
Incidence of Escherichia coli O157 in Feces between Naturally and Conventionally 
Produced Beef Cattle in Southwest Kansas 

 
 

by 
 

Clinton Alexander, A.S., B.S. M.S. 
 

A Dissertation 
 

In 
 

ANIMAL SCIENCE 
 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

the Degree of 
 

DOCTOR OF PHILOSOPHY 
 
 

Approved 
 

Markus F. Miller, Ph.D. 
Chair of Committee 

 
 

Mindy Brashears, Ph.D. 
 

J. Chance Brooks, Ph.D. 
 

Leslie D. Thompson, Ph.D. 
 
 

Peggy Gordon Miller 
Dean of the Graduate School 

 
 

May, 2012  



 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright 2012, Clinton Alexander



Texas Tech University, Clinton Alexander, May 2012 

ii 

ACKNOWLEDGMENTS 

I would like to thank all of the people that have helped me on this journey in 

producing results for this degree.  I wish to thank Dr. Mark Miller for his continued 

encouragement and advice through the many years that I have been associated with him 

and Texas Tech University.  His leadership and example have made a huge impact on my 

professional and personal life.  Dr. Mindy Brashears sparked my interest in Food Safety 

and Microbiology with her profound knowledge of the industry and dedication to making 

the U.S. and world food supply more safe for consumers.  Each of you is truly an 

inspiration to me and pushed me to strive for excellence as much as possible every day in 

my personal and professional life.  I have always enjoyed Dr. Chance Brooks’ attitude 

and love of life since I met him when I was an undergraduate student at Texas Tech. 

Thank you, Dr. “Ribs” for all of your assistance.  Dr. Leslie Thompson, my first exposure 

to any aspect of Food Safety was in a Food Sanitation course for my M.S. degree.  That 

experience expanded my view of the food-borne illness side of the animal science arena 

and kept me questioning all aspects of production of livestock. 

I would like to thank all of the undergraduate and graduate students that helped 

with collection of samples, running analysis and with the data analyses.  There are many 

students and staff members of Texas Tech that played a key role in helping me finish this 

project.  I would like to thank Tanya Jackson for the countless hours helping me schedule 

the project and processing the samples.  I would like to extend a thank you to Dr. Alejo 

Echeverry, Dr. Andrea Garmyn and Dr. David Wester for helping me with data analyses 

in a field that I had very little exposure to before returning to graduate school. 



Texas Tech University, Clinton Alexander, May 2012 

iii 

I would like to thank my parents and grandmother for all of their support through 

the past couple of years.  It was a huge undertaking to return to graduate school after 

eight years of working in academia.  Your support has meant the world to me.  I would 

like to dedicate this dissertation in memory of my grandfather, Lee E. Middlebrooks, 

native Texan, World War II Veteran and Gold Star recipient.  He was and is my hero for 

his love of God, family, country and the state of Texas.  He was the hardest worker that I 

have ever known and would go out of his way to help anyone that needed assistance.  

Lastly, I would like to thank Paula for your support and companionship. I know that 

destiny has brought us together and we will thrive with our similarities and backgrounds. 

How we never met before that fateful day in Amarillo I will never know but now that we 

have, our lives will be engrained with happiness. Thank you for believing in me.  



Texas Tech University, Clinton Alexander, May 2012 

iv 

TABLE OF CONTENTS 

 
ACKNOWLEDGMENTS .................................................................................................... ii 

ABSTRACT ..................................................................................................................... vi 

LIST OF TABLES .......................................................................................................... viii 

LIST OF FIGURES .......................................................................................................... ix 

CHAPTER I ...................................................................................................................... 1 

INTRODUCTION ...................................................................................................... 1 
Project Objectives and Description ......................................................................... 2 

 
CHAPTER II..................................................................................................................... 5 

REVIEW OF LITERATURE ..................................................................................... 5 
Prevalence of E. coli O157 in Cattle ....................................................................... 6 
Natural and Conventional Beef ............................................................................... 9 
Anti-Microbial Resistance .................................................................................... 13 

 
CHAPTER III ................................................................................................................. 21 

MATERIALS AND METHODS .............................................................................. 21 
Animal Resources ................................................................................................. 21 
Feedlot A Sampling .............................................................................................. 23 
Anti-Microbial Resistance .................................................................................... 24 
Feedlot B Sampling............................................................................................... 26 
BAX Confirmation................................................................................................ 28 
Statistical Analysis and Sample Size Considerations ........................................... 29 

 
CHAPTER IV ................................................................................................................. 46 

RESULTS ................................................................................................................. 46 
Composite Feed Yard Results ............................................................................... 46 
Anti-Microbial Resistance .................................................................................... 50 
Feedlot A Results .................................................................................................. 58 
Feedlot B Results .................................................................................................. 61 

 
CHAPTER V ................................................................................................................... 69 

IMPLICATIONS ...................................................................................................... 69 
 



Texas Tech University, Clinton Alexander, May 2012 

v 

REFERENCES ................................................................................................................. 71 

APPENDIX A .................................................................................................................. 77 

Sensititre Custom Plate Form ................................................................................... 77 
 
APPENDIX B .................................................................................................................. 78 

BAX System Tracking Sheet .................................................................................... 78 



Texas Tech University, Clinton Alexander, May 2012 

vi 

ABSTRACT 

Changes in production methods of agricultural foods have evolved. Food and 

livestock are marketed in different ways including those from natural and conventional 

production methodologies. The objectives of this study were to evaluate the prevalence of 

Escherichia coli O157 between naturally and conventionally produced beef from a 

commercial feeding facility. Two sets of data for prevalence were obtained from two 

different southwest Kansas feed yards in two different trials. Positive samples from 

Feedlot A were evaluated for antimicrobial susceptibility.  

No differences (P = 0.8696) were found for prevalence of E. coli O157 between 

naturally- and conventionally-produced beef from samples obtained in both feedlots.  A 

replication difference was detected (P < 0.001) with replications 1, 2 and 3 having lower 

prevalence of E. coli O157 as compared to replications 4 and 5.   A production method by 

replication interaction was not detected (P = 0.3727).  

Feedlot A showed no difference (P = 0.5361) for prevalence of E. coli O157 with 

natural testing 5.11% positive and conventional testing 6.22% positive. No difference (P 

= 0.5747) for replication days or the production method by replication day interaction (P 

= 0.1608). Three of the positive isolates, all from naturally-produced cattle, from Feedlot 

A showed multi-drug resistance. Feedlot B showed positive results although no 

differences (P  = 0.6568) were detected between naturally and conventionally produced 

beef for E. coli O157. Overall, 37.2% of the 500 samples were positive for E. coli 

O157:H7 with 42.4% of conventional samples and 32.0% of natural samples testing 

positive from Feedlot B. Sampling period did not affect (P = 0.8122) prevalence; day 1 
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had 38.4% positive, and 36.0% of samples tested positive on day 2. Comparing 

production type on sampling day, conventional positive samples dropped from day 1 to 2 

(49.6% to 35.2%); however natural samples testing positive for E. coli increased from 

day 1 to 2 (27.2% to 36.8%). One pen of conventional samples was 100% positive. 

However, one pen of each treatment had 0% positive samples, both on day 2.   

Although no significant differences were detected between naturally and 

conventionally-produced beef for E. coli O157, the high percentage of positive samples 

for each production type as well as the multi-drug resistant isolates from naturally 

produced beef indicated a need for the beef and animal health industries to continue pre 

and post-harvest intervention methods to control E. coli O157 prevalence in the food 

supply to prevent food-borne illnesses. 
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CHAPTER I 

INTRODUCTION 

 
In recent years, the natural and organic segments of the food industry have 

brought a new market share and niche to the food and meat industry.  Numerous research 

projects have focused on the differences between cattle raised in a conventional system 

(those that receive growth promotants, sub-therapeutic levels of antibiotics and/or 

implants) and cattle raised in a natural or organic program.  Research shows, when 

comparing nutritive values or residue levels in meat from these animals, there are little if 

any significant differences between naturally and conventionally raised beef (Smith et al., 

1994, 1997; Usborne et al., 1994).  Additionally, several researchers have found that 

there are no differences between certain antibiotic-resistant organisms or multi-drug 

resistant organisms when comparing the two groups (Sato et al, 2005; Reinstein et al., 

2009).  

 Two different commercial cattle feeding facilities were sampled.  Feedlot A (n = 

900 samples) was sampled finding positive differences between naturally and 

conventionally raised beef for incidence of E. coli O157 in pen surface fecal samples in a 

commercial feed yard on d 1. Isolates from Feed yard A were tested for antimicrobial 

resistance patterns.   

 Two-hundred and fifty samples from each production type (n = 500 total) were 

collected to determine E. coli O157:H7 prevalence from these two production styles at 

Feedlot B.  With the result of sampling two feeding facilities, the hope is to provide new 

information about these two different production methods.  From the information that 
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was collected from both commercial feeding facilities, this study will combine the results 

of the projects to present an informative fact sheet to make available for consumers and 

producers of natural and conventional beef.   

 With the data collected and analyzed in this study, the results can be used to 

address food safety issues with large and small processors in the natural beef markets and 

convey information about food safety issues possibly posing risks in that segment of the 

industry. 

Research in pre-harvest food safety cattle-production systems has been growing 

because 1) the association between beef consumption and human cases of E. coli O157- 

and Salmonella-induced disease; 2) recent data have demonstrated that group-level 

pathogen loads entering packing plants is a strong determinant of the level of carcass 

contamination; and 3) reducing the pathogen load carried by cattle leaving feedlots 

should improve the safety of beef and other commodities such as fruits and vegetables.   

Project Objectives and Description 

 
The objective of this study was to determine the prevalence of E. coli O157 in 

naturally and conventionally produced beef, in a commercial feedlot setting.  This study 

evaluated differences between pathogen prevalence in cattle raised using different 

production practices to determine if one group was more likely to have higher incidences 

of E. coli O157.   

 Isolates were obtained from 44 positive samples collected at Feedlot A and were 

tested for antimicrobial resistance patterns.  In this sampling period, 900 cattle (n = 

450/production type) were sampled.  Three-hundred cattle were sampled on three 
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different sampling periods every 7 days at a commercial beef feeding facility.  A second 

feedlot was sampled with 500 cattle (n = 250/production type) being sampled in a 

commercial beef feeding facility (Feedlot B).   

 For each sampling yard, pen surface fecal samples were obtained and analyzed for 

the prevalence of E. coli O157.  The 900 samples that were collected from Feedlot A 

produced some positive samples.  From those positive samples, 44 isolates were shipped 

to West Texas A&M University to determine antimicrobial resistance patterns.  Samples 

from Feedlot A (n = 900) and Feedlot B (n = 500) were shipped to Texas Tech University 

Experimental Sciences Building for analysis of fecal shedding for natural and 

conventional beef production methods. 

The present study proposed to look at another valuable aspect of comparing these 

different production and management styles.  Analysis determined if one group was more 

prone to higher shedding rates of E. coli O157, which could have a significant impact on 

food safety in the beef industry.  Previous studies have shown that minimal differences 

exist in nutritional aspects and/or residues in cattle raised by different production types.  

Conventional beef can be raised with greater efficiency, so potential food safety risks of 

these production methodologies should be examined to determine benefit and/or risks to 

the beef industry. 

The objectives of this study were to 1) determine if prevalence differences for E. 

coli O157 exist between naturally and conventionally produced beef at two commercial 

feeding facilities in southwest Kansas; 2) evaluate the difference in antimicrobial 

resistance patterns from E. coli O157 isolates obtained from naturally and conventionally 
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raised beef from Feedlot A including resistance to 2, 3, 4 and 5 or more commonly 

utilized antimicrobials in feedlots; and 3) determine if location of pens in Feedlot B 

influenced the incidence of E. coli O157. 
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CHAPTER II 

REVIEW OF LITERATURE 

 
Each year there are an estimated 9.6 million cases of food-borne illness attributed 

to 31 different major pathogens, 55,961 hospitalizations, and 1,351 deaths (Scallan et al., 

2011).  According to the Economic Research Service (ERS) of the United States 

Department of Agriculture (USDA), the 2010 economic cost of Escherichia coli in the 

United States was $488,771,183 (USDA, 2010). Cattle are a primary source of many 

pathogens and directly or indirectly contaminate beef products, milk, and even fruits and 

vegetables. 

Escherichia coli O157 is a highly pathogenic strain of E. coli that can cause 

hemorrhagic colitis, hemolytic uremic syndrome, and even death (Kaper et al., 2004).  

Shiga-like toxins/verotoxins are considered important in the pathogenesis of disease 

induced by this bacterium (Kaper et al., 2004).  Escherichia coli O157 was first 

recognized as a food-borne pathogen in 1982 (Riley et al., 1983; Wells et al., 1983) when 

two outbreaks resulted from consumption of undercooked ground beef.  Since then, 

several outbreaks of bovine origin have occurred indicating that cattle are the primary 

reservoir of this pathogen. Cattle are the primary source of E. coli O157 because this 

bacterium is uniquely adapted to survival and propagation within the bovine 

gastrointestinal tract.  The likely site of colonization is the terminal rectum (Naylor et al., 

2003) with additional sites possible at the cecum and colon (Grauke et al., 2002).  

