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Introduction

Escherichia coli 0157:H7 and other serogroups of Shiga toxin-producing E. coli
(STEC) have emerged over the last several decades as a significant cause of food-
borne illness in the United States. Approximately 5-10% of people clinically
infected by these bacteria develop a systemic disease, hemolytic uremic syndrome,
which has a fatality rate of approximately 5%. The Centers for Disease Control
estimates that STEC cause some 110,000 illnesses and 90 deaths annually in the
United States (Mead et al. 1999). In addition, the economic consequences of recall-
ing large lots of food for public health reasons are significant. Cattle are considered
to be the primary reservoir for STEC. Depending on the season, the methods used
for bacterial culture and the age of the animals, the prevalence of E. coli 0157:H7
in U.S. cattle ranges from 2-28% (Hancock et al. 1994; Elder et al. 2000). E. coli
0157:H7 has also been recovered from other ruminants such as sheep (Kudva et
al. 1996) and deer (Keene et al. 1997; Sargeant et al. 1999).

Epidemiology of E. coli 0157:H7 in Swine

In contrast to ruminants, STEC are only occasionally recovered from nonrumi-
nant animals such as dogs, birds, and raccoons (Beutin et al. 1993; Wallace et al.
1997; Hancock et al. 1998). A 1995 USDA swine survey involving 4,200 head
reported the prevalence of E. coli O157:H7 was <0.07% (Bush 1997) and the 2000
USDA survey did not recover any E. coli 0157:H7 from 2,526 animals (APHIS
2001). However, E. coli 0157:H7 has been recovered from the colon contents of
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6/305 (2%) pigs at a U.S. slaughter facility (Feder et al. 2003) and from 13/1,102
swine fecal samples collected at agricultural fairs (Keen et al. 2006). The organism
has also been recovered from healthy swine in Japan (3/221), The Netherlands
(1/145), Norway (2/1,976), Chile (13/120), and Canada (40/660) (Heuvelink et al.
1999; Nakazawa et al. 1999; Johnsen et al. 2001; Gyles et al. 2002; Borie et al. 1997).
During the summer of 2006, spinach potentially contaminated by both feral swine
and cattle manure caused a large outbreak of human illness in the United States
(Jay et al. 2007). In addition, a small family cluster of E. coli 0157:H7 infections
was traced back to dry pork salami (Conedera et al. 2007).

Experimental Infections

Experimentally, we have shown that E. coli O157:H7 can establish and maintain a
population in the intestinal tract of some market-weight pigs for at least two
months (Booher et al. 2002). In that experiment two different strains of E. coli
O157:H7 were included in a cocktail inoculum along with three other pathogenic
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Figure 3.1. Mean fecal shedding of E. coli by pigs inoculated with 5 strain coc.k-
tail. The inoculum consisted of 2 E. coli 0157:H7 strains (STEC), 2 enterotoxi-
genic E. coli strains and an enteropathogenic E. coli strain.
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E. coli strains (two enterotoxigenic porcine pathogens and one enteropathogenic
human pathogen). All pigs were fed a commercially available antibiotic-free diet
for two weeks prior to inoculation. The geometric mean fecal shedding of the E.
coli O157:H7 strains was of a higher magnitude and occurred over a longer time
period than shedding of the other E. coli strains (Figure 3.1). At necropsy, E. coli
0157:H7 was recovered primarily from tissues of the lower gastrointestinal tract,
as it is from experimentally inoculated ruminants (Cornick et al. 2000; Booher et
al. 2002; Cornick and Helgerson 2004). In addition, significant numbers of E. coli
O157:H7 may be recovered from the tonsils of some pigs (Booher et al. 2002;
Cornick and Helgerson 2004). This is in contrast to sheep in which the organism
is rarely, if ever recovered from the tonsils. Taken together these studies demon-
strate that the magnitude and persistence of fecal shedding of E. coli O157:H7 by
experimentally inoculated swine is similar to that which occurs in ruminants
(Figure 3.2) and suggests that there is not an absolute biological barrier to the col-
onization of swine by E. coli O157:H7.
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Figure 3.2. Mean fecal shedding of E. coli O157:H7 by pigs (n = 15), sheep
(n = 39), and cattle (n = 8) inoculated with 10'° cfu.
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Colonization Mechanisms

