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Abstract

Although E. coli are commensd organisms that reside within the host gut, some
pathogenic drains of E. coli can cause hemorrhagic calitis in humans. The most notable
enterohemorrhagic E. coli (EHEC) dran is O157:H7. Cattle are asymptomatic natura
reservoirs of E. coli O157:H7; and it has been reported that as many as 30% of al cattle
ae cariers of this pathogen, and in some circumstances this can be as high as 80%.
Feedlot and high-producing dairy catle are fed high grain rations in order to increase
feed efficiency. Because catle have low amylase activity, much of the starch passes to
the hindgut where it is feemented. EHEC are capable of fermenting sugars released from
garch breskdown in the colon, and populations of E. coli have been shown to be higher
in grain fed cattle, and this has been corrdated with E. coli O157:H7 shedding in barley
fed cattle.  When cattle were abruptly switched from a high grain (corn) diet to a forage
diet, generic E. coli populations declined 1000-fold within 5 days and the &bility of the
fecd generic E. coli population to survive an acid shock smilar to the human gadric
stomach decreased. Other researchers have shown that a switch from grain to hay caused
a smdler decrease in E. coli populations, but did not observe the same effect on gadtric
shock survivability. In a sudy that used cattle naturdly infected with E. coli O157:H7,
fewer cattle shed E. coli O157:H7 when switched from a feedlot ration to a forage-based
diet compared to cattle continuoudy fed a feedlot ration. Results indicate that switching
catle from grain to forage could potentidly reduce EHEC populations in catle prior to
daughter; however the economic impact of this needs to be examined.
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Introduction however, some drains of E. coli can be

Escherichia coli is a facultdive pathogenic to humans and can be harbored
anaerobic  bacterium that is a normd within food animds  Although severd E.
inhabitant of the mammadian intestind tract coli drains (eg., O111, O26) can cause

(Drasar, 1974). Many E. coli drans are hemorrhagic  calitis in humans, E. coli
hamless or even benefica to the hog; O157:H7 IS the best known



enterohemorrhagic E. coli (EHEC) dran.
Escherichia coli O157:H7 causes over
73,000 illnesses in the United States each
year and gpproximately 60 desths (Mead et
a., 1999).
infections are estimated to cost the U.S.

Enterohemorrhagic E. coli

economy approximately $1 billion per year
(USDA:ERS, 2001).

The mog frequently implicaed
vector for E. coli O157:H7 outbresks has
been ground beef; and bovine-derived
products have been linked to approximately
75% of outbreaks (USDA:APHIS, 1997). It
is now widdy accepted that ruminants are
naiura reservoirs of EHEC (including E.
coli 0157:H7) (Chgpman et d. 1993;
Rasmussen et d., 1993, Armsrong e 4d.,
1996). Repested outbresks of hemorrhagic
colitis linked to ground beef and/or cattle
etablished  the
connection between cattle and E. coli
O157:H7 in the public mind.  Repested
large-scae recdls of contaminated ground
beef, and the deaths of children who
consumed foods contaminated by exposure
to meat products have further shaken the

manure  has  firmly

consumers  in the
wholesomeness and safety of beef.

Sanitetion  efforts  after  daughter
reduce contamination of carcasses with E.
coli O157:H7 (Elder et d., 2000), however

confidence of

these efforts are not necessarily  enough.
Approximatdy 30% of dl catle ae
asymptomatic carriers of E. coli O157:H7
(Elder et d., 2000). Therefore, methods that
foous on reducing E. coli O157:H7
populations in food animds prior to entry to
the food chain have the potentid to reduce
human illnesses  This review examines the
effects of dietary manipulations on E. coli
populationsin cettle.

Enterohaemorrhagic E. coli as a food-

bor ne pathogen

Escherichia coli O157:H7 was first
isolated during a faid outbresk of bloody
diarhea (hemorrhagic colitis) in 1982
caused by improperly cooked hamburger
meat (Riley e d., 1983). In recent years
there have been repeated outbreaks of
hemorrhagic cdlitis in humans (Doyle & 4d.,
1997) and in fact, E. coli O157:H7 infection
in  humans has become known as
“hamburger diseasg’, “barbecue season
gyndrome’, or in some damig cirdes,
“feedlot diseass” (Martens, 2000). Even
though E. coli O157:H7 is only one of
severd drains of EHEC, it is responsble for
most of the large-scae outbresks in the
United States (O’ Brien and Kaper, 1998).



