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ABSTRACT 

To determine the pattems of cross-contamination and antibiotic susceptibility, a 

total of 60 cattle were shipped to a commercial abattoir, 20 in each of three separate trial 

periods. The same animals were followed through the process and bacterial isolates were 

collected from these animals immediately before shipping, at the abattoir after 

exsanguination, after hide removal and in the cooler. Samples were cultured for 

Salmonella, non-type specific E. coli, and Enterococcus. Salmonella was identified in 

33.9% («=20) of fecal samples and on 37.3% (n=22) of hides prior to shipment. At the 

abattoir, the proportion of hides from which Salmonella was isolated increased (P < 

0.001) to 84.2% (n=48). Generic E. coli was recovered from 40.4 % of preevisceration 

carcass samples, while Salmonella was recovered from 8.3% and Enterococcus from 

58.3% of these carcasses. No Salmonella or generic E. coli were recovered from hotbox 

carcass samples. Enterococcus however, was recovered from 8.3% of the hotbox carcass 

samples. Isolates were also tested for antimicrobial drug susceptibility. For generic E. 

coli 80.3% (n=270) of isolates were resistant to at least one antimicrobial. For 

Salmonella, 97% (n=101) of the isolates were resistant to at least one antimicrobial 

however only 4.0% were resistant to two or more. The most common resistance for gram-

negative bacteria was to sulfamethoxazole. Antibiotic susceptibility patterns were fairly 

consistent across sampling points. Enterococcus isolates showed a higher degree of 

resistance to the antimicrobials tested. Of 279 confirmed Enterococcus all were resistant 

to at least one antimicrobial. Interestingly, 179 (64.15%) of these isolates were resistant 

to at least six agents tested. The most common resistance was to chloramphenicol 
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(100%) followed by flavomycin (90.32%), hncomycin (87.81%), tylosin (78.49%), 

erythromycin (76.34%), tetracycline (58.87%), synercid or quinupristin/dalfopristin 

(47.67%), bacitracin (17.92), streptomycin (8.96%), ciprofloxacin (1.43%), linezolid 

(0.72%) and salinomycin (0.36%). Enterococcus spp. were also analyzed for pulsed-field 

gel electrophoresis profiles from all sampling points. Similar or identical PFGE pattems 

were found from isolates recovered at the feedlot and in the commercial abattoir. This 

presents strong evidence that bacterial isolates are being propagated from the feedlot to 

the processing environment and onto the final processed carcasses. 
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CHAPTER I 

LITERATURE REVIEW 

Introduction 

Antimicrobial dmg resistance in bacterial isolates that have the potential to enter 

our food supply is a growing public health concem. There appears to be increases in the 

emergence of bacterial isolates that are resistant to multiple common antimicrobial drugs 

used for treatment of life-threatening illnesses.^" However, the exact causes of the 

emergence have yet to be pinpointed. One potential source of antimicrobial dmg 

resistance is from non-pathogenic strains of antimicrobial drug-resistant bacteria that 

contaminate beef products and are subsequently consumed. These non-pathogens can 

then possibly confer resistance to other bacteria, including pathogens, in the human 

gastrointestinal (GI) tract. The exchange of genetic information between bacteria could 

result in the development of antimicrobial drug resistance in normal GI microflora 

without direct antimicrobial dmg challenge. This may lead to many other complications, 

including transferring resistance to pathogenic microorganisms, which may make it 

difficult to treat illnesses associated with that pathogen. Also, when a patient is freated 

with antibiotics we may be selecting for potentially pathogenic strains that would 

otherwise be kept in check but under these conditions, can proliferate and cause illness 

and sometimes death. 

The reason for the emergence of antimicrobial dmg resistant strains of bacteria 

remains somewhat of a mystery, but selective pressure is partially to blame. It has been 



suggested but not scientifically proven, that the use of subtherapeutic doses of 

antimicrobials in animal feedstuffs has led to an increase of resistant strains of common 

and pathogenic bacteria. It has been estimated that approximately 50% of antimicrobial 

dmg use is in animal agriculture.'^^ A common theory is that subtherapeutic doses given 

over a long duration have made it possible for these bacteria to adapt in a stepwise 

fashion to many of these antimicrobials.^'* The most common types of antimicrobial 

dmgs used for cattle feed supplementation are monensin, tylosin and chlortetracycline.'^^ 

These antimicrobial dmgs are used as growth promoters in cattle at the feedlot. The 

benefits of these growth promoters include: better efficiency of mmen fermentation, 

greater rate of weight gain, control of coccidiosis, reduced liver abscesses and the abihty 

of cattle to obtain more energy from any ration. Some of these antimicrobials are very 

similar in chemical form to many of the antibiotics that are used to treat life-threatening 

illnesses. For example tylosin is in the macrolide class of antibiotics, which includes 

many common antibiotics, used in the human health practice, including: erythromycin, 

clarithromycin, and azithromycin. Chlortetracycline, which is in the classical group of 

well-known antibiotics called tetracyclines and has been commonly used in both human 

and animal medicine and further used as a growth promoter in cattle. Tetracyclines are 

known to have a broad spectmm of activity and have been considered relatively 

efficacious, which has led to this its extensive use. Monensin is an ionophore and is 

generally limited to addition to animal feedstuffs with the purpose of improving intestinal 

health or fortitude and it is not used in human medicine. 



To understand how antimicrobial use in the cattle industry affects the microflora 

of the cattle as they pass through the beef production process, we must first answer some 

of the basic questions underlying the problem. Some of the questions yet to be answered 

include the following: Are bacteria in fact making it through the process from the feedlot 

to the packing plants and onto the final processed carcasses? What are the current 

antimicrobial pattems of these bacteria in a commercial cattle production system and are 

those pattems conserved throughout the process? Do these bacteria share similar 

antimicrobial susceptibility traits? The goals ofthis study are to help address these 

questions and to provoke new insight into antimicrobial dmg use in animal agriculture 

and their effect on antimicrobial susceptibility pattems of common bovine microflora. 

The Bovine Microflora 

To date, there have been numerous research studies that help to define some of 

the common bacterial species associated with cattle and beef products. For the most part, 

these studies have concentrated on pathogenic strains of bacteria that may be a cause for 

concem in human or animal health. E. coli 0157:H7 is often associated with beef 

consumption. This pathogen became the focus of media attention in 1993 when there 

was an outbreak that affected over 700 people and killed four in the west coast and was 

eventually traced back to Jack-in-the-Box restaurants. Generic or Biotype IE. coli are 

normal inhabitants of the gastrointestinal (GI) tract of cattle and humans and are 

considered beneficial to intestinal health. Generic E. coli can be recovered from almost 

any vertebrate animal. On the other hand, pathogenic strains such as E. coli 0157:H7 



cause no apparent illness in cattle but can cause bloody diarrhea and hemolytic uremic 

syndrome (HUS) in humans. Many recent studies have attempted to estimate the 

prevalence of £•. coli 0157:H7 in catfle at the feedlot, the packing plant and on the final 

processed products.'^'^°' "'^' '°^ The actual prevalence varies and is dependant on many 

factors. A few of these factors may include seasonal effects, geography, and 

antimicrobial intervention strategies. 

Another species of bacteria that are prevalent in cattle are Salmonella spp. In one 

study the percent of Salmonella recovered from hides and feces of cattle at the packing 

plant were 86.9 and 43.4%, respectively.'^ In another study, fecal samples were taken 

from 60 animals by rectal/colonal palpation and approximately 10% of these samples 

were positive for Salmonella. Prevalence of Salmonella on pre-evisceration carcasses 

has been reported by one study at around 23-27%. While prevalence estimates vary, it 

is evident that these pathogens are commonly associated with cattle. Interestingly some 

of the same vimlence factors that make E. coli 0157:H7 pathogenic are also found in 

Salmonella spp. An example ofthis is shiga toxin factors that are present in both species. 

Stxl and Stx2 are the most prevalent forms of shiga toxins in certain pathogenic strains 

of £•. coli and Salmonella. These vimlence factors target the 28S rRNA in the infected 

host cell and cause cell death by apoptosis.'*'' 

Campylobacter spp., although found more commonly in poultry, has also been 

recovered from the feces, hides and carcasses of cattle. In one study by Beach and 

coworkers (2002), Campylobacter was shown to be prevalent in fecal samples before and 

after transport to the slaughter facility with 64 and 68% testing positive, respectively. 



However, in this study low prevalence of Campylobacter were recovered from catfle 

carcasses at around 2%. Even though contamination rates of these bacteria on processed 

beef carcasses are low, studies have shown that Campylobacter can be recovered from 

retail cuts of meat with chicken having the highest prevalence of 83% followed by lamb 

(72.9%) and pig (71.9%).^^' "^ 

Along with the common gram-negative bacterial groups, there are also gram-

positive species of bacteria commonly associated with animals used for food production. 

Enterococci constitute a large proportion of the autochthonous bacteria associated with 

the mammalian GI tract. Enterococcus faecalis, E.faecium, and E. durans are often the 

predominating species in the human bowel. Because these organisms are associated with 

animals, the raw animal food products also contain significant amounts of these 

organisms. In one study, 981 raw meat samples were collected from chicken, turkey, 

pork and beef from retail grocery stores, Enterococcus spp. were recovered from 100% of 

the ground beef samples.^' These bacteria are ubiquitous and are found at high 

prevalence rates in animal food products. In a past study, Enterococcus isolates were 

recovered from raw meat products and E. faecalis was found to be the predominant 

species isolated from beef and pork cuts.'^° In another study, pig carcasses from three 

different slaughtering plants contained Enterococcus spp. ranging from lO'̂ -lO^ log 

counts/per 100 cm^ surface area throughout processing.^^ 

Staphylococcus spp. another gram-positive organism is also very commonly 

found in meat products. Various studies have shown this bacteria to be prevalent not only 

in beef products but throughout the processing environment.''"' ̂ '' ''̂ ' ^̂ ' '•" 



Enterococci, Staphylococci, E. coli, and Salmonella are commonly associated 

with food animals and their products. We have focused on these organisms because 

many strains of these species are associated with antimicrobial dmg resistance. The 

presence of these organisms varies greatly from one environment to the next, but it has 

been demonstrated that some of the most common inhabitants of the GI microflora of 

cattle and processed meat products are the ones discussed. A few of these bacterial 

species can be pathogenic, but a majority of them are not harmful to humans and are also 

normal inhabitants of the GI microflora. It is important to note that even these non

pathogenic strains have the potential to share or acquire genetic elements and become 

pathogenic themselves or confer antimicrobial resistance to more harmful bacteria. 

Antimicrobial Dmg Resistance 

General Overview 

The emergence of antimicrobial dmg resistant strains of bacteria in food animals 

is a growing public health concem. Since the development of penicillin in the early 1920s 

hundreds of antimicrobial dmgs have been developed for human and animal use. As a 

result human and animal health has improved over the past decades.^" Antibiotics have 

become vital instmments in decreasing mortality and morbidity rates as well as 

increasing animal productivity through use as growth promoting agents in feedstuffs. 

Dmg resistant bacteria were detected soon after the introduction of these antimicrobial 

agents into commercial use and even though those agents had been extensively used they 

still remained effective against most infective pathogens. More recently, however, the 



efficacy of some of these antimicrobial agents is in question and the dissemination of 

resistant organisms is becoming more common.''' '^' ^̂ ' ̂ '̂ ̂ ^ There are three basic 

scenarios that have been proposed by which the use of antimicrobials in food animals 

could have the potential to cause human health concerns. First, antimicrobial dmg 

resistant zoonotic bacterial pathogens are selected either by chance or some other factor 

that specifically favors the growth and proliferation of these pathogens Food is then 

contaminated during slaughter and/or preparation. After consumption ofthis food, these 

pathogens cause an infection that requires antimicrobial treatment and resulting therapy is 

then compromised. Secondly, antimicrobial resistant bacteria of non-pathogenic nature 

that are present in the animals result in contamination of the animal food product. The 

bacteria then transfer resistant determinants to other bacteria in the human gut. This could 

be either be to commensal or potentially pathogenic organisms. Lastly antibiotics could 

remain as residues in food products, which allow the selection of antibiotic resistant 

bacteria after the food is consumed. 

In 1996 the United States experienced its first penta-resistant outbreak involving 

Salmonella enterica serovar Typhimurium DTI 04.̂ '* Some of these recent outbreaks 

have brought about a heightened concem over the issues involved with antimicrobial 

resistant organisms that persist in animals and animal products used for human 

consumption. 

Central to these issues is the rising debate on how the use of antimicrobials in 

animal agriculture has contributed to the rising prevalence of these resistant organisms. 



A recent report by the Government Accounting Office outlines the need for federal 

agencies to focus on the effects of antimicrobial dmg use in animal agriculture and its 

effect on human health as a result of disease caused by resistant organisms.'^'' In this 

report it is suggested that ovemse or misuse of antimicrobials in animal production is 

causing an increase in the amount of bacteria that are resistant to common antibiotics 

used for the treatment of life threatening illnesses. Included in this report is the review of 

some epidemiological studies that indicate antimicrobial resistant Salmonella and 

Campylobacter have been transferred from animals to humans via consumption or 

handling of contaminated meat. For Campylobacter, it is suggested that the strength of 

evidence of transmission of resistant organisms from animals to humans is linked to the 

fact that these organisms are mostly floroquinolone resistant and that the development of 

this type of resistant is more easily tracked. Floroquinolone resistance is generally 

associated with chromosomal DNA and not plasmid and therefore is not as easily 

transferred to other organisms. It is, therefore, believed that resistant Campylobacter 

found in human cases must come from a reservoir of other resistant Campylobacter. 

Poultry and poultry products which have been known to have a high prevalence ofthis 

organism are thought to be this reservoir. Genetic analysis between Campylobacter 

isolated from food, animals, and humans have demonstrated a high level of homology.'^^ 

A more detailed discussion of antimicrobial resistance development and its link to 

antibiotic use in animals will be further examined in this section. 



Major Classes of Antibiotics and their Mechanisms of Action 

Antibiotics, in order to be useful for the treatment of specific human diseases, 

must have several well-defined qualities. They first must be very specific in targeting the 

organisms or pathogens of concem. That is, the target of the antibiotic or antimicrobial 

agent must not interfere with regular mammalian cell function. They must be non-toxic 

to the host and must easily be cleared from their system. These agents must also be 

predictable and in some cases have a broad spectmm of activity against a wide variety of 

illnesses caused by a wide variety of organisms. Occasionally, a narrow spectmm of 

activity is preferred so antibiotics must also be flexible in use. They must also remain 

active against the organisms. Due to the emergence of antimicrobial resistance, some 

antibiotics have become obsolete. 

There have been several classes of antibiotics developed since the 1920s when 

penicillin was first discovered. The class of antibiotics that includes penicillin is the beta-

lactams. Beta-lactam antibiotics mimic specific bacterial cell wall enzymes that upon 

attachment will inhibit cell wall growth and elongation. These antibiotics act by 

intermpting the cross-linkers between peptidoglycan layers called penicillin binding 

proteins or PBPs. Beta-lactams mimic enzymes important in the attachment to the end of 

stem peptides or D-Alanine-D-Alanyl complexes on the carboxy terminus regions that 

are used to form the linkages of 7V-acetylmuramic acid (NAM) and 7V-acetylglucosamine 

(NAG) in the peptidoglycan cell wall. When present, beta-lactams will acylate the active 

site serine of transpeptidase domain of these membrane-associated PBPs.^^ By acylating 

this active site of the PBPs they will no longer function properly and cell wall formation 



will be greatly inhibited thus leading to cell death. The naturally derived penicillin and 

cephalosporin beta-lactams come from their respective fungi while newer semi-synthetic 

derivates such as ampicillin, methicillin and amoxicillin are partially produced by mold 

and then chemically altered by the addition of side chains that give them an increased 

spectmm of activity.'^^ 

Glycopeptides such as vancomycin are produced by Streptomyces orientates. 

Unlike beta-lactam antibiotics, glycopeptides do not mimic cell wall producing enzymes 

but actually attach themselves to the ends of stem peptides. By binding to the terminal 

D-Alanyl-D-Alanine (D-Ala-D-Ala) terminus of stem peptides glycopeptides inhibit cell 

wall formation. Glycopeptides are large hydrophobic stmctures that cannot penetrate the 

cell membrane of gram-negative species of bacteria and can only interact with the murein 

precursors once they have already been transported across the cytoplasmic bilayer.'*' Due 

to this fact, glycopeptides are only used for treatment of bacterial infections from gram-

positive bacteria. Vancomycin has been utilized most recently as a last-line antibiotic in 

the treatment of enterococcal infections when there is treatment failure with other 

commonly used antibiotics. 

Aminoglycosides, which are naturally produced by Streptomyces spp. include 

such antibiotics as streptomycin, kanamycin, tobramycin and gentamycin. This class of 

antibiotics acts to inhibit protein synthesis by attaching to the A site located on the SOS 

ribosomal subunit which is the interaction point between codons and anticodons involved 

in translation of proteins.'*' Binding by aminoglycosides at this region of rRNA can lead 

to codon misreading and early termination of protein translation. Tmncated and 
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malformed proteins will mostly be inactive and useless to the bacterial cell thus 

eventually lead to cell death if proper translational function is not restored. 

Aminoglycosides are primarily used to treat gram-negative infections however; 

streptomycin and kanamycin have also been recently used in treatment of multi-dmg 

resistant tuberculosis. 

The tetracycline class of antibiotics which has been extensively utilized in both 

animal and human medicine over the past few decades also targets the 3 OS ribosome of 

bacteria to inhibit protein synthesis. Tetracyclines appear to inhibit the binding of the 

aminoacyl-tRNA into the A site of the bacteria ribosome. This binding is transient and 

therefore tetracycline's inhibition of protein synthesis in some cases is short lived. 

However, this agent has a broad spectmm of activity against both gram-positive and 

gram-negative organisms. 

Macrolides also acts to inhibit protein synthesis by binding to the peptidyl 

fransferase center of the 23 S constituent of the SOS ribosomal unit. These antibiotics, 

when bound to this area of the ribosome lead to intermptions in the growing peptide 

chains and like aminoglycosides can cause premature termination and malformation of 

proteins. Macrolides are largely considered bacteriostatic antibiotics that may not result 

in cell death but generally will inhibit further growth and reproduction of the bacteria. ̂ ^ 

Erythromycin has been considered one of the more important antibiotics in this class, 

which is used for the treatment of illnesses stemming from infections with gram-positive 

species of bacteria. These antibiotics are naturally produced with Streptomyces 

., 128 

erythreus. 
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Chloramphenicol is also a bacteriostatic agent that utilizes the SOS subunit of the 

bacterial ribosome to prevent protein synthesis. It has activity against both gram-positive 

and gram-negative bacteria. This antibiotic specifically inhibits peptide bond formation 

by binding to a peptidyltransferase enzyme located on the SOS portion of the ribosome. 

This dmg is also naturally produced by Streptomyces spp. 

Other classes of antibiotic agents such as sulfonamides and trimethoprim interfere 

with the bacterial cell's metabolic pathways. Sulfonamides specifically, will block the 

conversion of pteridine and p-aminobenzoic acid (PABA) to dihyrdofolic acid by the 

enzyme pteridine synthetase.^^ This agent has a higher affinity then PABA for pteridine 

synthetase and therefore competitively inhibits action by this enzyme and halts folic acid 

metabolism. Trimethoprim also inhibits the production of tetrahydrofolate through the 

folic acid metabolic pathway; however, it interferes with a different enzyme in the 

process. Trimethoprim has a high affinity for bacterial dihydrofolate reductase, which, is 

an enzyme that is cmcial for synthesis of tetrahydro folic acid from dihydro folic acid.'* 

Sulfamethoxazole and trimethoprim are often used in conjunction with each other for 

treatment of bacterial illnesses. The reason this metabolic pathway is an important target 

is because unlike mammals, bacteria usually lack a transport system to take up folic acid 

from the environment and must therefore synthesize it themselves. 

Floroquinolones are a newer class of antibiotics that specifically target enzymes 

involved in nucleic acid synthesis and repair. Bacterial DNA gyrases are the primary 

target of floroquinolones in gram-negative bacteria while the topoisomerase IV complex 

is the main target in gram-positive bacteria.'' ' ^ Following each round of DNA 
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replication, gyrases uncoil circles of double stranded DNA that are generated; these 

enzymes are heterotetramers (A2B2) and their subunits are encoded by the gyrA and gyrB 

genes. Topoisomerase IV is also a heterotetramer composed of two distinct subunits, 

ParC and ParE or GrlA and GrlB respectively in S. aureus. Topoisomerase IV is the 

main enzyme which removes the linking of daughter chromosomes after a round of 

replication, allowing cellular segregation to occur.''' Fluoroquinolones act to trap doubly 

cleaved DNA on the gj^ase stmcture. When double-stranded breaks accumulate as a 

consequence of the gyrase's limited ability to religate the strands, the replication fork is 

blocked and this ultimately leads to cell death. Similarly, these antibiotics can also act on 

DNA-topoisomerase IV complex, impeding chromosomal segregation, which also leads 

to bactericidal effects.^^ 

Rifamycins are a class of antibiotics that target bacterial RNA poljmierase. These 

antibiotics specifically bind to a subunit of RNA polymerase and interfere with the 

initiation process of DNA transcription. Once polymerization has been initiated however, 

this antibiotic will have no effect on transcription. Rifamycins are specific for DNA-

directed RNA polymerase.'* These antibiotics are also naturally produced by 

Streptomyces mediterranei and useful against gram-positive and gram-negative 

1 no 

bacteria. 

