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 ABSTRACT 

 

The use of antimicrobials – and antibiotics in particular – in livestock production for 

prevention, control and treatment of bacterial diseases has expanded significantly over 

the decades. Bacterial resistance to any particular antibiotic can be a natural property of 

the bacteria, or else acquired as a gene-based mechanism. A field trial was conducted to 

evaluate the long-term effects of two metaphylactic antibiotic regimens on extended-

spectrum beta-lactamase (ESBL) producing fecal E. coli in feedlot cattle. A total of one 

hundred thirty-four crossbred beef steers (initial BW = 390 ± 18.4kg) were used in a 

randomized complete block design. Upon arrival (d -3), cattle from two sources received 

routine processing and their body weights were recorded. Steers were assigned randomly 

to treatment pens (11 to 12 head per pen; 12 pens total) with 1 to 2 steers randomly 

selected to be a sentinel control and receive no treatment to evaluate antimicrobial 

resistance among treatments within the pen. Each of the 3 treatments was replicated 4 

times. The trial began on d 0 with the initial fecal sample collected and animals receiving 

the previously assigned 1 of 3 treatments consisting of: 1) control, no antimicrobial 

administered; 2) ceftiofur (Excede®, Zoetis, Kalamazoo, MI) administered 6.6 mg/kg 

BW in the caudal aspect of the left ear; or 3) tulathromycin (Draxxin®, Zoetis) 

administered 2.5 mg/kg BW subcutaneously in the neck. Subsequent fecal samples 

(n=804) were collected on d X, Y, Z… to determine presence of ESBL from E. coli 
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bacteria and BW was obtained simultaneously to determine performance. There was no 

difference in health (data not shown) or performance (P ≥ 0.10) data observed in this 

study; however, there was a tendency for ADG to be reduced from d 14 to 28 in the 

ceftiofur-treated cattle (P = 0.10).  No differences in carcass traits were observed (P ≥ 

0.43). Extended spectrum ß-lactamase and AmpC bacteria were prevalent in the fecal 

samples across all days and treatment groups. There was no difference (P = XX) between 

treatment groups across days in terms of sample-level prevalence of ESBL or AmpC E. 

coli. A difference (P = XX) was observed, however, in the bacterial level prevalence and 

quantity of bacteria growing on MacConkey plus ceftriaxone (4µg/ml: MAC-CEF) plates 

only on d 7 for the ceftiofur treated group, when total coliform counts also were 

significantly reduced on plain MAC plates. On d 14 we reported that coliform counts had 

returned to baseline prevalencebefore antibiotic administration.  At the time of harvest, 

no differences were detected among treatment groups. Among all fecal samples, 143 

bacterial isolates exhibiting the ESBL/AmpC phenotype also exhibited resistance to as 

many as 9 classes and 13 individual antibiotics. Among these, 42 isolates were of the true 

ESBL phenotype while 101 were of the more common AmpC phenotype commonly 

found in North American cattle populations. 
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CHAPTER I 

REVIEW OF LITERATURE 
Introduction to Antimicrobial Resistance 

Antimicrobial resistance is a challenge that concerns both public health and 

economic prosperity worldwide. The efficiency of antimicrobials is being put to the test 

in comparison to effectiveness, and the beneficial aspect in regards to the economic 

market. Ongoing research to develop new and improved antibiotic as well at the financial 

efficiency of the pharmaceutical market is constantly in action to ensure public and 

animal health and safety (O’Neill, 2015).  Understanding the role of commensal and 

pathogenic bacteria and their capabilities of becoming resistant to antimicrobials is a 

complex process that challenges the food producing industry and both human and animal 

health. Antimicrobial use in food animals has been associated with antimicrobial resistant 

bacterial pathogens found in humans (Angulo et al., 2004).  

Resistance in Methicillin-Resistant Staphylococcus aureus (MRSA) is a major 

concern in human medicine, and is known for severe infections, and some cases of death.  

Data suggest that food animals in the United States could become an important reservoir 

for this bacterium; further, it estimated that 1.5% of the United States population is 

colonized with MRSA (Smith, 2009).  In a paper published in 2007, the authors presented 

statistics on infections from MRSA leading to death in the United States suggesting they 

have overcome other infectious diseases, such as HIV/AIDS, with 94,000 infection and 

greater than 18,000 deaths in 2005 (Kleven, 2008). Research (Smith, 2009) was
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conducted to examine the prevalence of MRSA in swine and swine workers in two swine 

farming production systems in Iowa and Illinois. Twenty-four samples from each location 

were collected from weaned pigs between 6 and 18 weeks old, and all workers willing to 

participate on 45 farms in five major swine producing states in the USA that were readily 

accessible to the collaborating groups: University of Iowa, The Ohio State University and 

University of Minnesota. Samples were collected over a two-year period starting in April 

of 2008 and ending in July of 2010. The study was designed so that half of the farms 

sampled by each collaborating group would be conventional confinement farms and half 

would be farms raising pigs without use of antibiotics (antibiotic-free, ABF). Farms were 

selected by convenience, based on participation of the producers. However, due to 

difficulty in recruiting eligible farms, ultimately 45 farms were included in the study: 18 

farms in Minnesota (9 conventional, 9 ABF); 18 farms in Iowa-Illinois (9 conventional, 9 

ABF); and 9 farms in Ohio-North Carolina (6 conventional; 3 ABF). After giving written 

informed consent, participants completed a questionnaire providing demographic data 

and provided swab samples from the nares and oropharynx to determine MRSA 

colonization status. The survey recorded data on potential risk factors for MRSA 

colonization, including information about contact with swine and use of personal 

protective equipment. All pigs sampled on the 21 ABF herds were negative for MRSA. 

The MRSA prevalence among pigs on conventional farms overall was 8.5%. On MRSA-

positive farms, the prevalence of positive cultures ranged from 17% to 100% of weaned 

pigs sampled.  

Four of the participants (2.7%) reported a skin or soft tissue infection within the 

prior year, whereas none reported previous diagnosis with a MRSA infection. A total of 
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31 of 148 farm workers (20.9%) were culture positive for MRSA. Of these, 87% worked 

on farms where MRSA was detected among the sampled swine. Seventy-seven percent of 

the samples that tested positive came from 40 workers on the two farms with the highest 

prevalence of MRSA in pigs. It was concluded that working on a farm with a MRSA-

positive herd was by far the greatest risk factor for worker colonization (Wardyn et al, 

2015). 

Resistance may emerge or expand when bacterial subpopulations with pre-

existing resistance or reduced susceptibility are selected for in the presence of 

antimicrobial pressure. This selected subpopulation of microbes can then more readily 

pass on the specific resistance genes, such as through replication where plasmids transfer 

the resistance genes from one organism to another (Ribble et al., 2010).  Evidence has 

shown that it is common for a natural resistance to occur with specific antibiotics that 

bacteria regularly interact directly with in the environment (e.g., soils and soil bacteria, 

from which many of our antibiotic classes arose. By definition, antibiotic resistance 

reflects the ability of a microorganism to withstand the effects of an antibiotic. Antibiotic 

resistance may further evolve through any of 3 mechanisms: 1) naturally through 

resistance a priori found in certain types of bacteria and then shared with other bacteria; 

2) via random genetic mutations; or 3) synthetically engineered (anthropogenic) by 

applying evolutionary stress on a population of specific bacteria to further study the 

resistance. 

The community of resistance genes in the environment is due to a mix of naturally 

occurring resistance and those present in animal and human waste and the selective 

effects of bacteria. Antibiotic resistance may also be a consequence of evolution via 
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natural selection of randomly occurring mutations. The antibiotic action is an 

environmental pressure; those bacteria that have a mutation allowing them to survive 

exposure to a particular antibiotic will live on and continue to reproduce their line.  This 

is also known as clonal expansion. They will then pass resistance traits to their offspring, 

which develop into a fully resistant generation (Molbak, 2004). There is evidence that 

natural occurring resistance is common. However, the use of antibiotics in human and 

veterinary medicine for prophylactic and treatment purposes has led to a more rapid 

increase in antibiotic resistance and an increase of antibiotic resistant genes in the 

horizontal gene pool than would likely occur in nature (Bakry, 2014).  

The introduction of antimicrobial agents in human clinical medicine and animal 

agriculture has been one of the most important breakthroughs of the 20th century 

(Chadwick et al., 1997). However, resistance was likely promoted shortly after the 

introduction of antimicrobial use and in all known cases of antimicrobial discovery the 

emergence of antimicrobial resistance has followed a similar pattern of resistance; that of 

resistance to specific drugs by specific bacteria (Levy, 1982). It has now become clear 

that antimicrobial resistance poses a threat to the economics of production, the 

pharmaceutical industry, and most importantly human and animal health (WHO, 2001).   

Emergence of Multi-Drug Resistance  

The global increase in the prevalence of multidrug–resistant (MDR) bacteria has 

posed a threat to physicians’ ability to provide appropriate therapy and solutions for 

infections and illnesses. The relationship between antimicrobial drug concentration and 

infecting pathogen population reduction is of primary interest (Levy, 1992). Data arising 

from Jumbe and others (2003) involved mice infected with the bacterium, Pseudomonas 
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aeruginosa, and treated with a fluoroquinolone antibiotic.  A mathematical model was 

developed that defined the relationships between antimicrobial drug exposure and 

changes in drug-susceptible and drug-resistant bacterial subpopulations at an infection 

site. Dosing regimens and consequent drug exposures that amplify or suppress the 

emergence of resistant bacterial subpopulations were identified and prospectively 

validated. Resistant clones selected in vivo by suboptimal regimens were characterized. 

While there were no mutations identified with the quinolone resistance, all resistant 

clones confirmed efflux pump overexpression; that is, expressed as trying to move 

antibiotic compounds out of the bacterial cell.  The study altered a standard mouse-thigh 

bacterial infection model to observe the effect of increasing doses of an antibiotic on the 

in vivo amplification and suppression of the drug-susceptible and -resistant populations 

over 24 hours. To examine the inoculum effects of the P. aeruginosa test strain on dose-

response relationships, a single dose of levofloxacin was administered. Dose-ranging 

studies were performed with mice infected with significant organisms in both posterior 

thigh muscles.  

The mutational frequency of resistance of the challenge strain explained the 

differences in antimicrobial response with different inoculates. Drug-resistant P. 

aeruginosa mutants were quickly isolated from treated and control mice infected with the 

higher inoculum. With such rational dosing-regimen designs, one can maintain the 

sensitivity of the infecting flora to the drug, in return benefiting future cases that are in 

need of treatment. Horizontal transmission of genes among bacteria is minimized, largely 

because the first-stage mutants are inhibited. This is simply done by detecting the 

resistance-inhibiting drug-exposure target and using population pharmacokinetic 
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information to evaluate other options of therapeutic antibiotic doses for their ability to 

achieve the drug-exposure target above the already achieved MIC values recorded in this 

study (Jumbe et al., 2003). 

Treatment administrations and drug exposures that fluctuate the development of 

resistant bacterial subpopulations were acknowledged. The database included 107 acutely 

ill patients, 128 pathogens, and five antimicrobial regimens. Through concentrations and 

culturing, antimicrobial pharmacokinetics were distinguished as well as sensitivity tests 

on tracheal aspirates to examine resistance. Resistant clones selected in vivo by 

suboptimal regimens were also depicted and named in a category. Pharmacodynamic 

models were illustrated to isolate features associated with the probability of developing 

bacterial resistance. The probability of achieving resistance-suppression contact in 

humans, resulted in clinically approved antibiotic dose. The undesirable microbial 

population considerably exceeded the mutation frequency with the increased infected 

inoculum. High level of exposures that killed the sensitive populations, the resistant 

populations survived. Resulting in subpopulation to be selected by the drug pressure. 

Dosing-regimens are designed in such a way to preserve the sensitivity of the infecting 

flora to the drug. Due to the first-stage mutants that are inhibited, horizontal gene 

transmission was minimized (Jumbe et al., 2003).  

Bacterial cells may implement more than one mechanism to resist an antibiotic. 

Co-operation between several resistant mechanisms can also generate higher levels of 

resistance than any single mechanism. Examples of this would-be efflux and penetration 

mechanisms with affected antibiotics, such as tetracyclines, that otherwise might exhibit 

low levels of resistance. By-pass and enzyme detoxification mechanisms could likewise 
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result in higher levels of resistance with antibiotics such as ß-lactams or macrolides (Blair 

et al., 2015). Drug pressure is another factor that must be considered. Bacteria can 

become resistant as a result of genetic mutations; these can be transferred between 

bacteria and groups of bacteria. Under selective pressure of antibiotic exposure, these 

strains then proliferate. Different types of antibiotics inhibit growth (bacteriostatic) or kill 

(bactericidal) bacteria using unique mechanisms. Various classes of antibiotics work on 

different aspects of bacterial replication. Under selective pressure of antibiotic exposure, 

these resistant strains then proliferate. Bacteria evolve resistance to antibiotics in 

response to environmental pressure exerted by the use of antibiotics; further, many of 

these bacteria are significant pathogens (Hauger, 2004). 

The concerning challenge with the use of antibiotics in animals on human health, 

arises from antimicrobials used in food animals that potentially select for resistant 

bacterial strains which may subsequently be transferred to humans via direct contact or 

ingestion of contaminated food or water. Many classes of antibiotics used in food animals 

have similarities to those used in humans, and these are capable of selecting for specific 

resistances to antibiotics that are used in human medicine (McCormack, 2012).  The 

majority of antibiotics arise from only a few types of drugs that are considered the main 

classes of antibiotics. Aminoglycosides are commonly used to battle infections caused by 

Gram-negative bacteria. Aminoglycosides stop the bacteria from producing proteins. 

Cephalosporins currently have 5 different types, which are classified by the generation 

level. Generally, the higher the generation (up to 4th generation), the more Gram-negative 

antimicrobial properties that are associated with the antibiotic. Generally, later generation 

cephalosporins have less chance of bacteria becoming resistant, though this is not always 
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the case. Other modifications to approved variants of cephalosporin are to allow the drug 

to be in effect for a longer period of time. Fluoroquinolone, is a type of antibiotic active 

against several different types of bacteria; however, it is mainly used to treat urinary tract 

infections, respiratory infections, and skin infections. Its mode of action is to inhibit the 

bacterium’s ability to replicate DNA, so it is harder for the bacteria to reproduce. The 

first type of antibiotic to be discovered, penicillin, is still widely used to treat dental 

infections, respiratory infections, gonorrhea, urinary tract infections, and skin infections. 

This class of antibiotics operates by obstructing the growth of bacteria cell wall, and thus 

is typically only useful for Gram positive infections. Following treatment, the bacterial 

cell wall becomes porous and decays, and the bacteria are killed by the antibiotic. 

Tetracyclines are most common used for upper respiratory infections, Lyme disease, mild 

acne, and typhus. They are used to fight a wide variety of bacterial infections. 