The impact of EHEC on the human
intestind tract is profound. Escherichia coli
O157:H7 tightly binds the bacterium to the
intestinal  epitheliad  surface and  produces
“adteching and effacing” lesons (Kaper e
a., 1998). Enterohemorrhagic E. coli srains
produce toxins homologous to the toxins of
Shigella dysenteriae and are therefore also
interchangesbly known a Shiga Toxin
Producing or Verotoxin-Producing E. coli
(STEC or VTEC, regectivdy) (Mainil,
1999). Shiga toxins inhibit protein synthess
in the intedind epithdium  producing
bloody diarhea (Su and Brandt, 1995).
Shiga toxins that cross the epithdium can
reach the bloodsream and eventudly the
kidneys and induce a condition in humans
known a Hemolytic Uremic Syndrome
(HUS) (Griffin, 1998). Approximatey 5%
of the cases of E. coli O157:H7 hemorrhagic
colitis progress to the leve of HUS which
can include severe kidney damage or
complete rend falure and can become life
threstening, especidly in children and the
elderly (Mead e a., 1999). The CDC
consarvatively estimates 3,000 cases of
HUS, and at least 60 deaths each year are
attributable to E. coli O157:H7 in the United
States (Mead et d., 1999).

Gastric shock survival

The gadric somach sarves as a
barier to intedind  colonization by
pathogenic bacteria because of its low pH
and enzymdic activity (Waerman and
Small, 1998). However, some bacteria are
able to survive gadiric passage.  Bacteria that
ae more resstant to the gastric environment
therefore have a greater opportunity to
aurvive and to ultimately colonize the
intestind  tract and cause illness The
infectious dose is indicative of the virulence
of pathogenic bacteria, and E. coli O157:H7
has an extremey low infectious dose. In
one outbresk the contamination level of E.
coli O157:H7 in uncooked hamburger mesat
was less than 700 cdlg/paty and some
vicims ingeted vey litle of the
(improperly) cooked meat (Griffin, 1998).
In another outbresk the infectious dose of
0157:H7 was less than 50 cdls (Tilden et
a., 1996), and for the EHEC O111, less than
1 cdl/10 g of sdami was sufficient to induce
hemorrhagic colitis (Paton et a., 1996).
Because such a low number of cdls ae
capable of causng illness, the capacity of E.
coli O157:H7 to survive gastric exposure
directly impactsits ability to causeillness.

Recent  dudies have  yidded
conflicting results of digtary changes on the

development of acid resistance of E. coali,



0157:H7, ad some have
questioned the relevance of acid resistance
(DiezGonzdlez et d., 1998, Hovde et 4.,
1999). Some of this debate can be attributed
to confuson over the terminology “acid
resgance’ which has been  usad
interchangesbly to describe both growth at
acidic pH, as wdl as the ability to survive an
acid (gadtric) shock. Lin e a. (1996)
suggested that a term to describe survivd
after an acid (gadric) shock should be
“extreme acid resstance’. In some cases,
differences between reports can be attributed
to different acid shock methodologies (eg.,
differences in shock pH, length of shock
time, etc) and others can be consdered
atifacts of culture growth methods and
recovery media (DiezGonzdez et al., 1998;
Hovde et d., 1999; Jarvis and Russl,
2001). Because the ahility to survive gadric

including

passage is critical to the virulence of E. coli
O157:H7, factors that impact the
devdlopment of “extreme acid resstance’
are important to reducing human illness and
need to be ducidated through the use of a
standardized acid shock methodol ogy.

