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ABSTRACT 
 Antibiotic resistance in bacteria has become a leading public health concern.  

While expected to play a role in development and spread of antibiotic resistant bacteria, 

feeding subtheraputic levels of antimicrobial drugs to feedlot cattle is still highly debated. 

The purpose of this study was to evaluate the impact of in-feed antimicrobial 

administration on the populations of generic Escherichia coli isolated from feedlot cattle 

and their susceptibility to common antimicrobial drugs. One thousand, six hundred and 

eleven animals were allocated to one of 16 pens; each pen was assigned one of four 

treatments.  Treatments included: a) monensin (29.8 mg/kg dry matter) and tylosin (9.7 

mg/kg dry matter); b) tylosin (9.7 mg/kg); c) monensin (29.8 mg/kg); and d) neither of 

the aforementioned antimicrobials.  Fecal samples were collected from 40 animals per 

pen upon arrival, at re-implant, and harvest.  Hide samples were collected from these 

same animals prior to shipment.  A sub-sample of 10 animals were sampled in the plant 

post-stunning, post-hide removal and post-intervention. Samples were subjected to 

culture and enumeration. Multiple isolates collected from each sample were tested for 

susceptibility to a panel of antimicrobial drugs using a broth micro-dilution technique.  A 

total of 7,097 isolates were collected and analyzed for antimicrobial susceptibility.  

Breakpoints were obtained from the Clinical Laboratory Standards Institute and the 

National Antimicrobial Resistance Monitoring System.   Data were analyzed using 

various procedures of SAS.   

     Of the 7,097 isolates tested, 73.61% were resistant to at least one antimicrobial.    The 

most commonly observed resistance was to sulfisoxazole, tetracycline, and streptomycin 

with 64.97%, 31.51% and 10.57% of the isolates showing resistance to the 
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antimicrobials, respectively.  The most common resistance pattern was to sulfisoxazole 

alone (33.61%) followed by a co-resistance pattern to both sulfisoxazole and tetracycline 

(10.17%) and single resistance to tetracycline (6.66%).  Of the 7, 097 isolates, 32.61% 

showed resistance to at least 2 antimicrobials, and 3.21% of the isolates were resistant to 

at least 5 antimicrobials.  The percentage of isolates from fecal samples that were 

resistant to at least one antimicrobial increased throughout sampling periods during the 

trial with 48.14%, 59.97%, and 92.14% exhibiting resistance at time of arrival, re-

implant, and time of harvest, respectively. Antimicrobial treatment had no significant 

effect on estimated populations of resistant E.coli populations in fecal samples.   

Populations of E.coli resistant to nalidixic acid, streptomycin, ceftiofur and cefoxitin 

were lower at time of re-implant and harvest than at arrival (P < 0.05). Higher 

sulfisoxazole, tetracycline, and ampicillin-resistant populations were observed at harvest 

compared to arrival (P < 0.05).  Results from this study indicate that while resistance to 

certain antimicrobials in E. coli is not uncommon, an increase in resistance is not due 

solely to the use of subtheraputic levels of antimicrobials. The impact of sampling period 

resulted in an increase in resistance parameters of some antimicrobial drugs and a 

decrease in others.  
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CHAPTER I 

INTRODUCTION 

 For several decades humans have utilized antimicrobial drugs for a variety of 

reasons including therapeutic treatment of human and animal infections, prophylaxis, and 

to increase feed efficiency in food animals.  While some bacteria naturally show 

resistance to certain antimicrobial drugs, the increased use of these drugs has been 

identified as a catalyst for a rise in the incidence of resistance.  As of 2002, resistance had 

been identified for all antimicrobials utilized in animal and human medicine (82).  The 

rise in antibiotic resistant-bacterial infections in humans has instigated a major human 

health debate.  Initially, an increase in resistant nosocomial infections raised interest in 

the threat of antibiotic resistance.  However, more recently the isolation of resistant 

foodborne pathogens has intensified scrutiny of the food animal industry (87).  Some 

insist that inappropriate use of antibiotics in human medicine shoulders much of the 

blame for the increase in antibiotic resistance infections (3), while others maintain the 

agriculture industry, in particular food-animal production, should be held responsible 

(58).  There has been much deliberation over the extent to which animal agriculture 

practices, specifically the use of antimicrobials as growth promoters, can be blamed for 

the increase in antibiotic resistant-bacterial infections in humans.  While it is commonly 

accepted that the use of antibiotics (in both man and animal) selects for resistant 

microorganisms, recent epidemiological findings have brought this issue to the top of the 

priority list of global human health issues (115).  Efforts are being made to not only 

determine the extent, direction, and speed of antibiotic resistance dissemination, but also 
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identify the mechanisms which facilitate this spreading. Little research has been 

conducted examining the impact of common feedlot production practices, such as the 

feeding of antibiotics as growth promoters, have on antibiotic resistance development in 

enteric bacteria.  Two common types of antimicrobials fed to livestock are macrolides 

such as tylosin and ionophores including monensin.  These antimicrobial drugs are 

advertised as providing various benefits including preventative measures against certain 

bacterial and parasitic infections ,reducing liver abscesses, and increasing feed efficiency 

(40, 42). 

 Escherichia coli is a common bacterial species found in the gastro-intestinal tract 

of both man and animals.  Although many E. coli strains are not pathogenic, some 

variants such as E. coli O157:H7 have been identified as important foodborne pathogens.  

While the use of antibiotics is not recommended for treatment of E. coli O157:H7 

infections, antimicrobial drugs are used in the treatment of other infections caused by 

various strains of E. coli (56, 117).  In addition to the pressure antibiotic resistant E. coli 

infections exert on human health, non-type specific E. coli can play a potential role in the 

spread of antibiotic resistance as a reservoir for antibiotic resistance encoding genes (90).  

For this reason, researchers should be concerned with the role commensal bacteria play in 

the dissemination of resistance determinants. 

During the 2005-2006 congressional term, two bills were introduced into 

Congress calling for the “phasing out of nontheraputic use of critical antimicrobial animal 

drugs” (32, 33).  These bills cite specific bacteria such as Salmonella and Campylobacter 

which exhibit antimicrobial resistance to support this “phasing out.”  While these bills 

have not yet been passed, other United States regulatory actions have already started to 
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remove certain antimicrobial drugs from agriculture use (46).  To accurately defend or 

condemn antimicrobial use as growth promoters in animal agriculture, further research is 

needed to accurately measure the potential risk associated with antimicrobial use. 
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CHAPTER II 

LITERATURE REVIEW 

Introduction to Antimicrobial Drugs 

 The discovery of the first antimicrobial, penicillin, by Alexander Fleming sparked 

a new era in medicine.   Doctors and veterinarians had a weapon to treat the cause of 

many infections, not just their symptoms.  However, not long after the discovery and 

development of new antibiotics, resistance to these new drugs became evident (55).   

 “Antimicrobial drugs” is a term applied to natural and synthetic compounds 

which interfere with the normal growth of microorganisms.  While the term 

“antimicrobial drugs” can apply to compounds used to control a variety of 

microorganisms including viruses and fungi; this report will focus on antimicrobial drugs 

used specifically for the control of bacteria.  Antimicrobials can be classified based on a 

variety of characteristics including bacteriostatic/bactericidal activity, spectrum level, or 

mechanism of action.  Bacteriostatic drugs are compounds which inhibit further growth 

of a microorganism, while bactericidal drugs are effective at killing the target 

microorganism.  Both types of drugs are routinely utilized in the treatment of bacterial 

infections.  Antimicrobials classified as narrow-spectrum are active in controlling the 

growth of a limited number of microorganisms, while broad-spectrum antimicrobials are 

effective against a larger, broader group of microorganism.  Broad-spectrum 

antimicrobials are often prescribed when the organism causing an illness has not been 

identified.  Examples of a narrow-spectrum antibiotics include ampicillin and macrolides 

which are primarily effective at controlling gram-positive organisms (55).  Broad-

spectrum antibiotics include 3rd generation floroquinolones and chloramphenicol, which 
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have shown effectiveness in treating both gram-positive and gram-negative bacterial 

infections.  When grouping antimicrobial drugs based on mechanism of action, the 

majority of antimicrobials fall into or are directly related to one of three categories based 

on their mechanism of action: inhibition of bacterial cell wall synthesis, inhibition of 

protein synthesis, or inhibition of nucleic acid synthesis.  The following is a description 

of each of these categories and examples of antibiotics which utilize that mechanism.  

Antimicrobial Drugs and Their Mechanism of Action 

Inhibition of Bacterial Cell Wall Synthesis 

 Antimicrobials which work by inhibiting the synthesis of the bacterial cell wall 

include both the large group of beta-lactam ring-based drugs as well as some non beta-

lactam drugs.  Beta-lactam antibiotics work by interfering with the synthesis of the 

peptidoglycan, an essential part of the bacterial cell wall.  Beta-lactam antibiotics are 

similar in structure to the enzymes required to link the D-alanin-D-alanyl portions of the 

peptidoglycan making the cell wall structurally sound during growth and division (53).  

By taking the place of this essential enzyme, the antibiotic prevents the proper formation 

of the peptidoglycan complex and the structural integrity of the cell wall is compromised 

resulting in cell rupture and death.  Beta-lactam antibiotics include penicillin, ampicillin, 

and amoxicillin as well as cephalosporins like cefoxitin, ceftriaxone, and ceftiofur.   

 Non beta-lactam antibiotics which inhibit cell wall synthesis include the 

medically important glycopeptides such as, vancomycin.  Vancomycin affects the same 

process in cell wall development, but instead of imitating an enzyme, it binds with the D-

alanyl-D-alanyl portion of the structure preventing transpeptidation (53).  Another related 

antimicrobial drug essential to the efficacy of beta-lactam drugs is clavulanic acid.  
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Clavulanic acid works to inhibit β-lactamase enzymes.  β-lactamases are enzymes 

produced by certain bacteria which help hydrolyze the beta-lactam ring drugs like 

penicillin therefore making the drug ineffective.  Clavulanic acid is often administered in 

combination with drugs like amoxicillin to help prevent inactivation of the beta-lactam 

antibiotic by β-lactamases.  The cell wall structure is vital for bacterial survival; by 

inhibiting proper synthesis of this wall, certain antibiotics can be used to control the 

growth of certain undesirable bacterial species. 

Inhibition of Protein Synthesis 

 Inhibition of protein synthesis is the mechanism of action for a wide variety of 

antimicrobial drugs including macrolides, tetracyclines, chloramphenicol, and 

aminoglycosides.  Macrolide antimicrobials are utilized in both animal and human 

medicine.  This group of antimicrobials works by binding to the 50S ribosomal subunit 

preventing proper formation of a growing peptide chain.  Macrolides will be discussed 

more in-depth in a later section of this literature review.  Tetracycline antibiotics inhibit 

protein synthesis by targeting the 30S ribosomal unit of the organism.  Some drugs in the 

tetracycline family currently utilized in the control of both gram-negative and gram-

positive bacteria are chlortetracycline, oxytetracycline and tetracycline (99).  

Aminoglycosides cause the misreading of bacterial mRNA by attaching to 16S subunit of 

the 30S ribosome.  This causes insertion of improper amino acids (118).  These primarily 

bactericidal antimicrobial drugs including amikacin, gentamicin, kanamycin, and 

streptomycin, have a broad-spectrum of activity effective against both gram-negative and 

gram-positive species. Chloramphenicol is a often utilized in veterinary medicine to treat 

animals including dogs, cats and horses.  This broad-spectrum antimicrobial prevents the 
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addition of amino acids to a growing peptide chain by binding to the 50S ribosomal 

subunit (110).  Through the interruption of protein synthesis these antibiotics can be used 

to treat bacterial infections in both humans and animals.  

Inhibition of Nucleic Acid Synthesis 

 The third group of antimicrobial drugs affects either the synthesis of nucleic acids 

or their required precursors.  Sulfonamides, including sulfamethoxazole, compete with 

para-aminobenzolic acid (PABA) for incorporation into folic acid.   Folic acid production 

is required for proper DNA formation (84).  By out competing PABA, the production of 

folic acid and subsequent DNA formation is stopped.  Nalidixic acid is the base of 

quinolone antimicrobials.  The highly used subset of quinolones, floroquinolones, 

includes the antimicrobial drug, ciprofloxacin.  Floroquinolones are synthetically derived 

from nalidixic acid (8).  This group of antimicrobials is active against both gram-negative 

and positive bacteria targeting different enzymes necessary for nucleic acid synthesis.  

Floroquinolones work by binding to DNA gyrase or topoisomerase IV.  DNA gyrase is 

required for proper DNA supercoiling.  Floroquinolones attach to a specific binding site 

on the enzyme trapping DNA segments which are then released from the gyrase 

preventing accurate completion of the supercoiling.  This effectively inhibits replication 

and transcription of the bacteria’s genetic information resulting in cell death (8).  

Topoisomerase IV is responsible for unlinking the double strand of DNA after replication 

in order for the cell to undergo successful segregation.  Floroquinolones bind to the 

topoisomerase IV preventing the completion of this segregation, resulting in cell death.  

Research has shown that older floroquinolones seem to target gyrase more in gram-

negative organisms while topoisomerase IV is the primary target in gram-positive 
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organisms (62).  Trimethoprim is an antimicrobial drug which is often administered in 

combination with sulfonamides like sulfamethoxazole.  By acting on dihydrofolate 

reductase, trimethoprim prevents the conversion of dihydrolic acid to tetrafolic acid.  

Tetrafolic acid is required for the production of the thymdylate, a DNA nucleotide.  

Without proper quantities of thymdylate the cell cannot replicate its DNA for continued 

growth and replication.  The application of trimethoprim with sulfamethoxazole is used 

as a double hurdle approach to halt the same folic acid metabolism pathway (93). 

 While these mechanisms of antimicrobial activity seem highly specific and have 

historically been utilized for the treatment of most bacterial infections, bacteria have 

found ways of resisting.  Like the number of mechanism antimicrobials use to control 

bacteria, there are several mechanisms bacteria utilize to resist or avoid the affects of 

antimicrobials.   

Mechanisms of Antimicrobial Drug Resistance 

 Antimicrobial drug resistance or the ability of a bacterium to withstand the affects 

of an antimicrobial can be caused by a variety of mechanisms.  These mechanisms may 

become associated with the bacteria in one of three ways.  The bacteria may have an 

inherent resistance to the drug.  For example, Enterobacteriaceae are naturally resistant 

to macrolides due to the large size of the drug molecules.  The drug is not able to gain 

access to the interior of the cell and is ineffective (55).  Bacteria can also acquire 

resistance to an antimicrobial through a gradual process of genetic mutations or a sudden 

acquisition of genetic material.  Developed resistance of E. coli and Salmonella spp. to 

floroquinolones due to point mutations in their genetic make-up is an example of 

resistance acquired due to spontaneous mutations (63).  While the scientific community is 
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concerned with any development of acquired resistance, the phenomenon of sudden 

acquisition of genetic material coding for resistance to antimicrobials is of particular 

concern due to the potential for rapid, widespread dissemination among bacterial 

populations.  The transfer of genetic material encoding for resistance has been supported 

not only by epidemiological evidence, but also controlled laboratory experiments 

conducted as early as the 1960’s.  H. W. Smith described the transfer of “infective drug 

resistance” from donor E. coli strains to previously susceptible strains (103).  His 

conjugation experiments demonstrated the transfer of both single and multiple drug 

resistance.  Bacteria can acquire this genetic material through horizontal transfer 

accomplished by transduction, transformation, or conjugation.  No matter how bacteria 

originally acquire the ability to resist a particular antimicrobial, the mechanism by which 

the resistance is manifested often falls into one of four catagories.  These include: 1) 

reduced permeability of the cell to the antimicrobial agent, 2) active efflux or expulsion 

of the antimicrobial from the cell, 3) modification of the antimicrobial agent, or 4) 

modification of the target site associated with the bacterial cell. 

Reduced Cell Permeability 

 Reduced permeability of the cell can prevent the antimicrobial agent from ever 

penetrating the organism.  An example of this type of resistance occurs in Klebsiella spp. 

which exhibit a reduced permeability to the antimicrobial, imipenem (21).  This is most 

often seen in Klebsiella pneumoniae strains which lack a specific outer membrane protein 

(16).  Though not the most common of resistant mechanisms reduced permeability can 

help enable some bacteria to resist previously effective drugs. 
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Efflux Pumps 

 Efflux pumps have been associated with low-level multi-antibiotic resistance.  

Poole and others described an efflux pump associated with Pseudomonas aeruginosa, a 

pathogen of concern in burn patients, which allowed for resistance to ciprofloxacin, 

nalidixic acid, tetracycline, chloramphenicol, and streptonigrin (96).  Similar efflux 

pumps were found in E. coli strains containing acrA and acrB genes  (80).  These pumps 

enable the bacteria to actively expel certain toxic compounds including antimicrobial 

drugs utilizing either the proton motive force or in some instances ATP hydrolysis as an 

energy source (113).  The genes encoding for efflux pumps are often found as part of an 

operon, and can be housed on chromosomal genetic material as well as plasmids.    

Research has shown that certain species like E. coli exhibit higher levels of efflux pump 

gene expression under stressful environmental conditions (80). 

Modification of the Antimicrobial Agent 

 Modification of the antimicrobial as a resistance mechanism is utilized by a 

variety of bacterial species to avoid the detrimental effects of various antimicrobial drugs 

(55).  One of the best gram-negative examples can be seen with Enterobacteriaceae 

resistance to cephalosporins.  As mentioned earlier, cephalosporins belong to the beta-

lactam group of antibiotics which function by inhibiting cell wall synthesis.  Certain 

bacteria use the production of enzymes known as β-lactamases to modify the drug 

rendering it nonfunctional. Specifically, these β-lactamases disable β-lactam-based 

antibiotics through hydrolysis (106).   β-lactamase genes have been found in many 

bacterial species including E. coli, Salmonella, and Staphylococcus aureus (14, 50).  
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Genes encoding for β-lactamase production in these organisms include blaTEM, blaSHV, 

blaCMY-2, and blaZ (14). 

Modification of the Target Site Associated with the Bacterial Cell 

 The final mechanism of resistance involves modification of the bacterial target.  