Doxycycline and minocycline are just two types of tetracycline, older varieties include 

chlortetracycline and oxytetracycline which are widely used in agriculture. Macrolides 

are used to treat gastrointestinal tract and other infections. They bind ribosomes in 

susceptible bacteria which reduces protein production, thereby aiding in the elimination 

of the harmful bacteria over time (Nikaido, 2009).  

Bacteria may acquire and express multiple mechanisms of resistance (Lowrance 

et al., 2007). Bacteria that are both helpful and harmful are found in the digestive tract of 

animals and humans; indeed, they are ubiquitous and are always present via consumption 

of food and water, or through occupational or environmental exposure. Several strategies 

and solutions have been proposed to try to overcome the issue of antibiotic resistance in 

humans and livestock (van den Bogaard, and Stobberingh, 1999). Prevention should be 
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the first solution that is turned to when groups of concerned individuals come together to 

try and solve sensitive topics such as resistance; prevention methods may include the use 

of immunomodulators and non-antimicrobial therapies such as vaccination programs, and 

backgrounding (Ives and Richeson, 2015).  

  Understanding resistance mechanisms in bacteria is an entire scientific discipline 

unto itself. It is highly necessary for the comprehension and development of the 

knowledge, research and tools needed to distinguish infection and illnesses that lead to 

resistance (Chadwick et al., 1997). Methods are put into play by tests such as a 

phenotypic testing, and more improved genotypic tests that evaluate the susceptibilities of 

the microbes to antibiotics (Bergeron and Ouellette, 1998). Considering the type of 

infections, the rate at which resistant microbes develop, and the targeted organs or tissue 

of infection are all elements that need to be understood in regards to the development of 

prevention programs. Action plans are developed with goals focusing on strengthening 

health care, public health, veterinary medicine, agriculture, food safety, research and 

manufacturing.   

As decades pass, more and more research is becoming available to understand the 

difficult concept of antimicrobial resistance and to reach a compromise with the disparate 

and large group of organizations and policy makers that advocate for, and implement 

regulations for proper use of antibiotics to mitigate resistance.  Although the direct 

quantitative relationship between the amount of antibiotic used and the frequency of 

resistance is still lacking, this obvious issue may seem simple and easy to reverse and fix; 

however, it could possibly be the most difficult challenge facing both human medicine 

and animal health (Harrison and Lederberg, 1998). Clinical problems can develop when 
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susceptible strains are diminished, permitting the resistant microbial base to expand. This 

is the most important consideration when using antibiotics to treat infections or control 

disease in humans or animals. Furthermore, the same antibiotic administered in different 

ways may have significantly different effects on antibiotic resistance (van den Bogaard 

and Stobberingh, 1999). When penicillin was given in less than therapeutic doses and for 

relatively long periods of time (5 days), patients’ risk for carriage of penicillin resistant 

pneumococci escalated (Georgeopapadakou, 1993). Additionally, the dosages of 

antibiotic being distributed among health care patients and within a specific geographic 

area can greatly influence the occurrence of antibiotic resistant bacteria. 

 Antibiotic resistance can also be introduced into a microorganism through 

transformation, which is the genetic alteration of a cell resulting from the direct uptake 

and incorporation of exogenous genetic material from its surroundings through the cell 

membrane. This can be a useful way of implanting exogenous genes into the 

microorganism. Most antibiotics in human health use are related to organic products and 

bacteria have co-evolved mechanisms to avoid their inhibitory action (Gow et al., 2008). 

Antimicrobials are critical to the existing beef production programs that occupy the 

industry today. A wide variety of antibiotic classes are available for beef cattle, all 

subjected to Food and Drug Administration (FDA) approval and post-approval 

compliance. This and other organizations closely monitor animal health and welfare, in 

response to reports of adverse reactions, and deal with controversial topics such as 

growth promotion uses of antibiotics (Cameron and McAllister, 2016). Most of the 

microorganisms found in the intestinal tract consist of massive (i.e., > 1012 bacteria per 

gram of feces) populations of harmless bacteria; however, these microbiomes contain 
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adaptable pathogens that acquire and further mutate genes that help express resistance to 

commonly administered antibiotics (Acar and Rostel, 2001). Antibiotics – and, more 

broadly antimicrobials – are used in beef cattle for therapeutic claims such as treatment, 

control, and prevention of rapidly spreading, serious bacterial infections and diseases that 

may cause a large loss of animal health, welfare, and production.  

Resistance that is associated with antimicrobials used for BRD treatment is an 

issue that may have consequences in the cattle industry as well. It is extremely important 

that producers attempt to decrease unnecessary use of antimicrobials. Such practices that 

could be utilized to reduce the dependency we currently have on antibiotics include: 

limiting the over-the-counter availability of antimicrobials such as through the newest 

Veterinary Feed Directive law (FDA, 2015), assuring optimal colostrum intake at birth, 

backgrounding, and being aware of clinical signs at an early stage of disease, including 

younger ages, being aware of health risk status of purchased lots of cattle, and through 

quarantine of newly introduced animals to a herd (Schneider, 2008). Another key to 

lowering the use of excessive antibiotic use is the diagnosis of bovine respiratory disease 

(BRD) of animals as early in infection as possible. This helps to overcome the disease 

process before it has time to cause unrepairable damage to the animals’ immune system 

or vital organ functions (e.g., lungs) and also can help prevent further spread causing an 

epidemic outbreak within the population.  

Over the last 15 years, decreases have been noticed in the susceptibility 

of Mannheimia haemolytica to danofloxacin, tilmicosin, tulathromycin, enrofloxacin, and 

florfenicol, with the latter two antimicrobials, in particular, associated with increased 

resistance in Histophilus somni (Portis et al., 2012). Further, the minimum inhibitory 
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concentrations (MICs) of tetracycline, tilmicosin, and tulathromycin have also been 

increasing for H. somni (Kilma et al., 2014). A third BRD bacterial pathogen, bovine-

sourced Pasteurella multocida, has also shown a significant decrease in susceptibility to 

florfenicol, spectinomycin, tetracycline, tilmicosin, and trimethoprim-sulfamethoxazole 

(Kilma et al., 2014).  

The emergence of resistant microorganisms is caused either by mutations in 

existing genes or else the acquisition of mobile genetic elements carrying resistance 

genes. Exposure to antibiotics is what provides the crucial selective pressure needed for 

the propagation and spread of resistant pathogens (Roca et al., 2015). The use, overuse, 

and misuse of antibacterial agents in both human and veterinary medicine, is the driving 

incubator of the increasing rates of resistance. The spread of resistant bacteria from 

livestock to humans can take place via a number of routes, with food-borne infections 

perhaps being the most concerning with enteric bacterial pathogens such 

as Salmonella enterica, Campylobacter coli/jejuni.  On the other hand, for other resistant 

pathogens such as MRSA, a direct link between livestock and human transmission is 

unlikely to be via the food supply; rather, occupational (direct contact) risks are well 

established, but do not tend to extend beyond the veterinarian, farmer, farm worker and 

their families. Bacteria – and even antibiotic residues – from food producing animals are 

spread throughout the environment, mostly by waste materials such as manure or 

compost (Roca et al., 2015). The need to reduce the overall use of antimicrobials in 

agriculture and human medicine is a topic that has been extensively discussed, and recent 

experiences from several European countries suggest that major reductions can be 

achieved without significant negative effects (Grave et al., 2010) on animal health or 
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productivity; ideally, in the longer term with benefits for public, environmental, and 

animal health. 

Bovine Respiratory Disease 

Bovine respiratory disease (BRD) is the leading cause of morbidity and mortality 

in North American beef cattle (Watts and Sweeny, 2010). The primary bacterial 

pathogens associated with BRD are Mannheimia haemolytica, Pasteurella multocida, and 

Histophilus somni. M. haemolytica is considered the most concerning of the bacteria. 

These bacteria reside in the nasopharynx of cattle and develop into respiratory infections 

in the lungs of cattle that have been subjected to a variety of stresses. Factors that permit 

adherence to and proliferation in the lungs and factors that cause tissue damage and 

inflammation are thus known to be the main factors promoting pathogenesis. Bacterial 

factors include adhesion proteins, capsular polysaccharides, outer membrane proteins, 

iron-binding proteins, lipopolysaccharides, enzymes and toxins. These bacterial products 

function to evade and damage the immune system, create a severe inflammatory response 

(Confer, 2009). All of the bacterial pathogens considered important in BRD can be 

isolated from the upper respiratory tract of healthy cattle and are readily identified in the 

nasopharynx of cattle in most populations (Callan and Garry, 2002). The viral pathogens 

associated with BRD are also universal; however, commingling cattle from multiple 

sources may increase exposure to antigenically heterogeneous pathogens. To control the 

health challenge of BRD in the cattle industry, antibacterial therapy is highly important. 

A large selection of antimicrobial agents have been approved for the treatment of BRD, 

including: oxy- and chlor-tetracycline, ceftiofur, tilmicosin, tulathromycin, florfenicol, 

enrofloxacin, danofloxacin and several others (Watts and Sweeny, 2010).  
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Metaphylaxis 

Mass medication, also known as “prophylaxis” or “metaphylaxis”, is a common 

prevention or control method, respectively, given to cattle upon arrival to reduce the 

number of BRD cases (Lofgreen, 1983; Nickel and White, 2010). Involvement of 

bacterial pathogens in BRD (versus imply viral pathogens) explains why mass treatment 

of high risk cattle effectively reduces both morbidity and mortality in multiple controlled 

trials. Such mass treatment can be accomplished in one of three ways: 1) parenterally 

(i.e., by injection), 2) in feed, or 3) in water. Administration of parenteral products to 

calves that are at very high risk for BRD – or in pens experiencing an outbreak – 

(metaphylaxis) has consistently been found to reduce morbidity. Some of the more 

popular antimicrobials found to be effective in metaphylaxis include: ceftiofur crystalline 

free acid, florfenicol, tilmicosin, tulathromycin, danofloxacin, enrofloxacin, 

chlortetracycline, oxytetracycline, and sulfamethazine (Ives and Richeson, 2015; Taylor 

et al., 2010). In addition to reduced morbidity and mortality, treated calves also exhibit 

better average daily gain, feed efficiency, and overall performance. These factors support 

the use of metaphylaxis and have proven to be very cost-effective. Metaphylaxis is the 

treatment of a population or group of cattle with an FDA approved antimicrobial with the 

intent of the controlling the incidence of acute-onset disease of newly received, highly 

stressed cattle (Ives and Richeson, 2015). Post-arrival metaphylaxis has been shown to 

reduce disease rates by 50% and to reduce mortality by 25% (Urban-Chmiel and Grooms, 

2012). However, as described previously, antibiotic use increases the risk of targeted and 

non-targeted bacteria developing resistance; therefore, it is necessary to use antibiotics 

judiciously. Other studies have suggested that metaphylaxis used in conjunction with an 
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on-arrival immunization program is especially beneficial for reducing BRD occurrence in 

newly received calves (Thompson and White, 2006). The positive effect of metaphylaxis 

is observed in the case of reduced morbidity and mortality, but also because of 

significantly increased average daily gain and feed efficiency. Establishing BRD 

prevention and control systems benefits producers by reducing economic loss and 

reducing disease incidence, the latter of which has both food safety and quality 

implications (Urban-Chmiel and Grooms, 2012).  

Consumer Perceptions of Antibiotic Use and Resistance in Livestock 

 The use of antimicrobial compounds in food animal production provides 

demonstrated benefits, including improved animal health, higher production and, in some 

cases, reduction in foodborne pathogens (Larson and Pierce, 2001). However, use of 

antibiotics for agricultural purposes, particularly for growth enhancement, has been 

increasingly scrutinized by the general public, as it is perceived to contribute to the 

increased prevalence of antibiotic-resistant bacteria of human significance. The transfer 

of antibiotic resistance genes and selection for resistant bacteria can occur through a 

variety of mechanisms, which may not always be linked to specific antibiotic use 

(Marshall and Levy, 2011). Prevalence data may provide some perspective on occurrence 

and changes in resistance over time; however, the reasons are diverse and complex. Much 

consideration has been given to this issue on both domestic and international fronts, and 

various countries have enacted or are considering tighter restrictions or bans on some 

types of antibiotic use in food animal production (Marshall and Levy, 2011). In some 

cases, banning the use of growth-promoting antibiotics appears to have resulted in 

decreases in prevalence of some drug resistant bacteria; however, subsequent increases in 
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animal morbidity and mortality, particularly in young animals, have resulted in greater 

use of therapeutic antibiotics that are often from antimicrobial classes of greater 

relevance to human medicine (Alexander et al., 2008). While it is clear that use of 

antibiotics can result in significant pools of resistance genes among bacteria, including 

human pathogens, the risk posed to humans by resistant organisms from farms and 

livestock has not been clearly defined (CDC, 1999). Livestock producers, animal health 

experts, the medical community, and government agencies consider effective strategies 

for control of resistance cases. It is critical that science-based information provide the 

basis for such considerations, and that the risks, benefits, and feasibility of such strategies 

are fully considered, so that human and animal health can be maintained while at the 

same time limiting the risks from antibiotic-resistant bacteria (Mathew et al., 2007). 

While it is clear that nosocomial infections in human medicine likely have very little to 

do with veterinary medicine, a majority of the bacterial antimicrobial resistance observed 

in foodborne illness in people has been assumed to be from antimicrobial use in food 

animals that results in resistant foodborne pathogens (Mathew et al., 2007). 

  During the National Institute for Animal Agriculture Conference in 2014, the 

topic of perception of animal agriculture was discussed, pointing to a great divide where 

consumers and producers will never settle or agree on the topic. “Critics of agriculture 

religiously argue that livestock account for 80% of all antibiotic use in the United States. 

Supporters of animal agriculture use the argument that all antibiotic use in livestock is 

under the control and direction of veterinarians. The biological processes through which 

resistance emerges are not fully understood. Consumers with opposing perspectives can 

draw different conclusions from the same data, and for consumers, positions regarding 
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food safety and medical care are driven more by emotion than by science” (Dr. Richard 

Raymond, NIAA Conference 2014). 

Public Health Risk and Control 

In 2001, the World Health Organization set the basis for the establishment of 

measures toward controlling antibiotic resistance in animals intended for food. In 

summary, control measures should reduce the emergence and spread of antibiotic-

resistant bacteria, improve use of antimicrobials, establish effective surveillance systems, 

enforce legislation, and encourage the development of new drugs and vaccines (WHO, 

2001). Antibiotic-resistant bacteria of animal origin are considered an important 

contributor to the overall burden of bacterial resistance to antibiotics. Judicious use of 

antibiotics in animals is required to reduce the emergence, spread, and propagation of 

bacteria resistant to currently effective antibiotics. The invention of novel drugs or the 

use of alternatives to antibiotics should also be encouraged. Still, an increased awareness 

of antimicrobial resistance by the scientific community and by public health, consumer, 

and agricultural stakeholders is both alarming and promising at the same time. Therefore, 

a combined international action is needed toward the solution of antimicrobial resistance. 