Transmission between animals may occur via direct exposure from animal to animal or 

indirectly from the environment.  Commingling animals from multiple sources provides 
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exposure to novel strains of E. coli O157 with resultant clonal expansion.  Once infected, 

animals may either clear the infection or become colonized indefinitely.  Direct or 

indirect exposure with ruminant feces to hides is the leading cause of infections caused 

by E. coli O157 (Locking et al., 2001).  It has a unique epidemiology in feedlot cattle, 

requiring a multiple-hurdle approach to controlling this pathogen due to various sources 

of exposure including water, feed, other animals, and flies (LeJune et al., 2004). 

Escherichia coli O157 has a low infective dose and high virulence characteristics 

which makes human infections severe and life-threatening (Griffin et al., 1994).  Shiga 

toxins produced by E. coli are the principal factors that are responsible for health 

problems in humans causing hemorrhagic colitis and hemolytic uremic syndrome 

(Karmali et al., 1985).  Escherichia coli O157 shed by animals can survive for extended 

times in contaminated soil, water, manure and feed and be spread to other uninfected 

animals (Hancock et al., 1998). 

Prevalence of E. coli O157 in Cattle 

 
Most research on the prevalence of E. coli O157 has been performed on cattle 

confined in either feedlots or dairies.  Many researchers have attempted to estimate the 

prevalence of E. coli O157:H7 in cattle at feedlots, in packing plants or on final products 

but the final prevalence is influenced by many factors (Barham et al., 2002).  Non-type-

specific E. coli is commonly associated with cattle and beef products, but pathogenic 

strains are less common (Fluckey et al., 2007).  By weaning, 83% of calves from 15 

operations had been exposed to E. coli O157:H7 (Laegreid et al., 1999).  Others found 

that initial infection occurred within two weeks of birth indicating that the shedding 
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status of cows may be of importance in subsequent calf exposure (Gannon et al., 2002).  

When mature cows were sampled three times during October through December, E. coli 

O157:H7 was recovered from 9.1% of animals at least once (Riley et al., 2003).  Others 

have detected shedding in up to 26% of cows one week postpartum (Gannon et al., 2002).  

Although shedding is thought to decrease in mature animals, cull cows, which are 

typically older animals, may be at greater risk of shedding (Gannon et al., 2002).  Cattle 

infected with E. coli O157:H7 show no symptoms of disease with shedding of the 

organism in the feces being sporadic and difficult to detect (Galland et al., 2001). 

Fluckey et al. (2007) evaluated 60 steers for E. coli on three different sampling 

dates with fecal grabs, hide and carcass swabs.  For non-specific E. coli, they reported 

that fecal samples at the feedlot were 98.1% ± 9.1% positive.  The result was expected as 

E. coli is a natural inhabitant of the bovine gastrointestinal tract.  However, they reported 

that these were non-specific E. coli and were not necessarily pathogenic forms.  When 

they moved to pre-evisceration samples, the proportion of positive non-specific E. coli 

was 40.0% ± 26.0% averaged among all three sampling periods.  They also found no E. 

coli from carcasses in the cooler (Fluckey et al., 2007) citing that post-harvest 

interventions by the processor may have been effective against E. coli.  

Escherichia coli O157 was detected on all operations and 50 to 70% of pens 

during two studies that included samples from over 70 feedlots (NAHMS, 2001; Sargeant 

et al., 2003).  Escherichia coli O157 was cultured from 10 to 11% of the fecal pats 

sampled (n  > 10,000 for both studies).   In another study, in which all cattle (n = 3,162) 

from 29 pens were sampled, E. coli O157:H7 was detected in 23% of cattle and all pens 
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had at least one positive animal (Smith et al., 2001).  Brashears et al. (2003) cultured E. 

coli O157:H7 from 66.7% of conventionally fed feedlot cattle on at least one occasion 

when animals were repeatedly sampled over time.  Moreover, when cattle were 

systemically sampled at multiple physiological locations (hide, feces, and mouth) within 

10 days of harvest, 99.3% of cattle were positive for E. coli O157:H7 on at least one site 

(Keen and Elder, 2002).  Shedding typically increased shortly after arrival at the feed 

yard and then decreased in a classical epidemic curve.  Shedding was also greatest during 

the warmer months and in one study peaked at 19.9% during September compared to 

approximately 3.5% during February (NAHMS, 2001).  Additionally, evidence of 

substantial pen to pen variation in shedding has been observed (NAHMS, 2001; Smith et 

al., 2001). 

Riley et al. (2008) obtained 10,982 fecal samples from heifers in Florida (ranch 

setting) and their steer siblings in Oklahoma (feedlot setting) to determine breed effect on 

shedding of E. coli through heterosis in cross-bred animals versus purebred stock. 

Escherichia coli was not recovered from any of the 982 animals tested during the trial 

(Riley et al., 2008). Results were unexpected as another study from mature cows in the 

same location in 2001 detected E. coli (Riley et al., 2003). It was noted that the sporadic 

nature of this organism might have contributed to negative findings through lack of 

culture sensitivity or intermittent shedding (Hancock et al., 2001).   

The mean length of shedding was reported to have been between the 28-day 

sampling periods (Riley et al., 2008).  The mean duration of shedding E. coli O157 has 

been reported as short as one week to up to one month (Besser et al., 1997). The steers 
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evaluated by Riley et al. (2008) that were shipped to the Great Plains underwent extreme 

environmental and nutritional changes.  These stressors, and changing from a forage-

based to concentrate diet, has been noted for increase prevalence rates (Smith et al., 

1997).  Comingling cattle from different sources, which commonly happens to feedlot 

cattle sourced from sale barns, has been reported to be associated with high prevalence of 

E. coli O157:H7 (Dunn et al., 2004). 

Galland et al. (2001) evaluated 24,184 samples finding 45 (0.19%) positive for E. 

coli O157:H7 with 57 total isolates identified.  However, one collection time, it was 

isolated from fewer than four samples at a yard or in a pen.  When comparing different 

feed yards, they found one yard that had significantly fewer (18.8%) isolates than from 

three others (56.3%, 37.5%, and 37.5%) also noting that it was rare to find E. coli O157 

from consecutive collections at a single feedlot (Galland et al., 2001). 

Natural and Conventional Beef 

 
 Natural beef has a wide variety of programs and definitions throughout both the 

country and industry.  Most natural beef programs have minimal or no exposure to sub-

therapeutic broad spectrum antibiotics and are not given any growth promoting agents 

like hormonal implants. In 2009, USDA released a voluntary standard for “naturally 

raised” animals that require third-party verification of these claims (Federal Register: 

Vol. 74, No. 12).  The three core components for naturally raised livestock include: 1) 

livestock must be raised entirely without growth promotants, 2) antibiotics cannot be 

used, except for ionophores as coccidiostats for parasite control, and 3) animals can never 

be fed mammalian, avian, or aquatic by-products derived from harvest processes.  
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Natural cattle do have production risks associated with this type of management 

scheme in terms of production costs to raise these cattle.  It is noted that it costs up to 

25% more to produce naturally raised beef as compared to conventional beef using 

growth promotants (Mayer, 1999).   Wileman et al. (2009) reported that when the 

differences in average daily gains and feed to gain ratios between implanted and non-

implanted production groups were put into a break-even model, implanted steers had a 

$77/head lower cost of production.  The study noted the importance of obtaining 

premiums for natural or organic programs to maintain financial viability (Wileman et al., 

2009). The costs associated with producing natural or organic meat are higher than 

conventional because the lack of growth promoting products.  However, the market does 

not differentiate a price between Natural and Conventional beef since beef is a 

commodity (Boland et al., 2002). This observation in 2002 does not translate to the 

current beef market for price differentiation between natural and conventional beef 

products due to premiums awarded for some industry certified programs. 

Sawyer et al. (2003) evaluated crossbred steers on a high concentrate diet (76% 

flaked corn) with or without growth implants and with or without antimicrobial feed 

additives over a 140 day trial. Implanted steers received Synovex-S at initial processing 

and Revalor-S on d 63.  Monesin (30 g/907.18 kg of ration) and tylosin (10g/907.18 kg of 

ration) were fed to steers receiving feed additives. Implanted cattle had increased daily 

gain (21.2%), feed efficiency (7.7%) and dry matter intake (12.4%) as well as increased 

carcass weights. The carcasses that received implants had a lower percentage (62.5%) 

that graded USDA Choice versus the non-implanted (90.2%) cohorts.  This resulted in 
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the implanted cattle receiving lower prices for the carcasses; however, the implanted 

cattle had heavier carcass weights requiring the non-implanted cattle to receive a 

$44/head premium to be comparable (Sawyer et al., 2003). 

 Gunn et al. (2007) evaluated the differences between a natural (85% corn-based 

diet with no hormones or implants) group of heifers versus a group of conventionally 

produced (control group) heifers (85% corn-based diet with Rumensin, Tylan, 

melengestrol acetate (MGA) and implanted with Revalor I-H at day 30 and 120). The 

control group had greater average daily gains (1.34 vs. 1.19 kg; P < 0.01), heavier 

finished live weights (503 vs. 481 kg; P = 0.03), hot carcass weights (324 vs. 304 kg; P = 

0.01) and greater dressing percent (64.4 vs. 63.2; P = 0.01) when these heifers were fed 

to a constant 12th rib fat end point (1.3 ± 0.1 cm).  They reported that days on feed (P = 

0.49) and dry matter intake (P = 0.37) were not affected by treatment group.  However, 

the natural group of heifers tended to have a greater percentage (P = 0.17) of carcasses 

grading USDA Choice or Prime (Gunn et al., 2007). 

 Cattle in conventional production systems typically have some type of growth 

promoting agents supplemented by injection, orally or implanting subdermally.  Most of 

these products are naturally-occurring hormones such as estrogen, testosterone or 

progesterone. The aforementioned products are administered to increase lean muscle 

growth and decrease deposition of fat in various areas of the bovine.  The usage of these 

products decreases inputs of feed by allowing the animal to convert feed energy to 

muscle more efficiently.  These products are FDA approved, requiring years of testing 

before final approval for usage (NCBA, 2008). 
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Many studies have been conducted comparing natural and conventional 

management systems to assess differences in violative residues from growth promotants, 

antimicrobials and pesticides in muscle and fat.  In studies by Smith et al. (1994, 1997) 

and Usborne (1994), no samples tested had residues detected in each group for both 

natural and conventional beef.  Research by Woese et al. (1997) suggested that there were 

no major differences in nutrient composition between natural and conventional beef.   

Smith et al. (2005) reported the likelihood of finding microbiological differences 

between natural and conventional beef in state or federally inspected plants would be 

low, noting that the industry wide approach of science-based Hazard Analysis Critical 

Control Points (HACCP) programs and multiple hurdle approaches have decreased the 

incidence of E. coli.   

 Reinstein et al. (2009) tested prevalence of E. coli in organic, natural and 

conventional cattle at harvest.  According to their results, E. coli O157:H7 was detected 

in 0 to 23.0% (average 7.2%) of 506 fecal samples from natural cattle.  In conventional 

beef fecal samples (n = 322), an average of 11.2% positive samples was reported.  The 

prevalence of E. coli in natural and organic beef fecal samples was similar to those 

reported by Callaway et al. (2003) for conventional cattle in a dairy.  Reinstein didn’t 

include a comparison of prevalence data because of the different diet between the groups 

citing that studies have shown that cattle fed a forage diet have higher levels and longer 

durations of fecal shedding of E. coli O157:H7 than those on a concentrate diet (Van 

Baale et al., 2004). 
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 When determining the benefits of producing cattle “naturally,” other variables 

must be considered.  A study conducted by Sawyer et al. (2003) tested the differences 

between natural and conventional beef, where steers were fed a high concentrate diet in a 

feedlot with or without growth implants and with or without antimicrobial feed additives 

over a 140-day period.  The implanted cattle had greater daily gain (21.2%), feed 

efficiency (7.7%) and dry matter intake (12.4%).  Implants increased carcass weight by 

35 kg, but the percent of carcasses grading USDA Choice or greater was reduced by 

conventional production (90.2% natural to 62.5% conventional).  From these results, 

implanted cattle received a slightly lower price ($0.513 to $0.518/kg).  However, because 

the conventional cattle had heavier carcass weights, the natural cattle would have to 

garner a $44 premium per carcass to compare economically with the conventional beef. 

 

Anti-Microbial Resistance 

 
 Wide discussion has occurred about pathogenic bacteria and the resistance 

properties that have been developed and enhanced by certain bacterial strains against 

well-known antibiotics.  These strains can pose a threat to the effective control of 

diseases and treatment of animals (Platt et al., 2008).  When evaluating how this could 

affect humans, these drug-resistant bacteria can increase the longevity of symptoms of 

certain illnesses and increase health-care costs associated with these bacteria (Platt et al., 

2008).  Resistant bacteria can cause treatment failure and increased morbidity (Varma et 

al., 2005).  Animal agriculture is frequently blamed for the emergence of drug-resistant 

strains of bacteria (Finch, 1998).  However, there is little evidence that limiting the use of 
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sub-therapeutic antibiotic use would show improvements in human health or among 

susceptibility among bacteria that cause diseases in humans (Phillips, 2007). 