Target site mutation of the topoisomerase enzyme is exhibited by some strains of E. coli 

and Salmonella.  Mutations of the enzyme subunits GyrA, GyrB, ParC, or ParE result in 

modification of the specific site floroquinolones attach to, decreasing the affinity of the 

antibiotic for the enzyme.  Without this affinity, the antibiotic fails to attach to the 

enzyme, rendering the drug ineffective (25, 63). 

 In some cases a bacterium may utilize more than one of these mechanisms to 

obtain a higher degree of resistance to an antimicrobial or group of antimicrobials.  

Hopkins and others discussed floroquinolone resistance due to a combination of mutation 

of topoisomerase target sites, decreased permeability due to decreased outer membrane 

porins, and increased expression of efflux pumps in E. coli and Salmonella (63).  

Mukhopadhyay and Chakrabarti reported a complex resistance of beta-lactams in mutant 

strain of Mycobacterium smegmatis.  This resistance was accomplished by the use of 

drug alteration through beta-lactamase production and decreased permeability of beta-

lactam antibiotics including cephaloridine, cefoxitin, cefazolin, cefamandole, and 

cephalothin (85).  By combining multiple means of resistance, some bacteria have 

implemented a hurdle approach to overcoming antimicrobial drug treatment. 
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Antibiotic Use in Agriculture 

 In 2006, U.S. animal producers produced 89.4 billion pounds of total red meat 

and poultry products (44).   Medical and production needs of these food animals 

necessitate the use of antimicrobial drugs by producers.  Accurate estimates of the true 

amount of antimicrobial drugs utilized in the animal industry are difficult to obtain.  

Estimates vary depending on the organization reporting.  In 2001, the Union of 

Concerned Scientist (UCS) reported an estimated 24.6 million pounds of antimicrobial 

drugs were used in U.S. animal production for nontherapeutic uses in the absence of 

clinical disease (83).  The UCS estimated that a little over 2 million pounds of this was 

used specifically on feedlot cattle weighing 700 to 1200 pounds.  To obtain these 

estimates, the UCS used government estimated animal numbers, along with estimates of 

percent animals treated for an average duration at an average dose of antimicrobial.  The 

writers admitted their “methodology employs many assumptions and relies heavily on 

expert judgment about… the duration of treatment in a given stage of production, the 

average pounds of feed consumed per pound of gain, and average dose rates in feed”(83).  

Even with these limitations the UCS feels their estimates are representative of true 

antibiotic use in the United States, even though estimates from other sources are more 

conservative.   In data released by the Animal Heath Institute (AHI), a reported 21.8 

million pounds of antibiotics were sold for animal use in the U.S. in 2001 (2).  This is a 

decrease from the 23.7 million pounds sold in 2000. The AHI obtained these estimates 

from a survey of major animal health companies.  These estimates include drugs sold for 

both therapeutic and non-therapeutic uses in livestock and companion animals, compared 

to the UCS estimates which were solely based on nontherapeutic use in livestock (83).  
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These large amounts of antibiotics are necessary to maintain meat and poultry production 

at the current level of consumer demand, while still maintaining economic feasibility for 

the producer.  

A portion of antibiotics given to food animals are administered for the primary 

purpose of treating and preventing disease.  The use of an injectable antimicrobial drug 

for treatment of cattle with suspected respiratory disease is common practice in 99.8 % of 

cattle feedlots in the United States (109).  These antibiotics include tilmicosin, 

oxytetracycline, florfenicol, and beta-lactams administered in therapeutic doses to help 

treat bovine respiratory disease (BRD) (109).  Many antibiotics are administered 

prophylactically to high risk animals in an attempt to prevent illness.     For example, 

ceftiofur, brand name EXCEDE®, is marketed as an injectable preventative for BRD (95).  

A 1999 study of U.S. feedlots conducted by the National Animal Health Monitoring 

System (NAHMS), found that 10.4 % of cattle in feedlots with at least a 1,000-head 

capacity utilized antimicrobial drugs as a metaphylactic measure in the prevention of 

BRD (109).   Monensin, an ionophore is commonly fed to feedlot cattle for the 

prevention of coccidiosis (41). When administered as prophylactics at subtheraputic 

levels, the concentration of the drug is less than 200 grams per ton (107).  While some 

antimicrobials are utilized for treatment and prevention of illness in livestock, a large 

portion are administered as in-feed supplements to food animals at subtherapeutic levels 

to increase feed efficiency (54, 55, 57).   

The increase in feed efficiency due to subtherapeutic levels of antibiotics is 

accomplished due to a variety of factors including changing the composition of bacterial 

flora.  This change in flora can not only help reduce the amount of energy lost due to 



Texas Tech University, Loree Ann Branham, August 2007 

 14

methane and ammonia production, but also affects volatile fatty acid production (100, 

105).  Two of the most common types of antimicrobials used at subtherapeutic levels for 

growth promotion in livestock are ionophores and macrolides. 

 

Major Animal Growth Promoters 

Ionophores 

Ionophores are commonly fed to improve feed efficiency in feedlot cattle and as a 

component of prophylaxis.  These compounds are fed to an estimated 92.9% of feedlot 

cattle in the U.S. (108).  Some common ionophores fed in the U.S. include Bovatec®, 

Cattlyst®, and Rumensin®.  The label of Rumensin® 80, an Elanco Animal Health 

product, specifically advertises the product for the “prevention and control of coccidiosis 

due to Eimeria bovis and Eimeria zuernii” (41).  Coccidiosis, a severe infection of the 

intestine, is caused by a specific group of protozoa (5).  These protozoa are often host 

specific, with members of the genus Eimeria able to infect cattle.  Rumensin is fed to 

prevent and control the infestation of these protozoa, thereby reducing the cost associated 

with coccidiosis infections (40).  Ionophores have also been shown to reduce certain 

bacterial species, like Streptococcus bovis, which can cause acidosis in cattle (100).  

Reducing the chance of these infections helps maintain the animal’s health.  Another 

benefit of the product is improved feed efficiency (57).  This is accomplished by a 

combination of factors.  Populations of certain bacterial species produce large  amounts 

of methane and ammonia, thereby wasting energy with production of these products 

(100).  Some of these bacterial species are susceptible to monensin.  By decreasing these 

bacterial populations, valuable carbon and nitrogen (which would have been used in 



Texas Tech University, Loree Ann Branham, August 2007 

 15

producing the methane and ammonia) is retained by the animal.  This increase in energy 

retention helps improve feed efficiency.   

Ionophores work by helping transport molecules across cell membranes, 

disturbing the natural concentration gradients maintained by the organism (100).  

Specifically, monensin causes the movement of potassium out of the cell and hydrogen 

into the cell, followed by a movement of sodium into the cell.  Because the cell uses up 

energy in the form of ATP removing hydrogen from the cell, it less energy to grow and 

increase in population (105).  The cells then die off, decreasing in population.  Gram-

negative bacteria, like E. coli and Salmonella, tend not to be susceptible to ionophores 

because of their cell wall composition (39).  With thinner cell walls, gram-positive 

bacteria tend to be susceptible to monensin (100). A decrease in gram-positive bacteria 

allows for an increase in gram-negatives; this change in gut flora composition has an 

effect on the volatile fatty acid production, resulting in an increase in propionate (105). 

Currently no ionophores are used in human medicine and are unlikely be used in 

human medicine in the future due to their adverse affects on human health. While there 

are few data on the resistance effects of ionophores, initial research indicates that 

monensin resistance in bacteria does not lead to wide spread resistance to other 

antibiotics.  In a 2003 article, Houlihan and Russell addressed this issue.  In this research, 

the gram-positive bacteria Clostridium aminophilum was used as a model organism 

because it can be forced to develop resistance to monensin (64).  The authors found that, 

though it did maintain its resistance to monensin 28 generations after the ionophore was 

removed, it only showed resistance to one of 16 other antimicrobials.  This one other 

antimicrobial was bacitracin, often used as a topical antibiotic.  Medically important 
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antibiotics like penicillin, vancomycin, tetracycline, and novobiocin showed to have the 

same minimum inhibitory concentration for the developed resistant strain of bacteria as 

the non-adapted strain of bacteria (64).  The authors indicated results of this study 

supported the theory that ionophores do not pose a significant risk in development of 

resistance to medically important antibiotics.  Ion transfer across the cell membrane, the 

mechanism of action for monensin, is not a common mechanism for most antimicrobials 

used in human health (56).   The fact that gram-negative bacteria already show resistance 

to this mode of action, points out that even if ionophores weren’t directly harmful to 

humans, they would have limited use in treatment of infections caused by these bacteria.   

Macrolides 

 Macrolides are a group of antimicrobial drugs utilized in both human and animal 

medicine.  Macrolides commonly prescribed in human medicine, erythromycin, 

azithromycin, and clarithromycin are used to treat respiratory tract and mild skin 

infections (102).  These medications are effective against a variety of predominantly 

gram-positive microorganisms including Streptococcus pneumonia, susceptible 

Staphylococcus aureus, and Listeria monocytogenes.  Macrolides are utilized in the 

agriculture industry for both disease treatment and control as well as growth promoters in 

some approved species.     

 The mechanism of action utilized by macrolides involves the interruption of 

normal protein synthesis.  The drug binds to the 50S ribosomal subunit, preventing 

translocation of tRNA inhibiting the proper formation of the peptide chain and therefore 

the resulting protein.  Macrolides are generally considered to be bacteriostatic in nature 

(102).  These drugs are regarded as broad spectrum antibiotics affecting primarily gram-



Texas Tech University, Loree Ann Branham, August 2007 

 17

positive organisms.  Resistance to macrolides has been observed in bacteria capable of 

post-transcriptional methilation of the 23S portion of the 50S ribosomal subunit (77, 

104).   An increase in the occurrence of pneumococcal infections showing resistance to 

treatment drugs including macrolides in the U.S. and abroad has the medical field 

concerned (17, 68).  In a twelve-state study conducted by the Centers for Disease Control 

and Prevention (CDC), that children were more likely than adults to acquire a 

erythromycin-resistant pneumococcal infection (17). 

 Tylosin is a macrolide approved for use in cattle, swine, and poultry in the U.S.  

Tylosin is marketed under the brand name Tylan® by Elanco (43).  This macrolide is 

administered to 42.3% of feedlot cattle in the U.S. (109).  Tylan® is advertised for use in 

feedlot cattle for the reduction of liver abscesses (42).  This macrolide is active against 

Fusobacterium necrophorum and Actinomyces pyogenes, two organisms implicated in the 

occurrence of liver abscesses in cattle (74, 86).  Liver condition in regards to presence of 

abscesses has been correlated to carcass yield in feedlot cattle.  A study by White and 

Montgomery, reported a 1 to 1.92 % lower carcass yield in cattle with severe liver 

abscesses compared to those with normal liver scores (114).  By decreasing the 

occurrence of abscessed livers the feeding of tylosin can have a positive effect on carcass 

yield.  With no withdrawal period required, tylosin can be fed to feedlot cattle for the 

entire finishing period (48).  The combination feeding of Tylan® and Rumensin ® to 

feedlot cattle has been approved by the FDA and is recommended by the manufacturer 

for the combined effect of improved feed efficiency and reduction of liver abscesses (45).  

Tylan® is also approved for use in swine and poultry to increase feed efficiency as well as 

for the prevention and control of respiratory disease in poultry and dysentery in swine 
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(45). Tylan® has most recently been approved for prevention of American foulbrood in 

honey bees (Apis mellifera) (36).  This is the first minor species in which the drug use has 

been approved. 

Economic Impact of Subtheraputic Drug Use 

 Though it shouldn’t take precedent over human health, the financial impact of 

subtheraputic administration of antibiotics to animals must be considered when dealing 

with the issue of low level prophylaxis and growth promoter administration.  The 

economic impact of a ban on these antimicrobial uses was addressed in the 2004 GAO 

report to Congress.  Various reports reveal increased cost to both producers and 

consumers associated with a potential ban of these drugs in swine, beef cattle, and poultry 

(54).  Mathews investigated potential cost associated with a complete ban on  

subtheraputic levels of antibiotics in the beef cattle industry (81).  The author estimated 

that cattle feeding periods would be 8.4% longer with 1.4% lower final live weights with 

a full ban compared to current beef production levels.  This loss in production along with 

increased death rates translated into a 113.6 million dollar decline in live cattle 

production.  This financial stress results in fewer cattle produced and a higher cost to the 

consumer.  The economic benefits of subtheraputic antimicrobial drugs on the livestock 

industry is a result of not only increased feed efficiency, but also higher production rates 

as a result of decreased morbidity and mortality from disease prevention.   

Antibiotic Resistance in Foodborne Pathogens 

While many of the first human pathogens identified as antibiotic resistant were 

not foodborne in nature, several foodborne outbreaks have been caused by pathogens 
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exhibiting antibiotic resistance.  Some Salmonella serovars have been documented 

showing not only resistance to one prescribed drug, but some serovars such as S. Newport 

exhibit a tendency to be multi-drug resistant (26, 111, 121). This is cause for increased 

concern in the medical field; the more antibiotics a bacterium is resistant to, the smaller 

the arsenal medical personnel have to treat infections caused by those bacteria.  Other 

foodborne bacteria which have exhibited antibiotic resistance include Campylobacter 

spp. and Enterococcus faecium (19, 61).  If antibiotic resistance in specific bacterial 

species was not enough cause for concern, laboratory, clinical, and epidemiological 

research has mounting evidence of transfer of these resistant genes from one species to 

other non-related species (90, 120).  Taking this phenomenon into consideration, we 

should be concerned not only with the bacterial species causing infection, but also with 

other commensal bacteria which might harbor resistance genes and then pass them on to 

their pathogenic microflora roommates.  One such commensal species is E.coli. 

Escherichia coli 

 Escherichia coli strains are members of the prokaryotic family 

Enterobacteriaceae.  The Enterobacteriaceae family includes other notable members 

including Salmonella, Yersenia, and Shigella spp., which have all been identified as 

important foodborne pathogens (66).  Like other members of its family, E. coli is a no-

sporeforming, gram-negative bacillus.  Certain media types such as MacConkey agar, 

exploit E. coli’s ability to ferment lactose as a means of differentiation from other 

organisms.  As E. coli ferments the lactose producing acid, the pH of the surrounding 

media decreases causing a color change in the MacConkey media (122).  Other 

biochemical indicators of the organism include a positive catalase reaction and negative 
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oxidase reaction.  E. coli are mesophilic, growing best in the temperature range of 25° C 

to 40° C.  These bacteria are ubiquitously found in the gastrointestinal tract of both man 

and animal (66).    

 Originally discovered in 1885 by German doctor, Theodor Escherich, the bacteria 

was referred to as ‘Bacterium coli’ until 1919 when it was renamed Escherichia coli (78).  

With the recognition of this bacterium’s habitat being the GI tract, it was and continues to 

be utilized as an indicator of fecal contamination in water supplies.  E. coli began to gain 

scientific attention in the mid 1940s with the work of Dr. Joshua Lederberg and his 

colleagues (78).  Lederberg was awarded the Nobel Prize in 1958, “for his discoveries 

concerning genetic recombination and the organization of the genetic material of 

bacteria” (6).  Lederberg’s work was some of the first showing horizontal transfer of 

genetic material between bacteria.  This made E. coli a valuable tool in genetic and 

microbiology laboratories.  Later this ability to transfer genetic material would reveal 

itself to be key in antimicrobial resistance investigations. 

 E. coli is a dynamic bacterium that under most cases resides in the intestinal tract 

of humans causing no adverse effects.  E. coli are beneficial to their human host, helping 

provide important vitamins such as vitamin K and some of the vitamin B complex.  

However, given the proper circumstances E. coli can cause illness in humans.  The most 

notorious E. coli infections are those which are foodborne in nature.  However, the 

bacteria can cause a variety of other human infections.  E. coli have been identified as the 

most common cause of urinary tract infections in the U.S. (69).  The CDC and Prevention 

has seen a growing trend of resistance to antimicrobials commonly prescribed to treat 
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urinary tract infections (22).  In addition to urinary tract infections, E. coli can cause non-

intestinal infections like septicemia, meningitis, and pneumonia (70, 101).  

  As stated earlier, foodborne infections are the most notable of E. coli infections.  

The bacteria became officially recognized as a foodborne pathogen in the U.S. in 1971 

(66).  Almost 400 people in 14 states became ill after consuming cheese contaminated 

with an enteroinvasive strain of E. coli.  While causing various types foodborne illnesses, 

the bacteria gained irreversible notoriety with the identification of the extremely virulent 

enterohemorrhagic  E. coli (EHEC) strain, E. coli O157:H7, in the late 1980s (98).  Since 

that time, cattle have been implicated as a major reservoir for this dangerous pathogen 

(59, 91).  In at-risk populations, such as the very young, elderly, or immuno-

compromised, EHEC can cause hemolytic uremic syndrome (HUS) or hemorrhagic 

colitis (66).  Hemorrhagic colitis is a condition of the colon resulting in bloody diarrhea 

and abdominal cramping often associated with EHEC; HUS is a medical condition 

resulting in kidney failure and often death.  With cattle identified as a natural carrier of 

the organism, it is not surprising that meat and meat products are often linked to E. coli 

O157:H7 infections in humans.  The bacteria is spread to the beef carcass by 

contaminated hides, unsanitary processing, or people (11).   The association of this 

organism with ground meat became permanent with a large outbreak linked to the Jack-

in-the-Box restaurant chain (9).  Over 700 illnesses and four deaths were associated with 

undercooked hamburgers sold in this restaurant chain.  With great advances made by the 

meat industry and research community, overall foodborne outbreaks caused by E. coli 

O157:H7 have declined in recent years (37).  However, with the development of new 

testing technologies and implemented government surveillance programs, many new food 
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products have been added to the list of potential carriers of this specific enterohemorragic 

E. coli.  Among these products are raw or minimally processed produce.  Review data 

complied by the CDC reveals a dramatic increase in the number of foodborne outbreaks 

associated with raw produce (37).  Specifically, E. coli O157:H7 infections have been 

traced back to a variety of products including alfalfa sprouts, cabbage, cilantro, celery, 

iceberg lettuce, and many more (18).  Recently two large scale outbreaks involving leaf 

spinach and lettuce have garnered the attention of the industry, government, and public 

(13, 47).  These outbreaks have shown, E. coli, specifically O157:H7 can be a threat to 

human heath via a variety of products.   

