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ABSTRACT
The over use of antibiotics in agriculture has led to antibiotic resistant strains of bacteria that are adversely affecting the treatment of illnesses and threatening public health.  Antibiotics are essential in treating a wide range of health issues but could potentially lose their effectiveness if misuse of drugs continues.  The agriculture industry contributes to this growing problem by relying on the use of antibiotics for raising livestock. Antibiotic resistant bacteria are being transferred from livestock to humans and it is resulting in increased human morbidity and mortality, reduced efficacy of related antibiotics used for human medicine, and increased healthcare costs.
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1.0 Introduction
Antimicrobial resistance is one of the most serious problems that is emerging and threatening public health. Preserving the effectiveness of antibiotic drugs is essential to protecting human, environmental, and animal health. Antimicrobial agents that were once considered miracle drugs are now losing their universal effectiveness when treating diseases.1 When used correctly antibiotics are lifesaving drugs that can cure infections that would otherwise lead to death. The poor use of antibiotics for decades has put us in an era of expanding untreatable bacterial infections.  The agriculture industry is aiding the problem by adding antibiotics to feed and creating resistant strains that are easily transferred to humans.12 Scientific data now shows the links between the uses of antibiotics at sub-therapeutic levels in the livestock feed to the spread of antibiotic resistant bacteria in human population.20 The harmful effects of the thousands of pounds of antibiotics going to agriculture industry each year has created many adverse repercussions and the resistant strains are causing prolonged illness that require expensive drugs to treat.  The threat of antimicrobial resistance is no longer just a prediction of the future but is occurring globally.7 It is essential for regulations and limitations to be put in place for the agriculture industry in order to preserve the effectiveness of antibiotics

2.0 Background 
2.1 Antibiotics
An antimicrobial is an agent that destroys microbes, inhibits their growth or prevents their pathogenic actions and the term antibiotic is used commonly to describe any drug that attempts to get rid of bacterial infections in the body.1 Infections from microorganisms used to be a leading cause of death for mankind until the discovery of antimicrobial agents.3 Penicillin was discovered in 1928, by Alexander Fleming and changed the world of medicine forever and it paved the way for improved health of millions.3 Before this discovery, there was no complete cure for diseases such as strep throat, gonorrhea, and pneumonia and infections from wounds would commonly lead to death. With the use of antibiotics most of these infections could easily be cured.4  A search for other natural of synthetic compounds that could treat microbial pathogens was launched after the discovery of Penicillin.1 During the next two decades there were many new classes of antimicrobial agents developed which led to the golden age of antimicrobial chemotherapy.5 Antimicrobial agents are extremely beneficial when used correctly and greatly reduced illness and death. 

2.2 Resistance Strains
Antimicrobial agents have now been used for so long and widely that infectious organisms are adapting.  In response widespread used of antibiotics, microorganisms are acquiring resistance to drugs through a variety mechanisms and are plaguing the human race.5 Antimicrobial resistance (AMR) is the ability of bacteria to resist the effects of the antibiotics through bacteria evolution that reduces or stop the effectiveness of the drugs that are designed to cure and prevent infections.6 If the dosage is insufficient to kill all of the bacteria that are infecting the host, that bacteria will survive and develop resistance, causing more harm.8 Infections caused by resistant strains are resulting in prolonged illness, higher rates of death, and higher costs in healthcare.14 There are several adaptations that provide bacteria with antimicrobial resistance.  Mutations in a target protein that affect the binding of an antibiotic to the protein is one mechanism.26 These are spontaneous genetic mutations within the gene sequence and by chance they produce some change in the cell that allows for drug resistance.1 The mutated bacteria have a selective advantage over others and the antibiotics kill off the non-resistant bacteria and the resistant strains are free to grow and divide. A large population of antibiotic resistant bacteria increases the chances that plasmid transfer will occur between the resistant and non-resistant bacteria.6 An alternate mechanism might occur if an antibiotic inhibits a metabolic pathway and a different pathway becomes available. Some antibiotic resistant bacteria make enzymes that destroy the drugs and other resistant strains can actively transfer antibiotics out of the bacterial cell.5 The misuse of antimicrobials threatens future generations. 
