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Shedding in Beef and Dairy Cattle

Introduction

THE CENTERS FOR DISEASE CONTROL AND PREVENTION 
(CDC) has identi�ed Escherichia coli O157:H7 and Listeria 
monocytogenes as two major foodborne pathogens (CDC, 
2014). Consumption of ground beef is the most frequently 
implicated cause of E.coli O157:H7 foodborne illnesses in 
humans, and food products from cattle have been linked 
to approximately 75 percent of these outbreaks (USDA-
APHIS, 1997; Vugia et al., 2007). Cattle are a major reservoir 
of E. coli O157:H7 in the mucosal surface of the rectum 
(Naylor et al., 2003; Gyles, 2007; Hussein, 2007) and in 
feces (Callaway et al., 2003; Berg et al., 2004; Jacob et al., 
2008a,b). In fact studies have shown that up to 30 percent 
of cattle are carriers of E. coli O157:H7 (Callaway et al., 
2006; Reinstein et al., 2007; Stanford et al. 2005).

Many factors affect shedding of these pathogens in ruminants 
including feed, water, age of animal, and season (Caro et 
al., 1990; Bach et al., 2002; Renter and Sargeant, 2002; Ho 
et al., 2007). Manure containing E.coli O157:H7 from cattle 
housing facilities can contaminate water supplies, be used 
as irrigation water for crops, or transmitted through other 
animals (Hill et al., 2006; LeJeune et al., 2001; Sargeant et 
al., 2003; Thurston-Enriquez et al., 2005). Although diet is 
considered to be an important factor that may contribute 
to fecal shedding of these pathogens, the relative impact of 
grain, grain co-products, and forage is unclear. Initial research 
by Diez-Gonzalez et al. (1998) showed that an abrupt shift 
from grain to hay-based rations signi�cantly reduced generic 
E.coli populations. However, several subsequent research 
studies that have shown variable results (Hancock et al., 
2000; Hovde et al., 1999; Keen et al., 1999). 

Listeria monocytogenes are also present in feces of 
cattle (Pell, 1997; Pauly et al., 1999). Several Listeria
spp. (L. innocua, L. monocytogenes, and L. welshimeri) 
were identi�ed to be present in 9 to 35 percent of fecal 
samples from healthy beef feedlot cattle (Siragusa et al., 
1993). Skovgaard and Morgen (1988) showed that Listeria
spp. were present in fecal and silage samples collected 
from 7 dairy farms, and Ryster et al. (1997) isolated L. 
monocytogenes from 2 percent of 129 silage samples and 
35 of hay silage samples. These results indicate that silage 
samples may be a potential risk factor for transmission of 
L. monocytogenes to cattle. However, there is a lack of 
clear evidence showing a direct relationship between diet 
composition and pathogen shedding in beef and dairy cattle.

Because of the concerns about potential contamination of 
meat and milk with E.coli O157:H7 and L. monocytogenes, 
and the potential role that diet composition may contribute to 
the risk of contamination, it is important to review the results 
from research studies involving feeding DDGS to beef and 
dairy cattle to determine if it is a risk factor.

Does DDGS Increase Shedding of E. coli 
O157:H7? 
Various types of bacteria are present everywhere in the 
environment and they are present in corn co-products. 
However, the proportion of grain and forage, and crude 
protein levels in cattle diets may be a more important factor 
(Biswas et al., 2016). 

An initial report suggested that feeding DDGS increased 
the shedding of E. coli O157:H7 in cow-calf operations in 
Scotland (Synge et al., 2003). In a subsequent study, other 
researchers found that feeding brewer’s grains to cattle 
also increased E. coli O157 shedding, and increased the 
likelihood of shedding by more than 6-fold (Dewell et al., 
2005). In 2007, there was a dramatic increase in interest in 
identifying and understanding the possible reasons for the 
increase in E. coli O157:H7 contamination in ground beef 
in the United States. Because of the exponential increase 
in distiller’s grains production and use in cattle diets during 
this same time period, there were some suspicions that 
feeding distiller’s grains were contributing to this problem. 
As a result, researchers began conducting studies to 
determine if there was a relationship between feeding 
distiller’s grains with solubles and the increased incidence 
of E. coli O157:H7 in beef. A series of controversial studies 
conducted by researchers at Kansas State University (Jacob 
et al., 2008a,b,c), showed low prevalence and inconsistent 
responses to E. coli O157:H7 shedding in feedlot cattle 
fed DDGS diets. Despite these inconsistent results, these 
researchers concluded that feeding distiller’s grains increased 
fecal E. coli O157:H7 shedding in beef feedlot cattle.