 Foodborne E. coli can be classified into five distinct pathogenic groups.  

Enterohemorragic E. coli make up what is considered the most severe group.  This groups 

contains the strain O157:H7 and other serotypes which can cause bloody diarrhea 

including E. coli O26, O91, O103,and O111 all of which produce potent shiga-toxins 

(94).   Enteropathogenic E. coli (EPEC) make up another of the five groups.  

Enteropathogenic E. coli are a major cause of infant diarrhea globally.  Research suggests 

that EPEC cause lesions to form on the interior of the intestinal wall which reduce its 

ability to absorb moisture and nutrients and subsequently diarrhea occurs (29).  The third 

pathogenic group is referred to as enterotoxigenic E. coli (ETEC).  Enterotoxigenic E. 

coli are a leading cause of traveler’s diarrhea in both children and adults.  Virulence 

factors of ETEC include the production of two different enterotoxins and the ability to 

colonize the human bowel (97).  Enteroaggregative E. coli (EAggEC) are a pathogenic 

group of E. coli that, like EPEC, have been a cause of diarrhea in children.  

Enteroaggregative E. coli show distinct clustering colony morphology, with cells 
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adhering on top of one another (89).  The final pathogenic group is Enteroinvasive E. coli 

(EIEC).  Enteroinvasive E. coli are a group of E. coli which closely mimic Shigella spp. 

in infection characteristics.  Enteroinvasive E. coli,  while not producing toxins, can 

cause watery diarrhea which is followed by bloody stools (71).  All of these pathogen 

groups can produce illness which varies in severity depending on dose and health of the 

infected individual (49).  Due to the potentially deadly threat of these organisms, 

effective treatment utilizing antimicrobial drugs in essential.  

Antimicrobial Drug Resistance in E. coli 

 E. coli, whether pathogenic or nonpathogenic, have the potential to be antibiotic 

resistance-gene reservoirs.  While government surveillance programs of antibiotic 

resistance associated with human pathogens have been in place for years, surveillance 

targeting commensal E. coli in humans is relatively new.  The National Antimicrobial 

Resistance Monitoring System (NARMS) was started as a joint effort in 1996 by the 

CDC, USDA, and FDA to “monitor changes in antimicrobial drug susceptibilities of 

selected enteric bacterial organisms in humans, animals, and retail meats to a panel of 

antimicrobial drugs important in human and animal medicine” (88).  Initially, NARMS 

focused its work on Salmonella.  Since that time, surveillance of other bacteria including 

Campylobacter, Enterococci, and E. coli has been added to the goals of the organization.  

Most recently a pilot study was conducted to determine the prevalence of resistance to 

important antimicrobial drugs among non-type specific E. coli isolates collected from 

healthy individuals (24).  This study included 218 E. coli isolates collected by the 

Maryland and Michigan Departments of Health analyzed for susceptibility to 15 

medically important antimicrobial drugs.  24.8% of the E. coli isolates were resistant to 
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two or more subclasses of antimicrobial drugs with 6.5% resistant to five or more.  

Almost 1% of the isolates were resistant to ceftiofur, a 3rd generation cephalosporin.  

Cephalosporin resistance in E. coli will be discussed more in-depth later in this section.  

The most common resistance in the NARMS pilot study was seen in ampicillin, 

sulfamethoxazole/sulfisoxazole, nalidixic acid, and tetracycline with 30.1%, 23.1%, 

19.0%, and 17.1% of isolates exhibiting resistance, respectively.  Studies evaluating 

resistance in E. coli obtained from healthy members of the community are being 

conducted elsewhere in the world as well.   A study conducted in Finland by Österbald 

and others, found E. coli species were the predominant antimicrobial resistance carrier of 

enterobacteria comprising fecal flora (92).  In healthy individuals not administered 

antimicrobial drugs, 18% of isolated E. coli were resistant to at least 2 antimicrobials 

tested while other enterobacteria isolated from the same individuals were overall 

susceptible to tested antimicrobial drugs.  In a longitudinal surveillance study of healthy 

children (less than 2 years of age) residing in urban areas of Mexico, multi-drug 

resistance E.coli was observed in 88.5% of stool samples collected (20).  E. coli isolates 

from this study exhibited resistance to various antimicrobial drugs including 

chloramphenicol, gentamicin, nitrofurantoin, and norfloxacin.  These studies validate 

antibiotic resistant E. coli colonization in healthy individuals world-wide.   

 While it is obvious that antibiotic resistant E. coli can be found in the community, 

the major question is what factors influence the spread of antibiotic resistance in this 

species?  More specifically, are humans at-risk for contracting resistant E. coli infections 

due to current animal production practices?   Epidemiologically-based research has 

attempted to make a definite connection between resistant bacteria found in animals and 
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those found to cause infections in humans.  Research on antimicrobial resistance in E. 

coli isolates from a variety of species, dates back to the 1960’s.  Smith evaluated isolates 

obtained from feces of humans, pigs, calves, lambs and fowl (103).  Overall the most 

common resistance was to tetracyclines, streptomycin, and sulphonamides. E. coli 

isolates resistant to ampicillin, streptomycin, tetracycline, chloramphenicol and 

sulphonamide were found in 5.7 % of human isolates and 1% of isolates obtained from 

calves.  Through genetic surveillance like that conducted by NARMS links are being 

made.  A Netherlands study evaluated pulsed-field gel electrophoresis (PFGE) patterns of 

phenotypically similar resistant E. coli isolates obtained from poultry, poultry farmers, 

and poultry slaughterers (112) .  This study found genetically indistinguishable resistant 

isolates in a turkey and the farmer ran the farm the bird was raised on as well as a broiler 

and its associated farmer.  Furthermore, the study revealed genetically indistinguishable 

isolates from turkey meat in a packing plant and fecal isolates from turkeys.  These 

results strongly support the transmission of resistant isolates from either poultry to 

humans or humans to poultry occurring through direct contact and the potential of 

consuming resistant E. coli from contaminated turkey meat.  Like the poultry industry, 

the cattle industry has come under scrutiny for their administration of large amounts of 

antibiotics.  There is a mounting body of research addressing the application of various 

antimicrobial drugs and their effect on resistance in E. coli bacteria.    

 Available research includes studies investigating therapeutic administration of 

specific antimicrobials as well as a limited amount of research on the effects of feeding 

subtheraputic levels of antimicrobials as growth promoters.  A 2005 study reported the 

effects of administration of florfenicol, a bacteriostatic drug related to chloramphenicol, 
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to cattle (10).  The authors found a transient increase in antibiotic resistance after 

administration of florfenicol, which decreased dramatically during the 4-week period 

post-treatment.  An increase in resistance to chloramphenicol as well as tetracycline, 

sulfisoxazol, and streptomycin was observed with this treatment.  The effects of various 

treatment levels of ceftiofur to feedlot cattle on susceptibility patterns in E.coli was the 

focus of a 2007 study by Lowrance and others (79).  Again, a transient increase in 

multiple-resistant bacteria was observed with the administration of therapeutic levels of 

the antibiotic.  This increase in resistance reverted back to baseline levels within two 

weeks after completion of treatment.  The authors also found a near perfect agreement 

between resistance to ceftiofur and co-resistance to ampicillin, chloramphenicol, 

streptomycin, sulfisoxazole, and tetracycline.  These studies suggest therapeutic treatment 

with selected antimicrobials can cause a temporary increase in resistance.  

 One of the greatest areas of concern with antibiotic resistance in E. coli is the 

bacteria’s ability to resist certain cephalosporins and its relation to similar resistance in 

Salmonella spp.  Along with E. coli, Salmonella infections are often implicated in gram-

negative foodborne infections in humans and animals.  When looking at human 

populations, there are a few specific groups which are more at risk for contracting 

foodborne illnesses than others; one of these populations is the very young.  Current drug 

of choice for treatment of Salmonella infections in young children is ceftriaxone (50).  

Ceftriaxone belongs to the same antibiotic group as a similar drug, ceftiofur.  Both 

antimicrobials fall into third-generation, group 4 cephalosporins which belong to the 

broader class of β-lactams (55).  These antibiotics work by preventing proper synthesis of 

the bacterial cell wall.  Third-generation cephalosporins are considered to have a high 
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bactericidal effect on Enterobacteriaceae including Salmonella and E. coli.  However, 

recent studies have shown an increase in the identification of both Salmonella and E. coli 

isolates showing resistance to these third-generation cephalosporins.  In a report complied 

by the NARMS, the number of ceftriaxone-resistant Salmonella isolates obtained from 

human clinical cases was evaluated. Between the years 1996 and 2002, a 1% increase 

was seen in the number of Salmonella isolates showing a decreased susceptibility to 

ceftriaxone and a 0.2% increase was seen in isolates which were classified as resistant to 

ceftriaxone (27).  While these increases may seem small, we must consider that there are 

over an estimated 1.4 million cases of salmonellosis in the U.S. every year (28). 

 Ceftiofur has been approved for therapeutic use in the United States cattle 

industry since 1988 (38).  However, it has had increased usage since the development of 

EXCEDE, a brand of ceftiofur with a 7-day activation time (95).  When approved by a 

licensed veterinarian, ceftiofur can also be used to treat diarrhea in dairy calves (34).  A 

survey conducted in North Dakota reported that about 13% of Escherichia coli strains 

isolated from calf scours showed resistance to ceftiofur  (15).   

 The physical similarities of ceftriaxone and ceftiofur and resistance to the two 

drugs seen in various environments, has brought about the question of “Does treatment of 

food animals with ceftiofur, increase the risk of ceftriaxone-resistant foodborne 

bacteria?”  In a 2000 report, a case of a child contracting ceftriaxone-resistant Salmonella 

put further emphasis on this question.  The suspected cause of the infection was traced 

back to cattle (50).  Even though use of ceftiofur on the cattle in question was not 

established, the authors concluded that use of ceftiofur on the farm could have selected 

for the resistant bacteria.  In a recent study investigating the effect of ceftiofur treatment 
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on resistant micro-flora in calves, a 14% increase in ceftriaxone-resistant bacteria was 

observed for over 17 days after treatment with ceftiofur (67).  In this same study, the 

authors wanted to determine if the ceftriaxone-resistance gene, blaCMY-2 could be 

transferred from one bacteria to another.  Through in vitro conjugations experiments, it 

was determined that the resistance gene and the class 1 integron it was associated with 

could be transferred from one bacterial species to another which formerly showed no 

resistance to the drug (67) .  Work by Winokur and others revealed identical CMY-2 

genes in both E. coli and Salmonella isolates taken from food animals and identical genes 

contained in similar plasmids isolated from humans (116).  These results not only support 

the transfer of genes between species, but also suggest transmission to humans through 

food products as a vector.  There is great interest in determining what role and to what 

extent genetic elements like plasmids, integrons, and gene cassettes have on the 

dissemination of individual resistance genes and multiple antibiotic resistance genes (30, 

52, 60).  Cephalosporin-resistance in E. coli and Salmonella is just one example of gram-

negative antibiotic resistance challenges facing the public health and animal agriculture 

industries.   

 While one of the greatest areas of concern, little research has been published on 

the effects growth promoters have on the resistance patterns of enteric bacteria.  A study 

looking at resistance in E. coli isolated from feedlot cattle feces, hides, and carcasses was 

conducted using cattle fed a typical feedlot ration including the antimicrobials monensin 

and tylosin (51).  Resistance to sulfamethoxazole, trimethoprim/sulfamethoxazole and 

tetracycline were the most common at 79.03%, 29.96%, and 13.48% of the isolates 

showing resistance, respectively.  While providing baseline data, this study does not give 
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a measurable risk associated with the administration of low levels of antibiotics to feedlot 

cattle.  Other research has found that generic E. coli from cattle fed monensin and tylosin 

with wet corn distiller’s grains to feedlot cattle were less likely to express resistance to 

oxytetracycline than those not administered the antimicrobials (65).  Epidemiological and 

laboratory efforts to understand the impact antimicrobial administration to livestock has 

on the spread of antibiotic resistant infections are a current research priority world-wide 

(1, 4, 119). 

The Potential Role of E. coli in Antibiotic Resistance 

 E. coli are by far the most commonly used bacteria in terms of model organisms.  

When conducting research looking at antibiotic resistance in gram-negative bacteria 

found in food animals, scientist sometimes choose to look at non-type specific E. coli as 

oppose to its pathogenic relative, Salmonella (79).  One major benefit of utilizing non-

type specific E. coli as a model organism for Salmonella is that it is present at much 

higher levels in animals than Salmonella. 

 Researchers want to look at E. coli not only as a tool to study resistance in other 

related species but also as a potential threat in itself.  This threat manifests itself as 

foodborne and non-foodborne E. coli infections, as well as a vehicle to transfer antibiotic-

resistance genes to other pathogens of concern.  Kruse and Sorum, successfully 

transferred plasmids containing multiple-drug resistant genes from one bacterial species 

to another in several different simulated environmental settings (73).  Kruse and Sorum’s 

work showed transfer of resistant genes from one bacterium to an unrelated strain 

performed on a contaminated hand towel.  This research supports theories that transfer of 

resistance genes from one bacterial species to another can occur through horizontal 
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transfer in a variety of practical environmental settings, not just in vitro (73).  In an article 

by O’Brian, multiple factors affecting gene transfer and expression are discussed (90).  

The author suggests that because of the abundance of E. coli in the environment, the 

bacteria can play a major role in transferring resistance genes from one niche to another 

(i.e. from animals to humans or humans to animals).  While this E. coli strain might not 

be pathogenic itself, and thereby escaping detection due to lack of human disease and 

subsequent diagnosis, it can still cause problems.  It has the potential to transfer its 

genetic material to other potentially pathogenic bacterial strains such as Salmonella.  For 

this reason we should be concerned with the presence and prevalence of antibiotic 

resistance genes in a population of bacteria, not just a specific species.   

Recent Government Regulations and Recommendations 

 In an article by Lathers, the author states, “ the role of any regulatory body 

responsible for the protection of the public health and food safety for consumers is to 

assess risk and then communicate and manage the risk” (75).  There are varied opinions 

on whether the U.S. government is successfully filling this role.  The primary agency 

responsible for approval of antimicrobial drugs intended for veterinary use is the FDA.  

To be approved for use, a new antimicrobial drug must meet a number of requirements.  

The drug must be of good quality, pose little safety risk to the environment, the user, the 

food supply, or the target animal, and it must also have demonstrated efficacy (55). Even 

after having met the traditional levels of requirement, many feel that some of the 

antimicrobials available for use today still pose a significant threat to human health 

through their role in spread of antibiotic resistance.  While the drugs themselves do not 

cause resistance, they can exert selective pressure evoking resistance.  Any antimicrobial 
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drug which does not kill 100% of the targeted bacteria exerts a selective pressure for 

resistance.  In the true sense of Darwinism, bacteria with a competitive edge against a 

particular antimicrobial drug survive and pass that edge onto other bacteria through 

clonal expansion and/or genetic dissemination.   As discussed earlier, a large portion of 

antimicrobial drugs are used in animal agriculture at subtheraputic levels.  Many public 

groups as well as other government agencies are strongly encouraging stricter control 

over the use of veterinary drugs  (54, 115); there have even been attempts to ban the use 

of antimicrobials as growth promoters (32, 33).   While the U. S. government has not 

taken this extreme step yet, it has taken steps to regulate other veterinary drugs.  Effective 

September 12, 2005 approval for the drug enrofloxacin, used to treat bacterial infections 

in poultry was withdrawn (46).  This regulatory action was taken after scientific research 

showed evidence that the use of enrofloxacin in poultry encouraged the emergence of 

resistant Campylobacter.  Campylobacter jejuni is major cause of bacterial foodborne 

infections in the U. S. every year (23).  While campylobacteriosis is most often a 

relatively mild illness in healthy adults, it can become severe in at-risk populations.  

Resistance to the drugs used to treat this illness in humans could increase the risk for 

complications and potential death.   

 Compared to other countries, the United Kingdom has traditionally been more 

proactive in taking legislative steps to control perceived human health risk, particularly in 

regards to animal agriculture.  In the early 1960’s, the Netherthorpe Committee was 

charged with evaluating the effects of feeding antibiotics to livestock (55).  In 1969, the 

Swann Committee, established to investigate infective drug resistance, recommended that 

the use of antimicrobials at subtherapeutic levels in animals be limited to those that were 
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of little use in human medicine.  In the decades following numerous investigations have 

been conducted by various national agencies to determine the risk associated with feeding 

subtherapeutic levels of antimicrobial drugs to animals as growth promoters (7, 54, 107).  

Many of these reports recommended intense risk assessment should be used to make 

decisions on antimicrobial drug availability regulations (12, 76).  The use of 

antimicrobial drugs as growth promoters has been band in the United Kingdom, though 

some of these same drugs can legally be administered under other uses (55).  After the 

ban of growth promoters in the U.K., many American livestock producers became 

concerned similar actions would be taken in the U. S.  To date the U. S. government has 

not banned the use of growth promoters which have previously been approved for use in 

specific animal species.  They have however, released numerous documents affecting the 

evaluation of new antimicrobial drugs for use approval in regards to their effect on the 

spread of antibiotic resistance. 

 In October of 2003, a new Guidance for Industry-152 was released by the FDA. 

This guidance on antimicrobial drugs for food animals specifically addressed the topic of 

antimicrobial resistance as a human health concern with an emphasis on the threat of 

antibiotic resistant foodborne infections (35).  The major recommendation was that the 

use of antimicrobial drugs should undergo risk assessment in three main areas: 1) Release 

Assessment factors contributing to development of resistant bacteria in the animal, 2) 

Exposure Assessment – possibility humans may be exposed to resistant bacteria through 

food, and 3) Consequence Assessment – the human health consequence of contracting a 

foodborne resistant bacterial infection.  These three criteria would be utilized to assign a 

risk estimation to the antimicrobial drug which would determine its allowed uses.  The 
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guidance also includes a list of antimicrobial drugs and classification of them in terms of 

importance to human health.  This is a recommended guidance for the development of 

new antimicrobial drugs, but is also expected to be used in the reevaluation of drugs 

already in use.   

