0  0  Person–person  (136)  kindergarten, 
also norovirus  

2005  O45  US: New York  52  0  0  Food handler  (46)  prison  

2006  O26  US: Massachusetts  5   0  Strawberries; blueberries  (50)   

2006  O26  Japan  16  0  0  Food, restaurant  (185)  served at one 
restau rant  
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Date  Strain  Location  Cases  HUS  Deaths  Vehicle  Reference(s)  Other details  

2006  O26:H11  Japan  33  0  0  Person–person  (247)  nursery school  

2006  O80:H
– & 
O145  

Germany  59  1   Milk, unpasteurized  (65)  camp  

2006  O103:H2  Japan  12  0  0  Person–person  (192)  nursery school  

2006  O103:H25  Norway  18  10  1  Mutton; sausage  (106;233;236)   

2006  O121:H19  US: Utah  69  4   Lettuce  (176)  restaurant  

2007  O26 &  
O145  

Belgium  13  5  0  Ice cream  (60)  contamination 
by food 
handlers ?  

2007  O26  US: Iowa  3    Water, pool  (176)   

2007  O26:H–  Japan  29    Person–person  (7)  nursery school  

2007  O26:H11  Denmark  20  0  0  Sausage  (74;75)   

2007  O26:H11  Japan  19    Person–person  (7)  nursery school  

2007  O26:H11  Japan  19    Person–person  (7)  nursery school  



2007  O26:H11  Japan  31    Person–person  (7)  nursery school  

2007  O55:H80  Australia  3  1   Animal contact  (110)  kangaroos and  
koalas at an   
animal 
sanctuary;  
also infected 
with  
Salmonella   
Virchow  

2007  O103:H11  Japan  20    Unknown  (7)  old folks home  

2007  O111:H–  Japan  8    Person–person  (7)  kindergarten  

2007  O111:H–  Japan  28    Unknown  (7)  nursery school  

2007  O111:H–  Japan  22    Person–person  (7)  nursery school  

2007  O111  US: Maine  8    Food  (203)   

2007  O111  US: North Dakota  6    Person–person  (203)   

2007  O111:NM  US: North Dakota  23  0  0  Beef, ground  (195)  wedding reception  

2008  O111:NM  US: Oklahoma  341  25  1  Food, restaurant  (203)  traced to 1  
restaurant  

2008  O26:H11  Japan  91    Food, high school  (8)  high school  

2008  O26:H11  Japan  27    Person–person  (8)  nursery school  

2008  O26:H11  Japan  52    Unknown  (8)  school excursion  

2008  O26:H11  Japan  8    Person–person  (8)  nursery school  

2008  O26:H11  Japan  84    Person–person  (8)  kindergarten  

2008  O26:H11  Japan  10    Person–person  (8)  nursery school  

2008  O26:H11  Japan  11    Person–person  (8)  nursery school  

2008  O111:H–  Japan  67    Unknown  (8)  hospital  

2008  O111:H–  Japan  13    Unknown  (8)   

2008  O26:H–  Japan  32    Person–person  (8)  nursery school  

2008  O26:H–  Japan  14    Person–person  (8)  nursery school  

2008  O145:H–  Japan  13    Person–person  (8)  nursery school  

2008  O111:H–  Japan  61    Person–person  (8)  nursery school  

2008  O115:H  
NM  

Japan  2    Chicken or egg  (76)   

2008  Unkno
wn, not 
O157  

Australia  7    Water, drinking  (210)  camp  

2009  O121  Japan  31    Person–person  (8)  nursery school  

 



 
Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  

http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation  
FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources 17  

References  
 1. Akiba Y, Kimura T, Takagi M, Akimoto T, Mitsui Y,  
Ogasawara Y, and Omichi M. 2005. Outbreak of entero 

hemorrhagic Escherichia coli O121 among school chil dren 
exposed to cattle in a ranch for public education on  dairy 

farming. Jap J Infect Dis 58:190–192.   
 2. Allerberger F, Friedrich AW, Grif K, Dierich MP, Dorn busch 

HJ, Mache CJ, Nachbaur E, Freilinger M, Rieck P,  
Wagner M, Caprioli A, Karch H, and Zimmerhack LB.  
2003. Hemolytic-uremic syndrome associated with en 
terohemorrhagic Escherichia coli O26:H infection and  
consumption of unpasteurized cow’s milk. Int J Infect Dis  
7:42–45.   

 3. Alpers K, Werber D, Frank C, Koch J, Friederich AW,  Karch 
H, An Der Heiden M, Prager R, Fruth A, Bie laszewska 
M, Morlock G, Heissenhuber A, Diedler A,  Gerber A, 
and Ammon A. 2009. Sorbitol-fermenting en 
terohaemorrhagic Escherichia coli O157:H– causes an 
other outbreak of haemolytic uraemic syndrome in chil 
dren. Epidemiol Infect 137:389–395.   

 4. Ammon A. 1997. Surveillance of enterohaemorrhagic E.  coli 
(EHEC) infections and haemolytic uraemic syndrome  (HUS) in 

Europe. Euro Surveill 2(12):pii=133.   
Uhttp://www.eurosurveillance.org/ViewArticle.aspx?ArticleId
= 133  

 5. Ammon A, Petersen LR, and Karch H. 1999. A large  
outbreak of hemolytic uremic syndrome caused by an un usual 
sorbitol-fermenting strain of Escherichia coli O157:H–. J Infect 

Dis 179:1274–1277.   
 6. Anderson RC, Carr MA, Miller RK, King DA, Carstens  GE, 

Genovese KJ, Callaway TR, Edrington TS, Jung YS,  
McReynolds JL. 2005. Effects of experimental chlorate  

preparations as feed and water supplements on Es  
cherichia coli colonization and contamination of beef cat 
tle and carcasses. Food Microbiol 22:439–447.   

 7. Anon. 2008. Enterohemorrhagic Escherichia coli infection  in 
Japan as of April 2008. Infect Agents Surveill Rep  
29:117–118.   

 8. Anon. 2009. Enterohemorrhagic Escherichia coli infection  in 
Japan as of April 2009. Infect Agents Surveill Rep  
30:119–120.   

 9. Auvray F, Lecureuil C, Dilasser F, Taché J, and Derzelle  S. 
2009. Development of a real-time PCR assay with an  
internal amplification control for the screening of shiga  
toxin-producing Escherichia coli in foods. Lett Appl Mi 
crobiol 48:554–559.   

 10. Aymerich T, Picouet PA, and Monfort JM. 2008. Decon 
tamination technologies for meat products. Meat Sci  
78:114–129.   

 11. Bach SJ, McAllister TA, Veira DM, Gannon VPJ, and  
Holley RA. 2003. Effect of bacteriophage DC22 on Es 

cherichia coli O157:H7 in an artificial rumen system  (Rusitec) 
and inoculated sheep. Anim Res 52:89–101.   

 12. Banatvala N, Debeukelaer MM, Griffin PM, Barrett TJ,  
Greene KD, Green JH, and Wells JG. 1996. Shiga-like  
toxin-producing Escherichia coli O111 and associated  
hemolytic-uremic syndrome—a family outbreak. Pediatr  
Infect Dis J 15:1008–1011.   

 13. Barkocy-Gallagher GA, Arthur TM, Rivera-Betancourt M,  
Nou XW, Shackelford SD, Wheeler TL, and Koohmaraie  
M. 2003. Seasonal prevalence of shiga toxin-producing  
Escherichia coli, including O157:H7 and non-O157 sero 
types, and Salmonella in commercial beef processing  
plants. J Food Prot 66:1978–1986.   

 14. Barlow RS, Gobius KS, and Desmarchelier PM. 2006.  Shiga 
toxin-producing Escherichia coli in ground beef and  lamb 
cuts: results of a one-year study. Int J Food Micro biol 
111:1–5.   

 15. Baylis CL. 2008. Growth of pure cultures of verocyto 
toxin-producing Escherichia coli in a range of enrichment  media. 

J Appl Microbiol 105:1259–1265.   
 16. Baylis Cl. 2009. Raw milk and raw milk cheeses as vehi cles 
for infection by verocytotoxin-producing Escherichia  coli. Int J 

Dairy Technol 62(3):293–307.   
 17. Baylis CL, MacPhee S, Robinson A J, Griffiths R, Lilley  K, 

and Betts RP. 2004. Survival of Escherichia coli  
O157:H7, O111:H– and O26:H11 in artificially contami 
nated chocolate and confectionery products. Int J Food  
Microbiol 96:35–48.   

 18. Bergholz TM and Whittam TS. 2007. Variation in acid  
resistance among enterohaemorrhagic Escherichia coli in  
a simulated gastric environment. J Appl Microbiol  
102:352–362.   

 19. Bergmire-Sweat D, Marengo L, Pendergrass P, Hendricks  K, 
Garcia M, Drumgoole R, Baldwin T, Kingsley K,  Walsh B, Lang 
S, Prine L, Busby T, Trujillo L, Perrotta D,  Hathaway A, Jones B, 
and Jaiyeola A. 2000. Escherichia  coli O111:H8 outbreak among 

teenage campers—Texas,  1999. Morbid Mortal Weekly Rep 
49:321–324.   

 20. Berry ED, Barkocy-Gallagher GA, Siragusa GR. 2004.  
Stationary-phase acid resistance and injury of recent bo vine 

Escerichia coli O157 and non-O157 biotype I Es cherichia coli 
isolates. J Food Prot 67:583–590.   

 21. Bettelheim KA. 2007. The non-O157 shiga-toxigenic  
(verocytotoxigenic) Escherichia coli; under-rated patho 
gens. Crit Rev Microbiol 33:67–87.   

 22. Beutin L, Geier D, Zimmermann S, and Karch H. 1995.  
Virulence markers of shiga-like toxin-producing Escher ichia 

coli strains from healthy domestic animals of  different species. J 
Clin Microbiol 33:631–635.   

 23. Beutin L, Jahn S, and Fach P. 2009. Evaluation of the  
‘GeneDisc’ real-time PCR system for detection of entero 
haemorrhagic Escherichia coli (EHEC) O26, O103, O111,  
O145 and O157 strains according to their virulence mark 
ers and their O- and H-antigen-associated genes. J Appl  
Microbiol 106:1122–1132.   

 24. Beutin L, Steinrück, Krause G, Steege K, Haby S, Hultsch  G, 
and Appel B. 2007. Comparative evaluation of the  
Ridascreen® verotoxin enzyme immunoassay for detec 
tion of shiga-toxin producing strains of Escherichia coli  
(STEC) from food and other sources. J Appl Microbiol  
102:630–639.   