However, subsequent studies conducted by researchers at 
the University of Nebraska (Peterson et al., 2007) showed 
that feeding up to 50 percent (dry matter basis) wet distiller’s 
grains diets did result in E. coli O157:H7 shedding occurred, 
but the level of shedding was no different than cattle fed 
diets containing no DDGS. These results were not in 
agreement with those reported by Jacob et al. (2008a,b,c). 
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Furthermore, Nagaraja et al. (2008) collected manure 
samples from 700 cattle fed either control and DDGS diets 
for 150 days and showed that the overall prevalence of E. 
coli O157:H7 shedding was low (5.1 percent) and feeding 
DDGS had no effect on increasing E. coli O157:H7 shedding. 
Furthermore, in contrast to earlier studies, Jacob et al. (2009) 
showed no differences in the fecal shedding of Escherichia 
coli O157:H7 and Salmonella spp. in cattle fed dry-rolled 
corn or DDGS. 

Callaway et al. (2010) conducted a study to evaluate 
changes in rumen and fecal bacterial population in beef 
feedlot cattle fed diets where DDGS replaced 0, 25, or 50 
percent of the grain supplement and showed that bacterial 
populations were different when feeding DDGS, which 
may have been related to lower rumen pH. Biswas et al. 
(2016) showed that feeding a high forage and high protein 
diet resulted in the greatest E. coli O157:H7 shedding in 
dairy cattle, compared with the low forage and high protein 
diet which resulted in the least shedding. These results 
indicate that diet composition and crude protein content 
can in�uence E. coli O157:H7 shedding in dairy cattle, but 
including DDGS in the ration had no effect.

Currently, there is no scienti�c evidence suggesting that the 
levels of DDGS being fed is a cause for E. coli O157:H7 
contamination in ground beef. Furthermore, if there is a 
possible connection between feeding of distiller’s grains and 
E. coli shedding, the mechanism has not been elucidated. 
In vitro studies have not detected any effects of distiller’s 
grains on E. coli O157:H7 populations in mixed ruminal 
and fecal �uid fermentations (Callaway et al., 2008). It is 
important to recognize that bacterial contamination (including 
E. coli O157:H7) in the meat supply can occur during many 
segments of the food chain, and is not restricted to feed or 
feed ingredients. 

Does DDGS Increase Shedding 
of L. monocytogenes? 
No studies have been conducted to determine the effect 
of diet composition or feeding DDGS on fecal shedding of 
Listeria by cattle. Fenlon et al. (1996) showed that about 30 
percent of cattle in one herd shed L. monocytogenes after 
being fed silage. Ho et al. (2007) determined that 38 percent 
of silage samples evaluated contained L. moncytogenes, 
and 94 percent of the cows fed silage excreted L. 
moncytogenes in their feces at least once during the study. 
Biswas et al. (2016) showed that dairy cows excreted Listeria
when fed alfalfa hay that was contaminated with Listeria, 
which represented the greatest portion of the diet. These 
researchers showed that feeding a high forage or low protein 
diet resulted in the greatest Listeria shedding compared with 
feeding low forage or high protein diets. However, the DDGS 

source used in this study contained no detectable levels of 
E. coli or Listeria spp.

Conclusions

Food-borne pathogenic bacteria continue to be a signi�cant 
threat to human health in many countries around the world, 
despite the implementation of food safety regulations. 
Although post-harvest sanitation strategies have reduced 
E. coli O157:H7 and Listeria monotogenes presence in 
meat and milk products, implementation of pre-harvest 
intervention strategies can further reduce the risk of food 
borne pathogens in food animals before they enter the food 
chain. Some feedstuffs appear to alter shedding levels of 
E. coli O157:H7, but these effects have not always been 
consistent. Fasting and feeding poor quality forages have 
been shown to increase shedding of E. coli O157:H7 in 
cattle, but abruptly switching cattle from a high grain diet 
to a high-quality hay-based diet has been shown to reduce 
E. coli O157:H7 populations. More research is needed to 
identify the mechanism (e.g., competitive exclusion, physical 
removal, forage quality, tannins, lignin, other phenolics) by 
which feeding forage impacts the microbial populations of the 
ruminant intestinal tract, including the ecology of E. coli and 
E. coli O157:H7 populations, in order to implement practical 
dietary modi�cations. Furthermore, very little is known about 
the effects of diet composition and the use of various feed 
ingredients in Listeria shedding in dairy and beef cattle.