Mechanisms of Antibiotic Resistance  

There are two ways in which bacteria may initially become resistant to an 

antibiotic; resistance may occur from natural or inherent mechanisms or else by genetic 

mutation and clonal spread.  In the second case, the initial transition tom resistance 

occurs by a genetic mutation and is followed by sharing or acquiring resistance from 

another bacterium.  
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Mutations by definition are rare spontaneous changes of bacterial genetic 

material, and are thought to occur in one in every 10 million cell divisions (Moore et al., 

2014). Many, if not most, mutations are either fatal or else insignificant; however, in 

some cases an advantage is conferred by the mutation, often in the presence of an 

external selective pressure such as antibiotic use.  Different genetic mutations produce 

different types of resistance. Some mutations enable the bacteria to produce potent 

chemicals (enzymes) that inactivate antibiotics, while other mutations remove the cellular 

target that the antibiotic attacks. While porous cell membranes can allow antibiotics into 

the cell, modified proteins can aid in pumping the antibiotics into extracellular space.  

Bacteria can acquire antibiotic resistance genes from other bacteria – of the same 

or different species – in several ways. Conjugation is the process of simple mating and 

another way bacteria can transfer genetic material via pili, including genes encoding 

resistance to antibiotics found on plasmids, from one bacterium to another (Aminov, 

2010). Bacteria also have the ability to acquire untouched DNA from their environment 

through a process called transformation. Third, viruses specific to bacteria, known as 

phages, can transfer genetic sequences encoding for antimicrobial resistance when they 

infect new bacterial strains through a process called transduction. Any bacteria that 

acquire resistance genes, whether by spontaneous mutation or genetic exchange with 

other bacteria, have the potential to resist more than one antibiotic. Because bacteria can 

collect multiple resistance traits over time, they can become resistant to many different 

classes of antibiotics (Aminov, 2010); further, use of any antibiotic to which a bacterium 

harbors resistance can therefore lead to expansion of other held resistance traits through a 

process called co-selection. 
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Gene Transfer  

Genes responsible for antibiotic resistance in one species of bacteria can be 

transferred to another species of bacteria through various mechanisms. The resistance 

genes may enable a bacterium to produce enzymes that destroy the antibiotics that 

prevent the drug from reaching its intracellular target to modify the drugs target site 

(Bakry, 2014). Resistance that existed before the discovery and commercialization of 

antibiotics was the system by which bacteria co-existed with microbes producing 

antibiotics in natural environments such as the soil. Resistance to antibiotics can be innate 

whereby the micro-organism lacks a specific target site for the antibiotic drug, or 

antibiotic resistance can be acquired by means of changes in the genetic code of 

maintaining the genes associated with the DNA or receipt of new genetic material 

encoding for resistance. Replication of resistance genes depends on replication proficient 

vector molecules of the host cell, such as chromosomal DNA or plasmids, in which they 

can integrate (Kehrenberg et al., 2001). Vertical transmission of resistance relates to a 

chromosomal mutation affecting a bacterial cell; thereafter, the clone replicated from this 

cell will reproduce and spread. Clonal expansion of a single strain (versus its 

competition) typically can only take place under the advantages provided by antibiotic 

use (suppressing the competition). Horizontal transmission may occur within – or among 

different – bacterial species. A resistance gene located on a plasmid can be transmitted 

horizontally, independently of the resistant clone. Plasmids are the main system that carry 

resistance from bacterium to bacterium, and are known for transferring more than one 

marker of resistance. The larger the plasmid, the increased number of mechanisms of 
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resistance that may be carried against antibiotics, along with other important factors such 

as those encoding for virulence and adhesion, among others (Acar and Rostel, 2001). 

Emergence of Antibiotic Resistance  

 The strength of innumerable species of commensal bacteria, along with those that 

cause diseases in human and animal health, to resist the inhibitory actions of 

antimicrobial agents has become a global concern. Resistance is spread by not only 

nosocomial (hospital-based) pathogens, but also in several basic community-acquired 

organisms. The most applicable ways to manage resistant organisms, depend in part on 

the pathways where resistance has developed. However, these pathways differ greatly 

from organism to organism, and setting to setting, making it difficult to isolate and 

manage specific pathways to contain resistance (Tenover and McGowen, 1996). Bacteria 

from both hospital and community settings are rapidly becoming resistant to a number of 

conventional antibiotics, which can be thereby be classified as multi-drug resistant 

(MDR).  

Multi-Drug Resistance  

Multi-drug resistance is occurs with more than one class of antimicrobial; 

generally speaking, the term is reserved for bacteria with resistance to greater than 2 

classes of antimicrobial. In cases such as MDR, it is common to observe resistance to 

several classes of antimicrobial drugs in relation to gene encoding and phenotype linking 

matching genetic elements such as plasmids and integrons (Lowrance et al., 2007). As 

one example, cattle, pigs, and humans were included in a study that characterized multi-

drug resistant Salmonella isolates that, most importantly, were resistant to extended-

spectrum cephalosporins; further, it was shown that a majority of resistance was encoded 



21 
 

by a similar type of plasma-mediated cephamycinase mobilized AmpC gene known as 

blaCMY2 (Winokur et al., 2000).  

Plasmids are self-directed, extra chromosomal pieces of circular DNA (Lowrance 

et al., 2007). They hold familiar DNA that helps bacteria survive a harsh environment 

such as antibiotics disrupting the cell wall. Plasmids may also be transferable and harbor 

genes that are resistant and can be passed from one bacterium to another. However, 

plasmids can be the key factor deciding if bacteria are to acclimate or expire in the 

presence of an antibiotic drug, heavy metal, temperature, or pH change (Harvey et al., 

2001). Genetic information encoded on a plasmid can assist in the survival of the cells, 

enabling adaptation to contrary environmental conditions such as exposure to an 

administered antibiotic (Kunze et al., 2005).  

The increase in resistance of Gram-negative bacteria is primarily due to mobile 

genes on plasmids that can readily spread through bacterial populations. Standardized 

plasmid typing methods are enhancing our understanding of the host ranges of these 

elements and their worldwide distribution. Moreover, unprecedented human air travel and 

migration allow bacterial plasmids and clones to be transported rapidly between countries 

and continents. Much of this dissemination is undetected, with resistant clones carried in 

the normal animal and human flora and only becoming evident when they are the source 

of important infections. In the mid-1990s the extended-spectrum beta-lactamase (ESBL) 

gene encoded by blaCTX-M was first reported in India. The gene was transferred from the 

chromosome of its natural hosts, Kluyvera spp, to plasmids that had later spread 

widely, establishing CTX-M as the now widely known ESBL and the primary cause of 

developed resistance to third-generation cephalosporins in Enterobacteriaceae 
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(Kumarasamy et al., 2010). Rates of cephalosporin resistance are lower in other 

countries, yet the growing prevalence of ESBL producers is sufficient to promote 

increased use of carbapenems. Therefore, there is selection pressure for carbapenem 

resistance in Enterobacteriaceae, and its emergence is a public health concern since there 

are few antibiotics in replacement for carbapenems (Kumarasamy et al., 2010). 

Bacteriology  

  Escherichia coli (E. coli) is a difficult species to fully comprehend, having 

diversified into many areas of both the healthy intestinal microbiota as well as pathogenic 

strains, further sub-grouped into pathotypes of partly zoonotic intestinal 

pathogenic E. coli and extra intestinal pathogenic E. coli. The increase in antimicrobial 

resistant bacteria of animal origin is mostly traced back to human medicine from years 

ago, with variable time lags between emergence in human medicine and detection in food 

animals. There has been a significant increase since the 1990s, with an appearance of 

ESBL-producing and AmpC β-lactamase-producing Enterobacteriaceae, in 

particular E. coli (Ewers et al., 2012).  

When discovery first occurred, ESBL and AmpC-producing bacteria were only observed 

in human subjects; however, recent observations of these bacteria appeared first in 

companion animals and they are now prevalent in livestock. This has initiated monitoring 

studies concentrating on food producing animals (Ewers et al., 2012). Because ESBL and 

AmpC-producing E. coli isolates are found in increasing numbers in food-producing 

animals, such as cattle, swine, and poultry, it is leading to concern that animals might 

become infection sources to harbor these bacteria and allow their emergence into the food 

chain, affecting public health. Resistance against β -lactams is continually being reported 
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and is on the rise in bacteria of the Enterobacteriaceae family isolated from both humans 

and animals. However, there is no specific β -lactamase associated specifically with 

companion or food animals because most enzymes are also predominant in bacteria found 

in humans (Smet et al., 2009). Modern food animal production depends upon 

antimicrobials for disease control and treatment. Due to the lack of understanding, food 

producing animals are often blamed for the increase in human pathogenic resistance to 

antibiotics. However, with more research, education and judicious use of antibiotics 

within human and veterinary medicine, these issues may better able to be understood and 

any associated hazards and risks thus reduced.  

Pharmacology and Pharmacokinetics 

The increase in prevalence of antimicrobial resistance, consumer demands and 

improved understanding of antimicrobial action has encouraged international agencies to 

review the use of antimicrobial drugs. More detailed understanding of relationships 

between the pharmacokinetics of antimicrobial drugs in target animal species and their 

action on target pathogens, has led to stricter regulations in the design of dosage labels 

which helps improve the activity and reduce the selection pressure for resistance in 

antimicrobial therapy (McKeller et al., 2004). Pharmacokinetics and pharmacodynamic 

(PK/PD) relationships such as modeling the area under the concentration with a time 

curve from 0 to 24 hours and minimum and maximum inhibitory concentration time 

during which plasma concentrations exceeds the lowest concentration of a chemical that 

prevents visible growth of at which it has bacteriostatic activity. This process has been 

particularly useful in optimizing efficacy and minimizing resistance (Valle et al., 2011). 

Antimicrobials have been categorized as: 1) concentration-dependent where increasing 
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concentrations at the peak of infection improve elimination of bacteria, or 2) time-

dependent where exceeding the MIC for an extended percentage of the inter-dosing 

interval results in improved efficacy of antibiotic therapy (McKeller et al., 2004). 

The emergence of resistant bacteria occurs in food animals wherever antimicrobials are 

used; however, whether or not agricultural antimicrobial use constitutes a substantial and 

quantifiable public health risk remains unknown. Opponents of agricultural antimicrobial 

use strongly believe that their use causes antimicrobial resistance to develop and 

proliferate in food animals, which results in antimicrobial-resistant organisms that 

contaminate the food supply and infect consumers (Jiang et al, 2006). It is believed that 

food animals are a target site for organisms that have genes for antimicrobial resistance; 

as a result, these organisms infect humans. Unfortunately, there are limited data on the 

frequency at which this occurs and to what extent. Ceftiofur is the only third-generation 

cephalosporin licensed for use in food animals in the United States and is commonly used 

on dairy farms to treat a variety of diseases (Tragesser et al., 2006). One reason that 

ceftiofur is popular among milk and beef producers is that the withdrawal time from 

which an animal is treated with ceftiofur to the time at which milk or meat derived from 

that animal can be marketed is non-existent or short, respectively, compared with other 

antimicrobials.  

Ceftiofur Crystalline Free Acid (CCFA) 

Ceftiofur is a third-generation cephalosporin which is approved for use in cattle, 

swine and poultry in United States. It has broad-spectrum activity against Gram-positive 

and Gram-negative bacteria (Kang et al., 2008). Ceftiofur’s irreversible bactericidal 

mechanism of action is centered on a β-lactam ring in its molecular structure. All beta-
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lactams have this ring. Defining feature, but not the feature that defines what ceftiofur 

does versus other beta lactams. This ring forms an analog of the terminal amino acid 

residues on precursor subunits of the peptidoglycan layer (McGowan, 2014). Due to the 

antibiotic's efficacy against respiratory bacteria such as Pasteurella haemolytica, 

Pasteurella multocida and Haemophilus somnus, ceftiofur sodium is approved in many 

countries worldwide for the treatment of bovine respiratory disease affecting beef cattle 

(Jiang et al., 2006). The CCFA antibiotic combines the proven efficacy of ceftiofur 

against bacterial respiratory pathogens with a sustained release formulation. Bacterial 

infections of soft tissues, such as the lung, cause changes in interstitial fluid composition, 

which can affect the distribution or mode of action of antibacterial in the target tissue 

(Hibbard et al., 2006). A study was performed to measure the drug concentrations in 

infected and non-infected tissue, and in plasma, lung tissue, and bronchiolar lung fluid at 

various times after ceftiofur administration. Previous work from Pfizer Animal Health 

(now known as Zoetis Animal Health) in 2004, suggested that protein-bound ceftiofur-

related metabolites may serve as a reservoir for microbiologically active drug in the 

animal. This same protein-binding effect serves as a mechanism for transporting active 

metabolites into infected tissue (Johnson et al., 2004). In addition, protein binding results 

in increased concentrations of ceftiofur in infected compared to non-infected extracellular 

fluid, which is the location for the target bacterial pathogens of BRD. In one particular 

study, ceftiofur concentrations from plasma and infected chamber interstitial fluid were 

above the efficacy threshold (>0.2 µg/mL) nine days after administration of ceftiofur 

(Hibbard et al., 2006). A similarly designed 26-day study measured the effects of 

ceftiofur and chlortetracycline (CTC) treatments on antimicrobial susceptibility and 
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resistance genes among E. coli from the feces of 176 feedlot steers; CCFA treatments 

were either administered to all of the steers or just one individually within a pen, while 

chlortetracycline (CTC) was either fed or not fed to certain treatment pens (Kanwar et al., 

2013). Nonspecific E. coli was isolated from fecal samples collected on days 0, 4, 12, and 

26. The ceftiofur pen treatment was intended to mimic a metaphylactic treatment for 

BRD control in feeder cattle. The single animal treatment within a pen was designed to 

mimic treatment of clinical BRD cases among a feedlot hospital population later returned 

to the home pen. The ceftiofur selected isolates with reduced susceptibility towards 

ceftiofur on both a genotypic and phenotypic level. Results indicated that the ceftiofur 

treatment with either one of all of the steers resulted in a significant decrease in total 

resistant E.coli count in the feces (Kanwar et al., 2013). 