As these types of bacteria shift to those most commonly found in food animals, 

the focus becomes looking at the possibility of having multi-drug resistant bacteria that 

enter the human food supply, thus posing a public health concern.  The cause of these 

drug-resistant serovars or strains of bacteria is debatable but one theory is the usage of 

sub-therapeutic levels of antibiotics in animal feeds (Fluckey et al., 2007).  The number 

of bacterial isolates with multiple drug resistance to common antimicrobials appears to be 

increasing (McDermott et al., 2002) with causes still to be determined (Fluckey et al., 

2007).  A potential source of this resistance is non-pathogenic strains of drug-resistant 

bacteria in food products that transfer these resistance properties to other bacteria in the 

human intestinal tract. Genetic material could be exchanged between bacteria, thus 

developing anti-microbial resistance to pathogenic organisms (Fluckey et al., 2007). 

When considering this hypothesis, the study performed becomes more valuable in 

determining if natural or conventional cattle might be inclined to shed more E. coli and, 

thus, have the potential to cause a food-borne outbreak with isolates having multi-drug 

resistance. 

The source of antimicrobial resistant strains of bacteria has yet to be determined 

but selective pressure could be a cause.  Some have suggested that the use of sub-

therapeutic doses of antibiotics in animal feeds has led to an increase in resistant strains 

of common and pathogenic bacteria (Fluckey et al., 2007).  It is estimated that 50% of all 

antimicrobial drug usage happens in animal agriculture (World Health Organization, 
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2002).  One common theory for these antimicrobial resistant strains of bacteria is the sub-

therapeutic use of antibiotics for extended periods of time which allows bacteria to adapt 

in a stepwise fashion to those drugs (Lathers, 2002).  Monesin, tylosin and 

chlortetracycline are the most common types of antimicrobial drugs used in feedlot cattle 

and are used for growth promotion (U.S. Government Accounting Office, 2004).  

Regardless of the mechanism that causes multi-drug resistance, the public health concern 

from these resistant bacteria is increasing (Helms et al., 2005). 

Escherichia coli resistance to tetracycline is relatively common (Wagner et al., 

2002).  One study found 40.7% of E. coli isolates were resistance to tetracycline 

(Lowrance et al., 2007).  Chlortetracycline is approved for use in feed for cattle at several 

doses and for various indications, including treating pneumonia caused by Pasteurella 

multocida.  With administration of chlortetracycline being widely used, resistance may be 

increased and facilitates expansion of this resistance to other bacteria in the animals (Platt 

et al., 2008).  

 Some cite that antibiotics should not be used therapeutically for treatment of E. 

coli O157:H7 infections as evidence exists that antibiotic resistance in isolates is 

increasing (Kim et al., 1994).  With many of the human cases of E. coli O157 infections 

resulting from consuming undercooked contaminated beef, realizing the importance of 

the resistance to antibiotics that certain organisms develop is important.  Antibiotics are 

commonly used in feedlots to treat animals therapeutically and for promotion of growth. 

For conventionally produced beef, when they become sick, they are removed from their 
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home pen and moved to a treatment area (hospital pen) where they may be treated with 

antibiotics (Kim et al., 1994). 

 Limited research has been done to compare the difference in drug resistance 

patterns of E. coli colonization in naturally- versus conventionally-produced beef.  

LeJune and Christie (2004) reported no difference in certain antibiotic resistant 

organisms or multi-drug resistance between the two groups due to usage of certain 

antibiotics for conventional cattle.  Additionally, others have found that the usage of 

specific antibiotics does not negatively affect the safety of the human food supply (Hurd 

et al., 2004). 

Fluckey et al. (2007) evaluated 60 steers at a feedlot and followed them to a 

commercial harvest facility to determine the incidence of E. coli and resistance 

characteristics. A total of 267 isolates were detected for non-specific E. coli during three 

sampling periods (Fluckey et al., 2007).  Within these isolates, the common antibiotics 

that the bacteria had resistance to included sulfamethoxazole (79.03%), trimethroprim-

sulfamethoxazole (tri-sulfa) (29.96%), tetracycline (13.48%), cephalothin (5.62%), 

streptomycin (5.62%), kanamycin (4.87%), ampicillin (1.12%), and others (<1%). Their 

research found that isolates had no resistance to drugs such as amikacin, ceftriaxone, 

ciprofloxacin and gentamicin (Fluckey et al., 2007). 

 In addition, Fluckey et al. (2007) determined that 226 of the 267 (84.6%) isolates 

were resistant to at least one drug but around half of those 226 had resistance to only one 

drug.  They did not find significant differences between sampling methods (rectal 

palpitation fecal grabs, perineal hide swabs and carcass swabs) used with drug resistance, 
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reporting that changes throughout the processing environment did not affect (P = 0.18) 

the resistance to antibiotics.  The most common resistance was to sulfamethoxazole 

(79.03%), followed by trimethroprim-sulfamethoxazole (tri-sulfa) (29.96%), tetracycline 

(13.48%), cephalothin (5.62%), streptomycin (5.62%), kanamycin (4.87%), ampicillin 

(1.12%) and several with less than 1% of the total.  No resistance was found to the drugs 

amikacin, ceftriaxone, ciprofloxacin and gentamicin.  No changes in resistance were 

detected for samples collected at the feedlot versus those at the commercial abattoir. 

 Galland et al. (2001) found resistant isolates for six of the eight antimicrobials 

that can be used to treat E. coli infections in feedlots. All of the 57 E. coli isolates 

detected had intermediate resistance to two others with all being resistant to tilmicosin. 

Most were susceptible to trimethroprim-sulfamethoxazole and ceftiofur with all being 

susceptible to ciprofloxacin (widely used for humans), enrofloxacin (approved in beef 

cattle) and all had intermediate susceptibility to tylosin.  Most of the isolates (98.2%) 

evaluated were not multi-drug resistant. For the isolates that showed resistance to five or 

more antibiotics, four were from hospital pens with three from home pens (Galland et al., 

2001).   

 Platt et al. (2008) sampled 176 fecal grabs from 16 feedlot steers and found 525 

isolates of E. coli.  Twenty-five percent (n =128) were pansusceptible to all 

antimicrobials tested and 397 (76.5%) were resistant to one or more antimicrobials.  Half 

of the animals were exposed to chlortetracycline (22 mg/kg) with feed.  Those that were 

not exposed to this treatment (control group) were significantly less likely to be resistant 

to one or more antimicrobials compared to the treated group (81.0%). They also reported 
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that 37 isolates (7.1%) were resistant to 8 or more antibiotics, all of which were resistant 

to tetracycline, and the ACCSuT phenotype was detected in 51 (9.7%) of the isolates with 

37 (72.6%) being resistant to ceftiofur (Platt et al., 2008).  The ACCSuT phenotype refers 

to the antibiotics resistance to classify the isolates as multi-drug resistant including 

ampicillin, chloramphenicol, streptomycin, sulfamethoxazole/sulfisoxazole, and 

tetracycline (FDA, 2009).  In addition, they found a day by treatment effect on four days 

(-7, 2, 8 and 14) with respect that isolates from the control group had lower minimal 

inhibitory concentration (MIC) than the exposed cohort (Platt et al., 2008).   

 Reinstein et al. (2009) looked at resistance patterns among natural, organic and 

conventionally produced beef cattle; however, direct comparisons for resistance among 

the three groups were not reported.  Sixty isolates were tested for susceptibility to 

antibiotics.  Six isolates (10%) were susceptible to all 26 antibiotics tested; however, 7 

isolates were resistant to all antibiotics.  They also found that one isolate from organic 

cattle was resistant to 10 of the 26 antibiotics tested.  It was also reported that the MIC’s 

for the isolates from conventional cattle were lower than those from organic and natural 

cattle (Reinstein et al., 2009). 

 None of the isolates tested from the natural, conventional or organic production 

methods were susceptible to bacitracin, lincomycin, monesin, novobiocin, tilimicosin, 

tylosin and vancomycin (MIC’s > 50 µl/ml). The MICs of gentamycin and neomycin for 

E. coli O157:H7 isolates from conventionally produced cattle were higher (P < 0.05) than 

those from isolates from naturally raised cattle.  However, the MIC’s were lower (P < 

0.05) for amikacin, apramycin, cefoxitin, ceftriaxone, kanamycin, nalidixic acid, 
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penicillin, rifampin and tetracycline for conventionally raised cattle versus naturally 

produced (Reinstein et al., 2009).  

 Sato et al. (2005) compared the susceptibility patterns of E. coli isolates from 30 

dairy farms using organic methods to 30 others using conventional practices by collecting 

fecal samples from 10 cows and 10 calves.  They tested against 17 antimicrobials using 

microbroth dilution testing. Escherichia coli was isolated from 95% (1,121) of fecal 

samples.  Farm type (organic versus conventional) and animal age (cow versus calf) were 

significantly associated with chances that E. coli would be resistant to antimicrobials.  

After analysis controlled for age, logistic regression analyses showed that isolates from 

conventional dairy farms were significantly more likely to have resistance to ampicillin, 

streptomycin, kanamycin, gentamicin, chloramphenicol, tetracycline and 

sulfamethoxazole than isolates collected from organic dairy farms.  Of the other 10 

antimicrobials tested, none showed significant differences in resistance (Sato et al., 

2005). 

 With the potential differences in E. coli shedding between the two production 

types in the Sato et al. study (2005), it is also important to consider the effects of the 

usage of specific antibiotic treatments on conventional cattle in relation to the potential 

effects of multi-drug resistance.  Lowrance et al. (2007) compared 61 feedlot steers 

receiving ceftiofur crystalline-free acid (CCFA) with three different dosage and day 

regimens to 31 control steers not receiving the drug.  The drug is a single dose 

formulation of ceftiofur and designed to treat bovine respiratory disease (BRD) in cattle 

but has a long duration of activity in the body.  Lowrance et al. (2007) confirmed 952 of 
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953 (99.9%) of isolates were E. coli through biochemical assays. In these isolates, 

resistance to one or more antimicrobials was present in 986 (68.4%) of 1,441 isolates 

found.  The most common antimicrobials which E. coli isolates were resistant were 

sulfisoxazole (62.5%), tetracycline (40.7%), streptomycin (33.0%), chloramphenicol 

(23.3%) and ampicillin (21.0%).  In addition, 455 (31.6%) of the isolates were 

susceptible to all drugs evaluated (Lowrance et al., 2007).  

 Administration of CCFA caused a significant time-dependent increase in 

estimated totals of E. coli that were resistant to ceftiofur (Lowrance et al., 2007).  The 

treatment groups administered CCFA had the greatest numbers of ceftiofur-resistant E. 

coli per gram of feces when compared to the totals from the control steers (Lowrance et 

al., 2007). The group reported that the usage of CCFA enabled the increase of isolates 

that were resistant to multiple antimicrobials (Lowrance et al., 2007). 
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CHAPTER III 

MATERIALS AND METHODS 

Animal Resources 

 
 Natural.  Naturally produced cattle used for this project, after arrival at the 

commercial feeding facility, had no exposure to antibiotics, growth promoting agents or 

implants.  These cattle were not fed any type of sub-therapeutic levels of antibiotics or 

growth-promoting additives nor were they subjected to any type of antimicrobial 

treatment while in the feeding facility.  Both selected feeding locations fed cattle for  

natural programs designed and marketed by a processing company and had not been 

given antimicrobials or growth promoting agents. Cattle that received antibiotics or 

growth promoting agents were excluded from the natural group.  All cattle were Bos 

taurus type from both commercial feedlot settings. 

 Cattle from Feedlot A were on feed in the natural program for an average feeding 

time of 165 days. Their program required cattle to be without antibiotics, growth 

promotants and implants during entire feeding time at the feed yard.  The feed ration 

included steam-flaked corn (72.4%), corn silage (10.2%), chopped alfalfa hay (7.7%), 

molasses (4.2%), corn oil blend (3.7%) and a vitamin/mineral premix (1.8%). No growth 

promoting agents, ionophores or antibiotics were administered to the animals or 

supplemented in the feed resources.  All of the pens sampled were populated with steers 

and the average pen size was 100 head.  Pens were sampled after completion of feeding 

starting at 8:00 AM during the sampling periods. 
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 Natural cattle fed in Feedlot B were on feed included in the natural program for 

the last 120 d with an average feeding time of 150 d.  The cattle were not given an 

ionophore (Rumensin) or antibiotic (Tylan) included in the ration.  They were fed a 

finishing ration of steam-flaked corn (70.4%), corn silage (10.5%), alfalfa hay (5.6%), 

steep liquor (5.0%), steep liquor/urea blend (4.2%), corn oil (3.0%) and vitamin/mineral 

supplement (1.3%). Total head count of animals per pen varied for Feedlot B but 

averaged 125 head per pen.  Cattle were fed prior to sampling which started at 7:00 AM 

each sampling period. 

 Conventional.  The conventionally produced group in each feedlot contained 

cattle that were given individual growth promoting agents or implants as well as possible 

exposure to broad-spectrum and/or sub-therapeutic level antibiotic treatments in the feed 

ration.  Pens of cattle utilized from each feedlot were Bos taurus type cattle.  All of the 

pens sampled from both yards were populated with steers.  No estrus-supressing agents 

(melengestrol acetate) were included in any of the rations. 