Cattle asreservoirs of

enterochaemorrhagic E. coli

Ruminant animds are populated by a
microbid consortium thet dlows the anima
to convert cdlulosic forages to high qudity
meet, milk or fiber (Hungate, 1966). It is
well known that ruminants (both domestic
and wild) can be asymptomatic reservoirs of
EHEC (Wdls et d., 1991; Hancock et 4.,
1994; Bidlaszewska et a., 2000). The
microbia population of the ruminant is very
diverse and microbes are found throughout
the reticulorumen, as wdl as the intesind
tract. Because the gadtrointestind tract is
wdl-suited for microbid growth it is no
aurprise that the ubiquitous and adaptable E.
coli (represented by many drans, induding
EHEC) lives in the gut of mammas
including cattle and humans (Drasx and
Barrow, 1985).

Escherichia coli are rardy found in
high numbers in the rumen of catle (less
than 10° cdls/ml out of a population of 10
cdlgml) (Wolin, 1969) and are found at
concentrations from 10° to 10” cellslg feces
a daughter (Davidson and Taylor, 1978).
Escherichia coli have rarely been considered
important members of the rumind microbid
ecosysem due to the toxicity of high
rumind  concentrations of VFA and
competition for avalable nutrients (Wolin,
1969). However, this sengtivity of E. coli

to VFA is drain specific and some E. coli



can grow in conditions smilar to those of
the rumen (Diez Gonzdez and Russl,
1997). Even though E. coli strains comprise
a lage proportion of the integtind
microbid population (up to 1%), E. coali
counts ae highly vaidde and ae dill
outnumbered by the drictly anaerobic
bacterid population (Davidson and Taylor,
1978, Drasar and Barrow, 1985; Diez-
Gonzdez e d. 1998). Enterohemorrhagic
E. coli drans ae vey rady the
predominant srains of E. coli found in the
rumen or intestine.  Although other EHEC
drains respongble for human illnesses have
been isolated from cattle (e.g., 0111, O136)
(Hornitzky et da., 2000, Midgley et 4.,
1999), mogst surveys in cattle have primarily
measured O157:H7 (Hancock et a., 1994;
Hancock et d., 1998). Recently, however,
Acheson (2000) has emphasized that
urveys should examine the prevadence of dl
EHEC rather than certain species.

Cattle are not known to express
receptors for Shiga toxins and do not suffer
from hemorrhagic diarhea when infected
with EHEC (Pruimboom-Brees et a., 2000).
Therefore it is impossble to visudly
identify “sck” animds  Even though cattle
have been shown to be a reservoir for E. coli
0O157:H7 (Wdlls et d., 1991, Rasmussen et
d., 1993), it has been thought that the

colonization by EHEC is trandent (Hancock
et a., 1998). Detection of E. coli O157:H7
in the live animd has been hampered
because dudies have used enrichment
culture followed by direct plate counting,
which has a very low sengtivity (Buchko et
a., 2000a).
sophigticated molecular detection  methods,
shedding of EHEC d4ill appears sporadic.
Edimaes of E. coli O157:H7 and EHEC

populations usng molecular techniques and

Even with the use of more

immunomagnetic bead separation  (IMS)
demongrated an E. coli O157:H7 incidence
of up to 100-fold grester than previoudy
reported by use of enrichment techniques
(Chgpman et d., 1997a and b; Mechie e 4.,
1997; Buchko et d., 2000a).

While the mgority of the of the
epidemiologicd data collected on EHEC in
catle was gahered usng less sengtive
culture-based  techniques, these dudies
provide important informaion on factors
that affect the prevdence of E. coli
O157:H7.
O157:H7 in cattle was found to vary widdy

The prevdence of E. coli

in severd surveys, but is highly dependent
on cattle age and season (USDA:APHIS,
1997; Zhao et d., 1995). Cdves shed more
E. coli O157:H7 cdls and for longer periods
of time than did adult cows (Zhao & 4d.,
1995; Mechie et a., 1997). Periparturient



cows demondgrated increased fecal shedding
of coliform bacteria during the period
immediately before and after caving (Pean
Mattocks et a., 2000). Escherichia coli
O157:H7 populations in cdatle vay
throughout the year: as many as 80% of dl
feedlot catle may be infected during the
summer months, but as few as 10% may
shed during the winter (Elder et d., 2000; R.
O. Elder, unpublished data). This corrdates
with a rise in human outbresks during each
thus emphaszing a
linkage  between animal (reservoir)
populations  and human  food-borne
outbresks.  Surveys conducted throughout
the United States indicated that the
digribution of E. coli O157:H7 in cattle was
not geographicdly linked (Dagaiz e 4d.,
1997; Hancock et a., 1997b) however this
gppears to contradict a report that human