 25. Beutin L and Strauch E. 2007. Identification of sequence  
diversity in the Escherichia coli fliC genes encoding flag 
ellar types H8 and H40 and its use in typing of shiga  
toxin-producing E. coli O8, O22, O111, O174, and O179  
strains. J Clin Microbiol 45:333–339.   

 26. Bhat MA, Nishikawa Y, and Wani SA. 2008. Prevalence  and 
virulence gene profiles of shiga toxin-producing  
Escherichia coli and enteropathogenic Escherichia coli 
from diarrhoeic and healthy lambs in India. Small Rumin  
Res 75:65–70.   

 27. Bielaszewská M, Srámková L, Janda J, Bláhová K, and  
Ambrožová H. 1990. Verotoxigenic (enterohaemorrhagic)  
Escherichia coli in infants and toddlers in Czechoslovakia.  
Infection 18:352–356.   

 28. Birchard K. 1999. E. coli O26 outbreak reported in Ire 
land. Lancet 354:1706.   

 29. Blanco J, Blanco M, Blanco JE, Mora A, González EA,  
Bernárdez MI, Alonso MP, Coira A, Rodriguez A, Rey J,  
Alonso JA, and Usera MA. 2003. Verotoxin-producing  



Escherichia coli in Spain: Prevalence, serotypes, and  
virulence genes of O157:H7 and non-O157 VTEC in  

ruminants, raw beef products, and humans. Exp Biol Med  
228:345–351.  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

18 FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources  

 30. Blanco M, Blanco JE, Mora A, Rey J, Alonso JM, Her moso 
M, Hermoso J, Alonso MP, Dahbi G, González EA,  
Bernárdez MI, and Blanco J. 2003. Serotypes, virulence  
genes, and intimin types of Shiga toxin (verotoxin)-pro 
ducing Escherichia coli isolates from healthy sheep in  
Spain. J Clin Microbiol 41:1351–1356.   

 31. Bosilevac JM, Guerini MN, Brichta-Harhay DM, Arthur  
TM, and Koohmaraie M. 2007. Microbiological charac terization 

of imported and domestic boneless beef trim  used for ground 
beef. J Food Prot 70:440–449.   

 32. Bosilevac JM, Nou X, Barkocy-Gallagher GA, Arthur  TM, 
and Koohmaraie M. 2006. Treatments using hot  water 
instead of lactic acid reduce levels of aerobic bacte ria 
and Enterobacteriaceae and reduce the prevalence of  
Escherichia coli O157:H7 on preevisceration beef car 
casses. J Food Prot 69:1808–1813.   

 33. Boudailliez B, Berquin P, Mariani-Kurkdjian P, Ilef DD,  
Cuvelier B, Capek I, Tribout B, Bingen E, and Piussan C.  
1997. Possible person-to-person transmission of Escher 
ichia coli O111-associated hemolytic uremic syndrome.  
Pediatr Nephrol 11:36–39.   

 34. Brooks JT, Bergmire-Sweat D, Kennedy M, Hendricks K,  
Garcia M, Marengo L, Wells J, Ying M, Bibb W, Griffin  
PM, Hoekstra RM, and Friedman CR. 2004. Outbreak of  
Shiga toxin-producing Escherichia coli O111:H8 infec 
tions among attendees of a high school cheerleading camp.  
Clin Infect Dis 38:190–198.   

 35. Brooks JT, Sowers EG, Wells JG, Greene KD, Griffin  PM, 
Hoekstra RM, and Strockbine NA. 2005. Non-O157  shiga 

toxin-producing Escherichia coli infections in the  United States, 
1983–2002. J Infect Dis 192:1422–1429.   

 36. Busch U, Hörmansdorfer S, Schranner S, Huber I, Bogner  
KH, and Sing A. 2007. Enterohemorrhagic Escherichia  
coli excretion by child and her cat. Emerg Infect Dis  
13:348–349.   

 37. Callaway TR, Carr MA, Edrington TS, Anderson RC, and  
Nisbet DJ. 2009. Diet, Escherichia coli O157:H7, and cat 
tle: A review after 10 years. Current Issues Molecular Biol  
11:67–79.   

 38. Cameron AS, Beers MY, Walker CC, Rose N, Anear E,  
Manatakis Z, Kirke K, Calder I, Jenkins F, Goldwater PN,  Paton 

A, Paton J, Jureidini K, Hoffman A, Henning P,  Hansman D, 
Lawrence A, Miller R, Ratcliff R, Doyle R,  Murray C, Davos D, 
Cameron P, Seymour-Murray J, Lim  I, Lanser J, Selvey L, and 

Beaton S. 1995. Community  outbreak of hemolytic uremic 
syndrome attributable to Es cherichia coli O111:NM—South 

Australia, 1995. Morbid  Mortal Weekly Rep 44:550–551, 557, 
558.   

 39. Capek I and Ilef D. 1993. An unusual epidemic in Oise  
[Fr]. Bull Epidemiol Hebdomadaire 48:221–222.   

 40. Caprioli A, Luzzi I, Rosmini F, Resti C, Edefonti A,  
Perfumo F, Farina C, Goglio A, Gianviti A, and Rizzoni  G. 

1994. Communitywide outbreak of hemolytic-uremic  syndrome 
associated with non-O157 verocytotoxin producing Escherichia 

coli. J Infect Dis 169:208–211.   
 41. Caprioli A, Morabito S, Brugère H, and Oswald E. 2005.  

Enterohaemorrhagic Escherichia coli: emerging issues on  
virulence and modes of transmission. Vet Res 36:289– 
311.   

 42. Carroll KC, Adamson K, Korgenski K, Croft A,  Hankemeier 
R, Daly J, and Park CH. 2003. Comparison of  a commercial 
Reversed Passive Latex Agglutination  Assay to an enzyme 

immunoassay for the detection of  shiga toxin-producing 
Escherichia coli. Eur J Clin   

Microbiol Infect Dis 22:689–692.   
 43. Centers for Disease Control and Prevention. 2005.  

Bacterial foodborne and diarrheal disease national case  
surveillance. Annual Report, 2003.   

Uhttp://www.cdc.gov/foodborneoutbreaks/documents/fbsurv
s umm2003.pdf  

 44. Centers for Disease Control and Prevention. 2007.  
Bacterial foodborne and diarrheal disease national case  
surveillance. 2004.   
Uhttp://www.cdc.gov/foodborneoutbreaks/documents/fbsurv
s umm2004.pdf   

 45. Centers for Disease Control and Prevention. 2007. Bacte rial 
foodborne and diarrheal disease national case surveil 
lance. Annual Report, 2005.   
HUhttp://www.cdc.gov/foodborneoutbreaks/documents/fbsur
vs umm2005.pdfUH   

 46. Centers for Disease Control and Prevention. 2006.  
Importance of culture confirmation of shiga toxin  
producing Escherichia coli infection as illustrated by  
outbreaks of gastroenteritis—New York and North  
Carolina, 2005. Morbid Mortal Weekly Rep 55(38).   

 47. Centers for Disease Control and Prevention. 2007.  
Summary of notifiable diseases—United States, 2005.  Morbid 

Mortal Weekly Rep 54:76.   
 48. Centers for Disease Control and Prevention. 2008.  

FoodNet Surveillance Report for 2005.   
Uhttp://www.cdc.gov/foodnet/annual/2005/2005_AR_Repor
t. pdf  

 49. Centers for Disease Control and Prevention. 2009.  
Compendium of measures to prevent disease associated  
with animals in public settings. Morbid Mortal Weekly  
Rep 58:1–21.   

 50. Centers for Disease Control and Prevention. 2009.  
Outbreak surveillance data.   

HUhttp://www.cdc.gov/outbreaknet/surveillance_data.html  51. Cho S, 
Diez-Gonzalez F, Fossler CP, Wells SJ, Hedberg  CW, Kaneene JB, 
Ruegg PL, Warnick LD, and Bender JB.  2006. Prevalence of shiga 
toxin-encoding bacteria and  shiga toxin-producing Escherichia coli 

isolates from dairy  farms and county fairs. Vet Microbiol 
118:289–298.   52. Cho S, Fossler CP, Diez-Gonzalez F, Wells SJ, 
Hedberg  CW, Kaneene JB, Ruegg PL, Warnick LD, and Bender 

JB.  2009. Cattle-level risk factors associated with fecal  shedding 
of shiga toxin-encoding bacteria on dairy farms,  Minnesota, USA. 

Can J Vet Res 73:151–156.   
 53. Cobbold RN, Davis MA, Rice DH, Szymanski M, Tarr PI,  

Besser TE, and Hancock DD. 2008. Associations between  bovine, 
human, and raw milk and beef isolates of non O157 shiga toxigenic 
Escherichia coli within a restricted  geographic area of the United 

States. J Food Prot   
71:1023–1027.   

 54. Combs BG, Wise RP, Tribe IG, Mwanri L, and Raupach  
JCA. 2003. Investigation of two clusters of shiga toxin producing 

Escherichia coli cases in South Australia.  Commun Dis 
Intelligence 27:517–519.   

 55. Cookson AL, Taylor SCS, Bennett J, Thomson-Carter F,  and 
Attwood GT. 2006. Serotypes and analysis of distri bution 
of shiga toxin-producing Escherichia coli from  cattle and 
sheep in the Lower North Island, New Zealand.  N Z Vet J 
54:78–84.   

 56. Coombes BK, Wickham ME, Mascarenhas M, Gruenheid  S, 
Finlay BB, and Karmali MA. 2008. Molecular analysis  as 
an aid to assess the public health risk of non-O157  shiga 
toxin-producing Escherichia coli strains. Appl Envi ron 
Microbiol 74:2153–2160.   



 57. Cutter CN and Rivera-Betancourt M. 2000. Interventions  for 
the reduction of Salmonella Typhimurium DT 104 and  
Non-O157:H7 enterohemorrhagic Escherichia coli on beef  
surfaces. J Food Prot 63:1326–1332.   

 58. De Paula CJS and Marin JM. 2008. Occurrence of non O157 

shiga toxin-producing Escherichia coli in dogs with  diarrhea. 
Ciencia Rural 38:1682–1686.   

 59. De Sablet T, Bertin Y, Vareille M, Girardeau JP, Garrivier  A, 
Gobert AP, and Martin C. 2008. Differential expression  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources 19  

of Stx(2) variants in shiga toxin-producing Escherichia  
coli belonging to seropathotypes A and C. Microbiology  
154:176–186.   