Researching a mathematical model of plasmid-mediated resistance to ceftiofur in 

commensal enteric E. coli of cattle, Volkova and others (2012) tested a mathematical 

model of the dynamics of ceftiofur-sensitive and resistant commensal enteric E. coli in 

the absence of and during parenteral therapy with ceftiofur. This experiment indicated 

that a low but stable fraction of resistant enteric E. coli could survive in the absence of 

immediate ceftiofur pressure administered, continuing by horizontal and vertical transfers 

of plasmids carrying resistance-genes, through disrupting of E. coli, which was found to 

be resistant. During parenteral therapy with ceftiofur, resistant enteric E. coli increased in 

overall number and relative frequency. This increase was influenced by parameters of 

antimicrobial action of ceftiofur against E. coli. More than 5 weeks after the start of 

treatment, the fraction of ceftiofur-resistant cells among enteric E. coli, similar to that in 

the absence of treatment, was most influenced by the parameters of ecology of enteric E. 
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coli, such as the frequency of transfer of plasmids carrying resistance-genes. The results 

of this modeling exercise showed a 91% decrease in counts of total and of ceftiofur-

sensitive enteric E. coli, with a concomitant increase in the fraction of resistance among 

E. coli during therapy with ceftiofur. For a 5-day therapy in a mature cow, the model 

showed a decrease in total E. coli. count from Day 1, to a minimum on Day 3, remaining 

decreased until Day 4, and then returning to pre-treatment concentrations on Day 7 

(Volkova et al., 2012). The decrease in E. coli counts in the gut flora have been seen in 

previous research (Kanwar et al., 2013) with treatment involving ceftiofur. The 

impression of the mode of action with ceftiofur and the immediate drop in E.coli 

population may be due to immediate release of antibiotic from the injection site. It is 

meant to be a quick acting antibiotic; therefore, differences are noticed in results of fecal 

samples taken within hours or days of injection.  

Tulathromycin 

Tulathromycin has been shown to be effective against the common bacterial 

causes of respiratory disease in cattle and swine. Rapid uptake from the injection site 

promotes early achievement of MIC in lung tissue. This particular antibiotic penetrates 

Gram-negative bacteria, and it works by way of both bacteriostatic and bactericidal 

activities. It is characterized by rapid absorption from the injection site, extensive 

distribution to tissue, and slow elimination, allowing a prolonged drug concentration in 

the lungs (Evans, 2004). It could easily be hypothesized that because this is a slow 

elimination mode of action antibiotic, E. coli bacteria in the gut flora exhibited very little 

significance in E. coli/CFU counts compared to the Excede treatment.  
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Nutsch and others (2005) studied the clinical efficacy of tulathromycin among 

720 pigs in six swine herds in North America. Feeder pigs with clinical swine respiratory 

disease (SRD) were randomly assigned in equal numbers to a group treated with 

tulathromycin given as a single dose at 2.5 mg/kg of body weight, or else to a saline-

treated control group. Four of the herds studied also included a third group treated with 

ceftiofur sodium for 3 consecutive days at 3 mg/kg of body weight. Pigs were treated on 

Day 0 and evaluated for treatment response on Day 7. Within each trial, 10 or more 

control (nontreated) pigs and saline-treated pigs that did not respond to treatment 

underwent necropsies to obtain lung samples; these were then evaluated for SRD 

pathogens. Cure rate results were 46.4% for saline-treated pigs (control), 71.1% for 

tulathromycin-treated pigs, and 63.1% for ceftiofur-treated pigs. The mortality rate was 

significantly less for both the tulathromycin- and ceftiofur-treated pigs compared with 

those treated with saline (Nutsch et al., 2005). 

Feedlots in Colorado, Idaho, and Texas made up the sample population of 3 trials 

to test the effectiveness of tulathromycin injectable solution in high-risk cattle that were 

highly susceptible to BRD. Each location randomly assigned 250 calves to receive 

tulathromycin at 2.5 mg/kg and 250 calves to receive either tilmicosin at 10 mg/kg 

(Colorado site) or else florfenicol at 40 mg/kg (Idaho and Texas sites) upon arrival; cattle 

were housed by treatment in groups of 50 head/pen. Cattle were observed daily for 

clinical signs of BRD until harvest. All 3 trials showed that cattle treated with 

tulathromycin had a significantly higher success rate at 28 days after treatment and at 

harvest versus other treatments of tilmicosin and florfenicol. Fewer tulathromycin treated 

cattle had been removed from the group at the 28-day post treatment period as 
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morbidities and mortalities. Tulathromycin was demonstrated to have the advantage 

compared with tilmicosin and florfenicol when treating groups of high-risk cattle before 

the onset of signs of BRD (Rooney et al., 2005). 

A number of trials have been conducted evaluating the efficacy of various 

antibiotic treatments on BRD and other diseases. Tulathromycin, a member of the 

macrolide family, is a common product on the market and, therefore, producers and 

veterinarians are familiar with the expected response to treatment (Kilgore et al., 2005). 

Previous studies reported treatment with tulathromycin of naturally occurring respiratory 

disease in beef cattle in the United States. The relative risk of retreatment for BRD was 

calculated for each study included in the final review of 782 manuscripts (Kilgore et al., 

2005). Results of the meta-analysis suggested that treatment with tulathromycin resulted 

in a 50% decrease risk of re-treatment for bovine respiratory disease compared with that 

of tilmicosin (Wellman and O’Connor, 2007).  

Sweeny (2008) conducted a study to determine the activities of two antibacterial 

agents used in the treatment of bovine respiratory infections: tulathromycin, and 

ceftiofur. They administered the 2 antibiotics separately, in combination with each other, 

and in combination with each of 7 additional antibiotics. Overall, the in vitro data 

demonstrated that tulathromycin and ceftiofur, in combination with each other or seven 

other antimicrobial agents, primarily produce responses without synergism and rarely 

with antagonism. However, they did conclude that all combinations that showed 

synergism based on fractional inhibitory concentration (FIC) also showed synergism by 

time.  
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Pereira and others (2014) used dairy farm calf records to identify antimicrobial 

drug treatments in calves and to evaluate their effects on the prevalence of antimicrobial-

resistant E. coli from rectal swabs of young weaned dairy calves. Eight farms located in 

the eastern United States participated in this study; three farms used individual pen 

housing management and five farms used group pen housing management. Three fecal E. 

coli isolates per calf were tested for susceptibility to 12 antimicrobial drugs. A total of 

1,423 commensal E. coli isolates were tested from 473 calves. Of the 9 antimicrobial 

drugs used on study farms, only enrofloxacin use was significantly associated with 

reduced antimicrobial susceptibility of E. coli isolates, although previous treatment with 

ceftiofur was not associated with reduced E. coli susceptibility to ceftriaxone. Treatment 

with ceftiofur resulted in an odds ratio of 3.0 (95% CI: 0.9-12) for isolation of non-

susceptible E. coli to ceftriaxone compared with calves not treated with ceftiofur. 

Treatment with enrofloxacin resulted in selection of isolates that presented phenotypic 

resistance to both ciprofloxacin and ceftriaxone. Treatment with ceftiofur resulted in a 

higher prevalence of isolates resistant to ≥3 antimicrobial drugs (97%) compared with no 

treatment with ceftiofur (73%).  These findings reinforce the necessity for continued 

implementation of practices at the dairy farm that support the sustainable and judicious 

use of antimicrobial drugs in dairy calves (Pereira et al., 2014). 

Resistance due to Extended Spectrum Beta-Lactamases 

Extended spectrum beta-lactamases (ESBL) are enzymes of Gram-negative bacteria 

conferring resistance against β-lactam antibiotics, such as third- or fourth-generation 

cephalosporins and monobactams. ESBL-producing Gram-negative bacteria have been 

isolated worldwide.  
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Most ESBL-producing bacteria are multidrug-resistant, and the majority of them 

are susceptible only to carbapenems and colistin. Infections caused by these multidrug-

resistant bacteria therefore are associated with high morbidity and mortality, as well as 

high health care costs and limited therapeutic options. Resistance genes of the ESBL type 

are mostly plasmid-mediated, and therefore can transfer among bacteria. Recently, there 

has been an ongoing concern about the dissemination of ESBL-producing strains in 

healthy food animals, with many reports referring to strains from Europe, Asia, and the 

United States. The increasing issue of infection or colonization with ESBL-producing E. 

coli has been observed in food animals such as cattle, broiler chickens, and pigs. This 

observation suggests that animals, food, and environment are potential sources of ESBL-

producing bacteria (Economou and Gousia, 2015).  

Beta-lactamases  

Beta-lactamases are enzymes formed by bacteria that provide multi-resistance to 

beta-lactam antibiotics such as penicillins, cephamycins, and carbapenems, although 

carbapenems are generally resistant to most beta-lactamases (Jarlier et al., 1988). Beta-

lactamases are enzymes that cleave the beta-lactam ring, thereafter deactivating the 

antibiotic. The first plasmid-mediated beta-lactamase in Gram-negative bacteria was 

discovered in Greece in the 1960s. It was named TEM after the patient from whom it was 

isolated, “Temoniera” (Berkowitz and Mechock, 1995). Subsequently, a closely related 

enzyme was discovered and named TEM-2, and so on thereafter. TEM-2 was identical in 

biochemical properties to the more common TEM-1, differing only by a single amino 

acid with a resulting change in the isoelectric point of the enzyme (Paterson and Bonomo, 

2005). β-Lactam antibiotics are the most commonly prescribed antibiotics in the world. 
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Therefore, it is not surprising that resistance to this very important class of antibiotic 

poses an increasingly complex issue for physicians. ESBLs are a wide spread mechanism 

of resistance in Gram-negative bacteria and is by far the single most important factor 

pertaining to antibiotic usage and resistance in the body (Paterson and Bonomo, 2005). 

With the introduction of original first and second generation β-lactam elements, 

noticeable changes in β-lactamases include the increased dominance of older enzymes 

and also the appearance of new enzymes, and differing levels in the expression of 

enzymes. These changes have been responsible for resistance to new and improved 

cephalosporins, monobactams, carbapenems, and β-lactamase inhibitor (e.g., clavulanic 

acid) and β-lactam drug combinations.  

Beta-lactamases Mechanisms and Mode of Action 

Beta-lactam’s mode of action is defined by inhibiting the bacterial cell wall 

formation, thereby disrupting the cell wall of the microorganism. ß-lactams are a class of 

broad-spectrum antibiotics, including of all antibiotic agents that contain a beta-lactam 

ring in their molecular structures; this includes: 1) penicillin derivatives, such as 

penicillin G, penicillin V, methicillin, oxacillin, nafcillin, ampicillin, amoxicillin and 

carbenicillin, 2) cephalosporins, such as cephalothin, cefamandole, ceftiofur, cefotaxime, 

and cefepime, 3) monobactams, such as aztreonam, and 4) carbapenems such as 

imipenem, ertapenem, and meropenem). Generally, there is more emphasis on the 

penicillins and cephalosporins (Holton et al., 2000). In 2003, over half of the 

commercially available antibiotics in use in human medicine were β-lactam compounds 

(Elander, 2003). β-lactam antibiotics are indicated for the prevention and treatment 

of bacterial infections caused by susceptible organisms. At first, β-lactam antibiotics only 
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recognized to actively fight against Gram-positive bacteria; however, the recent 

development of broad-spectrum β-lactam antibiotics active against various Gram-

negative organisms has increased their effectiveness and usefulness. To overcome 

emerging resistance, β-lactam antibiotics are often given with β-lactamase inhibitors such 

as clavulanic acid. However, this only works for certain beta-lactamases (e.g., ESBLs but 

not AmpC). 

Resistance to β-lactam antibiotics can also develop via modifications in the 

cellular targets of the antibiotics, such as the penicillin-binding proteins, and through 

changse in the outer membrane permeability of the organisms to the antibiotics 

(Berkowitz and Mechock, 1995). Defining resistance due to ESBLs in the laboratory is 

one of the clinical challenges with ESBL-producing organisms. These organisms may 

appear susceptible to specific antimicrobial agents at a lower colony forming unit 

concentrations (CFU).  However, they may have significantly increased MIC to the same 

agents at higher inoculums of 107 or 108 (Patterson, 2002).  This inoculum effect is noted 

with the third-generation cephalosporins: cefotaxime, ceftriaxone, and ceftazidime, as 

well as the fourth-generation cephalosporin, cefepime. These drugs bind to and inhibit the 

carboxypeptidases and transpeptidases (Patterson, 2002). By their mode of action, the 

antibiotics attacked and kill susceptible bacteria allowing only resistant bacteria to 

survive (Jarlier et al., 1988). Antimicrobials are known to be harmful vectors that inhibit 

homeostasis in the bacterial cellular environment. The bacteria cell that is not resistant to 

antibiotics will quickly surrender to the pressure of the drugs (Kunze et al., 2005). On the 

other hand, resistance may quickly be conferred through mutation or DNA transfer, often 

stimulated further by the presence of antibiotics, thereby quickly recruiting new strains of 
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bacteria into the resistant sub-population. There are many ways resistant bacteria may 

obtain these traits to function as resistant, which include plasmids, pre-programmed 

genetic information, and surviving unfavorable environments that aids in immunity for 

the actual bacteria (Kunze et al., 2005). Functionally, β-lactam resistance may be a result 

of the production of β-lactamases, impermeability, efflux and target modification. These 

modalities may occur singly or in different combinations (Schentag, 2002).   

An understanding of β-lactamase detection and identification is therefore 

invaluable. Accurate identification of the β-lactamases of Enterobacteriaceae often 

requires gene or protein sequencing; however, often the broad category of enzyme 

produced by an isolate can be inferred from phenotypic antibiotic susceptibility patterns 

(Choi et al., 2008). Resistance to ceftazidime or cefpodoxime implies that the ESBL 

production in E.coli and Klebsiella spp., especially if susceptibility to cefoxitin is 

retained (whose resistance points to an AmpC producing bacterium). ESBL production 

can be confirmed with double disc tests (e.g., synergy of the drug with clavulanic acid 

restores susceptibility) or with various commercial kits.  

Numerous risk factors for infection have been reported from case-control studies 

of various outbreaks of ESBL-producing organisms. Reports of risk factors include: the 

presence of an intravascular catheter, gastrostomy tube, emergency intra-abdominal 

surgery, gastrointestinal colonization, length of hospital or ICU stay, prior antibiotic use 

(including third-generation cephalosporins), severity of illness, the presence of a urinary 

catheter, ventilator assistance, and long term assisted living (Patterson, 2002). Because 

different outcomes are present with each type of risk, different methods for prevention 

and treatment should be discovered. Research has shown that greater exposure to broad-
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spectrum cephalosporins and exposure to trimethoprim and sulfamethoxazole and 

aminoglycosides were significant risk factors for ESBL-producing K. pneumoniae or E. 

coli, and total exposure to antimicrobial agents was the only independent analysis of 

infection with an ESBL-producing organism.  

The treatment of infections caused by antibiotic-resistant bacteria is one of the 

great challenges faced by medical doctors in the 21st century. A study took place to 

understand the ability of the plasmid pCT, a globally distributed plasmid that harbors an 

ESBL resistance gene (blaCTX-M-14), to continue to spread in the absence of antibiotic 

pressure. Key characteristics of plasmid success include conjugation frequencies, 

bacterial-host growth rates, ability to cause infection, and impact on the efficiency of host 

strains (Cottell et al., 2013). It is understood that the prevalence of blaCTX-M is expanding 

among E. coli strains in feedlots across the United States. It is rapidly transferred through 

pathways among via plasmids and through vertical transmission (clonal transmission) 

among comingled animals (Cottell et al., 2013).  