 In 2006, the Center for Veterinary Medicine, release Guidance for Industry-159 

(35).  This final guidance outlined recommendation for determining average daily intake 

(ADI) amounts of antimicrobials based on the safety of their residues to the human gut 

flora.  The two main areas to consider were; 1) the effect of antibiotic residue on the 

colonization barrier, which is the ability of the natural gut flora to prevent colonization by 

external, possibly pathogenic bacteria, and 2) the potential increase in populations of 

resistant bacteria in the human gut.  This is a means of bacterial resistance entering 

humans not addressed in Guidance for Industry-152.  The guidance outlines steps needed 

to accurately determine a safe ADI, including recommendations on in vivo and in vitro 

tests.  By following these guidelines antimicrobial drug companies can address an area of 

antibiotic risk previously overlooked. 

Conclusions 

 Depending on what branch of public health an individual is in, their definition of 

“resistance” may vary.  To medical personnel, resistance refers to a bacterial infection’s 

ability to withstand traditional antibiotic therapy.  A microbiologist classifies a bacterium 

as resistant or susceptible based on predetermined break-points; while others might 

classify a bacterium containing a specific gene which encodes for a resistant mechanism 

as “resistant”.  All of these must be considered when performing and interpreting 

scientific research, in order to effectively control the risk which comes with using 
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antibiotics in both human and animal medicine.  Current research shows that the use of 

certain antimicrobial drugs at therapeutic levels can lead to transient increases in 

antibiotic resistance.  More research in this area is needed to fully understand the threat 

this may pose to human health, if any exist.  There is a great need for quality research 

regarding the consequences of antimicrobial drug use as growth promoters in animal 

production.  Risk assessment based on valid scientific findings should be the basis for all 

antibiotic use in animal agriculture.  Antimicrobial drugs should be assessed individually 

within the parameters of their intended use when determining their safety and efficacy. 

 The purpose of this study was to evaluate the impact of in-feed subtheraputic 

antimicrobial administration on the populations of generic E.coli isolated from feedlot 

cattle and their susceptibility to common antimicrobial drugs. 
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MATERIALS AND METHODS 

Cattle Selection and Treatment Allotment 

 A total of 1,611 cattle were purchased and delivered to a large commercial feedlot 

located in the Texas panhandle.  Approximately 12-month old cattle were delivered to the 

feedlot in four separate shipments.  Animals were housed in research-dedicated pens 

capable of holding 100 to 110 animals each.  Prior to cattle arrival, sixteen pens were 

randomly assigned to one of four treatments resulting in four pens per treatment.  Upon 

arrival, cattle were randomly assigned to one of the four treatments.  This prospective 

cohort study utilized a 2 x 2 factorial treatment design.  All cattle were fed a typical base 

diet including, steam-flaked corn, high-moisture-corn, alfalfa hay and corn silage, 

balanced with protein and minerals.  Treatments included:1) a conventional feedlot diet 

made up of the base diet with the inclusion of monensin at 29.8 mg/kg of dry matter and 

tylosin at 9.7 mg/kg of dry matter, 2) the base diet with the addition of only tylosin at 9.7 

mg/kg of dry matter, no monensin, 3) the base diet with the addition of only monensin at 

29.8 mg/kg of dry matter, no tylosin, and 4) a control consisting of only the base diet, 

including neither monensin or tylosin.  After all cattle had been assigned to a treatment, 

396 cattle were assigned to the diet containing both tylosin and monensin, 400 cattle 

received the tylosin only diet, 395 cattle received the monensin diet only and 420 cattle 

were assigned to the control diet containing neither antimicrobial.  The cattle were fed 

their allotted treatment diet the entire length of the study, approximately 160 days.  Cattle 

were on trial from approximately June to December.  During processing upon arrival, 

cattle were administered an anthelmintic, a modified-live viral vaccine and an in-ear 

growth promotant.  The cattle were given a uniquely numbered ear-tag for identification 
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and their weight was recorded.  Cattle were given a re-implant of the growth promotant at 

approximately 80 days prior to harvest.  Metaphylaxis was not administered at any point 

during this study.  Cattle were monitored for illness by trained feedlot personnel and were 

removed from the study if treatment was required.  This was done to decrease 

unexplained variation due to therapeutic administration of antimicrobials.   

Sample Collection 

Using a priori random sample, a sub-set of 40 animals per pen was selected for 

microbial sampling at the start of the study, with the goal of having 30 viable animals per 

pen at the conclusion of the study after ill animals were removed.  These animals 

received an ear tag with a unique code to that animal, allowing the sampling team to 

identify and sample the same animals at various sampling periods throughout the study.  

Animals were processed by pen to reduce chance of cross-contamination among pens.  

The sub-set of sampled animals from each pen was shipped individually and kept 

separated at the abattoir to avoid cross-contamination among pens.    

Fecal Samples 

  Fecal grab samples were taken at time of arrival to feedlot, re-implant, and at 

time of harvest prior to shipping to the abattoir (Figure 3.1).  Rectal palpation was used to 

obtain fecal samples.  Sampling personnel attempted to obtain approximately 100 g of 

feces for microbial analysis.  All sampling personnel wore latex gloves on both hands and 

gloves were changed when visible contamination was observed.  Technicians would use a 

new shoulder-length palpation sleeve to obtain each sample.  The sample was then placed 

in an individual, sterile sample cup uniquely labeled to correspond with the sampled 
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animal. When unable to acquire a sufficient volume of feces, the palpation sleeve worn 

by the technician would be aseptically inverted and placed in the sampling cup.  Samples 

were stored on ice in an insulated cooler until completion of sampling and were then 

transported to the Texas Tech University Food Microbiology Lab where they were 

temporarily stored at 4° C.  Samples were processed within 48 hours of collection.  

Samples were aseptically processed to ensure no cross-contamination occurred.   

Hide Sampling 

 At time of harvest, hide samples were collected from the same animals designated 

for fecal sampling (Figure 3.1).  Sterile SpongeSicles™ (Biotrace Int., Bothell, WA) in 

individual prelabled plastic collection bags were pre-moistened with 25 ml of 

Butterfield’s diluent.  The bags were placed in ice-filled coolers until time of collection.  

At time of collection, the SpongeSicles™ were compressed to remove excess diluent and 

aseptically removed from its individual bag. Prior to the study, sampling personnel were 

trained to visually approximate a 1,000-cm2 area.  The SpongeSicle™ was swabbed over 

an approximately 1,000-cm2 area of the perineum on the animal’s right side.  The 

SpongeSicle™ was then placed aseptically back into its pre-labeled bag containing the 

remainder of the diluent.  Samples were stored on ice in an insulated cooler until 

completion of sampling and were then transported to Texas Tech University Food 

Microbiology Lab in Lubbock, TX where they were place in 4° C storage.  Samples were 

processed within 48 hours of collection. 
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Abattoir Sampling 

At the abattoir, animals were brought to the knock-box by group of 30.  A sub-set 

of ten cattle of the original sampled group of cattle were identified per pen (40 animals 

per treatment) and sampled at various locations during processing.  This sub-set was 

selected by sampling the initial 5 animals of the pen, followed by a gap of ten animals, 

and then another 5 consecutive animals were sampled.  This was done for each pen.  This 

sub-set of ten cattle were sampled at three different locations in the processing line.  The 

animals were sampled post-exsanguination/pre-hide removal on the perineal area of the 

hide on the left side, post-hide removal/pre-evisceration on the perineal area of the left 

side of the carcass, and post-microbial intervention on the perineal area of the right side 

of the carcass (Figure 3.1).  

For each of these samples, sterile SpongeSicles™ in individual prelabled plastic 

collection bags were pre-moistened with 25 ml of Butterfield’s diluent.  The bags were 

placed in ice-filled coolers until time of collection.  At time of collection, the 

SpongeSicles™ were compressed to remove excess diluent and aseptically removed from 

its individual bag.  The SpongeSicle™ was swabbed over an approximately 1,000-cm2 

area of the hide or carcass depending on the sampling location.  The SpongeSicles™ 

were then placed aseptically back into pre-labeled bags containing the remainder of the 

diluent.  Samples were stored on ice in an insulated cooler until completion of sampling 

and were then transported to Texas Tech University Food Microbiology Lab where they 

were place in 4° C storage.  Samples were processed within 48 hours of collection. 
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Escherichia coli Culture and Enumeration   

Fecal, hide swab, and carcass swab samples were analyzed for presence of non-

type specific E. coli.   A sample was considered positive for E. coli when at least one 

presumptive E. coli colony was isolated on MacConkey agar. 

 Fecal Samples 

One gram of feces was aseptically transferred into 9 ml of Buffered Peptone water 

(BPW) and vortexed thoroughly.  Serial dilutions were performed.  The dilutions were 

then spread plated onto duplicate pre-poured MacConkey Agar plates.  Plates were 

inverted and incubated at 37° C for 24 hours.   

Hide and Carcass Samples 

 Swab samples were hand homogenized for approximately one minute.  One ml of 

swab sample was aseptically transferred into 9 ml of Buffered Peptone water and 

vortexed thoroughly. Serial dilutions were performed.  The dilutions were then spread 

plated onto duplicate pre-poured MacConkey Agar plates.  Plates were inverted and 

incubated at 37° C for 24 hours. 

For all sample types after incubation, plates were removed from the incubator and 

observed for typical E. coli colonies.  Generic E. coli appear as pink to brick-red colonies 

with or without a zone of precipitated bile on MacConkey agar (122).  Plates were 

manually counted with the aid of the bantex colony counter 920A (American Bantex 

Corp., Burlingame, CA) and colony counts were recorded.  After enumeration, three 

distinct well-isolated colonies were streaked for isolation onto fresh MacConkey plates.   

Colonies were isolated with a sterile disposable loop using a three-streak isolation pattern 
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and colonies were given a unique label including the original sample number followed by 

the designation A, B, or C to differentiate between isolates in later laboratory analysis.   

Plates were inverted and incubated at 37° C for 24 hours.  Plates were removed from the 

incubator and a well isolated colony was aseptically removed from the MacConkey plate 

using a sterile disposable loop and stabbed into an individual labeled 1mL brain heart 

infusion agar (BHI) slant.  Slants were incubated at 37° C for 24 hours.  Slants were 

checked for growth and then refrigerated until they were prepared for freezing.   Brain 

heart infusion slants were removed from refrigeration and a sterile loop was used to 

transfer bacterial growth to individually labeled test tubes containing approximately 9 ml 

BHI broth with 10% glycerol.   Test tubes were vortexed and incubated at 37° C for 24 

hours.  Cultures were removed from the incubator and vortexed before aliquoting into 

five labeled sterile cryotubes.  Cryotubes containing culture were placed into -80° C-

freezers to store until later laboratory analysis could be performed.  Two copies of each 

isolates were kept at Texas Tech University Food Microbiology Laboratory, while three 

copies of each isolate were transported frozen to the Epidemiology Approaches to Food 

Safety Laboratory at West Texas A&M University in Canyon, TX .  

Escherichia coli Confirmation  

 Presumptive E. coli isolates were confirmed using the VITEK® 2 compact (V2C) 

system (bioMérieux, Inc. Hazelwood, MO) microbial identification system at the Food 

Safety laboratory at West Texas A&M University.  All A isolates from fecal and hide 

samples were speciated using the VITEK system.  A, B, and C isolates from all samples 

taken in the abattoir were subjected to speciation using the VITEK system.  Isolates 

removed from -80° C storage were allowed to thaw, and then a sterile loop was used to 
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streak culture onto tryptic soy agar (TSA) plates.  Plates were inverted and incubated at 

37° C for 18 to 24 hours.  Three to five colonies were removed from each TSA plate 

using a sterile swab and were suspended in approximately 5 ml of Baxter brand 

“Respiratory Therapy Solution” with 0.45% Sodium Chloride Inhalation Solution, USP.  

The suspension was adjusted to between a 0.5 and 0.6 McFarland standard using the 

Viteck DensiCheck (bioMérieux, Inc. Hazelwood, MO).  Isolate identification 

information was recorded on a blank “cassette record” sheet and the suspension tube 

containing the isolate was placed in a corresponding, numbered slot in the card holding 

cassette.  This process was repeated until all ten slots of the cassette contained an isolate 

suspension.  Once filled, isolate identification information was entered into a “virtual 

cassette” in the computer software coupled with the V2C system.  An individual 

biochemical assay card is placed into a corresponding slot in the cassette with a filler 

straw inserted into the suspension.  Once the cassette is filled with ten isolate suspensions 

and cards it is loaded into the V2C fill chamber and the biochemical assay cards are auto-

filled with the bacterial suspension by the machine.  The cassette containing filled cards 

is then transferred to the loading chamber where the V2C completes the biochemical 

testing.  Completion of the assay takes between 3.75 and 8 hours, after which the species 

identification results are automatically recorded in the V2C software and a report is 

generated.   

Antimicrobial Drug Susceptibility Testing 

 Antimicrobial drug susceptibility testing was performed at the Epidemiology 

Approaches to Food Safety Laboratory located at West Texas A&M University using a 

broth micro-dilution technique.   One cryotube for each isolate was removed from             
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-80° C-storage and allowed to thaw for approximately ten minutes.  The contents of the 

cryotube were then transferred to a labeled tube of BHI broth.  The BHI tubes were then 

incubated at 37° C for 24 hours.  After incubation, BHI was checked for growth and a 

sterile loop was used to streak the culture onto labeled TSA plates.  TSA plates were 

incubated at 37° C for 24 hours.   Colonies from these TSA plates were used to inoculate 

96-well microdilution GN Sensititre® plates. One plate per isolate was inoculated. 

 The plate inoculation process included taking 3-5 colonies from the TSA plate 

using a sterile swab and suspending them into 4 to 6 ml of sterile water.  After vortexing 

this suspension was adjusted to a 0.5 McFarland polymer turbidity standard and verified 

using the Nephelometer located on the Sensititre® AutoInoculator (Trek Diagnostic 

Systems, Cleveland, OH).  Once adjusted, 10 µl of the solution was transferred to 10 mL 

of Mueller-Hinton (MH) broth.  The MH solution was then vortexed for 2 to 4 seconds 

and placed into the Sensititre® AutoInoculator.  A NARMS Gram Negative (GN) 

Sensititre® plate labeled with the isolate number was loaded into the AutoInoculator 

where 50 µl was dispensed into each of the 96 wells in the plate.  A self-adhesive seal 

was placed over the top of the plate upon completion of inoculation.  All plates were 

allowed to incubate at 37° C for 18 to 24 hours. 

 After incubation, plates were observed for bacterial growth to determine 

antimicrobial susceptibility patterns.  To accomplish this, plates were placed in a Manual 

View Box (Trek Diagnostic Systems, Cleveland, OH) for reading.  This allowed for 

viewing the bottom of the wells for bacterial growth.  Growth in a well was determined 

by looking for turbidity or growth buttons in the positive control wells (and absence of 

growth in the negative control well), and then looking for similar growth in the other 
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wells of the plate.  Minimum inhibitory concentration for each microbial tested was 

recorded as the lowest concentration of the antimicrobial contained on the plate which 

inhibited the visible growth of the E. coli isolate.  The NARMS GN Sensititre plate 

included the following antimicrobials: Amikacin, Ampicillin, Amoxicillin/Clavulanic 

Acid, Ceftriaxone, Chloramphenicol, Ciprofloxacin, Trimethoprim/Sulfamethoxazole, 

Cefoxitin, Gentamicin, Kanamycin, Nalidixic Acid, Sulfisoxazole, Streptomycin, 

Tetracycline, and Ceftiofur (Table 3.1).   

Statistical Analysis 

Enumeration data was entered into a Microsoft Excel data spread sheet and then 

imported into SAS System for Windows (SAS, Institute, Cory, NC) version 9.1.3 for 

analysis. Minimum inhibitory concentration data was entered into a Microsoft Access 

spreadsheet using designed data entry forms and then imported into SAS for analysis.  

Isolates were classified as resistant or susceptible to each antimicrobial using established 

guidelines by the Clinical Laboratory Standards Institute (31).  A breakpoint for ceftiofur 

has not been established for E .coli by the Clinical Laboratory Standards Institute, 

therefore a breakpoint of ≥ 8 µg/ml was used as described by NARMS (24).  Utilizing 

these breakpoints, bacterial isolates were classified as resistant or susceptible to each 

antimicrobial.  Antimicrobial resistant E. coli populations were estimated by multiplying 

total E. coli populations by the proportion of resistant isolates.  Descriptive statistics were 

generated using various procedures of SAS.  E. coli populations were transformed to a 

log base 10.  Minimum inhibitory concentrations were transformed to a log base 2.  

Differences in MIC of each antimicrobial drug, differences in initial bacterial population, 

and differences in estimated populations of resistant bacteria were analyzed using the 
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mixed models linear-regression methodologies.  Binomial models of resistance to 

antimicrobial drugs were analyzed using logistic regression techniques. 

Effect of antimicrobial treatment and sampling period on differences in MIC for 

each antimicrobial tested was evaluated.  Fecal samples from various sampling periods 

were analyzed together, with animal as a repeated measure.  Hide samples from the 

feedlot and hide samples taken at the abattoir were compared. Carcass samples taken 

post-hide removal, pre-evisceration (referred in graphs as pre-intervention) were 

compared with post-intervention carcass samples.   Significant differences were 

evaluated at a predetermined α ≤0.05.  When a significant interaction between sampling 

period and treatment was observed, analysis was performed to determine the effect of one 

main effect while the other main effect was held constant.  When no significant 

interaction was observed, influence of the main effects of sampling period and 

antimicrobial treatment were evaluated.  Graphical representation of LSMeans of MIC is 

presented.  If differences were not detected in either the interaction between sampling 

period and antimicrobial treatment, or the main effects of sampling period and 

antimicrobial treatment then graphs representing these data are available in the Appendix.  

