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Abstract 

On January 1, 2017, the US FDA implemented a mandate that restricted the use of 

antibiotics in livestock production.  GFI (Guide for Industry) #213 banned the use of 

antibiotics for growth promotion and required veterinarian permission, via the Veterinary 

Feed Directive (VFD), to deliver antibiotics through feed. This action was a response to 

concerns over the increasing incidence of resistance to antibiotics by bacteria. Its goal 

was to promote more judicious use of antibiotics in order to preserve their effectiveness.  

My research took advantage of this nation-wide natural experiment to investigate 

how the VFD affected local (Ohio) livestock operations in terms of management 

practices and production levels. I also investigated the hypothesis that the anticipated 

national-level decreases in antibiotic consumption (ABC) by livestock may have been 

paralleled by a decrease in antibiotic resistance (ABR) in common zoonotic bacteria that 

inhabit both livestock and humans. 

To explore the former, over fifty livestock producers (primarily cattle operations) 

and nine large animal veterinarians were interviewed.  To test the conventional 

hypothesis that reduction of antibiotic use would negatively impact meat production, I 

examined ten-year production trends across all livestock sectors (swine, cattle, poultry), 

as compared to national trends for context. The interviews revealed that despite great 

initial concern, Ohio stakeholders reported adjusting to the new regulations with only 

minor difficulty. The most commonly reported changes due to the VFD were more 

veterinary-client interactions, more paperwork/record-keeping, and decreased use of fed 



antibiotics. No evidence of an adverse effect on meat production was found. 

To explore national-level impact, I examined FDA Summary Reports to collect 

data on antibiotic consumption (ABC) by livestock, and then normalized consumption by 

animal species biomass. I collected NARMS (National Antimicrobial Resistance 

Monitoring System) data to examine resistance patterns in Salmonella and 

Campylobacter, the bacteria responsible for most US food-borne infections.  Complete 

data for each animals species were available only for years 2016-2017, the years 

immediately prior to and post implementation of GFI #213.   

My analysis revealed that Salmonella isolates showed significant changes in 

resistance to the antibiotic most used (and most reduced, 2016-17) in production across 

all species of food-producing animals. (Cattle/tetracycline, p = 0.007; swine/tetracycline, 

p = 0.023; turkey/penicillin, p = 0.009; chicken/tetracycline, p = 0.007).  The latter, 

however, was opposite the direction predicted by natural selection. Further analysis 

suggested co-selection as an explanation.  Campylobacter isolates generally appeared less 

responsive to the changes in livestock ABC, except for those isolated from chicken.  

Reduced chicken consumption of tetracycline was paralleled by significant decreases in 

tetracycline resistance by Campylobacter isolated from both chickens (p < 0.001) and 

humans (p=0.02). As chicken meat is the source of most US Campylobacter infections, 

this may represent preliminary evidence of early human health benefits of GFI #213. 

In conclusion, veterinarians and livestock producers appear to have successfully 

adapted to GFI #213. The mandate appears to be working, both in terms of decreasing the 

consumption of antibiotics by livestock and in reducing the occurrence of ABR in 

bacteria that inhabit both livestock and humans, affirming the “One Health’ approach. 
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Frontispiece 

 

The ‘One Health’ approach recognizes the interconnections between livestock, 

ecosystem, and human health. 

.
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Chapter I 

Introduction 

The use of antibiotics has not only saved millions of human lives, but has also 

extended life span and enhanced quality of life.  Thus, the increasing frequency of 

bacterial infections resistant to antibiotics is a great global health concern.  Unfortunately, 

the more an antibiotic is used, the greater the probability that bacterial populations evolve 

resistance to that antibiotic due to natural selection.  That is, bacteria possessing the genes 

for resistance are more likely to survive and reproduce.   Because resistance has a 

metabolic cost to the bacteria, the reverse is also true: when antibiotics are removed from 

their environment, susceptible bacteria are more likely to survive and reproduce at a 

greater rate. Thus, the AMA has urged US physicians to use antibiotics sparingly and 

only when appropriate to combat the growing incidence of resistance. 

Interestingly, the bulk of medically important antibiotics (MIA) in the US have 

been sold, not for human use, but for use in animal husbandry to treat, control, and 

prevent disease, as well as for growth promoters. Thus, bacteria that inhabit both humans 

and livestock animals can become resistant in food-animals and be transferred to humans. 

On January 1, 2017, the US FDA responded to growing public health concerns by 

implementing GFI (Guide for Industry) #213 which restricted the use of antibiotics in 

livestock production.  Specifically, this mandate banned the use of antibiotics for growth 

promotion or “feed efficiency” in livestock.  The rules also required more veterinarian 

oversight and veterinarian permission, via a Veterinary Feed Directive (VFD), to 

administer antibiotics through food. 
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Research Significance and Objectives 

In order to preserve the effectiveness of antibiotics as invaluable tools in 

maintaining human and livestock health, they must be used as sparingly – as judiciously 

– as possible.  The goal of GFI #213 was to promote judicious use in the livestock sector, 

however, a mandate is meaningless if it is too difficult or cumbersome to implement.  My 

research takes advantage of the agricultural diversity in Ohio to explore the local-level 

impact of GFI#213/VFD through the perspective of livestock producers and 

veterinarians. 

 Likewise, while the theory of natural selection predicts that bacterial resistance to 

a particular antibiotic should diminish with decreased use, few controlled studies exist 

due to confounding variables and the complexity of the issue.  Thus, my research took 

advantage of the nationwide ‘natural experiment’ which was initiated across all livestock 

sectors and all U.S. states on 1/1/2017. I used national data to explore whether the 

anticipated decreases in antibiotic consumption by livestock were paralleled by decreases 

in resistance by zoonotic bacteria that inhabit both livestock and humans. 

My overall goal was to produce baseline data and testable hypotheses for further 

research in this area so critical to human and livestock health.  My hope is that this study 

and others will promote understanding among stakeholders so that all sectors of society 

can judiciously work to preserve antibiotic effectiveness. 

Specifically, the objectives of my study were to: 

 Assess the ground-level impacts of the VFD on Ohio livestock operations, 

especially in terms of farm management practices, production levels, and 

stakeholder perspectives 
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 Assess the national level impact of GFI #213 on the consumption of medically 

important antibiotics by food-producing animals 

 Identify statistically significant changes in antibiotic resistance in zoonotic 

bacteria isolated from livestock and/or sick humans, which parallel changes in 

antibiotic consumption by livestock, in the years immediately prior to and post 

implementation of GFI #213 

Background 

Antibiotics have saved millions of lives since their accidental discovery by 

Alexander Fleming in 1928.  Before the use of antibiotics, the death rate of Americans 

suffering an infection due to injury was one in ten.  At the beginning of the 20th century, 

child death made up 25% of all US deaths and life span was about 50 years (Centers for 

Disease Control and Prevention [CDC], 1999).  Due in part to the effectiveness of 

antibiotics in killing bacterial infections, as well as the development of vaccines, US 

lifespan has increased to over 70 years and procedures such as hip replacement, caesarian 

sections, chemotherapy, and other medically important procedures occur routinely (CDC, 

1999).  

Because the continued effectiveness of antibiotics is essential to maintain the 

health gains provided by modern medicine, the increasing frequency of bacterial 

infections resistant to antibiotics is cause for considerable alarm.  Recently the CDC 

(2019) estimated that more than 2.8 million Americans acquire antimicrobial resistant 

bacterial infections annually and over 35,000 die as a result.  Additionally, the 

corresponding global fiscal cost due to excess hospital stays and productivity loss is 
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estimated to reach a staggering $100 trillion by 2050 (O’Neil, 2016). Thus, the World 

Health Organization (WHO) has deemed the issue of antibiotic resistance “to be one of 

the biggest threats to global health, food security, and development today” (WHO, 2016).   

History of Antibiotic Use in Livestock Production 

 Certain bacteria not only cause illness in humans but also in livestock animals 

(poultry, swine, cattle) commonly raised for food.  Thus, agriculture has also benefited by 

the discovery of antibiotics, gaining an important tool to treat bacterial infections.  For 

example, antibiotics are commonly used to treat mastitis in lactating cows and respiratory 

disease in calves (Landers, Cohen, Wittum, & Larson, 2012).  Today, antibiotics are used 

not only to treat individual animals, but also to control herd or flock disease outbreaks 

and prevent disease by administration through food. 

A more controversial use of antibiotics quickly developed in the 1940s when the 

poultry industry discovered that the use of tetracycline increased the rate of weight gain 

(Stokstad & Jukes, 1958–1959).  Although the reasons for this increased weight gain 

were (and remain) poorly understood, this practice quickly spread throughout the 

livestock sector.  In the 1950s, the accelerated use of antibiotics in livestock production 

was concurrent with the rise of intensive feeding operations (Gustafson & Bowen, 1997).   

High animal densities facilitated the spread of infectious pathogens which antibiotics 

prophylactically countered. 

Examples of direct human health risks associated with the abundant use of 

antibiotics in food-producing animals have been documented in several studies.  Gibbs et 

al. (2006) found multiple-resistant infections downwind (and within) a concentrated pig 

outlet but not upwind.  A study in the Netherlands found that pig farmers were 760x more 
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likely to develop MRSA (methicillin-resistant Staphylococcus aureus) infections than the 

general population (Voss, Bakker, Loeffen, Klaassen, & Wulf, 2005).  Additionally, this 

research team tracked the transmission of MRSA from swine to farmers to the farmers’ 

families.  In more recent years, health organizations have raised concerns over the 

contribution of non-judicious use of medically important antibiotics in livestock 

production to the decreasing effectiveness of antibiotics in human medicine (WHO, 2017; 

CDC, 2019).  These concerns are not unfounded; decades of studies support the 

association of abundant use of antibiotics in agricultural with reduced effectiveness in 

treating human infections (Landers, et al, 2012). 

The FDA first tried to ban the routine use of antibiotics in livestock feed in the 

1970s; however, industry pushback and congressional requests for further study delayed 

action.  In contrast, the European Union banned antibiotics important in treating 

humans in 1998, and in 2006, all antibiotics for non-therapeutic (growth promotion) 

purposes in livestock feed (Schneider & Garrett, 2009). In Europe, the frequency of 

resistant infections has since decreased in both livestock and human populations (Smith, 

Dushoff, & Morris, 2005).  

 Despite growing concerns, debates have persisted in both public policy forums 

and peer-reviewed literature as to how significant the agricultural contribution was to the 

problem of resistant bacterial infections in humans (Chang et al., 2014).  Industry funded 

research by Cox and Popken (2006) made claims that removing antibiotics from livestock 

feed would increase the health risk to humans, and that the benefit-risk ratio of using 

antibiotics in livestock was as high as 1,000:1 (Chang et al., 2014). The tenor of public 

discourse changed in 2015 when bacteria resistant to colistin – the “antibiotic of last 
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resort” - were discovered in China.  Not coincidentally, Chinese farmers, globally the 

highest users of this antibiotic, had been dumping colistin by the ton into pig and chicken 

feed.  The subsequent global spread of these bacteria proved to be both surprising and 

alarming (Reardon, 2017).  Since then, genes for colistin resistance have been confirmed 

to be of animal origin, transferred to different species of bacteria, and spread globally, 

compromising an important tool in human medicine (Gharaibeh & Shatnawi, 2019). 

In the US, farmers have been able to buy many antibiotics “over the counter,” a 

practice viewed as irresponsible and imprudent by the medical community with respect to 

human health.  Additionally, until recently farmers have been permitted to use antibiotics 

“prophylactically” without veterinarian oversight.  Such preventative uses of antibiotics 

in humans are not typically permitted. In contrast to the US, the WHO (2017) has 

recommended that agriculture cease using antibiotics in livestock for either growth or 

disease prevention. 

In 2012, the FDA issued GFI (Guide for Industry) #209 entitled, The Judicious 

Use of Medically Important Antimicrobial Drugs in Food-Producing Animals, in which it 

outlined its concerns that antibiotics were losing their effectiveness against bacterial 

infections due to injudicious practices in both human and food-producing animal 

populations (FDA, 2012).  A year and a half later, the agency issued GFI #213 asking for 

voluntary compliance by pharmaceutical companies and livestock producers (FDA, 

2013).  A key part of GFI #213 was a revision of the veterinary feed directive (VFD).  

The FDA published the VFD final rule in 2015, setting the stage for implementation of 

GFI #213 and the VFD directive in December 2016 (FDA, 2015). 
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On January 1, 2017, full enforcement of GFI #213 began, which mandated new 

restrictions on the use of antibiotics in livestock operations. Most medically important 

antibiotics (MIA) were no longer permitted to be sold “over the counter” but required 

oversight by a veterinarian who had an established professional relationship with the 

client (farmer), known as the VCPR (Veterinarian Client Patient Relationship). Most 

antibiotics administered through water required a prescription.  Farm operators wishing to 

mix antibiotics into livestock feed – the most common route of administration – were 

required to obtain a Veterinary Feed Directive (VFD). The use of antibiotics 

prophylactically (as preventative) is still permitted; however, the rule made the practice 

of using antibiotics for purposes of growth, “production”, and/or “feed efficiency” illegal.  

GFI #213 and Production Concerns 

For years, US meat-producers have opposed a ban on the use of antibiotics as 

growth promoters, arguing that meat production would decrease and the industry would 

suffer economic harm.  Multiple lines of evidence suggest that this may not be the case.  

Denmark was one of the first EU countries to limit such antibiotic use in the 1990s 

followed by a complete ban on antibiotics as growth promoters in 2000.  Since the ban, 

poultry production has increased slightly while pork production has significantly 

increased (Aarestrup, 2012) (Figure 1); these production changes corresponded with 

reductions of antibiotic use by 90% and 51%, in poultry and pork husbandry respectively 

(Cogliani, Goossens, & Greko, 2011). 
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Figure 1. Denmark pig production post antibiotic restrictions, 1994 – 2011 (Aarestrup, 

2012). 

 

 

 

The swine industry accounted for 37% of the MIA (medically important 

antibiotics) consumed by US livestock in 2016 (Center for Veterinary Medicine, 2016); 

however, the effects of antibiotics on pork productivity may be minimal. Although 

antibiotics were reported to increase pork production by 12- 18% prior to 1986, recent 

studies report a modest 1 – 1.3% increase in production (Key & McBride, 2014).  The 

National Pork Board (2017) has recommended practices such as increasing vaccination 

rates, attention to healthy pig environments, and using feed additives to decrease the need 

for antibiotics in hog and pig production. 