summe/early  fal

outbresks are more prevaent in the northern
United States (Griffin, 1998).
Escherichia coli 0O157:H7
colonization appears to be widespread in
both beef and dary herds and is highly
vaigble within each anima and herd,
however some herds appear to have higher
shedding
(USDA:APHIS, 1997; Hancock et 4.,
1998). The median percentage of E. coli

incidences than do othes

O157:H7 pogtive animas in dudies usng

traditionad culture techniques was edtimated
a 1.7% (Jackson et d., 1998). Other
culture-based studies have indicated that 4%
of cattle were colonized by up to 26
different serotypes of EHEC (Schurmann et
al., 2000).

Until recently, it was thought that
only 1-3% of cattle were cariers of E. coli
O157:H7.
immunomagnetic bead separation to identify
E. coli O157:H7 in feces has <eadily
increesed the accepted incidence vdue
(Chapman et d., 1997a Mechie et 4.,
1997). Researchers initidly found that 16%
of the animds tested in both beef and dairy
herds were E. coli O157:H7 positive, and as

However, the use of

many a 62% of dary hdafes were
populated with E. coli O157:H7 (Mechie &t
a., 1997).
indicated that 18%, 32%, and 75% of dairy
respectively
(Zschock et al., 2000), and 20% of feedlot
catle in the Czech republic were EHEC
cariers (Cizek e d., 1999). In the U.S,
Elder et d. (2000) demondtrated that 28% of
al feedlot cattle contained E. coli O157:H7.
More recent dudies have shown tha
goproximately 50% of feedlot cattle harbor
E. coli O157:H7, during summer months

Additiond sudies in Europe

cows, sheep and gods,

this proportion can be as high as 80% (Keen
et d., 1999; R. O. Elder, unpublished data).



These reaults collectively indicate that the
prevdence of E. coli O157:H7 is much
greater than was previoudy reported, but
dso indicates that processng plants
effectivdly control the spread of E. coli
0157:H7 after daughter (Elder et d., 2000).
However, dggnificat levds of E. coli
O157:H7 4ill enter the abattoir within the
live anima and thus pose a risk to human
hedth.

Effects of management strategieson E.

coli populations

Severd  epidemiologicd and  risk
assessment studies have been performed to
identify  catle  management
asociated with an increased risk of E. coli
O157:H7 fecd shedding (Dargaiz et 4.,
1997, Hancock et al., 1998; Herriott et a.,
1998). However there have been conflicting

drategies

correlations drawn because of the nature of
Different
dietary regimes and sages of production
have been linked to E. coli O157:H7
shedding, however the corrdations have not

these survey-based dudies.

been great enough to lead to any new
management or  nutritional  practices  to
reduce EHEC shedding.

Abrupt weaning practices have been

shown to increase colonization with EHEC

(Herriott e d., 1998); however, hefers
older than 3 months are the most commonly
colonized group of catle (Hancock et 4.,
1994; Hancock et a., 1997a; Mechie et 4.,
1997). The only dietay practice that
ggnificantly increesed the risk of EHEC
shedding among heifers was feeding corn
dlage (Herriott et d., 1998). The use of
feed additivess such a monensn and
lasdocid,  demondrated a
gonificant increese of EHEC shedding by
heifers (Herriott et a., 1998). In adult cows,
the only digay vaiade tha dgnificantly
impacted EHEC shedding was the incluson
of animd by-products in the ration (Herriott
et d. 1998).
feeding whole cottonseed reduced E. coli
0157 shedding (Hancock et d. 1994;
Gaber e d., 1995). Barley feeding was
linked (albeit a a low corrdation) to E. coli
O157:H7 shedding (Dargatiz et d., 1997);
and in recent dudies barley feeding was
again asociated with increased shedding of
E. coli O157:H7 from expeimentaly-
infected feedlot cattle (Buchko e 4.,
2000b).