Although the pathway of ESBL into US cattle feedlots has been detected, there is 

a lingering knowledge gap that inhibits scientists’ abilities to fully understand the 

complexity of the spread of extended spectrum ß-lactamases, how they are effective and 

the reasons why they correspond with antibiotic resistance relative to E. coli. Because of 

the complex nature of outbreaks due to ESBL-producing organisms as already reviewed, 

additional control measures including antibiotic utilization should be considered for 

critically important antibiotics such as third and fourth generation cephalosporins, extra-

label drug usage, as well as public control methods in public health care systems, in 

addition to overall proper food handling and safety. Although there are suggestions about 
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completely eliminating the use of cephalosporins in animal agriculture (Liebana et al., 

2013), and the statistical effectiveness of individually reducing public health risks, there 

are no data to prove this approach would work. Antibiotic utilization patterns, including 

widespread cephalosporin use and particularly the extensive use of ceftazidime in human 

medicine, have been associated with the emergence of ESBLs in public health (Patterson, 

2002). It is not at all implausible that a similar spread in food animals has been facilitated 

by the use of ceftiofur. 

 There is a clear need for research input from a range of disciplines, not only 

clinical and veterinary medicine, epidemiology, microbiology and pharmacology, but 

also health economics, international law and social science. Action on resistance will 

require cooperation from governments, industry and international agencies as well as 

scientists. That action will need to involve all whom it will affect such as, clinicians, 

pharmacists, patients, veterinarians and farmers; all of whom have contributed to the 

current antimicrobial resistance problem and each of whom will need to be part of a long-

term solution. The most important need is to develop strategies for improved 

antimicrobial stewardship in both human medicine and agriculture, and to create an 

effective alternative approach to reduce infectious disease in both humans and livestock.  

Objectives of Research 

We aimed to determine the effects of therapeutic regimens of ceftiofur crystalline 

free acid and tulathromycin on resistance in E.coli bacteria; specifically, to extended-

spectrum beta-lactamases (ESBL) and mobilized AmpC beta-lactamases in feedlot cattle. 

To do so, we measured the relative and absolute sample-level and bacterial level 

prevalence of phenotypic and genotypic resistance to third-generation cephalosporins in 
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beef feedlot cattle before, during and after treatment with antibiotics, and including up to 

the stage of slaughter. 

 

 

 

 

 

 

 

 



38 
 

References  

Aarestrup, F. M. 2004. Veterinary Drug Usage and Antimicrobial Resistance in Bacteria 
of Animal Origin. Basic and Clin. Pharm. & Toxicology; 96:271-281. 

 
Acar, J. F. 1997. Consequences of Bacterial Resistance to Antibiotics in Medical 

Practice. Clin. Infect. Dis. 24. 
 
Acar, J., B. Rostel. 2001. Antimicrobial resistance: an overview. Revue Scientific 

Technique-Office International des Epizooties, 20:3, 797-810. 
 

Akwar, H.T., C. Poppe, J. Wilson, R.J. Reid-Smith, M. Dyck. 2008. Associations of 
antimicrobial uses with antimicrobial resistance of fecal Escherichia coli from 
pigs on 47 farrow-to-finish farms in Ontario and British Columbia. Can. J. of Vet. 
Res. 72: 202–210. 

 
Alexander, T.W., L.T. Yanke, E. Topp. 2008. Effect of subtherapeutic administration of 

antibiotics on the prevalence of antibiotic-resistant Escherichia coli bacteria in 
feedlot cattle. Appl Environ Microbiol.74(14):4405–4416. 

Allen, J.W., L. Viel, K.G. Bateman, S. Rosendal, P.E. Shewen, P. Physick-Sheard. 1991. 
The microbial flora of the respiratory tract in feedlot calves: associations between 
nasopharyngeal and broncheo-alveolar lavage cultures. Can. J. Vet. Res. 55: 341–
346. 

 
Andersson, D. 2003 Persistence of antibiotic resistant bacteria. Curr Opin Microbiol. 

6:452–456. 
 
Angulo, F.J., V.N. Nargund, T.C. Chiller. 2004. Evidence of an association between use 

of anti-microbial agents in food animals and anti-microbial resistance among 
bacteria isolated from humans and the human health consequences of such 
resistance. J Vet Med Ser B. 51:374-379.  

 
Arthur, M., P. Courvalin. 1993. Genetics and mechanisms of glycopeptide resistance in 

enterococci. Antimicrob Agents Chemother. 37:1563–71. 
 
Austin, D.J., K.G. Kristinsson, R.M. Anderson. 1999. The relationship between the 

volume of antimicrobial consumption in human communities and the frequency of 
resistance. Proc Natl Acad. of Sci. of the USA, 96, 1152–1156. 

 
Bailey, D., N.J. Stenquist. 1996. Preconditioning calves for feedlots. Managing for 

today’s cattle markets and beyond. 1-4. 
 
Bakry, M.A., A.S. Hakim, N.S Ata, M.S. Zaki. 2014. Role played by Gene Factor in 

Initiation of Bacterial Antibiotic Resistance. Life Sci. J. 11:6. 
 



39 
 

Benveniste, R., J. Davies. 1973. Aminoglycoside antibiotic-inactivating enzymes in 
actinomycetes similar to those present in clinical isolates of antibiotic-resistant 
bacteria. Proc Natl Acad. Sci USA,70:2276–80. 

 
Berendonk, T.U., C.M. Manaia, C. Merlin, D. Fatta-Kassinos, E. Eddie Cytryn, F. Walsh, 

H. Bürgmann, H. Sørum, M. Norström, M. Pons, M. Kreuzinger, P. Huovinen, S. 
Stefani, T. Schwartz, V. Kisand, V. Baquero., J.L. Martinez. 2015. Tackling 
antibiotic resistance: the environmental framework. Nature Rev Microbio. 13, 
310–317. 

 
Bergeron, M.G., M. Ouellette. 1998. Preventing Antibiotic Resistance Using Rapid 

DNA-Based Diagnostic Tests. Infection Control and Hospital Epidemiology. 
19:560–564. 

 
Berkowitz, F.E., B. Mechock. 1995. Third generation cephalosporin-resistant Gram-

negative bacilli in the feces of hospitalized children. Pediatric Infectious Disease 
Journal. 14:97-100. 

 
Blair, J.M., M.A. Webber, A.J. Baylay, D.O. Ogbolu, L.J. Piddock. 2015. Molecular 

mechanisms of antibiotic resistance. Nat Rev Microb. 13:1,42-51. 
 
Burdick, N.C., R.D. Randel, J.A. Carroll, T.H. Welsh. 2011. Interactions between 

Temperament, Stress, and Immune Function in Cattle. Int. J. of Zoo. 1–9. 
 
Call, D.R., M.A. Davis, A.A. Sawant. 2008. Antimicrobial resistance in beef and dairy 

cattle production. Anim. Health Res. Rev. 9:159–167. 
 
Callaway, T.R., T.S. Edrington, J.L. Rychlik, K.J. Genovese, T.L. Poole, Y.S. Jung, K.M. 

Bischoff, R.C. Anderson, D.J. Nisbet 2003. Ionophores: Their Use as Ruminant 
Growth Promotants and Impact on Food Safety. Curr. Issues Intest. Microbiol. 4: 
43-51 

 
Callan R.J., F.B. Garry. 2002. Biosecurity and bovine respiratory disease. The Veterinary 

Clinics of North America. Food Anim Prac.18:1, 57-77 
 
Cameron, A., T.A. McAllister. 2016. Antimicrobial usage and resistance in beef 

production. J Anim Sci and Biotech. 7:1, 68. 
 
Caprioli., A., L. Busani, J.L. Martel, R. Helmuth. 2000. Monitoring of antibiotic 

resistance in bacteria of animal origin: epidemiological and microbiological 
methodologies, Int. J. Antimicrob. Agents. 295-301. 

 
Catry, B., L. Duchateau, J. Van De Ven, H. Levens, G. Opsomer, F. Haeserouck, A. De 

Kruif. 2008. Efficacy of metaphylactic florfenicol therapy during natural 
outbreaks of bovine respiratory disease. J. of Vet Pharma and Therap. 31: 479–
487 



40 
 

 
Centers for Disease Control and Prevention (CDC). 1999. Ten great public health 

achievements--United States, 1900-1999. MMWR. Morbidity and mortality 
weekly report, 48:12, 241. 

 
Chadwick, D.J., J. Goode. 1997 Antibiotic resistance: origins, evolution, selection and 

spread. (Ciba Foundation Symposium 207). Chichester (UK): Wiley 
 
Chirase, N.K., L.W. Greene, C.W. Purdy, R.W. Loan, B.W. Auvermann, D.B. Parker, 

E.F. Walborg, D.E. Stevenson, Y. Xu, J.E. Klaunig. 2004. Effect of transport 
stress on respiratory disease, serum antioxidant status, and serum concentrations 
of lipid peroxidation biomarkers in beef cattle. Amer J Vet Res. 65:6,860-864. 

 
Choi, S.H., J.E. Lee, S.J. Park. 2008. Emergence of antibiotic resistance during therapy 

for infections caused by Enterobacteriaceae producing AmpC beta-lactamase: 
implications for antibiotic use. Antimicrob Agents Chemother. 52:995–1000. 

 
Chow, J., 1991. Enterobacter bacteremia: clinical features and emergence of antibiotic 

resistance during therapy. Ann. Intern. Med. 115:585–590. 
 
Confer, A.W. 2009. Update on bacterial pathogens in BRD. Animal Health Res Review. 

10:2, 145-148. 
 
Cottell, J. L., M.A. Webber, L.J. Piddock. 2012 Persistence of transferable extended 

spectrum-beta-lactamase resistance in the absence of antibiotic pressure. 
Antimicrob. Agents Chemother. 56, 4703–4706. 

 
Cottell, J.L., N. Kanwar, L. Castillo-Courtade, G. Chalmers, H.M. Scott, B. Norby, G.H. 

Lonergan, P. Boerlin. 2013. blaCTX-M-32 on an IncN Plasmid in Escherichia coli 
from Beef Cattle in the United States. Antimicrob Agents Chemother. 57(2), 
1096–1097.  

 
 
Craig, W.A. 1998. Pharmacokinetic/pharmacodynamic parameters: rationale for 

antibiotic dosing of mice and men. Clin. Infect. Dis.26:1–10. 
 
Davies, J., 1994. Inactivation of antibiotics and the dissemination of resistance genes, 

Science 264, 375-381. 
 
Dewey, C.E., B.D. Cox, B.E. Straw, E.J. Budh, H.S. Hurd. 1997. Association between off 

label feed additives and farm size, veterinary consultant use and animal age. Prev. 
Vet. Med. 31:133-46. 

 
Donachie, W., 2000. Bacteriology of bovine respiratory disease, Cattle Practice 8:5-7. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3553738/


41 
 

Drusano, G.L., D.E. Jonhson, M. Rone, H.C. Standiford. 1993. Pharmacodynamics of a 
fluoroquinolones antimicrobial agent in a neutropenic rat model of Pseudomonas 
sepsis. Antimicrob. Agents and Chemo. 37, 483–490. 

 
Duff, G.C., M.L. Galyean. 2007.Board-invited review: recent advances in management of 

highly stressed, newly received feedlot cattle.  J. Anim. Sci.85:823–840. 
 
Economou, V., P. Gousia. 2015. Agriculture and food animals as a source of 

antimicrobial-resistant bacteria. Infection and Drug Resistance. 8 49–61.  
 
Ewers, C., A. Bethe, T. Semmler, S. Guenther, L.H. Wieler. 2012. Extended ‐spectrum 

β ‐lactamase‐ pro        
and companion animals, and their putative impact on public health: a global 
perspective. Clinic. Microbio. and Infect 18:7, 646-655.  

 
Fales, W. H., L. A. Selby, J. J. Webber, L. J. Hoffman, L. D. Kintner, S. L. Nelson, R. B. 

Miller, J. G. Thorne, J. T. McGinty,  D. K. Smith. 1982. Antimicrobial resistance 
among Pasteurella spp. recovered from Missouri and Iowa cattle with bovine 
respiratory complex. J. Amer. Vet. Med. Assoc. 181:477-479. 

 
Feinmen, S.E. 1994. Antibiotics in animal feed: drug resistance revisited. Am. Soc. 

Microbiol. News.64:24-30. 
 
Food and Drug Administration. 1992. Draft policy statement on industry-supported 

scientific and educational activities (notice). Federal Register.57:56412–56414. 
 
Food and Drug Administration. 2015. Development and approval process. Veterinary 

feed directive. Federal Register.80:31707-31735. 
 
Fordyce, G., R. Dodt, J. Wythes. 1988. Cattle temperaments in extensive beef herds in 

northern Queensland. Factors affecting temperament. Aus. J. of Exp. Agricult. 
28:683. 

 
Georgeopapadakou, N.H., 1993 Penicillin-binding proteins and bacterial resistance to ß-

lactams, Antimicrob. Agents Chemother. 37;2045-2053. 
 
Goosens, H., M.  Ferech, R.V. Stichele, M. Elseviers, M. 2005. Outpatient antibiotic uses 

in Europe and association with resistance: a cross-national database study. 
Lancet.365:579-87. 

 
Gow, S. P., C.L.Waldner, J.  Harel, P. Boerlin. 2008. Associations between antimicrobial 

resistance genes in fecal generic Escherichia coli isolates from cow calf herds in 
western Canada. Appl. Environ. Microbiol. 74, 3658–3666 

 



42 
 

Grave, K., V.F. Jensen, K.  Odensvik, M.  Wierup, M. Bangen. 2006. Usage of veterinary 
therapeutic antimicrobials in Denmark, Norway and Sweden following 
termination of antimicrobial growth promoter use. Pre. Vet. Med. 75: 123–132. 

 
Grave K, J. Torren-Edo, D. Mackay. 2010. Comparison of the sales of veterinary 

antibacterial agents between 10 European countries. Journal of Antimicrobial 
Chemotherapy. 65:2037–2040. 

 
Griffin, D. 1997. Economic impact associated with respiratory disease in beef cattle. Vet 

Clin North Am Food Anim. Pract.13:367– 377. 
 
Guillemot. D, C. Carbon, B.  Balkau.1998. Low dosage and long treatment duration of b-

lactam: risk factors for carriage of penicillin-resistant Streptococcus pneumoniae. 
279:365–70. 

 
Gupta, Aa, J. Fontana, C. Crowe. 2003. The National Antimicrobial Resistance 

Monitoring System PulseNet Working Group Emergence of multidrug-resistant 
Salmonella enterica serotype Newport infections resistant to expanded-spectrum 
cephalosporins in the United States. J Infect Dis 88: 1707–1716. 

 
Haenni, M.  P. Châtre, V. Métayer, M. Bour, E. Signol, J.Yves Madec, E. Gay. 

2014.Comparative prevalence and characterization of ESBL-producing 
Enterobacteriaceae in dominant versus subdominant enteric flora in veal calves at 
slaughterhouse, France, Vet. Microbio. 171, 3-4, 321. 

Harrison P.F., J. Lederberg, J. 1998. Antimicrobial resistance: issues and options. 
Washington: Nat Acad. Press. 