 Feedlot A had a ration that was similar for conventionally-produced cattle as 

those in the natural program.  The ration consisted of steam-flaked corn (72.4%), corn 

silage (10.2%), chopped alfalfa hay (7.7%), molasses (4.2%), corn oil (3.7%) and a 

vitamin/mineral premix (1.8%).  Cattle were implanted with Revalor® XS (200 mg 

trenbolone acetate and 40 mg estradiol; Merck Animal Health, Summit, N.J.) after arrival 

to the yard and were not re-implanted.  The steers were on feed for an average of 132 

days at the yard as they had lighter average starting weights at 317.51 kg compared to 

Feedlot B. The cattle were not fed an ionophore but were given a sub-therapeutic dose of 
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Tylan (7.85g/ton; Elanco Animal Health, Indianapolis, IN) as well as Optaflexx 

(ractopamine-hydrochloride; Elanco Animal Health, Indianapolis, IN) at 95 mg/kg in 

feed resources.  Cattle were fed before sampling was initiated at 8:00 AM during the 

sampling period. 

Conventionally-produced cattle in Feedlot B received Revalor® 200 (Merck 

Animal Health, Summit, NJ) implants (200 mg trenbolone acetate and 20 mg estradiol) if 

on feed for less than 160 d. The cattle in this trial were on feed for an average of 120 d 

and had an average starting weight of 374.21 kg.  Tylan (8.11 g/ton) (Elanco Animal 

Health, Indianapolis, IN) was included in the feed as a sub-therapeutic antibiotic and the 

cattle were fed Rumensin (42.57 g/ton) (Elanco Animal Health, Indianapolis, IN).  The 

cattle received Optaflexx (Ractopamine-hydrochloride) (Elanco Animal Health, 

Indianapolis, IN) in the feed as well at 100 g/mg of feed for the last 35 d before harvest.  

Head per pen size for Feedlot B varied but averaged 125 head per pen.  Cattle were fed 

prior to sampling which started at 7:00 AM each collection period. 

 Feedlot A Sampling  

 
Feedlot A was sampled to test the differences in E. coli O157 prevalence in fecal 

grab samples collected from commercial feedlot cattle in natural and conventional 

production systems.  A total of 900 samples were analyzed from three different collection 

periods.  Surface pen samples were obtained in a commercial feeding facility from 25 

randomly selected fresh samples from 36 pens (n = 18 pens/production type).  Shoulder-

length obstetrical gloves were changed between each sample and the samples were 
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deposited in sterile specimen cups.  The samples were shipped to Texas Tech University 

in coolers containing ice packs.   

Ten grams (Figure 3.1) of the feces were weighed from the sample cups using a 

sterile, single-use wooden tongue depressor (VWR) and placed in a sterile bag containing 

90 ml of Hajna GN-VCC (Gram-negative broth with vancomycin, cefixime and 

cefsoludin) broth (Sigma®, St. Louis, MO), were stomached (Figure 3.2) in a Stomacher 

400 Circulator (Seward, Port Saint Lucie, FL) for one minute at 230 RPM and incubated 

at 37˚C for 6 h (Figure 3.3).  Samples were cooled overnight at 5ºC. After cooling, the 

samples were subjected to automatic immunomagnetic separation (IMS) using beads 

(Dynal, Invirtrogen, Grand Island, NY).  After bead washing, 50 µl of the bead-bacteria 

mixture was spread plated onto CHROMagar O157 (CHROMagar Microbiology, Paris, 

France) with potassium tellurite (2.5 mg/l) and incubated at 37°C for 24 h. Suspect 

colonies were subjected to a latex agglutination kit containing O157 antigens (Remel, 

Lenexa, Kansas).  Colonies that were positive for agglutination are reported in Chapter 

IV. 

Anti-Microbial Resistance  

 
 The positive samples for E. coli from the Feedlot A study were tested for 

susceptibility to antimicrobial drugs using a broth microdilution technique (Sensitire, 

TREK Diagnostics, Westlake, Ohio). The system was created to determine the minimal 

inhibitory concentration (MIC) of both gram-positive and gram-negative organisms.  

Microdilution plate sets, each with a set of 96 cells, were utilized and designed 

specifically based upon the desired antimicrobial drug panels.  The concentrations of the 
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antimicrobial drugs were serially diluted across each of the Microdilution plates.  The 

method utilized meets Clinical and Laboratory Standards Institute (CLSI; formerly 

NCCLS) guidelines (NCCLS, 2002). 

 Isolates that were positive through agglutination testing were streaked onto plates 

containing Trypticase Soy Agar (TSA; EMD Millipore) and were incubated at 37 ̊C for 24 

h.  An auto-inoculating instrument (TREK Diagnostics, Westlake, Ohio) was calibrated 

using the McFarland Standard that was placed into the reader.  A sterile swab was used to 

remove three isolated colonies from each plate.  Colonies were placed into a tube 

containing 10 ml of sterile deionized water and adjusted to a 0.5 McFarland Standard.  

After all samples were diluted in sterile deionized water, 10 µl of the water solution was 

transferred to a tube containing Mueller-Hinton (MH; BD Diagnostics) broth and mixed 

by vortexing.  

 The auto-inoculator had the dosing head attached and one tube of the isolate 

containing MH broth was locked into the machine without touching the dose head.  A 

Sensitire plate was removed from the wrapper, labeled and placed in the holder platform.  

The auto-inoculator (Figure 3.15) was set and the 96-well plates were filled with the 

desired culture isolates from the MH broth tube.  After each plate was filled, they were 

covered with the manufacture provided adhesive and incubated at 37 ̊ C for 24 h.  

 Results from these plates were determined manually by exposure to natural light 

on the underside of the wells to accurately determine visible growth. The MIC was 

reported as the lowest concentration of the antimicrobial drug that inhibited visible 

growth.  Visible growth appeared as cloudiness or a button in a particular well for which 
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the degree of cloudiness varied. For the Sensititre plates, the type of bacteria was written 

across sample sheets for each sample with the date stamped on the top right corner. Plates 

were removed from the incubator and placed in descending order from the highest 

number to the lowest number. The clear plate grid and mirror were wiped down with a 

damp paper towel. The light was turned on and the plate was placed in to be read on the 

stand.  To classify the bacterial isolates as resistant, intermediate or susceptible, the MIC 

that inhibited growth was recorded. 

Feedlot B Sampling 

 
 Sampling in Feedlot B evaluated 500 commercial feed yard cattle (n = 

250/production type) on two production days, one week apart.  Cattle from each 

production type were identified with management from the feed yard.  Each of the pens 

selected were within two weeks of harvest and had been on feed for a minimum of 90 

days.  Twenty-five surface pen samples were obtained from 20 pens over the two 

sampling periods. Twenty-five samples were taken from each of the 20 pens (n = 5 

pens/production type/sampling day).  A total of 125 samples were obtained from each 

treatment group on each day.  Feed yard management established that the naturally and 

conventionally produced cattle were physically separated within the feed yard.   

Fresh pen surface samples were gathered from each pen.  Shoulder-length 

obstetrical gloves were changed between each sample after depositing the samples in 

sterile specimen cups (Figure 3.1).  The samples were shipped to Texas Tech University 

Experimental Sciences Building in coolers containing ice packs.   
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A sensitive assay that includes immunomagnetic separation was used to isolate E. 

coli O157:H7 (Elder et al, 2000) from all samples. The methodology used to analyze the 

pen surface samples was similar to methodology employed in the study from Feedlot A.  

Ten grams of feces was weighed from each sample specimen cup by placing in a sterile 

bag (Figure 3.2).  Ninety milliliters of Hajna GN-VCC (Gram-negative broth with 

vancomycin (8 mg/l), cefixime (0.05 mg/l) and cefsoludin (10 mg/l)) broth (Sigma®, St. 

Louis, MO) was added to the bag with the fecal sample, stomached (Figure 3.3) for one 

minute at 230 RPM in a Stomacher 400 Circulator (Seward, Port Saint Lucie, FL) and 

incubated at 37˚C for 6 h (Figure 3.4).  Samples were cooled overnight at 5ºC.  After 

completion, the samples were subjected to automatic immunomagnetic separation using 

beads (Dynal, Lake Success, NY).  Preparation for IMS included using pre-enrichment 

incubations and mixing 1 ml of each pre-enrichment culture, 1 ml of phosphate-buffered 

saline with Tween 20, pH 7.4 (Sigma®, St. Louis, MO) and 20 µl of E. coli Dynabeads 

(Dynal, Lake Success, N.Y.; Figure 3.5)  Immunomagnetic separation was completed 

using Invitrogen Bead Retriever Automated Magnetic Separation (Figure 3.6) Model 701 

(Fisher Scientific, Rockford, IL) according to the manufacturer’s instructions to wash the 

beads.  After bead washing, 50 µl of the bead-bacteria mixture was spread plated (Figure 

3.7) onto CHROMagar O157 (CHROMagar Microbiology, Paris, France) with potassium 

tellurite (2.5 mg/l) and incubated at 37°C for 24 h. Suspect colonies (Figure 3.8), which 

were mauve or tan colored, were subjected to a latex agglutination kit (Figure 3.9) 

containing O157 antigens using Oxoid dry spot E. coli O157 kits (Oxoid, DR0120M, 

Basingstoke, Hampshire, England).  Colonies that were positive for agglutination are 
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reported in Chapter IV.  Plates were marked as either positive (+) or negative (-) for 

agglutination as well as those that agglutinated light (l).  

Samples testing positive via agglutination kits were streaked for isolation on 

SMAC (MacConkey agar with Sorbitol) plates (VWR).  One ideal colony was chosen 

from CHROMagar plates and streaked onto SMAC plates (Figure 3.10). Each plate was 

identified and incubated for 24 h at 37ºC. Final confirmation of E. coli O157:H7 was 

determined by PCR analysis for Shiga toxins in a BAX machine (DuPont Qualicon, 

Wilmington, Delaware). BAX kits (PCR Assay for Screening; Lot Q0284) were utilized 

for detecting Shiga toxins.   

BAX Confirmation 

 
 After isolation of colonies on SMAC plates, one colony from each sample plate 

was removed, under a biological safety cabinet, using a sterile single-use loop for each 

sample and placed in tubes containing 9 ml of TSB (Trypticase soy broth; EMD 

Millipore) with 10% glycerol (Figure 3.11).  After each colony was placed in TSB tubes 

under a hood, the tubes were incubated at 37ºC for 24 h.  Enriched tubes that showed 

growth (cloudy) were further analyzed using BAX as confirmation for Shiga toxins.  

 In preparation for BAX analysis, kits were utilized that were stored in a cooler 

(4ºC) and removed prior to analysis.  Protease (150 µl) was added to lysis buffer. The 

lysis reagent was added to lysis tubes in increments of 200 µl using a repeatable pipet. 

Heating blocks (Figure 3.12) were turned on at this time. Five µl of the enrichment 

sample was transferred into one well for each sample. Once transferred, tubes were 

capped and placed into heating blocks. The first heating block was set at 37ºC for 20 min.  
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Samples were moved to a second heating block at 95ºC for 10 min.  During the heating 

time, the BAX system (Figure 3.13) was prepared with batch information, well 

identification and the cylinder was heated. After lysis tubes were heated in both heating 

blocks, the lysis tubes were cooled in cooling blocks (Figure 3.14) for 5 min at 4ºC.  

 The lysate was transferred from lysis tubes into PCR tubes. These tubes were 

placed into the BAX machine cylinder and the program was chosen and run.  Results 

were reviewed as negative, positive, indeterminate or error.  The results from the BAX 

machine were reported as positive samples for E. coli O157:H7. 

Statistical Analysis and Sample Size Considerations  

 
Sample size calculations for a study such as this were not straightforward.  A 

balance between statistics and cost efficiency must be achieved given the array of 

outcome variables to be measured.  Outcome variables that were measured include 

prevalence as well as quantitative estimate of bacterial counts in fecal surface samples.  

The ultimate measure of differences of the treatment groups would be a differential 

detection of E. coli O157:H7 for fecal samples for each production method. 

The two trials included a total of 1,400 commercial feedlot cattle, representing 

each production method equally.  Based on work of Arthur et al. (2004), E. coli O157 

was detected from 14.7% of pre-evisceration carcass samples. Similar sampling methods 

and microbiological techniques were used in this study. The sample size included in this 

study provided a sufficient number of samples to detect a significant difference for 

incidence and shedding of pathogens between the production types.  Based on 

preliminary data, the expected prevalence of E. coli O157 from samples should be greater 
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from naturally raised beef when compared to conventionally produced beef.  As a result, 

the sample size was sufficiently sensitive to detect relatively small levels of efficacy and 

to separate the relative efficacies of the two production types to determine which 

production type is superior.   

Variables were forced into the model including pen number, which indicated 

different production backgrounds, from both natural and conventional production groups. 

All statistical analyses were performed using the FREQ or GLIMMIX procedures of a 

commercially available statistical software package (SAS, SAS Inst. Inc., Cary, NC).  

Descriptive statistics were generated to compare production type, day of sampling and 

production type by day interaction.  A P value of 0.05 was used to detect significant 

differences between production methods. 
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Figure 3.1. Sample cups containing fecal material obtained in feedyard. 
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Figure 3.2. Individual samples containing 10g of fecal with 90 ml of GNVCC added. 
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Figure 3.3. All samples massaged in Stomacher 400 machine for 1 minute. 
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Figure 3.4. Samples incubated at 37ºC for 6 hours. 
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Figure 3.5. Filling IMS tubes with incubated samples. 