Rumind  and  intesind  VFA
concentrations have been suggested to limit
the proliferstion of E. coli (Wolin, 1969).

Feed withdrawd or darvation results in

marginaly

Other sudies have found

decreased VFA concentration in the rumen



and hindgut. Cattle are often transported
long distances prior to daughter and feed
may be withdrawn for up to 48 h. A fagting
period has been shown to increase E. coli,
Enterobacter and totd anaerobic bacterid
populations throughout the intestind tract
(Buchko et a., 2000a; Gregory et a., 2000),
increase Salmonella and E. coli populations
in the rumen (Brownlie and Grau, 1967).
Additiondly fagting has been shown to
induce “goparently E. coli (O157:H7)
negaive animads to become pogtive’
(Kudva et d., 1995). Other studies have
indicated that fagting made caves more
susceptible  to  colonization by E. coli
0O157:H7 and demondrated that fasted
cadves shed higher populations of E. coli
0157:H7 than did calves fed normdly (Cray
et a., 1998). Other researchers have shown
that cattle fasted for 48 h prior to daughter
contaned ggnificantly grester E.  coli
populations throughout the gut than cattle
fed hay or pasture (Gregory et d., 2000). In
contrast however, Harmon et a. (1999)
demondrated that fasting reduced rumind
VFA concentrations but did not sgnificantly
influence E. coli O157:H7 shedding.
Deemingion of deaay ad
management factors tha influence EHEC
shedding has been difficult usng culture-
based methodologies and surveys. The use

of more sendtive molecular detection
methods, such as IMS, in future sudies may
be ale to ducidae subtle correations
between dietary factors and fecd shedding
of EHEC. Additiondly, direct, controlled
experiments rather than surveys, need to be
conducted to determine the impact of
oecific dietay modifications on intestind
EHEC populations and shedding in cattle.

Forage- ver sus grain-based diet effectson
fecal E. coli populations

Finishing besf and lactating dary
cdtle in the United States are often fed high
gran rdions in  order to improve
peformance and  animd
(Huntington,  1997).
evolved to ea cdlulosc plant matenid,
however the rumind microbid population

production

Ruminant animas

can degrade sarch. Dietary darch is often
enclosed by a protein (zein) matrix tha
protects the darch from rumina microbid
degradation and alows much of the starch to
reech the intetine (Huntington, 1997).
Ruminants have little pancregtic amylase
activity therefore much of the dietary starch
pases through the smdl intetine to the
cecum and colon where it undergoes a
secondary fermentation
(Huntington, 1997). Colonic and cecd

microbid



dach fermentation by bacteria (including
EHEC) produces VFA that can reduce the
pH of the colonic digesta and inhibit E. coli.
However in spite of these harsh conditions,
E. coli thrives in the intestind tract of caitle
fed high-grain rations (Allison et d., 1975;
DiezGonzaez et d., 1998, Keen e d.,
1998; Tkalcic et a., 2000; Scott et a., 2000;
Stanton and Schutz, 2000).

Feeding gran to catle has a
pronounced effect on the rumina microbia
ecosysem  and  ovedl animad  hedth
(Rusdl and Rychlik, 2001). Studies have
indicated that varying the forage to grain
ratio in cattle rations can have a marked
effect on shedding of E. coli O157:H7, but
some studies have produced contradictory
results (Teble 1). Ealy dudies indicated
that a sudden decrease in hay intake
increased E. coli populations in cattle feces
(Brownlie and Grau, 1967). Overfeeding of
catle with grain has been shown to cause a
2-logio increese in totd coliform counts
(Allison et d., 1975). Other gtudies using
expaimentaly infected sheep found that a
switch from an dfdfa pdlet diet to a low
qudity forage diet increesed E. coli
0O157:H7 shedding (Kudva et d., 1995).
Kudva et a. (1997) found that sheep shifted
from a 50:50 corn/dfdfa raion to poor
quaity grass hay shed greater populations of

