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Prevalence of Escherichia coli O157:H7 in Cattle 
and During Processing1 
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Introduction-- E. coli Nomenclature 

Escherichia coli is a phenotypically and genomically di-
verse and versatile bacterial species. Commensal E. coli are 
valuable to warm-blooded animals (including humans) as 
part of the intestinal microflora, but pathogenic E. coli can 
cause a variety of diseases in the same hosts. Human ill-
nesses associated with pathogenic E. coli include infections 
of the urinary tract, blood stream, meninges, or intestinal 
tract. The disease or virulence attributes (e.g., invasiveness) 
of pathogenic E. coli have been used to group them, using 
acronyms ending in “EC” for E. coli. For example, strains 
that cause diarrhea have been referred to as diarrheagenic 
E. coli, or DEC strains (Whittam et al., 1993). General in-
formation on pathogenic E. coli is available in Ørskov 
(1984) and Nataro and Kaper (1998). 

Of primary relevance to the red meat industry are the 
Shiga-toxigenic E. coli (STEC), not to be confused with en-
terotoxigenic E. coli (ETEC), which produce different types 
of toxin. STEC carry genes for at least one of two Shiga tox-
ins: Stx1 or Stx2 (formerly SltI and SltII for Shiga-like toxins). 
STEC also have been referred to as VTEC, or Vero-toxic E. 
coli, due to the preliminary observation that the toxin(s) kill 
Vero cells in vitro. Some STEC have been implicated in hu-
man intestinal disease and are referred to as enterohemor-
rhagic E. coli (EHEC). EHEC first were associated with 
bloody diarrhea, but are now known to cause a range of 
symptoms including mild to bloody diarrhea, kidney failure 
associated with hemolytic uremic syndrome (HUS), and 

death. It is not clear whether all STEC, or even all STEC of a 
given serotype (see below), can cause human disease. A 
myriad of virulence factors probably are involved in patho-
genesis, not all of which may be known or present in each 
STEC strain. Hence EHEC most likely comprise a subset of 
STEC. In the absence of information to differentiate disease-
causing strains, STEC of the same serotype as those previ-
ously associated with human disease sometimes are referred 
to as EHEC, particularly when they carry genes for addi-
tional known virulence factors. For reviews on STEC and 
EHEC pathogenesis see Bettelheim (2000), Donnenberg and 
Whittam (2001), Griffin and Tauxe (1991), and Nataro and 
Kaper (1998). 

Serotyping is the traditional method used to differentiate 
E. coli. It is based on the reaction of variable cell surface 
molecules with a battery of standardized antisera. The stan-
dard antigens recognized by serotyping are the K, O, H, and 
F antigens. K antigens are derived from capsular polysac-
charides (Danish “kapsul”). Capsules form a thick, gel-like 
layer around the cell and may be important in some ex-
traintestinal infections. They generally cause auto-
agglutination, are produced in the laboratory only under 
certain environmental conditions (e.g., high salt), and may 
be removed by boiling. O antigens are derived from the 
oligosaccharide region of lipopolysaccharide (LPS), an outer 
membrane component comprised of three regions: the lipid 
A anchor, the core polysaccharide, and the variable oligo-
saccharide chain. LPS is a defining characteristic of Gram-
negative bacteria. H antigens are derived from the structural 
proteins of flagella, the whip-like appendages that propel 
motile E. coli. Motility (and therefore H antigen expression) 
regularly must be induced in the laboratory by passage in 
semisolid agar or broth without added sugars (Smibert and 
Krieg, 1994; Strockbine et al., 1998). F antigens are proteins 
associated with pili (a.k.a. fimbriae). Pili are hair-like struc-
tures extending outward from the cell surface and often 
effect cellular adherence. Because some F antigens can 
cause auto-agglutination they were originally misidentified 
as K antigens, e.g., the capsular antigen K88 is actually fim-
brial antigen F4. Ørskov (1984) and Ørskov et al. (1977) 
provide further details on serotyping. 