There are several other classes of antibiotics that were not included in this 

discussion; however, those previously described make up the major classes of antibiotics 

used in human and animal medicine currently. It is important to note that the mechanisms 

of action of these antibiotics also classify or delineate them into several larger groups. 
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Those groups include antibiotics that inhibit cell wall formation, protein synthesis, DNA 

replication and repair and metabolic pathways. Generally the newly developed antibiotics 

will fall into one of these categories. 

General Mechanisms of Antimicrobial Dmg Resistance 

There are three basic mechanisms utilized by prokaryotes for resistance to 

antimicrobials. These include modification of the dmg itself by the bacteria leaving the 

antibiotic with less affinity for its normal target substrate, modification or mutation of the 

bacterial substrate or target of the antibiotic and dilution of the antibiotic by efflux or 

pumping out the antibiotic to reduce its concentration.^''^ Another mechanism that could 

be included along with these three is a change in cell permeability that reduces the 

number and size of porins that act to reduce uptake of these deleterious molecules. These 

mechanisms of resistance are more clearly demonstrated by examples given below. 

Modification of antimicrobial agents is most common in the case of 

aminoglycoside resistance. Three main classes of aminoglycoside-modifying enzymes 

have been identified in bacteria which include: O-phosphotransferases (kinases; APHs) 

that add phosphate groups; N-acetyl transferases (AACs), which acetylate amino groups 

on the dmgs, and nucleotidyl transferases (ANTs), which add AMP moieties."^' '̂ ^ For 

example in S. aureas certain aminoglycosides such as kanamycin are chemically 

modified by bacterial phosphotransferases which take a phosphate group from ATP and 

transfer it to the antibiotic at a specific site. This addition of a phosphate group lowers the 

affinity of the aminoglycoside for its normal target in the bacteria which is the 3 OS 
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ribosomal subunit. Under normal conditions this aminoglycoside would attach to the 

ribosome halting further protein synthesis and killing off the bacteria but mutant strains 

of these bacteria harbor these chemical modifying enzymes which allow them to survive. 

Any conformational changes in these dmgs by various bacterial enzymes can act to 

render the antibiotics ineffective and this chemical modification is seen most often in 

aminoglycoside and rifamycin type resistance. 

Modification of the target substrate of the antibiotic is one of the more common 

means of a bacteria becoming refractory to antimicrobials. For example resistance to 

beta-lactam antibiotics can occur through manipulation or modification of the penicillin 

binding proteins that help link the peptidoglycan cell wall layers together. Beta-lactam 

resistance in some streptococcal species has been linked to modification of PBPs that 

render the antibiotic with a low affinity for this substrate target.̂ ° Altering the target 

substrate of the antibiotic is a mechanism utilized by bacteria not only to protect the cell 

wall from antimicrobial attack but also to prevent intermption of protein synthesis and 

DNA replication and repair. Some of these mechanisms will be examined in further detail 

in following sections. 

The general mechanism of resistance that is most commonly associated with 

organisms that are resistant to multiple antibiotics are antimicrobial efflux pumps. Dmg 

efflux pumps are highly utilized by a number of different gram-positive and gram-

negative organisms. Efflux pumps can vary in both their specificity and their 

mechanisms. There are both single dmg transporters which include ATP-Binding cassette 

(ABC) transporters which utilize the proton motive force to drive out particular 
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antimicrobials, as well as multi-dmg transporters that expel a wide variety of agents."^ It 

has been proposed that efflux pumps act as hydrophobic vacuum cleaners by pumping 

out non-polar compounds from the membrane to the exterior of the cell."* 

Cell permeability has also been shown as an important factor in determining 

whether an organism is resistant to antimicrobial dmgs. The cell wall or membrane 

permeability greatly influences the ability of agents to enter the cell."'^ Waxy or lipid-

rich outer layers of mycobacteria for example render these microorganisms refractory to 

many antimicrobials. Gram-negative bacteria are generally protected from a wide variety 

of antibiotics due to their negatively charged lipopolysaccharides located in their outer 

membranes. Some genes that help to confer resistance to antimicrobial agents carry 

information for changing the stmcture of cell membrane to reduce the number of cell 

porins that allow molecules to enter the cell.'''' 

Misuse of Antibiotics in Human and Animal Health 

There is a common speculation that antibiotics have been and are currently being 

misused in both human and animal health practices. Classifying pmdent use or misuse of 

antibiotics has proven to be a difficult task because what is considered pmdent use can 

vary depending on the country and whether such guidelines stem from animal or human 

health fields. In Europe for example, many people believe that any such subtherapeutic 

usage of antimicrobial dmgs for food animals is impmdent.'"^ This has led to bans on 

antibiotic growth promoters and as a precaution despite insufficient data to support such a 

ban."^ In the United States, the National Committee for Clinical Laboratory Standards 
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has defined terms to describe herd or flock antibiotic use.''* Four basic classifications of 

antimicrobial dmg use are currentiy being utilized in the U.S according to Phillips and 

coworkers. "̂ ^ Therapy is considered as the administration of an antimicrobial to a group 

of animals that exhibit frank clinical disease. Control is the administration of an antibiotic 

to animals, usually as a herd or flock when morbidity or mortality has exceeded what is 

considered the baseline norm. Prevention or prophylaxis is the administering of 

antimicrobial dmgs to exposed healthy animals that are considered to be at risk, but 

before onset of any disease and for which no etiological agent has yet been cultured. 

Growth promotion is administration of antimicrobials as feed additives, over a period of 

time to animals to promote improved physiological performance. In the case of control, 

prevention and growth promotion these are mostly mass treatment programs that error on 

the side of administering treatment to individual animals that may not need it, while 

therapeutic use is generally restricted to diseased individuals but also limited by 

recognition of disease states. More sophisticated measures of disease status must be 

investigated in order to improve treatment selection and pmdent use of antimicrobial 

dmgs for therapy. 

Twenty-three products in 2001 with antibacterial activity, not including 

coccidiostats, had U.S. regulatory approval and were marketed for feed additive type 

applications.'° Of these products 15 had growth promotion label claims and of those 15 

only two did not have additional claims for therapeutic feed additive uses. This makes 

distinctions between growth promotion and prophylactic use difficult to make.'°^ In 

cattle for example treatment and control doses of Hncomycin and tylosin are higher tiian 
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those that should be utilized for growth promotion. Another factor that also makes 

confrol measures unclear may be organisms that generally cause disease in a wide variety 

of animals such as Pasteurella multocida, which can be recovered from healthy 

animals. Various other bacteria also have close host association and may or may not 

cause disease including: Mannheimia haemolytica, Bordetella bronchiseptica, 

Actiobacillus pleuropneumoniae. Escherichia coli and Heamophilus somnus.^^ Diseases 

caused by these agents are often endemic, sporadic and multifactorial and as a result, 

control measures are often unclear or difficult to achieve in a practical setting.'^^ 

In human medicine antimicrobial dmgs can also be used for prophylaxis, but are 

generally restricted to therapeutic uses. The goal of treatment in this setting is to 

eradicate the pathogen as quickly as possible with minimal adverse effects on the patient. 

The problem is we do not know the concentration of antibiotic that is actually reaching 

the pathogen in most cases and the most common measurement we have to determine the 

level of antibiotic in the patient is the blood AUC. AUC is the area under the 

concentration-time curve (Cp x time = AUC) defined by the relationship between the 

antibiotic concentration and the time that the concentration remains at the active sites of 

the bacteria.'^ The blood AUC is a rough estimate of the actual AUC at the target site. 

For different infections however such as infections of the lung require different 

measurements such as the ELF concentration or epithelial lining fluid.'^ In the U.S. and 

most developed countries guidelines have been established for their rational use and these 

guidelines have considered the emergence of resistance as a parameter.'"" These policies 

have been further adjusted by individual hospitals as well as whole nations, however 



most antibiotic use is left to the hands of the community medical practitioners. In some 

developing countries it is still possible to buy potent antibiotics directly from the 

pharmacist without medical prescription.'"^ 

In most cases, diseases can be successfully treated with the wide range of 

antibiotics that are available. In cases of treatment failure, it is usually the result of a 

misdiagnosis or treatment before a proper diagnosis is made. For example some viral 

respiratory infections, or chronic bronchitis not caused by bacteria will have antibiotics 

prescribed which would be considered inappropriate use. Some less vimlent 

gastrointestinal infections from Campylobacter and some Salmonellae also do not require 

antimicrobial dmg use; however, in most cases they are prescribed. Recently there has 

been more emphasis on the avoidance of such pitfalls in the pursuit of rational and 

pmdent antibiotic therapy.'"^ International antibiotic resistance and usage surveillance 

programs are becoming an integral part ofthis pursuit to control and prevent misuse of 

antimicrobial agents. 

Antibiotic Use in Animal Agriculture and its Impact on Humans 

Antimicrobial dmgs are used in animal agriculture to treat diseases, promote 

growth and increase feed efficiency." At least 17 classes of different antimicrobial 

agents are approved for use in the United States in animal agriculture, including 

tetracyclines, penicillins, macrolides, Hncomycin and virginiamycin (analog of 

synercid).^ The Union of Concemed Scientists, in 2001 reported an estimated 29 million 

pounds of antimicrobial agents are used in food animals annually in the United States of 
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which 25 million pounds are used for non-therapeutic purposes.'^ More conservative 

reports by USDA officials estimate that approximately 17.8 million pounds of the 

antimicrobial agents sold are used non-therapeutically as opposed to the 25 million 

pounds reported by the Union of Concemed Scientists.^ The management of commercial 

livestock production system as it is today in the United States would be virtually 

impossible without the use of antimicrobials especially in confinement production.'*^ The 

use of these agents can be at therapeutic or subtherapeutic doses. Subtherapeutic doses 

are considered dosages below 200 grams per ton of feed.̂ ^ In 1999, the National Animal 

Health Monitoring System (NAHMS) established by the USDA, collected data on 

antimicrobial dmgs used in beef cattle raised in feedlots. From these data the most 

commonly used antibiotics were determined. Along with this information on antibiotic 

use in cattle, the importance of the antibiotic class for use in human medicine was also 

ranked qualitatively (Table 1.1.). A wide variety of different classes of antibiotics are 

currently used to treat disease and for disease prevention in cattle at the feedlot level and 

several of these same classes of antibiotics are considered critically important for the 

treatment of human illnesses. 

As mentioned previously, it is the overlap of clinically relevant antimicrobial dmg 

use in animals and humans that has led to concems of whether or not use of these agents 

in animal agriculture has led to an increase of resistant isolates that are associated with 

human illness. Selective pressure from the use of antibiotics for therapy or prevention of 

bacterial disease or as performance enhancers will lead to development of resistant 

pathogens and/or resistant bacteria of the endogenous microflora of animals.'^' Central 
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to this discussion is the question of whether or not antimicrobial dmgs should be banned 

for use as growth-promoting agents as other countries have already put in place such 

policies establishing these bans. The reason that antimicrobial dmg use in animal 

agriculture is such an important topic is related to the fact that in the United States, 

animal production for food use is highly centralized, profitable and provides one of the 

largest sources of beef, poultry and swine meat production at the lowest prices in the 

world. With these highly centralized confinement type production practices it is thought 

that the use of antimicrobials is essential to its success because these type of practices 

bring animals in close contact with each other which causes a situation in which diseases 

can easily spread and entire herds can be effected in a short time period. There is also 

growing concem over the reduction or restriction of U.S. exports of beef and other animal 

meat products to countries as a result of the use of these agents as they are not widely 

accepted for use in food animals in other countries. Although the federal government and 

industry officials have stated that there have been no significant frade reductions to date 

there is some evidence of future concems.'^* The European Union (EU) will be phasing 

out all antimicrobial use for growth promotion by 2006.'"^ The EU however, is not a 

major market for U.S. beef due to their trade restrictions that do not allow imports from 

countries that use growth hormones in their food animals. Canada does provide a larger 

market for U.S. beef, but has stated that it may put restrictions on imports of meat and 

that differences in policies regarding use of antimicrobial dmgs may have an effect on 

future trade agreements between the two countries.^ Besides apprehension over possible 
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future trade disputes, there is also concem about the impact of decreasing use of 

antimicrobial dmgs on productivity in U.S. animal agricultural operations.'^^ 

The World Health Organization met in 2002 to discuss the economic impact of 

the Danish ban on antimicrobial use in swine and poultry production.'''^ Several studies 

were conducted as a part ofthis investigation. However, the Danish ban had not been in 

place for most food animals until the late 1990s the economic impact has not been fully 

realized as of yet. In order to determine future impact of the bans, several studies were 

set up as predictive models. In one study a model was set up to predict what the outcome 

•70 

of these bans would have by the year 2010 on Danish swine and poultry production. 

The results of the model predicted a small decrease about 1.4% per year in swine 

production, while poultry production would increase approximately 0.4%. The authors 

did explain that there was difficulty in taking into account various factors that also might 

play a role in production increases or decreases such as consumer acceptability of a the 

product. In another study by Hayes and coworkers in 2003, the impact of an 

antimicrobial dmg growth promoter ban was estimated for the United States using 

Denmark and Sweden bans as modeling systems.*^ In this paper a sort-loss cost increase 

was estimated to be around $0.64 per animal due to the likelihood of an increase in the 

variability in size and weight between pigs that usually occurs due to withdrawal of 

antimicrobial growth promoters. They also showed increases of about $1.05 per animal at 

the finishing stage due to less feed efficiency and an increase of $1.25 at weaning that 

may be attributable to higher disease mortality rates as well as other factors associated 

with limited use or no use of antimicrobials. The total over a 10-year period was 
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estimated to cost the swine industry over $700 million which included an increase of 

approximately $4.50 per animal for the first year of a ban. For the consumer retail prices 

would then rise approximately 2 percent over the current level. The authors concluded 

that a ban at the finishing stage would have less of an effect on animal health concems 

while banning antimicrobial use at the weaning stage would lead to more serious 

complications and higher mortality rates resulting in a greater economic loss. 

A study by Mathews Jr. (2002) estimated this type of ban and the economic 

impact on the beef industry. In this study a partial ban and full ban were used to estimate 

probable economic impact. The partial ban included banning only certain antimicrobials 

while the fiall ban was a model without antimicrobial use for any type of growth 

promotion. The partial ban estimated a total aggregate income loss of $15 milhon per 

year for producers and an increase of approximately $54 million for consumer costs. For 

a fiiU ban it was estimated that a 4.2 percent decline in animal production would lead to 

3.32 percent increase in the cost of cattle and which would lead to an increase of 

approximately $361 million per year for consumer costs. However, the author notes that 

he did not take into account the effect of trade of these beef products. It is important to 

note that an increase in trade with other countries due to U.S. bans on antimicrobial dmg 

use in animal agriculture may offset some of these resufting increases in domestic 

consumer costs. These predictive models however are just that, "predictive", and tme 

outcomes can only be after the fact. A more important issue however, may not be the 

economic impact of antimicrobial feed bans but rather the impact of these types of bans 
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on the prevalence of antimicrobial resistant organisms and resulting effect on human 

health risks. 

There has been a growing debate over the link between feeding antimicrobials in 

feedstuffs to food animals and the rising prevalence of antimicrobial dmg resistant 

organisms that have the potential to cause serious health problems in man. A multitude 

of research reports and research studies have been conducted addressing this issue. The 

perspective of the author in most cases seems to govern the attitude of the paper and 

concrete evidence of transferal of antimicrobial dmg resistant organisms to humans from 

animals is difficult to find. For example, a paper written by Hurd and coworkers (2004) 

the authors create a risk assessment for feeding the antimicrobial tylosin to cattle and 

resulting treatment failure in humans for diseases caused by Campylobacter spp. and 

Enterococcus spp. These diseases would be a result of exposure to contaminated meats 

with these bacteria. According to this risk assessment, there is an extremely low 

probability that bacteria coming from a selective pressure situation that may have 

developed resistance to antibiotics would be a contributing factor to human illness and 

cause further problems as a result of the patients being treated with a macrolide class of 

antibiotics. If this risk assessment is in fact correct then there is theoretically no benefit 

from removing these antimicrobial growth promoters from use in animal agriculture. 

However, in this report the genetic linkage between genes that confer resistance is not 

included as part of the risk assessment. When a bacterium becomes refractory to one 

class of antibiotics it generally has an increased chance of becoming cross resistant to 

another class, which has been demonstrated by the MARoperon in E. coli which encodes 
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for resistance to several different classes of antibiotics.^^ Antimicrobial resistant genes 

are often located on transposons or integrons, which are segments of DNA that can move 

around to different positions on a bacterial genome and cause functional shifts in 

physiological activity of the cell. These transposons and integrons carry information for 

protein stmctures that impart resistance to antimicrobials. When these elements are 

transferred to plasmids they can then jump from one bacterium to another rapidly. 

Horizontal fransfer of these genetic elements has allowed for rapid, global dissemination 

of genes that confer resistance, within a hospital setting and in the environment.'^ This 

tendency of mobile gene elements to confer resistance to various antimicrobials in one 

transfer is why it is important for genetic linkage of resistance determinants to be 

included in models such as Hurd and coworkers have provided. It is also well known that 

macrolides are not usually the dmg of choice for treating diseases caused by Enterococci 

and Campylobacter in humans. Glycopeptides and fluoroquinolones respectively, would 

be more likely used to treat these infections and therefore cross-resistance development 

as a result of feeding macrolides in feedstuffs should have been used in this risk 

assessment. It is also interesting to note that the author's perspective may have been in 

TM 

questions due to the fact that the research was funded by Elanco Animal Health which 

is one of the larger producers of Tylan® the commercial name for tylosin. Independent 

research needs to be conducted by scientists not having a conflict of interest with the 

results. Various other studies have also investigated macrolide resistance in gram-

positive bacteria and noted cross-resistance or co-resistance to several unrelated classes 
37 51 111 

of antimicrobial agents. ' ' 
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A paper published in the Journal of Clinical Pharmacology in 2002 by Claire 

Lathers outlines a different view of the use of antibiotics in food animals. The review 

article explains the debate about the extent to which antibiotic use in animals contributes 

to the development of antibiotic resistance in human bacterial isolates through a 

veterinary medicine perspective. The veterinary use of antibiotics is often thought to 

influence the prevalence of resistance in animal bacteria and to be a risk factor for the 

emergence of antibiotic resistance in human pathogens. In this study, it is stated that not 

only are humans exposed to animal bacteria through the food chain but also through 

direct contact via occupational exposure in the case of veterinarians. It is therefore 

thought that there is a greater risk to veterinarians who treat sick animals with antibiotics 

at therapeutic levels becoming infected or acquiring resistant strains of harmful bacteria. 

Van den Bogaard and coworkers (1999) stated that the abolishment of antimicrobials as 

growth promoters at subtherapuetic levels for food animals would decrease the overall 

use of antibiotics on a woridwide scale by 50%. The authors suggest that this would help 

diminish the public health risk and the dissemination of resistant genes in bacteria and 

would therefore maintain the efficacy of the current antibiotics in veterinary medicine. 

Lathers (2002) stated that these authors did not address the lack of actual proof that direct 

transmission of resistant bacteria from animals to humans constittites a direct contribution 

to therapy failure in humans. This author goes on to explain that there is no evidence to 

date of the extent to which antibiotics used in animals contributes to antimicrobial dmg 

resistance in human isolates. Even though this may be the case it is widely accepted and 

speculated that antibiotic use is the number one factor in contributing to the emergence, 
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selection, and dissemination of antibiotic-resistant microorganisms in human and 

veterinary medicine.'*' '̂ ^ 

The current evidence of a link between agricultural use of antimicrobials and 

development of resistant organisms that are transferred to humans is best investigated by 

an in-depth review of the literature. In one study it was documented that stool samples 

from individuals with no history of antibiotic use or recent visits to the hospital tested 

positive for asymptomatic vancomycin resistant Enterococci (VRE).'* This was a 

confroversial finding as VRE was considered a strictiy hospital-acquired infection and 

evidence of VREs existence without exposure to a hospital setting would indicate another 

possible source of these bacteria. Coincidentally, VRE was also found in sewage, and 

from the stools of healthy farm animals and animal products. In Europe and the United 

States avoparcin a glycopeptide class antibiotic that has exhibited cross-resistance 

development in bacteria to vancomycin and teicoplannin, had been used as a growth 

promoter in animal feeds. In both geographic locations glycopeptide resistant 

Enterococci (GRE) have emerged as a significant cause of nosocomial infections and was 

1 -iz: 

thought to be linked to use of avoparcin in food animals. 

The swan report of 1969 in the UK recommended that antimicrobials used in 

human medicine be limited to that application and not used as growth promoters in 

animals.^' The EU banned several dmgs including avoparcin in 1999 based on the 

"precautionary principle" that there may be a scientific concem that resistance selected in 

animals might be transmitted to humans to the detriment of their health, although to what 

degree it is not certain.̂ ^ It was also stated in the previous paper that experience in 
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Sweden which had already harmed growth promoting antimicrobials had already shown 

adverse effects in the form of animal health problems and economic consquences for 

farmers. It was also suggested that human health is unlikely to benefit from such a ban 

and in some cases may be adversely affected.'*''"' 

In order to track antimicrobial dmg resistant pattems, most developed nations 

have a govemmentally organized monitoring program. The National Antimicrobial 

Resistance Monitoring System (NARMS) was established in 1996 with the help of the 

CDC and supported by the Food and Dmg Administration (FDA) and in partnership with 

28 state and local health departments to monitor enteric bacteria and their emerging 

resistance in the United States. NARMS is also in collaboration with other resistance 

monitoring programs located in other countries and a few in the European Union. A vast 

majority of the information we know now comes from national monitoring systems such 

as NARMS and these types of programs have not been in place for many years, 

considering the first antimicrobials were developed in the early 1920's. Programs such as 

NARMS help to sort out possible sources of antimicrobial resistant bacteria by fracking 

resistance pattems not only at the clinical level but also in animal agriculture. Therefore 

rising prevalence of resistant organisms isolated from human sources can be compared to 

rising levels found in animal isolates. This concomitant increase of resistant isolates 

obtained from both animal and human sources is one of the stronger evidences of a link 

between the two. Similariy, if the levels fluctuate independentiy of each other then it 

would be logical to think the two may be unrelated. For example the development of 

resistance in some human pathogens such as methicillin-resistant Staphylococcus aureus. 
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and multi-drug resistant Mycobacterium tuberculosis, is linked to antimicrobial use in 

man and no evidence has been shown for animal involvement.'^^ 

A paper by Somm and coworkers (2002) illustrates the direct link between 

zoonotic bacteria that carry antibiotic resistance genes from different food-producing 

environments directiy to the human being. They established this link through 

investigation of resistance determinants that indicate the same or similar genetic vectors 

are present or shared between humans and animals and their environments. They also 

speculate that the use of antibiotics in all parts of the food production chain contributes 

greatly to the increasing level of antibiotic resistance among food-bome pathogens. They 

also state that modem industrialized food production system is in part to blame for this 

spread of resistant determinants and emergence of antimicrobial resistance because of our 

centralized and large-scale operations. 