 60. De Schrijver K, Buvens G, Possé B, Van Den Branden D,  
Oosterlynck C, De Zutter L, Eilers K, Piérard D, Dierick  
K, Van Damme-Lombaerts R, Lauwers C, and Jacobs R.  
2008. Outbreak of verocytotoxin-producing E. coli O145  
and O26 infections associated with the consumption of ice  
cream produced at a farm, Belgium, 2007. Euro Surveill  
13(7):pii=8041.   
Uhttp://www.eurosurveillance.org/ViewArticle.aspx?ArticleId
= 8041  

 61. Deschênes G, Casenave C, Grimont F, Desenclos JC,  
Benoit S, Collin M, Baron S, Mariani P, Grimont P, and  
Nivet H. 1996. Cluster of cases of haemolytic uraemic  
syndrome due to unpasteurised cheese. Pediatr Nephrol  
10:203–205.   

 62. Desrosiers A, Fairbrother JM, Johnson RP, Desautels C,  
Letellier A, and Quessy S. 2001. Phenotypic and geno 
typic characterization of Escherichia coli verotoxin-pro 
ducing isolates from humans and pigs. J Food Prot  
64:1904–1911.   

 63. Djordjevic SP, Ramachandran V, Bettelheim KA,  
Vanselow BA, Holst P, Bailey G, and Hornitzky MA.  
2004. Serotypes and virulence gene profiles of shiga  
toxin-producing Escherichia coli strains isolated from  
feces of pasture-fed and lot-fed sheep. Appl Environ  
Microbiol 70:3910–3917.   

 64. Doyle ME, Archer J, Kaspar CW, and Weiss R. 2006.  
Human illness caused by E. coli O157:H7 from food and  
non-food sources.   
Uhttp://fri.wisc.edu/briefs/FRIBrief_EcoliO157H7humanillnes
s. pdf  

 65. Dreesman J, Pulz M, Röttgers HR, and Mellman A. 2008.  
Outbreak of EHEC infection associated with raw milk  
consumption at a holiday camp [Ger]. Epidemiol Bull  
Robert Koch Inst 16–18.   

 66. Duffy G, Walsh C, Blair IS, and McDowell DA. 2006.  
Survival of antibiotic resistant and antibiotic sensitive  
strains of E. coli O157 and E. coli O26 in food matrices.  
Int J Food Microbiol 109:179–186.   

 67. Duris JW, Haack SK, and Fogarty LR. 2009. Gene and  
antigen markers of shiga-toxin producing E. coli from  
Michigan and Indiana river water: occurrence and relation  
to recreational water quality criteria. J Environ Qual  
38:1878–1886.   

 68. Durso LM, Bono JL, and Keen JE. 2005. Molecular sero 
typing of Escherichia coli O26:H11. Appl Environ Micro 
biol 71:4941–4944.   

 69. Durso LM, Bono JL, and Keen JE. 2007. Molecular sero 
typing of Escherichia coli O111:H8. J Microbiol Meth  
69:381–383.   

 70. Döpfer D, Geue L, de Bree J, and de Jong MCM. 2006.  
Dynamics of verotoxin-producing Escherichia coli iso 
lated from German beef cattle between birth and slaughter.  
Prev Vet Med 73:229–240.   

 71. Elliott EJ, Robins-Browne RM, O’Loughlin EV, Bennett Wood 
V, Bourke J, Henning P, Hogg GG, Knight J,  Powell H, and 
Redmond D. 2001. Nationwide study of  haemolytic uraemic 

syndrome: clinical, microbiological,  and epidemiological features. 

Arch Dis Child 85:125–131.   
 72. Espié E, Grimont F, Mariani-Kurkdjian P, Bouvet P,  

Haeghebaert S, Filliol I, Loirat C, Decludt B., Minh NNT,  
Vaillant V, and De Valk H. 2008. Surveillance of hemo 
lytic uremic syndrome in children less than 15 years of  
age, a system to monitor O157 and non-O157 shiga toxin 
producing Escherichia coli infections in France, 1996– 
2006. Pediatr Infect Dis J 27:595–601.   

 73. Espié E, Grimont F, Vaillant V, Montet MP, Carle I,  Bavai C, 
De Valk H, and Vernozy-Rozand C. 2006. O148   

shiga toxin-producing Escherichia coli outbreak: micro 
biological investigation as a useful complement to epide 
miological investigation. Clin Microbiol Infect 12:992– 
998.   

 74. Ethelberg S, Smith B, Torpdahl M, Lisby M, Boel J,  Jensen T, 
and Mølbak K. 2007. An outbreak of verocyto 
toxin-producing Escherichia coli O26:H11 caused by beef  
sausage, Denmark 2007. Euro Surveill 12(22):pii=3208.  
Uhttp://www.eurosurveillance.org/ViewArticle.aspx?ArticleId= 
3208  

 75. Ethelberg S, Smith B, Torpdahl M, Lisby M, Boel J,  Jensen 
T, Nielsen EM, and Mølbak K. 2009. Outbreak of  
non-O157 shiga toxin-producing Escherichia coli infec 
tion from consumption of beef sausage. Clin Infect Dis  
48:E78–E81.   
 76. Etoh Y, Murakami K, Ichihara S, Sera N, Hamasaki M,  

Takenaka S, Horikawa K, Kawano K, Takeishi T, Kuwana  Y, 
Inoue A, Nagatsu Y, Hira Y, Takahashi M, and Ito K.  2009. 

Isolation of shiga toxin 2f-producing Escherichia  coli 
(O115:HNM) from an adult symptomatic patient in  Fukuoka 

Prefecture, Japan. Jap J Infect Dis 62:315–317.   
 77. Evans J, Knight HI, Smith AW, Pearce MC, Hall M,  Foster 

G, Low JC, and Gunn GJ. 2008. Cefixime-tellurite  rhamnose 
MacConkey agar for isolation of verocytotoxin producing 

Escherichia coli serogroup O26 from Scottish  cattle and sheep 
faeces. Lett Appl Microbiol 47:148–152.   

 78. Farooq S, Hussain I, Mir MA, Bhat MA, and Wani SA.  
2009. Isolation of atypical enteropathogenic Escherichia  
coli and shiga toxin 1 and 2f-producing Escherichia coli 
from avian species in India. Lett Appl Microbiol 
48:692– 697.   

 79. Feng P, Weagant SD, and Monday SR. 2001. Genetic  
analysis for virulence factors in Escherichia coli  

O104:H21 that was implicated in an outbreak of hemor 
rhagic colitis. J Clin Microbiol 39:24–28.   

 80. Fischer JR, Zhao T, Doyle MP, Goldberg MR, Brown CA,  
Sewell CT, Kavanaugh DM, and Bauman CD. 2001. Ex 
perimental and field studies of Escherichia coli O157:H7  
in white-tailed deer. Appl Environ Microbiol 67:1218– 
1224.   

 81. Frank C, Kapfhammer S, Werber D, Stark K, and Held L.  
2008. Cattle density and shiga toxin-producing Escher 
ichia coli infection in Germany: increased risk for most  
but not all serogroups. Vector-borne Zoonotic Dis 8:635– 
643.   

 82. Fratamico PM, Bagi LK, Bush EJ, and Solow BT. 2004.  
Prevalence and characterization of shiga toxin-producing  

Escherichia coli in swine feces recovered in the National  Animal 
Health Monitoring System’s Swine 2000 study.  Appl Environ 

Microbiol 70:7173–7178.   
 83. Fratamico PM, Debroy C, Liu YH. 2009. The DNA se quence 
of the Escherichia coli O22 O-antigen gene cluster  and detection 



of pathogenic strains belonging to E. coli serogroups O22 and O91 
by multiplex PCR assays target ing virulence genes and genes in 

the respective O-antigen  gene clusters. Food Anal Meth 
2:169–179.   

 84. Fratamico PM, DebRoy C, Miyamoto T, and Liu YH.  2009. 
PCR detection of enterohemorrhagic Escherichia  coli O145 in 

food by targeting genes in the E. coli O145  O-antigen gene 
cluster and the shiga toxin 1 and shiga  toxin 2 genes. Foodborne 

Path Dis 6:605–611.   

 85. Fremaux B, Delignette-Muller ML, Prigent-Combaret C,  
Gleizal A, and Vernozy-Rozand C. 2007. Growth and sur vival of 

non-O157:H7 shiga-toxin-producing Escherichia  coli in cow 
manure. J Appl Microbiol 102:89–99.   

 86. Fremaux B, Prigent-Combaret C, Delignette-Muller ML,  
Dothal M, and Vernozy-Rozand C. 2007. Persistence of  
shiga toxin-producing Escherichia coli O26 in cow slurry.  
Lett Appl Microbiol 45:55–61.  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

20 FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources  

 87. Fremaux B, Prigent-Combaret C, Delignette-Muller ML,  
Mallen B, Dothal M, Gleizal A, and Vernozy-Rozand C.  
2008. Persistence of shiga toxin-producing Escherichia  
coli O26 in various manure-amended soil types. J Appl  
Microbiol 104:296–304.   

 88. Froehlich J, Baljer G, and Menge C. 2009. Maternally and  
naturally acquired antibodies to shiga toxins in a cohort of  
calves shedding shiga-toxigenic Escherichia coli. Appl  
Environ Microbiol 75:3695–3704.   

 89. Fukushima H, Hoshina K, and Gomyoda M. 1999. Long 
term survival of shiga toxin-producing Escherichia coli 
O26, O111, and O157 in cattle feces. Appl Environ  
Microbiol 65:5177–5181.   

 90. Förster M, Sievert K, Messler S, Klimpel S, and Feffer K.  
2009. Comprehensive study on the occurrence and distri bution of 
pathogenic microorganisms carried by synan thropic flies caught at 

different rural locations in Ger many. J Med Entomol 
46:1164–1166.   

 91. Garcia A and Fox JG. 2003. The rabbit as a new reservoir  
host of enterohemorrhagic Escherichia coli. Emerg Infect  
Dis 9:1592–1597.   

 92. Gareis M, Pichner R, Brey N, and Steinrueck H. 2000.  
Shedding of verotoxigenic E. coli by healthy staff of a  
food producing company. Bundesgesundheitsblatt   
Gesundheitsforschung Gesundheitsschutz 43(10):781– 
787.   

 93. Garvey P, McKeown P, Carroll A, and McNamara E.  2009. 
Epidemiology of verotoxigenic E. coli in Ireland,  2008. 
Epi-Insight 10.   

 94. Gavin PJ, Peterson LR, Pasquariello AC, Blackburn J,  
Hamming MG, Kuo KJ, and Thomson RB. 2004.   

Evaluation of performance and potential clinical impact of  
ProSpecT Shiga toxin Escherichia coli microplate assay  
for detection of Shiga toxin-producing E. coli in stool  
samples. J Clin Microbiol 42:1652–1656.   

 95. Gilbert RA, Denman SE, Padmanabha J, Fegan N, Ajmi  D, 
and McSweeney CS. 2008. Effect of diet on the  concentration of 

complex shiga toxin-producing   
Escherichia coli and EHEC virulence genes in bovine  
faeces, hide and carcass. Int J Food Microbiol 121:208– 
216.   