A binomial model of resistance in fecal isolates to sulfisoxazole, tetracycline, 

streptomycin, ampicillin, nalidixic acid, ceftiofur, and cefoxitin was analyzed to 

determine the effects of administration of subtheraputic antimicrobial drugs and sampling 

period have on resistant isolate proportions.  Proportions of resistant E. coli are presented 

in tables.  Proportions were used to estimate resistant-populations for the previously 

mentioned antimicrobials, which were analyzed for differences due to antimicrobial 

treatment and sampling period.  Estimated resistant populations are graphed.
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Figure 3.1.  Schematic representation of sample types and time-points.  
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Table 3.1.  Antimicrobial drug concentration range and breakpoints. 
Antimicrobial Drug Concentration 

(µg/ml) 
MIC  
Breakpoint 
(µg/ml)* 

Amikacin 0.5-64 ≥64 
Ampicillin 1-32 ≥32 
Amoxicillin/Clavulanic Acid 1/0.5-32/16 ≥32/16 
Ceftriaxone 0.25-64 ≥64 
Chloramphenicol 2-32 ≥32 
Ciprofloxacin 0.015-4 ≥4 
Trimethoprim/Sulfamethoxazole 0.12/2.38-4/76 ≥4/76 
Cefoxitin 0.5-32 ≥ 32 
Gentamicin 0.25-16 ≥16 
Kanamycin 8-64 ≥64 
Nalidixic Acid 0.5-32 ≥32 
Sulfisoxazole 16-256 ≥256 
Streptomycin 32-64 ≥64 
Tetracycline 4-32 ≥16 
Ceftiofur 0.12-8 ≥8 
*MIC Breakpoint = Minimum Inhibitory Concentration Breakpoint, obtained from the 
Clinical Laboratory Standards Institute and the National Antimicrobial Resistance 
Monitoring System.  
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CHAPTER IV 

RESULTS & DISCUSSION 

General Descriptive Statistics of E. coli Detection and Isolation 

 A summary of the number of animals sampled at each time point, percent of 

samples testing positive for E. coli, and the number of isolates collected for further 

analysis is presented on the basis of sampling period and treatment allotment in table 4.1.  

In short, 100% of fecal and hide samples tested positive for presumptive E. coli.  Forty 

percent of carcass samples taken post-hide removal, pre-evisceration (denoted pre-

intervention in following graphs) were positive for presumptive E. coli; while 3.21% of 

carcass samples taken post-intervention tested positive for presumptive E. coli.   A total 

of 7,097 were utilized in analysis of antimicrobial resistance. 

 Of the 2,457 presumptive E. coli isolates that were subjected to biochemical 

confirmation 98.6% (2,422) were confirmed as Escherichia coli.  Other species isolated 

include Pantoea spp., Raoultella ornithinolytica, and Serratia spp.; all of which 

composed less than 0.5% of isolates.  The remainder of the isolates were unidentified by 

the Vitek system.   For the purposes of this study, all isolated presumptive E. coli 

colonies were subjected to antimicrobial analysis.   
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Table 4.1.  Number of animals sampled at each time point, percent of animals testing 
positive for E. coli, and number of isolates collected for antimicrobial speciation and 
susceptibility. 

Sampling 
Period Treatment 

# of Animals 
Sampled 

% Samples 
Positive for 

E. coli 

# of E. coli 
Isolates 

Collected for 
Further 

Analysis 
Control  160 100 % 441 
Monensin 160 100 % 436 
Tylosin 160 100 % 434 

Arrival 
Fecal Samples 

Monensin/Tylosin 160 100 % 432 
Control  149 100 % 443 
Monensin 151 100 % 447 
Tylosin 152 100 % 457 

Re-implant 
Fecal Samples 

Monensin/Tylosin 150 100 % 439 
Control  125 100 % 366 
Monensin 128 100 % 378 
Tylosin 131 100 % 382 

Harvest 
Fecal Samples 

Monensin/Tylosin 123 100 % 362 
Control  125 100 % 366 
Monensin 127 100 % 366 
Tylosin 130 100 % 370 

Harvest 
Hide Samples 
At Feedlot Monensin/Tylosin 124 100 % 358 

Control  40 100 % 119 
Monensin 40 100 % 116 
Tylosin 40 100 % 120 

Pre-Hide 
Removal 
Hide Samples 
At Abattoir Monensin/Tylosin 40 100 % 120 

Control  40 57.50 % 53 
Monensin 40 45.00 % 40 
Tylosin 40 35.00 % 21 

Pre-
Intervention 
Carcass 
Samples Monensin/Tylosin 40 22.50 % 18 

Control  37 5.40 % 6 
Monensin 40 0.00 % 0 
Tylosin 40 2.50 % 1 

Post-
Intervention 
Carcass 
Samples Monensin/Tylosin 39 5.13 % 6 
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Total E. coli Populations 

Fecal Samples 

 A significant (P = 0.0002) interaction was detected between treatment and 

sampling period on total E. coli concentrations in feces.  There were no differences 

observed among treatments at time of re-implant (P = 0.16); however, differences were 

evident among treatments observed at time of arrival (P = 0.03) and harvest (Figure 4.1, 

P < 0.0001).  While period had a significant effect on total E. coli populations when 

looking within individual treatments (all P < 0.01), the extent of period effect varied 

depending on treatment group (Figure 4.2). 

Hide Samples 

  No interaction of sample period and treatment was observed in E. coli 

populations of hide samples (P = 0.23).  Sampling period had a significant affect 

resulting in higher E. coli populations on hides at the feedlot compared to populations on 

hides of the cattle at the beef plant (Figure 4.2, P < 0.0001).  This decrease in total 

populations could be due to removal of hide flora with a pre-hide wash performed at the 

plant on cattle before harvest.  A significant treatment effect was not observed on hide 

populations (P = 0.09).    

Carcass Samples 

 A significant (P = 0.0008) interaction was detected between treatment exposure 

and sampling period on total E. coli concentrations on carcass samples pre- and post-
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intervention.  A significant decrease in population was detected from pre- to post-

intervention for control, monensin only, and tylosin only cohorts (Figure 4.3, P < 0.05).  

No significant difference between sampling periods was detected in the monensin and 

tylosin cohort (P = 0.18). 
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Figure 4.1.  Least squares means (LSMeans) of total E. coli concentrations from fecal 
samples of cattle fed various subtheraputic antimicrobial drugs and cattle not fed 
antimicrobial drugs (Control). Error bars represent the SE of the LSMean.   
A) abc Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xy Period values within a treatment type with the same superscript do not differ (P > 
0.05). 
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Figure 4.2.  Least squares means (LSMeans) of total E. coli concentrations on hide 
samples of cattle fed various subtheraputic antimicrobial drugs and cattle not fed 
antimicrobial drugs (Control). Error bars represent the SE of the LSMean.   
xy Periods with different superscripts differ (P < 0.05). 
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Figure 4.3.  Least squares means (LSMeans) of total E. coli concentrations from carcass 
samples of cattle fed various subtheraputic antimicrobial drugs and cattle not fed 
antimicrobial drugs (Control). Error bars represent the SE of the LSMean.   
A) abc Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xy Period values within a treatment type with the same superscript do not differ   
(P > 0.05). 
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Overall Antimicrobial Drug Resistance Descriptive Results 

 Seven thousand and ninety-seven isolates were analyzed to determine resistance 

to fifteen antimicrobial drugs used in human and animal medicine.  Of the 7,097 isolates, 

26.4% were pansusceptible (Figure 4.4); while, 73.6% of isolates were resistant to at least 

one antimicrobial and 32.6% showed resistance to two or more antimicrobials.  Two of 

the 7,097 isolates were resistant to all antimicrobials tested (Figure 4.4).  Of isolates 

collected from feces at time of arrival, re-implant and harvest, 48.1% (839 of 1,743), 

60.0% (1,071 of 1,786), and 92.1% (1,347 of 1,488), respectively, were classified as 

resistant to at least one antimicrobial.  Of isolates collected from hides at the feedlot and 

hides at the plant, 92.3% (1347 of 1460) and 95.4% (453 of 475), respectively, were 

classified as resistant to at least one antimicrobial.  Ninety-eight and a half percent (130 

of 132) of carcass isolates isolated pre-intervention and 100% (13 of 13) of carcass 

isolates isolated post-intervention were classified as resistant to at least one antimicrobial 

tested.   

 The most common resistance was to sulfisoxazole, tetracycline, streptomycin and 

kanamycin with 70.0%, 31.5%, 10.6% and 9.6% of all isolates exhibiting resistance to 

the respective antimicrobial (Figure 4.5).  When looking at cattle administered various 

levels of ceftiofur and cattle administered no ceftiofur, Lowrance and others found 

68.4%, 40.7%, and 33.0% of 953 E. coli isolates were resistant to sulfisoxazole, 

tetracycline, and streptomycin, respectively (79).  The similarities between the Lowrance 

and this study suggest resistance to these antimicrobial are common in non-type specific 

E. coli.   
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 One hundred ninety-three unique antimicrobial resistance patterns were exhibited 

by isolates collected throughout this study.  The ten most frequent antimicrobial 

resistance patterns are displayed in Table 4.2.  The most common pattern was resistance 

to sulfisoxazole alone followed by a pansusceptibility pattern, and resistance to 

sulfisoxazole and tetracycline, 33.6%, 26.4%, and 10.2% of isolates, respectively.  While 

highly multiple-antibiotic resistance patterns were not predominant when looking at the 

whole group of the isolates recovered in this study, high levels of multiple-antibiotic 

resistance were exhibited by E. coli isolated specifically from carcasses post-intervention.  

All thirteen isolates recovered from post-intervention carcasses were resistant to at least 3 

antimicrobials.  Table 4.3 summarized the antimicrobial resistance patterns of these 

thirteen isolates.  One of these isolates was resistant to all fifteen antimicrobial drugs 

tested.  The presence of these multiple-antibiotic resistant isolates on beef carcasses post-

intervention emphasizes the potential threat of food borne antibiotic resistant infections.  

However, the low levels of total E. coli populations on carcasses post-intervention 

combined with proper cooking procedures can adequately reduce the risk of contracting a 

food borne illness from these bacteria.   

 Minimum inhibitory concentrations were determined for each of the isolates for 

15 different antimicrobial drugs.  Minimum inhibitory concentration distribution of all 

isolates is provided in Table 4.4. 
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Figure 4.4. Percent of total E. coli isolates based on the number of antimicrobial drugs to 
which they are resistant (n = 7,097). 
* Frequency of isolates located above bars.  
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Figure 4.5.  Percent of total E. coli isolates (n = 7,097) collected from cattle feces, hide, 
and carcasses resistant to various antimicrobial drugs. 
*Frequency of resistant isolated located above bars.   
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Table 4.2.  Ten most frequent multiple antimicrobial drug resistance patterns of E. coli 
isolates obtained cattle feces, hides, and carcasses of cattle fed various diets which did 
and did not contain Monensin and Tylosin.    

% Isolates 
Resistant 

(Frequency) 
# of Drugs 
Resistant 

Antimicrobials To Which 
Isolates Were Resistant 

33.61% (n=2385) 1 Sulfisoxazole 

26.39%  (n=1873) 0 Pansusceptiblea 

10.17% (n=722) 2 Sulfisoxazole, Tetracycline 

6.66% (n=473) 1 Tetracycline 

4.18% (n=297) 3 Sulfisoxazole, Streptomycin, Tetracycline 

3.86% (n=274) 2 Kanamycin, Sulfisoxazole 

2.41% (n=171) 3 Kanamycin, Sulfisoxazole, Tetracycline 

0.94%(n=67) 4 Ampicillin, Sulfisoxazole, Streptomycin, Tetracycline 

0.85% (n=60) 3 Ampicillin, Sulfisoxazole, Tetracycline 

0.70% (n=50) 2 Ampicillin, Sulfisoxazole 
a Pansusceptible = Susceptible to all tested antimicrobial drugs. 
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Table 4.3.  Multiple antimicrobial drug resistance patterns of Escherichia coli isolates 
obtained from cattle carcasses post-intervention (n = 13). 
% Isolates 
Resistant 

(Frequency) 

# of 
Drugs 

Resistant 
Antimicrobials To Which 
Isolates Were Resistant 

Diet Fed to 
Cattle 

7.69% (n=1) 

15 Cefoxitin, Amikacin, Chloramphenicol, 
Tetracycline, Ceftriaxone, 
Amoxicillin/Clavulanic Acid, 
Ciprofloxacin, Gentamicin, Nalidixic 
Acid, Ceftiofur, Sulfisoxazole, 
Trimethoprim/Sulfamethoxazole, 
Kanamycin, Ampicillin, Streptomycin Control Diet 

7.69% (n=1) 

12 Cefoxitin, Amikacin, Chloramphenicol, 
Tetracycline, Ceftriaxone, Ciprofloxacin, 
Gentamicin, Nalidixic Acid, Ceftiofur, 
Kanamycin, Ampicillin, Streptomycin Control Diet 

7.69% (n=1) 

9 Cefoxitin, Amikacin, Chloramphenicol, 
Ceftriaxone, Amoxicillin/Clavulanic 
Acid, Nalidixic Acid, Ceftiofur, 
Sulfisoxazole, 
Trimethoprim/Sulfamethoxazole Control Diet 

7.69% (n=1) 

8 Cefoxitin, Amikacin, Chloramphenicol, 
Amoxicillin/Clavulanic Acid, Nalidixic 
Acid, Ceftiofur, Sulfisoxazole, 
Trimethoprim/Sulfamethoxazole Tylosin 

7.69% (n=1) 
6 Ceftiofur, Tetracycline, Sulfisoxazole, 

Nalidixic Acid, Chloramphenicol, 
Trimethoprim/Sulfamethoxazole Control Diet 

15.38% 
(n=2) 

6 Cefoxitin, Ceftiofur, Tetracycline, 
Sulfisoxazole, Streptomycin, 
Chloramphenicol Monensin/Tylosin

23.08% 
(n=3) 

5 Cefoxitin , Ceftiofur, Tetracycline, 
Streptomycin, Sulfisoxazole Monensin/Tylosin

7.69% (n=1) 
4 Sulfisoxazole, Nalidixic Acid, 

Trimethoprim/Sulfamethoxazole, 
Chloramphenicol Control Diet 

7.69% (n=1) 4 Ceftiofur, Tetracycline, Streptomycin, 
Sulfisoxazole Monensin/Tylosin

7.69% (n=1) 3 Sulfisoxazole, Nalidixic Acid, 
Trimethoprim/Sulfamethoxazole Control Diet 
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Table 4.4.  Percentage of isolates (n = 7,097) recovered from feces, hides, and carcasses of feedlot cattle on the basis of MIC ratio. 

 

 MIC ratioa  

Antimicrobial 0 1 2 3 4 5 6 7 8 9 

Lowest 
concentration 
tested (µg/ml) 

Amikacin 0.32 12.36 49.09 26.21 8.88 1.59 0.65 0.55 0.32 ―  0.5 

Ampicillin 22.57 60.70 11.50 0.25 0.13 0.04 4.80 ― ― ―  1.0 

Amoxicillin/Clavulanic Acid 9.48 51.54 34.54 3.96 0.15 0.23 0.10 ― ― ― 1.0/0.5 

Ceftriaxone 95.69 0.28 0.45 0.69 0.52 0.35 0.38 0.31 0.17 1.16  0.25 

Chloramphenicol 6.95 52.53 36.48 2.32 0.41 1.31 ― ― ― ―  2.0 

Ciprofloxacin 89.76 5.42 0.79 0.72 1.17 0.85 0.83 0.13 0.15 0.18  0.015 

Trimethoprim/Sulfamethoxazole 89.97 5.57 1.73 0.66 0.25 0.30 1.52 ― ― ― 0.12/2.38 

Cefoxitin 0.04 0.86 30.91 54.50 9.85 1.49 1.32 1.01 ― ―  0.5 

Gentamicin 4.82 48.2 34.00 10.17 1.92 0.48 0.17 0.24 ― ―  0.25 

Kanamycin 86.30 3.28 0.77 0.72 8.92 ― ― ― ― ―  8.0 

Nalidixic Acid 0.77 23.6 61.98 8.40 0.83 0.65 0.96 2.80 ― ―  0.5 

Sulfisoxazole 11.54 8.02 14.22 1.25 1.20 63.77 ― ― ― ―  16.0 

Streptomycin 89.43 3.52 7.05 ― ― ― ― ― ― ―  32.0 

Tetracycline 59.55 8.95 7.57 6.38 17.56 ― ― ― ― ―  4.0 

Ceftiofur 1.20 20.12 59.80 14.71 0.48 0.55 0.21 2.93 ― ―  0.12 
a Ratios were obtained by dividing each minimum inhibitory concentration by the lowest concentration of the specific antimicrobial tested.  The 
ratio was then transformed to a log base 2 for comparison.   
― = Value greater than the highest concentration tested for on the panel. 
*Shaded areas represent isolates considered resistant for individual drugs based on breakpoints obtained from the Clinical Laboratory Standards 
Institute and the National Antimicrobial Resistance Monitoring System. 
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Antimicrobial Resistance/Susceptibility to Individual Antimicrobial Drugs 

Sulfisoxazole 

Fecal Samples 

 A significant interaction was observed between sampling period and treatment   

(P = 0.05) on MIC of sulfisoxazole in E. coli isolates obtained from fecal samples.  

Treatment differences were seen at time of arrival (P = 0.01) and harvest (P = 0.04) 

(Figure 4.6).  No differences were seen at time of re-implant (P = 0.29).   MIC was 

significantly higher at time of harvest compared to arrival for all treatments (P < 0.0001).   

 Of the 5,017 isolates obtained from fecal samples 2,734 (54.49%) were resistant 

to sulfisoxazole.  A significant interaction (P = 0.04) was detected between sampling 

period and treatment for the likelihood of recovering a sulfisoxazole-resistant isolate in 

fecal samples taken at time of arrival, re-implant and harvest (Table 4.5).  There were no 

differences among treatments at time of arrival (P = 0.19) and re-implant (P = 0.42).  At 

time of harvest the control cohort had a significantly higher proportion of sulfisoxazole-

resistant E. coli than that of the monensin only (P = 0.01) and monensin and tylosin 

cohorts (P < 0.001).  Within treatment comparisons for all treatments detected 

significantly higher proportions of sulfisoxazole-resistant E. coli at time of re-implant 

than arrival and higher proportions at time of harvest than at time of re-implant (all 

pairwise comparisons P < 0.05).  These proportions were used to estimate sulfisoxazole-

resistant E. coli populations in fecal samples (Figure 4.7).  No sampling period by 

antimicrobial treatment interaction was observed (P = 0.56).  Additionally, no treatment 

effect was observed (P = 0.19).  Estimated populations of sulfisoxazole-resistant 

populations were higher at time of re-implant and harvest than of arrival (P < 0.0001).  