Much variation exists in animal husbandry practices between meat-producing 

sectors.  The cattle industry was responsible for 43% of the MIAs consumed by US 

livestock in 2016 compared to 6% for the chicken industry (Center for Veterinary 

Medicine, 2016).  In contrast to the beef industry, the poultry industry has responded to 

consumer demand to offer more NAE or “No Antibiotics Ever” product lines.  Poultry 
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sold as NAE increased from 4% in 2013 to 12% in 2015 to over 50% in 2018 (Poultry 

Health Today, 2019).   

Research on Farm Operator Perspectives on Veterinary Feed Directives 

A few studies exist that examine the preliminary ground-level impact of the VFD 

(Veterinary Feed Directive) on livestock operations.  Rademacher, Pudenz, and Schultz 

(2019) followed up a pre-enactment survey to swine veterinarians during the first year of 

VFD implementation. They found that because of the VFD, veterinarians were having 

more conversations with their swine producer clients regarding the judicious use of 

antibiotics.  The most commonly reported changes in operation management practices 

included increased vaccinations (81%), increased nutritional feed additives or 

supplements (57%), and modified biosecurity (49%).  The veterinarians also reported the 

perception that antibiotic use by their clients had substantially decreased.  FDA Summary 

Reports published since confirm their perceptions. 

Ekakoro, Caldwell, Strand, and Okafor (2019) investigated the impact of the VFD 

on Tennessee cattle producers during its first year of implementation.  Consistent with the 

swine practitioners, the cattle producers reported increased use of vaccines and nutritional 

feed supplements, as well as good management practices as alternatives to feed 

antibiotics.  Additionally, Ekakoro et al. (2019) reported that use of antibiotics in general 

varied by type of cattle operation and was influenced by market pressures.  Regarding 

negative impacts of the VFD, the beef producers reported an increase in the occurrence of 

disease and cattle mortality as a result of the new restrictions on fed antibiotics.   
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Complex Interactions: Antibiotics, Bacteria, Livestock, Humans, and Ecosystems 

Foodborne illnesses originating from meat are a subset of zoonotic infections, or 

diseases transmitted from animals to humans. Bacterial infections, many of which are 

foodborne and/or zoonotic, can be effectively treated with antibiotics if the pathogenic 

(disease causing) bacteria have not acquired resistance to the antibiotic being used for 

treatment.  In 2017 alone, the CDC reported over 9,000 cases of Campylobacter, a 

bacterial infection and the most common food-borne infection from meat, a 10% increase 

from the previous three years (Marder et al., 2018).  In addition to Campylobacter, other 

food-borne diseases from meat-producing animals include Salmonellosis, Shigella, and 

E.coli, all bacterial infections (Marder et al., 2018).  These infections are easily treated as 

long as they remain susceptible to one or more antibiotics.  

Two main routes exist by which large consumption of antibiotics in livestock can 

result in an increase of resistant bacterial infections in humans: 1) direct transmission of 

the disease-causing bacteria, and 2) non-metabolized antibiotics creating selection 

pressure for resistant bacteria in ecosystems shared by bacteria, animals, and humans. 

Each is described in more detail below. 

As with any population of living organisms, bacteria are subject to natural 

selection, i.e. their surroundings determine which variants are more likely to survive and 

reproduce. Extensive use of antibiotics in livestock selects for resistant bacteria within 

the livestock animals themselves and in their immediate environment.  The resistant 

bacteria can then be transferred from livestock to humans.  Known routes of transference 

include: 

 Direct human contact with livestock (CDC, 2020; EFSA & ECDC, 2018) 
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 Transfer of resistant bacteria through the environment, for example, via wind, 

dust; contaminated fruit (Gibbs, 2006; Marshall & Levy, 2011; CDC, 2020). 

 Transfer of resistant bacteria to humans during the handling of raw 

(uncooked) meat products containing resistant bacteria (CDC, 2020; EFSA & 

ECDC, 2018)    

  Extensive use of antibiotics in livestock production also results in antibiotic 

accumulation in the natural environment, which in turn selects for resistance in soil and 

water bacteria.  Typically, only 10% of an antibiotic administered to animals is fully 

metabolized; up to 90% of the active chemical is excreted into the animal’s environment 

through urine and manure (Marshall & Levy, 2011).  In addition to this ‘antibiotic 

pollution’ accumulating in the grounds housing the animals, manure is often spread on 

crop fields as fertilizer.  Thus, antibiotics accumulate in fields, soils, groundwater, and 

streams - all which harbor bacteria and thus can potentially become breeding grounds for 

resistant bacterial populations (Kraemer, Ramachandran, & Perron, 2019). 

Agriculture is clearly not the sole source of antibiotic pollution.  Studies have 

identified hospitals, waste-water treatment facilities, and antibiotic manufacturing plants 

as significant sources of active antibiotic release into the environment. (Kraemer, 

Ramachandran, & Perron, 2019). 

In recognition of the inter-relatedness of this issue, the WHO, CDC, as well as 

many other global organizations have officially recommended a “One Health” approach 

which acknowledges and studies the interconnectedness of the health of humans, animals, 

and ecosystems (One Health Global, 2015). This approach is inherently multidisciplinary 

and seeks input from all stakeholders. 
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Exploring the Problem of Antibiotic Resistance 

Understanding specific details and the magnitude of the relationship between the 

use of antibiotics in livestock, and the increasing frequency of resistant infections in both 

livestock and humans, is difficult due to the myriad inter-relationships and complexity of 

details.  Some complexities which hinder a simple analysis include: 

 Over forty antibiotics have been approved for use in livestock animals 

 Different species and serotypes of bacteria have varying degrees of 

susceptibility to different antibiotics (Slonczewski. & Foster, 2017). 

 Different species of bacteria evolve resistance to various antibiotics at 

different rates.  (Slonczewski. & Foster, 2017). 

 Co-selection, that is, exposure to one antibiotic may cause resistance to a 

second if the corresponding genes for resistance share a bacterial plasmid 

(small loop of DNA) (Marshall & Levy, 2011; ReAct, 2019). 

 Horizontal gene transfer:  Resistant bacteria (whether pathogenic or harmless) 

can confer resistance to a susceptible species by transferring plasmids 

containing resistance genes. (Slonczewski. & Foster, 2017). 

The greatest obstacle in designing a well-controlled experiment is, of course, the 

ethical considerations of exposing humans to serious zoonotic diseases, especially ones 

potentially resistant to antibiotics.  Thus, epidemiologists have turned to analyzing so-

called “natural experiments” or observational studies, which take advantage of naturally 

existing variations in a predictor variable of interest in order to note correlations with a 

desired response variable.  Variations in the consumption levels of antibiotics by 
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livestock in different EU member states (countries) provide a perfect illustration of this 

methodology. 

Although the European Union (EU) has banned the non-therapeutic use of 

antibiotics in livestock for over a decade, antibiotic use in still permitted for preventative 

measures in many countries. Thus, much variation exists among member states with 

respect to antibiotic consumption (ABC) by livestock.  For instance, a cursory look at EU 

data shows the following: Germany produces more than twice the quantity of meat as 

Italy; however, the latter country purchases over three times the quantity of antibiotics as 

the former (322 vs 97.9), measured as mg antibiotics per PCU (Population Corrective 

Unit) (EMA, 2017).  Thus, it may not be surprising that Germany reports a higher 

frequency of susceptible Salmonella in broiler flocks (Figure 2) whereas Italy has higher 

rates of resistant isolates (Figure 3) (EFSA and ECDC, 2018). 

 

 
Figure 2. Geographic distribution of complete antibiotic susceptibility of Salmonella 

from broiler flocks (EFSA & ECDC, 2018).   
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Figure 3. Geographic distribution of combined antibiotic resistance in Salmonella from 

broiler flocks (EFSA & ECDC, 2018).  

 

 

  
  Such data could potentially inform Ohio livestock operators and US policy 

makers when setting targets for ABC in agriculture. 

Joint Interagency Antimicrobial Consumption and Resistance Analysis (JIACRA) 

A systematic analysis of the interrelationships between animal and human ABC 

and ABR began only in the past decade. In 2011, the European Commission requested 

the European equivalents of the American AMA, CDC, and FDA to work together to 

analyze the growing threat of antibiotic resistance. Thus in 2015, the European Center for 

Disease Prevention and Control (ECDC), the European Food Safety Authority (EFSA), 

and the European Medicines Agency (EMA) published their first Joint Interagency 

Antimicrobial Consumption and Resistance Analysis (JIACRA) report.  The second 
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JIACRA report, published in 2017, built upon and expanded knowledge base provided by 

the first. 

The goals of both the first and second JIACRA reports were to “provide an 

integrated analysis of relationships between the consumption of antimicrobial agents in 

human and veterinary medicine and the occurrence of antimicrobial resistance (AMR) in 

bacteria from humans and food-producing animals” (ECDC, EFSA, & EMA, 2017, p.10). 

The second JIACRA study, which will be referred to as JIACRA II for convenience, 

benefited from improved surveillance in monitoring antibiotic resistance as well as a 

greater number of participating member states (countries). These reports used the terms 

“antimicrobial consumption” (AMC) and “antimicrobial resistance” (AMR) in place of 

their respective synonyms, antibiotic consumption (ABC) and antibiotic resistance 

(ABR). 

 

Methodology of the study.  The goal of JIACRA II was to investigate and analyze the 

potential relationships between AMC and AMR (in both food animals and humans), at 

both the member state and European level 

As opposed to the first JIACRA study, JIACRA II was the first European study to 

estimate AMC on the food-animal species level (swine and poultry), allowing for more 

extensive modelling. (Figure 4). The relationship between ABC in cattle and ABR in 

humans was not extensively analyzed, however, and thus represents an area for further 

research. 
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Figure 4. Initial model considered in the JIACRA II study on the relationships between 

antimicrobial resistance in bacteria (AMR) from humans and animals with antimicrobial 

consumption (AMC) by animals and/or humans (ECDC, EFSA, and EMA, 2017). 

 

 

Limitations of second JIACRA report.  Because these were not controlled experiments, 

the study encountered limitations typical in a natural experiment.  For example, the data 

analyzed were not specifically collected for analysis by JIACRA.  Also, the researchers 

had no control over the: 

 amount or type of antibiotic administered to specific livestock 

 the exposure of humans to livestock, and thus to zoonotic infections 

 routes of transmission of zoonotic infections to humans, or routes of antibiotics 

into shared livestock/human environments 

 consumption of antibiotics by humans 

Additionally, the study noted wide variances in the amount of antibiotics consumed 

by both animals and humans in the 28 EU member states. 
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Key findings of study. Despite these limitations, some statistically significant associations 

(p < 0.05) were found between the consumption of certain medically important 

antibiotics (MIAs) and resistance to these MIAs by various zoonotic bacteria isolated 

from food-animals, humans, or both (Table 1).  These included correlations between: 

 consumption of fluoroquinolones by animals and humans and resistance to 

fluoroquinolones by Escherichia coli in both animals and humans (univariate 

analysis, i.e., logistic regression) 

 consumption of tetracyclines and polymyxins by animals and resistance to these 

MIA by E.coli in animals (univariate analysis) 

 consumption of macrolides in animals was significantly associated with macrolide 

resistance in Campylobacter coli in both animals and humans (multivariate 

analysis, i.e., Partial Least Squares Path Modeling) 

 

Table 1. Statistically significant (p < 0.05) associations between antibiotic consumption 

and antibiotic resistance reported in the second JIACRA report (2017). 

Antibiotic 

Consumption  

(Organism) 

Antibiotic Class Bacterial Organism Location of 

resistant 

isolate 

Type of 

Analysis 

A fluoroquinolones E. coli A Univariate 

H fluoroquinolones E. coli H “ 

H cephalosporins E. coli H “ 

A tetracycline E. coli A “ 

A polymyxins E. coli A “ 

H carbapenems K. pneumoniae H “ 

H polymyxins K. pneumoniae H “ 

A Macrolides Campylobacter coli A, H “ 

A fluoroquinolones Salmonella spp. H Multivariate 

A fluoroquinolones Campylobacter spp. H “ 

A Tetracycline Campylobacter A, H “ 

Key: A = Food producing animal; H = Human (Source: author) 
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 consumption of fluoroquinolones by animals to resistance to fluoroquinolones by 

Salmonella ssp. and Campylobacter ssp. in humans (multivariate analysis) 

Analysis of Natural Experiments by the World Health Organization 

In 2018 the WHO published the results of its own meta-analysis analyzing 

hundreds of studies (Aidara-Kane et al., 2018).  Although far-reaching in scope, the 

WHO meta-analysis shared the limitations previously described for the JIACRA reports. 

An additional limitation was the “snapshot” nature of both of these reports. The 

studies were only able to analyze correlations between consumption of pairs of specific 

antibiotics and corresponding resistance in common infections in a 1-3 year window of 

time.  According to evolutionary theory, however, different species, populations, or 

serotypes of bacteria (i.e., different human disease organisms) will adapt (evolve 

resistance) to different antibiotics at different rates. 

Even with such limitations, however, the WHO meta-analysis revealed 

statistically significant correlations between several ABC-ABR pairings, i.e., a 

correlation between the consumption of a particular antibiotic and the corresponding 

resistance to that antibiotic in zoonotic bacteria isolated from animals, humans, or both.  

Not all the pairings demonstrated a significant correlation.  This is not surprising, given 

the “snapshot” nature of the data. 

US Response to the Issue of Antibiotic Resistance: NARMS 

In response to growing concerns about rising levels antibiotic resistance, the US. 

established NARMS (National Antimicrobial Resistance Monitoring System) in 1996 

(FDA, 2018).  The NARMS network is a collaboration among the FDA, CDC, USDA, 
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and state departments of health; the network tracks the incidence of ABR found in 

foodborne bacteria.  NARMS publishes annual reports integrating data compiled by the 

CDC (incidence of resistant bacteria isolated from ill humans), by the FDA (resistant 

isolates from retail meat), and the USDA (resistant bacteria isolated from farm animals at 

time of slaughter).  Thus, the resistance data compiled by NARMS can complement 

existing JIACRA studies (Table 2).  

Table 2. Comparison of bacteria species monitored in JIACRA II and NARMS. 

JIACRA II NARMS  

(Humans) 

NARMS  

(Food-producing animals) 

Campylobacter ssp. Campylobacter ssp. Campylobacter ssp. 

E. coli E. coli E. coli 

Klebsiella ssp. X X 

Salmonella ssp. Salmonella ssp. Salmonella ssp. 