 96. Gilbreath JJ, Shields MS, Smith RL, Farrell LD, Sheridan  PP, 
and Spiegel KM. 2009. Shiga toxins, and the genes  encoding 

them, in fecal samples from native Idaho  ungulates. Appl Environ 
Microbiol 75:862–865.   

 97. Goncalves VP and Morin JM. 2007. Fate of non O157  
shiga toxigenic Escherichia coli in composted cattle  
manure. Arquivo Brasileiro De Medicina Veterinaria E  
Zootecnia 59:825–831.   

 98. Gough JM, Conlan LL, Denman SE, Krause DO, Smith  
WJM, Williamson MA, and McSweeney CS. 2006.  Screening of 

bacteria from the cattle gastrointestinal tract  for inhibitory 
activity against enterohemorrhagic   

Escherichia coli O157:H7, O111:H–, and O26:H11. J  
Food Prot 69:2843–2850.   

 99. Gould HL, Bopp C, Strockbine N, Atkinson R, Baselski  V, 
Body B, Carey R, Crandall C, Hurd S, Kaplan RAY,  
Neill M, Shea S, Somsel P, Tobin-D’Angelo M, Griffin  
PM, Gerner-Smidt P. 2009. Recommendations for   
diagnosis of shiga toxin—producing Escherichia coli 
infections by clinical laboratories. MMWR Recomm Rep  
58:1–14.   

 100. Gourmelon M, Montet MP, Lozach S, Le Mennec C,  
Pommepuy M, Beutin L, and Vernozy-Rozand C. 2006.  
First isolation of Shiga toxin 1d producing variant strains  
in shellfish from coastal areas in France. J Appl Microbiol  
100:85–97.   

 101. Grant MA, Mogler MA, and Harris DL. 2009. Comparison  of 
enrichment procedures for shiga toxin-producing   

Escherichia coli in wastes from commercial swine farms.  
J Food Prot 72:1982–1986.   

 102. Grossmann K, Weniger B, Baljer G, Brenig B, and Wieler  
LH. 2005. Racing, ornamental and city pigeons carry  Shiga toxin 

producing Escherichia coli (STEC) with  different Shiga toxin 
subtypes, urging further analysis of  their epidemiological role in 

the spread of STEC. Berlin  Munch Tierarzt Wochenschr 
118:456–463.   

 103. Grys TE, Sloan LM, Rosenblatt JE, and Patel R. 2009.  Rapid 
and sensitive detection of shiga toxin-producing  
Escherichia coli from nonenriched stool specimens by  
real-time PCR in comparison to enzyme immunoassay and   
culture. J Clin Microbiol 47:2008–2012.   

 104. Grzadkowska D and Griffiths MW. 2001. Cryotolerance  of 
Escherichia coli O157:H7 in laboratory media and  food. 
J Food Sci 66:1169–1173.   

 105. Gu J, Liu YQ, Yu S, Wang HG, Wang QX, Yi Y, Zhu FC,  Yu 
XJ, Zou QM, and Mao XH. 2009. Enterohemorrhagic  
Escherichia coli trivalent recombinant vaccine containing  
EspA, intimin and Stx2 induces strong humoral immune  
response and confers protection in mice. Microbes Infect  
11:835–841.   

 106. Gudmundsdottir H, Krogvold L, Henrichsen T, Draganov  B, 
Bangstad HJ, Bjerre A, and Os I. 2007. Dialysis in  
hemolytic uremic syndrome in small children. Report of a  
major outbreak of shiga-toxin-producing strain of E. coli  
O103:H25 in Norway. Nephrol Dialysis Transplant  
22(Suppl 6):51.   

 107. Guion, C. E., T. J. Ochoa, C. M. Walker, F. Barletta, and  T. 
G. Cleary. 2008. Detection of diarrheagenic Escher ichia coli by 

use of melting-curve analysis and real-time  multiplex PCR. J 
Clin Microbiol 46:1752–1757.   

 108. Gyles CL. 2007. Shiga toxin-producing Escherichia coli:  
an overview. J Anim Sci 85(Suppl 1):E45–E62.   

 109. Hall LM, Evans J, Smith AW, Pearce MC, Knight HI,  
Foster G, Low JC, and Gunn GJ. 2006. Sensitivity of an  
immunomagnetic-separation-based test for detecting  
Escherichia coli O26 in bovine feces. Appl Environ  
Microbiol 72:7260–7263.   

 110. Hanna JN, Humphreys JL, Ashton SE, and Murphy DM.  
2007. Haemolytic uremic syndrome associated with a  family 
cluster of enterohaemorrhagic Escherichia coli.  Commun Dis 

Intelligence 31:300–303.   
 111. Hara-Kudo Y, Konishi N, Ohtsuka K, Hirramatsu R,  Tanaka 



H, Konum H, and Takatori K. 2008. Detection of  
verotoxigenic Escherichia coli O157 and O26 in food by  
plating methods and LAMP method: a collaborative study.  
Int J Food Microbiol 122:156–161.   

 112. Hara-Kudo Y, Nemoto J, Ohtsuka K, Segawa Y, Takatori  K, 
Kojima T, and Ikedo M. 2007. Sensitive and rapid  
detection of Vero toxin-producing Escherichia coli using  
loop-mediated isothermal amplification. J Med Microbiol  
56:398–406.   

 113. Hara-Kudo Y, Niizuma J, Goto I, Iizuka S, Kaji Y,  
Kamakura K, Suzuki S, and Takatori K. 2008. Surveil 
lance of shiga toxin-producing Escherichia coli in beef  
with effective procedures, independent of serotype. Food 

borne Path Dis 5:97–103.   
 114. Hashimoto H, Mizukoshi K, Nishi M, Kawakita T, Hasui  S, 

Kato Y, Ueno Y, Takeya R, Okuda N, and Takeda T.  1999. 
Epidemic of gastrointestinal tract infection includ ing 

hemorrhagic colitis attributable to shiga toxin 1- producing 
Escherichia coli O118:H2 at a junior high  school in Japan. 

Pediatrics 103(1):e2.   
Uhttp://pediatrics.aappublications.org/cgi/content/full/103/1/
e 2  

 115. Haus-Cheymol R, Espié E, Che D, Vaillant V, DeValk H,  
and Desenclos JC. 2006. Association between indicators  of cattle 

density and incidence of paediatric haemolytic- 

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources 21  

uraemic syndrome (HUS) in children under 15 years of  
age in France between 1996 and 2001: an ecological  
study. Epidemiol Infect 134:712–718.   

 116. Hazarika RA, Singh DK, Kapoor KN, Agarwal RK,  
Pandey AB, and Rajkumar DN. 2004. Detection and  
characterization of verotoxin-producing Escherichia coli 
(VTEC) isolated from buffalo meat. J Food Safety  
24:281–290.   

 117. Hazarika RA, Singh DK, Kapoor KN, K. Bhilegaonkar,  
Agarwal RK, and Malik SVS. 2003. Survivability of vero  
toxic Escherichia coli O111 against sodium benzoate and  
potassium sorbate added to simulating media for beef  
gravy. J Vet Public Health 1:103–112.   

 118. Heinikainen S, Pohjanvirta T, Eklund M, Siitonen A, and  
Pelkonen S. 2007. Tracing shigatoxigenic Escherichia coli  
O103, O145, and O174 infections from farm residents to  
cattle. J Clin Microbiol 45:3817–3820.   

 119. Henderson H. 2008. Direct and indirect zoonotic  
transmission of shiga toxin-producing Escherichia coli. J  
Am Vet Med Assoc 232:848–859.   

 120. Heuvelink AE, Zwartkruis-Nahuis JTM, van den  Biggelaar 
FLAM, van Leeuwen WJ, and de Boer E. 1999.  Isolation 
and characterization of verocytotoxin-producing  
Escherichia coli O157 from slaughter pigs and poultry. Int  
J Food Microbiol 52:67–75.   

 121. Hiramatsu R, Matsumoto M, Sakae K, and Miyazaki Y.  
2005. Ability of Shiga toxin-producing Escherichia coli and 

Salmonella spp. to survive in a desiccation model  system and in 
dry foods. Appl Environ Microbiol   

71:6657–6663.   
 122. Hiruta N, Murase T, and Okamura N. 2001. An outbreak  of 

diarrhoea due to multiple antimicrobial-resistant shiga  
toxin-producing Escherichia coli O26:H11 in a nursery.  
Epidemiol Infect 127:221–227.   

 123. Hoshina K, Itagaki A, Seki R, Yamamoto K, Masuda S,  
Muku T, and Okada N. 2001. Enterohemorrhagic   
Escherihia coli O26 outbreak caused by contaminated  
natural water supplied by facility owned by local   
community. Jap J Infect Dis 54:247–248.   

 124. Hu J, Green DA, Swoveland J, Grant M, and Boyle DS.  
2009. Preliminary evaluation of a procedure for improved  

detection of shiga toxin-producing Escherichia coli in  fecal 
specimens. Diagn Microbiol Infect Dis 65:21–26.   

 125. Hughes LA, Bennett M, Coffey P, Elliott J, Jones TR,  
Jones RC, Lahuerta-Marin A, McNiffe K, Norman D,  
Williams NJ, and Chantrey J. 2009. Risk factors for the  
occurrence of Escherichia coli virulence genes eae, stx1 
and stx2 in wild bird populations. Epidemiol Infect  
137:1574–1582.   

 126. Hugo AA, Kakisu E, De Antoni GL, and Perez PF. 2008.  
Lactobacilli antagonize biological effects of   

enterohaemorrhagic Escherichia coli in vitro. Lett Appl  

Microbiol 46:613–619.   
 127. Hundy RL and Cameron S. 2004. Risk factors for sporadic  

human infection with shiga toxin-producing Escherichia  
coli in South Australia. Commun Dis Intelligence 28:74– 
79.   

 128. Hung VK and Cornick NA. 2008. Prevalence and genetic  
profiles of shiga toxin-producing Escherichia coli strains  
isolated from buffaloes, cattle, and goats in central Viet 
nam. Vet Microbiol 126:356–363.   

 129. Hussein HS. 2007. Prevalence and pathogenicity of shiga  
toxin-producing Escherichia coli in beef cattle and their  products. 

J Animal Sci 85(Suppl 1):E63–E72.   
 130. Hussein HS and Bollinger LM. 2005. Prevalence of Shiga  

toxin-producing Escherichia coli in beef. Meat Sci  
71:676–689.   

 131. Hussein HS and Bollinger LM. 2005. Prevalence of Shiga  
toxin-producing Escherichia coli in beef cattle. J Food  
Prot 68:2224–2241.   