Texas Tech University, Loree Ann Branham, August 2007 

 62

This suggest that while administration of subtherapeutic levels of antimicrobials did not 

cause an increase in resistant populations, time factors or other possible environmental 

factors could play a roll in increasing sulfisoxazole-resistant populations. 

Hide Samples 

 No significant interaction between sampling period and treatment (P = 0.84) was 

detected on sulfisoxazole MIC in hide samples.  Treatment had a significant effect on 

sulfisoxazole MIC (P = 0.0006), with isolates from the monensin only cohort exhibiting 

the higher MIC than that of the control and monensin/tylosin cohorts (Figure 4.8).  

Isolates collected from the hide at the plant had significantly higher MIC values than 

those isolated from cattle hides at the feedlot (P = 0.0008).   

Carcass Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.18) was detected on sulfisoxazole MIC of isolates from carcass samples.   In 

addition MIC were not significantly affected by antimicrobial treatment (P = 0.21) or 

sampling period (P = 0.18). 
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Figure 4.6.  Least squares means (LSMeans) minimum inhibitory concentration of 
sulfisoxazole for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) ab Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xyz Period values within a treatment type with the same superscript do not differ         
(P > 0.05). 
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Table 4.5.  Proportion of sulfisoxazole-resistant E. coli isolates recovered from feces of 
cattle fed various subtheraputic antimicrobials and cattle fed a control diet lacking any 
subtheraputic antimicrobial. 

abc Treatment values within a sampling period with the same superscript do not differ      
(P > 0.05). 
xyz Period values within a treatment type with the same superscript do not differ               
(P > 0.05). 
 

 

Sampling 
Period Treatment 

Proportion of 
Resistant      
E. coli 

Lower limit 
95% 
Confidence 
Level 

Upper limit 
95% 
Confidence 
Level 

Control a x 0.38 0.31 0.46 
Monensin a x 0.32 0.25 0.40 
Tylosin a x 0.37 0.29 0.45 

Arrival 

Monensin/Tylosin a x 0.34 0.27 0.41 
Control a y 0.46 0.38 0.54 
Monensin  a y 0.40 0.33 0.49 
Tylosin  a y 0.44 0.36 0.52 

Re-implant 

Monensin/Tylosin  a y 0.44 0.36 0.53 
Control a z 0.94 0.91 0.96 
Monensin bc z 0.89 0.84 0.92 
Tylosin ab z 0.91 0.87 0.94 

Harvest 

Monensin/Tylosin c z 0.85 0.79 0.89 
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Figure 4.7.  Least squares means (LSMeans) of estimated sulfisoxazole-resistant E. coli 
concentrations in fecal samples collected feces of cattle fed various subtheraputic 
antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error bars represent 
the SE of the LSMean.   
xyz Periods with different superscripts differ (P < 0.05). 
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Figure: 4.8.   Least squares means (LSMeans) minimum inhibitory concentration of 
sulfisoxazole for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
abc Values of treatments the same superscripts are similar (P < 0.05). 
xy Values of periods with different superscripts differ (P < 0.05). 
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Tetracycline 

Fecal Samples 

 A significant interaction was observed between sampling period and antimicrobial 

treatment (P = 0.0004) on tetracycline MIC in E. coli isolates obtained from fecal 

samples.   Treatment differences were observed at arrival (P = 0.02) and re-implant       

(P = 0.002), however tetracycline MIC from fecal isolates obtained from all four 

treatments were similar at time of harvest (P = 0.90) (Figure 4.9).    Differences in MIC 

for tetracycline based on sample period were different for the monensin cohort               

(P = 0.005) and tylosin cohort (P < 0.0001).  In both these treatment groups MIC for 

tetracycline at time of harvest were less than or equal to MIC values at time of arrival.  

No differences were seen over sampling periods for isolates collected from control          

(P = 0.08) and monensin/tylosin cohorts (P = 0.74).   

 Of the 5,017 isolates obtained from fecal samples 1,544 (30.8%) were resistant to 

tetracycline.  A significant interaction (P = 0.04) was detected between sampling period 

and treatment for the likelihood of recovering a tetracycline-resistant isolate in fecal 

samples taken at time of arrival, re-implant and harvest (Table 4.5).  A treatment effect 

was not significantly associated with differences of tetracycline-resistant isolate 

proportion at time of harvest, when period was held constant (P = 0.95).  However, 

differences between treatments were observed at time of arrival (P = 0.04) and time of 

re-implant (P = 0.002).  Proportions of tetracycline-resistant E. coli with in a treatment 

were similar throughout all sampling periods for the control, tylosin, and 

monensin/tylosin cohorts (all P ≥ 0.20).  However, when controlling for treatment, the 

monensin only cohort exhibited a higher proportion of tetracycline-resistant E. coli at re-
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implant than at time of arrival (P = 0.0004) and at time of harvest (P = 0.001).  No 

sampling period by treatment interaction was observed in estimated tetracycline-resistant 

E. coli populations (P = 0.37).  Additionally, no treatment effect was observed (P = 0.09).  

Estimated populations of tetracycline-resistant populations were higher at time of re-

implant and harvest than of arrival (Figure 4.10, P < 0.0001).  Similar to the increase in 

sulfisoxazole-resistant populations, this increase in tetracycline-resistant populations may 

be indicative of overall population changes in the cattle due factors other than 

administration of subtheraputic level antimicrobials.   

Hide Samples 

 No significant interaction between sampling period and treatment (P = 0.12) was 

detected on tetracycline MIC in hide samples taken at the feedlot and plant.   In addition 

MIC were not significantly affected by antimicrobial treatment (P = 0.11) or sampling 

period (P = 0.55). 

Carcass Samples 

 No significant interaction between sampling period and treatment (P = 0.18) was 

detected on tetracycline MIC in carcass samples.  Tetracycline MIC of isolates on carcass 

samples were not significantly affected by antimicrobial treatment (P = 0.34) or pre- and 

post-intervention sampling periods (P = 0.93). 
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Figure 4.9.  Least squares means (LSMeans) minimum inhibitory concentration of 
tetracycline for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) abc Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xy Period values within a treatment type with the same superscript do not differ            
(P > 0.05). 
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Table 4.6.  Proportion of tetracycline-resistant E. coli isolates recovered from feces of 
cattle fed various subtheraputic antimicrobials and cattle fed a control diet lacking any 
subtheraputic antimicrobial. 

ab Treatment values within a sampling period with the same superscript do not differ           
(P > 0.05). 
xy Period values within a treatment type with the same superscript do not differ                   
(P > 0.05). 
 

Sampling 
Period Treatment 

Proportion of 
Resistant      

E. coli 

Lower limit 
95% 

Confidence 
Level 

Upper limit 
95% 

Confidence 
Level 

Control ab x 0.31 0.27 0.36 
Monensin ab x 0.29 0.24 0.33 
Tylosin a x 0.34 0.30 0.39 

Arrival 

Monensin/Tylosin b x 0.26 0.21 0.30 
Control a x 0.33 0.28 0.38 
Monensin b y 0.40 0.35 0.45 
Tylosin a x 0.30 0.26 0.35 

Re-implant 

Monensin/Tylosin a x 0.28 0.24 0.33 
Control a x 0.31 0.26 0.36 
Monensin a x 0.29 0.24 0.34 
Tylosin a x 0.29 0.24 0.34 

Harvest 

Monensin/Tylosin a x 0.29 0.24 0.34 
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Figure 4.10.  Least squares means (LSMeans) of estimated tetracycline-resistant E. coli 
concentrations in fecal samples collected feces of cattle fed various subtheraputic 
antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error bars represent 
the SE of the LSMean.   
xy Periods with different superscripts differ (P < 0.05). 
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Streptomycin 

Fecal Samples 

 There was no significant interaction between sampling period and antimicrobial 

treatment on streptomycin MIC (P = 0.09).  Antimicrobial treatments did not have a 

significant impact on streptomycin MIC of E. coli isolates obtained from fecal samples  

(P = 0.56).  However, sampling period exerted a significant impact on streptomycin MIC 

(P < 0.05).  Minimum inhibitory concentrations of isolates collected at re-implant and 

harvest were lower than those collected at arrival (Figure 4.11).   

 Of the 5,017 isolates obtained from fecal samples 539 (10.7%) were resistant to 

streptomycin.  No significant interaction (P = 0.09) was detected between sampling 

period and treatment for the likelihood of recovering a streptomycin-resistant isolate in 

fecal samples taken at time of arrival, re-implant and harvest (Table 4.5).  Antimicrobial 

treatments did not exert a significant impact on tetracycline-resistant isolate proportion  

(P = 0.20).  Significantly lower proportions of streptomycin resistant E. coli were 

isolated from both the re-implant and harvest sampling periods than from the arrival 

sampling period (P = 0.002).   Similarly, no interaction between sampling period and 

antimicrobial treatment was observed in estimated streptomycin-resistant E. coli 

populations (P = 0.38).  Antimicrobial treatment did not significantly impact 

streptomycin-resistant populations (P = 0.56).  Estimated streptomycin-resistant 

populations were lower at time of re-implant and harvest than at arrival (P = 0.0007).   
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Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.47) was detected on streptomycin MIC in hide samples taken at the feedlot and 

plant.  Streptomycin minimum inhibitory concentrations of E. coli isolates collected from 

hide samples were not significantly affected by treatment (P = 0.18) or sampling period 

(P = 0.59). 

Carcass Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.23) was detected on streptomycin MIC in carcass samples taken at the pre- and 

post-intervention.  Streptomycin MIC of E. coli isolates collected from carcass samples 

were not significantly affected by treatment (P = 0.24) or sampling period (P = 0.62).



Texas Tech University, Loree Ann Branham, August 2007 

 74

x y y

0

1

2

3

4

5

6

Arrival Re-implant Harvest

Sampling Period

LS
M

ea
ns

 lo
g 2

 M
IC

 (µ
g/

m
l)

Control
Monensin 
Tylosin
Monensin/Tylosin

 

Figure 4.11.  Least squares means (LSMeans) minimum inhibitory concentration of 
streptomycin for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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 Table 4.7.  Proportion of streptomycin-resistant E. coli isolates recovered from feces of 
cattle fed various subtheraputic antimicrobials and cattle fed a control diet lacking any 
subtheraputic antimicrobial. 

Treatment values do not differ (P = 0.19). 
xy Values of periods with similar superscripts do not differ (P > 0.05). 

Sampling 
Period Treatment 

Proportion of 
Resistant      

E. coli 

Lower limit 
95% 

Confidence 
Level 

Upper limit 
95% 

Confidence 
Level 

Control 0.16 0.12 0.19 
Monensin 0.14 0.11 0.17 
Tylosin 0.17 0.14 0.21 

Arrival x 

Monensin/Tylosin 0.16 0.13 0.20 
Control 0.08 0.06 0.11 
Monensin 0.10 0.08 0.14 
Tylosin 0.08 0.06 0.11 

Re-implant y 

Monensin/Tylosin 0.05 0.03 0.08 
Control 0.06 0.04 0.09 
Monensin 0.09 0.07 0.13 
Tylosin 0.09 0.07 0.13 

Harvest  y 

Monensin/Tylosin 0.09 0.06 0.12 
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Figure 4.12.  Least squares means (LSMeans) of estimated streptomycin-resistant E. coli 
concentrations in fecal samples collected feces of cattle fed various subtheraputic 
antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error bars represent 
the SE of the LSMean.   
xy Periods with different superscripts differ (P < 0.05). 
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Kanamycin 

Fecal Samples 

 A significant interaction between sampling period and antimicrobial treatment 

was observed in kanamycin MIC of E. coli isolates obtained from fecal samples              

(P < 0.0001).  When controlling for period, there were no differences in kanamycin MICs 

between antimicrobial treatment cohorts at time of arrival (P = 0.44) and re-implant       

(P = 0.36, Figure 4.13).  At time of harvest, a significant difference was observed in 

treatments (P < 0.0001), with the monensin/tylosin cohort exhibiting lower MIC than the 

other three cohorts.  When holding antimicrobial treatment constant, a difference due to 

sampling period was observed in the control, monensin only, and tylosin only cohorts (all 

P < 0.0001).  In all three cohorts, kanamycin MIC was greater at time of harvest than 

time of arrival.  There were no differences between sampling periods for the 

monensin/tylosin cohort (P = 0.91). 

Hide Samples 

 A significant interaction between sampling period and antimicrobial treatment 

was observed in kanamycin MIC of E. coli isolates obtained from hide samples               

(P = 0.002).  Of the isolates obtained from hides at the feedlot, the monensin/tylosin 

cohort had significantly lower MIC values than those of the control, monensin only and 

tylosin, only groups (Figure 4.14, all P < 0.01).   A difference in antimicrobial treatment 

effect on kanamycin MIC was also seen in the isolates obtained from hides at the 

processing plant (P < 0.0001).  Isolates obtained from the in plant hide samples of the 

control cohort had significantly higher kanamycin MIC than the three cohorts 
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administered antimicrobials.  When controlling for treatment, the control cohort was the 

only group exhibiting higher kanamycin MICs on hide samples taken in the plant 

compared to hide samples taken at the feedlot (P < 0.001).  The three groups 

administered subtheraputic antibiotic showed similar values from both feedlot and plant 

hide samples (all P ≥ 0.40).    

Carcass Samples 

 No significant interaction effect of sampling period and antimicrobial treatment 

was observed on kanamycin MIC of isolates obtained from carcass samples (P = 0.65).  

Antimicrobial treatment (P = 0.29) and pre- and post-intervention sampling periods        

(P = 0.27) had no significant effect on kanamycin MIC.
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Figure 4.13.  Least squares means (LSMeans) minimum inhibitory concentration of 
kanamycin for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) abc Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xyz Period values within a treatment type with the same superscript do not differ          
(P > 0.05). 
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Figure 4.14. Least squares means (LSMeans) minimum inhibitory concentration of 
kanamycin for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) abc Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xy Period values within a treatment type with the same superscript do not differ          
(P > 0.05). 
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Ampicillin 

Fecal Samples 

 A significant interaction was observed between sampling period and treatment on 

ampicillin MIC in E. coli isolates obtained from fecal samples (P = 0.01).   When 

controlling for period, no differences were detected based on treatment at any sampling 

period (Figure 4.15, P ≥ 0.07)    When controlling for antimicrobial treatment, differences 

in ampicillin MIC due to sampling period was detected in all four cohorts (all P < 0.01).  

Ampicillin MIC for control, tylosin only, and monensin/tylosin cohorts were greater at 

time of arrival and harvest than at time of re-implant.  The monensin cohort showed a 

decrease in ampicillin MIC at time of re-implant than arrival and then higher average 

MIC value at time of harvest compared to both arrival and re-implant (Figure 4.15).  This 

low ampicillin MIC at time of re-implant may be indicative of some environmental factor 

which took place at that time which had an effect on the ability of E. coli to resist 

ampicillin.    

 Of the 5,017 isolates collected from fecal samples 216 (4.31%) were resistant to 

ampicillin.  A significant interaction was observed between sampling period and 

antimicrobial treatment (P = 0.03) affecting the likelihood of recovering a ampicillin-

resistant isolate in fecal samples taken at time of arrival, re-implant and harvest.  

Comparing antimicrobial treatments while controlling for sampling period revealed no 

differences between cohorts within the arrival period (P = 0.27) and within the harvest 

period (P = 0.27) (Table 4.8).  Differences were detected at time of re-implant                

(P = 0.006), with the monensin cohort being comprised of a smaller proportion of 

ampicillin resistant isolates than the other three cohorts (Table 4.8).  When evaluating the 
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effect of sampling period within a cohort, proportions of ampicillin-resistant E. coli were 

similar for all periods in the control, tylosin only, and monensin/tylosin cohort (all 

P≥0.20)  The monensin cohort had lower ampicillin-resistant proportions at time of re-

implant compared to arrival and harvest (P < 0.0001).  These proportions were used to 

estimate ampicillin-resistant populations.  Analysis of these estimated populations reviled 

no antimicrobial treatment by sampling period interaction (P = 0.14).  Antimicrobial 

treatment had no significant effect on ampicillin-resistant E. coli populations in cattle 

feces (P = 0.59).  However a period effect was observed (P = 0.0001).  Estimated 

ampicillin-resistant E. coli populations in feces were higher at time of harvest than at 

arrival or re-implant.   

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.90) was detected on ampicillin MIC in hide samples taken at the feedlot and plant.  

Ampicillin minimum inhibitory concentrations of E. coli isolates collected from hide 

samples were not significantly affected by antimicrobial treatment (P = 0.10) or sampling 

period (P = 0.79). 

Carcass Samples 

 No significant interaction effect of sampling period and antimicrobial treatment 

was observed on ampicillin MIC of isolates obtained from carcass samples (P = 0.21).  

Antimicrobial treatment did not impose a significant effect on ampicillin MIC of isolates 

collected from carcasses pre- and post-intervention (P = 0.60).  Ampicillin MIC was 

affected by sampling period (Figure 4.17, P = 0.03).  Readers should consider this 

statistical difference with caution due to extremely unequal sample sizes between pre-
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harvest E. coli isolates (n = 143) and post-harvest isolates (n = 13) used to obtain the 

estimate.     
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Figure 4.15.  Least squares means (LSMeans) minimum inhibitory concentration of 
ampicillin for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) ab Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xyz Period values within a treatment type with the same superscript do not differ           
(P > 0.05). 



Texas Tech University, Loree Ann Branham, August 2007 

 85

 Table 4.8.  Proportion of ampicillin-resistant E.coli isolates recovered from feces of 
cattle fed various subtheraputic antimicrobials and cattle fed a control diet lacking any 
subtheraputic antimicrobial. 

ab Treatment values within a sampling period with the same superscript do not differ       
(P > 0.05). 
xy Period values within a treatment type with the same superscript do not differ                
(P > 0.05). 
 