In Denmark the government banned the use of avoparcin in 1995 and 

virginiamycin in 1998. Fortunately, there have been several studies that have investigated 

the result of the abolishment of antimicrobial use in Denmark and its effect on 

populations of bacteria and their resistance profiles. In one study by Aarestmp and 

coworkers (2001), the prevalence of glycopeptide-resistant E.faecium (GRE) recovered 

from broilers dropped from 72.7% in 1995 to 5.8% in 2000. However, the occurrence of 

glycopeptide resistance in pig isolates remained constant at around 20% from 1995 to 

1997. However, in 1998 there was a decrease in the use of tylosin by pig growers which 

may have resulted in the decrease of GRE in pigs to around 6.0% in 2000. The genes 

encoding macrolide and glycopeptide resistance were also shown to be genetically linked 
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in GRE in pigs. Erythromycin resistant E. faecium recovered from broilers reached its 

peak in 1997 with around 76.3% prevalence and then dropped down to 12.7% in the year 

2000, concomitantly with limited use of virginiamycin, which is in the same class of 

antibiotics. From 1995 to 1997 the use of virginiamycin in broilers increased which was 

followed by an increase in the number of isolates that were resistant to virginiamycin 

from 27.3% in 1995 to 66.2% in 1997. After the ban of virginiamycin in 1998 the levels 

of resistance to this antimicrobial dropped to 33.9% in 2000. The authors concluded 

from the following data that it is possible to reduce the occurrence of antimicrobial 

resistance in a national population of food animals when selective pressure is removed. 

Similar studies performed in the same time period also showed similar results.'' ' 

In some cases, certain antibiotics have never been approved for use as feed 

additives or for therapeutic use. In Australia fluoroquinolones have never been approved 

for use as animal growth promoters. As a result it appears to be one of the only countries 

left in the world without a fluoroquinolones-resistant Salmonella or Campylobacter 

problem.^" This evidence would suggest that antimicrobial resistant isolates may not 

develop if selective pressure is never applied however, as in the case of Denmark after 

removal of antimicrobials levels may drop but problems may still persist. It has been 

suggested that even after the removal of antimicrobial pressure that some bacteria may 

adapt to the environment in a manner to keep their resistance genes stable indefinitely. 

This would lead to a quick development of a resistance phenotype if once again this 

pressure is applied. 

30 



It appears that throughout the world, disease-causing organisms that are resistant 

to antibiotics are common even in areas that have banned antibiotic use in animal 

agriculture. In January of 1999, the Center for Veterinary Medicine (CVM) of the FDA 

released a paper that proposed a framework to evaluate the human health risk associated 

with new dmgs intended for use in food producing animals. Indusfry stakeholders were 

quick to request that increased regulatory action based on this framework not be 

implemented until significant evidence demonstrated the tme impact on public health. In 

October of 2000 the CVM after completing one such risk assessment issued a proposal to 

withdrawal the approval of floroquinolone products used in poultry production. In the 

risk assessment was data from 1999 foodnet surveillance and it was reported that 9261 

persons were infected with floroquinolone-resistant Campylobacter, which at that time 

was approved for use in the poultry industry. '̂* Several such instances of risk assessment 

and withdrawal of approval of certain antibiotics have occurred since this earlier case. 

More recent studies are being performed that investigates the link between 

antimicrobial use in animal agriculture and the antimicrobial profile of food produced 

from these animals. In a paper by LeJeune and coworkers (2004), ground beef from 

conventionally raised cattle and cattle raised without antibiotics was compared for the 

susceptibility pattems of enteric bacteria. Several of the antibiotic profiles were similar 

between the two treatment groups. There was no difference in E. coli isolates between the 

two groups in the resistance profiles of ampicillin, amoxocillin/clavulanic acid, 

cefriaxone, tetracycline, streptomycin, kanamycin, sulfamethoxazole/trimethoprim and 

gentamicin. However resistance to ceftiofur and chloramphenicol was more prevalent in 
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beef from conventionally raised cattle at 18% and 30% compared to 5 and 12% 

respectively. There was no correlation found in this study with the specific frequency of 

subtherapeutic use of these agents in beef production and increased resistance in E. coli 

to these antimicrobial dmgs. The authors suggested that other factors in addition to or in 

lieu of subtherapeutic use of antimicrobials might contribute significantiy to the 

occurrence of antimicrobial-resistant bacteria in ground beef Also recently the 

investigative arm of Congress, the GAO, filed a report. This report outiines that the FDA 

has found that the misuse of antibiotics in animal agriculture has led to antibiotic 

resistance in humans and that use of certain antibiotics similar to those used for human 

health, in animals is basically a "ticking time bomb" that is threatening to destroy the 

effectiveness of our "shrinking supply of life-saving antibiotics." Several senators have 

sponsored a bill that is set to phase out use of these medically important antibiotics in 

livestock and poultry that are not sick, alluding to the fact that antibiotics have been 

administered to animals that may or may not have been diseased. This report is similar 

in nature to the Swan report of the UK in 1969, which was described earlier. Other 

coalitions such as Keep Antibiotics Working: The Campaign to End Antibiotic Ovemse, 

which is comprised of health, consumer, agricultural, environmental, humane and other 

advocacy groups with over nine million members are also actively involved in pushing 

for this type of legislation to be approved. 

More research is needed to scientifically base a decision on whether or not 

antimicrobial use in animal agriculture is playing a key role in development of resistant 

organisms that have the potential to enter the food supply and eventually cause human 

32 



health concems. It appears that the viewpoint of the author clouds the tme facts as 

clinically derived research seems to support antibiotic use in animal agriculture as a 

major player in development of resistance, while agriculturally derived research would 

appear to report the opposite. Governmental studies as well as those studies supplied by 

Universities for the most part rarely agree on the extent to which antimicrobial use in 

agriculture affects the emergence of resistant organisms, this however may be the tmest 

picture ofthis issue as there is certainly no clear cut answer to the question. 

Antimicrobial Dmg Resistance in Enterococcus spp. 

Over the past several decades, Enterococcus has emerged as one of the most 

important bacterial causes of nosocomial infections.^^ Over the years Enterococcus has 

acquired specific mechanisms of resistance that have made it very difficult to treat 

clinically. Macrolide-lincosamide-streptogramin (MLS) antibiotics have been used as an 

alternate means of therapy for insidious Enterococci infections. There are three basic 

mechanisms that account for acquired resistance to (MLS) antibiotics. These include 

modification of the substrate target of the dmg, inactivation of the drag itself and active 

efflux of the antibiotic to lower its concentration in the cell. Single alteration of the 23 S 

rRNA has been known to confer broad cross-resistance to macrolide-lincosamide-

streptogramin B (MLSb) antibiotics. Inactivation of the dmg itself confers resistance to a 

smaller subset of MLS antibiotics. Efflux pumps that are refractory to macrolides have 

been discovered in gram-positive bacteria and are encoded by several genes including 

me/A, mefE, msrA, msrC and mreA?^' ^'' '"'' ' '"'' '̂ ^ The mef and mreA genes have been 
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associated more with macrolide resistance while the mrsA gene is associated with 

resistance to streptogramin B. Erythromycin resistance by erm methylases of the ermB-

ermAM hybridization class has also been described in Enteroccoci?^ 

Macrolides are composed of 14, IS, or 16 membered lactones that are attached to 

an amino acid and/or neutral sugars via a glycosidic bond.'"^ Erythromycin was first 

introduced in 1952 as the first macrolide antibiotic. Within a year of its introduction 

erythromycin resistant staphylococci from the United States, Europe and Japan were 

described. The erm genes or erythromycin ribosome methylase genes account for 

high-level resistance to certain macrolides. The gene products from ermB-ermAM 

methylate a single adenine in 23 S rRNA which is part of the larger SOS ribosomal 

subunit. This methylation reduces the binding for all three classes of antibiotics described 

above including macrolides, lincosamides, and streptogrammin B (MLSb). The erm 

system has been associated with several other bacteria and erm type genes are diverse and 

appear to be widely disseminated. This may be due to the fact that these genes are located 

on transposons, which have the tendency to be highly mobile elements. Some of these 

elements have even been found on plasmids, which are transferred readily between 

bacteria of the same species and across species. 

The me/genes or macrolide efflux pump genes are responsible for stmctures that 

reduce the concentration of macrolides inside the bacterial cell with 14 or 15 member 

lactones, which include erythromycin, clarithromycin and azithromycin. However, this 

efflux system has been shown to be ineffective agains 16 member lactone stmctures that 

include josamycin, spiramycin and tylosin. These efflux pumps recognize certain 
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chemical properties of the antibiotics and will export them from the cell upon recognition 

maintaining low cellular levels and keeping the ribosomes free from the antibiotics. The 

me/genes in particular have a high sequence homology to the major facilitator 

superfamily (MFS) of efflux proteins and operate in a very similar fashion. Along with 

the we/genes msrA genes also encode for an efflux pump system that is specific for 

streptogramin B antibiotics. Sequence related vga genes that are plasmid-associated have 

also been found and are known to encode efflux pumps that diffiise virginiamycin-like 

antibiotics out of the cell.* 

Enterococci have developed various mechanisms of resistance to the macrolide 

class of antibiotics and thus has led to the use of other antimicrobial classes such as 

glycopeptides to treat nosocomial type infections. Vancomycin, which targets cell wall 

precursors instead of protein synthesis has been utilized as a last line antibiotic for the 

treatment of enterococcal infections. Similar to macrolides, an increase in infections with 

vancomycin resistant organisms has been observed over the last few years. From 1989 to 

1993 the incidence of infection and colonization with vancomycin-resistant enterococci 

(VRE) was reported to have increased from 0.3% to 7.9% in U.S. hospitals.''̂  In 1998 the 

prevalence of VRE in hospitals was reported to be around 23% of all isolates recovered.^' 

Enterococci faecium is the most common species of VRE isolated from hospitals.̂ ^ The 

genes associated with development of resistance to vancomycin include vanA, vanB, 

vanC, variD, and vanE. Intrinsic resistance is associated with the vanC type while 

horizontally acquired resistance is associated with vanA or vanB type resistance which 

gene products are located on transposons. Generally vanC type resistance is related to 
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less serious or lower level resistance, while vanA and vanQ are considered more 

troublesome and have been associated with outbreaks of VRE in hospitals. 

The mechanism of vanA and vanB type resistance was found to be a cluster of 

genes that encode for an alternate biosynthetic pathway that produces cell wall precursors 

that have a lower affinity for the antimicrobial agent. Normal peptidoglycan precursors 

have D-alanyl D-alanine dipeptide termini but vanA and vanB mutant Enterococci have 

developed an ahemate stmcture. Instead of the D-Ala-D-Ala these Enterococci have 

substituted a D-Alanine-D-Lactate stmcture.*'' Vancomycin binds to this altered 

molecule at .001 times the affinity with which it binds to native peptidoglycan 
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precursors. This change in substrate target site is brought about by several proteins that 

sense the presence of the dmg, produce a dmg resistant target, and eliminate the dmg-

susceptible target in a coordinated manner. In vanA type Enterococci for example the 

VanR protein (response regulator) and the VanS protein (a histidine kinase sensor) form a 

two component regulatory system. ' The presence of vancomycin and similar antibiotics 

such as teicoplanin triggers the VanS protein to autophosphorylate that in turn causes 

VanR to phosphorylate. In addition to increasing the expression of vanR and va«S, 

phosphorylated VanR will also bind to the promoter region for the vanHAX, which 

drives transcription of these genes that encode the proteins that are essential to derive the 

stmctural components of the altered target molecule.''* The VanH protein converts 

pymvate to D-lactate, which is combined with D-alanine by the VanA ligase, which 

creates the altered molecule. VanX then hydrolyzes existing D-Ala-D-Ala molecules 

reducing the concentration of these normal cell well precursors leaving vancomycin 
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without a suitable target substrate,*'' A few other genes are involved in this process but 

their functionality is not fully understood. It is thought that VanZ protein helps contribute 

to teicoplanin resistance. The vanB-type resistance is very similar to vanA resistance 

however it differs mostly in its regulation.^^ Only vancomycin will induce the resistance 

in vanB types. This specificity of regulation is due to the VanSs sensor protein, which 

only recognizes vancomycin. The va^B-type resistance also contains homologues to the 

vanHAK gene cluster and therefore resulting resistance mechanisms are very similar. 

The source of these resistant gene clusters is not known; however the gene 

stmctures show striking similarity to genes in Streptomyces toyocaensis and 

Amycolatopsis orientalis which are actinomycetes that are used to produce glycopeptide 

antibiotics. However, there are significant changes in the G + C content which would 

suggest that if Enterococci did acquire these genes from these organisms it was not a 

recent transfer. The evolution of the antimicrobial resistant mechanisms is unclear; 

however, it is believed that the spread of glycopeptide resistance among Enterococci is an 

"epidemic of genes" that are mobile to varying degrees and is a result of an epidemic of 

clones carrying these genes.*" Individual strains of VRE are now being identified with 

Pulsed-Field Gel Electrophoresis (PFGE), and now the gene clusters themselves can be 

analyzed and tracked by DNA-based techniques, which will help to explain the evolution 

and source of these resistant strains of bacteria. 

It is believed that in the near term, antimicrobial resistant sfrains of Enterococci 

including VRE, will become established as endemic nosocomial pathogens in an 

increasing number of medical centers. In a sttidy by Jackson and coworkers (2002), 
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various grocery items were investigated for the presence of antimicrobial dmg resistant 

Enterococcus. In this study 55% of all the items tested positive for the bacteria. These 

included food items such as vegetables, fhiits and meats. Enterococci were most often 

recovered from potatoes and meat samples, which included beef, turkey, chicken and 

pork. Vegetables such as potatoes may be a possible reservoir of resistant organisms 

because of chemical sprays such as pesticides and herbicides that may cause cross-

resistance to antibiotics. The predominant species isolated was Enterococcus faecalis, 

followed by Enterococcus casseliflavus and Enterococcus faecium. The resistance 

profiles revealed a large percentage of the isolates were resistant to bacitracin (167/187), 

Hncomycin (174/187) and flavomycin (100/187), while very few isolates were resistant to 

ciprofloxacin (6/187), gentamycin (7/187), penicillin (2/187), linezolid (2/187) and 

nitrofurantoin (1/187). Interestingly 47% of the Enterococcus were also resistant to 

synercid, however the intrinsic resistance of E. faecalis to this antimicrobial accounted 

for 34% of the total resistance. None of the isolates recovered were resistant to 

vancomycin, which would suggest foods purchased at the grocery store may not be a 

reservoir for the increasing numbers of VRE found in hospitals. It is thought that the 

prevalence if VRE strains isolated from hospitals in the U.S. may reach between 25-50% 

and episodic outbreaks will produce upward spikes in the prevalence of resistant isolate 

infections. However the continued development of new dmgs by the pharmaceutical 

industry as well as high-throughput screening and rational dmg design will offer the 

prospect of effective bactericidal monotherapy for Enterococci^"^ Pmdent use of current 

antimicrobials and newer novel therapies such as vaccine-based immunotherapies, phage 
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therapy and other gene therapies designed to reverse dmg resistance, may offer long term 

solutions to antimicrobial resistant Enterococcus. 

Antimicrobial Dmg Resistance in Salmonella and E. coli 

Antimicrobial agents are used empirically for the treatment of human illnesses 

with pathogenic forms of Salmonella and E. coli. Unlike Enterococcus spp., disease 

caused by these pathogens can at times be more severe and in some cases lead to death. 

However, similar to Enteroccoci there is a growing emergence of antimicrobial resistant 

sfrains of Salmonella and E. coli. Fluoroquinolones are the most commonly used 

antimicrobial agent for the treatment of Salmonella infections in adults.' A low 

percentage (1%) of nontyphoidal Salmonella isolates reported by NARMs were found to 

have a decreased susceptibility to fluoroquinolones (MIC > 0.25) in 2001, which is an 

increase of 0.4%) from 1996."̂ * This may or may not be a biologically significant 

increase. Decreased susceptibility to this antibiotic is related to a single point mutation in 

a chromosomal gene of Salmonella.^^ Only a single additional point mutation would be 

required to for Salmonella to become fiilly resistant to these last line antibiotics. Some 

third generation cephalosporins are also commonly used for treatment of invasive 

Salmonella infections (Andersen et al 2003). ceftriaxone-resistant Salmonella is a major 

concem because this antibiotic is commonly used to freat children with Salmonella 

infections. The first reported case of an acquired ceftriaxone-resistant infection witii 

Salmonella was a 12-year old child in Nebraska.^" Public health officials stated that the 

child lived on a farm with his father who was a veterinarian and had been treating some 
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ill cattle prior to the child's illness. No history of antimicrobial agent use was recorded 

and in fact the child may not have had contact with the infected herd, which has led to a 

discrediting ofthis study. Third generation cephalosporins, however, are widely used in 

cattle. The percentage of non-Typhi ceftriaxone-resistant Salmonella isolates as reported 

by NARMS increased from 0.1 %> to 2% in 2001.^* Resistance to ceftriaxone is associated 

with a unique AmpC-type resistance gene (cmy-2), which is located on a plasmid. These 

gene products produce a beta-lactamase enzyme that is known to cleave cephalosporins 

and penicillin rendering them inactive.'"' 

Most antimicrobial resistant bacteria have mobile gene elements such as R 

plasmids and transposons. These gene elements can be located in commensal bacteria 

such as non-pathogenic sfrains ofE. coli. Salmonella and Shigella.^ Recent studies have 

shown that commensal E. coli strains have increased resistance to fluoroquinolones and 

third-generation cephalosporins. A study by Garau and coworkers (1999) observed an 

increase in E. coli isolates in Spain that were quinolone resistant from 9 to 17% in 5 

years. In this study there was a high prevalence of quinolone resistant isolates recovered 

from healthy children and adults (26 and 24% respectively). Nearby microbial testing 

from animal slaughter houses also resulted in a high level of quinolone-resistant E. coli 

recovered from swine and chickens (45 and 90% respectively). 

Escherichia coli are also well known for the chromosomally mediated multiple 

antibiotic resistance (MAR) operon. Expression of the MAR operon, consisting ofmarR, 

mar A, and marB, is normally repressed by MarR but can be induced by diverse 

compounds, which include tetracyclines, chloramphenicol, menadione, and salicylates. 
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When the MAR operon is turned on it will allow the bacteria to become refractory to a 

number of antimicrobials. This is achieved by a cascade of cellular events in which the 

increased expression of mic¥ which indirectly decreases the expression ofompF that 

lowers the amount of porins in the outer membrane ofE. coli. This will make the cell less 

permeable to certain antibiotics. The MAR operon is controlled with a two-component 

system similar to the vanHAX system described earlier. These resistant gene elements are 

also transposon associated which has led to their wide dissemination among E. coli as 

well as other genetically related bacteria. 

Food animals are a known reservoir for Salmonella and E. coli as they commonly 

reside in the intestinal tract. It has been estimated that 95% of human salmonellosis cases 

involve foodbome transmission." Salmonella is a common inhabitant of the GI tract of 

most animals including cattle. In one study, the prevalence of antibiotic resistant 

Salmonella isolated from beef animal hides and carcasses were determined. A total of 

13 antibiotics were tested on 526 isolates of Salmonella collected. The overall 

prevalence of Salmonella on the hides of catfle was 15.4% (49/319), while the prevalence 

of Salmonella after dehiding and during other in plant processes was lower at 1.3% 

(4/320). A total of S3 positive samples yielded 526 isolates that were tested for their 

antimicrobial susceptibility pattems with a panel of antimicrobials including: 

amoxicillin/clavulanic acid, tefracycline, sfreptomycin, sulfanomides, ampicillin, 

ampicillin/sulbactam, chloramphenicol, gentamycin and trimethoprim/sulfamethoxazole. 

The isolates were resistant to these antibiotics at 45.3%, 32.1%, 32.1%, 20.8%, 15.1%, 

15.1%, 15.1%, 7.5% and 3.8% respectively. None of the Salmonella isolates were 
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resistant to ceftriaxone, ciprofloxacin, enrofloxacin, or levofloxacin. A total of eight 

samples yielded at least one isolate that was resistant to five or more antimicrobials 

tested. Three of these samples yielded at least one Salmonella Typhimurium var. 