 132. Hussein HS, Bollinger LM, and Hall MR. 2008. Growth  
and enrichment medium for detection and isolation of  
shiga toxin-producing Escherichia coli in cattle feces. J  
Food Prot 71:927–933.   

 133. Hussein HS and Sakuma T. 2005. Prevalence of Shiga  
toxin-producing Escherichia coli in dairy cattle and their  
products. J Dairy Sci 88:450–465.   

 134. Hussein HS and Sakuma T. 2005. Shiga toxin-producing 
Escherichia coli: pre- and postharvest control measures to  
ensure safety of dairy cattle products. J Food Prot 68:199– 
207.   

 135. Hussein HS, Thran BH, and Glimp HA. 2003. Verotoxin 
producing Escherichia coli in sheep grazing an irrigated  
pasture or arid rangeland forages. Exp Biol Med 228:358– 
364.   

 136. Iizuka S, Tsunomori Y, Tabara K, Tsuda K, and Fukuma  T. 
2005. An outbreak of mixed infection of enterohemor 
rhagic Escherichia coli O26:H11 and norovirus genogroup  
II at a kindergarten in Shimane, Japan. Jap J Infect Dis  
58:329–330.   

 137. Imamovic L, Jofre J, Schmidt H, Serra-Moreno R, and  
Muniesa M. 2009. Phage-mediated shiga toxin 2 gene  
transfer in food and water. Appl Environ Microbiol  
75:1764–1768.   

 138. Islam MA, Mondol AS, De Boer E, Beumer RR,  Zwietering 
MH, Talukder KA, and Heuvelink AE. 2008.  Prevalence 
and genetic characterization of shiga toxin producing 
Escherichia coli isolates from slaughtered  animals in 
Bangladesh. Appl Environ Microbiol 74:5414– 5421.   

 139. Jenkins C, Evans J, Chart H, Willshaw GA, and Frankel  G. 
2008. Escherichia coli serogroup O26—a new look at  an old 

adversary. J Appl Microbiol 104:14–25.   
 140. Jeon BW/Jeong JM, Won GY, Park H, Eo SK, Kang HY,  Hur 

J, and Lee JH. 2006. Prevalence and characteristics of  
Escherichia coli O26 and O111 from cattle in Korea. Int J  
Food Microbiol 110:123–126.   



 141. Johnsen G, Wasteson Y, Heir E, Berget OI, and Herikstad  H. 
2001. Escherichia coli O157 H7 in faeces from cattle,  sheep and 
pigs in the southwest part of Norway during  1998 and 1999. Int J 

Food Microbiol 65:193–200.   
 142. Johnson KE, Thorpe CM, Sears CL. 2006. The emerging  

clinical importance of non-O157 shiga toxin-producing  
Escherichia coli. Clin Infect Dis 43:1587–1595.   

 143. Johnson RP, Clarke RC, Wilson JB, Read SC, Rahn K,  
Renwick SA, Sandhu KA, Alves D, Karmali MA, Lior H,  
McEwen SA, Spika JS, and Gyles CL. 1996. Growing  
concerns and recent outbreaks involving non-O157:H7  
serotypes of verotoxigenic Escherichia coli. J Food Prot  
59:1112–1122.   

 144. Kalchayanand N, Arthur TM, Bosilevac JM, Brichta Harhay 

DM, Guerini MN, Shackelford SD, Wheeler TL,  and Koohmaraie 
M. 2007. Microbiological characteriza tion of lamb carcasses at 
commercial processing plants in  the United States. J Food Prot 

70:1811–1819.   
 145. Kanki M, Seto K, Sakata J, Harada T, and Kumeda Y.  2009. 

Simultaneous enrichment of shiga toxin-producing  
Escherichia coli O157 and O26 and Salmonella in food  
samples using universal preenrichment broth. J Food Prot  
72:2065–2070.   

 146. Karch H and Bielaszewska M. 2001. Sorbitol-fermenting  
Shiga toxin-producing Escherichia coli O157:H– strains:  
epidemiology, phenotypic and molecular characteristics,  
and microbiological diagnosis. J Clin Microbiol 39:2043– 
2049.  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

22 FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources  

 147. Karmali MA, Mascarenhas M, Shen SH, Ziebell K,  Johnson 
S, Reid-Smith R, Isaac-Renton J, Clarks C, Rahn  K, and Kaper 
JB. 2003. Association of genomic O island  122 of Escherichia 
coli EDL 933 with verocytotoxin-pro ducing Escherichia coli 

seropathotypes that are linked to  epidemic and/or serious disease. 
J Clin Microbiol   

41:4930–4940.   
 148. Karmali MA, Petric M, Lim C, Fleming PC, Arbus GS,  

and Lior H. 1985. The association between idiopathic  
hemolytic uremic syndrome and infection by verotoxin 
producing Escherichia coli. J Infect Dis 151:775–782.   

 149. Kato K, Shimoura R, Nashimura K, Yoshifuzi K,  
Shiroshita K, Sakurai N, Kodama H, and Kuramoto S.  
2005. Outbreak of enterohemorrhagic Escherichia coli 
O111 among high school participants in excursion to  
Korea. Jap J Infect Dis 58:332–333.   

 150. Kaufmann M, Zweifel C, Blanco M, Blanco JE, Blanco J,  
Beutin L, and Stephan R. 2006. Escherichia coli O157 and  
non-O157 Shiga toxin-producing Escherichia coli in fecal  
samples of finished pigs at slaughter in Switzerland. J  
Food Prot 69:260–266.   

 151. Keen JE, Wittum JE, Dunn JR, Bono JL, and Durso LM.  
2006. Shiga-toxigenic Escherichia coli O157 in   

agricultural fair livestock, United States. Emerg Infect Dis  
12:780–786.   

 152. Keene WE, Sazie E, Kok J, Rice DH, Hancock DD, Balan  
VK, Zhao T, and Doyle MP. 1997. An outbreak of  Escherichia 
coli O157:H7 infections traced to jerky made  from deer meat. J 

Am Med Assoc 277:1229–1231.   
 153. Kehl KS, Havens P, Behnke CE, and Acheson DW K.  1997. 

Evaluation of the premier EHEC assay for detection  of shiga 
toxin-producing Escherichia coli. J Clin   

Microbiol 35:2051–2054.   
 154. Khan AB, Naim A, Orth D, Grif K, Mohsin M, Prager R,  

Dierich MP, and Wurzner R. 2009. Serine protease espP  subtype 
alpha, but not beta or gamma, of shiga toxin producing Escherichia 

coli is associated with highly  pathogenic serogroups. Int J Med 
Microbiol 299:247–254.   

 155. Kijima-Tanaka M, Ishihara K, Kojima A, Morioka A,  
Nagata R, Kawanishi M, Nakazawa M, Tamura Y, and  
Takahashi T. 2005. A national surveillance of Shiga toxin 
producing Escherichia coli in food-producing animals in  
Japan. J Vet Med Ser B 52:230–237.   

 156. Kobayashi H, Kanazaki M, Hata E, and Kubo M. 2009.  
Prevalence and characteristics of eae- and stx-positive  strains of 

Escherichia coli from wild birds in the   
immediate environment of Tokyo Bay. Appl Environ  
Microbiol 75:292–295.   

 157. Kobayashi H, Kanazaki M, Ogawa T, Iyoda S, and Hara 
Kudo Y. 2009. Changing prevalence of O-serogroups and  

antimicrobial susceptibility among STEC strains isolated  from 
healthy dairy cows over a decade in Japan between  1998 and 

2007. J Vet Med Sci 71:363–366.   
 158. Koohmaraie M, Arthur TM, Bosilevac JM, Guerini M,  

Shackelford SD, and Wheeler TL. 2005. Post-harvest  
interventions to reduce/eliminate pathogens in beef. Meat  
Sci 71:79–91.   

 159. Kuda T, Yano T, and Kuda MT. 2008. Resistances to  
benzalkonium chloride of bacteria dried with food   

elements on stainless steel surface. Lwt-Food Sci Technol  
41:988–993.   

 160. Kumar HS, Otta SK, Karunasagar I, and Karunasagar I.  
2001. Detection of shiga-toxigenic Escherichia coli (STEC) in 
fresh seafood and meat marketed in Mangalore,  India by PCRr. 

Lett Appl Microbiol 33:334–338.   
 161. Lainhart W, Stolfa G, and Koudelka GB. 2009. Shiga  toxin 
as a bacterial defense against a eukaryotic predator,  Tetrahymena 

thermophila. J Bacteriol 191:5116–5122.   
 162. Large TM, Walk ST, and Whittam TS. 2005. Variation in  

acid resistance among shiga toxin-producing clones of  
pathogenic Escherichia coli. Appl Environ Microbiol  
71:2493–2500.   

 163. Lathrop S, Edge K, and Bareta J. 2009. Shiga-toxin  
producing Escherichia coli, New Mexico, USA, 2004– 2007. 

Emerg Infect Dis 15:1289–1291.   
 164. Leclercq A and Mahillon J. 2003. Farmed rabbits and  

ducks as vectors for VTEC O157:H7. Vet Rec 152:723– 
724.   

 165. Lee SH, Levy DA, Craun GF, Beach MJ, and Calderon  
RL. 2002. Surveillance for waterborne disease   
outbreaks—United States—1999–2000. Morbid Mortal  
Weekly Rep 51:1–28.   

 166. Leitch ECM and Stewart CS. 2002. Susceptibility of  
Escherichia coli O157 and non-O157 isolates to lactate.  
Lett Appl Microbiol 35:176–180.   

 167. LeJeune JT and Davis MA. 2004. Outbreaks of zoonotic  
enteric disease associated with animal exhibits. J Am Vet  
Med Assoc 224:1440–1445.   

 168. Leotta GA, Deza N, Origlia J, Toma C, Chinen I,  Miliwebsky 
E, Iyoda S, Sosa-Estani S, and Rivas M. 2006.  Detection 
and characterization of shiga toxin-producing  Escherichia 
coli in captive non-domestic mammals. Vet  Microbiol 
118:151–157.   

 169. Liu J, Sun Y, Feng SZ, Zhu LW, Guo XJ, and Qi C. 2009.  
Towards an attenuated enterohemorrhagic Escherichia  coli 
O157:H7 vaccine characterized by a deleted ler gene  and 

containing apathogenic shiga toxins. Vaccine   
27:5929–5935.   

 170. Liu WC, Shaw DJ./Matthews L, Hoyle DV, Pearce MC,  
Yates CM, Low JC, Amyes SGB, Gunn GJ, and   
Woolhouse MEJ. 2007. Modelling the epidemiology and  
transmission of Verocytotoxin-producing Escherichia coli  



serogroups O26 and O103 in two different calf cohorts.  
Epidemiol Infect 135:1316–1323.   