X Shigella Enterococcus 

X Vibrio X 

(Source: author) 

 

 

 

An interactive on-line tool allows researchers to easily observe trends in 

resistance since the inception of NARMS monitoring (Figure 5). Note that the confidence 

interval decreases as NARMS sample sizes increase over time. 
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Figure 5. Occurrence of resistance to erythromycin by Campylobacter isolated from 

human patients (1997-2015). (Source: NARMS, 2018). 

 

 

 

To summarize, both the WHO and JIACRA II reports cite the need for further 

research to better understand the relationships between ABC and ABR. As stated by 

WHO (Aidara-Kane, et al., 2017, p.5) summary report: 

 

Further research: With the recognition of the need to reduce the use of medically 

important antimicrobials in food-producing animals, the GDG identified the 

following research areas which can be addressed to help facilitate reduced 

antimicrobial use: [1] identification of the most effective methods for 

implementing antimicrobial stewardship programs in food-producing animals, and 

better understanding of values and preferences of those affected by these 

programs … [3] effects of restriction of antimicrobial use for disease control and 

treatment in food-producing animals on antimicrobial resistance in bacteria 

isolated from animals and humans. 

 



 

21 

JIACRA II specifically recommended that its reported statistically significant 

associations serve as hypotheses for further research. Thus, the natural experiment 

occurring in the US due to the recent (1/1/2017) and nationally imposed FDA restrictions 

on antibiotic use in livestock production is well timed, and can serve to add to both our 

knowledge base and understanding of the issue of antibiotic resistance.   

Ohio as a Case Study   

Ohio is a major agricultural state with a diverse livestock sector, and serves as an 

interesting place to investigate the response of meat industries to GFI #213. According to 

the 2017 USDA Census, Ohio is home to over 25,000 farms that raise cattle, over 10,000 

farms who raise poultry, and roughly 3,500 farms that raise swine (Table 3).  Nationally, 

Ohio ranks 8th in pig production, 25th for cattle production and trails only Iowa and 

Indiana in egg production (USDA, 2019).  Ohio’s 88 counties host over 77,000 farms 

having an average size of 1179 acres (USDA, 2019). 

Swine and poultry production in Ohio are highly integrated, meaning that the 

majority of the animals are owned by an “integrator,” a company that contracts farmers to 

raise or “grow” the livestock animals in accordance with strictly proscribed measures.  

The integrators supply the animals, feed, supplements, veterinarian support, and 

instructions to the farmers.  In contrast, the Ohio beef and dairy farms tend to be 

individually operated and thus are more diverse in their management practices.  With its 

diverse livestock portfolio and scales of operation, Ohio provides an excellent 

opportunity to explore stakeholder perspectives of the VFD and its impact on a local 

level. 
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Table 3. Ohio farm demographics.   

Farm Type 

Primary 

Source of 

Income 

Percent 

of farms 

Production of 

Different 

Commodities 

Farms with 

Inventory 

Percent 

of farms 

      
Total farms  77,805   77,805  

      
Crop farms 47,633 61.2%    
Livestock farms 30,172 38.8%    

      

Combined cattle farms 15,844 20.4% 
Cattle & 

Calves  25,224 32.4% 

Beef-ranching/farming 12,978 16.7% Beef cows 17,733 22.8% 

Cattle feedlots 695 0.9%    
Dairy cattle/milk 

production 2,171 2.8% Milk cows 3,346 4.3% 

      
Hog and pig farming 1,309 1.7% Hogs and pigs 3,484 4.5% 

Poultry and egg 

production 1,704 2.2% Layers 10,274 13.2% 

   Broilers 1,408 1.8% 

Sheep and goat farming 3,123     
Aquaculture and other 

animal production 8,192     
            

(Source, 2017 Census of Agriculture). 

 

Research Questions, Hypotheses and Specific Aims 

In keeping with the “One Health” approach, my research sought multiple 

perspectives and had two foci.  First, I investigated the impacts of GFI #213 on Ohio 

livestock operations, representing economic and stakeholder perspectives.  Second, I used 

national data to investigate the possible impacts of reduced antibiotic consumption by 

livestock on the occurrence of antibiotic resistance in common zoonotic bacteria, thus 

representing a health perspective. 

My research questions on the local/state level were: 
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1. How has the implementation of the GFI #213/VFD impacted Ohio livestock 

operations and the associated stakeholders (livestock farm operators, 

integrators, and veterinarians), in terms of operator outlook, management 

practices, and meat production levels? 

My questions on the national level were: 

2. What were the observed impacts on national trends of the consumption of 

medically important antibiotics (MIA) by livestock? 

3. Were the anticipated decreases in antibiotic consumption (ABC) by livestock 

paralleled by statistically significant decreases in antibiotic resistance (ABR) 

in zoonotic bacteria isolated from livestock and/or infected humans? 

The hypotheses I examined related to these questions were: 

 Hypothesis 1 (null):  Ohio meat production post implementation of GFI #213 was 

consistent with ten-year production trends due to proactive and successful 

adaptation strategies on the part of the Ohio meat producing sectors. 

 Alternate Hypothesis 1a: Ohio meat production decreased significantly in 2017 

compared with ten-year production trends due to a) the elimination of the use of 

antibiotics as growth promoters, and/or b) less animal inventory due to decreased 

use of antibiotics for disease prevention. 

 Hypothesis 2: Consumption of tetracycline showed the greatest decrease across 

animal species after implementation of GFI #213. 

 Hypothesis 3: The anticipated reduction in tetracycline consumption by livestock 

(2016-2017) was accompanied by decreases in resistance to tetracycline by either 
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Salmonella, Campylobacter, (or both), isolated from slaughtered livestock 

animals and/or sick humans. 

Specific Aims 

In order to investigate these questions, I:  

1. Designed and conducted interviews with Ohio livestock producers, integrators, and 

veterinarians to assess difficulty with and/or strategies for compliance with GFI 

#213/VFD. 

2. Used publicly available USDA annual surveys to compile meat production data for 

each major Ohio livestock sector (beef, pork, chicken, turkey) for the past decade and 

inspected the resulting graphs for obvious deflection points post-GFI #213 

implementation. 

3. Compiled data on (medically important) antibiotic sales and distribution for food-

producing animals through the annual FDA Summary Reports.  

4. Compiled data on livestock inventories from USDA annual surveys and livestock 

import/export data from the ERS database to estimate food-animal biomass, thus 

allowing me to employ the ESVAC method to estimate intensity of antibiotic 

consumption across species. 

5. Compiled data reported by NARMS on the incidence of resistant zoonotic bacteria 

isolated from sick humans (from CDC) and slaughtered livestock (from USDA) for 

the years 2016 and 2017. 

6. Conducted chi-squared analysis to determine statistical significance of observed 

changes in resistance and interview results.
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Chapter II 

Methods 

In keeping with the “One Health” philosophy, my goal was to investigate the 

impact of the Veterinary Feed Directive (VFD) from multiple perspectives.  I chose to 

use a mixed methods approach that involved the collection of primary qualitative data 

(stakeholder interviews) as well as the analysis of publicly available secondary data.   

Part I: Investigating Local and State Level Impacts of the VFD 

 To assess the local and state level impacts of the VFD, I conducted interviews 

with Ohio livestock producers and veterinarians.  Additionally, I analyzed ten years of 

data on livestock production available from the annual USDA surveys.   

In Ohio, the production of poultry and swine is highly integrated.  In other words, 

a few companies control the management and production of most of the livestock. 

Because of biosecurity and industry privacy concerns, access to individual poultry and 

swine producers for research can be very difficult.  Ohio beef and dairy farms, however, 

operate much more independently. Therefore, I chose to interview primarily cattle farm 

operators.  To explore whether the experience of cattle farmers differed from hog and 

poultry producers, I interviewed representatives of the integrated swine and poultry 

sectors as well as a small number of independent poultry, pig, and buffalo producers. 
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Interviews 

My interviews were conducted in two phases.  In phase I, I joined a team of 

researchers from The Ohio State University (OSU) who were conducting their own 

antimicrobial resistance study, Assessing the Role of Cattle Production Systems and 

Landscape Characteristics in Antimicrobial Resistance Profiles using a Participatory 

Epidemiology Approach (Protocol #2018E0880, Garbed PI).  The goal of this study was 

to explore how diversity (patterns of land use and the structure of cattle operations) affect 

the likelihood of emergence of antimicrobial resistance.  The methods included sampling 

cattle and wildlife manure as well as semi-structured interviews with cattle producers, 

both beef and dairy, to capture farm characteristics and operator perspectives. 

The team agreed to incorporate additional questions about how producers were 

impacted by the VFD into their interview instrument (Ancillary Appendix 1).  We 

focused on three Ohio counties (Mercer, Wayne, and Muskingum) that represent different 

levels of landscape and farm diversity.  We interviewed 35 independent cattle operators 

from May 2019 – January 2020. 

Building upon the results of Phase I, I developed more extensive interview 

instruments in order to gain a deeper and more nuanced understanding of the ground-

level impact of the VFD.  In phase II, I interviewed additional cattle farm operators, nine 

large animal veterinarians, and a small number of representatives from integrating 

companies.  The exact number of the latter will not be reported due to confidentiality 

reasons, given the very small sampling pool.  The interview instruments for the Phase II 

interviews (IRB # 2019E0899) is located in Ancillary Appendices 2-4. 
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For the phase II interviews, I recruited participants primarily from counties in 

Western Ohio (Adams, Clark, Highland, Mercer, and Montgomery).  Recruitment was 

done by contacting local OSU extension educators and building upon connections made 

with the Ohio Cattlemen’s Association, the Ohio State Veterinarian office, and local 

producers. Additional participants were recruited by contacting farmers directly through 

their publicly available websites.  While this approach was not designed to achieve a true 

random sample, I attempted to minimize sampling bias by selecting participants who 

represented all farm sizes as classified by the USDA 2017 census, as well by soliciting 

both beef and dairy farm operators.  Across the two phases of the study, I received useful 

interview data from 54 cattle operations, including 39 beef and 15 dairy (Table 4), 

representing all USDA farm size classes (Figure 6). 

Table 4. Total cattle farm operators interviewed. 

 

 

The interviews were semi-structured and occurred at a time and in a place of the 

participant’s convenience, either in person or by phone. All interviews were recorded 

(with the participant’s permission), transcribed, and treated confidentially. Transcripts of 

the interviews were systematically analyzed and coded for emergent themes and patterns 

using established methods of qualitative data analysis (O'Connor & Gibson, 2003; 

Creswell, 2018).  I used descriptive statistics to analyze the quantitative (close-ended) 

Beef 

Interviews

Dairy 

Interviews

Total 

Interviews

OSU Team 23 12 35

Solo 16 3 19

Total 39 15 54
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questions.  Both the qualitative and quantitative results were compared and contrasted 

across farm types and stakeholder sectors. 

 

 

 

 
Figure 6.  Ohio cattle farms interviewed for this study. Percent surveyed as compared to 

percentage of OH farms by USDA size class and percentage of animals (number head). 

 

 

Ohio Livestock Production Data 

The National Agricultural Statistics Service (NASS) is the statistical branch of the 

USDA that is the most authoritative source of information about the characteristics and 

trends in U.S. agriculture.  NASS collects extensive data through annual surveys and a 

nationwide census of agriculture (administered every five years), and publishes statistics 

in reports and in an extensive searchable database. I extracted production data from this 

NASS database (Table 5). 
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Table 5. Data compiled from NASS database, from USDA annual surveys. 

Livestock 

Type 

 Types of Data  Geographic 

Regions 

Cattle  Livestock Inventory  Ohio 

Chicken  Production, (pounds)  US Total 

Turkey  Average live weight of animals at slaughter   

Swine     

 

 

For each animal species, I searched NASS for meat production data for years 

2009 – 2018.  I used these data to test the hypothesis that the VFD would decrease 

production in the livestock sector. Ohio ten-year trend lines were graphed with the 

corresponding national data for context.  I examined the trend lines for obvious deflection 

points coinciding with the implementation of GFI #213 to determine if additional 

statistical analysis was warranted.   

To further test the hypothesis that the loss of antibiotics as growth promoters 

resulted in the production of more slaughtered animals which weighed less, I compared 

the average live weight at time of slaughter across animal species, examining the last five 

years of survey data. 

Part II: Examining National Level Impact – Trends in Antibiotic Consumption (ABC) 

and Antibiotic Resistance (ABR) 

I used publicly available databases and reports (Table 6) to analyze national level 

trends. FDA summary reports provided information regarding antibiotic distribution for 

livestock in the US.  To calculate normalized antibiotic consumption (ABC) in terms of 

animal biomass, I employed the European Surveillance of Veterinary Antimicrobial 

Consumption (ESVAC) methodology described in the Appendix 2 of the EMA (2011) 
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report.  I found import/export data on the ERS website (https://www.ers.usda.gov/data-

products/livestock-and-meat-international-trade-data/) and utilized the NASS “Quick 

Search” tool (https://quickstats.nass.usda.gov/) to obtain numbers of slaughtered animals 

and livestock.  For resistance data, I utilized the integrated “NARMS Now” website 

(https://www.fda.gov/animal-veterinary/national-antimicrobial-resistance-monitoring-

system/narms-now-integrated-data) which integrates and compiles CDC and FDA data. 

Table 6. Databases and reports on trends of national antibiotic use. 

Acronym Full name Information acquired 

NASS National Agricultural Statistic 

Service 

Numbers of  slaughtered and livestock 

animals 

ERS USDA Economic Research 

Service 

Numbers of livestock animals 

imported/exported 

NARMS 

- FDA 

National Antibiotic Resistance 

Monitoring System - FDA 

Numbers and percentages of resistant 

bacterial isolates from slaughtered 

animals and retail meats 

NARMS 

- CDC 

National Antibiotic Resistance 

Monitoring System - CDC 

Numbers and percentages of resistant 

bacterial isolates from ill humans 

  

FDA, (2009-2019). Annual Summary Reports 

on Antimicrobials Sold or Distributed for Use 

in Food-Producing Animals. 

Kilograms of antibiotics (reported as 

sales, kg of active ingredient) 

consumed by livestock 

EMA, (2011). Trends in the sales of 

veterinary antimicrobial agents in nine 

European countries. 