 
Hawkey, P.M. 2008. The growing burden of antimicrobial resistance. J Antimicrob 

Chemother; 62:1–9. 
 
Hibbard, B., E.J. Robb, S.T. Chester. 2006. Dose determination and confirmation for 

ceftiofur crystalline-free acid administered in the posterior aspect of the ear for 
control and treatment of bovine respiratory disease. Vet Therap. 6:143–153. 

Ives, S.E., J.T. Richeson. 2015. Use of antimicrobial metaphylaxis for the control of 
bovine respiratory disease in high-risk cattle. Veterinary Clinics of North 
America: Food Animal Practice. 31:3, 341-350. 

Jacoby, G. A. 1997. Extended-spectrum beta-lactamases and other enzymes providing 
resistance to oxyimino-beta-lactams.  Infect Dis Clin N Amer. 11 875-887 

 
Jiang, X, H. Yang, B. Dettman.2006. Analysis of fecal microbial flora for antibiotic 

resistance in ceftiofur-treated calves. Foodborne Pathog Dis.3:355–365. 

Jarlier, V., M.H. Nicols, G. Fournier, A. Philippon. 1988. Extended broad-spectrum b-
lactamases conferring transferable resistance to newer b-lactam agents in 



43 
 

Enterobacteriaceae: hospital prevalence and susceptibility patterns. Rev of 
Infectious Diseases, 10, 867–878. 

 
Jost, B.H., A.C. Field, H.T. Trinh, J.G. Songer, S.J. Billington. 2003. Tylosin resistance 

in Arcanobacterium pyogenes is encoded by an Erm X determinant. Antimicrob. 
Agents Chemother. 47:3519–3524. 

 
Jumbe, N., A. Louie, R. Leary, W. Liu, M.R. Deziel, V.H. Tam, R. Bachhawat, C. 

Freeman, J.B. Kahn, K. Bush, M.N. Dudley. 2003. Application of a mathematical 
model to prevent in vivo amplification of antibiotic-resistant bacterial populations 
during therapy. J Clin Invest. 112:2, 275. 

 
Kang, C.I., H.S.Cheong, D.R. Chung, K.R. Peck, J.H. Song, M.D. Oh, K.W. Choe, K.W., 

2008. Clinical features and outcome of community-onset bloodstream infections 
caused by extended-spectrum β-lactamase-producing Escherichia coli. Euro J Clin 
microb & infect dis. 27:1, 85-88. 

 
Kanwar, N., H. M. Scott, B. Norby, G.H. Longeragan, J. Vinasco, J.L. Cottell, G. 

Chalmers, M.M. Chengappa, J. Bai, P. Boerlin. 2013. Impact of treatment 
strategies on cephalosporin and tetracycline resistance gene quantities in the 
bovine fecal metagenome. J. of Mol. Microbio. 4:5100.  

 
Kaye, K. S., S. Cosgrove, A. Harris, G.M. Eliopoulos, Y. Carmeli. 2001. Risk factors for 

emergence of resistance to broad-spectrum cephalosporins among Enterobacter 
spp. Antimicrob. Agents Chemother. 45, 2628–2630. 

 
Kehrenberg, C., Schulze-Tanzil, G., Martel, J., Chaslus-Dancla, E., Schwarz, S., 2001. 

Antimicrobial resistance in Pasteurella and Mannheimia: epidemiology and 
genetic basis. Vet. Res; 32:323-339.  

 
Kemboi, W.K., Raphael, W., Ramesh, F. Horzontal gene transfer of drug resistance genes 

between salmonella and Escherichia coli. Internat J Bioassays. Iss 2278 -778X. 
 
Khachatourians, G.G. 1998. Agricultural use of antibiotics and the evolution and transfer 

of antibiotic-resistant bacteria. Can. Med. Assoc. J. 159:1129–1136. 
 
Kilgore, W.R., Spensley, M.S., Sun, F.S., Nutsch, R.G., Rooney, K.A. & Skogerboe, T.L. 

2005 Therapeutic efficacy of tulathromycin, a novel triamilide antimicrobial, 
against bovine respiratory disease in cattle. Vet Med. 2:746.  

King, N.B., Gale, C., Smith, H.R., Hamdy, A.H., Sanger, V.L., Pounden, W.D., 
Klosterman, E.W. 1958. Stress factors in shipping fever. Vet Med. 53:67-72. 

 
Kleven, S. H. 2008. Control of avian mycoplasma infections in commercial 

poultry. Avian diseases. 52:3, 367-374. 
 



44 
 

Kumarasamy, K.K., Toleman, M.A., Walsh, T.R., Bagaria, J., Butt, F., Balakrishnan, R., 
Chaudhary, U., Doumith, M., Giske, C.G., Irfan, S. and Krishnan, P. 2010. 
Emergence of a new antibiotic resistance mechanism in India, Pakistan, and the 
UK: a molecular, biological, and epidemiological study. The Lancet infectious 
diseases, 10:9, 597-602. 
 

Langlois, B.E., K.A. Dawson, I. Leak, and D.K. Aaron. 1988. Effect of age and housing 
location on antibiotic resistance of fecal coliforms from pigs in a nonantibiotic-
exposed herd. Appl. Environ. Microbiol. 54:1341–1344. 

 
Larson, R.L., and V.L. Pierce. 2001. Consider economics when determining BRD 

treatment. Feedstuffs 73(3):13-15 and 32-33. 

Lee, L.A., Puhr, N.D., Maloney, F.K., Bean, N.H., Taupe, R.V. 1998 Increase in 
antimicrobial-resistant Salmonella infection. and Smith, R.A. 1994 Impact of 
disease on feedlot performance: a review.  J. Anim. Sci. 76:272–274. Actions in 
the United States. J. Infect. Dis.170:128-34. 

 
Lees, P. and Shojaee Aliabadi, F. 2002. Rational dosing of antimicrobial drugs: animals 

versus humans. Int. J. of Antimicrob. Agents. 19, 269–284. 
 
Levy, J., 2000. The effects of antibiotic use on gastrointestinal functions. Amer. J. 

Gastroin. 95:1, 8-10.  
 
Levy, S.B. 1992. The antibiotic paradox: how miracle drugs are destroying the miracle. 

New York: Plenum Press. 
 
Levy, S., 1982. Microbial resistance to antibiotics: an evolving and persistent 

problem. The Lancet, 320:8289, 83-88. 
 
Lewis, K., Naroditskaya, V., Ferrante, A., and Fokina, I. 1994. Bacterial resistance to 

uncouplers. J. Bioenerg. Biomemb. 20: 639-646. 
 
Liu, B., and Pop, M., 2009. ARDB—Antibiotic Resistance Genes Database. Nucleic 

Acids Res. 37: D443-D447. 
 
Loerch, S. C., Fluharty, F. L., 1999. Physiological changes and Digestive Capabilities of 

Newly Received Feedlot Cattle. J. Anim. Sci. 77:1113-1119. 
 
Lofgreen, G.P. 1983. Mass medication in reducing shipping fever-bovine respiratory 

disease complex in highly stressed calves. J Anim Sci. 56:3, 529-536. 
 
Lomovskaya, O. 2001. Identification and characterization of inhibitors of multidrug 

resistance efflux pumps in Pseudomonas aeruginosa: novel agents for 
combination therapy. Antimicrob. Agents Chemother. 45:105–116. 

 



45 
 

Lowrance T.C, G.H Loneragan, D.J. Kunze, H.M. Scott. 2007. Changes in antimicrobial 
susceptibility in a population of Escherichia coli isolated from feedlot cattle 
administered ceftiofur crystalline-free acid. Am. J. Vet. Res.68:501–507. 

 
McCormack, J. and Michael Allan, G. 2012. A prescription for improving antibiotic 

prescribing in primary care. BMJ-British Medical Journal. 344:7843, 10. 
 
Mathew, A.G., Cissell, R. Liamthong, S. 2007. Antibiotic resistance in bacteria 

associated with food animals: A United States perspective of livestock 
production. Foodborne path and dis. 4:2, 115-133. 

 
Marchaim, D., Navon-Venezia, S., Schwaber, M.J. 2008. Isolation of imipenem-resistant 

Enterobacter species: emergence of KPC-2 carbapenemase, molecular 
characterization, epidemiology, and outcomes. Antimicrob. Agents Chemother. 
52: 1413 –8. 

 
Marshall, C.G., Lessard, I.A.D., Park, I-S., Wright, G.D. 1998. Glycopeptide antibiotic 

resistance genes in glycopeptide-producing organisms. Antimicrob. Agents 
Chemother.42:2215–20. 

 
Marshall BM, Levy SB.2011. Food animals and antimicrobials: impacts on human 

health. Clin Microbiol Rev.24(4):718–733. 

Martin, S. W., A. H. Meek, and R. A. Curtis. 1983. Antimicrobial use in feedlot calves: 
its association with culture rates and antimicrobial susceptibility. Can. J. Comp. 
Med. 47:6-10. 

 
McEwen, S.A. and Fedorka-Cray, P.J. 2002. Antimicrobial use and resistance in animals. 

Clin. Infect. Dis. 34: S93–S106. 
 
McGowan Jr, J.E. 2004. Minimizing antimicrobial resistance: The key role of the 

infectious diseases physician. 939-942. 
 
Molbak, K. 2004. Spread of resistant bacteria and resistance genes from animals to 

humans—the public health consequences. J. Vet. Med. B Infect. Dis. Vet. Public 
Health. 51:364–369. 

 
Moore. M., M.B. Meyers, R.H. Heflich. 2014. Mutagenesis and genetic 

toxicology. Principles of Toxicology: Environmental and Industrial Applications, 
235. 

 
Murray, B.E. 2000. Problems and dilemmas of antimicrobial resistance. Pharmacotherapy 

1992; 12: 86S-93S.Antimicrobial resistance in pig fecal samples from The 
Netherlands (five abattoirs) and Sweden. J Antimicrob Chemother. 45: 663-71. 

 



46 
 

Nagaraja, T.G., Chengappa, M.M., 1998. Liver abscesses in feedlot cattle: a review. Vol. 
76 No. 1, p. 287-298. 

Nathan., C., Cars., O., 2014. Antibiotic Resistance-Problems, Progress, and Prospects. 
New Engl. J. Med. 19:371.  

 
Neu, H.C. 1992.The crisis in antibiotic resistance. Sci. 257:1064–73. 
 
Nickell J.S., B. J. White. 2010. Metaphylactic antimicrobial therapy for bovine 

respiratory disease in stocker and feedlot cattle. Vet Clin North Am Food Anim 
Pract. 26:285-301. 

 
Nikaido, H., 2009. Multidrug resistance in bacteria. Rev of Biochem. 78: 119-146. 
 
Nutsch, R.G., Hart, F.J., Rooney, K.A., Weigel, D.J., Kilgore, W.R. and Skogerboe, T.L., 

2005. Efficacy of tulathromycin injectable solution for the treatment of naturally 
occurring swine respiratory disease. Vet Therap. 6:2, 214. 
 

O’ Connor, A.M., Poppe, C., McEwen, S.A. 2002. Changes in the prevalence of resistant 
Escherichia coli in cattle receiving subcutaneously injectable oxytetracycline in 
addition to in-feed chlortetracycline compared with cattle receiving only in-feed 
chlortetracycline. Can. J. of Vet. Res. 66: 145– 150 

 
Oosterom, J. 1991. Epidemiological studies and proposed preventive measures in the 

fight against human Salmonellosis. Int. J Food Microbiol. 12:41-51.   
 
Paterson, D.L., Bonomo, R.A. 2005. Extended-spectrum b-lactamases: a clinical update. 

Clin. Microbiol.  
Rev. 18: 657–86. 
 
Patterson, J., 2002. Extended Spectrum Beta lactamases. Semin Respir Crit Care Med; 

24(1): 079-088 
 
Phillips I, Casewell M, Cox T, et al. 2004. Does the use of antibiotics in food animals 

pose a risk to human health? A critical review of published data. J Antimicrob 
Chemother; 53:28–52. 

 
Piddock, J. 1996. Does the use of antimicrobial agents in veterinary medicine and animal 

husbandry select antibiotic-resistant bacteria that infect man and compromise 
antimicrobial chemotherapy? J. Antimicrob. Chemother. 38:1–3 

 
Platt, T., Loneragan, G., Scott, H.M., Norby, B., Thomson, D., 2008. Antimicrobial 

susceptibility of enteric bacteria recovered from feedlot cattle administered 
chlortetracycline in feed. Amer. J.  Vet. Res. 69: 988–996. 

 



47 
 

Poe, K.D., Beck, P.A., Richeson, J.T. 2013. Effects of respiratory vaccination timing and 
growth-promoting implant on health, performance, and immunity of high-risk, 
newly received stocker cattle. Prof. Anim. Sci. 29:413–419. 

Portis ES, Salmon SA, Case CA. 2001. Results of the 2000 susceptibility monitoring 
program for ceftiofur with veterinary pathogens. Kalamazoo, MI: Pharmacia & 
Upjohn.27:1502-1567. 

Portis, E., Lindeman, C., Johansen, L. and Stoltman, G. 2012. A ten-year (2000–2009) 
study of antimicrobial susceptibility of bacteria that cause bovine respiratory 
disease complex—Mannheimia haemolytica, Pasteurella multocida, and 
Histophilus somni—in the United States and Canada. Journal of veterinary 
diagnostic investigation, 24:5, 932-944. 

Presi P, Stark KD, Stephan R, et al. 2009. International scoring for setting priorities in a 
monitoring of antimicrobial resistance in meat and meat products. Int J Food 
Microbiol; 130:94–100. 

 
Ribble, C.S., Stitt, T., Iwasawa1, S., Toews,L., Stephen,. L. 2010. A Review of 

Alternative Practices to Antimicrobial Use for Disease Control in the Commercial 
Feedlot. Centre for Coastal Health 

 
Richeson, J.T., Kegley, E.B., Gadberry, M.S. 2009. Effects of on-arrival versus delayed 

clostridial or modified live respiratory vaccinations on health, performance, 
bovine viral diarrhea virus type I titers, and stress and immune measures of newly 
received beef calves. J. Anim. Sci.87:2409–2418. 

 
Roeber, D.L., Umberger, W.J., 2002. The Value of Preconditioning Programs in Beef 

Production Systems. Western Agri Econ Assoc. 1-5.  
 
Rollo, S.N., Norby, B., Bartlett, P.C., Scott, H.M., Wilson, D.L. 2010. Prevalence and 

patterns of antimicrobial resistance in Campylobacter spp isolated from pigs 
reared under antimicrobial-free and conventional production methods in eight 
states in the Midwestern United States. J. Amer. Vet. Med. Assoc. 236: 201–210. 

 
Schentag, J.J. 2002. Pharmacokinetic and pharmacodynamic predictors of antimicrobial 

efficacy: moxifloxacin and Streptococcus pneumoniae. J. of Chemother. 13–21. 
 