The mechanisms utilized by E. coli 0157:H7 to colonize swine and ruminants are
not completely understood. However, some of our work with isogenic mutants
suggests that there are differences in how the organism interacts with the gas-
trointestinal epithelium in these two animal species. Intimin, an outer membrane
protein that is required for colonization in some animal models of pathogenesis,
and the intimin receptor, Tir, have been shown to be important in the coloniza-
tion of both sheep and cattle by E. coli 0157:H7 (Dean-Nystrom et al. 1998;
Cornick et al. 2002; Woodward et al. 2003; Sheng et al. 2006; Vlisidou et al. 2006).
However, when 12-week old pigs were dually inoculated with the wild-type strain
and an isogenic Aeae (intimin) mutant, similar numbers of both strains were
recovered from fecal samples and from tissues throughout the alimentary tract
for up to five weeks post inoculation (Jordan et al. 2005). This was confirmed by
the work of Best et al. (2006) using a Shiga toxin negative parent strain and an
isogenic intimin mutant. In addition, their work demonstrated that an aflagellar
mutant also colonized pigs to a similar extent as the wild-type parent. The E. coli
O157:H7 genome contains two homologous operons of long polar fimbriae (Ipf),
an important colonization factor of Salmonella enterica serovar Typhimurium.
When a Ipf double mutant was inoculated into pigs it was recovered in lower
numbers than the isogenic parent, but was recovered intermittently for two
months from some animals (Jordan et al. 2004). In contrast, mutations in the Ipf
operons did not appear to have a significant effect on the magnitude and persist-
ence of E. coli O157:H7 in sheep. It is likely that E. coli O157:H7 contains redun-
dant adherence mechanisms and the influence of any one factor may depend on
the host species.

Transmission among Swine

Experimentally infected swine can transmit E. coli O157:H7 to naive pigs when the
animals are housed together in close contact and share water and food sources
(Cornick and Helgerson 2004). Donor animals shedding <10* cfu/g of E. coli
O157:H7 transmitted the organism to >50% of the exposed pigs housed in close
contact (Table 3.1). In some cases the donor was shedding <10? cfu/g at the time
the naive pigs were exposed. On farms where both ruminants and swine are raised
in close contact, transmission of E. coli O157:H7 between these animal species has
been documented (Erikkson et al. 2003). Potential routes of transmission in this
study were traced back to animal management practices on these farms.
Transmission of STEC experimentally has been reported in both calves (Besser et
al. 2001; Cobbold and Desmarchelier 2002) and sheep (Kudva et al. 1997; Cornick
et al. 2000). When the naive animals shared a pen with the inoculated donor, the
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Table 3.1. Transmission of E. coli 0157:H7 from Inoculated Donor Pigs to Naive
Pen Mates

Time post exposure Number of pigs shedding/number exposed
=10% =10°

3 days 10/17 5/5

2 weeks 1217 5/5

“cfu/g of E. coli 0157:H7 shed by the donor at the time it was moved in with the naive
pigs

transmission of STEC between calves was more efficient than it was when calves
were confined in individual pens (Cobbold and Desmarchelier 2002). However,
transmission has been documented between calves that did not have nose-to-nose
contact with the inoculated donor (Besser et al. 2001). Horizontal transmission
between individuals within a herd is likely to be an important component in the
establishment and maintenance of an animal reservoir.

While much is known regarding the pathogenesis and virulence of STEC in
human disease, much less is known about when and how animals become colo-
nized by STEC. Understanding the factors that contribute to STEC colonization
of animals and resolving the discrepancy between experimental E. coli 0157:H7
infections in swine and the low prevalence of the organism in U.S. herds may sug-
gest management strategies that would potentially decrease or eliminate the colo-
nization and/or transmission of E. coli O157:H7. Such information may also be
useful to prevent the emergence of swine as a reservoir of E. coli 0157:H7 in the
United States.
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