Methodology for calculating PCU 

(Population correction unit) for each 

animal species (Appendix 2) 

Ten-Year Trends in the Consumption of MIA by Livestock 

To examine the overall pre/post GFI #213 trends in antibiotic consumption (ABC) 

by livestock, I referenced the annual FDA summary reports to graph and analyze ten-year 

consumption data of medically important antibiotics (MIA). While the FDA does not 

directly compile data on ABC, it collects and reports the national sales of antibiotics “for 

use in food-producing animals,” as measured in kg of active ingredient.  Sales data 
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pertaining to antibiotics intended for use in animals is a globally employed proxy for 

antibiotic consumption, as exemplified in the JIACRA II study.  This assumes that 

purchased antibiotics are consumed by the animal.  If the antibiotic is unused 

(unconsumed), then an unnecessary and undesirable expense results for the livestock 

producer.  I also examined other relevant data reported, such as class of MIA most 

extensively used, stated indication (i.e. purpose) of antibiotic use (therapeutic and/or 

growth), as well as typical route of administration. 

Three-Year ABC Trends 

Beginning in 2016, the last year prior to full implementation of GFI #213, the 

FDA reported the sales of antibiotics not only by class of antibiotic but also by animal 

species.  Thus, I was able to use post-2015 reports to analyze total as well as specific 

ABC by species, as reported in kilograms.  Although cattle are the largest livestock 

consumers of antibiotics in the US, they also have much more biomass per animal than 

the other food-producing animals.  In order to normalize ABC in terms of use per animal 

biomass, I used the method developed by the European Surveillance of Veterinary 

Antimicrobial Consumption (ESVAC) as part of the EMA (2010) report.  The ESVAC 

method involves calculating a population correction unit (PCU) for each animal species. 

The PCU incorporates standardized estimates of “average weights at treatment” (AW) for 

livestock and slaughter animals, and is purely a technical unit of measurement; 1 PCU = 

1 kg.  I chose this method because it has been widely used in both the EU and globally 

for over a decade to track temporal trends in ABC.  The spreadsheet of my calculations, 

including the ESVAC estimated ‘AW at treatment’ can be found in Ancillary Appendix 

5. 
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Antibiotic Resistance (ABR) Data Compilation and Analysis 

I compiled publicly available NARMS data on resistance to tetracycline by 

Campylobacter and Salmonella bacteria isolated from all four species of food-producing 

animals (cattle, chickens, swine, and turkeys).  I chose tetracyclines from the eleven 

classes of MIA approved for agricultural use because they have been the most widely 

used antibiotics in livestock production for at least a decade.  Additionally, they are 

classified by WHO as “highly important” for human medicine (WHO, 2018).  I chose 

Campylobacter and Salmonella from the four genera of bacteria monitored by NARMS 

because they are responsible for the most of the food-borne illnesses in the US.  The 

sources of the isolates tested by NARMS are found in Table 7.  NARMS does not sample 

all sources for each species of bacteria. 

Table 7.  Source of bacteria isolates from slaughtered animal and retail meat. 

Food Animal Species Source of Bacteria Isolates 

Cattle Retail ground beef, HACCP, cecal (beef), cecal (dairy),  

Chicken Retail chicken, HACCP, cecal 

Swine Retail pork chops, cecal (Market swine), cecal (sows) 

Turkey Retail ground turkey, HACCP, cecal 

(Source: FDA (2019) NARMS-Now) 

 

 

At the time of this study, complete data pairings of ABCa (animals)-ABRa 

(bacteria isolated from corresponding animals) were only available for years 2016-17, 

coinciding to the years immediately prior and post implementation of GFI #213. I 

graphed the data to investigate whether any corresponding ABCa-ABRa parallels were 

visually apparent.  For instance, if consumption of tetracycline decreased as predicted, 

did resistance to tetracycline also decrease?  To determine whether any changes in the 
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observed incidence of antibiotic resistance from 2016-17 were significant, I performed 

Chi-squared analyses.  

In the course of my investigation, I found it necessary to explore additional ABC-

ABR pairings to test emergent hypotheses.  A summary of the scope of my research is 

presented in Table 8. 

Table 8. Overview of scope. ABC-ABR data compiled for years 2016-2017. 

ABC 

Antibiotic 

ABR 

Bacteria  

Isolated from 

Tetracycline Salmonella (all species) Cattle, Chicken, Swine, Turkey 

Tetracycline Campylobacter (C. coli & C. jejuni) Cattle, Chicken, Swine, Turkey 

Penicillin Salmonella Turkey 

Ampicillin Salmonella Chicken 

chloramphenicol Salmonella Chicken 

Trimethoprim- 

sulfamethoxazole 

Salmonella Chicken 

 Tetracycline Resistance only:  

N/A Salmonella Ill Humans 

 Campylobacter  
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Chapter III 

Results 

Part I: Local and State Level Impacts of the VFD 

I compiled both qualitative (interviews) and quantitative (interview and 

production) data to determine the local and state level impacts of the VFD. 

Interview Results 

One of the most important, and somewhat surprising, finding of the interviews 

was that Ohio livestock producers and veterinarians reported very little difficulty in 

complying with the Veterinary Feed Directive (VFD). Although much concern was 

initially expressed in public forums across stakeholder sectors (farmers, integrators, and 

veterinarians), the great majority of interviewees reported that, after initial adjustments, 

compliance was fairly straightforward and without major adverse impact on farm 

production or profitability. 

In fact, over 90% of all livestock producers reported either “no change” in 

operation practices or that compliance was “not difficult” or even “easy.”  Less than 5% 

reported significant (though still minor) challenges and none reported major difficulty in 

complying with the VFD.  Despite this general trend, interesting variations existed among 

the stakeholder groups. 

 



 

35 

Impact of the VFD on Ohio Cattle Producers 

The overarching theme of minimal impact was observed in the responses to the 

closed ended interview questions.  For most questions 90% of the responses were either 

“no change,” “decreased a little” or “increased a little” (Table 9).  The exceptions were in 

response to questions regarding the use of fed antibiotics, interactions with veterinarians, 

and increased amount of paperwork. 

Table 9. Changes due to VFD reported by interviewed Ohio cattle operations.  

 
Mean score refers to responses to 1-5 Likert Scale in which 1 = Decrease a lot, 2 = 

Decrease a little, 3 = No Change, 4= Increase a little, 5 = Increase a lot.  Not all questions 

were answered by all participants. 

 

 

 

Further analysis revealed that the reported effects of the VFD on Ohio cattle 

operations varied according to three key farm characteristics: 

1. Whether or not the farm operator had used fed antibiotics prior to the 

implementation of the feed direction (prior to 2017) 

2. Type of operation (dairy versus beef/other) 

3. Size of operation (by herd size) 

 

Type of Change

Mean 

score N

Decrease 

a lot

Decrease 

a little
No change

Increase a 

little

Increase 

a lot

Amount of fed antibiotics used 2.5 19 11% 32% 58% 0% 0%

Total use of antibiotics 2.9 48 4% 10% 73% 13% 0%

Use of nutritional supplements 3.1 47 2% 0% 87% 4% 6%

Use of vaccines 3.1 42 0% 0% 93% 5% 2%

Number of interactions with veterinarian 3.6 20 0% 0% 55% 30% 15%

Health of Livestock 3.0 48 2% 4% 90% 4% 0%

Profitability of farm enterprise 2.9 49 2% 12% 82% 2% 2%

Amount of paperwork 3.8 16 0% 0% 31% 56% 13%
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Prior administration of antibiotics through animal feed.  Roughly 40% (22 out of 54) of 

the cattle operations interviewed had not been using fed antibiotics prior to the VFD. 

Unsurprisingly, this group reported being unaffected by the VFD. Only one of these farm 

operators reported any changes in their herd health management practices or any other 

parameter surveyed.  The single exception was one dairy operator who reported a small 

increase (for unreported reasons) in his total use of antibiotics.  Of the roughly 60% (32 

out of 54) cattle operators who had previously used fed antibiotics (at least occasionally) 

in the past, their reported impact varied by type of farm (beef or dairy) and size of 

operation. 

 

Dairy operations.  The affected dairies, that is dairies who reported pre-GFI #213 use of 

fed antibiotics (11 of 15 interviewed), reported having little trouble complying with the 

VFD. This was largely because dairies generally avoid use of antibiotics with their 

milking cows because milk must be discarded during a “withhold” period after a cow 

receives antibiotics.  Dairy operators reported that use of fed antibiotics occurred mainly 

with groups of calves and heifers. Additionally, dairy farmers interact more frequently 

with their veterinarians as part of regular herd health checks, so obtaining a feed 

directive, when needed, was relatively easy (typically reported as merely an extra step, 

not something onerous).   

The most commonly reported impacts of the VFD on dairy operations reflected a 

significant decrease in the use of fed antibiotics for calves, more paperwork, and a slight 

increase in interactions with their veterinarians (Figure 6). 
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Figure 7. Mean score on questions regarding how VFD affected various aspects of farm 

management and performance on Ohio dairy and beef operations.  Responses to 1-5 

Likert Scale in which 1 = Decrease a lot, 2 = Decrease a little, 3 = No Change,  

4= Increase a little, 5 = Increase a lot.  Horizontal line represents no reported change. 

 

 

Interviewee comments provided greater nuance to the compiled quantitative data. 

In response to “How did the VFD change your dairy operation?”, operators consistently 

reported that feeding Aureomycin (tetracycline) “crumbles” to calves was less 

convenient, therefore operations tended to reduce the practice. To compensate, some 

shifted to treating sick calves with electrolytes or individually with injectable antibiotics.  

Some representative quotes were: 

There's nothing to the milking cows; and the calf side, I would say we use less 

strictly because of the hassle. 

 

It did have some effect because up until that point we had used Aureomycin, yes, 

in the calves. … as the weather started getting spotty, temperatures up and down, 

you throw it in there, in the feed. 

 

We were giving quite a bit of antibiotics for scours. We pretty much stopped that

 and we're doing more of a electrolytes treatments and that kind of thing. They 
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seem to respond pretty well.  

 

The only thing it really affected us was Aureomycin and you know, we were 

liberal with Aureomycin when we moved calves. 

 

The calves, I would say, I probably do use more injectable. 

 

Probably it's the change in management, would be the biggest thing, I would say. 

Because like I said, calves, we used to just throw them on  … but it's just one of 

those things it was easier just to buy two, three bags of it and have it sitting up in 

a dry spot. We could sprinkle a little bit on every time we want to move calves. I  

can’t say that our calves are suffering from it, because if we need it, we get it. 

 

 They also commented on the need for more frequent interactions with their 

 

veterinarian: 

 

(Now we…) always have to go through approval with the vet first.   

 

At least the vets have been pretty good to work with as far as their quickness of  

getting it done when we need it done, so that's nice. But yeah, I mean, it's just 

kind of a pain for everyone involved. 

 

You gotta get a VFD from the vet if you want to use an antibiotic in the feed. 

Other than that, it's not too horrible. 

 

Call the vet. She emails it to the feed guy. Figure it up. It's that easy. 

 

 

 The biggest challenges reported included increased demands on time and  

 

management: 

 

Probably the biggest challenges is it created a different set of hoops to go  

through to be able to get the antibiotic that we've used to put in the feed. 

 

It's just not near as convenient as what it was before. 

 

 Just to remember to get the VFD we need when it was up and make sure we had 

everything in line.  

 

Just have to remember to call them and they're good. 

 

So a little more paperwork, a little more money to take care of it.  
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To summarize, all of the dairies reported little to no difficulty with compliance.  

Typical comments included “It hasn't been that hard,” “Very easy,” “Oh, it's been fine. 

It's a little more hassle”, “Actually, it's more of a nuisance than it is anything else.” 

 

Beef and/or replacement heifer operations. The non-dairy cattle operations interviewed 

were primarily cow/calf operations, though the sample also included some finishing 

operations (both grass-fed and feedlot), some backgrounders (pre-finishing), and a couple 

of replacement dairy heifer operators. All the cattle were ultimately being raised for beef 

with the exception of two replacement heifer operations associated with dairies.  For 

simplicity, I will refer to this entire group as “beef operations.”  

 The beef producers tended to be more diverse in terms of their philosophy of 

antibiotic use and management practices.  As opposed to the dairy interviews, in which 

over two-thirds of the operations regularly used fed antibiotics, the beef operations 

reported closer to an even split with 21 of 39 operators reporting at least some use of fed 

antibiotics prior to the feed directive and 18 of 39 reporting that they never use fed 

antibiotics. 

Of the latter group, their reasons were obviously different from dairy farm 

operators who need be cognizant of the “withhold” requirement.  Among the “no fed 

antibiotic” beef producers, some held deep convictions regarding the need to use 

antibiotics as sparingly as possible; often they employed aggressive preventative 

measures.  Others, usually medium to smaller operations (~ 100 heads or fewer), simply 

took a more “laissez-faire” approach to management in general, often not even 

vaccinating their cattle. Of the 18 “no fed antibiotic” beef producers, one-third (6/18) did 
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not vaccinate their cattle.  Of these six operations that did not vaccinate and did not plan 

to do so, all except one had fewer than 100 head of cattle. All of the “no vax” cattle 

operations were also “no fed antibiotic” operations. (Note: 100% of the interviewed 

dairies vaccinated their herds.)   

In response to “What is your philosophy or general approach to antibiotic use?” 

beef producers in the “no fed” group articulated a range of personal values that 

highlighted their preference for judicious or minimal antibiotic use: 

Less is best ... If nutrition is correct (and) stress level is limited… 

 

 I try to avoid it at all costs…I'm a physician … and I've seen within medicine 

what's happened to our antibiotic resistance. It's just dramatic. And so I was 100% 

in favor of restricting antibiotic usage. 

 

I think antibiotics are overused as do I think a lot of other medications (are). 

 It's mostly nonexistent... Never. Hardly ever…Because we don’t have a way to 

catch our cows, so hardly ever anything’s done.   

 

Don’t even enter my mind. I mean, it just, I mean, I don't know…but like I told 

you the other day, most of the time if an animal's bad enough that needs treated, 

either it's going to make it or it's going to die, and what you do doesn't seem to 

make a lot of difference. 

 

I’ve just let it (the disease) run its course cause it's too hard to get them in. 

 

 

 Of the twenty-one interviewed beef farmers who used fed antibiotics prior to GFI 

#213, many reported that it was “not difficult” to comply VFD, often citing they already 

had established a good relationship with their veterinarian.  Of those operations affected 

by the VFD, the most commonly reported changes included reduced use of fed antibiotics 

(crumbles) for calves, changes in management practices, increased interactions with vets, 

and increased paperwork (Figure 3).  Overall, beef producers were more likely than dairy 

to report that they increased their interactions with veterinarians (Figure 3).  
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Before the VFD, antibiotic “crumbles” were readily available over the counter 

and were routinely mixed into livestock food by feed mills. In response to the question 

“How did the VFD change your operation?” the following comments illustrate the 

reduced use of fed antibiotics,” and/or or a resulting change in management practices: 

 … now I would say that we'd probably do that less (use fed antibiotics with 

calves) and we probably get in individual calves, and give them a shot of 

antibiotic rather than feeding the whole group. 