Schneider. O.D. 2008. Flexible, silver containing nanocomposites for the repair of bone 

defects: antimicrobial effect against E. coli infection and comparison to 
tetracycline containing scaffolds. J of Mat Chem. 18.23: 2679-2684. 

 
Schwarz, S., Kehrenberg, C., Walsh, T.R. 2001. Use of antimicrobial agents in veterinary 

medicine and food animal production. Intl. J. Antimicrob. Agen. 17:431-437 
 
Schwarz, S., Noble, W.C. 1999 Aspects of bacterial resistance to antimicrobial agents 

used in veterinary dermatological practice, Vet. Dermatol. 163-176. 



48 
 

 
Singer, R.S., Patterson, S.K., Wallace, R.L. 2008. Effects of therapeutic ceftiofur 

administration to dairy cattle on Escherichia coli dynamics in the intestinal tract. 
App. and Environ. Microbio. 74: 6956-6962.  

Smet A., A. Martel, D. Persoons, J. Dewulf, M. Heyndrickx, L. Herman, F. Haesebrouck, 
P. Butaye. 2009. Broad-spectrum β-lactamases among Enterobacteriaceae of 
animal origin: molecular aspects, mobility and impact on public health. FEMS 
Microbiol Rev. 34:3 295-316. 

 
Smith T.C., M.J. Male, A.L. Harper, J.S. Kroeger, G.P. Tinkler, E.D. Moritz, A.W. 

Capuano, L.A. Herwaldt, D.J. Diekema. 2009. Methicillin-
Resistant Staphylococcus aureus (MRSA) Strain ST398 Is Present in Midwestern 
U.S. Swine and Swine Workers. PLoS ONE 4(1): e4258 
 

Sorensen, T.L., H.C. Wegener, and N. Frimodt-Moller. 2002. Resistant bacteria in retail 
meats and antimicrobial use in animals. N. Engl. J. Med. 346:777–779. 

 
Spellberg, B., Bartlett, J. G., Gilbert, D. N., 2013. The Future of Antibiotics and 

Resistance -A Different Model. N. Engl. J. Med. 368;4.   
 
Sweeney, Michael T., Gordon W. Brumbaugh, and Jeffrey L. Watts. 2008. In vitro 

activities of tulathromycin and ceftiofur combined with other antimicrobial agents 
using bovine Pasteurella multocida and Mannheimia haemolytica isolates. In 
Vitro 9.3. 

 
Taylor, J. D., R. W. Fulton, T. W. Lehenbauer, D.L. Step, A.W. Confer. 2010. The 

epidemiology of bovine respiratory disease: What is the evidence for preventive 
measures. The Can Vet Journ. 51:12, 1351. 

 
Tenover, F.C. and McGowan, J.E., 1996. Reasons for the emergence of antibiotic 

resistance. The American journal of the medical sciences. 311:1, 9-16. 
 
Teuber, M. 2001. Veterinary use and antibiotic resistance. Lab of Food Microbio. 4: 493-

499. 
 
Thomson, D.U. and White, B.J., 2006. Backgrounding beef cattle. Veterinary Clinics: 

Food Anim Prac. 22:2, 373-398. 
 
Torrence ME. 2001. Activities to address antimicrobial resistance in the United States. 

Prev Vet Med; 51:37–49.  
 
Tragesser LA, Wittum TE, Funk JA, 2006. Association between ceftiofur use and 

isolation of Escherichia coli with reduced susceptibility to ceftriaxone from fecal 
samples of dairy cows. Am J Vet Res.67:1696–1700. 



49 
 

Turnidge J. 2004.Antibiotic use in animals—prejudices, perceptions and realities. J 
Antimicrob Chemother; 53:26–27. 

 
U. S. Food and drug Administration. 2005. Withdrawal of approval of the new animal 

drug application for enrofloxacin in poultry. Washington D.C: U.S. Department of 
Health and Human Services. Available: http://www.gpo.gov/ fdsys/pkg/FR-2005-
08-01/html/05-15223.htm.  

 
Van Boeckel, T.P, Brower, C., Gilbert, M., Grenfell, B.T., Levin, S.A., Robinson, T.P., 

Teillant, A., Laxminarayan, R. 2015. Global trends in antimicrobial use in food 
animals. Proc. Natl. Acad. Sci. 112: 18, 5649-5654. 

 
van den Bogaard, A.E., Stobberingh, E.E. 1999. Antibiotic usage in animals: impact on 

bacterial resistance and public health. Drugs. 58:589-607. 
 
Watts, J.L., Sweeny, M.T., 2010. Antimicrobial Resistance in Bovine Respiratory 

Disease Pathogens: Measures, Trends, and Impact on Efficacy. Vet Clin Food 
Anim 26: 79–88.  

 
Wesley, T. 1987. The economics of animal disease. Animal Pharm, PJB Publications, 

Surrey, England. 
 
Wellman, N.G., A.M. O’Connor. 2007. Meta-analysis of treatment of cattle with bovine 

respiratory disease with tulathromycin. J Vet Pharm & Therap. 30:3 234–241 
 
Williams, R.J., Heyman, D.L. 1998. Containment of antibiotic resistance. Science. 

279:1153-4. 
 
Winokur, P.L., Vonstein, D.L., Hoffman, L.J., Uhlenhopp, E.K., and Doern, G.V. 2000. 

Evidence for transfer of CMY-2 AmpC -Lactamase plasmids between Escherichia 
coli and Salmonella isolates from food animals and humans. Antimicrob. Agents 
Chemother. 45: 2716-2722. 

 
Witte, W. 2000. Antimicrobial therapy in a historical perspective. Acta Vet. Scandinavia, 

93. 7–16.  
 
Witte, W. 2000. Ecological impact of antibiotic use in animals on different complex 

microflora: environment. International Journal of Antimicrobial Agents, 14, 321–
325. 

 
World Health Organization. 2001. Monitoring antimicrobial usage in food animals for the 

protection of human health: Report of a WHO consultation. Oslo, Norway. 
 
World Health Organization. 1996. Rational drug use: consumer education and 

information. Geneva. DAP/MAC/(8)96.6 
 



50 
 

World Health Organization. 2000. WHO global principles for the containment of 
antimicrobial resistance in animals intended for food. Report of a WHO 
consultation 5–9 June 2000, Geneva Switzerland. WHO/CDS/CSR/APH/2000.4. 
Geneva: The Organization. 

 
Urban-Chmiel, R. and Grooms, D.L., 2012. Prevention and control of bovine respiratory 

disease. J Live Sci. 3.27-36. 
 

USDA Agricultural Research Service. Bacterial epidemiology and antimicrobial 
resistance. National Antimicrobial Resistance Monitoring System: enteric 
bacteria. 2005 veterinary isolates final report. Washington, DC: USDA 
Agricultural Research Service. 

 

 

 

 

 

 

 

 

 

 

 



51 
 

CHAPTER II 

Prevalence of Extended-Spectrum Beta Lactamase Producing Coliform Bacteria in 
Fed Cattle Receiving Metaphylaxis 

Introduction 

Antimicrobial resistance is the capability of a specific bacterium to resist the 

effects of an antimicrobial (or, most often, an antibiotic) used to prevent and treat 

bacterial infections. Resistance develops through either innate resistance, genetic 

mutation, or from a bacterium acquiring resistance transferred from another. Because of 

random mutations, resistance emerges occur sporadically. Its success in expanding and 

spreading depends on selective pressure. This can occur from gradual build up in 

resistance due to overuse or misuse, or simply any use, of the actual antibiotic or 

antimicrobials. Antibiotics used in food-producing animals are used for 4 primary 

reasons: treatment, control, and prevention of bacterial infectious diseases (so-called 

therapeutic indications) and for growth promotion and feed efficiency (Schwarz and 

Chaslus-Dancla, 2001). The relatively short period of time between the introduction of an 

antimicrobial agent into use and the first observations of resistant bacteria confirms that 

bacteria are able to quickly and efficiently acclimate to the changing environmental 

conditions in the host. Bacteria have also developed highly efficient ways to transfer 

resistance genes between members of different families, genera, and species of bacteria. 

These transfer mechanisms allow a rapid exchange of resistance genes within mixed 
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bacterial populations commonly seen on the skin but also on the mucosal surfaces of the 

respiratory, alimentary and genito-urinary tract of humans and animals.  

Escherichia coli (E. coli) is a member of the family Enterobacteriaceae. Almost 

all members of this family of bacteria are part of the normal intestinal flora of animals 

and humans, though there are many strains that are pathogenic to animals and humans, 

and certain E. coli are an emerging cause of foodborne illnesses. E. coli is a Gram-

negative, oxidase-negative, non-spore forming, non-acid fast rod. It also thrives in both 

aerobic and anaerobic environments and is tolerant to harsh environmental conditions.  

Extended Spectrum β-Lactamases, ESBLs, are enzymes that confer resistance to 

penicillins, extended-spectrum third and fourth generation cephalosporins, and 

monobactams. ESBL harboring Enterobacteriaceae have emerged as some of the most 

significant life-threatening infections in human medicine, with E. coli and Klebsiella spp. 

being the main pathogens. Occurrence of ESBL-producing isolates has important clinical 

and therapeutic implications since resistance determinants for ESBL production are 

carried on plasmids that can be easily spread from organism to organism, and the spread 

of resistance against extended-spectrum cephalosporins may lead to increased 

prescription of more broad-spectrum and expensive drugs to cure the infections. Early 

detection of the spread of these bacteria is going to be key in order to eliminate future 

severe cases in both human and veterinary medicine.  

The study objective herein was to determine the prevalence of ESBL and AmpC 

fecal E. coli populations in feedlot cattle administered ceftiofur, tulathromycin or control 

treatments via metaphylaxis.  We further aimed to understand the antimicrobial resistance 
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patterns of E. coli populations at periodic times during finishing and at slaughter, and to 

compare prevalence and antimicrobial resistance of E. coli in the fecal matter among 

treatment groups and over time. 

Materials and Methods 

A total of one hundred thirty-four crossbred beef steers (initial BW = 390 ± 18.4 

kg) were used in a randomized complete block design. Steers were acquired from 2 

sources located near Abilene, TX (n=99; 429.7 km), and Hereford, TX (n=35; 46.7 km) 

and were transported to the West Texas A&M University Research Feedlot in Canyon, 

TX. All cattle were previously backgrounded and arrived in good health condition. Upon 

arrival of both sources, (Day -3) cattle were visually identified with an ear tag in the left 

ear along with matching electronic identification tag in the right ear; also, each was 

administered a growth implant (Revalor 200, Merck Animal Health, Kenilworth, N.J.) in 

the caudal aspect of the right ear, an anthelmintic was administered at 200 mg/kg of BW 

(Dectomax, Zoetis), and BW was recorded.  

Concluding group processing, cattle were blocked by source and BW and assigned 

to treatment pens (11 to 12 head per pen) with 1 or2 steers randomly selected to be a 

sentinel control and received no antibiotic to test for resistance among treatment within 

the pen. Each of the 3 treatments were replicated 4 times. The trial began on d 0 with 

fecal samples collected in a plastic sleeve, labeled and immediately chilled. Once all 

samples were taken, the sleeves were packed in shipping coolers with ice packs and 

shipped to the lab in College Station, TX where further analysis occurred.  Immediately 

after their initial fecal sample was collected, the cattle received 1 of 3 treatments (per pen 
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and within-pen randomization scheme) consisting of: 1) control, no antimicrobial 

administered; 2) ceftiofur (Excede, Zoetis, Kalamazoo, MI) administered 6.6 mg/kg BW 

in caudal aspect of the left ear; and 3) tulathromycin (Draxxin, Zoetis) administered 2.5 

mg/kg BW subcutaneously in the neck. A blank colored ear tag (consisting of yellow, 

pink, light green, blue, silver, purple, orange, red, and teal) was assigned and placed in 

the right ear of each animal that belonged to each assigned pen to insure all steers were 

replaced in the correct pen assignments daily. Cattle were then provided a starter ration 

containing a mineral supplement without antibiotic, and later  receiving the final finishing 

ration with a mineral supplement that also did not include antibiotic (Table 2A and 2B).   

Sample collections 

Approximately 25 g of fecal matter was collected from the rectum via obstetric 

sleeve glove and turned inside out and labeled with the 4-digit identification number that 

matched the animal ID. Samples were collected and BW were recorded on days 7, 14, 28, 

56, 99, and the day before block slaughter date. Hide swab samples (1 m2 area) were 

collected pre-shipping for each slaughter sampling period, and carcass data and bilateral 

subiliac lymph nodes were collected at slaughter from all steers. Feces, hide swabs, and 

lymph nodes were chilled and shipped on ice at 4°C and further processing took place at 

Texas A&M University (College Station, TX).  

Fecal samples from each sampling period were mixed at 1:1 ratio of glycerol and 

5 mL of the mixture was placed in cryo-vials and stored at -80ºC for subsequent bacteria 

isolation and evaluation for presence of E. coli.  This process took place through 

enrichment and plating to selective media. E. coli positive fecal samples were identified 
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by enrichment through plating onto MacConkey (MAC), MacConkey plus ceftriaxone (4 

µg/ml) (MAC-CEF) agar, and following an overnight broth enrichment at 2 ug/ml 

ceftriaxone in MacConkey Broth, later plated to ESBL-Chrome agar.  

Quantification of the bacteria analysis procedure was carried out in the lab on a 

spiral-plater. Initial process began with a 0.5 g of fecal matter weighed from frozen cryo-

vial sampling tubes with a 1:1 ratio of glycerol tubes and suspended in 4.5 mL of sterile 

PBS solution, then homogenized by vortexing. From each suspension, 50 µl was spiral 

plated onto plain MacConkey plates (Mac) and Mac with 4 mg/L ceftriaxone (MAC-

CEF), respectively, and were then incubated at 37ºC for 18 to 24 hours. Colonies that 

grew on MAC and MACEF were colony counted using the automated (Flash n Go 

Colony Counter, Neutec, Farmingdale, NY) and streaked on blood agar plates for indole 

testing. One colony was selected from Mac plates and two colonies were selected from 

MAC-CEF plates. 50 µl of MACEF broth enrichment was spiral plated on Chrome agar 

(ESBL) plates and incubated for 18 to 24 h at 37 ºC. Indole tests were performed on 

isolates from MAC and MACEF plates to confirm as E. coli and indole positives were 

preserved into cryo-beads.  

In addition, 0.5 mL of the original suspension was transferred into 4.5 mL of 

MacConkey broth supplemented with ceftriaxone (2 mg/L) and these tubes were 

incubated at 37 ºC for 18- to 24 hours. Following this additional enrichment step, 50 µl 

was spiral-plated to CHROM-ESBL (Hardy Diagnostics and incubated as above. After 

the incubation of ESBL plates; dark pink to reddish colonies identified from CHROM-

ESBL plates were considered as E. coli whereas the blue colonies were considered as 

Klebsiella. The E. coli colonies were streaked on blood agar. Five colonies were selected 
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from each Chrome ESBL plate if sufficient colony growth allowed. Indole testing was 

performed on the isolates phenotypically characteristic of E. coli. Isolates from ESBL 

plates and the positive isolates were preserved into cryo-beads. Off color recorded 

isolates were identified and went through the process again for a closer examination of 

potential growth. This process was repeated until all samples were completed. 