E. coli O157:H7 than animds fed the
cor/afdfaration.

In recent research, cattle fed a 90%
corm/soybean mea  ration  (feedlot-type
ration) contained generic E. coli populations
that were 1000-fold higher than catle fed a
100% good-qudity hay (Timothy) diet
(DiezGonzalez et d., 1998). The E. coli
recovered from the feces of grain-fed cattle
were 1000-fold more resgant to an
“extreme’ acid shock that smulated passage
through the human gsomach than were E.
coli from catle fed only hay (DiezGonzdez
et d., 1998). When catle were abruptly
swvitched from a 90% gran finishing ration
to a 100% hay diet, fecd E. coli populations
declined 1000-fold, and the population of E.
coli resstant to an extreme acid shock
declined more than 100,000-fold within 5 d
(Die=Gonzdez et d., 1998). Although no
E. coli O157:H7 were specificdly detected
in this study, it was previoudy demonstrated
that E. coli O157:H7 could grow in VFA
concentrations and a pH's amilar to those
found in the colon of these gran-fed catle
(Die=Gonzalez and Russl, 1997). Basd
on these results the authors suggested that
feedlot catle be switched from high gran
diets to hay for 5 days prior to daughter to
reduce E. coli contamination entering the
abattoir (Diez-Gonzadez et d., 1998). An



independent  study examining the effect of
this switch from gran to hay on catle
peformance and carcass characterigtics
indicated that catle fed hay during this find
period had lower DMI and lost an average of
2.2 Ib/head/d (Stanton and Schutz, 2000).
Hot carcass weight and dressng percentage
were not dgnificantly reduced by hay
feeding (Stanton and Schutz, 2000). Hay
feeding did not dgnificantly impact carcass
grades, quaity parameters or cause dark
cutters, but did dgnificantly reduce totd
coliform counts as wel as generic E. coli
counts (Stanton and Schutz, 2000), but they
were not reduced as greatly as those
reported by DiezGonzadlez et d. (1998).
Neither E. coli O157:H7 populations, nor
the acid resstance of E. coli were measured
in this study (Stanton and Schutz, 2000). In
another study, cettle fed hay for 48 h prior to
trangport to daughter did not lose more
weight during trangport then fasted or
pasture fed animas (Gregory et d., 2000).
Keen et d., (1999) dso found that
switching catle from gran to hay caused a
decreae in body weight (approximately
125 Ib/hd/d compared to controls).
Through the use of moden molecular
separation techniques, 200 cattle maintained
on a gran ration were screened for naturd
E. coli O157:H7 infection and 53% were
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found to be pogtive (Keen et d., 1999).
When thee cattle were divided into two
groups and one was fed grain and the other
abruptly switched to hay, 52% of the grain-
fed catle remaned E. coli O157:H7
positive, but only 18% of the hay-fed cattle
continued to shed E. coli O157:H7 (Keen et
a., 1999). These reaults again indicated that
feeding hay could impact the fecd shedding
of E. coli and potentialy reduce EHEC entry
into the food chain.

The proposd of such a digtary switch
provoked a great ded of soientific
controversy (Hancock et a., 1999; Russl
and DiezGonzaez, 1999; RusHl & 4.,
2000) and led to severd dudies that have
evduaed the effect of radicd dietary
changes on E. coli populations in cattle,
however these studies have aso produced
conflicting results (Table 1). When cdtle
were fed a high-concentrate diet and
switched to a diet contaning 50% corn
dlage and 50% dfdfa hay, generic E. coli
counts decreased 0.3 log in 4 days (Jordan
and McEwen, 1998). Cattle fed an 80%
barley ration, fasted for 48 h and switched to
100% dfdfa dlage did not exhibit any
change in E. coli 0O157:H7 shedding
(Buchko et d., 2000a).
these same forage-fed animds were again
fasted for 48 h and re-fed 100% dfdfa

However, when



dlage, the prevadence of E. coli O157:H7
shedding increased dgnificantly (Buchko et
al., 2000a).