	The two main ways antibiotic resistance occurs is either spontaneously from a result of some genetic mutation in bacteria’s genetic makeup or it can occur from transmission from bacterium to bacterium through genetic vectors like plasmids.12 Resistant genes have a tendency to link with other genes and it results in a co transfer of genes that increase the amount of resistance. Drug resistance in bacteria is of major concern because it is readily transmitted from bacteria to bacteria.   Microbiologist Stuart B. Levy suggests that, “the entire bacterial world exists as one huge multi-cellular organism in which cells interchange their genes with ease.” 13 Bacteria propagate at a very fast speed that which also escalates the issue. The generation times are often minutes and one single bacterium can produce millions in a day so even if there is a single bacterium that is drug resistance it is easy to understand how resistance spreads so quickly.12  
The problem also lies within the issue that bacteria do not exist in an isolated population but they can travel among humans, animals, and the environment.7 Antibiotics resistance is a problem-faced worldwide because it can easily cross international boundaries.  Every year in the United States over 2 million people acquire an infection due to drug resistant bacteria and at least 23,00 people die as a direct result from these infections, while many more die from complications of the infections.6

2.3 Antibiotics in Agriculture
In the 1950s, the farming industry changed forever when scientists discovered that adding antibiotics to livestock feed accelerated the growth of animals and was cheaper than then previous methods of growth enhancement. During the beginning of the twentieth century, American farmers could not keep up with the demand.17 The meat industry was steadily increasing prices, puzzling policy makers and angering consumers.  In 1917, there were millions of boycotts throughout the United States to protest the prices of meats, which encouraged the USDA to fund research targeted at keeping the food supply on pace with the demand.27   It was known that diets that contained animal derived proteins like fishmeal or cod liver oil produced healthier animals that gained weight quicker. These animal derived protein additives were expensive; especially during World War II. The concentration to finding a solution was focused on finding a protein substitute, but the search quickly shifted to antibiotics when it was discovered that adding them to animal feed increased livestock’s growth.17 During administration of antibiotics in animals, an unforeseen side effect was observed: rates increased in growth of livestock. 7  Farmers were very quick to ditch the pricey animal’s proteins and switch to inexpensive antibiotics.  Livestock reached a market weight much quicker and production costs for farmers dramatically dropped.   This was an agricultural revolution for farmers running large operations and led to the reliance on antibiotics to promote growth and keep animal’s healthy.12
	The link between drug use and the increase in animal size is not actually well understood.  There are a few possible explanations that scientists have for the relationship.   One is that the antibiotics mitigate the destructive effects of the diseases that reduce animal nutrient reserves.27   Another possibility is that the antibiotics strengthen the animal’s immune system and it enables them to fight off the lower grade disease they are exposed to from the crowded spaces. Antibiotics could change the animal’s normal flora and could cause a change in nutrient uptake.   The last is that the antibiotics in the feed could possibly alter the animal’s metabolic rate, increasing weight gain.24 
	Traditional farms practices in the United States shifted to a more stream lined production of animal products.   Industrial livestock production is the modern form of farming where livestock including cattle, poultry and fish are kept at the high densities in order to produce the largest output at the lowest cost.22 The living conditions for the animals are extremely crowded and it results in the fast spread of disease.   The use of antibiotics and pesticides is required in order to maintain these conditions and have efficient output for famers.  Antibiotics also kill intestinal bacteria, which stimulate livestock growth.17 Antibiotic use in livestock was not only being used for treatment and prevention of disease but it is widespread for farmers to use sub therapeutic doses in the feed of animals to increase livestock growth.    There is much debate over the many issues surrounding factory farming including the efficiency of food production, animal welfare, the environmental impact, and the overwhelming concern of the health risks.  Farmers are medicating these animals for fast and disproportionate growth and so that they can survive the crammed and filthy living conditions.8 Factory farming is a danger to consumer health because it is breeding grounds for bacteria such as salmonella and E. Coli that is passed to humans through meat and eggs.  These bacteria are continually evolving and antibiotic abuse creates the danger of drug resistant strains of these bacteria that can spread among people.6 
	Over 80 percent of antibiotics sold in the United States are for meat producing animals. The antibiotics are mixed in with food and water as a substitute for healthier living conditions. There are many impacts this could have on human health and the future of antibiotics.  Feeding antibiotics to animals that are not sick is killing off weak bacteria and is creating the ideal environment for antibiotic resistant bacteria to multiply and thrive. 7 The misuse of antibiotics in the meat industry is a threat to public health and antibiotic use could eliminate the effectiveness of these drugs to treat infections. 