References

Bach, S.J., T.A. McAllister, D.M. Veira, V.P.J. Gannon, and 
R.A. Holley. 2002. Transmission and control of Escherichia 
coli O157:H7: a review. Can J. Anim. Sci. 82:475-490.

Berg, J., T. McAllister, S. Bach, R. Stilborn, D. Hancock, and 
J. LeJeune. 2004. Escherichia coli O157:H7 excretion by 
commercial feedlot cattle fed either barley- or corn-based 
�nishing diets. J. Food Protection 67:666-671. 

Biswas, S., M. Niu, J.A.D.R.N. Appuhamy, A.B. Leytem, R.S. 
Dungan, E. Kebreab, and P. Pandey. 2016. Impacts of 
dietary forage and crude protein levels on the shedding of 
Escherichia coli O157:H7 and Listeria in dairy cattle feces. 
Livest. Sci. 194:17-22.

Callaway, T.R., S.E. Dowd, T.S. Erdington, R.C. Anderson, 
N. Krueger, N. Bauer, P.J. Kononoff, and D.J. Nisbet. 
2010. Evaluation of bacterial diversity in the rumen and 
feces of cattle fed different levels of dried distillers grains 
plus solubles using bacterial tag-encoded FLX amplicon 
pyrosequencing. J. Anim. Sci. 88:3977-3983.



CHAPTER 16  |  Escherichia coli O157:H7 and Listeria monocytogenes Shedding in Beef and Dairy Cattle 143

Callaway, T.R., M.A. Carr, T.S. Edrington, R.C. Anderson, 
and D.J. Nisbet. 2008. Diet, Escherichia coli O157:H7, 
and cattle: A review after 10 years. Curr. Issues Mol. Biol. 
11:67-80.

Callaway, T.R., T.S. Edrington, A.D. Brabban, J.E. Keen, R.C. 
Andrson, M.L. Rossman, M.J. Engler, K.J. Genovese, 
B.L. Gwartney, J.O. Reagan, T.L. Poole, R.B. Harvey, 
E.M. Kutter, and D.J. Nisbet. 2006. Fecal prevalence 
of Escherichia coli O157, Salmonella, Listeria, and 
bacteriophage infecting E. coli O157:H7 in feedlot 
cattle in the southern plains region of the United States. 
Foodborne Pathog. Dis. 3:234-244.

Callaway, T.R., R.O. Elder, J.E. Keen, R.C. Anderson, and 
D.J. Nisbet. 2003. Forage feeding to reduce preharvest 
Escherichia coli populations in cattle, a review. J. Dairy 
Sci. 86:852-860.

Caro, M.R., E. Zamora, L. Leon, F. Cuello, J. Salinas, D. 
Megias, M.J. Cubero, and A. Contreras. 1990. Isolation 
and identi�cation of Listeria monocytogenes in vegetable 
byproduct silages containing preservative additives and 
destined for animal feeding. Anim. Feed Sci. Technol. 
31:285-291.

CDC. 2014. Surveillance of Foodborne Disease Outbreaks, 
United States, 2012 (Annual Report). U.S. Department of 
Health and Human Services, Centers for Disease Control 
and Prevention, Atlanta, GA.

Dewell, G.A., J.R. Ransom, R.D. Dewell, K. McCurdy, I.A. 
Gardner, A.E. Hill, J.N. Sofos, K.E. Belk, G.C. Smith and 
M.D. Salman. 2005. Prevalence of and risk factors for 
Escherichia coli O157 in market-ready beef cattle from 12 
U.S. feedlots. Foodborne Path. Dis. 2:70-76.

Diez-Gonzalez, F., T.R. Callaway, M.G. Kizoulis and J.B. 
Russell. 1998. Grain feeding and the dissemination 
of acid-resistant Escherichia coli from cattle. Science 
281:1666-1668.