 171. Lockary VM, Hudson RF, and Ball CL. 2007. Shiga toxin 
producing Escherichia coli, Idaho. Emerg Infect Dis  
13:1262–1264.   

 172. Lorusso V, Dambrosio A, Normanno G, Quaglia NC,  
Celano GV, Germinario GL, Lucifora G, and Salandra  
GLA. 2009. Duplex PCR for the identification and  
characterization of Escherichia coli O26 VTEC. Industrie  
Alimentari 48:44–48.   

 173. Lorusso V, Dambrosio A, Quaglia NC, Parisi A, La  Salandra 
G, Lucifora G, Mula G, Virgilio S, Carosielli L,  Rella A, 
Dario M, and Normanno G. 2009. Verocytotoxin 
producing Escherichia coli O26 in raw water buffalo  
(Bubalus bubalis) milk products in Italy. J Food Prot  
72:1705–1708.   

 174. Madic J, Lecureuil C, Dilasser F, Derzelle S, Jamet E,  
Fach P, and Auvray F. 2009. Screening of food raw  

materials for the presence of shiga toxin-producing  
Escherichia coli O91:H21. Lett Appl Microbiol 48:447– 
451.   

 175. Manna SK, Das R, and Manna C. 2008. Microbiological  
quality of finfish and shellfish with special reference to  
shiga toxin-producing Escherichia coli O157. J Food Sci  
73:M283–M286.   

 176. Marler Clark. E. coli blog. 2007.   
Uhttp://www.ecoliblog.com/articles/e-coli-outbreaks/  

 177. McCarthy TA, Barrett NL, Hadler JL, Salsbury B, Howard  
RT, Dingman DW, Brinkman CD, Bibb WF, and Cartter  
ML. 2001. Hemolytic-uremic syndrome and Escherichia  
coli O121 at a lake in Connecticut, 1999. Pediatrics  
108(4):e59.   

Uhttp://www.pediatrics.org/cgi/content/full/108/4/e59  178. 
McPherson M, Kirk M, Raupach J, and Koehler A. 2008.  Risk 

factors of sporadic human infection of shiga toxin  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources 23  

producing Escherichia coli O157 and non-O157 in  
Australia. Int J Infect Dis 12:E217.   

 179. Mellmann A, Bielaszewska M, and Karch H. 2009.  
Intrahost genome alterations in enterohemorrhagic  

Escherichia coli. Gastroenterology 136:1925–1938.   
 180. Mellmann A, Fruth A, Friedrich AW, Wieler LH,  Harmsen 

D, Werber D, Middendorf B, Bielaszewska M,  and Karch 
H. 2009. Phylogeny and disease association of  shiga 
toxin-producing Escherichia coli O91. Emerg Infect  Dis 
15:1474–1477.   

 181. Mercado EC, Rodriguez SM, Elizondo AM, Marcoppido  G, 
and Parreno V. 2004. Isolation of shiga toxin  

producing Escherichia coli from a South American  
camelid (Lama guanicoe) with diarrhea. J Clin Microbiol  
42:4809–4811.   

 182. Miko A, Pries K, Haby S, Steege K, Albrecht N, Krause  G, 
and Beutin L. 2009. Assessment of shiga toxin  

producing Escherichia coli isolates from wildlife meat as  
potential pathogens for humans. Appl Environ Microbiol  
75:6462–6470.   

 183. Minnesota Dept. of Health. 2002. Escherichia coli O157  
infection and hemolytic uremic syndrome (HUS), 2001.  
HUhttp://www.health.state.mn.us/divs/idepc/newsletters/dcn
/s um01/ecoli.htmlUH   

 184. Misselwitz J, Karch H, Bielazewska M, John U,  Ringelmann 
F, Rönnefarth G, and Patzer L. 2003. Cluster  of 
hemolytic-uremic syndrome caused by shiga toxin 
producing Escherichia coli O26:H11. Pediatr Infect Dis J  
22:349–354.   

 185. Miyajima Y, Takahashi M, Eguchi H, Honma M,  Tanahashi 
S, Matui Y, Kobayashi G, Tanaka M, Higuchi  T, and 
Takeuchi Y. 2007. Outbreak of enterohernorrhagic  
Escherichia coli O26 in Niigata City, Japan. Jap J Infect  
Dis 60:238–239.   

 186. Molina PM, Sanz ME, Lucchesi PMA, Padola NL, and  
Parma AE. 2005. Effects of acidic broth and juices on the  growth 
and survival of verotoxin-producing Escherichia  colii (VTEC). 

Food Microbiol 22:469–473.   
 187. Monday SR, Beisaw A, and Feng PCH. 2007. Identifica tion 

of shiga toxigenic Escherichia coli seropathotypes A  and B by 
multiplex PCR. Molec Cell Probes 21:308–311.   

 188. Montet MP, Christieans S, Thevenot D, Coppet V, Ganet  S, 
Muller MLD, Dunière L, Miszczycha S, and Vernozy Rozand C. 

2009. Fate of acid-resistant and non-acid resis tant shiga 
toxin-producing Escherichia coli strains in  experimentally 

contaminated French fermented raw meat  sausages. Int J Food 
Microbiol 129:264–270.   

 189. Moore K, Damrow T, Abbott DO, and Jankowski S. 1995.  
Outbreak of acute gastroenteritis attributable to Escher ichia coli 
serotype O104:H21—Helena, Montana, 1994.  Morbid Mortal 

Weekly Rep 44:501–503.   
 190. Morabito S, Dell’Omo G, Agrimi U, Schmidt H, Karch H,  

Cheasty T, and Caprioli A. 2001. Detection and charac terization of 
Shiga toxin-producing Escherichia coli in  feral pigeons. Vet 

Microbiol 82:275–283.   
 191. Morgan AK, Piispanen, Humphreys, and Murphy D. 2005.  A 

cluster of cases of haemolytic uraemic syndrome in  north 
Queensland associated with a novel Shiga-like  
toxin-producing Escherichia coli. Commun Dis Intelli 
gence 29:191–193.   

 192. Muraoka R, Okazaki M, Fujimoto Y, Jo N, Yoshida R,  
Kiyoyama T, Oura Y, Hirakawa K, Jyukurogi M, Kawano  K, 
Okada M, Shioyama Y, Iryoda K, Wakamatu H,  Kawabata N. 

2007. An enterohemorrhagic Escherichia  coli O103 outbreak at a 
nursery school in Miyazaki Pre fecture, Japan. Jap J Infect Dis 

60:410–411.   
 193. Murphy M, Buckley JF, Whyte P, O’Mahony M,  Anderson 

W, Wall PG, and Fanning S. 2007. Surveillance  of dairy 
production holdings supplying raw milk to the   

farmhouse cheese sector for Escherichia coli O157, O26  
and O111. Zoonoses Public Health 54:358–365.   

 194. Nagy JO, Zhang Y, Yi W, Liu X, Motari E, Song JC,  Lejeune 
JT, and Wang PG. 2008. Glycopolydiacetylene  
nanoparticles as a chromatic biosensor to detect shiga-like  
toxin producing Escherichia coli O157:H7. Bioorgan Med  
Chem Lett 18:700–703.   

 195. ND Dept. of Health. 2007. Foodborne outbreaks in North  
Dakota 1988–2007.   
http://www.ndhealth.gov/disease/GI/Docs/Foodborne_Out 
breaks_in_ND.pdf.   

 196. Nielsen EM, Jensen C, and Baggesen DL. 2005. Evidence  of 
transmission of verocytotoxin-producing O111 from a  
cattle stable to a child. Clin Microbiol Infect 11:767–770.   

 197. Nielsen EM, Scheutz F, and Torpdahl M. 2006. Continu ous 
surveillance of shiga toxin-producing Escherichia coli infections by 

pulsed-field gel electrophoresis shows that  most infections are 
sporadic. Foodborne Path Dis 3:81–87.   

 198. Nielsen EM, Skov MN, Madsen JJ, Lodal J, Jespersen JB,  
and Baggesen DL. 2004. Verocytotoxin-producing  Escherichia 
coli in wild birds and rodents in close prox imity to farms. Appl 

Environ Microbiol 70:6944–6947.   
 199. Notario R, Fain JC, Prado V, Rios M, Borda N, and  
Gambande T. 2000. Animal reservoir and genotipic char 

acterization of enterohemorrhagic Escherichia coli  
(EHEC) in Argentina. Rev Med Chile 128:1335–1341.   

200. Novotna R, Alexa P, Hamrik J, Madanat A, Smola J, and  



Cizek A. 2005. Isolation and characterization Shiga toxin 
producing Escherichia coli from sheep and goats in Jordan  with 
evidence of multiresistant serotype O157:H7. Vet  Medicina 
50:111–118.   
 201. O’Hanlon KA, Catarame TMG,Blair IS, McDowell DA,  and 

Duffy G. 2005. Comparison of a real-time PCR and an  
IMS/culture method to detect Escherichia coli O26 and  
O111 in minced beef in the Republic of Ireland. Food  
Microbiol 22:553–560.   

 202. Ogura Y, Ooka T, Iguchi A, Toh H, Asadulghani M,  Oshima 
K, Kodama T, Abe H, Nakayama K, Kurokawa K,  Tobe T, Hattori 

M, and Hayashi T. 2009. Comparative  genomics reveal the 
mechanism of the parallel evolution  of O157 and non-O157 

enterohemorrhagic Escherichia  coli. Proc Nat Acad Sci USA 
106:17939–17944.   

 203. Oklahoma State Department of Health. 2009. Epidemi 
ological investigation of restaurant-associated Escherichia  
coli O111:NM outbreak—Mayes County, Oklahoma,  
2008. Final report.   
Uhttp://www.ok.gov/health/documents/EcoliO111SummaryR
e port.pdf  

 204. Oporto B, Esteban JI, Aduriz G, Juste RA, and Hurtado A.  

2008. Escherichia coli O157:H7 and non-O157 Shiga  
toxin-producing E. coli in healthy cattle, sheep and swine  
herds in northern Spain. Zoonoses Public Health 55:73– 
81.   

 205. Orden JA, Cortés C, Horcajo P, De La Fuente R, Blanco  JE, 
Mora A, López C, Blanco J, Contreras A, Sánchez A,  Corrales 
JC, and Domínguez-Bernal G. 2008. A longitudi nal study of 

verotoxin-producing Escherichia coli in two  dairy goat herds. Vet 
Microbiol 132:428–434.   

 206. Orth D, Grif K, Dierich MP, and Würzner R. 2007. Vari 
ability in tellurite resistance and the ter gene cluster  
among Shiga toxin-producing Escherichia coli isolated  
from humans, animals and food. Res Microbiol 
158:105– 111.   