Copenhagen DTI 04 isolate that was resistant to six of the antimicrobial dmgs tested. In 

another study by Beach and coworkers (2002), the antibiotic profiles of Salmonella 

isolates coming from feedlot and non-feedlot beef cattle were examined. Salmonella was 

isolated from rectal grabs, hides, environment, and carcasses. Serotypes were determined 

for all isolates the most common serotype recovered from feedlot catfle was Salmonella 

Anatiim (18.3%) followed by Salmonella Kentucky (17.5%), S. Montevideo (9.2%), S. 

Senftenberg (8.3%) and S. Mbandaka (7.5%). For non feedlot cattie the most common 

serotypes were S. Kentucky (35.4%), S. Montevideo (21.7%), S Cerro (7.5%), S. Anattim 

(6.8%) and S. Mbdanka (5.0%). Antimicrobial testing revealed that 21.7% of the feedlot 

cattle isolates were resistant to tetracycline, compared with 11.2% of non-feedlot cattle. 

None of the other Salmonella isolates from the feedlot cattle were resistant to any other 

antimicrobials tested while 6.2% of the non-feedlot cattle were resistant to more than four 

antimicrobials tested. 

Another study was performed to determine the prevalence of antimicrobial 

resistant Escherichia coli from retail meats in Washington, D.C., USA."^ Samples were 

taken from retail beef, chicken, pork, and turkey. Four hundred and seventy-two generic 

E. coli isolates were recovered and subject to antimicrobial tests. Approximately 59% of 

these isolates were resistant to tetracycline, followed by sulfamethoxazole (45%), 

streptomycin (44%), cephalothin (38%) and ampicillin (35%). Resistance was also 
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observed to lesser extent however to gentamicin (12%), naladixic acid (8%), 

chloremphenicol (6%), ceftioftir (4%) and ceftriaxone (1%). The authors concluded that 

retail meats are often contaminated with antimicrobial resistant E. coli. In a similar 

study, 752 E. coli isolates originating from human and animal agriculture sources from 

several countries were also evaluated for their antimicrobial susceptibility pattems.''" Of 

the antimicrobial resistant phenotypes the highest frequencies were related to isolates 

from human and turkey samples. Fifty-nine percent of isolates from humans were 

resistant to sulfamethoxazole, 59% were resistant to streptomycin, 56% to ampicillin, 

56% to tetracycline, 50% to cephalothin, 38% to trimethoprim-sulfamethoxazole, 34% to 

chloramphenicol, and 18% to amoxicillin-cla'vulanic acid. For turkeys 84% were resistant 

to sulfamethoxazole, 82% were resistant to streptomycin, 71% to tetracycline, 49% to 

ampicillin, 39% to cephalothin, 28% to amoxicillin-cla-vulanic acid, 24% to gentamicin 

and 20% to naladixic acid. The resistance profiles among cattle, chicken and swine were 

similar to each other, approximately 50% of cattle isolates were resistant to streptomycin, 

followed by tetracycline (47%), and sulfamethoxazole (46%) and 15% were resistant to 

ampicillin. Out of all the isolates tested approximately half of the isolates were found to 

be resistant to one or more antimicrobials. The authors suggested that the data provided 

by this study was in accordance with other studies fnsX suggested the use of antimicrobial 

drags has been a key factor in selecting for these resistant E. coli. They also noted that 

40%) of the E. coli from humans was resistant to trimethoprim-sulfamethoxazole which is 

a recommended combination for treating a range of human infections, including urinary 

tract infections, ft was suggested that resistance to this combination dmg should be 
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closely monitored as it may often be used for treatment of disease and result in failure to 

cure. The authors also mentioned the observation of 20% of the E. coli isolates from 

turkeys that were resistant to naladixic acid, which is a quinolone dmg. Currently 

floroquinolones are used to treat a range ofE. coli source infections in humans and this 

antimicrobial resistant trend is alarming. It was also noted that almost all the E. coli 

isolates from nonfood animals were susceptible to the antimicrobials tested; some 

exceptions were isolates from dogs, cats and pet rabbits. 

It is evident from the literature that generic E. coli and Salmonella have the 

propensity to carry and disseminate antimicrobial resistant genes. An increasing 

emergence of these resistant bacteria is a cause for concem in both food animals and 

humans. Concem over non pathogenic strains of these bacteria is equally merited as they 

have the ability to confer resistance to pathogenic and commensal bacteria in the human 

and animal GI tract. As with Enterococci it is important to monitor and attempt to track 

the source of these antimicrobial resistant bacteria in order to combat these problematic 

organisms in the future. 

National Committee for Clinical Laboratorv Standards and MICs 

In order to classify a bacterium into a susceptible, intermediate or resistant class 

there first must be standards and normal protocols by which these bacteria can compared 

and tested. The National Committee for Clinical Laboratory Standards (NCCLS) has 

been the leading organization for determining these breakpoints and standardized 

protocols for testing bacteria. The "NCCLS is a global, nonprofit, standards-developing 
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organization that promotes the development and use of voluntary consensus standards 

and guidelines within the healthcare community".'^ Several techniques have been 

developed to test microorganism's refractory capabilities to antimicrobial agents. In 

order to be able to compare the results of these tests certain standardized protocols must 

be followed and control organisms with known antimicrobial susceptibility pattems must 

be analyzed along side the test organisms. These control organisms will have predictable 

susceptibility pattems that are reproducible if the protocols are performed correctly. The 

confrol organisms will validate the testing procedures. The NCCLS protocols are 

designed specifically for this. 

Along with standardized testing protocols, measurements of inhibition or non 

inhibition of these microorganisms to antimicrobials must also be uniform and based off 

of scientific and logical data. For the purpose of classifying microorganisms into 

susceptible intermediate and resistant groups the MIC or minimum inhibitory 

concentration was developed. MICs were originally developed to aid clinicians in 

determining which antibiotics or what level of antibiotic to prescribe for treating bacterial 

illnesses when a resistant organism was the causative agent. "The minimum inhibitory 

concentration is the minimum concentration of the antibacterial agent in a given culture 

medium below which bacterial growth is not inhibited".*^ MICs are two-fold dilution 

schemes and measured in the \ig/m\ range, which is a common prescribed dosage range 

in humans. In a paper by Whitebsky and coworkers (1979) original MICs were criticized 

for not giving useful information to clinicians in prescribing antibiotics. The authors 

suggested a new interpretive scheme, which was more clinically useful and did not 
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include an intermediate category. The categories were described as follows: Sensitive (S) 

a designation used when an organism has an MIC such that adequate semm levels (at 

least two to four times the MIC) can easily be attained by ordinary doses of that 

antimicrobial agent administered by its usual route. Resistance (R) designation was used 

when an organism has an MIC such that adequate semm levels (maximum semm level is 

less than the MIC) carmot be attained for reasons antimicrobial pharmacology or toxicity, 

regardless of how the antimicrobial agent is administered. The authors also presented 

several other categories for more specific treatment of certain illnesses and classification 

of resistance, however these two classifications were potentially more useful then the 

original three system S, I, R, means of classification which were derived from culture 

media results and not actual concentrations in semm. 

With the MICs the NCCLS has further developed standards, controls and uniform 

tests to evaluate an organism's refractory capabilities to antimicrobial agents. The three 

system S, I, R classification is still used but in most cases the intermediate level is still 

considered susceptible. The NCCLS has accepted various methods for antimicrobial 

testing including disk diffusion or the Kirby-Bauer method, and both broth macro and 

microdilution methods. Broth microdilution is currentiy the most accepted method by the 

NCCLS for determining antimicrobial susceptibility of microorganisms. Validation and 

of newer methods generally use broth microdilution as the gold standard to compare. 

Determining Genetic Relatedness of Microorganisms 

Pulsed-Field Gel Electrophoresis 
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Pulse-Field Gel Electrophoresis (PFGE) is based on a conventional method of 

separating out DNA samples in a gel matrix by taking advantage of the polar 

characteristics of the DNA molecule. These molecules because of their electronegative 

nature will migrate in this matrix in an electric field in a process called reptation, Pulsed-

field gel electrophoresis was developed from horizontal gel electrophoresis, which was 

used to separate smaller (0.1-30kb) fragments of DNA, This technique suppHes a 

constant and homogenous electrical charge to a gel matrix to achieve separation of polar 

molecules. In general when these molecules move through the gel matrix they achieve 

separation by the sieving properties of the gel, which allows DNA molecules of smaller 

size and proportion to move through the pores of the gel at a faster rate then larger 

segments of DNA. Under an electrical charge DNA molecules will elongate and align 

themselves with the gradient of the electrical field moving towards an anode. The 

defining difference between normal gel electrophoresis and PFGE is the ability to 

separate out larger DNA fragments >20kb by periodically changing the orientation of the 

electrical field. It was suggested by David Schwartz (1984) that this orientation switch of 

the electrical field would force the DNA molecules in the gel to relax upon the removal 

of the first field and then elongate with the new field, which would be a size dependent 

process. Originally DNA fragments larger then 20kb would show the same mobility in a 

static electric field, making it impossible to separate out larger DNA fragments which 

becomes very important when researching chromosomal DNA. Swartz was correct in 

his assumption and was able to demonstrate the usefulness ofthis technique by separating 

out yeast chromosomes that were hundreds of kilobases in length. In the early eighties 
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Swartz and Cantor were able to separate out DNA molecules up to 2mb in length by 

using this periodic shift in electrical fields. The technique at that time was called pulsed 

field gradient elecfrophoresis; due to the fact that they believed the electrical field 

gradient was the critical parameter in achieving separation. However in non-uniform 

electiical fields the mobility and trajectory of identical DNA molecules was variable. 

Improvements of the basic design showed that the angle between alternating electrical 

fields, rather then the non-uniform field strength was the critical determinant of DNA 

separation and thus evolved the name into pulse field gel electrophoresis. 

The entire foundation behind PFGE is based on the concept that large DNA 

molecules undergo major conformational changes in response to electrical field vectors 

that vary by 90° and that the larger the DNA molecule is the longer it takes to undergo 

reorientation in response to change in the electrical field angle. Thus smaller DNA 

molecules would spend less time reorienting and more time migrating in the gel. To 

demonstrate this, use of YOYOl-labled T2 phage DNA and epi-illumination florescence 

microscopy enabled researchers to visualize molecular movements during real time 

PFGE conditions.*^'' This experiment described the movement of DNA molecules 

through a gel like a caterpillar where the tail or long end of the DNA will lag behind the 

head or leading end. If the angle of the pulse is less than 90°, DNA resolution by PFGE is 

not efficient because this same leading head will continue to drive the movement of the 

DNA molecule through the gel and will not separate based on its size. This is much like 

conventional electrophoresis. However if the angle of reorientation is greater then 90° the 

lagging end or tail will reorient along the new force vector and become the new head of 
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the DNA molecule. So for net movement through the gel to take place the former head of 

the DNA molecule must move back through the gel to align with the new leading end 

thus larger molecules will take longer amounts of time to migrate through the gel. 

The basic definition of pulse field is: any electrophoresis process that utilizes 

more than one electric field altematingly. There are various types of pulsed-field 

applications that would fall into this category. A few of these are namely OFAGE or 

orthogonal field inversion gel electrophoresis, FIGE or field inversion gel 

electrophoresis, transverse alternating field electrophoresis (TAPE), PFGE pulsed-field 

gradient gel electrophoresis and one of the more common types CHEF or contour 

clamped homogeneous electrical field or cross field gel electrophoresis. 

The basic or first PFGE design incorporated two alternating electric fields, one 

was homogenous and the other non-homogenous. Shortly thereafter the OFAGE 

system was developed which utilized two non-homogenous electrical fields. The major 

difficulty with these first two apparatuses is that the DNA would not migrate in a straight 

line down the gel instead it had a curved trajectory which made it difficult to make 

comparisons between lanes. Next came the TAPE machine, which used homogenous 

electric fields that were produced across the width of the gel, which helped to eliminate 

this curved trajectory. The major setback with this technique was the fact that the 

orientation angles (acute angle between alternating electrical fields) were not constant 

throughout the gel. This resulted in molecules that did not migrate at a constant velocity 

through the gel. The FIGE or field inversion system utilized periodic inversion of a 

uniform electrical field (180°) to resolve DNA fragments in the range of lS-700kb 
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however each switching interval (amount of time each field is active) a double-valued 

relationship between size and mobility was observed." This means that molecules of 

intermediate size have little or no mobility where large and small DNA molecules exhibit 

velocities inversely and directly related to their sizes. To correct this alternating the 

switch times resolution of DNA molecules in a particular size range can be optimized. 

This system is often used in conjunction with other types of PFGE. The CHEF system 

developed by Chu and coworkers (1986), however was capable of separating out many 

DNA samples in straight lines at constant velocities by utilizing homogenous electrical 

fields using multiple reorientation angles with multiple electrodes arranged around a 

closed contour.^ The electrodes in the CHEF system are arranged in a hexagonal array 

that is clamped to a predetermined potential such that the gel is comparable to that 

generated by two infinitely long electrodes. Coupled with a fixed orientation angle of 
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120° and different pulse or switch times DNA molecules up to 2Mb can be resolved. 

The CHEF system is one of the more commonly used PFGE apparatuses used today. 

The first step in preparation of DNA for PFGE is to isolate the culture of concem, 

grow the cells up overnight and spin them down in a centrifuge to a certain concentration, 

which varies depending on the microorganism. Once the cells are harvested they are cast 

in an agarose plug and put in a Tris buffer along with a solution of lysozyme/RNase. 

Lysozyme cleaves the glycosidic bond between carbon number 1 of N-acetylmuramic 

acid and carbon number 4 of N-acetyl-D-glucosamine. These two carbohydrates are 

polymerized to form the cell wall polysaccharide. Addition of lysozyme digests the 

bacterial cell wall exposing the DNA and other cell contents while Rnases will destroy 
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unwanted RNA in the cells.^' After rinsing a solution of Proteinase K is added to the 

agarose plugs which digests cellular proteins and enzymes such as DNases and RNases 

that would further breakdown the chromosomal DNA. The cells are kept in this solution 

ovemight at SO°C to optimize isolation of the chromosomal DNA, After incubation the 

cells are washed thoroughly with a Tris and EDTA based buffer to remove cell debris 

while the DNA remains embedded in the agarose plug. The final step before PFGE is 

addition of the restriction enzyme if chromosomal fragmentation is desired. Setting the 

DNA in a plug allows for the DNA to be saved for 6-8 months at refiigeration 

temperatures if the restriction enzyme is not added. Selection of an appropriate 

restriction enzyme or endonuclease will provide a suitable amount of DNA fragments in 

the gel, A restriction endonuclease functions by moving along the length of a DNA 

molecule. Once it encounters a particular specific recognition sequence, it will bind to the 

DNA molecule and make one cut in each of the two sugar-phosphate backbones of the 

double helix. The positions of these two cuts, both in relation to each other, and to the 

recognition sequence itself, are determined by the identity of the restriction endonuclease 

used to cleave the molecule in the first place. Different types of RE's will cut the DNA in 

different sites depending on their recognition sequence. Once the cuts have been made, 

the DNA molecule will break into fragments allowing for separation via PFGE, Plugs 

are then incubated ovemight in the RE and rinsed the following day. At this point the 

DNA is isolated and ready to be ran on the PFGE apparatus. Typical PFGE mn times 

will vary depending on the chromosome size and amount of cuts made in the DNA; 

however for good resolution most mn times will be in excess of 14hrs in length. 
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Following the completion of a gel mn the bacterial chromosome fragments can be viewed 

by staining the DNA. One of the more common methods of staining the chromosomal 

DNA is by ethidium bromide, which is a chemical that adheres to the DNA and 

fluoresces under stimulation by UV light. Thus by exposing the gel to UV light a 

banding partem for each isolate mn will emerge in the gel making it possible to 

categorize the isolate which will be covered further in the following section, 

Pulsed-field gel electrophoresis is widely accepted as the gold standard in 

molecular typing of bacteria to investigate bacterial relatedness. It has been extensively 

used to determine relatedness of strains in disease outbreaks as well as various other 

epidemiological tj^e studies. It is important to understand the concept behind 

determining whether one bacterium is a direct progeny of another, which is determined 

by the banding pattem. When bacteria are compared for relatedness they are generally 

mn on the same gel together with a lambda standard (standard molecular weights) to 

evaluate their banding pattem. Depending on the restriction enzyme and species of the 

bacteria multiple bands will be resolved in the gel. For example, if two bacterial isolates 

that were collected from human patients during an outbreak of foodbome disease, are mn 

on a gel together and each one produces 15 bands each of the isolates would only be 

considered identical or indistinguishable if all 1S bands were to line up horizontally on 

the gel giving a correlation coefficient of 100%, To take this further, if 14 of 15 bands 

were to line up these isolates would yield a correlation coefficient of 93%. In disease 

outbreaks these strains would be considered closely related and probably part of the same 
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outbreak. Strains with less then 70% correlation are not considered to be closely related 

and would therefore not be considered related or part of the same outbreak,"" 

Pulsed-field gel electrophoresis has commonly been used to establish strain 

relatedness among bacteria that exhibit the same pattem of multiple antimicrobial 

resistance as well as determine the source and molecular diversity between strains with 

an emphasis on spatial or regional distribution. Since the conception of PFGE it has been 

extensively used in various research and epidemiological studies and the best example of 

applications ofthis molecular technique can be best described by looking at some of 

these studies. 

In one study in Ireland, a collection of 112 isolates of Salmonella enterica 

serotype Bredeney were evaluated using PFGE combined with antimicrobial 

susceptibility tests and DNA amplification fingerprinting. These isolates were recovered 

from animal, food, and sources from two regions: Ireland and Northem Ireland. The most 

common antimicrobial resistance was to sulfanomides and sulfanomide/trimethoprim 

combination. One strain recovered was resistant to five antimicrobials including 

ampicillin however a majority of the isolates were susceptible to the antimicrobials 

tested. PFGE revealed eight distinctive banding pattems from these isolates. One 

particular banding pattem accounted for 97 of the 112 isolates, although the correlation 

was not 100% between all of these 97 isolates, it was determined that these strains were 

somewhat related and were isolated from all three sources: clinical settings, animals and 

food. It was suggested that this particular banding group was clonally distributed 

throughout Northem Ireland and Ireland and would be considered the dominant PFGE 
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type. These isolates also represented similar antimicrobial susceptibility traits within the 

same PFGE type. Interestingly the multiple resistant isolate recovered had a unique 

banding pattem from that of the other 7 banding groups,^* In this study PFGE was 

utilized to show spatial relationships (Northem Ireland isolates compared to Ireland 

isolates) and their clonal distribution as well as antimicrobial relationships between 

bacterial isolates compared to their PFGE banding pattems. 

In another study by Gelsomino and coworkers (2002) the source of Enterococcus 

in farmhouse raw-milk cheese was determined. For the most part Enterococcus spp, are 

widely distributed in raw-milk cheeses and are thought to positively affect flavor 

development. The source of these bacteria however was unknown. These researchers 

used an epidemiological approach with PFGE to type 646 Enterococcus strains isolated 

from chedder-type cheese, the milk it was made from, the feces of cows and humans that 

were associated with making the cheese as well as the environmental samples of the plant 

and farm and cow's teats. Nine different PFGE pattems were observed, three from E. 

casseliflavus, five from E. faecalis and one from E. durans. Three distinctive clones 

were determined to represent the majority (97%) of isolates recovered from the milk, 

cheese and human fecal samples. The Enterococcus recovered from the cow's feces was 

unlike these three clones. The particular clones found in the cheese, milk and human fecal 

contents was also recovered from the bulk tank where the milk was stored and were 

recovered before and after chlorination. They suggested that this in fact might have been 

the niche where these Enterococcus were growing and being introduced into the cheese. 

It was also determined that human contamination could have been the source since the 
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same banding pattem showed up in isolates recovered from human feces although they 

suggested it was much more likely due to eating cheese contaminated with these cultures. 

No Enterococcus were recovered from the teats of the cows and since the isolates 

recovered from the feces of the cows were not related by PFGE, the authors suggested 

that the cow itself may not be a likely source,^' Although this study was somewhat 

incomplete it is an example of how the source of bacterial contamination can be 

determined by the use of PFGE, 

These are just a few of the types of studies and applications that utilize PFGE as a 

molecular tool for determining bacterial relatedness, Pulsed-field gel electrophoresis has 

shown the ability to produce clearly interpretable results with many bacterial strains of 

interest. The results from PFGE mns are easily reproducible. This technique also has 

discriminatory power to produce results that clearly show the differentiation between 

unrelated strains of bacteria in the same species. It is also a very practical tool that is 

versatile, fairly rapid, inexpensive (after initial costs), and technically simple. It provides 

clear-cut results in most cases and it is easy to see why PFGE is considered the gold 

standard used for molecular typing of bacterial isolates. When used with other typing 

methods, pulsed-field gel electrophoresis is even more powerful and because of its 

success with many research and epidemiological studies it will continue to be widely 

used in the future. 
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Molecular typing of Enterococcus by PFGE 

Pulsed field gel elecfrophoresis has been extensively used to genotype 

Enterococcus spp, and evaluate genetic relatedness between strains. This molecular 

typing tool has also been utilized to compare antimicrobial resistant strains and to study 

restriction length polymorphism (RFLP) created by the PFGE of various species of 

Enterococcus. Successful attempts at genotyping Enterococcus spp. with PFGE have led 

to its increased use presently and its continued use in the future. 

In a study by Bedendo and coworkers (2000), PFGE was utilized along with PCR 

to study 31 strains representative of 11 species of Entorococcus. Pulsed-field gel 

electrophoresis and PCR were successfully used to discriminate between 4 and 5 different 

genotypes respectively. The authors suggested that the two techniques were both 

acceptable to use when studying various Enterococcus spp. however, PFGE was more 

laborious and time consuming than PCR, Malathum and coworkers (1995) in a similar 

study compared PCR and PFGE techniques for Enterococcus typing and did not find any 

statistically significant difference in the discriminatory power of these two molecular 

genotyping tests. 