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Clinton Alexander, May 2012 

36 

 

Figure 3.6. IMS Machine. 
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Figure 3.7. After bead separation, samples spread plated into CHROMagar. 
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Figure 3.8. CHROMagar plate with suspected colony circled to be agglutinated. 
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Figure 3.9. Agglutination card showing two samples (top row left and center) positive 
and one sample (top row right) negative for agglutination. 
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Figure 3.10. SMAC plate showing colony growth after incubation. 
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Figure 3.11. One colony from SMAC plate into TSB under a hood. 
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Figure 3.12. Samples in heating blocks preparing for BAX machine. 
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Figure 3.13. BAX machine for PCR analysis for Shiga-toxins. 
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Figure 3.14. Samples in cooling blocks before loaded into BAX Machine. 
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Figure 3.15. Sensititre machine used for antimicrobial resistance. 
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CHAPTER IV 

RESULTS 

Composite Feed Yard Results 

 
 A total of 1400 samples were evaluated in two feedlots with 900 samples 

collected and analyzed from Feedlot A and the remaining 500 samples were analyzed 

from Feedlot B.  For naturally -raised beef, a total of 108 E. coli O157 positive samples 

(15.43%) were detected.  Conventionally raised beef yielded 129 positive samples 

(18.43%).  For the composite group, total positive E. coli O157 samples were 237 

(16.93%).  Results are shown in Table 4.1.  LS Means were calculated for naturally-

produced beef at -1.9743 (SE 0.1602) and for conventionally-produced beef at -1.9070 

(SE 0.1355).  Feedlot B had greater (P < 0.001) prevalence levels of E. coli O157 

comparing sampling periods 1, 2 and 3 (Feedlot A) versus periods 4 and 4 (Feedlot B) 

which aligns with results comparing four yards with one having significantly lower 

(18.8%) prevalence levels of E. coli O157 as compared to three others (56.3%, 37.5%, 

37.5%; Galland et al., 2001). 

 

Table 4.1. Compilation of Total Positive Samples for Escherichia coli O157 for Natural 
and Conventional Beef 

Production Method Total Samples Positive Samples Percent Positive 

Natural 700 108 15.43 
Conventional 700 129 18.43 

Total 1400 237 16.93 

 
 
 
 Analyses of the combined feedlot data sets detected (n = 1400 samples) no 

differences (P = 0.8696) between naturally and conventionally-produced beef for 
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prevalence of E. coli O157.  A difference (P < 0.001) was detected among the 5 sampling 

periods for prevalence of E. coli O157.  Sampling periods 1, 2 and 3 had lower (P < 

0.0001) incidence of E. coli O157 than sampling periods 4 and 5 (Table 4.2).  For E. coli 

O157, sampling periods 1 and 2 detected 6.33% positive samples, period 3 detected 

4.33% positive samples, period 4 detected 38.4% positive samples and period 5 detected 

36.0% positive samples combined for naturally and conventionally produced beef.  

The type of feeding regimen was very similar for each location; however, 

seasonal differences existed as the ambient temperatures were much greater during the 

collection of samples from Feedlot B versus A.  Elevated temperature can increase 

shedding rates among beef cattle (NAHMS, 2001). 

 

Table 4.2.  Comparison of Prevalence of Escherichia coli O157 among Sampling Periods 
for Naturally and Conventionally Produced Beef  

Sampling 
Period 

LS Means1 SE of Mean 
Positive 

Samples2 
Percent Positive 

Samples 

1 -3.1685a 0.5035 19 6.33 
2 -2.8090a 0.4120 19 6.33 
3 -3.2526a 0.4610 13 4.33 
4 -0.5256b 0.4080 96 38.40 
5 -0.8635b 0.4124 90 36.00 

1Means within rows with different superscripts differ (P < 0.0001) 
2Total samples periods 1-3 (n = 300/d) and 4-5 (n=250/day) 
 
 
 
 A production method by sampling period interaction was not detected (P = 

0.3727) for prevalence of E. coli O157.  The compiled results from the two feedlots show 

no differences (P = 0.8696) between naturally and conventionally produced beef for 

prevalence of E. coli O157 from a commercial beef feeding facility. 
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Table 4.3.  Prevalence of Escherichia coli O157 for Feedlots A and B by Pen. 

Feedlot Pen 
Production 

Method 
Replication 

Total 
Samples 

Total 
Positive 
Samples 

Percent 
Positive 
Samples 

A 1 Natural 1 25 5 20.0 
A 2 Natural 1 25 1 04.0 
A 3 Natural 1 25 3 12.0 
A 4 Natural 1 25 1 04.0 
A 5 Natural 1 25 0 00.0 
A 6 Natural 1 25 4 16.0 
A 7 Natural 2 25 1 04.0 
A 8 Conventional 1 25 1 04.0 
A 9 Conventional 1 25 0 00.0 
A 10 Conventional 1 25 0 00.0 
A 11 Conventional 1 25 2 08.0 
A 12 Conventional 1 25 0 00.0 
A 13 Natural 2 25 1 04.0 
A 14 Natural 2 25 0 00.0 
A 15 Natural 2 25 3 12.0 
A 16 Conventional 2 25 2 08.0 
A 17 Conventional 2 25 0 00.0 
A 18 Conventional 2 25 4 16.0 
A 19 Conventional 2 25 2 08.0 
A 20 Conventional 2 25 3 12.0 
A 21 Conventional 2 25 1 04.0 
A 22 Conventional 2 25 1 04.0 
A 23 Natural 2 25 2 08.0 
A 24 Natural 2 25 1 04.0 
A 25 Natural 3 25 1 04.0 
A 26 Natural 3 25 1 04.0 
A 27 Natural 3 25 3 12.0 
A 28 Natural 3 25 1 04.0 
A 29 Natural 3 25 0 00.0 
A 30 Natural 3 25 0 00.0 
A 31 Conventional 3 25 2 08.0 
A 32 Conventional 3 25 0 00.0 
A 33 Conventional 3 25 1 04.0 
A 34 Conventional 3 25 1 04.0 
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Table 4.3. Continued. 

Feedlot Pen 
Production 

Method 
Replication 

Total 
Samples 

Total 
Positive 
Samples 

Percent 
Positive 
Samples 

A 35 Conventional 3 25 3 12.0 
A 36 Conventional 3 25 0 00.0 
B 37 Natural 4 25 4 16.0 
B 38 Natural 4 25 9 36.0 
B 39 Natural 4 25 7 28.0 
B 40 Natural 4 25 1 04.0 
B 41 Natural 4 25 13 52.0 
B 42 Conventional 4 25 3 12.0 
B 43 Conventional 4 25 15 60.0 
B 44 Conventional 4 25 6 24.0 
B 45 Conventional 4 25 13 52.0 
B 46 Conventional 4 25 25 100.0 
B 47 Natural 5 25 18 72.0 
B 48 Natural 5 25 0 00.0 
B 49 Natural 5 25 14 56.0 
B 50 Natural 5 25 1 04.0 
B 51 Natural 5 25 13 52.0 
B 52 Conventional 5 25 0 00.0 
B 53 Conventional 5 25 4 16.0 
B 54 Conventional 5 25 10 40.0 
B 55 Conventional 5 25 14 56.0 
B 56 Conventional 5 25 16 64.0 

 

 

 The combined results from both sampled feedlots showed no differences (P = 

0.8696) for prevalence of E. coli O157 between naturally- and conventionally-produced 

beef from a commercial feedlot setting. A total of 44 pens (79.6%) had samples that 

detected positive E. coli O157 samples with 14 pens (25.0%) having 5 or more positive 

samples.  No difference was detected for a production method by replication day 

interaction (P = 0.3727) for prevalence of E. coli O157. 
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Anti-Microbial Resistance 

 

 Antimicrobial resistance patterns for the isolates were determined from samples 

obtained from Feedlot A.  A total of 44 E. coli O157 isolates were tested. Twenty-two of 

the isolates were obtained from two samples of the same positive sample (n = 42) and 2 

isolates from two single positive samples (n = 2) for a total of 44 total isolates tested.  

After running through the Sensititre custom plate format, no samples had significant 

resistance patterns to classify as multi-drug resistant according to ACCSuT classification 

(FDA, 2009). However, several samples showed multiple drug resistance to one or more 

antimicrobial tested. 

 Comparing E. coli O157 isolates from naturally to conventionally-produced 

cattle, 18 of the 26 (69.23%) isolates from natural cattle samples were not resistant to any 

antimicrobial in the panel.  For conventionally produced cattle, isolates from 14 of 18 

(77.78%) were not resistant to any antimicrobial tested.  However, within isolates from 

naturally-produced cattle, 5 (19.23%) isolates were resistant to one antimicrobial, one 

(3.85%) was resistant to two antimicrobials, one (3.85%) was resistant to five 

antimicrobials and one (3.85%) was resistant to six antimicrobials (Table 4.4).  Within 

the isolates from conventionally-produced cattle, 4 were resistant to one antimicrobial 

(22.22%) and none were resistant to two or more (Table 4.4). 
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Table 4.4.  Percentage of Escherichia coli O157 Isolates Resistant to One or More 
Antimicrobials Tested between Naturally and Conventionally Produced Beef 

  Production Methods 

Antibiotic Resistance1 
Conventional 

Isolates 

Conventional 
Percent 

Resistant 

Natural 
Isolates 

Natural 
Percent 

Resistant 

0 14 77.78 18 69.23 
1 4 22.22 5 19.23 
2 0 00.00 1 03.85 
3 0 00.00 0 00.00 
4 0 00.00 0 00.00 
5 0 00.00 1 03.85 
6 0 00.00 1 03.85 

1Total antimicrobials that isolates were resistant to. 
 
 
 Comparing E. coli O157 isolates from naturally and conventionally-produced beef 

by their resistance to specific antibiotics, naturally-produced cattle had more isolates that 

were resistant to specific antimicrobials tested in the panel.  Those antimicrobials 

included 7 (26.92%) isolates that were resistant to sulfisoxazole, two (7.69%) isolates 

that were resistant to chloramphenicol, tetracycline, ceftriaxone, amoxicillin/clavuanic 

acid, and ceftiofur and single isolates (3.85%) that were resistant to cefoxitin, 

trimethoprim/sulfamethoxazole, and ampicillin. For E. coli O157 isolates from 

conventionally-produced cattle, six (33.33%) were resistant to sulfisoxazole with no other 

isolates showing resistance to any of the other antimicrobials tested in the panel (Table 

4.5). 

 

 

 

 



Texas Tech University, Clinton Alexander, May 2012 

52 

Table 4.5. Percentage of Escherichia coli O157 Isolates from Naturally and 
Conventionally-Produced Beef Resistant to Specified Antimicrobials 

 Production Methods 

Antimicrobials 

Conventional 
Resistant 
Isolates 

Percent 
Conventional 

Resistant 

Natural 
Resistant 
Isolates 

Percent 
Natural 

Resistant 

Amikacin 0 00.00 0 00.00 
Ampicillin 0 00.00 1 03.85 
Amoxicillin1 0 00.00 2 07.69 
Ceftriaxone 0 00.00 2 07.69 
Chloramphenicol 0 00.00 2 07.69 
Ciprofloxacin 0 00.00 0 00.00 
Trimethoprim2 0 00.00 1 03.85 
Cefoxitin 0 00.00 1 03.85 
Gentamicin 0 00.00 0  00.00 
Kanamycin 0 00.00 0 00.00 
Nalidixic acid 0 00.00 0 00.00 
Sulfisoxazole 6 33.33 7 26.92 
Streptomycin 0 00.00 0 00.00 
Tetracycline 0 00.00 2 07.69 
Ceftiofur 0 00.00 2 07.69 
1Clavulanic acid 
2Sulfamethoxazole 

 

Minimal inhibitory concentrations (MIC) that prevented bacterial growth are 

shown in Table 4.6.  The custom Sensititre plates that were used for this determination 

tested the following antibiotics:  amikacin (AMI), ampicillin (AMP), 

amoxicillin/clavulanic acid (AUG), cetriaxone (AXO), chloramphenicol (CHL), 

ciprofloxacin (CIP), trimethoprim/sulfamethoxazole (SXT), cefoxitin (FOX), gentamicin 

(GEN), kanamycin (KAN), nalidixic acid (NAL), sulfisoxazole (FIS), streptomycin 

(STR), tetracycline (TET), and ceftiofur (TIO). 
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Table 4.6. Minimal Inhibitory Concentration of Isolates to Antibiotics Tested. 
Sample 

ID 
Production 

Method 
FOX AMI CHL TET AXO AUG CIP GEN NAL TIO FIS SXT KAN AMP STR 

32A Natural 2 4 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
54A Natural 4 1 2 4 0.25 4 0.030 0.25 4 0.25 512 8 8 1 32 
54B Natural 8 2 4 4 0.25 2 0.030 0.50 8 0.50 512 0.12 8  1 32 
55A Natural 4 1 2 4 0.25 1 0.015 0.25 2 0.25 16 0.12 8  1 32 
55B Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8  1 32 
76A Natural 8 1 2 4 0.25 2 0.030 0.50 4 0.50 512 0.12 8  1 32 
76B Natural 4 2 2 4 0.25 2 0.015 0.50 4 0.50 512 0.12 8 1 32 