Sampling 
Period Treatment 

Proportion of 
Resistant      

E. coli 

Lower limit 
95% 

Confidence 
Level 

Upper limit 
95% 

Confidence 
Level 

Control a x 0.03 0.01 0.05 
Monensin  a x 0.03 0.01 0.05 
Tylosin a x 0.03 0.02 0.06 

Arrival 

Monensin/Tylosin a x 0.05 0.03 0.07 
Control  a x 0.04 0.02 0.07 
Monensin b  y 0.02 0.01 0.03 
Tylosin a x 0.04 0.02 0.06 

Re-implant 

Monensin/Tylosin a x 0.06 0.04 0.09 
Control a x 0.04 0.03 0.07 
Monensin  a x 0.08 0.05 0.11 
Tylosin  a x 0.06 0.04 0.09 

Harvest 

Monensin/Tylosin a x 0.05 0.03 0.08 
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Figure 4.16.  Least squares means (LSMeans) of estimated ampicillin-resistant E. coli 
concentrations in fecal samples collected feces of cattle fed various subtheraputic 
antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error bars represent 
the SE of the LSMean.   
xy Periods with different superscripts differ (P < 0.05). 
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Figure 4.17.  Least squares means (LSMeans) minimum inhibitory concentration of 
ampicillin for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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Nalidixic Acid 

Fecal Samples 

 There was no significant affect on nalidixic acid MIC due to an interaction 

between sampling period and antimicrobial treatment (P = 0.47).  Antimicrobial 

treatments did not have a significant impact on nalidixic acid MIC of E. coli isolates 

obtained from fecal samples.  However, sampling period exerted a significant impact on 

nalidixic acid MIC (P < 0.0001).  Minimum inhibitory concentrations of isolates 

collected at re-implant and harvest were lower than those collected at arrival (Figure 

4.18).   

 Of the 5,017 isolates collected from fecal samples 104 (2.07%) were resistant to 

nalidixic acid.  No significant interaction was observed between sampling period and 

treatment (P = 0.69) affecting the likelihood of recovering a nalidixic acid-resistant 

isolate in fecal samples taken at time of arrival, re-implant and harvest (Table 4.9).  

Antimicrobial treatment did not significantly affect the proportion of nalidixic acid-

resistant E. coli isolates obtained from fecal samples (P = 0.13).  Period effect was 

significant (P < 0.0001).  The proportion of E. coli isolates from fecal samples which 

were resistant to nalidixic acid was higher at time of arrival than of re-implant and 

harvest.  This difference in proportion caused a similar difference in estimated nalidixic-

acid resistant E. coli populations.  No significant interaction effect between sampling 

period and antimicrobial treatment was evident in the estimated resistant populations (P 

= 0.78).  Administration of various subtheraputic antibiotic treatments had no significant 

effect on estimated resistant populations (P = 0.22).  Sampling period had a significant 

impact on estimated nalidixic acid-resistant E. coli populations (P < 0.0001).  Estimated 
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nalidixic acid-resistant E. coli populations were significantly higher at time of arrival 

than at time of re-implant and harvest.   

Hide Samples 

  There was a significant interaction effect of sampling period and antimicrobial 

treatment (P = 0.005) when evaluating nalidixic acid MIC in isolates obtained from hides 

at the feedlot and plant.  There were no significant differences between nalidixic acid 

MIC levels  of the different treatment groups within the hide samples taken at the feedlot 

(Figure 4.20, P = 0.37).  However, when looking at treatment effect within the hide 

samples taken at the plant MIC levels were higher for isolates from the tylosin only 

cohort than the control, monensin only, and monensin/tylosin cohorts (all P ≤ 0.02).   

When evaluating period effect within a particular treatment nalidixic acid MIC values 

were higher for isolates from in-plant hides than hide samples collected at the feedlot for 

all four cohorts (P ≤ 0.005).   This increase in nalidixic acid MIC may be due to 

distribution of more resistant E. coli colonies during transport or possibly due to an 

increase in resistance of colonies located on the hide to due environmental stress factors.   

Carcass Samples 

 There was no significant impact on nalidixic acid MIC of E. coli isolates from 

carcass samples due to an interaction between sampling period and antimicrobial 

treatments (P = 0.27)  There was no significant effect on nalidixic acid MIC levels 

observed due to either antimicrobial treatment (P = 0.17) or sampling period of carcass 

samples (P = 0.54). 
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Figure 4.18  Least squares means (LSMeans) minimum inhibitory concentration of 
nalidixic acid for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xyz Values of periods with different superscripts differ (P < 0.05). 
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Table 4.9.  Proportion of nalidixic acid-resistant E. coli isolates recovered from feces of 
cattle fed various subtheraputic antimicrobials and cattle fed a control diet lacking any 
subtheraputic antimicrobial. 

Treatment values do not differ (P = 0.13). 
xy Values of periods with similar superscripts do not differ (P > 0.05). 

Sampling 
Period Treatment 

Proportion of 
Resistant      

E. coli 

Lower limit 
95% 

Confidence 
Level 

Upper limit 
95% 

Confidence 
Level 

Control 0.04 0.02 0.07 
Monensin 0.02 0.01 0.04 
Tylosin 0.05 0.03 0.09 

Arrival x 

Monensin/Tylosin 0.04 0.02 0.08 
Control 0.01 0.00 0.03 
Monensin 0.01 0.00 0.02 
Tylosin 0.00 0.00 0.02 

Re-implant y 

Monensin/Tylosin 0.01 0.01 0.03 
Control 0.02 0.01 0.04 
Monensin 0.01 0.00 0.03 
Tylosin 0.01 0.00 0.03 

Harvest y 

Monensin/Tylosin 0.02 0.01 0.04 
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Figure 4.19.  Least squares means (LSMeans) of estimated nalidixic acid-resistant E. coli 
concentrations in fecal samples collected feces of cattle fed various subtheraputic 
antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error bars represent 
the SE of the LSMean.   
xy Periods with different superscripts differ (P < 0.05). 
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Figure 4.20. Least squares means (LSMeans) minimum inhibitory concentration of 
nalidixic acid for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) ab Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xy Period values within a treatment type with the same superscript do not differ           
(P > 0.05). 
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 Ceftiofur 

Fecal Samples 

 A significant interaction between sampling period and antimicrobial treatment 

was detected for ceftiofur MIC (P = 0.01).  When controlling for period, treatment had a 

significant effect on ceftiofur MIC at time of arrival (P = 0.01).  However, these 

differences are due to pre-existing conditions, as samples were taken before the animals 

were actually administered their various antimicrobial treatments.  There were no 

differences between treatments for samples taken at time of re-implant (P = 0.49) and 

harvest (P = 0.19).  When affect of period was analyzed within individual treatments, all 

treatment cohorts exhibited significantly higher ceftiofur MIC values at time of harvest 

than at time of arrival (all P < 0.0001).     

 Of the 5,017 E. coli isolates collected from fecal samples, 69 (1.38%) were 

resistant to ceftiofur.  No significant interaction was observed between sampling period 

and treatment (P = 0.21) affecting the likelihood of recovering a ceftiofur-resistant 

isolate in fecal samples taken at time of arrival, re-implant, and harvest.  Antimicrobial 

treatment did not significantly affect the proportion of ceftiofur-resistant E. coli isolates 

obtained from fecal samples (P = 0.96).  Period effect was significant (P < 0.0001) 

(Table 4.10).  The proportion of E. coli isolates from fecal samples which were resistant 

to ceftiofur was higher at time of arrival than of re-implant and harvest.  A corresponding 

difference in estimated ceftiofur-resistant E. coli populations was observed.  No 

significant interactions was detected between sampling period and antimicrobial 

treatment (P = 0.32).  Antimicrobial treatment exerted no significant impact on these 

estimated resistant populations (P = 0.66).   Sampling period had a significant impact on 
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estimated ceftiofur-resistant E. coli populations (Figure 4.22, P < 0.0001).  Estimated 

populations were significantly higher at time of arrival than at time of re-implant and 

harvest.   

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.18) was detected on ceftiofur MIC in hide samples taken at the feedlot and plant.   

Antimicrobial treatment did not exert a significant impact on ceftiofur MIC of isolates 

recovered form cattle hides at the feedlot and plant (P = 0.95).   However, ceftiofur MIC 

of isolates recovered from hides in the plant were significantly higher than isolates 

recovered from hides at the feedlot (Figure 4.23, P < 0.0001).  

Carcass Samples 

 There was no significant impact on ceftiofur MIC of E. coli isolates from carcass 

samples due to an interaction between sampling period and antimicrobial treatments      

(P = 0.27)  There was no significant effect on ceftiofur MIC levels observed due to either 

antimicrobial treatment (P = 0.17) or sampling period of carcass samples (P = 0.54). 
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Figure 4.21. Least squares means (LSMeans) minimum inhibitory concentration of 
ceftiofur for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) abc Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xyz Period values within a treatment type with the same superscript do not differ         
(P > 0.05). 
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Table 4.10.  Proportion of ceftiofur-resistant E. coli isolates recovered from feces of 
cattle fed various subtheraputic antimicrobials and cattle fed a control diet lacking any 
subtheraputic antimicrobial. 

Treatment values do not differ (P = 0.96). 
xy Values of periods with similar superscripts do not differ (P > 0.05). 
 

Sampling 
Period Treatment 

Proportion of 
Resistant      

E. coli 

Lower limit 
95% 

Confidence 
Level 

Upper limit 
95% 

Confidence 
Level 

Control 0.024 0.008 0.069 
Monensin 0.012 0.003 0.039 
Tylosin 0.027 0.009 0.076 

Arrival x 

Monensin/Tylosin 0.019 0.006 0.057 
Control 0.013 0.004 0.042 
Monensin 0.008 0.002 0.029 
Tylosin 0.003 0.001 0.017 

Re-implant y 

Monensin/Tylosin 0.003 0.001 0.017 
Control 0.002 0.000 0.018 
Monensin 0.004 0.001 0.020 
Tylosin 0.004 0.001 0.020 

Harvest y 

Monensin/Tylosin 0.008 0.002 0.032 
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Figure 4.22.  Least squares means (LSMeans) of estimated ceftiofur-resistant E. coli 
concentrations in fecal samples collected feces of cattle fed various subtheraputic 
antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error bars represent 
the SE of the LSMean.   
xy Periods with different superscripts differ (P < 0.05). 
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Figure 4.23.  Least squares means (LSMeans) minimum inhibitory concentration of 
ceftiofur for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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 Cefoxitin 

Fecal Samples 

 A significant interaction between sampling period and antimicrobial treatment 

was detected for cefoxitin MIC (Figure 4.24, P = 0.01).  When evaluating treatment 

differences within an individual period, no differences in cefoxitin MIC levels of isolates 

from fecal samples were observed at arrival (P = 0.07), re-implant (P = 0.24), or harvest 

(P = 0.24).   When evaluating the effect of sampling period within a treatment, a 

significant period effect was observed within every treatment cohort (all P < 0.0001).  In 

all treatment groups, cefoxitin MIC of fecal isolates was significantly higher in fecal 

samples collected at harvest than at time of arrival.   

 Of the 5,017 E. coli isolates from fecal samples, 58 (1.16%) were resistant to 

cefoxitin.   No significant interaction was observed between sampling period and 

antimicrobial treatment (P = 0.64) affecting the likelihood of recovering a cefoxitin-

resistant isolate in fecal samples taken at time of arrival, re-implant and harvest (Table 

4.11).  Antimicrobial treatment did not significantly affect the proportion of cefoxitin-

resistant E. coli isolates obtained from fecal samples (P = 0.87).  Period effect was 

significant (P < 0.0001).  The proportion of E. coli isolates from fecal samples which 

were resistant to cefoxitin was higher at time of arrival than of re-implant and harvest.  A 

corresponding difference in estimated cefoxitin-resistant E. coli populations was 

observed.  An interaction between sampling period and antimicrobial treatment was not 

detected in analysis of differences in estimated cefoxitin-resistant E. coli populations     

(P = 0.64). Antimicrobial treatment exerted no significant impact on these estimated 

resistant populations (P = 0.48).   Sampling period had a significant impact on estimated 
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populations (Figure 4.25, P < 0.0001).  Estimated cefoxitin-resistant E. coli populations 

were significantly higher at time of arrival than at time of re-implant and harvest.   

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.25) was detected on cefoxitin MIC in hide samples taken at the feedlot and plant.   

Antimicrobial treatment did not exert a significant impact on cefoxitin MIC of isolates 

recovered from cattle hides at the feedlot and plant (P = 0.12).  However, a period effect 

was observed; cefoxitin MIC values of isolates recovered from hides in the plant were 

significantly higher than isolates recovered from hides at the feedlot (Figure 4.26, P < 

0.0001).  

Carcass Samples 

 There was no significant impact on cefoxitin MIC of E. coli isolates from carcass 

samples due to an interaction between sampling period and antimicrobial treatments      

(P = 0.54)  There was no significant effect on cefoxitin MIC levels observed due to either 

antimicrobial treatment (P = 0.62) or sampling period of carcass samples (P = 0.19). 
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Figure 4.24.  Least squares means (LSMeans) minimum inhibitory concentration of 
cefoxitin for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
A) a Treatment values within a sampling period with the same superscript do not differ  
(P > 0.05). 
B) xyz Period values within a treatment type with the same superscript do not differ         
(P > 0.05). 
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Table 4.11.  Proportion of cefoxitin-resistant E.coli isolates recovered from feces of cattle 
fed various subtheraputic antimicrobials and cattle fed a control diet lacking any 
subtheraputic antimicrobial. 

Treatment values do not differ (P = 0.87). 
xy Values of periods with similar superscripts do not differ (P > 0.05). 

Sampling 
Period Treatment 

Proportion of 
Resistant      

E. coli 

Lower limit 
95% 

Confidence 
Level 

Upper limit 
95% 

Confidence 
Level 

Control 0.019 0.006 0.055 
Monensin 0.014 0.004 0.044 
Tylosin 0.023 0.008 0.066 

Arrival x 

Monensin/Tylosin 0.023 0.008 0.066 
Control 0.005 0.001 0.021 
Monensin 0.005 0.001 0.021 
Tylosin 0.003 0.001 0.016 

Re-implant y 

Monensin/Tylosin 0.002 0.000 0.014 
Control 0.004 0.001 0.021 
Monensin 0.002 0.000 0.017 
Tylosin 0.002 0.000 0.017 

Harvest  y 

Monensin/Tylosin 0.008 0.002 0.031 
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Figure 4.25.  Least squares means (LSMeans) of estimated cefoxitin-resistant E. coli 
concentrations in fecal samples collected feces of cattle fed various subtheraputic 
antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error bars represent 
the SE of the LSMean.   
xy Periods with different superscripts differ (P < 0.05). 
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Figure 4.26.  Least squares means (LSMeans) minimum inhibitory concentration of 
cefoxitin for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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Trimethoprim and Sulfamethoxazole 

Fecal Samples 

 There was no significant affect on the MIC of the antimicrobial drug combination 

of trimethoprim and sulfamethoxazole due to an interaction between sampling period and 

antimicrobial treatment (P = 0.55).  Antimicrobial treatments did not have a significant 

impact on trimethoprim/sulfamethoxazole MIC of E. coli isolates obtained from fecal 

samples (P = .98).  However, significant differences in the MIC due to sampling period 

was observed (P < 0.0001).  Minimum inhibitory concentrations of isolates collected at 

harvest were higher than those collected at arrival and re-implant (Figure 4.27).   

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.76) was detected on trimethoprim/sulfamethoxazole MIC in isolates collected 

from hide samples at the feedlot and plant.  Trimethoprim/sulfamethoxazole minimum 

inhibitory concentrations of E. coli isolates collected from hide samples were not 

significantly affected by antimicrobial treatment (P = 0.28) or sampling period               

(P = 0.79). 

Carcass Samples 

 There was no significant impact on trimethoprim/sulfamethoxazole MIC of E. 

coli isolates from carcass samples due to an interaction between sampling period and 

antimicrobial treatments (P = 0.21)  There was no significant effect on 

trimethoprim/sulfamethoxazole MIC levels observed due to either antimicrobial 

treatment (P = 0.18) or sampling period of carcass samples (P = 0.18). 
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Figure 4.27.  Least squares means (LSMeans) minimum inhibitory concentration of 
trimethoprim and sulfamethoxazole for E. coli isolates recovered from fecal samples of 
cattle fed various subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs 
(Control). Error bars represent the SE of the LSMean.   
xy Values of periods with the same superscripts are similar (P < 0.05). 
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Chloramphenicol 

Fecal Samples 

 There was no significant interaction between sampling period and antimicrobial 

treatment on chloramphenicol MIC (P = 0.11).  Antimicrobial treatments did not have a 

significant impact on chloramphenicol MIC of E. coli isolates obtained from fecal 

samples (P = .99).  However, significant differences in the MIC due to sampling period 

was observed (P < 0.0001).  Minimum inhibitory concentrations of isolates collected at 

re-implant were lower than those collected at arrival (Figure 4.28).  However, the 

minimum inhibitory concentration of the isolates collected from feces at time of harvest 

was higher than those of both the arrival sampling and samples taken at re-implant.   

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.94) was detected on chloramphenicol MIC in hide samples taken at the feedlot and 

plant.  Antimicrobial treatment did not exert a significant impact on chloramphenicol 

MIC of isolates recovered from cattle hides at the feedlot and plant (P = 0.86).  However, 

a period effect was observed; chloramphenicol MIC values of isolates recovered from 

hides in the plant were significantly higher than isolates recovered from hides at the 

feedlot (Figure 4.29, P < 0.0001).  