Fenlon, D.R., J. Wilson, and W. Donachie. 1996. The 
incidence and level of Listeria monocytogenes 
contamination of food sources at primary production and 
initial processing. J. Appl. Bacteriol. 81:641-650.

Gyles, C.L. 2007. Shiga toxin-producing Escherichia coli: an 
overview. J. Anim. Sci. 85(E-Suppl.):E45-E62.

Hancock, D.D., T.E. Besser, C. Gill and C.H. Bohach. 2000. 
Cattle, hay, and E. coli. Science 284:49-50.

Hill, D.D., W.E. Owens, and P.B. Tchounwou. 2006. 
Prevalence of Escherichia coli O157:H7 bacterial 
infections associated with the use of animal wastes in 
Louisiana for the period 1996-2004. Int. J. Environ. Res. 
Pub. Health 3:107-113.

Ho, A.J., R. Ivanek, Y.T. Grohn, K.K. Nightingale, and M. 
Wiedry matterann. 2007. Listeria monocytogenes fecal 
shedding in dairy cattle shows high levels of day-to-day 
variation and includes outbreaks and sporadic cases of 
shedding of speci�c L. monocytogenes subtypes. Prev. 
Vet. Med. 80:287-305.

Hovde, C.J., P.R. Austin, K.A. Cloud, C.J. Williams and 
C.W. Hunt. 1999. Effect of cattle diet on Escherichia 
coli O157:H7 acid resistance. Appl. Environ. Microbiol. 
65:3233-3235.

Hussein, H.S. 2007. Prevalence and pathogenicity of Shiga 
toxin-producing Escherichia coli in beef cattle and their 
products. J. Anim. Sci. 85(E. Suppl.):E63-E72.

Jacob ME, J.T. Fox, J.S. Drouillard, D.G. Renter, and T.G. 
Nagaraja. 2009. Evaluation of feeding dried distiller’s 
grains with solubles and dry-rolled corn on the fecal 
prevalence of Escherichia coli O157:H7 and Salmonella 
spp. in cattle. Foodborne Pathog. Dis. 6(2):145-53.

Jacob, M.E., J.T. Fox, J.S. Drouillard, D.G. Renter, & T.G. 
Nagarajia. 2008a. Effects of feeding dried distillers’ grains 
on fecal prevalence and growth of Escherichia coli O157
in batch culture fermentations from cattle. Appl. Environ. 
Microbiol. 74:38-43.

Jacob, M.E., J.T. Fox, S.K. Narayanan, J.S, Drouillard, D.G. 
Renter, and T.G. Nagaraja. 2008b. Effects of feeding 
wet corn distiller’s grains with soluble with or without 
monensin and tylosin on the prevalence and antimicrobial 
susceptibilities of fecal food-borne pathogenic and 
commercial bacteria in feedlot cattle. J. Anim. Sci. 
86:1182-1190.

Jacob, M.E., G.L. Parsons, M.K. Shelor, J.T. Fox, J.S. 
Drouillard, D.U. Thomson, D.G. Renter, and T.G. 
Nagaraja. 2008c. Feeding supplemental dried distiller’s 
grains increases fecal shedding Escherichia coli O157 in 
experimentally inoculated calves. Zoonoses Publ. Hlth. 
55:125-132.

Keen, J. E., G. A. Uhlich, and R. O. Elder. 1999. Effects of 
hay- and grain-based diets on fecal shedding in naturally-
acquired enterohemorrhagic E. coli (EHEC) O157 in beef 
feedlot cattle. In 80th Conf. Res. Workers in Anim. Dis., 
Chicago, IL. (Abstr.)



CHAPTER 16  |  Escherichia coli O157:H7 and Listeria monocytogenes Shedding in Beef and Dairy Cattle 144

Keen, J.E., L.M. Durso and T.P. Meehan. 2007. Isolation of 
Salmonella enterica and shiga-toxigenic Escherichia coli 
O157 from feces of animals in public contact areas of 
United States zoological parks. Appl. Environ. Microbiol. 
73:362-365.

LeJeune, J.T., T.E. Besser, and D.D. Hancock. 2001. 
Reduction of fecal shedding of enterohemorrhagic 
Escherichia coli O157. Appl. Environ. Microbiol. 
67:3053-3057.

Nagaraja, T.G., J. Drouillard, D. Renter, & S. Narayanan. 
2008. Distiller’s grains and food-borne pathogens in 
cattle: Interaction and intervention. KLA News and Market 
Report Vol. 33, No. 35.