 

For years and years and years, if I needed a pallet full of Aureomycin, I just took 

it home,  

 

Yeah, I really liked that product, those crumbles... and that was real effective, 

especially with calves, or calves coming in. But now it's pretty much impossible  

to get it. And even to have the vet do it, they don't hardly want to do it. And then 

they have to do all this paperwork and it can take a couple days, and by then we're 

near behind. 

 

Probably the biggest thing that we had to do, and it wasn't a big deal, was that we 

had to be proactive about getting it. 

 

Now we've combated that, and we've implemented a different vaccination 

program, so now we're trending (economically), working better than they were 

before, but we're getting it in a different way. 

 

 

 

Size of operation.  The interviews included farms across a wide range of herd sizes (from 

a handful of cattle to herds of more than 1000).  There did appear to be some relationship 

between herd size and the likelihood of being impacted by the VFD as well as how the 

operation was impacted.  In general, larger operations were more likely to have been 

using fed antibiotics while smaller operations had more difficulty continuing this 

practice.  In fact, the two interviewed small (1-99 head) operations that had previously 

used fed antibiotics reported that they had stopped due to the inconvenience or hassle of 

compliance with the VFD.  A surprising finding was that the two “extra-large” (> 1000 
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head) dairy operations reported using no fed antibiotics despite one operation having 

hundreds of calves. In contrast, one hundred percent of the large (500-1000 head) Ohio 

dairy operations surveyed reported using fed antibiotics, at least occasionally. 

In my solo interviews (phase II), I was able ask the interviewee’s perspective on 

which type of operation was most impacted by the feed directive.  Many responded that 

the larger operations would be, especially the feedlots, as they were more likely to be 

using fed antibiotics.  This perspective was supported by the data.  With the exception of 

the above mentioned “extra-large” dairies, the percentage of operators using fed 

antibiotics increased by class of herd size (Figure 8a-b). 

 

 

a b  

Figures 8a-b. Use of fed antibiotics by Ohio cattle operations, percent of class by herd 

size. a. Dairy (size of milking herd) b. Beef (total head). 

 

On the other hand, many of the larger farm operators shared their impressions that 

smaller operations would be more impacted, primarily due to their lack of routine access 

to a veterinarian. Typical comments included: 

I think the farmers that it hit were the guys that were small, smaller and don't 

 have the vet on the farm all the time. (medium, dairy operator) 
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Most of the cattle operations who got any amount of numbers, they follow ‘to the 

T’ …the Veterinary Directive.  The ones where you run into trouble is the guys 

that have maybe five or 10. They're not big enough to handle any larger amount, 

so they just have a real battle.  (large, beef operator) 

 

I think the thing with change is some of the smaller guys that just didn't take the 

time to think ahead, it would be a little bit of a learning curve for them. (large, 

beef operator) 

 

Now with 150 cows, I have no problem with that. But when the average  

size in the state of Ohio is between 17 and 18 cows, and you have to feed it within 

six months, and you can't sell it to a neighbor because you don't have a license… 

(medium, beef operator) 

 

It puts the small guy like me and anybody that can't have the vet on staff, 

 at a major disadvantage. (medium, beef) 

 

Just for the basis that a larger operation probably has vet that they deal with quite 

a bit, whether they're out there on a monthly basis or not. But the larger operation 

probably has more of an ability to get what they need quickly compared to what a 

smaller operation would. (small, cattle operator) 

 

 

These perspectives were supported by the interviews themselves as only smaller 

operations reported lack of access to a veterinarian to be an obstacle to compliance: 

The greatest challenge would be making sure we stay on top of the animal health 

requirements and to get ahold of our vet, and at least in our area, the vet that I’ve 

dealt with usually takes a better part of one or two days for him to get back to me. 

(small, beef)   

  

See right now, our biggest problem in agriculture is (lack of) large animal vets.   

Ohio State has done a pathetic job of kicking out large animal veterinarians to us.  

(small, dairy) 

 

 

Perhaps the impact of the VFD on Ohio cattle operations can best be summarized 

by the following operator comment: 

It's probably not that much of an issue for large or small, but they both have some 

times when it could be a challenge. 
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Impact of the VFD on Swine and Poultry Integrators 

 While the focus of my field interviews was on beef and dairy production, to 

explore whether swine and poultry producers experienced the VFD differently, I talked 

with a few small producers as well as representatives of large integrated firms in Ohio 

(who collectively represented hundreds of Ohio farms and a significant fraction of the 

state’s inventory).  As with the cattle producers, the integrator representatives reported no 

dramatic change in practices and no major adverse effects on livestock health and farm 

profitability. They did, however, report a large increase in the amount of required 

paperwork due to the sheer size of their operations. They also reported a significant 

decrease in the use of fed antibiotics, but typically reported that this trend had preceded 

the implementation of the VFD, whether due to anticipation of the directive or the 

company’s overall goals and philosophy. 

A common theme heard in these interviews was that the large integrating 

companies were proactive in dealing with the VFD; they knew the mandate was coming 

and started preparing in advance. Like the cattle operations, they cited effects such as 

management changes. When asked “How did your operation change in response to the 

VFD?” typical responses included: 

We'd done away with growth promotion long before the VFDs ever came out. I 

don't see a big change (in production). 

 

Well, no growth production, anymore…Basically I think it's made us all better 

managers. You really have to focus in on your ventilation.  … Like in our 

company I feel we've been on the top 10- 20% on management anyhow, we just 

focus more on it. I felt we were on the top end of it now but to begin with... So but 

for a lot of people it's made some changes but for us it didn't affect us as much… 

 

We haven't used any growth promotion for the last two or three years. We have 

had one of our packing associate friends where we harvest our product, harvest 
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our meat, has dictated we can't use any growth promotion and that started the ball 

rolling, but we have decided not to use any. 

 

 

All the integrators reported hiring new company veterinarians at least partially in 

response to the VFD.  They also developed new record-keeping strategies to meet its 

requirements. To illustrate: 

We hired a vet was probably the biggest thing. It probably takes a quarter of a 

person in the office to do the extra paperwork. 

 

It's no different. It's just now it's the paperwork but we had some types of 

paperwork because of being integrated and wanting information, so it's not any 

additional work or burdensome. Yeah, we were doing stuff anyhow just for 

internal records and controls and documentation of antibiotic use, so the VFD 

just, okay, you do a little different format today. 

 

And now we use GloalVetLINK, it's a software that's provided to do so that you 

have all the records and everything for the government. We didn't do that before 

but then there are certain ages of animals where we use antibiotics because they 

have certain diseases that express. 
 

 

Consistent with the independent cattle operators, they perceived that smaller 

operations initially had more difficulty with compliance due to less routine access to a 

veterinarian and fewer resources: 

I heard the biggest complaint from those (smaller operations) but I don’t hear it 

anymore.  I think it’s just every change is always difficult. 

 

Now I can see for people in the private world or small farms where they could just 

go buy it and do it, now they got to get a veterinarian. It could be a lot more 

burdensome. 

 

In terms of antibiotic use, they discussed how improvements in animal genetics 

have somewhat compensated for the loss of legal use of antibiotics for growth promotion: 

Probably four to five years ago we phased out growth promotion. ... Probably the 

biggest improvement is better genetics. 
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It's amazing here. Today (our animals have) almost 70-80% more weight but 

better feed conversion. So you talk about being friendly to the environment, you 

know? Genetics, management, & nutrition! 

 

Impact of the VFD on Veterinarians 

 I interviewed nine large animal veterinarians practicing in Ohio.  The percentage 

of their clients who raised food animals ranged from 10 – 100%.  They represented a 

wide range of experience in the profession, from newly graduated from veterinary school 

to over forty years in practice.  Their number of VCPR (veterinary client patient 

relationships) varied from one (if hired by an integrator) to hundreds. 

The veterinarians interviewed were overwhelming positive about the goal of the 

VFD as expressed in this representative comment: 

I was pretty positive about it. I thought it was necessary. I feel like there was too 

many antibiotics used without direction. Things were just dumped in without even  

having any knowledge of why or what for.  And even after it started, we found 

lots or those situations where people couldn't understand why they couldn't just  

dump a bag of antibiotics in their feed without some direction. 

 

 

Despite supporting the goal of the VFD, many were quite worried or concerned 

about its impact prior to implementation: 

Everybody was kind of freaking out about it when it came out. Nobody really 

knew what was going on. The listserv for AABP was rife with discussion for 

months; we just had so much hype that this was what we had to do, and we had to 

do this correctly, and USDA's going to be watching us, and on and on. And about 

how this is going to be a major change to the way we practice veterinary 

medicine, and it was not so. 

 

There was a lot of media or a lot of attention leading up to 2017 or whenever we 

started. 

 

So it hadn't been that big a deal. I mean …people were scared to death it was 

going to be. 

 

By contrast, one interviewee who was in vet school at the time reported: 
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So, I didn't have a negative impression coming out of school, just more of the 

expectation that this is part of your responsibility, and this is going to be part of 

your care. 

 

 Consistent with the other stakeholders, the veterinarians reported that despite the 

initial misgivings, compliance with the feed directive was not very difficult.  The 

reported areas of greatest impacts were consistent with the producer interviews (Table 9): 

increased number of VCPRs (Veterinary Client Patient Relationships), a decreased 

amount of fed antibiotics (AB), increased number of client interactions, and increased 

record keeping and paperwork (Figure 9). 

 

 
Figure 9.  Mean scores for veterinarian responses describing the impact of VFD.   

Likert scale responses (n=9) in which 1 = Decrease a lot, 2 = Decrease a little, 3 = No 

Change , 4= Increase a little, 5 = Increase a lot.  Horizontal line represents the response 

of “No Change” 
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to this question; the later participants emphatically stated that this value increased a lot, 

as they were not writing any feed directives prior to the VFD, due to the fact that fed 

antibiotics were freely available over the counter (OTC). 

The increase in client interactions was, in part, mandated by the requirement that 

feed directives can only be issued in the context of an established VCPR.  In other words, 

veterinarians were required to visit the farms and have some first-hand knowledge of the 

operations. Vets reported that this provided them the opportunity to discuss appropriate 

use of antibiotics with the producers as well as the importance of good management 

practices which reduce, and at times, even eliminate the need for antibiotics. Veterinarian 

responses for “What was your biggest challenge?  Or “What was the greatest impact of 

the VFD?” included: 

Explaining it to the client. 

It was just making sure that the message is shared with... in my case, it's the 

producer, the company that I work for.  

 

More just client interaction and getting them to understand that this wasn't an 

instantaneous process. We would have to come out and see the farm and do the 

paperwork, get it sent over. It's not like they can go and wait for us and we'll just 

give them whatever they want, there had to be a reason behind it. 

 

Oh yes. Yes. There was a significant amount of education about the process, 

about why we had to do it and that I was just not trying to make more money off 

of them. 

 

No, I think it just increases the consciousness of the farmer especially to 

(consider) … ‘do I really need this medication?’ Some of them have used it for so 

long that they like a feed additive for growth promotion or especially in the milk 

industry using antibiotics in the milk replacer was pretty standard. But, now it's 

not. I mean, they didn't really need it. 

 

Some of the guys that we go out to all the time call me, tell me what they're 

having issues with. We kind of discuss where we should go with that and deal 

with it. 
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It forces them to be more diligent in their use of antibiotics and the use of 

veterinarian more to see if they do need antibiotics,…They're going to create 

better health in their herds and the need for antibiotics is going to decrease. 

 

 

 Much of the interactions with producer clients centered on communicating a 

judicious approach to antibiotic use as well as changing producer mindsets that 

antibiotics should be the first course of action for disease control or prevention: 

If we're looking at calf respiratory disease, we tend to not use routine feed or 

water antibiotics, which is an interesting dynamic with some of the feed company 

representatives that want us to write a VFD ... because the weather's going to be 

bad next week. 

 

We have a major slant towards judicious use, which means that we have written 

protocols for the diseases of interest on our dairies. And we're in the process of 

updating them right now for our annual update. We are inclined towards 

injectable for individual animal treatment. 

 

I think that they do get overused. I don't tend to use them as a first line. I would 

rather prevent disease…I think they're definitely necessary to save animals and 

help them, but they should not be used to manage them. 

 

I think they should be used when necessary but not in the place of poor 

management. … I don't take it lightly. I'm serious about it and a lot of people, I 

won't give it to them. I'm like, ‘No, you don't need it in your situation.’  

 

And they should be used in an evidence-based fashion. And what I mean by that 

is, there are diseases such as mastitis where we can gain more information based 

on cultures to determine if antibiotics are even needed. 

 

Consistent with the other stakeholders, veterinarians reported increased record- 

keeping and paperwork as a major impact of the VFD on their practice.  They also 

reported VFD-related frustrations with some of their clients.  Sample responses were: 

And then as far as the paperwork goes, it's figuring out the stinking dosages on 

those things. They can't even make them consistent across the board. It was just 

irritating, trying to get that... Two years into it, we're still figuring it out. 

 

It's a lot of paperwork. It's kind of irritating to have to go through all these, 

especially when the farmers at the feed mill right now... because I haven't signed 
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it, but I haven't seen his cows in a year-and-a half. We get a lot of backlash for it, 

like it's our fault, and it's one of these ones that I would rather not have to deal 

with that part of it. 

 

Well, I think the paperwork is the biggest thing. 

 

So the plan didn't change, just the amount of paperwork getting done the same…. 

But it added a lot more hours, it added a lot more drive time, a lot more visits, a 

lot more hours, especially leading up to that December … 

 

…and it was a bit of a pain to write those things, but we have staff members that 

are very good on the GlobalVetLink program, and it doesn't really allow us to 

make a mistake. But we may not agree with what we end up writing sometimes. 

But it's not awful, and it was kind of touted that it was going to be. 

 

 

Two veterinarians reported surprising benefits to the hassle of paperwork: 

In a way that's bad (the hassle of the required paperwork), but in a way it's good 

because then I'll look for other alternatives rather than just putting that food 

medication in the feed. I'll look for some other alternatives. 

 

Some of these guys (farmers) are just irritated that they have to get all these 

VFDs, and so they want to use less of them. 

 

  

Despite these reported frustrations, a commonly heard theme from the 

veterinarians was that the VFD prodded them to become better and more responsible 

veterinarians: 

And so what the VFD has done is targeted that and made the veterinarian 

responsible and accountable, which is the way it should be. 