	With the administration of 15-18 million pounds of antibiotics in sub therapeutic doses annual to livestock, there has been an increase in the amount needed to increase growth.8 It is estimated that 20 times the amount of antibiotics is needed than 4 decades ago to produce the same level of growth.19 There are many routes that drug resistant bacteria take to travel off the farm that should be considered that include meat that goes to consumer, animal feedlots workers who handle the animals or meat, and it can travel through the water, soil, and air that makes contact with animal waste that is contaminated. Antibiotic resistant bacteria also have the ability to teach other bacteria to be resistant and once developed these dangerous bacteria can be spread far and fast.5 Resistant strains form in the guts of animals and stay on the meat when slaughtered. The infected meat that contain the resistant bacteria from animals can then transfer to humans when meat products are not handled or cooked properly.  Fertilizer and water that contain animal feces and drug resistant bacteria is used on food crops and can remain and be consumed.6
Although the use of antibiotics has been a clear help to the animal industry by providing an affordable animal protein to a growing population of consumers, the use of antibiotics in animal feed has also contributed to the appearance and spread of antimicrobial resistance. Figure 1.1 shows a visual flow chart of how the resistant strains can cause infections in humans from the antibiotics used in agriculture. Antibiotic use for animal treatment creates a huge amount of selective pressure toward the emergence and spread of resistant bacterial strains.20
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Figure 1.  Antimicrobial Resistance in Agriculture Transfer to Human Population


3.0 Adverse Consequences
Infections from drug resistant bacteria are much harder to treat and they require stronger medication creating greater side effects and leading to a longer illnesses. Hospitalization is often required and some infections are untreatable.   These multi drug resistant infections are steadily increasing and the development of new antibiotics to fight the infections are not keeping pace.5 The Center for Disease Control in a report in 2013 stated, “Much of antibiotic use in animals in unnecessary and inappropriate and makes everyone less safe.”  The drugs that are most dangerous when used in animals are the ones that are important to human health therapy.8 These drugs include amoxicillin, ampicillin, erythromycin, neomycin, penicillin, and tetracycline.6
Antimicrobial resistance reduces the efficacy of most, or all, members of that same antibiotic class and some of these are very important to human medicine.20 This can happen because of the similarity of the antibiotic’s related structural components that causes cross-recognition and cross-resistance for all or most of the antibiotics within the same antibiotic class.  An example of this is the emergence of vancomycin resistant enterococci (VRE) in hospitals following the extensive use of avoparcin (a glycopeptide antimicrobial agent that is structurally similar to vancomycin) in animals.14 
Increased healthcare costs are another adverse consequence that comes with antimicrobial resistance. The increased costs come from the need for additional antibiotic treatments, longer hospitalization, more diagnostic tests, higher professional costs and more pain management.6  With the increase in incidence and prevalence of antimicrobial resistance, the cost of treatment is also rising. 