Naylor, S.W., J.C. Low, T.E. Besser, A. Mahajan, G.J. 
Gunn, M.C. Pearce, I.J. McKendrick, D.G.E. Smith, and 
D.L. Gally. 2003. Lymphoid follicledense mucosa at the 
terminal rectum is the principal site of colonization of 
enterohemorrhagic Escherichia coli O157:H7 in the bovine 
host. Infect. Immun. 71:1505:1512.

Pauly, T.M., I.B. Hansson, and W.A. Tham. 1999. The 
effect of mechanical forage treatments on the growth of 
Clostridium tyrobutyricum and Listeria monocytogenes in 
grass silage. Anim. Feed Sci. Technol. 78:127-139.

Pell, A.N. 1997. Manure and microbes: public and animal 
halth problem? J. Dairy Sci. 80:2673-2681.

Peterson, R.E., T.J. Klopfenstein, R.A. Moxley, G.E. Erickson, 
S. Hinkley, G. Bretschneider, E.M. Berberov, D. Rogan, 
and D.R. Smith. 2007. Effect of a vaccine product 
containing type III secreted proteins on the probability of 
E. coli O157:H7 fecal shedding and mucosal colonization 
in feedlot cattle. J. Food Protection 70:2568-2577.

Reinstein, S., J.T. Fox, X. Shi, and T.G. Nagaraja. 2007. 
Prevalence of Escherichia coli O157:H7 in gallbladders of 
beef cattle. Appl. Env. Microbiol. 73:1002-1004.

Renter, D.G., and J.M. Sargeant. 2002. Enterohemorrhagic 
Escherichia coli O157: epidemiology and ecology in 
bovine production environments. Anim. Health res. 
Rev. 3:83-94.

Ryster, E.T., S.M. Arimi, and C.W. Donnelly. 1997. Effects of 
pH on distribution of Listeria Ribotypes in corn, hay, and 
grass silage. Appl. Environ. Microbiol. 63:3695-3697.

Sargeant, J.M., M.W. Sanderson, R.A. Smith, and D.D. 
Grif�n. 2003. Escherichia coli O157 in feedlot cattle feces 
and water in four major feeder-cattle states in the USA. 
Prev. Vet. Med. 61:127-135.

Siragusa, G.R., J.S. Dickson, and E.K. Daniels. 1993. 
Isolation of Listeria spp. from feces of feedlot cattle. J. 
Food Protection 56:102-105.

Skovgaard, N., and C.Morgen. 1988. Detection of Listeria
spp. in faeces from farm animals, in feeds, and in raw 
foods of animal origin. Int. J. Food Microbiol. 6:229-242. 

Stanford, K., D. Croy, S.J. Bach, G.L. Wallins, H. Zahiroddini, 
and T.A. McAllister. 2005. Ecology of Escherichia coli
O157:H7 in commercial dairies in southern Alberta. J. 
Dairy Sci. 88:4441.

Synge, B.A., M.E. Chase-Topping, G.F. Hopkins, I.J. 
McKendrick, F. Thomson-Carter, D. Gray, S.M. Rusbridge, 
F.I. Munro, G. Foster and G.J. Gunn. 2003. Factors 
in�uencing the shedding of verocytotoxin-producing 
Escherichia coli O157 by beef suckler cows. Epidemiol. 
Infect. 130:301-312.

Thurston-Enriquez, J.A., J.E. Gilley, and B. Eghball. 2005. 
Microbial quality of runoff following land application of 
cattle manure and swine slurry. J. Water Health 3:157-
171.

USDA-APHIS. 1997. An update: Escherichia coli O157:H7 in 
humans and cattle.

Vugia, D., A. Cronquist, J. Hadler, M. Tobin-D’Angelo, D. 
Blythe, K. Smith, S. Lathrop, D. Morse, P. Cieslak, T. 
Jones, K.G. Holt, J.J. Guzewich, O.L. Henao, E. Scallan, 
F.J. Angulo, P.M. Grif�n and R.V. Tauxe. 2007. Preliminary 
FoodNet data on the incidence of infection with 
pathogens transmitted commonly through food --- 10 
states, 2006. Morbid. Mortal. Weekly Rep. 56:336-339.