Phenotypical E. coli colonies that grew on MAC, MAC-CEF and CHROM-ESBL 

agar plates were picked and streaked onto blood agar plates for indole testing by using 

James® reagent. Indole positive isolates were placed into the cryo-beads and preserved in 

-80 ºC for further analyses. Later, isolates obtained from CHROMagar ESBL plates were 

streaked onto blood agar and these isolates were identified as E. coli by using Matrix-

assisted laser desorption/ionization-time of flight mass spectrometry (Bruker, MALDI-

TOF MS) in species level. E. coli isolates confirmed my MALDI-TOF MS were tested 

for phenotypic antimicrobial susceptibility. Minimum inhibitory concentrations (MIC) 

for E. coli were determined by broth microdilution method using TREK Diagnostic 

Systems™ and Gram-negative NARMS plate (CMV3AGNF) according to the 

manufacturer's directions. Results were interpreted according to Clinical and Laboratory 

Standards Institute (CLSI) breakpoints by using a plate reader (Trek Sensititre 

systems™). Isolates resistant more than or equal to 3 antibiotic classes were classified as 

multi-drug resistant (MDR). Isolates that were resistant to 3rd generation cephalosporins 

(i.e., ceftriaxone and ceftiofur) were presumed to be either ESBL or AmpC carriers. 

Among these, if the isolates was resistant to cefoxitin (2nd generation cephalosporin) it 

was assumed to be a cephamycinase such as blaCMY-2. If it was susceptible to cefoxitin 
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and to amoxicillin/clavulanic acid, it was classified as a presumptive ESBL isolates (e.g., 

blaCTX-M). 

Statistical analysis  

Performance and carcass data were analyzed as a randomized complete block 

design using the PROC MIXED procedure in (SAS 9.4 Inst., Inc., Cary, NC). Pen was 

considered the experimental unit. The class statement included pen, block, treatment, and 

identification number. Body weight and average daily gain were included in the model 

statement with a random effect of block x treatment. An alpha level of 0.05 was used; 

whereas, tendencies were considered for a P-value between 0.06 and 0.10 (Table 2.2; 

Table 2.3).  

Stata version 15.0 was used to analyze the phenotypic resistance data. Prevalence 

of presumptive ESBL/AmpC isolates was calculated, including 95% confidence intervals 

overall, by sampling day, by treatment group, and the interaction of treatment by day.  

Mixed logistic regression models were used to assess full-factorial designs, with 

subsequent comparisons by period and treatment where interaction terms were non-

significant ( P>0.05).  In addition, mixed logistic regession was used to also assess the 

probability of MDR strains (among ESBL/AmpC) as above. Finally, utilizing the 

difference in Log10 CFU differences between growth (as measured by spiral plating) on 

MAC versus MAC-CEF, and by taking the antilog for illustrative purposes, we employed 

a similar mixed linear modeling framework to assess the quantity of presumptive 

ESBL/AmpC bacteria in the same samples, though not their specific phenotype.  
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Results and Discussion  

There was no difference (P = 0.43) in BW or health variables among treatment 

groups. Futhermore, no differences (P = 0.43) were observed for any of the carcass data. 

There was a tendency (P = 0.10) for ADG to differ from d 14 to 28. The Excede® group 

gained 1.60 kg/d compared to 1.96 and 2.12 kg/d for Control and Draxxin®, respectively. 

This slight difference in performance could be associated with difference the disturbance 

of bacteria populations in relation to administration of antibiotic. Different results may 

have been observed if cattle presented a health challenge or mixed sources. The efficacy 

of metaphylaxis is proven with research through several studies and reports. In 2010, 

(Watts et al.) described how antimicrobial agents have vastly improved the efficiency and 

performance of at-risk cattle since 1988. Another study completed in Australia showed 

that metaphylaxis was successful in reducing BRD and improved overall morbidity. The 

study included feedlot entry of tilmicosin, long acting oxytetracycline or no antibiotic 

treatment. An analysis of growth rate, disease occurrence and mortality were made 

between the groups from time of arrival and time of harvest. Conclusions indicated cattle 

medicated with tilmicosin at 10 mg/kg body weight on arrival, 0.08 kg/d faster than cattle 

medicated with oxytetracycline at 20 mg/kg body weight and non-medicated cattle. No 

significant differences in growth rate between medicated and non-medicated 

oxytetracycline cattle. However, cattle that were administered tilmicosin on arrival had 8 

fewer cases of disease per 100 animals compared with cattle not treated (Cusack, 2004).  

Approximately 804 feces samples were collected and evaluated for E. coli 

bacteria, which were then further evaluated for AmpC/ESBLs. Extended spectrum ß-

lactamase and AmpC bacteria were prevalent in the fecal samples across all days and 
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treatment groups. There was no difference (P > 0.05) between treatment groups across 

days in terms of sample-level prevalence of ESBL /AmpC E. coli. A significant 

difference (P < 0.05) was observed, however, in the bacterial level prevalence and 

quantity of bacteria growing on MAC-CEF plates only on Day 7 for the ceftiofur treated 

group, where total coliform counts were significantly reduced (Figure 2.1). On Day 14 

we reported that coliform counts had resumed to their normal level such as they were 

before antibiotic administration (Figure 2.2).  At time of harvest, all treatment groups 

showed no differences among treatments (P > 0.05). Among the samples, 143 isolates 

within the ESBL/AmpC bacteria showed resistance to up to 9 classes of antibiotics and in 

a single isolates up to 13 (out of 14) individual antibiotics (Figure 2.3). Of these isolates, 

based on phenotypic resistance patterns, there appeared to 42, ESBLs and 101 producing 

E. coli (Figure 2.4). 

This study was designed to explore and better understand the antimicrobial 

resistance treatment effects of metaphylaxis on E. coli, and more specifically, extended 

spectrum ß-Lactamases and AmpC producing bacteria in feces. Treatments in this study 

included ceftiofur crystalline-free acid (Excede®), tulathromycin (Draxxin®), and no 

treatment (Control). All treatments on Day 0 began at a similar level of total population 

E. coli counts, both overall and cephalosporin resisatnt. Similar studies have evaluated 

the effect of ceftiofur on cephalosporin resistance among enteric bacteria in cattle 

(Kanwar et al., 2013). The results from this particular trial, showing that ceftiofur has a 

significant effect on E. coli in cattle during days immediately following treatment; this 

parallels results from previous studies. A trial (Schmidt et al., 2013) showed similar data 

with the ceftiofur resistant E. coli immediately following ceftiofur administration. They 
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report that herd E. coli fecal and hide prevalence throughout the residency of cattle at a 

feedlot, including during the period of greatest ceftiofur use at the feedlot, were either not 

significantly different or significantly less than the initial prevalence upon arrival. 

Longitudinal sampling of cattle treated with ceftiofur demonstrated that once the transient 

increase of E. coli shedding that follows ceftiofur injection decreased, ceftiofur-injected 

cattle were no more likely than untreated members of the same herd to shed E. coli 

(Schmidt et al., 2013). Another study showed the frequency distribution of the E. coli 

isolates by the phenotypic multi-drug resistance count for all treatments (ceftiofur and 

chlortetracycline). The experimental unit that received ceftiofur, presented data that 

showed a stronger antimicrobial selection pressure and strong effects on the enteric 

bacteria in cattle. Ceftiofur treatment on day 0 selected for isolates with reduced 

susceptibility towards matching antibiotic resistance of ceftiofur. It tested for both a 

phenotypic and genotypic level (Kanwar et al., 2013). 

Lowrance and others (2007) attempted to determine the extent and duration on 

numbers and antimicrobial drug susceptibility of E. coli in feedlot cattle. Susceptibility to 

15 antimicrobials were determined with resistance to approximately 68.4% of antibiotics. 

The ceftiofur administration resulted in a temporary decline in ceftiofur resistant E. coli, 

yet returned to normal levels (before administration of antibiotic) within 14 days of a 

single dose. Comparable results with the data we have collected among the feedlot steers, 

and noticeable decrease in E. coli counts on Day 7; and then a gradual increase to pre-

treatment level was recorded.  

The selection pressure conferred by the use of antibiotics is generally considered 

to result in the amplification, dissemination, propagation and persistance of resistant 
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strains. The E. coli bacterial counts dropped significantly in the treated animals, 

reflecting an immediate and transient disappearance of the antibiotic-susceptible strains. 

The reduction implies that the susceptible population would have outnumbered the 

resistant population by 4 to 5 logs prior to treatment.  

The results of this study and the previous studies mentioned, in which ceftiofur-

resistant E. coli appeared expanded for a short duration, following the use of ceftiofur in 

cattle, and that overall E. coli populations declined immediately after treatment. In one 

investigation of dairy farms, those dairies that used ceftiofur were significantly more 

likely to have cows shedding E. coli with reduced susceptibility to cephalosporins 

(Tragesser et al., 2006). However, that effect was only for use/no use at the farm level; 

importantly, they saw no significant differences among the levels of use in those farms 

that employed ceftiofur.  

 The importance and value of antibiotics cannot be overlooked. We are a part of a 

world today that is totally dependent on them for the treatment of infectious diseases. In 

addition to their use in the treatment of infectious diseases, antibiotics are critical to the 

success of advances of human medicine such as for hip replacements, abdominal surgery, 

and many other things we take for granted. With expanding guidelines to control 

antibiotic usage, because of documented reductions in the availability of effective 

medicines, there is no question that antibiotic resistance is becoming a global issue. Just 

as there is no question as to resistance mechanisms and their mode of action, these create 

an enormous clinical and financial burden on health care systems worldwide. Not all 

bacterial pathogens are resistant to every antibiotic that can be administered, and many 

respond to trial experiments with antimicrobial agents used in the human medicine. It is 



62 
 

important for both human medicine and veterinary medicine to understand that we should 

always be pushing forward to find new and improved antimicrobial agents. Presently, 

knowledge of inhibitor-target and inhibitor-resistance interactions is not at the point 

where effective new compounds can be designed or screened with confidence; more 

studies of these processes at the structural level will surely provide new leads. Systems 

biology approaches are uncovering new types of metabolic interactions and providing 

non-reductionist explanations for many aspects of antibiotic modes of action and 

resistance (Davies and Davies, 2010).  

Obviously, there is no perfect antibiotic; that is, one to cure all infectious diseases. 

It is going to take years and years of research and development to fully understand 

resistance and help the cause by getting all heath care providers, both human and animal, 

to have the same goal as to reducing infections, eliminating diseases all while reducing 

resistance. The knowledge of environmental reservoirs of resistance is becoming more 

apparent and known to health care researchers. With the technology and understanding 

that is available it is possible to detect and make aware of early developed, or potential 

resistance mechanisms to new or old antibiotics and thus prepare for problems in the 

clinic in a timely manner. With the evidence of data it is mandatory on providers, 

researchers, and admins of medicine to renew a concerted effort that takes full advantage 

of new understanding and technologies, and to use previous research to understand and 

reduce antibiotic resistance.   
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Table 2.1A. Composition of the starter diet fed to feedlot steers. 

Ingredient, % DM Amount 

Sweet Bran –Wet corn gluten feed 58.817 

Corn Stover –Chopped stalks 19.199 

Corn grain – Steamed flaked corn  15.285 

Nutrabase 12 3.049 

Supplement1   3.65 

Calculated nutrient composition1  

  DM, % 66.243 

  TDN, % 23.05 

  CP, % 16.367 

  NDF, % 31.672 

  Ca, %   1.138 

  P, %   0.717 

  S, %   0.334 

  NEm, Mcal/kg 

  NEg, Mcal/kg 

  0.406 

0.271 
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Table 2.1B. Composition of the finishing diet fed to feedlot steers. 

Ingredient, % DM Amount 

Sweet Bran –Wet corn gluten feed 49.35 

Corn Stover –Chopped stalks 12.00 

Corn grain – Steamed flaked corn  30.00 

Nutrabase 12 3.00 

Supplement1   3.65 

Calculated nutrient composition1  

  DM, % 68.919 

  TDN, % 35.94 

  CP, % 15.261 

  NDF, % 10.44 

  Ca, %   1.102 

  P, %   0.603 

  S, %   0.063 

  NEm, Mcal/kg   0.465 

  NEg, Mcal/kg   0.323 
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Table 2.2. Effect of treatment on performance of feedlot steers 

 Treatment1  

Item Control Draxxin Excede SEM P-value 

BW, kg      

  Initial2 393.6 388.9 389.8 16.8 0.44 

  Day 7 412.6 407.1 415.0 17.4 0.43 

  Day 14 439.2 433.0 439.7 19.3 0.43 

  Day 28 466.6 462.8 462.2 20.7 0.44 

  Day 56 525.0 522.5 524.2 20.1 0.45 

  Day 99 584.2 580.9 584.9 20.9 0.45 

  Final BW 635.7 631.2 635.5 5.94 0.38 

ADG, kg/d      

  D 0 to 14 3.24 3.14 3.56 0.24 0.21 

  D 0 to 28 2.60 2.63 2.58 0.16 0.44 

  D 0 to 56 2.36 2.37 2.40 0.08 0.41 

  D 0 to 99 1.92 1.93 1.97 0.06 0.37 

  D 14 to 28 1.96 2.12 1.60 0.20 0.10 

  D 28 to 56 2.13 2.08 2.22 0.13 0.33 

  D 56 to 99 1.34 1.35 1.40 0.07 0.35 
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Table 2.3. Effect of treatment on carcass traits of feedlot steers  

 Treatment1  

Item Control Draxxin Excede SEM P-value 

      

HCW, kg  390.3 391.3 392.8 13.4 0.43 

CALCYG 3.24 3.29 3.28 0.14 0.96 

REA 13.0 13.0 13.0 0.40 0.99 

Marbling Score 397.9 384.3 409.7 18.6 0.63 

BFA 0.50 0.49 0.50 0.02 0.95 

KPH, % 1.83 1.85 1.84 0.72 0.97 
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Figure 2.1. Cephem-r bacterial model predictions. Proportion of total E. coli 
population that exhibits resistance to 3rd generation cephalosporins. 
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Figure 2.2. Modeled predictions of antibiotic effects of treatment by day. In this 
graphic, the effects of treatments on total CFU of all E. coli in a gram of feces is 
modeled 
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Figure 2.3. ESBL and AmpC cephem resistance among E. coli. Forty-one 
isolates were of the ESBL phenotype while 101 were of AmpC. 
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Figure 2.4. Multi-drug resistance among E. coli grown on CHROM ESBL agar. 
Bars represent the count of antibiotics to which each of the cephalosporin isolates 
(n=143) was resistant. 
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Figure 2.5. Poisson mean log 10 ratio of AmpC and ESBL E. coli  
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Figure 2.6. Poisson mean rate of AmpC and ESBL resistant E.coli  
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