Usng cdatle experimentdly infected
with E. coli O157:H7, Hovde et a. (1999)
found that cattle fed hay shed E. coli
O157:H7 longer than did grain-fed cattle (42
d vs. 4 d, respectively), but concentrations of
E. coli O157:H7 shed were smilar between
digtary regimes. Generic coliform bacteria
from these hay-fed catle were sgnificantly
more sendtive to aid shock than those from
gran-fed cattle (Hovde et a., 1999), but the
difference in acid shock sengtivity was not
as great as that found by Diez-Gonzaez et d
(1998). Feeding a high-grain or -forage diet
did not affect the acid resstance of E. coli
O157:H7 isolated from these cdtle
however, the researchers were unable to
demondrate sendtivity to an acid shock
under their experimentd conditions with an
extreme shock-sendtive E. coli O157:H7
control drain (Hovde e 4a. 1999).
Additiondly,
methodologies make direct comparisons
between the studies of Hovde et a. (1999)
and RusHl e 4d. difficult (Jarvis and
Russl, 2001).

Other research groups have reported
high grain or high forage diets did not affect
the duration of shedding or fecd E. coli

differences in culture
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O157:H7 populaions in  expeimentaly
inoculated calves, however the caves tha
conggently shed the highest concentrations
of E. coli O157:H7 were fed a high
concentrate diet (Tkalcic e d., 2000).
Rumind flud from deas fed a high-forage
diet dlowed greater proliferation of E. coli
O157:H7 in vitro then did rumind fluid
from high-gran fed seers (Tkdcic et 4.,
2000), possibly due to differences in VFA
Acid shock experiments
indicated that E. coli O157:H7 incubated in
rumind fluid taken from dears fed a high-

concentrations.

gran diet was more acid shock-resigtant
than E. coli O157:H7 cdls incubated in
forage-fed rumind flud (Tkdcc & 4.
2000). The authors dtated that the ability of
E. coli O157:H7 to become acid resstant
could be one factor that influences fecd
shedding in cattle (Tkacic et d., 2000).

In a recent sudy, it was
demondrated that switching cattle from
pasture to hay for 48 h prior to daughter
ggnificantly reduced the E. coli burden
throughout the gut (Gregory et d., 2000).
The authors found that hay feeding
increased intestind  Enterococci  populations
that ae cgoable of inhibiting E. coli
(Gregory e d., 2000).
However, in this sudy the effects of high

populations

gran versus forage diets were not examined,



only the effects of fading vs pasture vs.
hay-feeding (Gregory et a., 2000). Based
on ther results, the authors concluded, “the
most effective way of manipulating gesiro-
intestind counts of E. coli was to feed hay”
(Gregory et d., 2000).

Because switching feedlot catle
from gran to hay immediady prior to
daughter is not immediately practicable,
feeding low-gtarch or high-fiber ratiions has
been suggested as an dternative method to
reduce E. coli 0O157:H7 shedding by
reducing the starch load in the colon prior to
daughter (Scott et a., 2000). Feca samples
from catle fed dry roled corn, high
moisture corn and wet corn gluten feed did
not contain different populations of generic
E. coli, or extreme acid-resgant E. coli
during a limit-feeding period (Scott et 4.,
2000). However, cattle fed wet corn gluten
ad libitum contaned dggnificantly higher
concentretions of extreme acid ressant E.
coli than cattle fed dry-rolled or high
moisture corn (Scott et al., 2000). When
these cattle were aoruptly switched from a
finishing diet to dfdfa hay, colonic pH
increesed, total E. coli populaions
decreased approximately 10-fold and acid-
shock resstant E. coli populaions were
reduced by over 99% (Scott et a., 2000).

These authors concluded “increased colonic

pH was not associaled with reduced
populations of acid resstant E. coli” but
“feeding hay for a short duration can reduce
acid-resstant E. coli populations’ (Scott et
d., 2000). Agan, these results emphasize
that dietary manipulaions (eg., hay feeding)
could be a powerful method to reduce E.
coli/EHEC populations in catle prior to
harvest.

Cleanliness of animds entering
holding pens a the &abattoir is an important,
and often overlooked factor that can impact
the incidence of food-borne illness. Dried
manure on the hide and hooves has been
implicied & a primay route of
contamination of cacases via removd
machinery (Grau, 1987; Hancock, 1999).
However, Elder et a. (2000) demonstrated
that there was a direct corrdation between
feca populations of E. coli O157:H7 and
carcass contaminaion levels. In a study by
Gregory et a. (2000), when cattle arrived at
the daughter plant the hides of ceattle fed hay
for 48 h prior to trangport were as clean as
fasted catle, and were sgnificantly cleaner
than pasture-fed catle (Gregory e 4.,
2000). Therefore these authors dtated that
feeding hay prior to transport to daughter
“offered the most advantages’ (Gregory et
a., 2000). Feeding drategies that resut in
cdtle ariving a the abaitoir with less “tag”



on the hide a the time of daughter can
gregtly enhance food safety.