 

I think it's another tool to make us be more responsible. 

 

I think it's kind of accentuated the VCPR, it kind of gave credibility to the 

veterinary of record. Veterinarian oversight has become more defined and I think 

it's good for the industry, not just for me, but I think for the whole industry. 

I do think it gave us, …more accountability, as to where these medications go. 

 

I think more than anything, it allowed us to create a discussion on farms to 

determine why do we need it and what can we do to prevent the need for it? 
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It gives us a little bit better idea of what's going on, on a farm, what antibiotics 

they're using, what's not working for certain type of issues. And it also just gives 

us a little bit better idea of what they're doing on their farm, as a whole, to lead to 

these problems. 

 

Additional Qualitative Analysis and Emergent Themes 

A number of themes emerged across all or most of the sectors and stakeholders. 

In addition to the surprise that complying with the VFD was relatively easy and more of a 

nuisance, the interviews revealed another surprise – that many in the livestock industry 

saw the VFD as a good thing.  All of the integrators and veterinarians expressed this 

view, as well as many of the beef cattle operators. The predominant positive perspectives 

expressed mirrored the observed quantifiable effects, namely the reduced antibiotic 

consumption and, interestingly, the increased record-keeping.  Many expressed the value 

of the reduction of antibiotic use and/or concerns about antibiotic resistance: 

I think it was a great idea. It just gives us a one more thing to be proactive   

instead of reactive.  I think it gives us an opportunity to be proactive in this 

industry.  (integrator) 

 

And that's why I quit using so much antibiotics in my livestock, to prevent that 

(resistance) from happening. There's a concern. We use a lot of amoxicillin 

which... Yeah, that's still the number one product in (for) kids. (integrator) 

 

I think it was very much needed …, put some restrictions on the improper use of 

it. There's too much people... doing it on their own, getting advice from the  

internet, and the feed store, and uneducated... There definitely needs to be some 

restrictions put on it. Not that I'm in favor of the restrictions… So education was 

the biggest reason I think it needed to be restricted because people just didn't have 

a clue what they were doing.  (veterinarian) 

 

I think the consumer has a right to be concerned with overuse of it…I saw so 

much misuse of them.  They’re talking about treating some animal and… I said, 

‘How much are you treating them with?’ ‘Oh we’re putting about a handful in.’ 

So people like that definitely need to be restricted.  Definitely was a lot of misuse. 

(veterinarian) 
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And they’ve seemed to accept at least a fair amount of that advice. And so, our 

disease incidents has decreased, and the thought process of, ‘I’ll give her 

antibiotics, it can’t hurt, it might help’ has gone away. (veterinarian) 

 

 It's still needed, absolutely, because you look at it from this standpoint as a  

producer with the veterinarians, that we're producing food for the consumer.  

No, it's absolutely needed. (large, beef) 

  

Absolutely (needed).  And so just from being a nutritionist in the industry, you 

would be shocked at the yards that ….that run … an antibiotic all the time for no  

reason at all other than a preventative, and that stuff needed to stop and it did stop.  

(large, beef) 

 

Yeah, I think we need to make every effort possible to minimize it, reduce  

exposure to antibiotics. Bacteria are... they're going to always win. (medium, 

beef) 

 

And really, it does affect us. But it's for the betterment of society. (medium,  

beef) 

 

Although the increased amount of paperwork was commonly cited as a nuisance, 

some expressed unanticipated benefits of more rigorous record-keeping: 

This is where I said that maybe I have different view than other independent cattle 

guys. I think it's a good thing. … And what my fear is … that down the road, if I 

was the one buying the animals, it's a lot easier to buy it where I know they've got 

everything here, everything's controlled.  (large, beef) 

 

Well, for us it didn't really have a big change because we were really doing it  

that way before. But for the feed directive, what I will say has helped me a lot  

with that is one, the record aspect of it, because now that we have to keep records 

of our antibiotic use, I think that has really benefited our farm. (medium, beef) 

 

Yeah, it is, it's probably a good thing, anyway. You need to keep a record of how 

you're treating these animals. Because I know, over my career, there was people  

that, probably more often it was not on purpose, but they would accidentally ship 

an animal before drugs were out of its system. And you'd get one of these nasty 

 letters from the USDA, and it wasn't good. (medium, beef) 

 

It's funny that you bring this all up. It wasn't because you were coming. I was 

 just comparing three years of data, expenses, and one area that we're really down 

is on vet bill and vaccines. And my cow numbers have went up. (large, dairy) 

 

And that's why the VFD is important. You have to have a diagnosis. You can't  
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just go and put them in. You have to have a lab diagnosis, which is not a problem 

for me because I profiled all my herds.  (veterinarian) 

 

Despite the surprising lack of difficulty to comply, there were various frustrations 

expressed across sectors: 

Hopefully the logistics of it will get solved. Some of the paperwork and some of 

the information you want and when you're in the business doesn't make sense... 

I've been in a couple meetings now where there have been some audits of farms 

and that and some of the stuff the FDA is coming in and pointing out, I guess I'll 

say, is pretty picky. (integrator) 

 

Part of that is, a lot of that is these (pharmaceutical) companies don't want to 

change their label because it's too financially cumbersome. It restricts us to use 

the proper dose because you can only use it according to the label. (veterinarian) 

 

It’s not perfect…but yeah, I still think it's a useful tool… On some of the 

combination product labels, I feel like there's not oversight. And I also don't 

necessarily agree that ... I think more thought should have gone into the fact, can 

we use Chlortetracycline and Monensin together?  (veterinarian) 

 

 

All sectors agree on the important role of good livestock management and 

prevention to reduce, and sometimes eliminate, the need for antibiotics: 

They’re (antibiotics) not going to cover up poor management.  Everybody wants a 

cure or a shot…where they don’t want to change their ventilation, or their 

cleanliness, or their management …They just want some treatment when they 

need to focus on prevention more than drug cure.  (veterinarian) 

 

Better vaccination programs, better nutrition, weaning their cattle better, planning 

better.  It’s just changed everything. (veterinarian) 

 

We … talk about ventilation, and vaccination, and other preventative ..., and 

manure hauling, and bedding, Adding straw or something to the bed to make it 

drier) and the other things that make for healthier animals. (veterinarian) 

 

Good management helps reduce them, it doesn't eliminate them…When you bring 

populations together, even (with) the best management there's going to be times 

when you're going to have disease breaks … so you're going to need that tool, but 

certainly management does eliminate the need and unregulated use of antibiotics 

sometimes covers the sins of management. (veterinarian) 
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But like with our company, we've built what we call bio-centers. We disinfect and 

clean all of our equipment between every farm. And you know we've put a lot of 

money into that. (integrator) 

 

And so out there, in the calving area, we just ended up with puddles, and we 

ended up with highs and lows and heat and cold. And so we went in and we redid 

our whole calving pen. We dug the whole thing out. It cost us 10,000 bucks. We 

put in new stone, new tile, new everything, and we haven't had issue one since. 

(large, dairy) 

 

You can eliminate Streptococcus in the dairy if you do a good job of pre and post-

dipping and dry treating, so we still follow those rules.  (large, dairy) 

 

What I've learned is keeping for the cattle-wise, keeping the bedding just clean, 

two times a week I scrape the barns and scrape the lots, and make sure that they're 

in a good clean environment and that really helps. (medium, beef) 

 

I think the main thing is just how you manage them and everything…If you bed 

them good, keep freshwater and feed for them, and just get in and out of the 

weather. Not to say something can't happen, but not quite as bad as when  

you're not, if you don't manage them well around the mud and the slop and all this 

and that.  (small, beef)  

 

Well, again, my take on all of this is we have to figure out the practices that 

allow our animals to remain healthy with strong immune systems and be resistant 

to the majority of pathogens that they're exposed to, so that we don't have to use 

antibiotics except in rare cases. Cause I think in the long run, that's the only 

solution.  (medium, beef)  

 

Respiratory diseases are a major concern for most livestock producers, thus many 

informants specifically articulated the value of good ventilation for enclosed animals as 

an essential management practice: 

About 10 year ago, and that’s when we really started working on the judicious 

use, to treat if you need to, but we emphasized even more than ever ventilation 

and vaccination. (veterinarian) 

 

The farmer invested in a positive pressure tube ventilation system. And what we 

found is he doesn’t need to give those antibiotics anymore. And it reduced 

(eliminated) the need for both feed-through antibiotics and injectable antibiotics 

in that barn. (veterinarian) 
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So far we have a tunnel-ventilated system that seems to be doing its job…We 

have a veterinarian that comes weekly …With dairy, it's all about preventative.  

(medium, dairy) 

 

The weather does have an effect on them. So that to me would be the biggest  

challenge on our farm right now is the respiratory disease, which I think I've done 

a pretty good job of preventing it. (medium, beef)  

 

Really. I mean, it was just, I love this barn because the ventilation keeps us from 

having any air, respiratory problems...But, I mean, just little easy management of 

stuff and I just don't have much in the way of health problems. (Small, beef)   

 

In terms of disease prevention, the use of vaccines was the most commonly cited 

strategy.  Additional preventative practices included fly control, as flies are vectors for 

many livestock diseases such as pink-eye.  Better nutrition, including the use of 

prebiotics or probiotics, was also cited as a preventative practice. Sample responses were: 

We rely heavily on good vaccine programs to try to minimize bacterial challenges 

so we don't have to use antibiotics when they aren't needed. (veterinarian) 

 

That’s the main two things. They’re vaccinated before they’re weaning them and 

are feeding them before they’re weaning them. So they’re not much stress like 

they were under before.  (veterinarian). 

 

(On scours) We push electrolyte therapy on those. . And so, we were probably 

overusing those drugs in the past.  (veterinarian). 

 

So we've been very lucky to have good health and good genetics. So we've been 

very fortunate in that also, to help us to eliminate most antibiotics….We do  

vaccinate a lot of our herds for different diseases. So that's also helped in that  

area. (integrator) 

 

(On vaccines) we’ve always been pretty aggressive with them.  Yeah, it's a cheap 

insurance policy. (large, beef) 

 

 So, what we need to do is to more judiciously use what we have. Those are good 

tools. Those antibiotics are good tools, but if we reserve those for when we really 

need them, in other words, we use probiotics, more as a prevention. Then  

whenever we have a clinically sick animal, that's not going to be cured with a  

probiotic or prebiotic. Well now, antibiotics are going to be more effective, 

because we don't have potential resistance issues. (medium, beef) 
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There's different ways of doing fly control. There's locks that you can put out, 

there's tubs that you can put out. A friend has a gun that he inserts a ball in and he 

can go out and shoot that ball at that cow. Then when it smashes, he says he never 

has a fly.  (medium, beef) 

 

The flies, we keep the flies down pretty good. I haven't done it yet, but I got a bug 

zapper that I hang over here. And I plug it in and at night you'll hear it zapping 

away. (Small, beef) 

 

Difference of opinions exists on the use of antibiotics for prevention versus 

disease treatment, much being context specific: 

Because we are dealing with large populations and it's preventative you can 

actually use a lot less antibiotics when you're doing prevention at lower levels 

than when you're doing treatment. Then you have sick animals and you need 

more. So although they're trying to eliminate the preventative part of it, it actually 

might be a better use of antibiotics in large populations of animals than treatments 

when you're using a lot more antibiotics and you're probably going to have more 

resistance pop up.  (integrator) 

 

… but when you’re dealing with feedlots and you have a bunch of cows moving 

in and out, metaphylaxis works/ It’s been shown to work (veterinarian) 

 

People complain about CAFOs which are consolidated animal feeding operations. 

As long as they're all in all out, so they're filling up a barn with the same age type 

animals would say would be the same weight and they're all going out and you 

clean and disinfect and you bring another whole group in. If you're continuous 

flow, where you're bringing in a hundred animals every month and you're selling 

a hundred animals, continuous flow, whatever diseases are there will stay there, 

because you never had a chance to break the cycle. (veterinarian) 

 

Well, I guess what I'm saying is, like now ... Like now, now it's more of …  I  

don't know what's worse. Having a low dose of Aureomycin in through the winter 

or having more calves that I have to treat with Resflor Gold later. (med, dairy) 

 

I've never used it as part of any kind of weight gain or anything like that. …For  

prevention,  I give the entire cow herd 5,600 grams per ton of Aureomycin per ton 

of mineral during the months of the fly season which basically is from May until 

November.”  (medium, beef cattle operator, citing need to prevent severe blood 

disease, anaplasmosis.) 

 

A finding across all stakeholder sectors was the feeling that agriculture and 

agricultural practices in general are unduly criticized by society, especially by those 
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having no first-hand knowledge of the industry.  Even producers and veterinarians who 

strongly support the goal of the VFD expressed this perspective:  

 It seems like there's too many people, the what we call the 2% that wants to  

voice their opinion. We're doing everything wrong. The naysayers. It gives us the 

opportunity to say, this is what we're doing, this is how we're doing it. So we  

showed them how we're doing it right. And I think it was a good opportunity just  

to be proactive.  (integrator) 

  

I sat on an airplane beside of this guy, "I will not eat turkey because it doesn't 

have on the package, 'No hormones.'" I said, "It's illegal, you can't do it!" 

(integrator)  
 

Well, I think agriculture gets blamed for all of this and when in fact there's far  

greater use in humans then there has been an agriculture. (veterinarian) 

 

Did you see that ’60 Minutes’? … So I think that my opinion is really jaded, 

because I think people point fingers at food animal antibiotic use, and say "You 

use so much more than we do." … and I think that's wrong to say,  So I think that 

agriculture needs to do their part. They need to reduce their antibiotic use, but I'm 

not completely convinced that humans have antibiotic resistant infections  

because of food animals. (veterinarian) 

  

I think the biggest part of my frustration is that agriculture always takes the hit  

for things.  (medium, beef cattle) 

 

Just so we don't give fuel to the fire of the ‘nones’. The people don't all, just like 

these videos and stuff, people see.... You saw them videos they put out last week 

of Fair Oaks. (medium, dairy) 
 

It's just one more hoop that we had to jump through that they're making the 

farmers jump through… people, they hear you're giving antibiotics to livestock  

and they think that's horrible… Right. And so I guess people just feel like they're 

getting blasted all the time. (medium, dairy) 

 

I constantly get frustrated with overregulation.  I see it so much, cause I've 

worked for government … I was bellyaching about some of that just this morning. 

There's some very stupid rules, and I think serious consideration needs to be given 

before just throwing out rules. With that said … (medium, beef producer who 

“absolutely” felt the VFD was needed.) 
 