E. coli serotypes refer to the specific antigens identified; 
most often just the O and H types are determined. The vari-
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ants of each antigen have been assigned sequential numbers 
as they were recognized. Thus, for example, E. coli 
O157:H7 refers to strains expressing O antigen #157 and H 
antigen #7. Currently, 173 O antigens are recognized by 
standard typing (Ørskov et al., 1991), although additional O 
serotypes have been preliminarily identified (see 
http://ecoli.cas.psu.edu/). At least 56 H antigens have been 
identified (Ørskov, 1984). Certain O and H antigens may 
contribute to virulence in some E. coli associated diseases 
(Girón et al., 2002; Lerouge and Vanderleyden, 2002). 
However, the specific EHEC-associated O and H antigens 
such as O157 and H7 have not yet been shown to play sig-
nificant roles in pathogenesis. 

E. coli O157:H7-- Background 

The most renowned EHEC in the U.S. are the serotype 
O157:H7 strains. These organisms have been connected 
with multiple illness outbreaks causing severe disease and 
death in children and the elderly, and they are the first and 
only microorganisms to have been declared an adulterant 
by the Food Safety and Inspection Service (FSIS). E. coli 
O157:H7 strains originally were identified as intestinal 
pathogens associated with ground beef during two out-
breaks in 1982 (Riley et al., 1983). At that time, a retrospec-
tive examination of records from the Centers for Disease 
Control and Prevention (CDC) revealed only one other inci-
dent of E. coli O157:H7 infection associated with bloody 
diarrhea. In the following years, several more E. coli 
O157:H7 outbreaks were identified (Griffin and Tauxe, 
1991), but the organisms achieved popular notoriety in 
1993, following a multistate outbreak primarily affecting 
children in which four people died (CDC, 1993). This out-
break also was associated with undercooked ground beef. 

In 1994, E. coli O157:H7 was declared to be an adulter-
ant in raw ground beef under the Federal Meat Inspection 
Act (FMIA). This action by the FSIS means that ground beef 
lots found to be contaminated with E. coli O157:H7 now 
must be disposed of or “further processed.” (Thorough 
cooking to 160°F will kill all of the E. coli O157:H7 pre-
sent.) In 1999, the FSIS extended the policy to include “non-
intact” beef, such as mechanically tenderized or recon-
structed products (CFR, 1999). Both ground beef and non-
intact beef products are considered higher risks than intact 
beef products due to the nature of E. coli O157:H7 con-
tamination (CFR, 1999). The organisms contaminate carcass 
surfaces (not within the muscle; see below), and therefore 
they are found only on the exterior surfaces of intact beef. 
These areas are adequately cooked even when the meat is 
served “rare.” However, E. coli O157:H7 can be introduced 
to the inner regions of products such as hamburgers, etc. by 
grinding or other processing procedures, where the bacteria 
can survive the inadequate internal heating of “rare” cook-
ing and thus have the potential to cause disease.  

E. coli O157:H7-- Culture Methods 

The presumed infectious dose of E. coli O157:H7 is very 
low, one of the reasons highly sensitive recovery methods 
are desirable for a variety of samples (see Nataro and Kaper, 
1998). Enrichments generally are the first step for recovery 
of E. coli O157:H7 from cattle and beef samples. These 
broth cultures are used to increase the concentration of bac-
teria prior to plating, thereby improving assay sensitivity and 
permitting detection of few cells in large samples (e.g., 25 
mL of carcass sponge sampling buffer or 25 g of ground 
beef). Generally, selective broths are used to inhibit growth 
of competing bacteria (Chapman, 2000), although nonselec-
tive broths may improve recovery of E. coli O157:H7 when 
used in combination with other selective techniques 
(Barkocy-Gallagher et al., 2002; Chapman, 2000; Fuku-
shima and Gomyoda, 1999). For example, immunomag-
netic separation (IMS) is frequently used to improve recov-
ery of E. coli O157:H7. IMS is performed after enrichment 
and prior to plating. It serves two functions: to decrease 
recovery of background (non-E. coli O157:H7) bacteria and 
to concentrate the target E. coli O157:H7 cells. The basic 
principle of IMS is the specific binding of target bacteria to 
magnetic beads coated with antibodies that recognize the 
O157 antigen. Magnets then are used to retain the bound 
cells while unbound cells are washed away. Plating still 
must be done on selective screening media in order to dif-
ferentiate E. coli O157:H7 from nonspecifically bound bac-
teria. 