Implications

The United States has the safest food
supply in the higory of the world, however
food-borne pathogenic bacteria are il
dgnificant threetss to  human  hedth.
Sanitation  deps  following
effectivdy reduce carcass contaminaion
with E. coli O157:H7, but pre-havest

daughter

intervention  drategies  offer  avenues  to
reduce pathogen populations in food animas
before they enter the food chain.  Attempts
to modify feca shedding of E. coli O157:H7
through fadsing and feeding poor-qudity
forages have been shown to increase

shedding in catle However, dbruptly

Acheson, D.W.K. 2000. How does Escherichia
coli O157:H7 testing in meat compare
with what we are seeing clinicaly? J.
Food Prot. 63:819-821.

Allison, M. J., . M. Robinson, R. W. Dougherty,
and J. A. Bucklin. 1975. Grain overload
in cattle and sheep: changes in microbial
populations in the cecum and rumen.
Amer. J Vet. Res. 36:181-185.

Armstrong, G. L., J. Hollingsworth, and J. G.
Morris.  1996. Emerging foodborne
pathogens: Escherichia coli O157:H7 as
amodel of entry of a new pathogen into
the food supply of the developed world.
Epidem. Rev. 18:29-51.

Bielaszewska, M., H. Schmidt, A. Liesegang, R.
Prager, W. Rabsch, H. Tschape, A.
Cizek, J. Janda, K. Blahova, and H.
Karch. 2000. Cattle can be a reservoir
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switching cattle from a high grain ration to a
high-qudity hay-based diet has been shown
to reduce generic E. coli and E. coli
O157:H7 populations, but the magnitude of
reduction has vaied among dudies.
Switching dl feediot catle in the U.S. from
gran-based diets to hay prior to daughter is
not currently feasble, in gsuite of the
potentia  benefits. Further research is
needed to ducidate the mechanism by which
forage-feeding  impacts the  microbid
ecology of the bovine intestind tract,
induding E. coli populations so that
economicdly vidble digtary modifications
can be devised and implemented.
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Table 1. Published reports of effects of diet on fecal E. coli populations

Authors Concentrate diet E. coli CFU/qgfeces Forage diet E. coli CFU/qg feces Log;qimpact
Allison, 1975 Normal diet 8x 10° coliforms
Over fed grain 1x 10'° coliforms
Kudva, et a., 1995 100% Alfafapellets Shed O157:H7 for 4 d Sagebrush/bunchgrass | Shed O157:H7 for 15d
DiezGonzdezetd., | 90% Concentrate 8x 10 100% Timothy Hay 3x10° -35
1998
Jordan and 44% Dry corn 7x10° 50% Corn silage 4x10° -03
McEwen, 1998 7% Dry Gluten 50% Alfadfa
7% Distiller’ s Dried Grains
Keenetd., 1999 85% Concentrate 52% shedding 100% Forage 18% shedding O157:H7
0O157:H7
Hovdeet d., 1999 62% Barley/19% corn 7x10° peak Alfafaor Grass Hay 7x 10° peak
90% Corn (4 d of shedding) (39 or 42 d shedding)
Stanton and Schutz, | 85% Whole Corn 32x 10’ 30% Millet hay 1x10° -12
2000 62% whole corn
Scott et al., 2000 84% Dry rolled corn or 3x10° 100% Alfalfahay 1x 10" -1.2
41% Dry rolled corn
45% Wet corn gluten 5x 10° 9x 10° -16
Bucko et d., 2000a 80% Concentrate 5% shedding O157:H7 100% Alfafasilage 5% shedding
(after 48 h fast) O157:H7
Re-fed 100% 42% shedding O157:H7
Alfafasilage ater5d

(after 48 h fast)
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