Another emergent theme was that economics matter, and the consumers 

legitimately have a say in how their food is produced; their preferences matter: 
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Yeah, they never gave us a financial incentive to do that product yet. … We've 

asked, but there's never been... They've never come to us for the need for it yet. 

 (Integrator) 

 

And we constantly get challenged by using less or having no antibiotics ever, 

we're marching to that. But for the antibiotics, yes there's (consumer) pressure. 

There's pressure on not just antibiotics but animal welfare ...and all that. 

(integrator)  

 

So, with their consumer demand, I think that they (the packing plant) have been  

able to meet most of that ‘no antibiotic ever’ demand through (another integrator)  

but there continues to be renewed interest in adding more animals to that to meet  

the demand, so it's something that we continue to look at and work with. 

(integrator) 

 

We've been trying to do our fair share to see what the consumer needs are. 

They've talked and we've listened too. (integrator) 

 

You know you really want to regulate antibiotics I'll tell you how, and I don't  

like it, but you increase the price on it and then we're going to be very careful 

how we use it.. (medium, dairy) 

 

And you know the market customer is driving that they don't want any use if they 

can get away from. And so that's where we're going to be. I mean the writing's on 

the wall that that is what's going to be in poultry.  Poultry's probably getting 

driven, at least I'm more familiar with poultry except for the cattle, but poultry is 

definitely going to get forced there. And it's by the consumer …  which is what I 

think should be. (large, beef) 

 

I think that would save the industry a lot of money if we can just purchase 

livestock or have livestock on our farm that's resistant to pneumonia or resistant to 

scours or whatever disease that we have.  (medium, beef) 

 

We slaughtered everything, sold it for a premium price. Our beef cows never 

saw a needle.  So other programs have come about since the feed directive that we 

were able to take advantage of.  (Small, beef) 

 

You got to always remember that you're producing food for the consumer. That's 

the driving force.  (large, beef) 

 

 

 

Ohio Livestock Ten-Year Production Trends 

 In general, livestock production trends did not suggest negative impact due to the 
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implementation of GFI #213 and the Veterinary Feed Directive (VFD).   The vertical 

lines on the graphs below represent the beginning of voluntary (left line) and mandatory 

(right line) compliance, that is, the beginning of 2014 and 2017, respectively. 

Cattle 

Both US and Ohio cattle production have been steadily increasing since the 

implementation of GFI #213 (Figure 10), suggesting that production by Ohio cattle 

operations have not been negatively impacted by the new FDA regulations. This is 

consistent with Ohio cattle farmer interviews, none of whom reported an adverse effect 

on production due to the VFD. 

 

 

 
Figure 10. Cattle production, measured in pounds, 2009-2018. (Source, USDA). 

Vertical lines indicate the beginning of voluntary (left) and mandatory (right) compliance 

with the FDA’s GFI #213, restricting use of antibiotics in livestock. 
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Poultry 

US broiler production has been steadily increasing in both Ohio and the US for 

the last decade (Figure 11).  Production has increased steadily since the beginning of the 

period of voluntary compliance, represented by the left vertical line.  Both US and Ohio 

production have increased since the implementation of GFI #213 (right vertical line), 

with Ohio broiler production increasing at a rate greater that the national rate. Thus, the 

trends do not suggest any evidence of a significant negative impact by the Veterinary 

Feed Directive (VFD).   

 

 
Figure 11. Broiler production, Ohio and US, 2009-2018 by 103 pounds (Source, USDA). 

Vertical lines indicate the beginning of voluntary (left) and mandatory (right) compliance 

with the FDA’s GFI #213, restricting use of antibiotics in livestock.  
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Figure 12. Turkey production, Ohio and US, 2009-2018, by lbs.  (Source, USDA). 

Vertical lines indicate the beginning of voluntary (left) and mandatory (right) compliance 

of GFI #213. 

 

 

 

In addition, Ohio continues to consistently produce turkeys that are significantly 

larger than the national average (Figure 13). These data strongly suggest that Ohio turkey 

production has not been negatively impacted by the implementation of the VFD. 

 

 

 
Figure 13. Average turkey live weight at slaughter, Ohio and US, 2009-2018. (Source, 

USDA). Ohio consistently produces larger turkeys than the national average. 
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Swine 

Hog production at both the national and state levels originally continued its 

upward projection in 2017, the first year post VFD implementation (Figure 12), however, 

Ohio production decreased slightly in 2018 (Figure 14).  This is consistent with 

interviewed swine stakeholders who indicated that 2018 “was a rough year” for the hog 

operations due to disease and weather conditions.   

 

 
Figure 14. Hog production, measured in pounds, OH and US, 2009 – 2018. (Source, 

USDA). Vertical lines indicate the beginning of voluntary (left) and mandatory (right) 

compliance with the FDA’s GFI #213, restricting use of antibiotics in livestock. 
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species, was greater in 2018, than prior to the implementation of GFI #213 (Table 10).  

This upward trend exists despite swine and cattle showing evidence of adjustment in 

2017.   

Table 10. Ohio - average live weight of animal at processing, in pounds. 

 2014 2015 2016 2017 2018 

Commercial Cattle  1,176 1,164 1,170 1,161 1,301 

Commercial Hog  284 281 279 277 283 

Turkey 41.0 40.2 40.8 41.9 42.1 

Broiler 6.0 6.1 6.2 6.2 6.3 

 (Source: USDA, QuickStats) 

 

These data are consistent with my stakeholder interviews; the overwhelming 

majority of livestock produces reported “no impact” on production as the result of the 

VFD.  During the interviews, some farm operators reported challenges in 2019 due to 

political and/or economic reasons (e.g. China tariffs, changing economies of scale); 

however, none listed the VFD as a negative driver of production.  

Part II: National Level Trends in Antibiotic Consumption and Resistance  

 The FDA reports the sales and distribution of antibiotics for use in livestock 

annually and solely at the national level. Thus, I was able to explore evidence of impact 

of GFI #213 on antibiotic consumption (ABC) trends and corresponding antibiotic 

resistance (ABR) trends at national (versus state) level. 
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Ten-Year Trends in Antibiotic Sales/Distribution for Use in Food-Producing Animals 

 The sales of medically important antibiotics (MIA) for livestock steadily 

increased since the inception of mandatory reporting to the FDA in 2009 until 2015 

(Figure 15).  In 2016, sales decreased as pharmaceutical companies began removing 

“growth promotion” from approved “on label” uses for food animals in anticipation of 

mandatory compliance of GFI #213, beginning January 1, 2017.  Total antibiotic use 

decreased by 42 % from peak usage in 2015 to 2017, then increased slightly in 2018.  

 

 
Figure 15. Ten-year sales trend of medically important antibiotics for livestock 

consumption in the US. (Data source: FDA). The vertical line represents the beginning of 

mandatory compliance with FDA restrictions on antibiotic use (GFI #213). 
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common route (Table 11).  Although the feed route was consistently used about 73% of 

the time from 2009 – 2016, use of this route decreased to 62% post VFD implementation.  

This is consistent with interview data in which farm operators reported that sometimes “it 

was too inconvenient” or “a hassle” to obtain a feed directive from a veterinarian.  The 

occurrence of antibiotics administered by injection rose somewhat, but not surprisingly, 

as producers could still purchase injectable antibiotics over-the-counter to treat individual 

animals. 

Table 11. Route of administration of MIA to livestock, 2009-2018. 

 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Feed 74% 72% 72% 70% 74% 74% 74% 72% 62% 64% 

Water 19% 21% 21% 24% 21% 22% 21% 23% 30% 28% 

 Subtotal 93% 93% 93% 94% 95% 96% 95% 95% 92% 92% 

Injection 5% 5% 5% 4% 4% 4% 4% 4% 6% 6% 

Oral/Topical 2% 1% 2% 1% 1% 1% 1% 1% 2% 1% 

Intramammary <1% <1% <1% <1% <1% <1% <1% <1% <1% <1% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

(Source: FDA Summary Report, 2019) 

 

These data also corroborated interview data in which a minority of producers tried 

switching to a water administration.  One producer working with a large group of cattle 

producers relayed that they had tried switching to a water route, but rejected it due to the 

observation that healthy animals were drinking less when the water was laced with 

antibiotics. Throughout the decade, administration through feed and/or water accounted 

for the great majority of antibiotic administration to livestock, both before and after 

implementation of the VFD. 

The most dramatic impact of the VFD can be seen in the reported indications of 

antibiotic use in US livestock (Figure 16).  Production or “growth” indications dropped to 
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zero in 2017 as the practice of using antibiotics for growth or “feed efficiency” purposes 

became illegal. While the reported overall use of antibiotics decreased substantially in 

2017, it should be noted that the reports of therapeutic use doubled from 2016-2017.  As 

no interviewed veterinarian or livestock producer reported a doubling of disease 

outbreaks, this may represent a possible area of further ABC reduction. 

 

 
Figure 16. Reported indications for use of MIA, animal, 2009-2018 (Source: FDA, 2019). 

* Reported indications for “production” dropped to zero with implementation of GFI 213.  

 

Three-Year Antibiotic Consumption Trends by Animal Species 

In 2016, FDA published antibiotic distribution data as disaggregated by animal 

species for the first time. An inspection of ABC trends for 2016-2018 reveals that cattle 

and swine were responsible for the greatest amount of antibiotic consumption (Figure 

16), accounting for 81% of all MIA use in non-human animal species.   
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2016 2017 2018 

   

 
Figure 16. Consumption of MIA by food animal species, 2016-2018 (Data source: FDA, 

2019). 

 

 

 

Collectively tetracycline, penicillin, and macrolides accounted for over 85% of 

the total consumption of medically important antibiotics (MIA). Tetracycline was the 

most heavily consumed antibiotic by each animal species, with the exception of turkeys, 

which consumed penicillin in the greatest quantity (Figure 17). 

 

 
Figure 17.  Three most commonly consumed MIA by animal species, 2016.  (Data 

source: FDA, 2017). 

 

 

All four animal species showed a reduced consumption of antibiotics after the 

implementation of the VFD; however, the percentages of decrease were not uniform 

(Table 12).  Chicken ABC showed the largest percent decrease from 2016-2017, 

43%

37%

6%
9% 4%

42
%

36
%

5%

12
%

5%

42%

39%

4%

11% 4%

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

Cattle Swine Chicken Turkey

K
g 

co
n

su
m

ed

2016 Tetracycline (Kg) 2016 Penicillin (Kg) 2016 Macrolides (Kg)



 

68 

while cattle showed the greatest absolute decrease in terms of kilograms of active 

ingredient.  Additionally, ABC “rebounded” slightly for both cattle and swine in 2018, 

while the chicken ABC continued to decrease. (Figure 18). 

Table 12. Change in livestock antibiotic consumption (kg) by species, 2016-17. 

 2016 2017 Decrease (Kg) Decrease (%) 

Cattle 3,605,543 2,333,839 1,271,704 35% 

Swine 3,133,262 2,022,932 1,110,330 35% 

Chicken 508,800 268,047 240,753 47% 

Turkey 756,620 670,831 85,789 11% 

(Source: FDA, 2018) 

 

 
Figure 18. Antibiotic consumption by animal species, kg, 2016-2018. (Data source: FDA, 

2019). 

 

 

 

Post VFD implementation, cattle remain the greatest consumer of antibiotics, 

however, turkey reflect the most “intense” consumption of MIA at rates of over 400mg 

AB/PCU (Figure 19).  
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Figure 19. Antibiotic consumption by animal species, mg antibiotics/PCU, 2016-18 

(Source: author). 

 

Analysis: Tetracycline Consumption to Tetracycline Resistance 

After confirming that tetracycline is the most widely used antibiotic in US 

livestock production, I compared tetracycline consumption by each food-animal species 

to incidence of resistance to tetracycline by bacteria isolated from these animals.  The 

resistance data were compiled by the USDA from slaughterhouses and retail meats.  I 

examined trends in tetracycline resistance by the bacteria responsible for the majority of 

the food-borne illnesses in the US, Salmonella and Campylobacter.           

Salmonella 

Between 2016 (pre-VFD) and 2017 (post-VFD), the consumption of tetracycline 

by cattle decreased substantially, by approximately 47% (Figure 16a).  Over the same 

period, Salmonella isolated from retail ground beef and slaughtered cattle collectively 

reflected a parallel decrease from all sampling sites (Figure 20b).  The total decrease was 

highly significant (p = 0.007, Table 13). 
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a   b  

Figures 20 a) Consumption (mg/PCU) of tetracycline by cattle; b) percent of tetracycline-

resistant Salmonella isolates from slaughter cattle and retail ground beef. 

(Source (a) author; (b) NARMS-Now). 

 

Comparable to cattle, tetracycline consumption by swine decreased sharply, by 

about 39%, from 2016-17 (Figure 21a).  A parallel decrease in resistance to tetracycline 

was again observed in Salmonella isolated from retail pork chops and slaughtered swine, 

across all sampling sites over the same period (Figure 17b).  Once again the combined 

total decrease was statistically significant (p = 0.02; Table 13). 

 

a b  

Figures 21. a) Consumption (mg/PCU) of tetracycline by swine; b) percent of 

tetracycline-resistant Salmonella isolates from slaughter swine and retail pork chops. 

(Source (a) author; (b) NARMS-Now). 
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In contrast to cattle and swine, consumption of tetracycline by turkeys actually 

increased from 2016-17 by almost 24% (Figure 22a.)  A parallel increase in resistance to 

tetracycline was observed in Salmonella isolated from retail ground turkey and slaughter 

turkey (Figures 22b); however, this increase was not statistically significant (Table 13). 

 

a b  

Figures 22 a) Consumption (mg/PCU) of tetracycline by turkey; b) percent of 

tetracycline-resistant Salmonella isolates from slaughtered turkeys and retail ground 

turkey. (Source (a) author; (b) NARMS-Now). 

 

 

However, tetracycline was not the most commonly consumed antibiotic by 

turkeys (Figure 17).  Additionally, the sample size of Salmonella isolates from turkeys 

(787) was approximately half the number of isolates tested from either cattle or swine, 

1330 and 1342, respectively (Table 13).  

An analysis of the ABC-ABR pairing in Salmonella isolated from chicken yielded 

the most surprising results.  Although the consumption of tetracycline by chickens 

decreased over 47% from 2016-17 (Figure 23a), Salmonella isolated from retail chicken 

meat and slaughtered chickens showed an opposite (Figure 23b) but highly significant 
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increase (p = 0.007) in resistance to tetracycline (Table 13). I will present a hypothesis 

for this surprising trend in my discussion section. 