No available technique will eliminate all background 
bacteria from samples or enrichments. Therefore, unusual 
characteristics of E. coli O157:H7 must be employed to 
help distinguish between these and other bacteria upon 
plating. E. coli (and other bacteria) commonly are differenti-
ated on selective screening media with various sugars and 
pH indicator dyes incorporated. If an organism ferments a 
sugar to produce acid, pH changes in the media will result 
in differently colored colonies. Fortunately, most EHEC 
O157:H7 strains identified to date have the rare property of 
being unable to ferment sorbitol within 24 h (sor-); this 
property was exploited in the initial use of sorbitol Mac-
Conkey agar (SMAC) for recovery of E. coli O157:H7 
(March and Ratnam, 1986). However, since the absence of 
sorbitol fermentation is not a positive selection, finding the 
right colonies on a selective plate still may be like searching 
for a needle in a haystack. Other sor- bacteria, such as Haf-
nia species, complicate identification of the correct colo-
nies.  

Additional distinctive properties of E. coli O157:H7 have 
since been discovered and exploited in a variety of selective 
screening media. Useful E. coli O157:H7 traits include the 
inability to ferment rhamnose, the inability to produce ß-
glucuronidase, resistance to tellurite (a heavy metal), and 
resistance to antibiotics such as cefixime. Other antibiotics 
also may be incorporated into plating media to select 
against similar bacterial species; these antibiotics include 
cefsulodin, vancomycin, and novobiocin. However, no 
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medium will permit growth of only E. coli O157:H7. Colo-
nies suspected of being E. coli O157:H7 generally are 
screened using one of the commercially available O157 
antigen detection kits, then picked for further confirmation. 

For comprehensive reviews of E. coli O157:H7 culture 
methods, see Clifton-Hadley (2000), Nataro and Kaper 
(1998), Reissbrodt (1998), and Strockbine et al. (1998). 

E. coli O157:H7-- Prevalence and Carcass Con-
tamination 

There is no direct information demonstrating how E. coli 
O157:H7 arrives in beef products, although the obvious 
ultimate route is via carcass surface contamination during 
processing. Both hides and feces are potential sources of 
carcass contamination. Although little is known about the 
prevalence of E. coli O157:H7 on cattle hides, two recent 
reports suggest that they frequently are contaminated with E. 
coli O157:H7 (Elder et al., 2000; Keen and Elder, 2002). 
The hides could become contaminated by a variety of 
sources, including soil and feces from themselves, other 
cattle, and wild animals. Further research is needed to ad-
dress the importance of hide contamination as a source of E. 
coli O157:H7 in beef. 

E. coli O157:H7 is shed intermittently in cattle feces 
(Besser et al., 1997; Conedera et al., 2001; Sargeant et al., 
2000; Zhao et al., 1995). Initially, the organism seemed to 
be present in few of the cattle fecal samples tested in the 
U.S. and other countries, generally less than 1 to 2% (Cen-
ters for Epidemiology and Animal Health, 1997; Chapman 
et al., 1993; Chapman et al., 1994: Galland et al., 2001; 
Garber et al., 1999; Hancock et al., 1994; Hancock et al., 
1997; Kobayashi et al., 2001; McDonough et al., 2000; 
Meyer-Broseta et al., 2001; Richards et al., 1998; Schurman 
et al., 2000; Zschöck et al., 2000). However, the sensitivity 
of E. coli O157:H7 assays improved substantially after these 
data were collected; the incorporation of enrichment and 
IMS, analysis of larger samples, and decreased shipping 
times in the absence of freezing or refrigeration all have 
been shown to have notable effects (Chapman et al., 1994; 
Elder et al., 2000; Heuvelink et al., 1998; Laegreid, 2000; 
Laegreid et al., 1999; McDonough et al., 2000; Sanderson 
et al., 1995; Zhao et al., 1995). New data obtained using 
more sensitive methods suggest that the fecal prevalence of 
E. coli O157:H7 in cattle at slaughter or on the farm ranges 
from 5 to 17% (Bonardi et al., 2001; Chapman et al., 2001; 
Conedera et al., 2001; Heuvelink et al., 1998; Laegreid et 
al., 1999; Meyer-Broseta et al., 2001; Paiba et al., 2002; 
Van Donkersgoed et al., 1999). 