126A Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
126B Natural 16 1 2 4 0.25 1 0.015 0.25 2 0.50 16 0.12 8  1 32 
127B Natural 64 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
142A Natural 4 1 4 4 0.25 2 0.015 0.25 2 0.50 32 0.12 8 1 32 
142B Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
148A Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
148B Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
175A Natural 4 0.5 2 4 0.25 1 0.015 0.25 2 0.25 16 0.12 8 1 32 
175B Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.25 16 0.12 8 1 32 
185A Natural 4 0.5 2 4 0.25 1 0.015 0.25 2 0.25 16 0.12 8 1 32 
185B Natural 4 0.5 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
270A Conventional 4 0.5 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
270B Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
347A Conventional 4 1 4 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
347B Conventional 4 1 4 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
426A Conventional 2 1 4 8 0.25 2 0.015 0.50 4 0.25 512 0.12 8 1 32 
426B Conventional 2 1 4 8 0.25 1 0.015 0.25 4 0.25 512 0.12 8 1 32 
434A Conventional 1 1 2 4 0.25 1 0.015 0.25 4 0.25 512 0.12 8 1 32 
434B Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
482B Conventional 4 1 4 4 0.25 2 0.015 0.25 4 0.50 16 0.12 8 1 32 
484A Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
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Table 4.6. Continued 
Sample 

ID 
Production 

Method 
FOX AMI CHL TET AXO AUG CIP GEN NAL TIO FIS SXT KAN AMP STR 

484B Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
496A Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.25 16 0.12 8 1 32 
496B Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.25 16 0.12 8 1 32 
500A Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
500B Conventional 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
511A Conventional 8 1 4 4 0.25 2 0.030 0.25 4 0.50 512 0.12 8 1 32 
511B Conventional 8 2 4 4 0.25 2 0.030 0.50 8 0.50 512 0.12 8 1 32 
568A Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
568B Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.25 16 0.12 8 1 32 
590A Natural 16 0.5 64 32 16 16 0.015 0.25 2 8 512 0.12 8 32 32 
590B Natural 16 0.5 64 32 8 16 0.015 0.25 2 8 512 0.12 8 16 32 
642A Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.25 16 0.12 8 1 32 
642B Natural 4 1 4 4 0.25 2 0.015 0.25 2 0.50 16 0.12 8 1 32 
674A Natural 4 1 2 4 0.25 2 0.015 0.25 2 0.25 16 0.12 8 1 32 
674B Natural 4 1 4 4 0.25 1 0.015 0.25 2 0.25 512 0.12 8 1 32 

Numbers in red = susceptible to the antibiotic 
Numbers in green = intermediate susceptibility to antibiotic 
Numbers in blue = resistant to the antibiotic 
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 All of the isolates tested showed susceptibility to tetracycline with two samples 

(590A and 590B) from naturally produced cattle showing resistance. Thirteen of the 

isolates were resistant to sulfisoxazole with 6 being from conventionally produced cattle 

and 7 from naturally produced cattle.  Sample 127B has resistance to cefoxitin and 126B 

had intermediate susceptibility (both from naturally produced cattle).  The two samples 

that showed drug resistance to 5 or more antimicrobials included 590A and 590B which 

were from naturally produced cattle. Both were resistant to sulfisoxazole, 

chloramphenicol, ceftriaxone, amoxicillin/clavulanic acid, and ceftiofur with 590A being 

resistant to ampicillin and 590B being intermediate (Table 4.5).  Reinstein et al. (2009) 

compared E. coli isolates for resistance patterns finding that conventionally produced 

cattle had lower (P < 0.05) MIC’s for amikacin, apramycin, cefotoxitin, ceftriaxone, 

kanamycin, nalidixic acid, penicillin, rifampin and tetracycline. 

None of the isolates showed the multi-drug resistance to ACSSuT to classify them 

as multi-drug resistant (FDA, 2009) as part of the National Antimicrobial Resistance 

Monitoring System (NARMS). The antibiotics needed for this classification include 

ampicillin, chloramphenicol, streptomycin, sulfamethoxazole/sulfisoxazole, and 

tetracycline. The isolate (590A) with the most resistance to antibiotics lacked resistance 

to the antibiotics ampicillin, streptomycin and tetracycline, although it showed 

susceptibility to tetracycline. However, three of the isolates (6.81%) showed multi-drug 

resistance as they were resistant to more than one antimicrobial.  Each of these multi-

drug resistant isolates was from naturally-produced cattle samples.  Reinstein et al. 
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(2009) found that 7 of 60 E. coli O157 isolates were resistant to all antibiotics evaluated 

when comparing resistance patterns among natural, organic and conventionally produced 

beef cattle.   

All 44 of the E. coli O157 isolates tested were susceptible to tetracycline with two 

(4.5%) being intermediate (both from conventionally produced cattle) and two (4.5%) 

being resistant (both from naturally produced cattle).  Escherichia coli resistance to 

tetracycline is fairly common (Wagner et al., 2002).  These numbers are slightly lower 

than results found by Platt et al. (2008) where 7.1% of 37 isolates were resistant to 

tetracycline.  One isolate (54A; naturally produced) was susceptible to amoxicillin and 

two isolates (511A and 511B; conventionally produced) were susceptible to cefoxitin.  

Three isolates from naturally produced cattle (126B, 590A and 590B) had intermediate 

susceptibility to cefoxitin.  One isolate (590B) from naturally produced cattle had 

intermediate susceptibility to ampicillin.   

Twelve isolates were resistant to sulfisoxazole. Among those isolates, 7 (58.3%) 

were from naturally produced cattle.  Isolates 54A, 54B, 76A, 76B, 590A, 590B, and 

674B were from naturally produced cattle and 426A, 426B, 434A, 511A and 511B were 

from conventionally produced cattle.  A total of 25 isolates were resistant to at least one 

antimicrobial with 20 (80%) of those isolates being from naturally produced cattle. 
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Figure 4.1. Sensititre plate showing sample 590A with the highest susceptibility to 
antimicrobials.  
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Feedlot A Results 

 
On period 1 of sampling, a difference was detected (P < 0.001) between naturally- 

and conventionally-produced beef for E. coli O157.  Naturally-raised cattle had fecal 

samples with a greater percentage of positive samples (14 samples; 9.33%) compared to 

conventional (5 samples; 3.33%; Table 4.7).  This trend was not observed on the 

subsequent sampling periods.  Period 2 had 8 positive (5.33%) samples for naturally 

produced beef and 11 positive (7.33%) samples for conventionally produced beef.  Period 

3 had 6 positive (4.00%) for naturally produced beef and 7 positive (4.67%) samples for 

conventionally produced beef.  Overall, 6.22% of natural samples and 5.11% of 

conventional samples tested positive for E. coli O157 (P = 0.5361). The differences 

observed on day 1 were justification for further sampling and quantification of E. coli 

O157 between different production types.  Results from the first sampling period oppose 

a study stating there would likely be no microbiological differences between naturally- 

and conventionally-produced beef (Smith et al., 2005). 

 

Table 4.7.  Percent Positive Samples for Escherichia coli O157 on Day 1 from Feedlot A 

Production Method Percent Positive Samples1 

Natural 9.33a 
Conventional 3.33b 
1Means with different superscripts differ (P < 0.001) 

 
 

Pen to pen variation was seen with prevalence of E. coli O157 among all 36 pens 

sampled from this feedlot which align with results reported in 2001 with substantial pen 

to pen variation (NAHMS, 2001; Smith et al, 2001).  Smith et al. (2001) also reported 
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that all pens in that test had at least one positive sample, but this study did not follow the 

same pattern.  Total positive E. coli O157 samples and percentages for each pen are 

reported in Table 4.8.   

Samples from pens of naturally produced cattle had the most positive (n = 5) 

samples for E. coli O157 for any of the sampling periods (20.0%).  For the 36 pens 

sampled over the three sampling periods, 26 pens (72.22%) had at least 1 positive sample 

for E. coli O157.  Thirteen pens (36.11%) sampled had 2 or more positive samples over 

the three sampling periods.  Results for percent positive samples for all pens from Feedlot 

A are found in Table 4.8. 

No differences (P = 0.5747) in prevalence of E. coli O157 between the three 

sampling periods. Sampling d 1 and 2 detected 19 positive (6.33%) each and d 3 detected 

13 (4.33%) positive samples. Although period 1 detected greater prevalence rates for E. 

coli O157 for naturally produced cattle samples, that trend was not detected during period 

2 and 3.  Conventionally produced cattle had incidence rates of E. coli O157 on d 2 of 

7.33% positive and 4.67% on d 2.  Naturally produced beef had 5.33% on d 2 and 4.00% 

positive samples for E. coli O157.   
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Table 4.8. Percent Positive Samples for Escherichia coli O157 for Feedlot A between 
Natural and Conventional Beef Surface Pen Samples 

Pen 
Production 

Type 
Samples 

Week of 
Sampling 

Positive 
Samples 

Percent 
Positive 

N1 Natural 1-25 1 5 20.00 
N2 Natural 26-50 1 1 4.00 
N3 Natural 51-75 1 3 12.00 
N4 Natural 76-100 1 1 4.00 
N5 Natural 101-125 1 0 0.00 
N6 Natural 126-150 1 4 16.00 
N7 Natural 151-175 2 1 4.00 
N8 Natural 176-200 2 1 4.00 
N9 Natural 201-225 2 0 0.00 
N10 Natural 226-250 2 3 12.00 
C1 Conventional 251-275 1 1 4.00 
C2 Conventional 276-300 1 0 0.00 
C3 Conventional 301-325 1 0 0.00 
C4 Conventional 326-350 1 2 8.00 
C5 Conventional 351-375 1 0 0.00 
C6 Conventional 376-400 2 2 8.00 
C7 Conventional 401-425 2 0 0.00 
C8 Conventional 426-450 2 4 16.00 
C9 Conventional 451-475 2 2 8.00 
C10 Conventional 476-500 2 3 12.00 
C11 Conventional 501-525 2 1 4.00 
C12 Conventional 526-550 2 1 4.00 
N11 Natural 551-575 2 2 8.00 
N12 Natural 576-600 2 1 4.00 
N13 Natural 601-625 3 1 4.00 
N14 Natural 626-650 3 1 4.00 
N15 Natural 651-675 3 3 12.00 
N16 Natural 676-700 3 1 4.00 
N17 Natural 701-725 3 0 0.00 
N18 Natural 726-750 3 0 0.00 
C13 Conventional 751-775 3 2 4.00 
C14 Conventional 776-800 3 0 0.00 
C15 Conventional 801-825 3 1 4.00 
C16 Conventional 826-850 3 1 4.00 
C17 Conventional 851-875 3 3 12.00 
C18 Conventional 876-900 3 0 0.00 
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Feedlot B Results 

  
Samples from Feedlot B were compared for E. coli O157 between naturally- and 

conventionally-produced beef.  Overall, through BAX confirmation, 37.2% of all samples 

were positive for E. coli O157 (186 out of 500 samples). This rate was lower than an 

earlier study where E. coli O157:H7 was cultured from 66.7% of conventionally fed 

feedlot cattle on at least one occasion when cattle were sampled over time (Brashears et 

al, 2003). Smith et al. (2001) reported a lower incidence (23% positive) for E. coli O157 

in cattle. However, according to NAHMS (2001), shedding increased during warmer 

months and peaked at 19.9% during September compared to about 3.5% during February 

(NAHMS, 2001). Results indicated a greater incidence of overall positive samples at 

37.2% than the aforementioned study. 

 Comparing the two production types across both sampling periods in Feedlot B, 

samples from conventionally-produced cattle had similar (P = 0.6568) incidence rates of 

E. coli O157:H7 to naturally-produced cattle samples.  Over both sampling periods, 

42.4% of conventional samples were positive (106 positive samples) and 32.0% of 

natural samples were positive (80 positive samples; Table 4.9).  Using the GLIMMIX 

procedure of SAS, results were calculated with Treatment LS Means of 39.40 (SE 

8.8793) for the conventionally-produced beef and Treatment LS Means of 33.40 (SE 

9.8367) for naturally-produced beef samples.  The results from Feedlot B align with 

Reinstein et al. (2009), who reported 11.2% positive samples from conventionally raised 

beef, and 7.2% positive samples from naturally raised beef.   
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Table 4.9.  Positive Results for Escherichia coli O157:H7 between Naturally and 
Conventionally-Produced Beef Fecal Samples in Feedlot B 

Production Type Total Samples Positive Samples 
Percent Positive 

Samples1 

Conventional 250 106 42.4a 
Natural 250 80 32.0a 
1Percentages within rows with similar superscripts do not differ (P = 0.6568) 
   

 

No differences (P = 0.4614) were detected in prevalence of E. coli O157:H7 by 

sampling period. On d 1, 96 samples (38.4%) were positive for E. coli O157:H7.  

Similarly, d 2 yielded 90 positive samples (36.0% positive).  Treatment LS Means for d 1 

were 31.40 (9.8367 SE) and d 2 were 41.40 (8.8793 SE).  