 207. Orth D, Grif K, Dierich MP, and Würzner R. 2006. Sorbi 
tol-fermenting shiga toxin-producing Escherichia coli 
O157: indications for an animal reservoir. Epidemiol  
Infect 134:719–723.   

 208. OzFoodNet Working Group. 2003. OzFoodNet: Enhanc ing 
foodborne disease surveillance across Australia: quar- 

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

24 FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources  

terly report, July to September, 2002. Commun Dis Intel 
ligence 27:90.   

 209. OzFoodNet Working Group. 2007. Monitoring the inci 
dence and causes of diseases potentially transmitted by  
food in Australia: Annual report of the OzFoodNet Net 
work, 2006. Commun Dis Intelligence 31:345–365.   

 210. OzFoodNet Working Group. 2009. OzFoodNet quarterly  
report, 1 October to 31 December 2008. Commun Dis  
Intelligence 33:53–58.   

 211. Palumbo SA, Pickard A, and Call LE. 1997. Population  
changes and verotoxin production of enterohemorrhagic  

Escherichia coli strains inoculated in milk and ground  beef held 
at low temperatures. J Food Prot 60:746–750.   

 212. Park CH, Kim HJ, Hixon DL, and Bubert A. 2003.  
Evaluation of the Duopath Verotoxin Test for detection of  
shiga toxins in cultures of human stools. J Clin Microbiol  
41:2650–2653.   

 213. Paton AW, Ratcliff RM, Doyle RM, Seymour-Murray J,  
Davos D, Lanser JA, and Paton JC. 1996. Molecular  
microbiological investigation of an outbreak of hemolytic 
uremic syndrome caused by dry fermented sausage con 
taminated with shiga-like toxin-producing Escherichia  
coli. J Clin Microbiol 34:1622–1627.   

 214. Pedersen K, Clark L, Andelt WF, and Salman MD. 2006.  
Prevalence of shiga toxin-producing Escherichia coli and  

Salmonella enterica in rock pigeons captured in Fort  Collins, 
Colorado. J Wildlife Dis 42:46–55.   

 215. Perelle S, Dilasser F, Grout J, and Fach P. 2005. Detection  of 
Escherichia coli serogroup O103 by real-time poly merase chain 

reaction. J Appl Microbiol 98:1162–1168.   
 216. Perelle S, Dilasser F, Grout J, and Fach P. 2007. Screening  

food raw materials for the presence of the world’s most  
frequent clinical cases of shiga toxin-encoding Escher 
ichia coli O26, O103, O111, O145 and O157. Int J Food  
Microbiol 113:284–288.   

 217. Perelle S, Dilasser F, Grout JL, and Fach P. 2004. Detec tion 
by 5'-nuclease PCR of shiga-toxin producing Escher ichia coli 

O26, O55, O91, O103, O111, O113, O145 and  O157:H7, 
associated with the world’s most frequent clini cal cases. Molec 

Cell Probes 18:185–192.   
 218. Pichner R, Sander A, Steinruck H, and Gareis M. 2005.  

Occurrence of Salmonella spp. and shigatoxin-producing  
Escherichia coli (STEC) in horse faeces and horse meat  

products. Berlin Munch Tierarzt Wochenschr 118:321– 
325.   

 219. Possé B, De Zutter L, Heyndrickx M, and Herman. 2008.  
Quantitative isolation efficiency of O26, O103, O111,  O145 and 
O157 STEC serotypes from artificially con taminated food and 

cattle faeces samples using a new iso lation protocol. J Appl 
Microbiol 105:227–235.   

 220. Pradel N, Bertin Y, Martin C, and Livrelli V. 2008.  
Molecular analysis of shiga toxin-producing Escherichia  
coli strains isolated from hemolytic-uremic syndrome  
patients and dairy samples in France. Appl Environ  
Microbiol 74:2118–2128.   

 221. Prager R, Fruth A, Siewert U, Strutz U, and Tschäpe H.  
2009. Escherichia coli encoding shiga toxin 2f as an  
emerging human pathogen. Int J Med Microbiol 299:343– 
353.   

 222. Rabatsky-Ehr T, Dingman D, Marcus R, Howard R,  Kinney 
A, and Mshar P. 2002. Deer meat as the source for  a sporadic case 
of Escherichia coli O157:H7 infection,  Connecticut. Emerg Infect 

Dis 8:525–527.   
 223. Ram S, Vajpayee P, Singh RL, and Shanker R. 2009.  

Surface water of a perennial river exhibits multi-anti microbial 
resistant shiga toxin and enterotoxin producing  Escherichia coli. 

Ecotoxicol Environ Safety 72:490–495.   
 224. Reinders RD, Weber MF, Lipman LJA, Verhoeff J, and  

Bijker PGH. 2001. Control of VTEC in Dutch livestock  
and meat production. Int J Food Microbiol 66:79–83.   

 225. Rey J, Blanco JE, Blanco M, Mora A, Dahbi G, Alonso  JM, 
Hermoso M, Hermoso J, Alonso MP, Usera MA,  
González EA, Bernárdez MI, and Blanco J. 2003. Sero 
types, phage types and virulence genes of shiga-producing  
Escherichia coli isolated from sheep in Spain. Vet Micro 
biol 94:47–56.   

 226. Rey J, Sánchez S, Blanco JE, De Mendoza JH, De  
Mendoza MH, García A, Gil C, Tejero N, Rubio R, and  
Alonso JM. 2006. Prevalence, serotypes and virulence  
genes of shiga toxin-producing Escherichia coli isolated  
from ovine and caprine milk and other dairy products in  
Spain. Int J Food Microbiol 107:212–217.   

 227. Rhoades JR, Duffy G, and Koutsoumanis K. 2009. Preva 
lence and concentration of verocytotoxigenic Escherichia  
coli, Salmonella Enterica and Listeria monocytogenes in  
the beef production chain: a review. Food Microbiol  
26:357–376.   

 228. Riley LW, Remis RS, Helgerson SD, McGee HB, Wells  JG, 



Davis BR, Hebert RJ, Olcott ES, Johnson LM,  Hargrett 
NT, Blake PA, and Cohen ML. 1983. Hemor rhagic 
colitis associated with a rare Escherichia coli sero type. 
N Engl J Med 308:681–685.   

 229. Rivas M, Sosa-Estani S, Rangel J, Caletti MG, Vallés P,  
Roldán CD, Balbi L, De Mollar MCM, Amoedo D,  
Miliwebsky E, Chinen I, Hoekstra RM, Mead P, and  
Griffin PM. 2008. Risk factors for sporadic Shiga toxin 
producing Escherichia coli infections in children, Argen 
tina. Emerg Infect Dis 14:763–771.   

 230. Sánchez S, García-Sánchez A, Martínez R, Blanco J,  Blanco 
JE, Blanco M, Dahbi G, Mora A, Hermoso De  Mendoza 
J, Alonso JM, and Rey J. 2009. Detection and  
characterisation of Shiga toxin-producing Escherichia coli  
other than Escherichia coli O157:H7 in wild ruminants.  
Vet J 180:384–388.   

 231. Scaife HR, Cowan D, Finney J, Kinghorn-Perry SF, and  
Crook B. 2006. Wild rabbits (Oryctolagus cuniculus) as  
potential carriers of verocytotoxin-producing Escherichia  
coli. Vet Rec 159:175–178.   

 232. Schamberger GP and Diez-Gonzalez F. 2004. Charac 
terization of colicinogenic Escherichia coli strains inhibi 
tory to enterohemorrhagic Escherichia coli. J Food Prot  
67:486–492.   

 233. Schimmer B, Nygard K, Eriksen HM, Lassen J, Lindstedt  
BA, Brandal LT, Kapperud G, and Aavitsland P. 2008.  Outbreak 

of haemolytic uraemic syndrome in Norway  caused by 
stx2-positive Escherichia coli O103:H25 traced  to cured mutton 

sausages. BMC Infectious Dis 8:41.  
Uhttp://www.biomedcentral.com/1471-2334/8/41  

 234. Schmidt H, Scheef J, Morabito S, Caprioli A, Wieler LH,  and 
Karch A. 2000. A new Shiga toxin 2 variant (Stx2f)  from 
Escherichia coli isolated from pigeons. Appl Environ  
Microbiol 66:1205–1208.   

 235. Schouten JM, van de Giessen AW, Frankena K, De Jong  
MCM, and Graat EAM. 2005. Escherichia coli O157  
prevalence in Dutch poultry, pig finishing and veal herds  
and risk factors in Dutch veal herds. Prev Vet Med 70:1– 
15.   

 236. Sekse C, O’Sullivan K, Granum PE, Rørvik LM,  
Wasteson Y, and Jørgensen HJ. 2009. An outbreak of  
Escherichia coli O103:H25—bacteriological investiga 
tions and genotyping of isolates from food. Int J Food  
Microbiol 133:259–264.   

 237. Sepehriseresht S, Salehi TZ, Sattari M, Tadjbakhsh H, and  
Aslani MM. 2009. Detection of shigatoxigenic Escher ichia coli 

from fecal samples of calves and cattle by  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources 25  

molecular and serological methods. Comp Clin Pathol  
18:53–57.   

 238. Shaw DJ, Jenkins C, Pearce MC, Cheasty T, Gunn GJ,  
Dougan G, Smith HR, Woolhouse A, and Frankel G.  
2004. Shedding patterns of verocytotoxin-producing  
Escherichia coli strains in a cohort of calves and their  
dams on a Scottish beef farm. Appl Environ Microbiol  
70:7456–7465.   

 239. Shaw RK, Berger CN, Feys B, Knutton S, Pallen MJ, and  
Frankel G. 2008. Enterohemorrhagic Escherichia coli exploits 
EspA filaments for attachment to salad leaves.  Appl Environ 

Microbiol 74:2908–2914.   
 240. Sheng HQ, Knecht HJ, Kudva IT, and Hovde CJ. 2006.  

Application of bacteriophages to control intestinal  
Escherichia coli O157:H7 levels in ruminants. Appl Envi 
ron Microbiol 72:5359–5366.   

 241. Shere JA, Kaspar CW, Bartlett KJ, Linden SE, Norell B,  
Francey S, and Schaefer DM. 2002. Shedding of Escher 
ichia coli O157:H7 in dairy cattle housed in a confined  
environment following waterborne inoculation. Appl  
Environ Microbiol 68:1947–1954.   

 242. Skaloud J, Pokludova L, Novotna R, and Cizek A. 2003.  
Evaluation by conductance assay of Shiga toxin producing  
Escherichia coli (STEC) O157 and O26 and their sensi 
tivity to selected disinfectants. Acta Veterinaria Brno  
72:101–109.   