E. coli O157:H7 are more frequently found in cattle fecal 
samples during the warmer months (Bonardi et al., 1999; 
Bonardi et al., 2001; Chapman et al., 1997; Chapman et al., 
2001; Conedera et al., 2001; Garber et al., 1999; Hancock 
et al., 1997; Paiba et al., 2002; Sargeant et al., 2000; Van 
Donkersgoed et al., 1999). These organisms have been re-
covered from 17 to 37% of the fecal samples collected from 

cattle at slaughter in the summertime in several countries, 
including the U.S. (Bonardi et al., 1999; Chapman et al., 
1997; Elder et al., 2000). In some cases, 70 to 100% of the 
animals tested within a lot had E. coli O157:H7 in their 
feces (Bonardi et al., 2001; Elder et al., 2000). 

E. coli O157:H7 prevalence on beef carcasses has been 
measured in a limited number of studies using various 
methods. In the U.S., the prevalence of E. coli O157:H7 on 
beef carcasses after dressing was determined to be 0.2% (4 
of 2,081 carcasses; FSIS, 1994). Subsequently, by sampling 
in the summer months and using more sensitive detection 
methods, we found the prevalence rate to be 1.8% (6 of 330 
carcasses sampled in the cooler; Elder et al., 2000). Two 
studies done in the U.K. have reported similar results: 
0.47% and 1.4% of carcasses were found to be contami-
nated with E. coli O157:H7 (Chapman et al., 2001; Rich-
ards et al., 1998). Studies done in France and Hong Kong 
reported no carcass contamination with E. coli O157:H7 
(851 and 986 carcasses sampled, respectively), but this may 
reflect the methodologies used (Leung et al., 2001; Rogerie 
et al., 2001). A study done in northern Italy found that 12 
out of 100 carcasses sampled were contaminated with E. 
coli O157:H7 (Bonardi et al., 2001). The reason for such an 
apparently high prevalence is not clear, but 11 of the 12 
positive samples were recovered during June.  

The carcasses and feces from individual cattle have been 
examined for E. coli O157:H7 contamination during studies 
done in Italy and the U.K. (Bonardi et al., 2001; Chapman 
et al., 1993). In both cases, one-third of the carcasses that 
were derived from animals carrying E. coli O157:H7 in their 
feces were contaminated (6 of 17 and 7 of 23). These data 
suggest that each carcass may have been contaminated di-
rectly by the same animal’s feces. However, hides now 
have been implicated as a major contributor of E. coli 
O157:H7 and hides were not tested during these studies. 
Furthermore, both studies suggested that cross-
contamination of adjacent carcasses occurred, but a cau-
tious interpretation is warranted considering the low num-
ber of samples evaluated. 

The prevalence of E. coli O157:H7 on carcasses at differ-
ent processing steps has been examined (Elder et al., 2000). 
This study was done in the U.S. in the summertime and 
43% of the carcasses tested immediately after hide removal 
carried E. coli O157:H7. However, the prevalence rate 
dropped to 1.8% when the same carcasses were sampled in 
the cooler after processing. In-between these two samplings 
the carcasses were subjected to several antimicrobial steps, 
including trimming and some combination of hot water 
washes, organic acid washes, and/or steam pasteurization. 
The prevalence of E. coli O157:H7 on the same carcasses 
was 18% at an intermediate point during processing, after 
one wash, evisceration, and trimming. The data emphasize 
the value of multiple, consecutive antimicrobial interven-
tions (such as two or more washes and/or steam pasteuriza-
tion). 
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E. coli O157:H7-- Genotyping 