4.0 Pathogens
Food borne and enteric infections plague millions each year and antibiotics are lifesaving when it comes to some of these severe infections There are many bacteria that are spread through foods that include Salmonella, E.Coli, and Campylobacter.16 All of these may be part of the normal gut flora of food animals but possess the potential to become serious human pathogens.7 There is strong evidence that antibiotic use in food producing animals can create harm to the public health in several ways.10  The use in animals allows resistant strains to thrive while susceptible bacteria die out and when these are passed on the resistant strains can cause infections in humans causing adverse health consequences. 
The use of antibiotics in livestock is the main driver of increasing resistance for many enteric zoonotic infectious agents where animal populations are the main reservoir.9 The Food and Drug Administration (FDA) and Centers for Disease Control and Prevention (CDC) believe that resistant strains of three major bacterial pathogens in humans – Salmonella, Campylobacter and E. coli, are linked to the use of antibiotics in animals.  These three food borne agents account for an estimated 90% of deaths resulting from infection with food borne pathogen in the United States10 .  

4.1 Drug resistant Campylobacter-
Campylobacter specie is a gram negative curved and motile rod that are part of the normal enteric flora in animals and is transmitted to humans through contaminated food. It is the leading food borne bacterial pathogen and in the past 2 decades there has been a substantial increase in resistance of Campylobacter to antimicrobial agents.11 It causes gastroenteritis in humans with symptoms that include diarrhea, fever, abdominal cramps and complications like temporary paralysis.  It is also the single most identifiable antecedent infection that is associated with the Guillain-Barre syndrome development.15 There are 310,000 infections per year and the long lasting and severe cases require antimicrobial drug treatment. The drugs that treat patients with this infection, ciprofloxacin, fluoroquinolone, and azithromycin are no longer working against resistant strains of bacteria. Drug resistance increased from 13% in 1997 to 25% in 2011.9 The resistant strains are attributed to the use of antibiotics on farms and they have potential to have far reaching public health consequences. The consequences of Campylobacter isolates have implications for containing outbreaks of drug resistant strains in humans.10
The emergence of fluoroquinolone resistance among human infections with Campylobacter is an antimicrobial resistance that is thought to have resulted from the use of antibiotics in food animals with transmission to the human population through the food supply.15   Evidence from studies indicate that the resulting the resistant strain prevalence among humans was triggered by the introduction of enrofloxacin in poultry and FDA withdrew its approval for use in poultry in 200511   The trends for this are shown in figure 2.
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Figure 2. Fluoroquinolone Resistance Among Humans

4.2 Drug resistant salmonella
Salmonellosis is a very common and widely distributed food borne disease that is caused by bacteria salmonella. There are many different strains of this bacteria and it can survive many weeks in dry environments and even longer in water.23 Resistant strains are now widespread in both developed and developing countries.  There are 100,000 drug resistant salmonella infections per year.2 Infection causes diarrhea, fever, abdominal cramps, nausea, vomiting and some other life threatening complications.   Resistant strains are more severe and have much higher hospitalization and are showing resistance to ceftriaxone and ciprofloxacin and it is mostly spread to people through food.21 
Cephalosporins are a class of drugs that are used to treat salmonella infections in adults but have been identified as having an increasing number of bacteria that are developing resistance.  The CDC found through a study that the main mechanism of resistance to this drug is the production of beta-lactamases. These are enzymes that inactivate the drug and are a concern because the genes related to resistance are mobile and can move from humans to animals.13 
	A study in 2002 found that patients infected with antibiotic resistant Salmonella Typhimurium were 2.3 times more likely to die within 2 years after infection than persons in the general population, and that patients infected with strains resistant to ampicillin, chloramphenicol, streptomycin, sulfonamide and tetracycline were 4.8 times (95% CI 2.2 to 10.2) more likely to die within 2 years.  Furthermore, they established that resistance in this organism was associated with a mortality rate 10.3 times higher than the general population.13

5.0 Public Health Effects
5.1 Occupational 
The spread of the resistant strains is a major concern from an occupational aspect.  Microbiologists questioned the harm of antimicrobial resistance use on farms and in a study they discovered that in farms using antimicrobials, farm workers had more resistant bacteria in their intestinal floras than those on farms that do not use antibiotics.7 The Center for Disease Control and the American Medical Association have known about the link between resistance and antibiotic use in livestock for a while and scientists have clear evidence that directly traces human infections back to livestock operations.27   In a study in 1976, by Stuart Levy showed the link between tetracycline resistant bacteria in a farm family whose animals were treated with antibiotics.  Tetracycline resistant E.Coli bacteria appeared in chickens within a day that were fed tetracycline antibiotic in their feed.7   Five months from initial feeding the resistant E.Coli strain appeared in family members working on the farm that were not eating the chicken and not directly in contact with the tetracycline.10 