In one particular study, PFGE was used to determine the relatedness between 

VRE strains recovered from the fecal samples of hospitalized patients in Sweden. With 

PFGE, they were able to delineate that 7 of the 9 VRE strains were genetically related. It 

has been suggested that 2 or more strains should be regarded as identical or closely 

related when a maximum of 3 bands of different molecular weights are observed. 

Tenover and coworkers proposed certain guidelines for the interpretation of PFGE 
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pattems when many strains are being compared. In these guidelines it was determined 

that band differences should be calculated with reference to the commonest strain, index 

strain, or the parental strain pattem, which is referred to as the "modal" band difference. 

In 1999 this criteria was utilized for discriminating between strains of VRE collected 

over an 11-month period. It was determined that Tenover's criteria of a 3 band 

difference should be restricted to studies that cover periods that span less then 3 months. 

It was suggested that this study which covered almost one year, had strains that would not 

fall under the original criteria of relatedness and this criteria should not be followed 

rigidly because two genetic events could lead to differences of up to 6 bands which could 

easily take place in longer time period. Instead if there is good epidemiological evidence 

that strains could be related that these factors should also be taken into account when 

determining genetic relatedness between strains in studies over 3 months. Criteria used 

to define strains by ribotyping and other DNA typing methods, are even more 

problematic and no guidelines have been proposed, 

Pulsed-field gel electrophoresis has also been utiHzed to determine genetic 

relatedness between Enterococcus isolates recovered from food animals, hi a study by 

Hammeram and coworkers in 2000, Enterococcus spp. were recovered from chickens, 

pigs and humans and evaluated using PFGE and RiboPrinting. Forty-eight vancomycin-

resistant and 35 vancomycin-susceptible £,/aecjwm (VSE) isolates were examined, 

PFGE typing was performed using Smal restriction enzyme while RiboPrinting was 

performed using EcoRI, Pulsed-field gel electrophoresis-typing differentiated the 

population of 87 total isolates into 57 distinct genotypes, while RiboPrinting divided 
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these same 87 isolates into 40 groups. The authors suggested that PFGE-typing had better 

discriminatory power then ribotyping. However, neither genotyping method was able to 

group the VRE and VSE into discrete clusters and it was shown that a great diversity of 

genetic types is present within these two groups. The isolates recovered from pigs, 

chickens and humans also did not group into separate clusters by either of the typing 

methods, which indicates a non host specific preference ofE. faecium and that it most 

likely spreads freely between animal and human reservoirs. 

In a more recent study, the antibiotic resistance and PFGE pattems of fecal 

Enterococcus recovered from poultry, poultry farmers and poulfry plant personnel was 

determined,' " Seventy-three vancomycin-resistant isolates were recovered all belonging 

to four different species of Enterococcus and all with the vanA gene cluster present. The 

PFGE pattems of the VREs were determined to be quite heterogeneous. However, 

Enterococcus hirae isolates with the same or closely related PFGE pattems were isolated 

from two different farms from the broiler farmer and from the broilers. The authors 

suggested that transmission of resistance isolates of Enterococcus spp, from animal to 

man likely occurred and that this could have been due to clonal transmission; however, it 

is also likely that transposons transfer may have also occurred as vanA-containing 

transposons are easily disseminated as well. Resistance to various other antimicrobials 

including erythromycin, gentamicin and floroquinolones was also reported in this study 

however there was no mention of specific PFGE pattems that were related to any of the 

antibiograms. 
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Gambarotto and coworkers (2000) studied VRE from fecal samples of 

hospitalized patients and non-hospitalized controls in a cattie-rearing area of France, A 

total of 37% of hospitalized patients and 11,8% of controls were found to be VRE 

carriers. Sixty-five total VRE strains were isolated the most prevalent species being E. 

gallinarium followed by E. faecium. All of the E. faecium isolates were found to have 

the vanA gene cluster, A higher percentage of VRE were recovered from individuals in 

this particular area of France than have been reported in other countries including various 

European countries and the U.S, Pulsed-field gel electrophoresis pattems suggested 

unrelated strains for each vanA-type isolate recovered from different individuals. Strains 

that were recovered from the same patient had identical PFGE pattems. This result is 

similar to the studies previously mentioned. 

Currently, the majority of the enterococci-related PFGE studies are centered on 

outbreak type situations with most of the isolates examined recovered hospitalized 

patients. Very little research has been performed in relation to food animals and 

genotypic relatedness of isolates recovered on the live animals and their respective food 

products. Although various studies have indicated there is a good possibility that food 

animal are a possible reservoir for antimicrobial resistant organisms that can pass on to 

humans through consumption of their food products, there has been little good scientific 

evidence ofthis, Pulsed-field gel electrophoresis is a proven method of determining 

genetic relatedness between Enterococcus isolates and can be utilized to determine if in 

fact food animals are a possible reservoir for these organisms. The large amount of 

genotypic variability between Enterococcus isolates allows them to be successfully 
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discriminated from each other using PFGE and similar gel pattems can be justiy deemed 

related using the Tenover criteria. 
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CHAPTER II 

THE PREVALANCE OF ENTEROCOCCI, ESCHERICHIA COLI AND 

SALMONELLA IN BEEF FEEDLOT CATTLE AT THE FEEDLOT AND IN A 

COMMERCIAL ABBITOIR 

Introduction 

There have been numerous research studies that define the common bacterial 

species associated with catfle and beef products. These studies have concentrated on 

pathogenic strains of bacteria that may be a cause for concem in human or animal health. 

Many recent studies have attempted to estimate the prevalence of £•. coli 0157:H7 in 

cattle at the feedlot, the packing plant and on the final processed products,'^'*"' '"^' '"* 

The actual prevalence may vary and is dependant on many factors, A few of these 

factors may include seasonal effects, sampling methods, detection methodology, 

geography, and antimicrobial intervention strategies. Generic or Biotype IE. coli is 

commonly associated with cattle and beef products while pathogenic strains are less 

commonly found. 

In addition to E. coli, another species of bacteria that are prevalent in cattle are 

Salmonella spp. In one study, the number of Salmonella recovered from hides and feces 

of cattie at the packing plant were reported to be 86,9 and 43,4% respectively.'^ Others 

reported that when fecal samples were taken from 60 animals by rectal/colonal palpation, 

approximately 70% of these samples were positive for Salmonella. ^^^ Prevalence of 

Salmonella on pre-evisceration carcasses has been reported at around 23-27% by 
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others,'"* While prevalence estimates vary, it is evident that these bacteria are commonly 

associated with cattle. 

Along with the common gram-negative bacterial groups, there are also gram-

positive species of bacteria commonly associated with animals used for food production, 

Enterococci constitute a large proportion of the autochthonous bacteria associated with 

the mammalian GI tract, Enterococcus faecalis, E faecium, and E. durans are often the 

predominating species in the human bowel,^^ Because these organisms are associated 

with animals, the raw animal food products also contain significant amounts of the 

organism. It has been previously reported that in 981 raw meat samples Enterococcus 

spp, were recovered from 100% of the ground beef samples,*^ This bacterium is a 

ubiquitous organism and it is found at high prevalence in animal food products. In a past 

study, Enterococcus isolates were recovered from raw meat products and E. faecalis was 

found to be the predominant species isolated from beef and pork cuts. In another 

report, pig carcasses from three different slaughtering plants contained numbers of 

Enterococcus spp, ranging from 10''-10^ log counts/per 100 cm^ surface area throughout 
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processing. 

The objective ofthis study was to determine the proportion of culture-positive 

fecal and hide samples at the feedlot for Salmonella, E. coli and Enterococcus. These 

same animals were sampled at the commercial abattoir as well to determine the number 

of positive samples for hide, pre-evisceration carcasses and cooler carcasses. By 

determining the amount of hide, fecal and carcass contamination at these sampling points 
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a greater understanding of nature of transmission and cross contamination of these 

bacteria from the feedlot to the plant can be ascertained. 

Materials and Methods 

Sample Collection 

A total of sixty mixed-breed steers (20 per replication) from a single source with 

initial body weight of approximately 340 kg were purchased and delivered to the Burnett 

Center for Beef Cattle Research and Instmction, After their arrival at the center, the steers 

were weighed and given specific identification with sequentially numbered ear tags and 

then routinely processed. Steers were housed in dirt-floor pens and fed a 70% 

concentrate starter diet for approximately 7 to 10 days. Finishing diet consisted of steam-

flaked com-based meal with either alfalfa or cottonseed hulls as the roughage source. 

Antimicrobial growth promoters included in this diet were Rumensin (30g/ton) and Tylan 

(8g/ton). Intermediate body weight measurements of the cattle were measured on a pen 

basis at 28, 84, and 112 days of the study. Individual body weights were also collected at 

day 56 when the cattle were re-implanted and again on the day of shipment to the 

slaughter plant. 

Ten grams of fecal material was aseptically collected via a rectal palpitation 

immediately before shipment of the cattle to a commercial abattoir. This sample was 

placed aseptically in a labeled sterile plastic container. During this same time period a 

sample area of 30 x 30 cm from the perineum hide was swabbed with a sterile buffered 

peptone water-soaked gauze pad (10x10 cm) and placed in a separate sterile labeled 
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container. All samples were placed on ice in a cooler and transported back to the lab for 

further analysis. 

At the commercial abattoir, the carcass order was recorded to link the animal tag 

number back to its respective carcass during processing. Carcasses were sent through the 

plant in groups of five for a total of 20 animals per replication with twenty non-study 

carcasses in between each group in order to allow time to swab each carcass as well as 

prepare for the next set of carcasses. Upon entry into the plant the opposite side of the 

perineum hide was sampled as described above. Immediately after hide removal and 

before the hot-water wash, a carcass swab was collected from the hindquarter near the 

rectal opening in an area of 30 x 30 cm. After entry into the hotbox a carcass swab was 

collected from the opposite hindquarter in the perineum area as described above. Swabs 

were then transferred into individually labeled sterile bags and placed a cooler on ice for 

transport back to the laboratory for analysis. 

Microbial Analvsis 

Upon arrival at the laboratory the samples were subjected to bacterial isolation for 

three different genera: generic (non-type specific) E. coli, Enterococcus spp. and 

Salmonella spp. Common USDA and FDA methodology was used for recovery of all 

organisms as detailed below. 

Fecal samples 

A 10-g portion of fecal matter was aseptically transferred into 90 mL buffered 
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peptone water (BPW) and shaken for 1 minute. To recover commensal E. coli, 0,1 mL of 

the dilute sample was plated onto a pre-poured violet red bile agar (VRBA) plate by 

streaking for isolation. To isolate enterococci, 0,1 mL of the diluted (BPW) sample was 

sfreaked onto a KF streptococcus agar plate supplemented with triphenyltetrazolium 

chloride (TTC) solution as a color indicator. Both KF streptococcus plates and VRBA 

plates were incubated at 37°C for 24 hours. Salmonella was isolated by aseptically 

fransferring 0,2 mL of the BPW sample into 10 mL Rappaport-VassiHadis media (RV), 

which was incubated at 40°C for 24 hours. 

Hide and Carcass Samples 

Hide and carcass samples were processed similarly to fecal samples, A 90 mL 

portion of BPW was poured into each labeled bag containing a sponge sample and 

manually massaged for 1 minute. The hide sample was immediately cultured for 

commensal E. coli, enterococci, and Salmonella as described for fecal samples. Samples 

taken from the carcasses were subjected to a pre-enrichment step by holding for 18 hours 

at 37°C prior to selective plating. Previous studies and our preliminary data indicate that 

this improved recovery, possibly by allowing injured cells time to recover. Bacteria may 

be injured when subjected to intervention strategies such as acid or hot-water washes, 

steam cabinets, or steam vacuuming. Our collaborating plant used steam vacuums at 

multiple sites along the chain. Pre-evisceration (after sample collection), carcasses 

proceed through a hot-water wash. After evisceration and prior to entering the hot-box, 

carcasses are subjected to a hot-water wash, an acid wash, and passed through a steam 
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pasteurization cabinet. 

Confirmation 

Following pre-enrichment, three morphologically typical (purple-red, 0.5 mm or 

larger, surrounded with a zone of precipitate) coiiform isolates from VRBA plates were 

selected and re-streaked for fiirther isolation. Typical colonies were Gram-stained and 

subjected to biochemical analyses. Final confirmation was conducted using a 

commercial test kit (Enterotube II), which is a convenient cluster of biochemical tests 

used for identification. The Enterotube II was inoculated according to manufacturer's 

instmctions and incubated at 37°C for 24 hours. Results were read and processed 

according to typical reactions expected on the Enterotube II, 

Typical enterococci isolates from KF streptococcus plates were also selected and 

transferred to 10 mL of BHI broth and incubated for 24 hours at 35C, Following growth 

in the BHI, cultures were Gram-stained, and transferred into BHI with 6,5% salt and also 

into KF sfreptococcus broth. The inoculated BHI broth with salt was incubated at 35C 

for 72 hours to determine the ability to withstand high salt concentrations. The KF 

streptococcus broth was incubated for 24 hours at 45C to determine the ability to grow at 

elevated temperatures. Typical isolates were streaked for isolation on BHI agar plates 

and colonies were tested for catalase reactions by adding a few drops of 3% hydrogen 

peroxide to an isolated colony, Enterococcus isolates were speciated using commercially 

available biochemical kits (Biomerieux Vitek Inc, MO) as described by Padiglione and 

coworkers (2000), 
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A portion of the RV broth was streaked onto XLT4 agar plates for presumptive 

Salmonella isolation. Plates were then incubated at 37°C for 24 hours. Typical colonies 

were transferred to triple sugar iron (TSI) agar slants, incubated for 24 hours and then 

observed for typical reactions. Serological agglutination tests were used to confirm 

Salmonella identity (serogroup). 

Statistical Analvsis 

This observational longitudinal study yielded data from five observations 

associated with each sample location/type. Each animal was sampled at five different 

locations for recovery of three different bacterial species. No area of the animal was 

swabbed or sampled more then once. Each sample taken was considered positive if one 

or more of the isolates recovered from each sample was confirmed at the species level. 

For example one positive was recorded for a particular hide sample taken at the plant if at 

least one of the three isolates recovered from the hide sample was confirmed as E. coli. 

In this way a categorical table was created with either a positive or negative result for 

each sample type at each sampling location for each species. Descriptive statistics were 

then generated using various procedures in SAS v 8.2 (SAS Inst. Inc, Gary, NC) with a 

chi-square analysis. On several occasions, a day effect was observed for a particular 

sample type and data was then analyzed separately for each sampling day for that sample 

type. The variation in the likelihood of recovery of organisms within each sampling 

location 1 through 5 was evaluated with logistic regression techniques. 
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Results and Discussion 

The following results describe the number and proportion of samples that cultured 

positive for the bacteria of interest in the different sample types and locations. The 

proportion of samples that cultured positive for Salmonella increased (p < 0,001) for hide 

samples taken at the plant (SPH) compared to hide samples taken from the same cattle at 

the feedlot (SFH), This increase, averaged for all three sampling periods, was 37,3% +/-

25% SFH to 84,2% +/- 20% SPH (Figure 2,1,), This increase may have been the resuft of 

cross-contamination of the cattle during transport and directly related to stress factors that 

may increase shedding of Salmonella and therefore related to the close contact cattle have 

with each other during transportation. This result is consistent with findings of other 

researchers,'^' '̂  For all three sampling periods the same increase was observed. For the 

first sampling date the proportion of hides that cultured positive for Salmonella was 

55,0% SFH and 100,0% SPH, A similar increase was observed for the second sampling 

period which was 31,6% SFH and 95,0% SPH, The last sampling period had the lowest 

proportion of hides that cultured positive for Salmonellae with 25,0% SFH and 60,0% 

SPH, This result may indicate that fewer animals testing positive for Salmonellae at the 

feedlot will result in lower numbers observed at the plant after transportation, however, 

the number of animals testing positive will likely increase during transportation. 

The proportion of fecal samples that cultured positive for Salmonellae at the 

feedlot was 33,9% (SFF) for all sampling periods combined. For each sampHng period 

the proportion of fecal samples that were positive for Salmonella was 20,0%, 52,6% and 

30,0% for samplings 1, 2 and 3, respectively. An increase in the amount of fecal 
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positives after transport for Salmonella was previously observed in another study,''' 

Based on the short transportation time in this particular study, it is unlikely that the 

number of fecal samples that culture positive would increase because limited transport 

times would mean reduced stress and less fecal shedding as a result. No fecal samples 

were taken at the commercial processing facility in this study so this effect could not be 

tested. 

For generic E. coli the proportion of fecal samples (EcFF) for all sampling periods 

that were positive at the feedlot was 98,3% +/- 9,1% (Figure 2,2,), which is not a 

surprising result as E. coli are normal inhabitants of the gastrointestinal tract of these 

animals and the actual proportion is more likely 100%, However, in this study three total 

isolates were selected from each agar plate and in a few rare instances none of these three 

isolates selected turned out to be E. coli. For E. coli there was a day effect observed for 

number of hide samples that tested positive at the feedlot. In the third sampling period 

only 55.0% of the animals were positive compared to approximately 90-100% of the 

animals that tested positive in the first two sampling periods. When analyzed individually 

the third sampling period resulted in a significant increase (p < 0.001) in the amount of 

hides that cultured positive at the plant (EcPH) compared to the hides at the feedlot 

(EcFH) (Figure 2.2.), Due to the lower number of culture positives in the third sampling 

period for hides at the feedlot, when the sampling periods were combined there was an 

overall significant increase (p < 0.001) observed from the feedlot to the commercial 

abattoir. However this result would not be considered a fair comparison as the day effect 

69 



would most likely account for this difference and when this effect was observed the 

individual sampling days were analyzed separately. 

For pre-evisceration carcass samples (EcPP) the number of culture positives was 

40.0% +/- 26% for aU sampling periods (Figure 2.2,), However there was also a day 

effect observed as the second sampling period resulted in only one positive out of twenty 

animals sampled or 5,0%o, The reason for this difference is unclear but may be an 

indication that pre-evisceration numbers can fluctuate greafly depending on the day. 

However regardless of the amount of £•, coli present on the carcasses at the pre-

evisceration stage there was no E. coli recovered from carcasses in the cooler in this 

study. This result would indicate that in plant interventions targeted at reducing the 

amount of microbial contamination are effective for E. coli as well as Salmonella. It is 

important to note that the procedure for the third sampling period was altered in the lab to 

include a non-selective pre-enrichment step in order to increase the likelihood of 

recovering injured bacteria. For E. coli and Salmonella, this alteration of procedure had 

no visible effect for cooler carcass samples however, for Enterococcus spp, a notable 

difference did occur which will be discussed further. Another limitation that could have 

led to reduced recovery of these bacteria on the carcasses was the fact that only a small 

portion of the total carcass was swabbed, in particular an area of only 30 x 30 cm near the 

rectal opening. A study by Gill and coworkers (2000) indicated that increasing the area 

sampled from 10 to 1,000 cm^ approximately doubled the number of samples from which 

coliforms or E. coli were recovered. 
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For fecal samples at the feedlot 53,9% +/- 27% cultured positive for Enterococcus 

for all three sampling periods combined however there was a significant difference 

between sampling days (p < 0,001), For the third sampling period 95,0% (EFF) of the 

samples cultured positive for Enterococcus compared to only around 30-37% positive for 

the first two sampling periods. For hide samples at the feedlot (EFH) 77.8% +/- 22% 

were positive for Enterococcus compared to 96.1 % +/- 11 % of the hide sample from the 

commercial abattoir (Figure 2.3,), which was a significant difference (p < 0,001), There 

appeared to be no day effect for hide samples in Enterococcus. 

For pre-evisceration samples combined for all sampling periods 58,3% +/- 26%) of 

carcasses tested positive for Enterococcus. Likewise there was a sampling day effect in 

which the third sampling period resulted in 100% recovery, while the first two sampling 

periods were 40%o and 35yo respectively (Figure 2,3,), For cooler samples no 

Enterococcus spp, were recovered during the first two sampling periods, however 5 out 

of the 20 carcasses tested in the third sampling period were positive. The addition of a 

non-selective pre-enrichment step for carcass samples had a noticeable affect in improved 

recovery of Enterococcus in the third sampling period. 

A separate analysis was conducted for each animal to see if a positive fecal 

sample would be predictive of a positive hide sample either in the feedlot or the 

commercial abattoir for all three species. There was no indication that a positive 

Salmonella fecal samples would be correlated with positive hide samples at the feedlot (p 

= 0,6510) or the plant (p = 0.4702). Analysis was conducted for aH possible pair wise 

comparisons looking at predictive values for each animal and species at each different 
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sample locations. No strong evidence was observed that would indicate a positive sample 

at one location would predict or result in a positive sample at another location by animal 

for all bacterial species tested. 

This study indicates that Salmonella prevalence on hides increases after fransport 

to the plant, which may indicate the occurrence of cross-contamination during close 

contact of these animals. It may also be related to an increase of shedding of Salmonella 

during a likely stressful period for the cattle. Some baseline prevalence have been 

presented in this study and it appears that the proportion of samples that culture positive 

can depend on the day and tend to fluctuate greatly. Also the introduction of a non

selective enrichment step during the last sampling period may have greatly influenced the 

results and produced the differences observed between sampling periods in some cases. 