The E. coli genome is highly “plastic,” or changeable 
(Brunder and Karch, 2000; Dougan et al., 2001; Lawrence, 
1999; Ochman et al., 2000). This plasticity is due to the 
acquisition and loss of foreign DNA via horizontal transfer. 
Horizontal DNA transfer is propagated by phage, plasmids, 
transposable elements, etc., that become incorporated into 
the genome (Brunder and Karch, 2000; Lawrence, 1999; 
Ochman et al., 2000). Based on the two genome sequences 
published to date, E. coli O157:H7 strains undergo exten-
sive horizontal DNA transfer (Hayashi et al., 2001; Perna et 
al., 2001). Different strains gain and lose DNA independ-
ently, so the genomes of E. coli O157:H7 strains are highly 
variable. This variability is exploited in genotyping or “ge-
nomic fingerprinting” strategies to identify specific E. coli 
O157:H7 strains (Strockbine et al., 1998). 

The “gold standard” for E. coli O157:H7 genotyping in 
the U.S. currently is restriction fragment length polymor-
phism (RFLP) analysis by pulsed-field gel electrophoresis, or 
PFGE, for short. In PFGE analyses, the cells are gently bro-
ken open to release intact genomic DNA. The DNA is then 
restricted (digested) with an enzyme that cuts it into 20 to 
30 large fragments. For E. coli O157:H7, the most com-
monly used enzyme is XbaI, which cuts the DNA into frag-
ments of 10 to 500 kilobases (kb). Subsequently, the DNA 
fragments are size separated in an agarose gel. Due to the 
large size of the fragments, the electrical field used to mobi-
lize the DNA is applied in pulses from six different angles 
over an extended period of time. The DNA is then stained 
for visualization and the resulting patterns (“fingerprints”) 
are compared for differences in the presence or absence of 
bands. Since E. coli genomes can change so rapidly, pat-
terns with one to three band differences generally are inter-
preted to mean the strains are of the same type (Tenover et 
al., 1995). 

Among other purposes, PFGE is useful for studies that fol-
low transfer of E. coli O157:H7 from one environment to 
another. However, PFGE data must be coupled with tradi-
tional epidemiology, because strains with similar or identi-
cal patterns can be recovered from geographically separate 
sources, and both animals and carcasses can carry E. coli 
O157:H7 of more than one PFGE type (Barkocy-Gallagher 
et al., 2001; Keen and Elder, 2002; Laegreid et al., 1999; 
Lee et al., 1996). One of the primary uses of PFGE is in epi-
demiological studies of the CDC via PulseNet 
(http://www.cdc.gov/pulsenet/). It has also been employed 
in other types of tracking studies (Barkocy-Gallagher et al., 
2001; Besser et al., 1997; Bonardi et al., 2001; Lahti et al., 
2002). Two of these studies used PFGE to demonstrate that 
E. coli O157:H7 on carcasses arrived in the plant via ani-
mals within the same lot, and possibly via the same animal. 

Summary 

E. coli O157:H7 are a significant foodborne health haz-
ard for humans and are frequently associated with con-

sumption of undercooked ground beef. Detection methods 
for recovering the organisms from various beef processing 
samples have improved substantially in recent years, con-
tributing to the apparent rise in prevalence of the organisms. 
E. coli O157:H7 are more prevalent in cattle in the summer 
months, which can also affect apparent prevalence rates. In 
one study, the organisms were found on almost half of the 
beef carcasses analyzed immediately after hide removal, but 
prevalence on final carcasses (in the cooler) was relatively 
low (less than 2%). The drop in prevalence rates on car-
casses sampled early in processing to carcasses sampled 
after processing probably can be attributed to the applica-
tion of multiple antimicrobial interventions throughout 
processing. Specific types of E. coli O157:H7 can be identi-
fied by PFGE (genomic fingerprinting), which is useful in 
epidemiological and tracking studies. 
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