Carcass Samples 

 No significant interaction effect of sampling period and antimicrobial treatment 

was observed on chloramphenicol MIC of isolates obtained from carcass samples          

(P = 0.39).  Antimicrobial treatment did not impose a significant effect on 

chloramphenicol MIC of isolates collected from carcasses pre- and post-intervention     
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(P = 0.86).  Chloramphenicol MIC was affected by sampling period (Figure 4.30, P = 

0.03).   Readers should consider this statistical difference with caution due to extremely 

unequal sample sizes between pre-harvest E. coli isolates (n=143) and post- harvest 

isolates (n=13) used to obtain the estimate.     
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Figure 4.28.  Least squares means (LSMeans) minimum inhibitory concentration of 
chloramphenicol for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xyz Values of periods with different superscripts differ (P < 0.05). 
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Figure 4.29.  Least squares means (LSMeans) minimum inhibitory concentration of 
chloramphenicol for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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Figure 4.30. Least squares means (LSMeans) minimum inhibitory concentration of 
chloramphenicol for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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Ceftriaxone 

Fecal Samples 

 There was no significant interaction affect between sampling period and 

antimicrobial treatment on ceftriaxone MIC (P = 0.12).  Antimicrobial treatments did not 

have a significant impact on ceftriaxone MIC of E. coli isolates obtained from fecal 

samples (P = .60).  Significant differences in the MIC due to sampling period was 

observed (P = 0.01).  Minimum inhibitory concentrations of isolates collected at re-

implant and harvest were lower than those collected at arrival (Figure 4.31). 

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.11) was detected on ceftriaxone MIC in hide samples taken at the feedlot and 

plant.  Antimicrobial treatment did not exert a significant impact on ceftriaxone MIC of 

isolates recovered form cattle hides at the feedlot and plant (P = 0.60).  However, a 

period effect was observed; ceftriaxone MIC values of isolates recovered from hides in 

the plant were significantly higher than isolates recovered from hides at the feedlot 

(Figure 4.32, P < 0.0001).  

Carcass Samples 

 There was no significant impact on ceftriaxone MIC of E. coli isolates from 

carcass samples due to an interaction between sampling period and antimicrobial 

treatments (P = 0.35)  There was no significant effect on ceftriaxone MIC levels 

observed due to either antimicrobial treatment (P = 0.39) or sampling period of carcass 

samples (P = 0.33). 
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Figure 4.31.  Least squares means (LSMeans) minimum inhibitory concentration of 
ceftriaxone for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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Figure 4.32.  Least squares means (LSMeans) minimum inhibitory concentration of 
ceftriaxone for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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 Amikacin 

Fecal Samples 

 There was no significant affect on amikacin MIC levels due to an interaction 

between sampling period and antimicrobial treatment (P = 0.53).  Antimicrobial 

treatments did not have a significant impact on amikacin MIC of E. coli isolates obtained 

from fecal samples (P = 0.51). Unlike other antimicrobials tested, sampling period had 

no significant effect on amikacin MIC levels (P = 0.17) of E. coli isolated from cattle 

feces at time of arrival, re-implant, and harvest. 

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.27) was detected on amikacin MIC in hide samples taken at the feedlot and plant.  

Antimicrobial treatment did not exert a significant impact on amikacin MIC of isolates 

recovered from cattle hides at the feedlot and plant (P = 0.22).  However, a period effect 

was observed; amikacin MIC values of isolates recovered from hides in the plant were 

significantly higher than isolates recovered from hides at the feedlot (Figure 4.33, P < 

0.0001). 

Carcass Samples 

 There was no significant impact on amikacin MIC of E. coli isolates from carcass 

samples due to an interaction between sampling period and antimicrobial treatments (P = 

0.45)  There was no significant effect on amikacin MIC levels observed due to either 

antimicrobial treatment (P = 0.54) or sampling period of carcass samples (P = 0.20). 
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Figure 4.33.  Least squares means (LSMeans) minimum inhibitory concentration of 
amikacin for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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 Gentamicin 

Fecal Samples 

 There was no significant interaction affect between sampling period and 

antimicrobial treatment on gentamicin MIC (P = 0.07).  Antimicrobial treatments did not 

have a significant impact on gentamicin MIC of E. coli isolates obtained from fecal 

samples (P = .81).  However, significant differences in the MIC due to sampling period 

was observed (P < 0.0001).  Minimum inhibitory concentrations of isolates collected at 

re-implant and harvest were higher than those collected at arrival (Figure 4.34). 

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.82) was detected on gentamicin MIC in hide samples taken at the feedlot and 

plant.   

Antimicrobial treatment did not exert a significant impact on gentamicin MIC of isolates 

recovered form cattle hides (P = 0.82).   Gentamicin MIC of isolates recovered from 

hides in the plant were significantly higher than isolates recovered from hides at the 

feedlot (Figure 4.35, P < 0.0001).  

Carcass Samples 

 There was no significant impact on gentamicin MIC of E. coli isolates from 

carcass samples due to an interaction between sampling period and antimicrobial 

treatments (P = 0.44)  There was no significant effect on gentamicin MIC levels 

observed due to either antimicrobial treatment (P = 0.44) or sampling period of carcass 

samples (P = 0.36). 
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Figure 4.34.  Least squares means (LSMeans) minimum inhibitory concentration of 
gentamicin for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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Figure 4.35. Least squares means (LSMeans) minimum inhibitory concentration of 
gentamicin for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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 Ciprofloxacin 

Fecal Samples 

 There was no significant affect on ciprofloxacin MIC due to an interaction 

between sampling period and antimicrobial treatment (P = 0.34).  Antimicrobial 

treatments did not have a significant impact on ciprofloxacin MIC of E. coli isolates 

obtained from fecal samples (P = 0.39).  However, sampling period exerted a significant 

impact on ciprofloxacin MIC (P < 0.0001).  Minimum inhibitory concentrations of 

isolates collected at re-implant and harvest were lower than those collected at arrival 

(Figure 4.36).   

Hide Samples 

 No significant interaction between sampling period and antimicrobial treatment 

(P = 0.53) was detected on ciprofloxacin MIC in hide samples taken at the feedlot and 

plant.  Antimicrobial treatment did not exert a significant impact on MIC of isolates 

recovered form cattle hides at the feedlot and plant (P = 0.17).  However, a period effect 

was observed; ciprofloxacin MIC values of isolates recovered from hides in the plant 

were significantly higher than isolates recovered from hides at the feedlot (Figure 4.37, P 

< 0.0001). 

Carcass Samples 

 There was no significant impact on ciprofloxacin MIC of E. coli isolates from 

carcass samples due to an interaction between sampling period and antimicrobial 

treatments (P = 0.28)  There was no significant effect on ciprofloxacin MIC levels 

observed due to either antimicrobial treatment (P = 0.12) or sampling period of carcass 

samples (P = 0.51). 
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Figure 4.36.  Least squares means (LSMeans) minimum inhibitory concentration of 
ciprofloxacin for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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Figure 4.37.  Least squares means (LSMeans) minimum inhibitory concentration of 
ciprofloxacin for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
xy Values of periods with different superscripts differ (P < 0.05). 
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 Amoxicillin and Clavulanic Acid 

Fecal Samples 

 A significant interaction between sampling period and antimicrobial treatment 

was observed when analyzing minimum inhibitory concentrations of the drug 

combination amoxicillin and clavulanic acid (P = 0.0001).   When holding period effect 

constant, no differences in amoxicillin/clavulanic acid MIC values were found between 

treatment within the arrival sampling period (P = 0.07) and harvest sampling period 

(Figure 4.38, P = 0.65).  However, at time of re-implant minimum inhibitory 

concentration for the drug combination was lower in that of the tylosin only cohort than 

the control, monensin, and monensin/tylosin groups (P = 0.007).  When evaluating MIC 

levels within a treatment group for differences due to sampling period, differences were 

detected in all treatment groups (all P ≤ 0.001).  Within control, tylosin only, and 

monensin/tylosin treatment groups, MIC values were significantly lower at time of 

harvest than at time of arrival.  The monensin only treatment group had significantly 

lower minimum inhibitory concentration levels at time of re-implant compared to arrival 

and harvest.   

Hide Samples 

 No significant interaction between sampling period and treatment (P = 0.28) was 

detected on amoxicillin/clavulanic acid MIC levels in hide samples.  Treatment had a 

significant effect on this drug combination minimum inhibitory concentration (P = 

0.006), with isolates from the monensin only cohort exhibiting the higher MIC than that 

of the control and tylosin only cohorts (Figure 4.39).  Isolates collected from the hide at 
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the plant had significantly higher MIC values than those isolated from cattle hides at the 

feedlot (P < 0.0001). 

 

 Carcass Samples 

 No significant interaction between sampling period and treatment (P = 0.31) was 

detected on amoxicillin/clavulanic acid MIC in carcass samples.   In addition, minimum 

inhibitory concentrations of amoxicillin/clavulanic acid were not significantly affected by 

antimicrobial treatment (P = 0.74) or sampling period (P = 0.07). 
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Figure 4.38.  Least squares means (LSMeans) minimum inhibitory concentration of 
amoxicillin and clavulanic acid for E. coli isolates recovered from fecal samples of cattle 
fed various subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs 
(Control). Error bars represent the SE of the LSMean.   
A) ab Treatment values within a sampling period with the same superscript do not differ 
(P > 0.05). 
B) xyz Period values within a treatment type with the same superscript do not differ        
(P > 0.05). 
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Figure 4.39.  Least squares means (LSMeans) minimum inhibitory concentration of 
amoxicillin and clavulanic acid for E. coli isolates recovered from hide samples of cattle 
fed various subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs 
(Control). Error bars represent the SE of the LSMean.   
abc Values of treatments the same superscripts are similar (P > 0.05). 
xy Values of periods with different superscripts differ (P < 0.05). 
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CONCLUSIONS AND IMPLICATIONS 

CHAPTER V 

 When evaluating antibiotic resistance in E. coli, one must consider two different 

but related concepts: that of changes in minimum inhibitory concentration and changes in 

population numbers of resistant organisms.  One may see an increase in the MIC of an 

antibiotic in a population of E. coli, without seeing a corresponding increase in 

proportion of bacteria classified as resistant to that antibiotic.  This is because the 

minimum inhibitory concentration must increase to a breakpoint before it is classified as 

“resistant.”  As shown in Table 4.4, for most of the antimicrobials tested with the 

exception of sulfisoxazole and to some extent tetracycline, the majority of isolates from 

this study have not yet reached that breakpoint resistance concentration.  Changes in MIC 

levels should be evaluated to assess the potential of bacteria to develop into a “resistant” 

strain without it having to reach that predetermined resistant-breakpoint.   Micro-broth 

dilution techniques allow this to be accomplished. 

Fecal Samples 

 Through evaluating changes in MIC of E.coli isolates obtained from fecal samples 

of feedlot cattle at time of arrival, re-implant, and harvest, one can address the role 

administration of subtheraputic antibiotics and time period play in the spread of antibiotic 

resistance in E. coli populations.   Granted we cannot make major assumptions on 

changes in resistance during the significant time periods (approx. 70 days each) between 

arrival and re-implant and re-implant and harvest; we can, however, evaluate differences 

evident from when the cattle went onto their allotted diet and when they are being 

shipped to the abattoir for processing.  Some feel that antimicrobial resistance 
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characteristics in the bacterial populations of cattle directly prior to processing are the 

most important to evaluate as these are the actual bacteria which have the potential to 

contaminate the food products produced from these animals. 

 This study revealed a variety of results regarding the effect subtheraputic 

antimicrobial treatment and sample period had on MIC and resistance levels of various 

antimicrobials.  There were no instances in which antimicrobial treatment had a 

significant effect on MIC levels of fecal isolates without that impact being dependent on 

sampling period.  In these period dependent cases, when sampling period was held 

constant to evaluate the affect of treatment, results varied greatly depending on the 

antimicrobial in question.   Overall antimicrobial treatment had little impact on 

differences in MIC.    Antimicrobial treatment had no effect on differences in estimated 

resistant populations when evaluating the resistant-associated populations of 

sulfisoxazole, tetracycline, streptomycin, ampicillin, nalidixic acid, ceftiofur, and 

cefoxitin.   

 The greatest impact on MIC levels was due to sampling period.  When controlling 

for period, significantly higher MIC values were detected at time of harvest for 

sulfisoxazole, kanamycin, ceftiofur, cefoxitin, gentamicin, and 

trimethoprim/sulfamethoxazole compared to arrival values.  Higher estimated 

sulfisoxazole, tetracycline, and ampicillin-resistant populations were observed at harvest 

compared to arrival.  In contrast, harvest MIC values lower than or equal to arrival values 

were detected when evaluating streptomycin, nalidixic acid, ceftriaxone, ciprofloxacin, 

and amoxicillin/clavulanic acid.  Estimated nalidixic acid, streptomycin, ceftiofur and 

cefoxitin-resistant populations were lower at time of re-implant and harvest that at 
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arrival.  Interestingly, an increase in MIC levels in ceftiofur and cefoxitin were seen at 

harvest, while they exhibited a decrease in proportion of resistant organisms for this same 

sample period.  A possible explanation for these observed differences in resistance 

parameters could include changes in predominate strains of E.coli of the gut flora over 

time.   In an article investigating the role of age of dairy cattle had on antibiotic resistance 

in E. coli, the authors found isolates naturally exhibiting resistance to streptomycin, 

sulfadiazine, and tetracycline out-competed other E. coli strains even in the absence of 

the selective pressure of oxytetracycline (72).  In this way, a strain which starts out as a 

lesser component of the flora can out-compete other bacteria and therefore given time, 

changes the resistance profile of the population.  Other environmental factors could play 

a role in MIC and resistance distribution.  Stress factors could not only give certain 

strains a competitive edge allowing them to colonize the gut more readily, but could also 

play a role in activating antibiotic resistance mechanisms.   

Hide Samples 

 When evaluating MIC levels in E. coli from hide samples, antimicrobial treatment 

was only observed to have a period independent effect on amoxicillin/clavulanic acid 

MIC levels.  Like fecal samples, the predominant impact on MIC levels was from 

sampling period.  Minimum inhibitory concentration levels of E. coli isolated from hides 

in the processing plant were significantly higher than hides swabs collected pre-shipping 

at the feedlot for sulfisoxazole, nalidixic acid, ceftiofur, cefoxitin, chloramphenicol, 

ceftriaxone, amikacin, and ciprofloxacin.  This increase could possibly be due to 

reallocation of bacteria with higher MIC levels during transport or during the pre-harvest 

hide wash the animals underwent.  In most of these cases, while statistically significant, 
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the difference in MIC levels was less than ½ a log base-2.  Differences in sample size 

could also play a role in detection of this difference.   

Carcass Samples 

  The majority of MIC levels of the antibiotics tested were not significantly 

affected by either antimicrobial treatment or sampling period.  While the average total 

population of E. coli on post-intervention carcasses was low, the multi-drug resistance 

nature of all 13 isolates recovered from these animals is a concern.  If these isolates were 

consumed by an immuno-compromised individual they would have the potential to cause 

a foodborne illness resistant to clinical treatment.  Proper food handling and adequate 

cooking of products made from those carcasses can help reduce the risk of contracting an 

antibiotic-resistant E. coli infection.   

 Overall, administration of subtheraputic antimicrobials did not cause a significant 

increase in resistance to the various antimicrobials analyzed in this study.  When 

differences in MIC and resistance levels were seen the major impact was most often 

exerted by sampling period.  The impact of sampling period resulted in an increase in 

resistance parameters of some antimicrobial drugs and a decrease in others.  Further 

investigation into other environmental factors including shipment and in-plant animal 

processing practices should be investigated to fully understand the dissemination of 

antibiotic resistance in E. coli in feedlot cattle.
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Figure A.1.  Least squares means (LSMeans) minimum inhibitory concentration of 
sulfisoxazole for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.2.  Least squares means (LSMeans) minimum inhibitory concentration of 
tetracycline for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.3.  Least squares means (LSMeans) minimum inhibitory concentration of 
tetracycline for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.4. Least squares means (LSMeans) minimum inhibitory concentration of 
streptomycin for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean. 
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Figure A.5.  Least squares means (LSMeans) minimum inhibitory concentration of 
streptomycin for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   



Texas Tech University, Loree Ann Branham, August 2007 

 148

0

1

2

3

4

5

6

Pre-Intervention Post-Intervention 

Sampling Period

LS
M

ea
ns

 lo
g 2

 M
IC

 (µ
g/

m
l)

Control
Monensin 
Tylosin
Monensin/Tylosin

 

Figure A.6.  Least squares means (LSMeans) minimum inhibitory concentration of 
kanamycin for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.7.  Least squares means (LSMeans) minimum inhibitory concentration of 
ampicillin for E. coli isolates recovered from hide samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.8.  Least squares means (LSMeans) minimum inhibitory concentration of 
nalidixic acid for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.9.  Least squares means (LSMeans) minimum inhibitory concentration of 
ceftiofur for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   



Texas Tech University, Loree Ann Branham, August 2007 

 152

0

1

2

3

4

5

6

7

8

Pre-Intervention Post-Intervention 

Sampling Period

LS
M

ea
ns

 lo
g 2

 M
IC

 (µ
g/

m
l)

Control
Monensin 
Tylosin
Monensin/Tylosin

 

Figure A.10.  Least squares means (LSMeans) minimum inhibitory concentration of 
cefoxitin for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.11. Least squares means (LSMeans) minimum inhibitory concentration of 
trimethoprim and sulfamethoxazole for E. coli isolates recovered from hide samples of 
cattle fed various subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs 
(Control). Error bars represent the SE of the LSMean.   
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Figure A.12. Least squares means (LSMeans) minimum inhibitory concentration of 
trimethoprim and sulfamethoxazole for E. coli isolates recovered from carcass samples of 
cattle fed various subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs 
(Control). Error bars represent the SE of the LSMean. 
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Figure A.13.  Least squares means (LSMeans) minimum inhibitory concentration of 
ceftriaxone for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.14.  Least squares means (LSMeans) minimum inhibitory concentration of 
amikacin for E. coli isolates recovered from fecal samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.
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Figure A.15.  Least squares means (LSMeans) minimum inhibitory concentration of 
amikacin for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.16.  Least squares means (LSMeans) minimum inhibitory concentration of 
gentamicin for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.17.  Least squares means (LSMeans) minimum inhibitory concentration of 
ciprofloxacin for E. coli isolates recovered from carcass samples of cattle fed various 
subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs (Control). Error 
bars represent the SE of the LSMean.   
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Figure A.18.  Least squares means (LSMeans) minimum inhibitory concentration of 
amoxicillin and clavulanic acid for E. coli isolates recovered from carcass samples of 
cattle fed various subtheraputic antimicrobial drugs and cattle not fed antimicrobial drugs 
(Control). Error bars represent the SE of the LSMean.   
 