The results from this study can be used to help establish some baseline prevalence 

estimates for future studies regarding these particular bacterial species. Data provided 

can be useful to estimate the amount of culture-positives that are likely to occur on the 

final processed carcasses given the amount of contamination on carcasses pre-

evisceration. The fact that little or no recovery of these bacteria occurred on carcasses in 

the cooler despite pre-evisceration contamination adds confidence that current 

antibacterial intervention strategies used by this particular commercial processing facility 

are indeed working. 
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CHAPTER III 

ANTIMICROBIAL DRUG PROFILE OF CATTLE ISOLATES 

FROM A COMMERCIAL PROCESSING SYSTEM 

Introduction 

Antimicrobial dmg resistance in bacterial isolates that have the potential to enter 

our food supply is a growing public health concem. There appears to be increases in the 

emergence of bacterial isolates that are found to be resistant to multiple common 

antimicrobial dmgs used for treatment of life-threatening illnesses.'" However, the exact 

causes of the emergence have yet to be pinpointed. One potential source of antimicrobial 

dmg resistance is from non-pathogenic strains of antimicrobial drag-resistant bacteria 

that contaminate beef products and are subsequently consumed. These bacteria can then 

possibly transfer resistance capabilities to other bacteria, including pathogens, in the 

human gastrointestinal (GI) tract. The exchange of genetic information between bacteria 

could result in the development of antimicrobial dmg resistance in normal GI microflora 

without direct antimicrobial drag challenge. This may lead to many other complications, 

including transferring resistance to pathogenic microorganisms, which may make it 

difficult to treat illnesses associated with that pathogen. Also, when a patient is treated 

with antibiotics we may be selecting for potentially pathogenic strains that would 

otherwise be kept in check; but under these conditions can proliferate and cause illness 

and sometimes death. 
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The reason for the emergence of antimicrobial drag-resistant strains of bacteria 

remains somewhat of a mystery, but selective pressure is partially to blame. It has been 

suggested but not scientifically proven, that the use of subtherapeutic doses of 

antimicrobials in animal feedstuffs has led to an increase of resistant strains of common 

and pathogenic bacteria. It has been estimated that approximately 50% of antimicrobial 

drag use is in animal agriculture,'" A common theory is that subtherapeutic doses given 

over a long duration have made it possible for these bacteria to adapt in a stepwise 

fashion to many of these antimicrobials,^'' The most common types of antimicrobial 

dmgs used for cattie feed supplementation are monensin, tylosin and chlortetracycline,'^'' 

These antimicrobial dmgs are used as growth promoters in cattle at the feedlot. The 

benefits of these growth promoters include improved feed efficiency, better efficiency of 

rumen fermentation, greater rate of weight gain, control of coccidiosis, reduced liver 

abscesses and the ability of cattle to obtain more energy from any ration. 

Some of these antimicrobials are very similar in chemical form to many of the 

antibiotics that are used to treat life-threatening illnesses. For example tylosin is in the 

macrolide class of antibiotics, which includes many common antibiotics, used in the 

human health practice, including: Erythromycin, clarithromycin, and azithromycin, 

chlortetracycline, which is in the classical group of well-known antibiotics called 

tetracyclines and has been commonly used in both human and animal medicine and 

further used as a growth promoter in cattie. Tetracyclines are known to have a broad 

spectram of activity and have been considered relatively safe, which has led to this its 

extensive use. 
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Monensin is an ionophore and is generally limited to addition to animal feedstuffs 

with the purpose of improving intestinal health or fortitude and it is not used in human 

medicine,^^ This antibacterial is unrelated stracturally to antibiotics used for treatment of 

humans for clinical disease. However, antimicrobial drag use even with these unrelated 

chemical forms can be a stress factor that in some cases can tum on resistance genes that 

are controlled by stress induced intracellular response mechanisms. These response 

mechanisms when stimulated can induce production of non-related antimicrobial drug 

resistance genes as defined by cross-resistance, which has been demonstrated by the 

MAR operon in E. coli which encodes for resistance to several different classes of 

go 

antibiotics. 

Materials and Methods 

Sample Collection 

A total of sixty mixed-breed steers (20 per replication) from a single source with 

initial body weight of approximately 340 kg were purchased and delivered to the Bumett 

Center for Beef Cattle Research and Instmction, After their arrival at the center, the steers 

were weighed and given specific identification with sequentially numbered ear tags and 

then routinely processed. Steers were housed in dirt-floor pens and fed a 70% 

concenfrate starter diet for approximately 7 to 10 days. Finishing diet consisted of steam-

flaked com-based meal with either alfalfa or cottonseed hulls as the roughage source. 

Antimicrobial growth promoters included in this diet were Rumensin (30g/ton) and Tylan 

(8g/ton), Intermediate body weight measurements of the cattle were measured on a pen 
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basis at 28, 84, and 112 days of the study. Individual body weights were also collected at 

day 56 when the cattle were re-implanted and again on the day of shipment to the 

slaughter plant. 

Ten grams of fecal material was aseptically collected via a rectal palpitation 

immediately before shipment of the cattle to a commercial abattoir. This sample was 

placed aseptically in a labeled sterile plastic container. During this same time period a 

sample area of 30 x 30 cm from the perineum hide was swabbed with a sterile buffered 

peptone water-soaked gauze pad (10x10 cm) and placed in a separate sterile labeled 

container. All samples were placed on ice in a cooler and transported back to the lab for 

further analysis. 

At the commercial abattoir, the carcass order was recorded to link the animal tag 

number back to its respective carcass during processing. Carcasses were sent through the 

plant in groups of five for a total of 20 animals per replication with twenty non-study 

carcasses in between each group in order to allow time to swab each carcass as well as 

prepare for the next set of carcasses. Upon entry into the plant the opposite side of the 

perineum hide was sampled as described above. Immediately after hide removal and 

before the hot-water wash, a carcass swab was collected from the hindquarter near the 

rectal opening in an area of 30 x 30 cm. After enfry into the hotbox a carcass swab was 

collected from the opposite hindquarter in the perineum area as described above. Swabs 

were then transferred into individually labeled sterile bags and placed a cooler on ice for 

transport back to the laboratory for analysis. 
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Microbial Analvsis 

Upon arrival at the laboratory the samples were subjected to bacterial isolation for 

three different genera: generic (non-type specific) E. coli, Enterococcus spp. and 

Salmonella spp. Common USDA and FDA methodology was used for recovery of all 

organisms as detailed below. 

Fecal samples 

A 10-g portion of fecal matter was aseptically transferred into 90 mL buffered 

peptone water (BPW) and shaken for 1 minute. To recover commensal E. coli, 0,1 mL of 

the dilute sample was plated onto a pre-poured violet red bile agar (VRBA) plate by 

streaking for isolation. To isolate enterococci, 0,1 raL of the diluted (BPW) sample was 

sfreaked onto a KF streptococcus agar plate supplemented with triphenyltetrazolium 

chloride (TTC) solution as a color indicator. Both KF streptococcus plates and VRBA 

plates were incubated at 37°C for 24 hours. Salmonella was isolated by aseptically 

transferring 0.2 mL of the BPW sample into 10 mL Rappaport-VassiHadis media (RV), 

which was incubated at 40°C for 24 hours. 

Hide and Carcass Samples 

Hide and carcass samples were processed similarly to fecal samples. A 90 mL 

portion of BPW was poured into each labeled bag containing a sponge sample and 

manually massaged for 1 minute. The hide sample was immediately cultured for 

commensal E. coli, enterococci, and Salmonella as described for fecal samples. Samples 
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taken from the carcasses were subjected to a pre-enrichment step by holding for 18 hours 

at 37°C prior to selective plating. Previous sttidies and our preliminary data indicate that 

this improved recovery, possibly by allowing injured cells time to recover. Bacteria may 

be injured when subjected to intervention strategies such as acid or hot-water washes, 

steam cabinets, or steam vacuuming. Our collaborating plant used steam vacuums at 

multiple sites along the chain, Pre-evisceration (after sample collection), carcasses 

proceed through a hot-water wash. After evisceration and prior to entering the hot-box, 

carcasses are subjected to a hot-water wash, an acid wash, and passed through a steam 

cabinet. 

Confirmation 

Following pre-enrichment, three morphologically typical (purple-red, 0.5 mm or 

larger, surrounded with a zone of precipitate) coiiform isolates from VRBA plates were 

selected and re-streaked for further isolation. Typical colonies were Gram-stained and 

subjected to biochemical analyses. Final confirmation was conducted using a 

commercial test kit (Enterotube II), which is a convenient cluster of biochemical tests 

used for identification. The Enterotube II was inoculated according to manufacturer's 

instmctions and incubated at 37°C for 24 hours. Results were read and processed 

according to typical reactions expected on the Enterotube II, 

Typical Enterococcus isolates from KF streptococcus plates were also selected 

and transferred to 10 mL of BHI broth and incubated at 24 hours at 35C. Following 

growth in the BHI, cultures were Gram-stained, and transferred into BHI with 6,5% salt 
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and also into KF streptococcus broth. The inoculated BHI broth with salt was incubated 

at 35C for 72 hours to determine the ability to withstand high salt concentrations. The 

KF streptococcus broth was incubated for 24 hours at 45 C to determine the ability to 

grow at elevated temperatures. Typical isolates were streaked for isolation on BHI agar 

plates and colonies were tested for catalase reactions by adding a few drops of 3% 

hydrogen peroxide to an isolated colony, Enterococci isolates were speciated using 

commercially available biochemical kits (Biomerieux Vitek Inc, MO) as described by 

Padiglione and coworkers (2000), 

A portion of the RV broth was streaked onto XLT4 agar plates for presumptive 

Salmonella isolation. Plates were then incubated at 37°C for 24 hours. Typical colonies 

were transferred to triple sugar iron (TSI) agar slants, incubated for 24 hours and then 

observed for typical reactions. Serological agglutination tests were used to confirm 

Salmonella identity (serogroup). Salmonella isolates were then sent to the National 

Veterinary Services Laboratory (Ames, lA) for serotyping. 

Antimicrobial Drag Testing 

Antimicrobial dmg susceptibilities were deteraiined using a broth microdilution 

technique (Sensititre, TREK Diagnostics). This system is designed to determine the 

minimum inhibitory concenfration (MIC) of both gram-positive and gram-negative 

organisms. Sets of 96-well microdilution plates were designed specifically based on 

desired antimicrobial dmg panels (Tables 3,1, and 3,2, respectively). The concentrations 
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of the antimicrobial dmgs were diluted serially across the plates. This method meets 

National Committee for Clinical Laboratory Standards guidelines,''* 

Isolated colonies were grown on appropriate media (as described above for 

commensal E. coli. Salmonella and Enterococci). Three well-isolated colonies were 

placed into 10 mL of sterile, de-ionized water and adjusted to a 0,5 McFarland standard, 

A 10 |J.l portion of the suspension was transferred into Mueller Hinton broth and mixed 

on a vortex. An 8-channel multi-pipettor was used to deliver the culture into the 96 well 

plates. Plates were covered with the adhesive provided with the test kit and incubated at 

35°C for 18 to 24 hours. Plates were manually read and exposed to natural light on the 

underside of the wells in order to more easily discem visible growth. The MIC was 

reported as the lowest concentration of the antimicrobial dmg that inhibits visible growth. 

Appropriate National Committee for Clinical Laboratory Standards (NCCLS) quality 

control organisms were used during each replication to insure that methods utilized fell 

within quality control ranges. 

Statistical Analvsis 

In order to classify the bacterial isolates as resistant or susceptible variables were 

created with any MIC that was greater then the highest concentration or lower then the 

lowest concentration of antimicrobial drag in the Sensititre 96 well plates. If growth was 

visible at the highest concentration of antibiotic in the well a number twice the value of 

that highest number was entered which would result in classifying that organism as 

resistant. For example of an organism grew at a concentration of 32 |ig/ml of 
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chloramphenicol, (CHL) which was the highest concentration in the wells a value of 64 

)ig/ml was assigned. For organisms that did not grow at even the lowest concentration of 

antibiotic, the lowest concentration was assigned. 

In some cases, antimicrobial dmgs are administered together as synergists for 

example trimethoprim/sulfamethoxazole. In the Sensititre wells these concentrations 

would be listed together for example 2/38 |ig/ml with the next highest concentration 

being 4/76 )ag/ml and so on. For ease of analysis only the first part ofthis concentration 

(Ex, 2 and 4 respectively) was recorded and used for classification into susceptible and 

resistant groups. For Enterococcus spp, several MIC breakpoints are yet to be defined by 

NCCLS standards (Table 3,1.), In these cases the organisms were only considered 

resistant if they grew at the highest concentration of antimicrobial dmg in the Sensititre 

plates. 

With these guidelines and variable adjustments a categorical response to each 

antimicrobial for each bacterium was generated and an overall susceptibility profile was 

recorded for each isolate collected. From these profiles general descriptive statistics were 

created with various procedures in SAS v 8,2 (SAS Inst, Inc, Gary, NC) along with chi-

square analysis, Pattems were evaluated for the most commonly occurring phenotypes 

within bacteria species and sample type. 

Results and Discussion 

The following results describe antimicrobial drag susceptibility pattems of the 

bacteria of interest from different sample types and locations. The following results 
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include the antimicrobial dmg profiles of selected bacteria for different. Approximately 

96% of Salmonella isolates (n = 102) were resistant to at least one antimicrobial dmg. 

The majority of these isolates were resistant to sulfamethoxazole (96,08%) followed by 

streptomycin (17,65%) (Figure 3,1,), Twenty-one (20,5%) isolates of the 102 collected 

were resistant to two or more antimicrobial drags. Eight distinctive Salmonella serotypes 

were isolated. Of the 102 total isolates 28 were 5. Muenster, followed by S. Cerro (19), S. 

Montevideo and S. Kentucky (14), S. Meleagridis (13), S. Anattim (5), S. Mbdanka (3), 

and S. Muenchen (1) (Figure 3,2,), The remainder of the isolates were reported as 

untypable or nonviable. Two of the five S. Anatum and one of the thirteen S. Meleagridis 

isolates were susceptible to all antimicrobials tested while all other serotypes were 

resistant to at least one antimicrobial or more. The most common resistance profile was 

sulfamethoxazole resistance alone (75,49%o) followed by sulfamethoxazole resistance 

combined with streptomycin resistance (17,65%), One isolate was resistant to 

amoxicillin/cla-vulanic acid and sulfamethoxazole. One isolate was resistant to naladixic 

acid and sulfamethoxazole and one isolate was resistant to trimethoprim/sulfamethozale 

and sulfamethoxozale. Interestingly all Ŝ", Kentucky isolates were resistant to 

streptomycin. 

According to the CDC Salmonella annual report (2002), the most common 

Salmonella serotypes frequenfly reported from human sources were S. Typhimurium 

(7062 cases or 21,9%), S Enteritidis (5116 cases or 15,8%), 5*, Newport (13,0%), S. 

Heidelberg (6.1%), S Javiana (3.7%), S Montevideo (2,2%), S Muenchen (1,8%) and 

thirteen others each making up about 1% of the total. From the top twenty most 
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frequently isolated human serotypes only S. Montevideo and Ŝ". Muenchen were 

recovered during the course ofthis study from cattle sources. The twenty most common 

non-clinical non-human serotypes reported to the CDC included seven of the eight 

serotypes recovered during the course ofthis study excluding S. Muenchen. From these 

results, it is evident that a majority of the isolates recovered would not be a common 

causative agent of gastrointestinal disease or risk to human health, S. Montevideo would 

be considered the most significant serotype overlap from cattle and humans in this study. 

Although this overlap is fairly insignificant and the real risk to human health would more 

likely be sharing of viralence factors and/or antimicrobial dmg resistance gene cassettes 

with other more vimlent pathogens, 

A total of 267 isolates of generic E. coli were isolated from the three sampling 

periods. Similar to Salmonella the most common resistance was to sulfamethoxazole 

(79,03%), This was followed by trimethoprim/sulfamethoxazole (trisulfa) (29,96%), 

tefracycline (13,48%), cephalothin (5,62%), streptomycin (5,62%), kanamycin (4,87%), 

ampicillin (1.12%) and several others were less then 1% of the total (Figure 3.3.). No 

resistance was found to the antimicrobial drags amikacin, ceftriaxone, ciprofloxacin, and 

gentamicin. Most isolates (226) were resistant to at least one antimicrobial dmg tested 

while 41 isolates were not resistant to any of the agents tested. Approximately half of the 

226 isolates that showed some resistance were only resistant to one antimicrobial, which 

demonstrates a large number of isolates that would not be considered multi-dmg 

resistant. The most common pattem of resistance was therefore to sulfamethoxazole 

alone (35.58%). Ninety isolates were resistant to two antimicrobials and the most 
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common pattem associated with two-drag resistance was to sulfamethoxazole and trisulfa 

(65%)), followed by sulfamethoxazole and tetracycline (5.62%). Twenty-one isolates 

were resistant to three antimicrobial dmgs and the most common pattem was resistance 

to sulfamethoxazole the combination trisulfa and tetracycline (3,75%). Six isolates were 

resistant to four or more antimicrobial drags tested with only one isolate resistant to six 

agents. The one isolate that was resistant to six antibiotics was resistant to ampicillin, 

trisulfa, kanamycin, sulfamethoxazole, streptomycin, and tetracycline. Two isolates were 

penta-resistant one showing a pattem of resistance to amoxicillin/clavulanic acid, 

cephalothin, trisulfa, sulfamethoxazole, and tetracycline and the other was resistant to 

cephalothin, trisulfa, sulfamethoxazole, naladixic acid, and ceftiofur. 

Analysis was also conducted to look for any specific pattems that may have 

occurred depending on sample type or location. There was no significant difference 

between antimicrobial drug resistances between sample types (p = 0,18). This would 

indicate that whether the sample came from the feces, hide, or carcass there was no 

indication of selection for a specific pattem of resistance given our experimental design 

and that the variability of pattems was consistent across sampling locations. It may also 

infer that resistance pattems are conserved throughout the processing environment and no 

drastic changes are observed in isolates collected at the feedlot compared to those 

collected at the commercial abattoir. Similar analysis was also conducted to ascertain if a 

difference in the number of resistant isolates varied depending on sample type. Once 

again no significant difference was found (p = 0,26), This evidence would suggest that 

isolates coming from different sample types would not be considered different in the 
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number of agents that they were resistant to. For example a hide E. coli isolate would 

have a similar chance of being resistant to the same number of antimicrobial dmgs as a 

fecal isolate for E. coli. Analysis was also conducted by sampling date and no significant 

difference (p = 0,27) was found indicating little variability between the three replications 

in terms of resistance profiles. These results indicate that resistance profiles ofE. coli 

tend to be fairly consistent throughout the processing environment and do not vary 

greatly from one day to the next for cattle from the same feedlot source. 

Food animals are a known reservoir for Salmonella and E. coli as they commonly 

reside in the intestinal tract. Salmonella and E. coli are common inhabitants of the 

gasfrointestinal tract of most animals including catfle. In a study by Beach and coworkers 

(2002), the antibiotic profiles of Salmonella isolates coming from feedlot and nonfeedlot 

beef cattle were examined. Salmonella was isolated from rectal grabs, hides, 

environment, and carcasses. Serotypes were determined for all isolates the most common 

serotype recovered from feedlot cattle was Salmonella Anatum (18,3%) followed by 

Salmonella Kentticky (17.5%), S. Montevideo (9.2%), S. Senftenberg (8.3%) and S. 

Mbandaka (7,5%), For non feedlot cattle the most common serotypes were S. Kentticky 

(35.4%), S. Montevideo (21.7%), S Cerro (7,5%), S. Anattim (6,8%) and S. Mbdanka 

(5.0%). These isolates recovered with the exception of S. Senftenberg were similar to our 

study. Antimicrobial drag susceptibility testing in the study by Beach and coworkers 

revealed that 21.7% of the feedlot cattle isolates were resistant to tefracycline. None of 

the other Salmonella isolates from the feedlot cattie were resistant to any other 

antimicrobials tested while 6,2% of the non-feedlot catfle were resistant to more then four 
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antimicrobials tested. In this study they did not test for sulfamethoxazole resistance 

except in conjuction with trimethoprim, for which they did find some resistance in non-

feedlot cattle. Antimicrobial drag testing was performed using the disk diffusion method 

as opposed to the microdilution method as utilized by our study. In a study by Edrington 

and coworkers (2004), dairy cattle were sampled for Salmonella and their resistance 

profiles were analyzed. Similar serotypes were recovered to those reported herein and 

the most frequent resistance types were to the agents: sulfamethoxazole, tetracycline, 

sfreptomycin, kanamycin, chloramphenicol and ampicillin. These results would indicate 

that resistance profiles may vary from study to study and it appears that streptomycin 

resistance and sulfamethoxazole resistance are fairly common. 

Another study was performed to determine the prevalence of antimicrobial 

resistant Escherchia coli from retail meats in Washington, D,C, USA,"'' Samples were 

taken from retail beef, chicken, pork, and turkey. Four hundred and seventy-two generic 

E. coli isolates were recovered and subject to antimicrobial tests. Approximately 59% of 

these isolates were resistant to tetracycline, followed by sulfamethoxazole (45%), 

streptomycin (44%), cephalothin (38%) and ampicillin (35%). Resistance was also 

observed however to lesser extent to gentamicin (12%), naladixic acid (8%), 

chloremphenicol (6%), ceftiofur (4%) and ceftriaxone (1%). The authors concluded that 

retail meats are often contaminated with antimicrobial resistant E. coli. In a similar sttidy 

752 E. coli isolates originating from human and animal agriculture sources as isolates 

from several countries were also evaluated for their antimicrobial susceptibility 

patterns."" Of the antimicrobial resistant phenotypes the highest frequencies were related 
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to isolates from human and turkey samples. Fifty-nine percent of isolates from humans 

were resistant to sulfamethoxazole, 59% were resistant to sfreptomycin, 56% to 

ampicillin, 56% to tefracycline, 50% to cephalothin, 38% to trimethoprim-

sulfamethoxazole, 34% to chloramphenicol, and 18% to amoxicillin-clavulanic acid. For 

ttirkeys 84% were resistant to sulfamethoxazole, 82% were resistant to sfreptomycin, 

71% to tetracycline, 49% to ampiciUin, 39% to cephalothin, 28% to amoxicillin-

clavulanic acid, 24% to gentamicin and 20% to naladixic acid. The resistance profiles 

between catfle, chicken and swine were similar to each other, approximately 50% of 

cattle isolates were resistant to streptomycin, followed by tetracycline at 47%, then 

sulfamethoxazole at 46% and 15% were resistant to ampicillin. Out of all the isolates 

tested approximately half of the isolates were found to be resistant to one or more 

antimicrobials. The authors suggested that the data provided by this study was in 

accordance with other studies that suggested the use of antimicrobial dmgs has been a 

key factor in selecting for these resistant E. coli. They also noted that 40% of the E. coli 

from humans was resistant to trimethoprim-sulfamethoxazole which is a recommended 

combination for treating a range of human infections, including urinary tract infections. 