Table 4.10 shows the comparison of sampling period by production method and 

an interaction (P  = 0.8122) was not observed.  On day 1 of sampling, 49.6% (62 of 125) 

of conventionally-produced beef samples were positive for E. coli O157:H7, naturally 

produced beef on d 1 were 27.2% (34 of 125) positive, conventionally-produced beef on 

d 2 of sampling  were 36.8% (46 of 125) positive and naturally-produced beef samples on 

d 2 were 35.2% (44 of 125) positive.  Comparing production method by sampling period, 

conventionally produced beef for period 1 of sampling had the highest incidence of 

positive samples for E. coli O157. 
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Table 4.10.  Comparison of Sampling Period for Positive Escherichia coli O157:H7 
Samples from Natural and Conventional Production Method in Feedlot B 

Production 
Type 

Sampling 
Period 

Total Samples 
Positive 
Samples 

Percent 
Positive 
Samples 

Conventional 1 125 62 49.6 
Conventional 2 125 44 35.2 
Natural 1 125 34 27.2 
Natural 2 125 46 36.8 

 
  

Pen variation existed when sampling pens on multiple days (Table 4.11).  The last 

conventional pen sampled on day 1 had 100% positive samples (25 of 25) for E. coli 

O157:H7; however, on day 2, one pen from each production type had no positive samples 

(pen 12 for natural and pen 16 for conventional).  Nine pens (45%) had incidence rates of 

more than 50% positive samples for E. coli O157.  A total of 18 pens (90%) had at least 1 

positive sample for E. coli O157. The results align with results reported in 2001 with 

substantial pen to pen variation (NAHMS, 2001; Smith et al, 2001).  Smith et al. (2001) 

also reported that all pens in that test had at least one positive sample, but this study did 

not follow the same pattern.  Additionally, E. coli O157 was detected in 50-70% of pens 

during two different studies (NAHMS, 2001; Sargeant et al., 2003) which is less than the 

results from Feedlot B. 
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Table 4.11.  Results among Natural and Conventional Pens for Positive Escherichia coli 
O157:H7 in Feedlot B 

Production 
Type 

Sampling Day Pen Number 
Total Positive 

Samples1 
Percent 

Positive (%) 

Natural 1 1 4 16.0 
Natural 1 2 9 36.0 
Natural 1 3 7 28.0 
Natural 1 4 1 04.0 
Natural 1 5 13 52.0 
Conventional 1 6 3 12.0 
Conventional 1 7 15 60.0 
Conventional 1 8 6 24.0 
Conventional 1 9 13 52.0 
Conventional 1 10 25 100.0 
Natural 2 11 18 72.0 
Natural 2 12 0 00.0 
Natural 2 13 14 56.0 
Natural 2 14 1 04.0 
Natural 2 15 13 52.0 
Conventional 2 16 0 00.0 
Conventional 2 17 4 16.0 
Conventional 2 18 10 40.0 
Conventional 2 19 14 56.0 
Conventional 2 20 16 64.0 
1Total of 25 samples per pen 

 

Samples were collected in sequential order starting at 7:00 AM on the day of 

sampling.  Two of the three pens with the highest incidence were collected last during the 

sampling day.  The highest percentage (pen 10 on day 1) came from conventional cattle 

with 100% of samples testing positive for E. coli O157:H7. The third highest incidence 

was observed in the last pen sampled during day 2 of collection as pen 20 had 16 positive 

samples (64.0%).  This result was first thought to be due to the increase in temperature 

during the day; however, the second overall highest prevalence within a pen was the first 

pen sampled on day 2 from natural cattle at 18 positive samples (72.0%; Table 4.11). 
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 One aspect of the study at Feedlot B was to observe prevalence of E.coli O157:H7 

in different pen locations.  The objective was to evaluate pen location in relation to traffic 

and interaction with people, equipment and vehicles and any potential relationship with 

positive samples.  However, the pens randomly selected for collection during sampling 

days were determined the morning of collection.  After location analysis, no significant 

differences were detected (P = .4640). The locations were evenly distributed between 

three different locations within the feed yard.  The pen locations were (1) interior, closest 

to the middle of the yard, (2) medial, in the middle of the treatment groups and (3) 

exterior, which were on the periphery of the feed yard.  The frequency of E. coli 

O157:H7 by location is shown in Table 4.12. 
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Table 4.12.  Location of Pens in Feedlot B for Prevalence of Escherichia coli O157:H7 
between Natural and Conventional Surface Samples. 

Production 
Type 

Pen Locationa 
Positive 
Samples 

Percent 
Positive (%) 

Natural 1 1 4 16.0 
Natural 2 1 9 36.0 
Natural 3 1 7 28.0 

Conventional 6 1 3 12.0 
Conventional 7 1 15 60.0 
Conventional 8 1 6 24.0 

Natural 4 2 1 04.0 
Natural 5 2 13 52.0 
Natural 11 2 18 72.0 
Natural 12 2 0 00.0 

Conventional 9 2 13 52.0 
Conventional 10 2 25 100.0 
Conventional 19 2 14 56.0 
Conventional 20 2 16 64.0 

Natural 13 3 14 56.0 
Natural 14 3 1 04.0 
Natural 15 3 13 52.0 

Conventional 16 3 0 00.0 
Conventional 17 3 4 16.0 
Conventional 18 3 10 40.0 

aPen Location = 1 (Interior), 2 (Medial) and 3 (Exterior) 
 
  

The eight pens located in the medial/middle section of the yard had the greatest 

percentage (50%) of positive samples with 100 positive (Table 4.13) samples.  Within the 

group located in the middle of the yard, conventional cattle were responsible for 68 

positive samples.  For pens located in the interior of the yard design, 44 samples were 

positive (29.3%).  Pens located on the exterior of the yard yielded 42 positive samples 

(28.0%).   
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Table 4.13.  Pen Location within Feedlot B for Prevalence of Escherichia coli O157:H7 

Pen Location Positive Samples Total Samples Percent Positive 

Interior 44 150 29.3 
Middle 100 200 50.0 
Exterior 42 150 42.0 

 
 
 
 The hypothesized explanation for differences in E. coli O157:H7 prevalence 

among pen locations within the yard set-up scheme was the potential for exposure to 

people, equipment and trucks entering the yard for those cattle in the interior or 

medial/middle of the yard as compared to the outside pens. Theoretically, cattle on the 

outside would be exposed to less traffic and fewer people, thus lowering stress levels and 

potentially reducing susceptibility to shedding bacteria. 

 Confidence intervals were also calculated for each production type, day and 

interactions of production type by day (Table 4.14) for Feedlot B. Conventional cattle 

showed the highest mean (percent positive) for prevalence (0.4029) of E. coli O157:H7 

with lower confidence interval of 0.1048 and upper confidence interval of 0.7011. The 

confidence intervals were calculated using a p value of 0.05 and a tabular t of 2.11991.  
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Table 4.14.  Confidence Intervals, Production Type Means, and Interactions between 
Production Type and Day for Prevalence of Escherichia coli O157:H7 at Feedlot B. 

Effect 
Production 

Type 
Day Mean 

SE of 
Mean 

Lower 
Confidence 

Interval 

Upper 
Confidence 

Interval 

Treatment Conventional - 0.4029 0.1406 0.1048 0.7011 
Treatment Natural - 0.2493 0.2096 0.0170 0.4817 
Day - 1 0.3756 0.1364 0.0865 0.6647 
Day - 2 0.2715 0.1164 0.0246 0.5183 
Trt*Day Conventional 1 0.5414 0.2051 0.1067 0.9761 
Trt*Day Conventional 2 0.2784 0.1663 -0.0741 0.6309 
Trt*Day Natural 1 0.2347 0.1471 -0.0771 0.5464 
Trt*Day Natural 2 0.2646 0.1630 -0.0809 0.6101 

 
 

 When comparing the confidence intervals of the production type, days and 

interactions, samples from pens of conventional cattle on day 1 (production type by day 

interaction) had the largest difference between upper and lower confidence interval while 

having the highest confidence interval of 0.9761 and the highest mean average of 0.5414. 

The confidence intervals align with previous results.  On day 1, conventional samples had 

greater incidence than natural samples; however, the two production types had similar 

confidence intervals on day 2 of sampling.  
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CHAPTER V 

IMPLICATIONS 

 
 Natural beef production has found a niche in the market for consumers. The 

present study evaluated the difference in prevalence of E. coli O157 between naturally 

and conventionally produced beef from two commercial feeding operations. The results 

showed high levels of positive samples from each treatment group from Feedlot B which 

could pose a food safety risk to the industry and consumers of these products.  However, 

no differences (P = .8696) was found between naturally and conventionally produced 

beef for prevalence of E. coli O157.  Composite results from both feeding operations 

shows prevalence rates of E. coli O157 was 16.93%.  For prevalence of E. coli O157, 

conventionally-produced beef had 18.43% positive samples and naturally-produced beef 

had 15.43% positive samples. 

 Studies have shown that naturally produced beef would need between $44 

(Sawyer et al., 2003) and $77 (Wileman et al., 2009) per head premium to compare 

economically with conventionally produced beef. Smith et al. (2005) reported it would be 

unlikely to find microbiological differences between the two production methods which 

this study confirmed.  However, three E. coli O157 isolates from naturally produced beef 

in the current study showed multi-drug resistance which conflicts with another study 

finding no differences in antibiotic resistant or multi-drug resistance between naturally 

and conventionally produced beef (LeJune and Christie, 2004).  Isolates from naturally 

produced cattle were resistant to 9 of the antimicrobials tested.  Regardless of what 

causes multi-drug resistance, it is a public health concern (Helms et al., 2005).  With no 
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exposure to antibiotics during their time in the feeding facility, the development of multi-

drug resistance from the E. coli O157 isolates from naturally produced cattle in this study 

is troubling. 

 Location within the yard was also evaluated at Feedlot B and found no differences 

(P = 0.4640) for pens located in the interior, middle or exterior of the yard for E. coli 

O157.  Prevalence numbers comparing the two feeding operations (sampling period) 

sampled were different (P < 0.001) with sampling periods 4 and 5 (Feedlot B) having 

greater prevalence of E. coli O157 than sampling periods 1, 2 and 3 (Feedlot A).  

 Although this study did not find differences between naturally and conventionally 

produced beef, the high prevalence rates of each as well as the multi-drug resistance 

patterns of E. coli O157 isolates from the naturally produced beef emphasize the need for 

the beef, food safety and animal health industries to continue to evolve pre- and post-

harvest interventions to reduce or eliminate the risk of E. coli O157 to the consumers of 

these beef products. 

  



Texas Tech University, Clinton Alexander, May 2012 

71 

REFERENCES 

Arthur T., J. Bosilevac, X. Nou, S. Shackleford, T. Wheeler, M. Kent, and D. Jaroni.  
2004.  Escherichia coli O157 prevalence and enumeration of aerobic bacteria, 

Enterobacteriaceae, and Escherichia coli O157 at various steps in commercial 
      beef processing plants. J. Food Prot. 67(4):658-665. 
 
Barham, A. R., B. L. Barham, A. K. Johnson, D. M. Allen, J. R. Blanton, and M. F. 

Miller.  2002.  Effects of the transportation of beef cattle from the feedyard to the 
packing plant on prevalence levels of Escherichia coli O157 and Salmonella spp.  J. 

Food Prot.  65:280-283. 
 
Besser, T. E., D. D. Hancock, L. C. Pritchett, E. M. McRae, D. H. Rice and P. I. Tarr.  

1997.  Duration of detection of fecal excretion of Escherichia coli O157:H7 in cattle.  
J. Infect. Dis.  175:726-729. 

 
Boland, M., L. Boyle, and C. Lusk.  2002.  Economic issues with natural and organic 

beef.  Ag Marketing Resource Center.  Department of Agricultural Economics.  
Kansas State University. 

 
Brashears, M. M., D. Jaroni and J. Trimble.  2003.  Isolation, selection and 

characterization of lactic acid bacteria for a competitive exclusion product to reduce 
shedding of Escherichia coli O157:H7 in cattle. J. Food Prot.  66:355-363. 

 
Callaway, T. R., R. O. Elder, J. E. Keen, R. C. Anderson, and D. J. Nisbet.  2003.  Forage 

feeding to reduce Escherichia coli populations in cattle:  a review.  J. Dairy Sci.  
86:852-860. 

 
Dunn, J. R., J. E. Keen, R. Del Vecchio, T. E. Wittum, and R. A. Thompson.  2004.  

Escherichia coli O157:H7 in a cohort of weaned, preconditioned range beef calves.  J. 

Food Prot.  67:2391-2396. 
 
Elder R., J. Keen, G. Siragusa, G. Barkocy-Gallagher, M. Koohmaraie, and W. Laegreid.  

2000.  Correlation of enterohemorrhagic Escherichia coli O157 prevalence in feces, 
hides, and carcasses of beef cattle during processing. Proceedings of the National 

Academy of Sciences of the United States of America. 97(7):2999-3003. 
 
FDA.  2009.  Interpretative criteria used for antimicrobial susceptibility testing: NARMS 

retail meat, 2009. Food and Drug Administration. 
 
Federal Register: Vol 74, No 12, Jan 21, 2009. Notices.  3544-3545. 
 
Finch, R. G. 1998.  Antibiotic resistance. J. Antimicrob Chemother. 42:125-128. 
 



Texas Tech University, Clinton Alexander, May 2012 

72 

Fluckey, W. M., G. H. Loneragan, R. Warner, and M. M. Brashears.  2007.  
Antimicrobial drug resistance of Salmonella and Escherichia coli isolates from cattle 
feces, hides and carcasses.  J. Food Prot.  70:551-556. 

 
Gannon, V. P. J., T. A. Graham, R. King, P. Michel, S. Read, K. Ziebell, and R. P. 

Johnson.  2002.  Escherichia coli O157:H7 infection in cows and calves in a beef 
cattle herd in Alberta, Canada.  Epid. Infection.  129(1):163-172. 

 
Griffin, P. M., B. P. Bell, P. R. Cieslak, J. Tuttle, T. J. Barrett, M. P. Doyle, A. M. 

McNamara, A. M. Shefer, and J. G. Wells.  1994.  Large outbreak of Escherichia coli 
O157:H7 infections in the western United States: the big picture.  p 7-12. In M.A. 
Karmali and A. B. Goglio (ed.), Recent advances in verocytotoxin-producing 
Escherichia coli infections. Elsevier, New York. 