 243. Smith CJ, Olszewski AM, and Mauro SA. 2009. Correla 
tion of Shiga toxin gene frequency with commonly used  
microbial indicators of recreational water quality. Appl  
Environ Microbiol 75:316–321.   

 244. Smith DL, Wareing BM, Fogg PCM, Riley LM, Spencer  M, 
Cox MJ, Saunders JR, McCarthy AJ, and Allison HE.  
2007. Multilocus characterization scheme for Shiga toxin 
encoding bacteriophages. Appl Environ Microbiol   
73:8032–8040.   

 245. Smith KE, Stenzel SA, Bender JB, Wagstrom E,  Soderlund 
D, Leano FT, Taylor CM, Belle-Isle PA, and  Danila R. 
2004. Outbreaks of enteric infections caused by  multiple 
pathogens associated with calves at a farm day  camp. 
Pediatr Infect Dis J 23:1098–1104.   

 246. Sonntag AK, Zenner E, Karch H, and Bielaszewska M.  
2005. Pigeons as a possible reservoir of Shiga toxin 2f producing 
Escherichia coli pathogenic to humans. Berlin  Munch Tierarzt 

Wochenschr 118:464–470.   
 247. Sonoda C, Tagami A, Nagatomo D, Yamada S, Fuchiwaki  R, 

Haruyama M, Nakamura Y, Kawano K, Okada M,  
Shioyama Y, Iryoda K, Wakamatu H, and Hidaka Y.  2008. 
An enterohemorrhagic Escherichia coli O26 out break at a 
nursery school in Miyazaki, Japan. Jap J Infect  Dis 
61:92–93.   

 248. Stephan R, Schumacher S, Corti S, Krause G, Danuser J,  
and Beutin L. 2008. Prevalence and characteristics of  
Shiga toxin-producing Escherichia coli in Swiss raw milk  
cheeses collected at producer level. J Dairy Sci 91:2561– 
2565.   

 249. Tarawneh KA, Al-Tawarah NM, Abdel-Ghani AH, Al 
Majali AM, and Khleifat KM. 2009. Characterization of  

verotoxigenic Escherichia coli (VTEC) isolates from fae ces of 
small ruminants and environmental samples in  southern Jordan. J 

Basic Microbiol 49:310–317.   
 250. Tarr CL, Nelson AM, Beutin L, Olsen KEP, and Whittam  
TS. 2008. Molecular characterization reveals similar viru lence 
gene content in unrelated clonal groups of Escher ichia coli of 

serogroup O174 (OX3). J Bacteriol   
190:1344–1349.   

 251. Teel LD, Daly JA, Jerris RC, Maul D, Svanas G, O’Brien  
AD, and Park CH. 2007. Rapid detection of Shiga toxin 
producing Escherichia coli by optical immunoassay. J  
Clin Microbiol 45:3377–3380.   

 252. Thompson LH, Giercke S, Beaudoin C, Woodward D, and  
Wylie JL. 2005. Enhanced surveillance of non-O157  
verotoxin-producing Escherichia coli in human stool sam 
ples from Manitoba. Can J Infect Dis Med Microbiol  
16:329–334.   

 253. Tkalcic S, Zhao T, Harmon BG, Doyle MP, Brown CA,  
and Zhao P. 2003. Fecal shedding of enterohemorrhagic  
Escherichia coli in weaned calves following treatment  
with probiotic Escherichia coli. J Food Prot 66:1184– 
1189.   

 254. Urdahl AM, Beutin L, Skjerve E, and Wasteson Y. 2002.  
Serotypes and virulence factors of Shiga toxin-producing  
Escherichia coli isolated from healthy Norwegian sheep. J  



Appl Microbiol 93:1026–1033.   
 255. Valcour JE, Michel P, McEwen SA, and Wilson JB. 2002.  

Associations between indicators of livestock farming  intensity and 
incidence of human Shiga toxin-producing  Escherichia coli 

infection. Emerg Infect Dis 8:252–257.   
 256. Van Duynhoven YTHP, Friesema IHM, Schuurman T,  

Roovers A, Van Zwet AA, Sabbe LJM, Van Der Zwaluw  WK, 
Notermans DW, Mulder B, Van Hannen EJ,   

Heilmann FGC, Buiting A, Jansen R, and Kooistra-Smid  
AMD. 2008. Prevalence, characterisation and clinical pro 
files of Shiga toxin-producing Escherichia coli in the  
Netherlands. Clin Microbiol Infect 14:437–445.   

 257. Vanselow BA, Krause DO, and McSweeney CS. 2005.  The 
Shiga toxin-producing Escherichia coli, their rumi nant 
hosts, and potential on-farm interventions: a review.  
Austral J Agr Res 56:219–244.   

 258. Venter P, Abraham M, Lues JFR, and Ivanov I. 2006. The  
influence of sanitizers on the lipopolysaccharide composi 
tion of Escherichia coli O111. Int J Food Microbiol  
111:221–227.   

 259. Vettorato MP, De Castro AFP, Cergole-Novella MC,  
Camargo FLL, Irino K, and Guth BEC. 2009. Shiga toxin 
producing Escherichia coli and atypical enteropathogenic  
Escherichia coli strains isolated from healthy sheep of dif 
ferent populations in Sao Paulo, Brazil. Lett Appl Micro 
biol 49:53–59.   

 260. Vimont A, Delignette-Muller ML, and Vernozy-Rozand  C. 
2007. Supplementation of enrichment broths by novo 

biocin for detecting Shiga toxin-producing Escherichia  
coli from food: a controversial use. Lett Appl Microbiol  
44:326–331.   

 261. Vimont A, Vernozy-Rozand C, and Delignette-Muller  ML. 
2006. Isolation of E. coli O157:H7 and non-O157  STEC 
in different matrices: review of the most commonly  used 
enrichment protocols. Lett Appl Microbiol 42:102– 108.   

 262. Viscardi M, Perugini AG, Auriemma C, Capuano F,  
Morabito S, Kim KP, Loessner MJ, and G. Iovane G.  
2008. Isolation and characterisation of two novel coli 
phages with high potential to control antibiotic-resistant  
pathogenic Escherichia coli (EHEC and EPEC). Int J  
Antimicrob Agents 31:152–157.   

 263. Vojdani JD, Beuchat LR, and Tauxe RV. 2008. Juice 
associated outbreaks of human illness in the United States,  1995 

through 2005. J Food Prot 71:356–364.   
 264. Von Müffling T, Smaijlovic M, Nowak B, Sammet K,  Bülte 

M, and Klein G. 2007. Preliminary study of certain  
serotypes, genetic and antimicrobial resistance profiles of  
verotoxigenic Escherichia coli (VTEC) isolated in Bosnia  
and Germany from cattle or pigs and their products. Int J  
Food Microbiol 117:185–191.   

 265. Watterworth L, Rosa B, Schraft H, Topp E, and Leung  KT. 
2006. Survival of various ERIC-genotypes of Shiga  
toxin-producing Escherichia coli in well water. Water Air  
Soil Pollut 177:367–382.  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   

26 FRI FOOD SAFETY REVIEW: Non-O157:H7 Shiga Toxin-producing E. coli from Meat and Non-Meat Sources  

 266. Wells JG, Davis B R, Wachsmuth IK, Riley LW, Remis   
RS, Sokolow R, and Morris GK. 1983. Laboratory inves  
tigation of hemorrhagic colitis outbreaks associated with a   
rare Escherichia coli serotype. J Clin Microbiol 18:512–  
20.   

 267. Werber D, Beutin L, Pichner R, Stark K, and Fruth A.   
2008. Shiga toxin-producing Escherichia coli serogroups   
in food and patients, Germany. Emerg Infect Dis 14:1803–  
1806.   

 268. Werber D, Frank C, Wadl M, Karch H, Fruth A, and Stark   
K. 2008. Looking for tips to find icebergs—surveillance of   
haemolytic uraemic syndrome to detect outbreaks of Shiga   
toxin-producing E. coli infection. Euro Surveill   
13(9):pii=8053.   

Uhttp://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=  
8053  

 269. Werber D, Fruth A, Liesegang A, Littmann M, Buchholz   
U, Prager R, Karch H, Breuer T, Tschäpe H, and Ammon   
A. 2002. A multistate outbreak of Shiga toxin-producing   
Escherichia coli O26:H11 infections in Germany, detected   
by molecular subtyping surveillance. J Infect Dis   
186:419–422.   

 270. Widiasih DA, Ido N, Omoe K, Sugii S, and Shinagawa K.   
2004. Duration and magnitude of faecal shedding of Shiga   
toxin-producing Escherichia coli from naturally infected   
cattle. Epidemiol Infect 132:67–75.   

 271. Willford J, Mills K, and Goodridge LD. 2009. Evaluation   
of three commercially available enzyme-linked immuno  
sorbent assay kits for detection of Shiga toxin. J Food Prot   
72:741–747.   

 272. Zaki MES and El-Adrosy H. 2007. Diagnosis of Shiga   
toxin producing Escherichia coli infection, contribution of   
genetic amplification technique. Microbes Infect 9:200–  
203.   

 273. Zhang WL, Bielaszewska M, Pulz M, Becker K, Friedrich   
AW, Karch H, and Kuczius T. 2008. New immuno-PCR   



assay for detection of low concentrations of Shiga toxin 2   
and its variants. J Clin Microbiol 46:1292–1297.   

 274. Zhao T, Zhao P, West JW, Bernard JK, Cross HG, and   
Doyle MP. 2006. Inactivation of enterohemorrhagic   
Escherichia coli in rumen content- or feces-contaminated   
drinking water for cattle. Appl Environ Microbiol   
72:3268–3273.   

 275. Zweifel C, Blanco JE, Blanco M, Blanco J, and Stephan   
R. 2004. Serotypes and virulence genes of ovine non  
O157 Shiga toxin-producing Escherichia coli in Switzer  
land. Int J Food Microbiol 95:19–27.   

 276. Zweifel C, S. Schumacher, Beutin L, Blanco J, and   
Stephan R. 2006. Virulence profiles of Shiga toxin 2e  
producing Escherichia coli isolated from healthy pig at   
slaughter. Vet Microbiol 117:328–332.   

 277. Zweifel C, Zychowska MA, and Stephan R. 2004. Preva  
lence and characteristics of Shiga toxin-producing   
Escherichia coli, Salmonella spp. and Campylobacter spp.   
isolated from slaughtered sheep in Switzerland. Int J Food   
Microbiol 92:45–53.  

Corresponding author: M. Ellin Doyle, Ph.D., medoyle@wisc.edu Food Research Institute, UW–Madison, Dec. 2009/April 2010  
http://fri.wisc.edu/docs/pdf/FRI_Brief_NonO157STEC_4_10.pdf Funded in part by the American Meat Institute Foundation   