It was suggested that resistance to this combination dmg should be closely monitored as 

it may often be used for treatment of disease and result in failure to cure. The authors 

also mentioned the observation of 20% of the E. coli isolates from turkeys that were 

resistant to naladixic acid which is a quinolone type dmg. Currently floroquinolones are 

used to treat a range of ̂ . coli infections in humans and this antimicrobial resistant trend 

is alarming. Results from our study indicated little or no resistance to naladixic acid 
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along with other quinolones tested for E. coli and Salmonella. Resistance to trisulfa was 

more common in E. coli isolates recovered in this study and could be a cause for concem 

if in fact these bacteria can make it through the processing environment and contaminate 

meat products which are consumed by humans. Sulfamethoxazole is generally not 

prescribed without trimethoprim in humans and the high level of resistance observed in 

this study may therefore not be considered too alarming. 

It is evident from the literature that generic E. coli and Salmonella have the 

propensity to carry and disseminate antimicrobial resistant genes. An increasing 

emergence of these resistant bacteria is a cause for concem in both food animals and 

humans, Concem over non-pathogenic strains of these bacteria is equally merited as they 

have the ability to confer resistance to pathogenic and commensal bacteria in the human 

and animal GI tract. 

Of 279 confirmed Enterococcus all were resistant to at least one antimicrobial. 

Interestingly, 179 (64,15%) of these isolates were resistant to at least six agents tested. 

The most common resistance was to chloramphenicol (100%) followed by flavomycin 

(90,32%), Hncomycin (87,81%), tylosin (78.49%), erythromycin (76,34%), tetracycline 

(58.87%), synercid or quinupristin/dalfopristin (47,67%), bacitracin (17,92), 

streptomycin (8,96%), ciprofloxacin (1,43%), linezolid (0,72%) and salinomycin (0,36%) 

(Figure 3,4,), No Enterococcus isolates were found to be resistant to penicillin, 

vancomycin, kanamycin or gentamycin. Forty-eight unique antimicrobial dmg profiles 

were observed during the course ofthis study. The most common profile (21,51%) 

consisted of resistance to seven antimicrobial drags including tylosin, flavomycin, 
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Hncomycin, erythromycin, chloramphenicol, synercid, and tetracycline. The next most 

common pattem (14,34%) demonstrated resistance to these same antibiotics excluding 

synercid. Resistance to synercid is somewhat alarming as this antibiotic has been 

approved as the dmg of choice for treatment of vancomycin resistant Enterococcus 

infections by the FDA. Flavomycin, erythromycin and tylosin are all macrolide class 

antimicrobials, Currentiy tylosin is administered to the catfle as a growth promoting dmg 

at the feedlot at subtherapeutic levels. The Enterococcus collected in this study appeared 

to show a higher level of resistance to this class of antibiotics, which may indicate some 

selection occurring at the feedlot level for resistance these dmgs. Chloramphenicol 

resistance as well as resistance to lincosamides and macrolides is linked to alteration of 

the SOS ribosomal unit in the bacterial cell, rendering the target substrate inaccessible to 

the antibiotic. It is therefore logical that resistance to these six agents will and can occur 

together. 

The biochemical tests for speciation of Enterococcus, resulted in 169 E. durans, 

103 E.faecium and seven E. faecalis isolates. Biochemical, API (Biomerieux Vitek Inc, 

MO) test strips are often difficult to discem minor color differences, which can result in 

the difference between one species and another. While these biochemical tests help to 

give confidence to genus classification, species level classification is in some cases may 

not be specific enough with these tests. With that in mind the following analysis was 

completed using the species classifications as discemed by the API test strips. All E. 

faecalis isolates were resistant to four or more drags tests. Two such isolates were 

resistant to nine antimicrobial drags however all seven isolates had a different resistance 
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pattem. Of the 103 E.faecium 38,83% (40) of these isolates were resistant to seven 

agents and 25,24% (26) were resistant to six agents. Generally these resistance pattems 

were the same as previously described. Of the 169 E. durans isolates recovered the 

majority (27.22%) were resistant to six agents tested, with 25.44% resistant to seven 

antimicrobial dmgs. Approximately 40% of the total E. durans isolates were resistant to 

five or less agents tested, while for E.faecium 29.13% of the isolates were resistant to 

five or less. Overall there were more E. faecium isolates that demonstrated a higher 

degree of multi-dmg resistance when compared to E. durans isolates. Although this 

difference did occur it may be clouded by the fact that the biochemical tests may not 

properly discem species level classification. 

In a study by Jackson and coworkers (2002) various grocery items were 

investigated for the presence of antimicrobial resistant Enterococcus. The predominant 

species isolated was Enterococcus faecalis, followed by Enterococcus casseliflavus and 

Enterococcus faecium. The resistance profiles revealed a large percentage of the isolates 

were resistant to bacitracin (167/187), Hncomycin (174/187) and flavomycin (100/187), 

while very few isolates were resistant to ciprofloxacin (6/187), gentamycin (7/187), 

penicillin (2/187), linezoHd (2/187) and nitrofurantoin (1/187), Interestingly 47% and of 

the Enterococcus were also resistant to synercid, however the intrinsic resistance ofE. 

faecalis to this antimicrobial dmg accounted for 34% of that. In our current study 

however only seven total isolates ofE. faecalis were recovered so the resistance to 

synercid can mostly be attributed to E. faecium and E. durans. The two most common 

antibiotics prescribed for the treatment Enterococcus infections are linezolid and synercid 
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(in the case of VRE). In our current study the occurrence of linezolid resistance occurred 

in only 2 isolates, one of which was E. faecalis and the other E. durans. Synercid 

resistance occurred often (47,67%) while there were no instances of vancomycin 

resistance, Synercid is also an analog of virginiamycin which has in the past been used in 

animal agriculture mostly in poultry and resistance to this antibiotic therefore may be 

related to cross-resistance from use of virginiamycin. 

From the data provided herein there was also shown high degree of macrolide 

resistance which may be related to the feeding of tylosin as a growth promoter to the 

cattle that in tum may provide an advantage for these resistant phenotypes to flourish. In 

some cases as described previously macrolide resistance may trigger cross-resistance to 

other unrelated classes of antibiotics,^^'^''"' Over the past several decades, Enterococcus 

has emerged as one of the most important bacterial causes of nosocomial infections,̂ ^ 

Over the years Enterococcus has acquired specific mechanisms of resistance that have 

made it very difficult to treat clinically, Macrolide-lincosamide-streptogramin (MLS) 

antibiotics have been used as an alternate means of therapy for insidious Enterococci 

infections.'"'' There are three basic mechanisms that account for acquired resistance to 

(MLS) antibiotics. These include modification of the substrate target of the dmg, 

inactivation of the drag itself and active efflux of the antibiotic to lower its concentration 

in the cell. Single alteration of the 23 S rRNA has been known to confer broad cross-

resistance to macrolide-lincosamide-streptogramin B (MLSb) antibiotics, Inactivation of 

the drag itself confers resistance to a smaller subset of MLS antibiotics. Efflux pumps 

that are refractory to macrolides have been discovered in gram-positive bacteria and are 
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encoded by several genes including me/A, me/E, msrA, msrC and mreA.^"'^'''""''"'' '̂ ^ 

The me/and mreA genes have been associated more with macrolide resistance while the 

mrsA gene is associated with resistance to streptogramin B, Erythromycin resistance by 

erm methylases of the ermB-ermAM hybridization class has also been described in 

Enteroccoci. 

MacroHdes are composed of 14, 15, or 16 membered lactones that are attached to 

an amino acid and/or neutral sugars via a glycosidic bond,'"^ Erythromycin was first 

introduced in 1952 as the first macrolide antibiotic. Within a year of its introduction 

erythromycin resistant staphylococci from the United States, Europe and Japan were 

described. The erm genes or erythromycin ribosome methylase genes account for 

high-level resistance to certain macrolides. The gene products from ermB-ermAM 

methylate a single adenine in 23 S rRNA, which is part of the larger SOS ribosomal 

subunit. This methylation reduces the binding for all three classes of antibiotics described 

above including macrolides, lincosamides, and streptogrammin B (MLSb), The erm 

system has been associated with several other bacteria and erm type genes are diverse and 

appear to be widely disseminated. This may be due to the fact that these genes are located 

on transposons, which have the tendency to be highly mobile elements. Some of these 

elements have even been found on plasmids, which are transferred readily between 

bacteria of the same species and across species. 

The me/genes or macrolide efflux pump genes are responsible for stractures that 

reduce the concentration of macrolides inside the bacterial cell with 14 or 15 member 

lactones, which include erythromycin, clarithromycin and azithromycin. However, this 
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efflux system has been shown to be ineffective agains 16 member lactone stractures that 

include josamycin, spiramycin and tylosin. These efflux pumps recognize certain 

chemical properties of the antibiotics and will export them from the cell upon recognition 

maintaining low cellular levels and keeping the ribosomes free from the antibiotics. The 

me/genes in particular have a high sequence homology to the major facilitator 

superfamily (MFS) of efflux proteins and operate in a very similar fashion. Along with 

the me/genes m r̂A genes also encode for an efflux pump system that is specific for 

streptogramin B antibiotics. Sequence related vga genes that are plasmid-associated have 

also been found and are known to encode efflux pumps that diffuse virginiamycin-like 

antibiotics out of the cell,* One or more of these resistance mechanisms are the likely 

cause for the resistance profiles observed in this study although specific gene sequences 

were not evaluated to determine this. 

It was also not the scope ofthis study to relate the use of macrolides at the feedlot 

level to macrolide resistance observed in bacterial isolates recovered from these cattie, 

although the results would suggest that this in fact may be occurring. No control animals 

were used during the course ofthis study to be able to look at differences between 

animals that had no antimicrobial drag added to their feed and those that did. This sttidy 

however, does lay the ground work for futtire studies that can be designed to look at this 

effect. Evaluation of these three bacterial species demonstrated the specific nature and 

common resistance profiles of common bovine bacteria within a commercial beef 

operation. The data provided can possibly be used as a baseline for various futtire sttidies 

as well as add to existing knowledge in this area of research. 
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CHAPTER IV 

GENETIC SIMILARITIES OF ENTEROCOCCI RECOVERED FROM CATTLE 

ISOLATES AT THE FEEDLOT AND IN THE PLANT 

Introduction 

Pulsed-field gel electrophoresis (PFGE) is widely accepted as the gold standard in 

molecular typing of bacteria to investigate bacterial relatedness. It has been extensively 

used to determine relatedness of strains in disease outbreaks as well as various other 

epidemiological type studies, Pulsed-field gel electrophoresis has also commonly been 

used to establish strain relatedness among bacteria that exhibit the same pattem of 

multiple antimicrobial resistance as well as determine the source and molecular diversity 

between strains with an emphasis on spatial or regional distribution. 

In one study in Ireland, a collection of 112 isolates of Salmonella enterica 

serotype Bredeney were evaluated using PFGE combined with antimicrobial 

susceptibility tests and DNA amplification fingerprinting. These isolates were recovered 

from animal, food, and human sources from two regions: Ireland and Northem Ireland, 

The most common antimicrobial resistance was to sulfanomides and 

sulfanomide/trimethoprim combination. One strain recovered was resistant to five 

antimicrobials including ampicillin however a majority of the isolates were susceptible to 

the antimicrobials tested, PFGE revealed eight distinctive banding pattems from these 

isolates. One particular banding pattem accounted for 97 of the 112 isolates, although the 

correlation was not 100% between all of these 97 isolates, it was determined that these 
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strains were somewhat related and were isolated from all three sources: clinical settings, 

animals and food. It was suggested that this particular banding group was clonally 

distributed throughout Northem Ireland and Ireland and would be considered the 

dominant PFGE type. These isolates also represented similar antimicrobial susceptibiHty 

fraits within the same PFGE type. Interestingly the multiple resistant isolate recovered 

had a unique banding pattem from that of the other 7 banding groups,''* In this study 

PFGE was utilized to show spatial relationships (Northem Ireland isolates compared to 

Ireland isolates) and their clonal distribution as well as antimicrobial relationships 

between bacterial isolates compared to their PFGE banding pattems. 

In another study by Gelsomino and coworkers (2002) the source of Enterococcus 

in farmhouse raw-milk cheese was determined. For the most part Enterococcus spp, are 

widely distributed in raw-milk cheeses and are thought to positively affect flavor 

development. The source of these bacteria however was unknown. These researchers 

used an epidemiological approach with PFGE to type 646 Enterococcus strains isolated 

from chedder-type cheese, the milk it was made from, the feces of cows and humans that 

were associated with making the cheese as well as the environmental samples of the plant 

and farm and cow's teats. Nine different PFGE pattems were observed, three from E. 

casseliflavus, five from E. faecalis and one from E. durans. Three distinctive clones 

were determined to represent the majority (97%) of isolates recovered from the milk, 

cheese and human fecal samples. The Enterococcus recovered from the cow's feces was 

unlike these three clones. The particular clones found in the cheese, milk and human fecal 

contents was also recovered from the bulk tank where the milk was stored and were 
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recovered before and after chlorination. They suggested that this in fact might have been 

the niche where these Enterococcus were growing and being introduced into the cheese, 

ft was also determined that human contamination could have been the source since the 

same banding pattem showed up in isolates recovered from human feces although they 

suggested it was much more likely due to eating cheese contaminated with these culttires. 

No Enterococcus were recovered from the teats of the cows and since the isolates 

recovered from the feces of the cows were not related by PFGE, the authors suggested 

that the cow itself may not be a likely source.^' 

In order to help determine if cattie at the feedlot harbor the same or genetically 

identically bacteria as catfle bacterial isolates collected from the plant PFGE can be 

utilized. Currently there is littie or no scientifically proven evidence ofthis link between 

the feedlot and the plant. However, it is intuitive to think that it exists. It is the objective 

ofthis study therefore to evaluate if the same or genetically similar isolates can be 

recovered from feedlot and commercial abattoir thus providing evidence for transmission 

of bacteria through this processing environment. It is also important to research the 

antimicrobial dmg profiles of these bacteria to see if they are conserved throughout the 

process and if similar PFGE pattems or genotypes will correspond to the same resistance 

phenot3/pes. Previously collected data of the antimicrobial drag profiles of these isolates 

will allow for comparisons to be made between phenotypic antimicrobial susceptibility 

profiles and genotypic PFGE profiles. 

96 



Materials and Methods 

Sample Collection 

A total of sixty mixed-breed steers (20 per replication) from a single source with 

initial body weight of approximately 340 kg were purchased and delivered to the Bumett 

Center for Beef Cattle Research and Instmction, After their arrival at the center, the steers 

were weighed and given specific identification with sequentially numbered ear tags and 

then routinely processed. Steers were housed in dirt-floor pens and fed a 70% 

concentrate starter diet for approximately 7 to 10 days. Finishing diet consisted of steam-

flaked com-based meal with either alfalfa or cottonseed hulls as the roughage source. 

Antimicrobial growth promoters included in this diet were Rumensin (30g/ton) and Tylan 

(8g/ton). Intermediate body weight measurements of the catfle were measured on a pen 

basis at 28, 84, and 112 days of the study. Individual body weights were also collected at 

day 56 when the cattle were re-implanted and again on the day of shipment to the 

slaughter plant. 

Ten grams of fecal material was aseptically collected via a rectal palpitation 

immediately before shipment of the cattie to a commercial abattoir. This sample was 

placed aseptically in a labeled sterile plastic container. During this same time period a 

sample area of 30 x 30 cm from the perineum hide was swabbed with a sterile buffered 

peptone water-soaked gauze pad (10x10 cm) and placed in a separate sterile labeled 

container. All samples were placed on ice in a cooler and transported back to the lab for 

further analysis. 
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At the commercial abattoir, the carcass order was recorded to link the animal tag 

number back to its respective carcass during processing. Carcasses were sent through the 

plant in groups of five for a total of 20 animals per replication with twenty non-study 

carcasses in between each group in order to allow time to swab each carcass as well as 

prepare for the next set of carcasses. Upon entry into the plant the opposite side of the 

perineum hide was sampled as described above. Immediately after hide removal and 

before the hot-water wash, a carcass swab was collected from the hindquarter near the 

rectal opening in an area of 30 x 30 cm. After entry into the hotbox a carcass swab was 

collected from the opposite hindquarter in the perineum area as described above. Swabs 

were then transferred into individually labeled sterile bags and placed a cooler on ice for 

transport back to the laboratory for analysis. 

Microbial Analvsis 

Upon arrival at the lab the samples were subjected to bacterial isolation for 

Enterococcus spp. Common USDA methodology was used for recovery of all 

organisms. 

Fecal samples 

A 10-g portion of fecal matter was aseptically transferred into 90 mL buffered 

peptone water (BPW) and shaken for 1 minute. To isolate Enterococci, 0,1 mL of tiie 

diluted (BPW) sample was sfreaked onto a KF sfreptococcus agar plates supplemented 

with triphenyltefrazolium chloride (TTC) solution as a color indicator, KF streptococcus 
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plates were then incubated at 37°C for 24 hours. 

Hide and Carcass Samples 

Hide and carcass samples were processed similariy to fecal samples. A 90 mL 

portion of BPW was poured into each labeled bag containing a sponge sample and 

manually massaged for 1 minute. The hide sample was immediately culttired for 

Enterococcus, as described for fecal samples. Samples taken from the carcasses were 

subjected to a pre-enrichment step by holding for 18 hours at 37°C prior to selective 

plating. Previous studies and our preliminary data indicate that this improved recovery, 

possibly by allowing injured cells time to recover. Bacteria may be injured when 

subjected to intervention strategies such as acid or hot-water washes, steam cabinets, or 

steam vacuuming. Our collaborating plant used steam vacuums at multiple sites along 

the chain. Pre-evisceration (after sample collection), carcasses proceed through a hot-

water wash. After evisceration and prior to entering the cooler, carcasses are subjected to 

a hot-water wash, an acid wash, and passed through a steam cabinet. 

Confirmation 

Typical Enterococcus isolates from KF streptococcus plates were selected and 

transferred to 10 mL of BHI broth and incubated for 24 hours at 35C, Following growth 

in BHI, cultures were Gram-stained, and transferred into BHI with 6,5% salt and also into 

KF streptococcus broth. The inoculated BHI broth with salt was incubated at 35C for 72 

hours to determine the ability to withstand high salt concentrations. The KF 
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streptococcus broth was incubated for 24 hours at 4SC to determine the ability to grow at 

elevated temperattires. Typical isolates were sfreaked for isolation on BHI agar plates 

and colonies were tested for catalase reactions by adding a few drops of 3% hydrogen 

peroxide to an isolated colony, Enterococci isolates were speciated using commercially 

available biochemical kits (Biomerieux Vitek Inc, MO) as described by Padiglione and 

coworkers (2000), 

Pulsed Field Gel Elecfrophoresis 

Pulsed field gel electrophoresis was performed following the protocol ouflined in 

the GenePath® Group 1 reagent kit supplied by Bio-Rad™ for seperation of DNA 

molecules from Enterococcus spp. Well isolated organisms were grown ovemight at 

37°C in 3ml of BHI broth. The control organism (S. aureaus included in kit) was thawed 

and lOp.1 was added to 3ml trypticase soy broth (TSB) for growth at 37°C ovemight. The 

ovemight cultures were added to 2 ml microcentrifuge tubes with l,200]u.l added for 

Enterococcus isolates and 90JJ.1 for Staphylococcus. Samples were centrifuged for 1 to 2 

min at 12,000 x rpm to pellet the cells. The supernatant was then removed and pellet sizes 

were compared to a chart provided by Bio-Rad^'^, Cells were then suspended with 150|il 

of cell suspension buffer and placed at S0°C to equilibrate. To each cell suspension 6|j,l of 

Lysoszyme/Lysostaphin solution was added and ISOjil of embedding agarose 

(approximately 1,2%), This solution for each culture was gently mixed by slow pipetting 

up and down and then immediately added to a well of the plug mold. After the agarose 

solidified each plug was added to another 2 ml microcentrifuge tube and SOOp.1 of Lysis 
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buffer was added and 20|il of Lysozyme/Lysostaphin solution. Plugs were then mixed by 

gentle inversion and incubated in the solution for Ihr at 37°C, This solution was then 

aspirated off and plugs were rinsed with Ix wash buffer at room temperature. After 

washing 500|il of Proteinase K buffer was added to each sample which was then mixed 

by inversion and incubated ovemight at S0°C, After ovemight incubation period the 

samples were then subject to a series of wash steps in which 1ml of Ix wash buffer was 

added and samples were placed on a rocker for 30 min. The wash buffer was removed 

after 30 min and new wash buffer was added and this process was repeated three times. 