 
Grauke, L. J., I. T. Kudva, J. W. Yoon, C. W. Hunt, C. J. Williams, and C. J. Hovde.  

2002.  Gastrointestinal tract location of Escherichia coli O157:H7 in ruminants.  App. 

Environ. Microbiol.  68(5):2269-2277. 
 
Gunn, P. J., S. L. Lake, K. Hendrix, and D. Lofgren.  2007.  Effects of natural vs. 

conventional feedlot protocol on performance and carcass characteristics in beef 
heifers.  J. Anim. Sci.  Supp 2.  85:137. 

 
Hancock, D. D., T. E. Besser, and D. H. Rice.  1998.  Ecology of Escherichia coli 

O157:H7 in cattle and impact of management practices, p. 85-91. In J. B. Kaper and 
A. D. O’Brien (ed.), Escherichia coli O157:H7 and other Shiga toxin-producing E. 

coli strains.  Am. Soc. Microbiol. Washington, D. C. 
 
Hancock, D., T. Besser, J. Lejune, M. Davis, and D. Rice.  2001.  The control of VTEC 

in the animal reservoir.  Int. J. Food Microbiol.  66:71-78. 
 
Helms, M., S. Ethelberg, and K. Molbak.  2005.  International Salmonella Typhirmurium 

DT104 infections, 1992-2001.  Emerg. Infect. Dis.  11:859-867. 
 
Hurd, H. S., S. Doores, D. Hayes, A. Mathew, J. Maurer, P. Silley, R. S. Singer, and R. 

N. Jones.  2004.  Public health consequences of macrolide use in food animals:  A 
deterministic risk assessment.  J. Food Prot.  67:980-982. 

 
Kaper, J. B., J. P. Nataro, H. L. Mobley.  2004. Pathogenic Escherichia coli.  Nat. Rev. 

Microbiol.  2:123-140.  
 
Karmali, M. A., M. Petric, C. Lim, P. C. Fleming, S. G. Arbus, and H. Loir.  1985.  The 

association between idiopathic hemolytic uremic syndrome and infection by 
verotoxin-producing Escherichia coli.  J. Infect. Dis. 151:775-782. 

 



Texas Tech University, Clinton Alexander, May 2012 

73 

Keen, J. E., and R. O. Elder. 2002. Isolation of shiga-toxigenic Escherichia coli O157 
from hide surfaces and the oral cavity of finished beef feedlot cattle. J. Am. Vet. Med. 

Assoc. 220(6):756-763. 
 
Kim, H. H., M. Samadpour, L. Grimm, C. R. Clausen, T. E. Besser, M. Baylor, J. M. 

Kobayashi, M. A. Neill, F. D. Shoenknecht, and P. I. Tarr.  1994.  Characteristics of 
antibiotic-resistant Escherichia coli O157:H7 in Washington State, 1984-1994. J. 

Infect. Dis.  170:1606-1609. 
 
Laegreid, W. W., R. O. Elder, and J. E. Keen.  1999.  Prevalence of Escherichia coli 

O157:H7 in range beef calves at weaning.  Epid. Infect.  123:291-298. 
 
Lathers, C.  2002.  Clinical pharmacology of antimicrobial use in humans and animals. J. 

Clin. Pharmacol.  42:587-600. 
 
LeJune, J. T., and N. P. Christie.  2004.  Microbiological quality of ground beef from 

conventionally-reared cattle and “raised without antibiotics” label claims.  J. Food 

Prot.  67:1433-1437. 
 
Locking, M. E., S. J. O’Brien, W. J. Reilly, E. M. Wright, D. M. Campbell, J. E. Coia, L. 

M. Browning and C. N. Ramsay.  2001.  Risk factors for sporadic cases of 
Escherichia coli O157 infection: the importance of contact with animal excreta.  
Epidemiol. Infect.  127:215-220. 

 
Lowrance, T. C., G. H. Loneragan, D. J. Kunze, T. M. Platt, S. E. Ives, H. M. Scott, B. 

Norby, A. Echeverry, and M. M. Brashears.  2007.  Changes in antimicrobial 
susceptibility in a population of Escherichia coli isolated from feedlot cattle 

administered ceftiofur crystalline-free acid.  Am. J. Vet. Res.  68:501-507. 
 
Mayer, J. 1999. Will organic and natural beef provide growing markets?  Angus Journal. 

October 1999:193-194.  
 
National Animal Heath Monitoring and Surveillance (NAHMS).  2001.  Escherichia coli 

O157 in United States Feedlots.  Info Sheet.  #N345.1001. 
 
National Cattlemen’s Beef Association (NCBA).  2008.  Understanding the Different 

Kinds of Beef in the Marketplace.  Beef Fact Sheet.  
 
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 follicle-dense 
mucosa at the terminal rectum is the principle site of colonization of 
enterohemorrhagic Escherichia coli O157:H7 in the bovine host.  Infect Immun.  
71(3):1505-1512. 

 



Texas Tech University, Clinton Alexander, May 2012 

74 

National Committee for Clinical Laboratory Standards (NCCLS).  2002.  Performance 
standards for antimicrobial disk and dilution susceptibility tests for bacteria isolated 
from animals.  2nd ed.  Approved Standard M31-A2.  NCCLS.  Villanova, PA. 

 
Phillips I., 2007.  Withdrawal of growth-promoting antibiotics in Europe and its effects in 

relation to human health.  Int. J. Antimicrob. Agents.  30:101-107. 
 
Platt, T. M., G. H. Loneragan, H. M. Scott, B. Norby, D. U. Thomson, M. S. Brown, S. E. 

Ives and M. M. Brashears.  2008.  Antimicrobial susceptibility of enteric bacteria 
recovered from feedlot cattle administered chlortetracycline in feed.  Am. J. Vet. Res.  
69:988-996. 

 
Reinstein, S., J. T. Fox, X. Shi, M. J. Alam, D. G.Renter, and T. G. Nagaraja.  2009.  

Prevalence fo Escherichia coli O157:H7 in organically and naturally raised beef 
cattle.  App. Envir. Micro.  75(16):5421-5423. 

 
Riley, D. G., J. T. Gray, G. H. Loneragan, K. S. Barling and C. C. Chase, Jr.  2003.  

Escherichia coli O157:H7 prevalence in fecal samples of cattle from a southeastern 
beef cow-calf herd.  J. Food Prot. 66:1778-1782.  

 
Riley, D. G., G. H. Loneragan, W. A. Phillips, J. T. Gray and P. J. Fedorka-Cray.  2008.  

Fecal shedding of foodborne pathogens by florida-born heifers and steers in U.S. beef 
production segments.  J. Food Prot.  71:807-801. 

 
Riley, L.W., R. S. Remis, S. D. Helgerson, H. B. McGee, J. G. Wells, B. R. Davis, R. J. 

Hebert, E. S. Olcott, L. M. Johnson, N. T. Hargrett, P. A. Blade and M. L. Cohen.  
1983.  Hemorrhagic colitis associated with a rare Escherichia coli serotype.  N. Engl. 

J. Med. 308:681-685. 
 
Sargeant, J. M., M. W. Sanderson, R. A. Smith, and D. D. Griffin.  2003.  Escherichia 

coli O157 in feedlot cattle feces and water in four major feeder-cattle states in the 
USA.  Prev. Vet. Med.  61(2):127-135. 

 
Sato, K., P. C. Bartlett, and M. A. Saeed.  2005.  Antimicrobial susceptibility of 

Escherichia coli isolates from dairy farms using organic versus conventional 
production methods.  J. Am. Vet. Med. Assoc.  226(4):589-594. 

 
Sawyer, J. E., C. P. Mathis, C. A. Loest, D. A. Walker, K. J. Malcolm-Callis, L. A. Blan 

and R. Taylor.  2003.  Case study: Niche-targeted vs. conventional finishing programs 
for beef steers.  Prof. Anim. Sci.  19:188-194. 

 
Scallan, E., R. M. Hoekstra, F. J. Anqulo, R. V. Tauxe, M. A. Widdowson, S. L. Roy, J. 

L. Jones and P. M. Griffin.  2011.  Foodborne illness acquired in the United States – 
major pathogens.  Emerg. Infect. Dis. 17(1):7-15. 



Texas Tech University, Clinton Alexander, May 2012 

75 

 
Smith, D. R., M. Blackford, S. Younts, R. Moxley, J. Gray, L. Hungerford, T. Milton, 

and T. Klopfenstein.  2001.  Ecological relationships between the prevalence of cattle 
shedding Escherichia coli O157:H7 and characteristics of the cattle or conditions of 
the feedlot pen.  J. Food Prot.  64(12):1899-1903. 

 
Smith, G. C., J. N. Sofos, M. J. Aaronson, J. B. Morgan, J. D. Tatum, and G. R. Schmidt.  

1994.  Incidence of pesticide esidues and residues of chemicals specified for testing in 
U.S. beef by the European Community.  J. Muscle Foods.  5:271-284. 

 
Smith, G. C., K. L. Heaton, J. N. Sofos, J. D. Tatum, M. J. Aaronson, and R. P. Clayton.  

1997.  Residues of antibiotics, hormones and pesticides in conventional, natural and 
organic Beef.  J. Muscle Foods.  8:157-172. 

 
Smith, G. C., K. L. Hossner, T. E. Engle, K. E. Belk, J. A. Scanga, J. N. Sofos, T. 

Grandin, and J. D. Tatum.  2005.  Conventional, Natural, Grass-Fed and Organic 
Beef:  Fact Sheet.  pp. 1-49.  Final Report to the National Cattlemen’s Beef 

Association.  Centennial, CO.  Center for Red Meat Safety, Department of Animal 
Sciences, Colorado State University, Fort Collins, CO. 

 
Smith, R. A., D. D. Griffin, and D. A. Dargatz.  1997.  The risks and prevention of 

contamination of beef feedlot cattle:  the perspective of the United States of America.  
Rev. Sci. Tech. Off. Int. Epid.  16:359-368. 

 
Stephens, T. P., G. H. Loneragan, W. E. Chaney, L. A. Branham, and M. M. Brashears.  

2007.  Development and validation of a most-probable-number-immunomagnetic 
separation methodology of enumerating Escherichia coli O157:H7 in cattle feces.  J. 

Food Prot.  70:1072-1075. 
 
Stephens, T. P., G. H. Loneragan, T. W. Thompson, A. Sridhara, L. A. Branham, S. 

Pitchiah and M. M. Brashears.  2007.  Distribution of Escherichia coli O157 and 

Salmonella on hide surfaces, the oral cavity, and in feces of feedlot cattle.  J. Food 

Prot.  70:1346-1349. 
 
Usborne, W. R.  1994.  Natural vs. Regular Beef.  Mimeograph Report from the 

University of Guelph, Guelph, Ontario, Canada. 
 
 
 
USDA. Agriculture Marketing Service. Mandatory County of Origin Labeling of Beef, 

Pork, Lamb, Chicken, Goat Meat, Wild and Farm-Raised Fish and Shellfish, 

Perishable Agriculture Commodities, Peanuts, Pecans, Ginseng, and Macadamia 

Nuts; Final Rule. 2009. Federal Register: Vol 74, No. 13 
 



Texas Tech University, Clinton Alexander, May 2012 

76 

USDA. Economic Research Service. 2010.  Foodborne Illness Cost Calculator: STEC 

O157.  2010.   
 
U.S. Government Accounting Office.  2004.  Antibiotic resistance: federal agencies need 

to better focus efforts to address risk to humans from antibiotic use in animals.  
Available at: http://www.gao.gov/new.items/d04490.pdf.  

 
Varma, J. K., K. Molbak, T. J. Barrett.  2005.  Antimicrobial-resistant nontyphoidal 

Salmonella is associated with excess bloodstream infections and hospitalizations.  J. 

Infect. Dis.  191:554-561. 
 
Wagner, B. A., D. A. Dargatz, M. D. Salman.  2002.  Comparison of sampling techniques 

for measuring the antimicrobial susceptibility of enteric Escherichia coli recovered 
from feedlot cattle.  Am. J. Vet. Res. 63:1662-1670. 

 
Wileman, B. W., D. U. Thomson, C. D. Reinhardt, and D. G. Renter. 2009.  Analysis of 

modern technologies commonly used in beef cattle production:  Conventional beef 
production versus nonconventional production using meta-analysis.  J. Anim. Sci.  
87(10) 3418-3426. 

 
Wells, J. G., B. R. Davis, I. K. Wachsmuth, L. W. Riley, R. S. Remis, R. Sokolow, and 

G. K. Morris.  1983.  Laboratory investigation of hemorrhagic colitis outbreaks 
associated with a rare Escherichia coli serotype.   Clin. Microbiol.  18(3):512-520. 

 
Woese, K., D. Lange, C. Boess and K. W. Bogl.  1997.  A comparison of organically and 

conventionally grown foods – results of a review of the relevant literature.  J. Sci. 

Food Agric.  74:281-293. 
 
World Health Organization.  2002.  Antimicrobial resistance website.  Available at: 

http://www.who.int/m/topics/antimicrobial-
resistant_bacterial_infections/en/index.htm. 

 

 

 

 

 



Texas Tech University, Clinton Alexander, May 2012 

77 

APPENDIX A  
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APPENDIX B 

BAX System Tracking Sheet 

 

 