Occupations that have direct contact with animals are at the most risk of acquiring and spreading antibiotic resistant strains.  These jobs include workers on farms and slaughterhouse and veterinarians that come in close contact with infected animals. Workers become infected through handling animals, animal feed, and manure.8 Once the strain infects a worker it can easily and readily be transferred to family, friends, and the community.  This is a limited transmission setting and although it is not initially a population level health threat, occupational workers and their families provide an initial entry of the resistance genes into the community.27 
5.2 Food Consumption
A more far reaching problem and more complex route of transmission is through the consumption of animal products.17 Over the course of a factory farm animal’s life, drug resistant bacteria build up in its intestines.  When the animals are slaughtered and processed the bacteria is released and they can spread to the packaged meats that people are consuming. The drug resistant strains of bacteria then colonize in the consumer’s intestines and the genes can thrive there and cause harm by making new strains across bacterial species.7   In consumer report it was uncovered that 42% of broiler chicken at the supermarket were contaminated with campylobacter and 20% of these cases were the antibiotic strain of the disease.15  Thorough cooking will eliminate most bacteria but people must be aware of the dangerous bacteria and the threat of cross contamination while preparing food.
Adding antibiotics to animal feed is shown to increase resistance strains in humans and creates a serious public health threat. A study showed a direct link from farm animals to humans through an outbreak of salmonella in California.  The strain of multi resistant salmonella was traced to a fast food restaurant, then to a meat processing plant, and then to a dairy farm that used antibiotics that were unapproved in the animal feed. (9) Resistance that develops in animal populations are inevitably going to emerge in human populations.  
5.3 Environmental 
Another route of human transference is through the environment. On farms tons of animal waste is produced that are filled undigested antibiotics that contaminate surface and groundwater.17 This does not only harm the ecosystem but can easily make its way back to humans.  Much of the antibiotics that are administered to animals actually pass through the animal’s intestines and the result of this is 75% of consumed drugs being excreted into the animals manure.6 There are trillions of pounds of manure produced at industry farms that is stored in lagoons and is used as fertilizer.19 Once in the environment the antibiotic efficacy depends on its physical-chemical properties including molecular structure, size, shape, solubility and hydrophobicity, climate conditions, soil types and other environmental factors21.   Antibiotic potency is mostly decreased by dilution, sorption and fixation, but antimicrobial activity may persist for long periods of time20 A large amount of antibiotics end up in animal manure and this manure is commonly used to agriculture land for nutrients for crops.  Food crops that are grown in this soil are exposed to antibiotics.25 Plant uptake of antibiotics was evaluated in a study that was funded by the United States Department of Agriculture was carried out in a greenhouse using corn, lettuce, and potatoes.  The plants were all grown in soil that had hog manure containing a common veterinary antibiotic, Suflamethazine.  The results showed that the antibiotic was taken up by all three of the crops and antibiotics concentrations in the plant tissue increased as the amount of antibiotics in the manure did.  The plant’s ability to absorb the antibiotics raises the potential for contamination in the food supply for humans.17 Resistant bacteria from the animals are also able to leak from water reservoirs to groundwater and can runoff into lakes and streams that are sources of human water supply.   Antibiotics that have been reported in ground and surface water include macrolides, sulfonamides, tetracycline, chloramphenicol, chlortetracycline, sulfamethazine, lincomycin, trimethoprim, sulfadimethoxine and sulfamethazine.19 The continual use of nontherapeutic use of antimicrobials in animal feed will increase the pool of resistance genes that can migrate to the environment.   There are no species barriers for gene transmission and the consequences from using antibiotics in animal feed are far reaching.8

6.0 Actions and Policy
For most of the twentieth century, American farm and meat processing industry policy put priority on economic efficiency in livestock production instead of on human health. The focus has been on enabling agriculture with the ability to provide consumers with safe, affordable, and adequate quantities of meat and poultry products using antibiotics in animals.6   However, protecting against multi drug resistant bacteria could threaten the availability and price of meat. Food safety needs to be a priority for policy makers when setting standards to protect consumers from risks of antimicrobial resistance in the food chain. Scientists and risk assessors need to lead the examination into the factors that lead to antimicrobial resistant bacteria in food and animals and provide this information to the people that are making the decisions.