One plug for each sample was removed and added to a new 1,5 ml 

microcentrifuge tube at which point 0,lx wash buffer was added to each tube and rinsed 

for 30 min in a rocker at room temperature. The wash buffer was then removed and SOOfil 

Sma I buffer was added to each sample which was placed on the rocker for 30 min. This 

buffer was then removed and replaced with 300(il of new Sma I buffer to which Ŝ xl (25 

units per plug) of Sma I enzyme was added. The tube containing the plug buffer and 

enzyme was mixed gently by tapping the tube and then incubated ovemight at 25C. After 

restriction digest 500|il of Ix wash buffer was added and plugs were stored at 4C until no 

more then 2 weeks until PFGE analysis could take place. 

For PFGE analysis the Chef III® system from Bio-Rad™ was used. Prior to 

preparation of the plugs for setting in the gel O.Sx TBE buffer was poured into the PFGE 

apparatus to cool to 14C with a pump setting of 70-80, The gel casting assembly was 

setup and molten 1% certified gel agarose was poured into the cast and allowed to 

solidify. Plugs were then placed on a smooth clean petri dish and cut with a sharp spatula 
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into thirds along the axis (approximately l.Smm high and 8mm wide). With a small 

spatula the cut plugs were then pressed gentiy into the wells of the gel. Along with the 

DNA plugs a DNA size standard Lambda ladder was placed in lanes 1 and 7 of the gel, 

A small amount of low melt agarose was then placed over the top of each well to fasten 

the plugs into place. The entire gel was then placed in the PFGE apparatus and allowed to 

cool to 14C before the electrophoresis cycle was started. All Enterococcus DNA samples 

were mn for 15hr at 6v/cm with 4s initial and 40s final linear ramp switch times. 

Cluster Analysis 

Gel images were converted to tiff files and imported into the BioNumerics® 

program software (Applied Maths Inc.) for cluster analysis. Genetic similarities amongst 

strains were evaluated using the Dice algorithm'*^ and strain allocation into clusters by 

Un-weighted Pairgroup Method Average (UPGMA),'"^ Position tolerances were set at 

1.0%. The dendograms produced were then evaluated for specific pattems that would 

indicate transmission of species from the feedlot environment to the commercial abattoir 

as well as sample-type relationships. Genetic profiles were also matched to antimicrobial 

dmg susceptibility (abx) profiles to look for possible connections. 

Results and Discussion 

Pulsed field gel electrophoresis analysis of the enterococcal bacterial isolates 

displayed genetic similarities across sampling points indicating transmission of bacteria 

from the feedlot through the processing facility. Sampling points included hide samples 
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taken at the feedlot and commercial abattoir and carcass samples taken before 

evisceration or pre-evisceration and from carcasses in the cooler. In several cases, 

isolates collected from one animal at several sampling points were genetically 

indistinguishable or at least > 80% similar as measured by DICE/UPGMA cluster 

analysis. In the case of animal # 625 (Figure 4,1,) various fecal hide and cooler isolates 

were 100,0% identical. This would indicate clonal transmission without genetic variation 

occurring across sampling points. In addition a pre-evisceration isolate was 93,3 +/-

6,95% identical to those same isolates. Animal # 597 (Figure 4,1,) isolates showed only 

45.77 +/- 8.65% similarity to animal # 625 isolates, however many of the isolates 

collected from different sampling points also showed a high degree of homology. These 

isolates were also compared to each other taking into account their antimicrobial profiles. 

These profiles revealed that genotypic similarity in most cases resulted in identical 

antimicrobial drag susceptibility pattems (Table 4,1,), For isolates recovered from 

animal # 625 the antibiotic resistance profiles were identical with the exception of a few 

isolates (62SHA, H7C) which varied only in tefracycline resistance and one isolate (P7A) 

that was resistant to quinuprisitn/dalfopristin (Synercid), These exceptions give evidence 

to some phenotypic variation in antibiotic resistance profile even among isolates with a 

high degree or identical genotypes. However, when compared to isolates from animal # 

597 that were genotypically unrelated (Table 4.2.) the majority of these isolates were 

susceptible to tetracycline unlike isolates from animal # 625. The difference in genotype 

in this case could be related to the differences in antimicrobial dmg resistance profiles. 

Also those isolates with a homology of 97,15% or greater, for animal # 597, had identical 
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antimicrobial dmg pattems. This may indicate that similar genotypes do in fact result in 

similar phenotypic characteristics. Isolates PSA and P8B which were unrelated (45,77% 

homology) did however have an identical antimicrobial dmg profile, which would 

demonstrate the possibility of unrelated strains showing the same phenotypic 

antimicrobial dmg susceptibiHty pattems. After evaluation of multiple groups of 

genetically related strains of Enterococcus, this same type of variation was observed and 

it is still unclear from these data if a greater degree of genotypic homology resufts in 

similar antimicrobial drag susceptibility profile. 

Fecal isolates obtained from the feedlot were also analyzed in order to determine 

genetic similarities between sample types. This analysis showed great variation in 

genetic fingerprints with only 32.89 +/- 12.88% agreement between all isolates (Figure 

4.2.), Individually however, several groups of isolates displayed greater homology and in 

most cases isolates collected from the same animal were identical or similar. In some 

cases fecal samples taken from different animals showed > 90% homology (Figure 4,2,) 

indicating transmission of bacteria and/or genetic information from one animal to 

another. This same analysis was performed for hide samples from the feedlot and plant 

as well as carcass samples. Once again there was great variation among sample types 

(Figure 4,3., 4.4., 4,5,), However a few clusters can be observed in each sample type; for 

example the first ten isolates listed from top to bottom in figure 4,4. had a 74.08 +/-

11,5% homology. These isolates were recovered from five different animals. However 

similar to the fecal samples the majority of the isolates that showed the greatest degree of 

homology were generally recovered from the same animal. 
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During an overall analysis of all PFGE profiles several larger clusters were found 

that were derived from isolates stemming from several different sample types. Nine such 

isolates from four different animals and four different sampling points showed 81.07 +/-

8,55% homology (Figure 4,6,), Another larger cluster of 25 isolates showed a 63,89 +/-

19,37%) homology that included several branches with much greater genetic similarities. 

One such branch included 16 of the 25 isolates, which were 74,78 +/- 14,45% 

homologous (Figure 4,7,), Interestingly 8 of those 16 isolates were 100,0% identical. 

These large clusters from various sample types give evidence not only to the horizontal 

transmission of these bacteria between animals but to the propagation of bacteria and/or 

genetic elements vertically through the processing environment. 

Approximately 115 different genotj^es were observed in this study providing 

evidence of the vast diversity of the Enterococcus genome and the variability amongst 

isolates collected from a typical beef cattle operation. This diversity would indicate that 

no one genotype is being selected for or favored in this particular case. There were 

however, several genotypes that were more abundant then others and several instances of 

these specific genotypes observed throughout the processing environment. The question 

may arise to whether or not a specific genetic makeup would result in a phenotypic type 

that would allow for better survival and transmission vertically through the process. 

There is some indication of this selection observed as more often a certain genotype was 

observed on the same animal as it moved through process vertically from feedlot to 

abattoir rather then shared horizontally between animals at the feedlot or in the plant 

setting. There is some indication that horizontal transfer does occur however the majority 
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of clustering occurred based on animal source and not sample type. From the results of 

this study it is clear that bacteria can in fact be transferred through the processing 

environment and in most cases on the same animal. This would suggest that factors 

affecting the final microflora on the processed beef carcasses begin at the feedlot and are 

not solely related to handling of the animals once they reach the commercial abattoir, ft 

would also indicate that in plant interventions to reduce or eliminate cross contamination 

of bacteria currentiy are not enough to prevent vertical transmission of these bacteria 

from the feedlot to a fully processed carcass and most likely to meat products at home. 

With the information obtained from the prevalence, antimicrobial dmg 

susceptibility and PFGE analysis performed, a greater understanding of a commercial 

cattle operation with respect to its common bovine microflora has been established. It is 

apparent that generic E. coli, Salmonella and Enterococcus can be readily recovered not 

only from feedlot cattle but their in-plant carcasses. In general Enterococcus can likely 

be recovered from fiilly-processed carcasses in the cooler while recovery of generic E. 

coli and Salmonella is rare, Enterococci isolated in this study were also resistant to a 

multitude of different antimicrobial drags tested while Salmonella and E. coli displayed a 

more susceptible nature. It is clear that these bacteria have the propensity to disseminate 

through a commercial beef processing system and the same bacteria that are present in 

feedlot animals can in fact contaminate the final meat products. It was also observed that 

the same antimicrobial drag profiles appear to be conserved throughout this process. 

With this information it is therefore logical to assume that factors that affect the common 

bovine microflora at the feedlot will likely affect the final microflora at the commercial 
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processing facility. Subsequently pre-harvest intervention strategies in the future may 

play a vital role in reducing the amount of these bacteria that enter the processing 

environment as well as reduce the likelihood of a resistant phenotype occurring and being 

transferred from the live animal to its respective processed carcasses. Non-pathogenic 

bacteria displaying a high degree of resistance to antibiotics commonly used to treat 

human diseases are a concem for human health as these bacteria can contaminate food 

animal products. These food products can serve as a possible vessel of transmission to 

humans and after consumption possibly confer their resistant phenotypes to commensal 

gastrointestinal microflora. Then infections with more pathogenic bacteria may result in 

freatment failure due to transmission of antimicrobial drag resistance genes from these 

commensal bacteria to the harmful pathogens. To reduce the chance ofthis phenomenon 

occurring it is imperative that proactive strategies to eliminate this problem be imposed 

not only at the commercial abattoir but also during the pre-harvest stages of animal 

production. 
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CHAPTER V 

FINAL COMPREHENSIVE RESULTS 

The comprehensive results ofthis study are summarized and bullet pointed herein 

along with final conclusions and implications, 

• There was an increase (p < 0.001) in the amount of hides that cultured positive for 

Salmonella spp, from the feedlot to the commercial abattoir. This may indicate 

cross contamination occurring during transport and/or increased shedding of these 

bacteria, 

• There was an increase (p < 0,001) in the amount of hides that cultured positive for 

Enterococcus spp, from the feedlot to the commercial abattoir. This may indicate 

cross contamination occurring during transport, 

• An increased recovery of bacteria from carcass samples appears to be possible 

with the addition of a non-selective enrichment that should allow for recovery of 

injured cells, 

• The proportion of culture-positives for the selected bacteria in this study varied 

depending on sampling date or replication and may indicate significant 

fluctuations can occur even within the sample feedlot source, 

• Approximately 96% of Salmonella isolates (n = 102) were resistant to at least one 

antimicrobial drag. The majority of these isolates were resistant to 

sulfamethoxazole (96,08%) followed by streptomycin (17,65%), No isolates were 

resistant to three or more antimicrobial drags. This would indicate that 
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Salmonella recovered from cattle sources in this study showed very little 

resistance to a majority of the antibiotics tested, 

• Eight distinctive Salmonella serotypes were isolated. From the top twenty most 

frequently isolated human serotypes (reported by the CDC) only S. Montevideo 

and S. Muenchen were recovered during the course ofthis study from cattle 

sources. These two serotypes however, account for less then 4% of the total 

human clinical cases and would therefore not be of great concem for human 

health implications. 

• For generic E. coli isolates the most common resistance was to sulfamethoxazole 

(79.03%)). This was followed by trimethoprim/sulfamethoxazole (29,96%), 

tetracycline (13,48%), cephalothin (5,62%), streptomycin (5,62%), kanamycin 

(4.87%), and ampicillin (1,12%). The E. coli recovered in this study showed very 

little resistant to the majority of antimicrobials tested. 

• Of 279 confirmed Enterococcus all were resistant to at least one antimicrobial. 

Interestingly, 179 (64,15%) of these isolates were resistant to at least six agents 

tested. The most common resistance was to chloramphenicol (100%) followed by 

flavomycin (90,32%), Hncomycin (87.81%), tylosin (78.49%), erythromycin 

(76.34%), tetracycline (58.87%), synercid or quinupristin/dalfopristin (47.67%), 

bacitracin (17.92), streptomycin (8,96%), ciprofloxacin (1.43%), linezolid 

(0.72%) and salinomycin (0,36%), Enterococcus showed a high degree of 

resistance to a majority of the antimicrobial drags tested included MLS type 

antibiotics. Resistance to MLS type antibiotics may be related to feeding tylosin 
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at the feedlot level and is an important finding to investigate with future research. 

A high degree of resistance to synercid is also somewhat alarming as this 

antibiotic has been used to Enterococcus infections in human clinical cases. 

The level of variability of antimicrobial drag resistant profiles did not appear to 

change throughout the processing environment or different sampling days. This 

indicates similar antimicrobial drag profiles can be found at the feedlot and the 

commercial abattoir, 

Pulsed-field gel electrophoresis results showed a high degree of strain relatedness 

between isolates recovered from the same animal throughout progression of the 

animal through the processing environment. This indicates vertical transmission 

of these bacteria from the feedlot to the final processed product, Pre-harvest 

factors including selective pressure from subtherapeutic use of antimicrobial 

drags may therefore affect antimicrobial resistance pattems of post-harvest 

bacteria. 
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TABLES 

Table 1.1, 

Antibiotics Commonly Used 
Antibiotic Class and 
Antibiotic 
Cephalosporins 
Ceftiofur' 

Floroquinolones 
Enrofloxacin" 

Macrolides 
Tilmicosin 
Tylosin^ 

Penicillin/Aminopenicillin 
Penicillins/amoxicillin 
Phenicol 
Florfenicol 
Sulfanimide 
Sulfamethozine'' 
Tetracycline 
Chlortetracycline 
Oxytetracycline 

in Feedlot Cattle 
Most Frequent 
Purpose of Use 

Disease treatment 

Disease treatment 

Disease treatment and prevention 
Disease treatment 

Disease treatment 

Disease treatment and prevention 

Not specified 

Not specified 
Disease treatment and prevention 

Importance of Antibiotic 
Class In Human Medicine 
Critically important 

Critically important 

Critically important 

Highly important 

Not Important 

Not Important 

Highly Important 

' The National Animal Health Monitoring System cited this antibiotic as an example for this class 
'' Used in combination with Chlortetracycline 

131 



Table 3.1, 

Sensititre Custom Plate Format for Gram-Positive Organisms 
Antimicrobial Drug 
Bacitracin^ 
Ciprofloxacin 
Chloramphenicol 
Erythromycin 
Flavomycin^ 
Gentamicin 
Kanamycin^ 
Linezolid 
Penicillin 
Quinupristin/Dalfopristin 
Sfreptomycin 
Salinomycin^ 
Tetracycline 
Vancomycin 
Lincomycin^ 
Tylosin tartrate^ 
Nitrofurantoin 

Concentration (p.g/ml) 
8-128 
0.12-4 
2-32 
0.5-8 
1-32 
128-1024 
128-1024 
0.5-8 
0.5-16 
1-32 
512-2048 
1-32 
4-32 
0.5-32 
1-32 
0.25-32 
2-128 

' Denotes antimicrobial dmgs for which there is no current NCCLS standard. 
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Table 3,2. 

Sensititre Custom Plate Format for Gram-Negative Organisms 

Antimicrobial Drug 

Amikacin 

Ampicillin 

Amoxicillin/clavulanic Acid 

Ceftriaxone 

Cephalothin 

Chloramphenicol 

Ciprofloxacin 

Trimethoprim/Sulfamethoxazole 

Cefoxitin 

Gentamicin 

Kanamycin 

Nalidixic Acid 

Sulfamethoxazole 

Streptomycin 

Tetracycline 

Ceftiofur 

Concentration (|ig/ml) 

0,5-4 

1-32 

1/0,5-32/16 

0,25-64 

2-32 

2-32 

0,015-4 

0.12/2,38-4/76 

0,5-16 

0,015-4 

8-64 

0,5-32 

16-512 

32-64 

4-32 

0,12-8 
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Table 4,1, 

Table of antimicrobial dmg profiles of isolates with similar genetic fingerprints 

ID 
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a Enterococcus isolates with 100% homology to each other as analyzeti by UPGM A/Dice Cluster analysis 
b Enteroocccus isolates with > 93.33% homology to group" isolates 
c Enterooccus isolates with > 80.28% homology to group " and *• isolates 
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Table 4,2. 

Table of antimicrobial drug profiles of isolates with similar genetic fingerprints 

ID 
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a Isolates with 100% homology to each other as analyzed by UPGMA/Dice Cluster analysis 
b Isolate with 97.15% homology to group" isolates 
c Isolate with 86.26% homology to group ' isolates 
d Isolate that is um-elated genotypically (45.77%) to all other isolates 
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FIGURES 

Proportion of Culture-Positives Salmonella 

100,0% 

90,0% 

80.0% 

70,0% -

% 
S 60.0% 
in 
o 
i 50,0% 
c 
0) 
^ 40.0% 

Q. 

30.0% 

20.0% 

10.0% -

0,0% - •v-<^-X /••V-VK 

SFF SFH SPH 

Location 

El 8/27/2002 
S 9/24/2002 
m 10/9/2002 
nAVG 

SPP 

Figure 2.1, Proportion of Samples that were Culture-positive for Salmonellae Collected 
from Feces, Hides and Carcasses Before and After Transport to a Commercial Processing 
Facility 

*SFF = Salmonella recovered from fecal samples at the feedlot 
*SFH = Salmonella recovered from hide samples at the feedlot 
*SPH = Salmonella recovered from hide samples at the plant 
*SPP = Salmonella recovered from pre-evisceration carcass samples at the plant 
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Proportion of Culture-Positives E. coli 
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Figure 2,2, Proportion of Samples that were Culture-positive for Generic E. coli biotype 
I Collected from Feces, Hides and Carcasses Before and After Transport to a Commercial 
Processing Facility 

*EcFF = E. coli recovered from fecal samples at the feedlot 
*EcFH = E. coli recovered from hide samples at the feedlot 
*EcPH = E, coli recovered from hide samples at the plant 
*EcPP = E. coli recovered from pre-evisceration carcass samples at the plant 
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Proportion of Culture-Positives Enterococci 

Q> .> 
'•? 
(0 o a *^ c 
V 

0) 
Q. 

m 8/27/2002 

a 9/24/2002 

a 10/9/2002 

nAVG 

EPC 

Figure 2,3, Proportion of Samples that were Culture-positive for Enterococcus spp. 
Collected from Feces, Hides and Carcasses Before and After Transport to a Commercial 
Processing Facility 

*EFF = Enterococcus recovered from fecal samples at the feedlot 
*EFH = Enterococcus recovered from hide samples at the feedlot 
*EPH = Enterococcus recovered from hide samples at the plant 
*EPP = Enterococcus recovered from pre-evisceration carcass samples at the plant 
*EPC = Enterococcus recovered from cooler carcasses in the plant 
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Salmonella Antimicrobial Drug Resistance 
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Figure 3.1. Antimicrobial Resistance of Salmonella spp. Recovered from Cattie Sources 
from a Commercial Beef Processing System Pre and Post Harvest 

*SMX = Sulfamethoxazole 
*STR = Streptomycin 
*COT = Trimethoprim/Sulfamethoxazole 
*NAL = Naladixic Acid 
*AUG = Amoxacillin/Clavulanic Acid 
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Salmonella Serotypes from Cattle Sources 
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Figure 3.2, Salmonella spp. Serotypes Isolated from Cattle Sources from a Commercial 
Beef Processing System Pre and Post Harvest 
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Generic E.coli Antimicrobial Drug Resistance 
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Figure 3,3, Antimicrobial Resistance in Generic E. coli Recovered from Cattle Sources 
from a Commercial Processing System Pre and Post Harvest 

*SMX 
*COT 
*CEP = 
*STR = 
*KAN 
*AMP 
*CHL 
*TIO = 
*AUG 
*FOX 
*NAL 

= Sulfamethoxazole 
= Trimethoprim/Sulfamethoxazole 
= Cephalothin 
= Streptomycin 
= Kanamycin 
= Ampicillin 
= Chloramphenicol 
= Ceftiofur 
= Amoxacillin/Clavulanic Acid 
= Cefoxitin 
= Naladixic Acid 
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Enterococci Antimicrobial Drug Resistance 
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Figure 3.4, Antimicrobial Resistance in Enterococcus spp. Recovered from Cattie 
Sources from a Commercial Processing System Pre and Post Harvest 

*CHL = Chloramphenicol 
*FLV = Flavomycin 
*LIN = Lincomycin 
*TYL = Tylosin 
*ERY = Erythromycin 
*TET = Tetracycline 
*SYN = Synercid, Quinupristin/dalfopristin 
*BAC = Bacitracin 
*STR= Streptomycin 
*CIP = Ciprofloxacin 
*LZD = Linezolid 
*SAL = Salinomycin 
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Figure 4.1. Dendogram of Enterococcus Isolates from Two Different Cattle (ID 625 and 
597 respectively) Taken from Various Sampling Points 
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Figure 4.2, Dendogram of Enterococcus Isolates Recovered from Fecal Grabs at the 
Feedlot from Cattle in a Commercial Processing System 
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Figure 4.3. Dendogram of Enterococcus Isolates Recovered from Hides at the Feedlot 
from Cattle in a Commercial Processing System 
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Figure 4.4. Dendogram of Enterococcus Isolates recovered from Hides at the 
Commercial Abattoir 
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Figure 4,5. Dendogram of Enterococcus Isolates Recovered from Carcasses at the 
Commercial Abattoir 
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Figure 4.6, Dendogram of Enterococcus Isolates Recovered from Several Different 
Sample Types from Cattle in a Commercial Processing System 
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Figure 4.7, Dendogram of Enterococcus Isolates Recovered from Several Different 
Sample Types from Cattle in a Commercial Processing System 
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