The FDA currently has approved four uses of antibiotics in animals, which include therapeutic, disease prevention, disease control, and growth promotion through improved feed efficiency. Current proposals and acts in congress would eliminate all antibiotic use in animal except for treating animals that actually have infections.22  The FDA released its Guidance for Industry (GFI) 209 in 2013 and the use of Veterinary Feed Directive proposed rules. These documents are guidelines for limiting the use of medically important antibiotics for prevention, control, and treatment in animals.  Currently FDA has called for this to be a voluntary change by the pharmaceutical companies and the meat production industries.12 Critics believed that this was only a first step and called for a far greater intervention.
Bans are proven to reduce the levels of antibiotic resistant bacteria in the environment.  Europe can be used as an example when you look at the legislation that regulated antibiotic use in animals in 1986.18 The goal of the bans of non-essential antibiotics use in food animal production was to reduce the pool of resistant genes in the farm industry. After the ban was put in place antimicrobial use fell and there was not a loss in meat production.25 In Denmark the ban has worked by weaning the animals off the antibiotics, reducing the density of the animals, changing the airflow to minimize transmission of disease, and increasing animal breeds that better withstand disease and this occurred without major consequences to animal health.18
There are many steps that can be taken to minimize the spread of antibiotic resistance starting with phasing out antibiotics as an additive in feed. Mortality rates for infectious disease have increased by 60% and estimated that more than half of infection related death can be contributed to resistant bacteria.6 The United States does have a national agency called the National Antimicrobial Resistance Monitoring System (NARMS) that monitors antimicrobial usage and rates of antimicrobial resistance in animals, food, and people.6

7.0 Conclusion
Antibiotics are regarded as a miracle of modern medicine but the miracle is approaching its end.  The practice of adding a wide range of antibiotics to feed is having devastating and irreversible effect on the ability of antibiotics to treat infections in humans. The imprudent use of antibiotics in animals will result in increased human morbidity and mortality, reduced efficacy of related antibiotics used for human medicine, increased healthcare costs, and the emergence of resistant human pathogens. The risk to human health should outweigh the short-term economic benefits that are associated with antibiotics in agriculture.  The legal communities are lagging behind scientists in calling for an end to the practice.  Epidemiological and molecular observations have shown resistance in animal populations increase antimicrobial resistance in humans as well The Deputy Commissioner of the FDA stated, "We think the science is very solid in showing that largely indiscriminate use of antibiotics contributes to resistance, I don't think there's really any question about it." 13 All stakeholders in this impending problem including national organizations, farmers and food animal producers, veterinarians, and researchers need to do their part for prevention of antimicrobial resistance.    Taking action at this critical point in history is important to avoid wasting the efficacy of antibiotics especially when disease control alternatives exist.  It is important to public health to preserve antibiotic efficacy for future generations of people, animals, and the environment.
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