 

a b  

Figures 23. a)  Consumption (mg/PCU) of tetracycline by chicken; b) percent of 

tetracycline-resistant Salmonella isolates from slaughter chicken and retail chicken meat. 

(Source (a) author; (b) NARMS-Now). 

 

 

I complied a summary of the collected resistance data by Salmonella to 

tetracycline and total number of isolates from each food producing animal, and calculated 

significance values for resistance decrease from 2016 to 2017 (Table 13). All resistance 

values, including the aggregate totals, were compiled by NARMS. To summarize, for 

cattle and swine, the incidence of tetracycline resistance in Salmonella isolates decreased 

from 2016-17 across all sampling sites with many decreases being statistically 

significant. For isolates from cattle, swine, and turkey antibiotic resistance trended in the 

same direction as consumption. For all species, a relatively low number of samples at 

retail outlets likely explains the lack of statistical significance. 
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Table 13. Tetracycline resistance in Salmonella isolated from food animals, 2016-17. 

Source % Resistant 
2016 

% Resistant 
2017 

Total n 
(2 year) 

p value 

     

CATTLE     

Cecal (Beef) 22.0%  13.1%  333 * 0.032 

Cecal (Dairy) 11.1% 6.8% 453 0.109  

HACCP 30.1% 27.7% 521 0.546 

Retail 25.0% 20.0% 23 0.782   

TOTAL 33.9% 28.0% 1330 **0.007 

     

SWINE     

Cecal -Market Pigs 43.0% 31.8% 805 **0.001 

Cecal - Sow 24.3% 16.6% 492 *0.043 

Retail 38.9% 37.0% 45 0.900 

TOTAL 33.8% 28.0% 1342 *0.023 

     

TURKEYS     

Cecal  44.9% 47.6% 91 0.795 

HACCP 49.6% 48.3% 284 0.826 

Retail 42.8% 49.6% 412 0.179 

TOTAL 45.8% 49.0% 787 0.379 

     

CHICKENS     

Cecal  41.0% 45.5% 448 0.380 

HACCP 34.0% 38.1% 3957 **0.007 

Retail 45.6% 42.6% 511 0.488 

TOTAL 35.7% 39.5% 4916 **0.007 

Note: p value for significance of change in resistance denoted by * = p<0.05; ** = p<0.01; *** = p<0.001 

Green and red colors respectively denote a corresponding decrease or increase in antibiotic consumption. 

The highly significant increase observed in chicken isolates is unexpected due to the substantial decrease in 

tetracycline consumption by chickens. 

 

Campylobacter 

As stated previously, the consumption of tetracycline dramatically decreased from 

2016-17 by both cattle and swine, by 47% and 39% respectively.  Campylobacter isolates 

from both beef and swine, however, were much less sensitive to this change in selection 

pressure than their Salmonella counterparts. No significant changes in tetracycline 
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resistance were observed in Campylobacter isolates from either cattle or swine.  This was 

true of both species monitored, C. coli and C. jejuni. Resistance to tetracycline was not 

determined to be significant between species of Campylobacter, therefore my analysis 

pooled the resistance data for both species (Table 14). 

 As with Salmonella isolates, the increase of tetracycline consumption by turkeys 

was paralleled by a consistent, but statistically insignificant increase in resistance to 

tetracycline by Campylobacter isolated from turkey (Table 14). Again, only a small 

number of Campylobacter isolates from turkey were tested by NARMS.  

Table 14. Tetracycline resistance in Campylobacter, food animals, 2016-17. 

Source % Resistant 
2016 

% Resistant 
2017 

Total n  
(2 year) 

p value 

CATTLE 70.1% 68.9% 2503 0.534 

SWINE 77.9% 79.2% 598 0.701 

TURKEYS 58.3% 68.1% 154 0.218 

CHICKENS 50.0% 42.4% 2,994 ***0.000 

Note: p value for significance of change in resistance denoted by * = p<0.05; ** = p<0.01; *** = p<0.001 

Green and red colors respectively denote a corresponding decrease or increase in antibiotic consumption. 

 

 

 

As with Salmonella, the most surprising results were found in an analysis of 

Campylobacter isolates from chicken.  Although Salmonella isolates from slaughter and 

retail chicken showed a highly significant increase in resistance to tetracycline, 

Campylobacter species reflected a highly significant decrease in resistance to 

tetracycline.  However, this decrease in resistance paralleled the substantial decrease in 

tetracycline consumption by chickens, and thus is consistent with the predictions of 

natural selection (Table 14). 
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Additional ABC-ABR Pairings 

 In order to test emergent hypotheses, I analyzed additional ABC-ABR pairings as 

described below. 

Penicillin Consumption and Resistance in Bacteria Isolated from Turkeys. 

 Penicillins accounted for over two-thirds of the medically important antibiotics 

consumed by turkeys, therefore evolutionary theory predicts that penicillin would exert a 

stronger selective pressure on turkey gut bacteria than tetracycline.  Unlike tetracycline, 

consumption of penicillins by turkey decreased (by 20%) from 2016 – 2017, (FDA, 

2018).  NARMS monitors resistance to both amoxicillin and ampicillin by Salmonella, 

however, it does not test Campylobacter species for penicillin resistance.  Salmonella 

resistance to both types of penicillin decreased from 2016-17. The decrease in ampicillin 

resistance was nearly statistically significant (p=0.053) while the decrease in amoxicillin 

was highly (p=0.009) significant (Table 15).   

Table 15. Penicillin resistance in Salmonella isolated from turkeys, 2016-17. 

Antibiotic % Resistant 

2016 

% Resistant 

2017 

Total n 

(2 year) 

p value 

ampicillin 30.4% 24.2% 787 0.053 

amoxicillin 7.1% 3.1% 787 **0.009 

Note: p value for significance of change in resistance denoted by * = p<0.05; ** = p<0.01; *** = p<0.001 

 

 

The FDA summary reports did not indicate which type of penicillin was most 

widely used in turkey production. 
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Additional ABC- ABR Pairings in Salmonella Isolated from Chicken 

 I considered multiple hypotheses to explain the unexpected and highly significant 

increase in tetracycline resistance by Salmonella (isolated from chicken) despite the 

substantial decrease in tetracycline consumption by chickens from 2016-2017.  In order 

to test a certain hypothesis for co-selection, I analyzed changes in ABR by Salmonella to 

those antibiotics reportedly used to treat Salmonellosis in poultry. Two of the three 

increases in ABR were extremely significant (Table 16).   

Table 16.  Antibiotic resistance in Salmonella isolated from chickens, 2016-17. 

Antibiotic % 

Resistant 

2016 

% 

 Resistant 

2017 

Total n 

(2 year) 

p value 

Ampicillin 10.3% 10.6% 4916 0.777 

Chloramphenicol 2.9% 8.2% 4916 *** 0.000 

Trimethoprim-sulfamethoxazole 3.2% 6.0% 4916 *** 0.000 

Note: p value for significance of change in resistance denoted by * = p<0.05; ** = p<0.01; *** = p<0.001 

 

Preliminary Evidence of Food Chain Transmission 

From 2016 to 2017, the total consumption of tetracycline by food-producing 

animals decreased by approximately 40%.  In the same period, the change in resistance to 

tetracycline in Salmonella isolated from ill humans was negligible (Table 17).  The 

decrease in resistance to tetracycline in Campylobacter isolated from humans, however, 

was quite significant (p> 0.016, Table 17). 

Table 17. Resistance to tetracycline in isolates from infected humans, 2016-17. 

Bacteria species % Resistant 
2016 

% Resistant 
2017 

Total n 
(2 year) 

p value 

Salmonella 12.0% 12.0% 4787 0.937 

Campylobacter 48.8% 43.9% 2449 0.016 
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This latter finding is interesting because the major source of Campylobacter 

infections in humans is chicken.  When combined with the Campylobacter-chicken data 

reported earlier in this report, an interesting picture emerges (Table 18). 

Table 18.  Comparison of the consumption of tetracycline by chickens to resistance to 

tetracycline by Campylobacter isolated from chickens and humans 

  ABC 

Tetra – chicken 
ABR 

Tetra-Campy-Chicken 
ABR 

Tetra-Campy-Human 
  mgAB/PCU % R (total n) % R (total n) 

2016 32 50.0% (1519) 48.8% (1090) 
2017 17 42.4% (1475) 43.9% (1359) 

p value   *** 0.000 *  0.016 

 Note: p value for significance of change in resistance denoted by * = p<0.05; ** = p<0.01; *** = p<0.001 

 

The highly significant decrease in ABR (chicken) which parallels the substantial 

decrease in ABC (chicken) is consistent with the predictions of natural selection.  

Likewise, the corresponding decrease in ABR (human) is consistent with our current 

medical understanding of Campylobacter transmission.     

Thus, although preliminary and spanning only two years, these data suggest that 

human health benefits of GFI #213 may already be emerging. 
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Chapter IV 

Discussion 

Despite the short time frame of this study, several statistically significant changes 

in antibiotic resistance were identified, and these changes were consistent with the 

predictions of natural selection.  Salmonella isolates showed statistically significant 

changes in resistance to the antibiotics most used in production across all species of food- 

animals.  In the case of cattle and swine, the most commonly used antibiotic was 

tetracycline, which the WHO identified as “highly important” in human medicine (WHO, 

2018).  Tetracycline consumption decreased by 35% across both animal species from 

2016 - 2017, i.e. years immediately prior and post implementation of GFI #213.   

Likewise, corresponding decreases in tetracycline resistance was observed in Salmonella 

isolates from both cattle and swine.  This decrease in resistance was significant (p = 0.02) 

in swine isolates and highly significant (p=0.007) in cattle isolates. 

 The most commonly used antibiotics in turkey production were penicillins, which 

the WHO have identified as “critically important” for human medicine (WHO, 2018). 

Turkey consumption of penicillin decreased by 20% from 2016-2017.  The FDA reports 

antibiotic distribution at the class level, however, Salmonella resistance to both 

penicillins monitored by NARMS paralleled this decrease in consumption.  The decrease 

in resistance to ampicillin was nearly significant (p=0.053) while the corresponding 

decrease in resistance to amoxicillin was highly significant (p=0.009). 

 The substantial decrease in tetracycline consumption (47%) by chickens from 

2016-2017 was paralleled by a highly significant (p=0.007) change in tetracycline 
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resistance by Salmonella, however, the direction of change was opposite that predicted by 

natural selection. That is, resistance to tetracycline Salmonella significantly increased. 

 In contrast, the change in resistance to tetracycline by Campylobacter, also 

isolated from chicken was both highly significant (p < 0.0001) and in the expected 

direction.  That is, resistance to tetracycline by Campylobacter isolates from chicken 

decreased by almost 20%, thus paralleling the substantial decrease in ABC by chickens. 

This highly significant decrease in resistant Campylobacter is of public health interest as 

Campylobacter (a.k.a Campy) infects over 400,000 Americans annually (CDC, 2019) and 

because chicken is the most common source of Campylobacter infections in humans 

(Chlebicz  & Śliżewska, 2018).  

 The unexpected increase in Salmonella resistance is puzzling upon first 

inspection.  I initially considered co-selection as a possible explanation.  If genes to the 

resistance of two different antibiotics are located on the same bacterial plasmid, then 

selection pressure for (or against) one antibiotic would be mirrored in the second.  I 

consulted the 2018 FDA Summary Report, however, and found that the consumption of 

all classes of antibiotics by chicken decreased from 2016-17. 

 I then considered that this occurrence might be the proverbial “exception that 

demonstrates the rule.”  Campylobacter bacteria are commensal with chicken i.e. they 

typically produce no harmful effects in their avian hosts.  Additionally, these bacteria are 

virtually ubiquitous in poultry. Thus, the decrease in tetracycline resistance in 

Campylobacter (isolated from chicken) which coincided with the substantial decrease in 

tetracycline consumption (by chickens) is predicted by natural selection. 
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 In contrast, Salmonella infections can cause high mortality rate in poults (chicks).  

The National Poultry Improvement Plan requires testing Salmonella and infected birds 

are either culled or treated. If Salmonella infected birds, a small subset of all US 

chickens, consumed greater amounts of tetracycline than their non-infected counterparts, 

then an increased resistance to tetracycline (by Salmonella) would be expected, as the 

resistant Salmonella bacteria would be more fit to survive. 

 Tetracycline, however, is not the antibiotic of choice to treat salmonellosis in 

chicken but rather ampicillin, trimethoprim-sulfamethoxazole, and chloramphenicol 

(PoultryDVM, 2020).  

To test for this possibility of co-selection, I consulted the NARMS database to 

determine if a change in resistance to any of these three antibiotics occurred in 

Salmonella between 2016-17 and then performed a Chi-square analysis to determine 

significance.  Salmonella isolated from chicken showed a highly significant (p < 0.0001) 

increase in resistance to two of these three antibiotics. Thus, the results of this study may 

suggest that one version of the gene for tetracycline resistance is located on a plasmid 

containing genes which confers resistance to one or both of these antibiotics, thus 

allowing for co-selection. This hypothesis is testable through molecular analysis.  

Evolutionary theory predicts that different species of bacteria would adapt to a 

changing environment (e.g. an increase or decrease in antibiotic exposure) at different 

rates. In fact, the JIACRA II (2017) study found that the strength of ABC-ABR 

associations were dependent on the species of bacteria and drug class pairing. In this 

thesis research, Campylobacter isolated from cattle and swine appeared to be generally 

less responsive to decreases in tetracycline consumption than their Salmonella 
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counterparts. Another factor should be considered, however.  Due to the ubiquitous use of 

tetracycline - especially in the form of “crumbles”- resistance to tetracycline by 

Campylobacter, isolated from both cattle and swine, was over 70% prior to the 

implementation of GFI #213, and has not changed significantly since. Thus, a substantial 

resistome exists in these food-producing animals. Therefore, the possibility exists that a 

greater period of reduced antibiotic exposure or a greater decrease in consumption may 

be needed to observe significant changes in resistance.  

 That said, the recent FDA restrictions on antibiotic use may already be producing 

positive public health benefits.  As noted in the Results section, the substantial decrease 

in tetracycline consumption in chickens was paralleled by a highly significant decrease  

(p < 0.001) in tetracycline resistance in Campylobacter isolated from chicken.  Antibiotic 

resistant Campylobacter (a.k.a. Campy) has been labeled a “serious” threat by the CDC, 

and chicken is the major source of Campylobacter infections (CDC, 2019).  In fact, 

according to CDC (2019) estimates, humans can acquire a Campy infection by contact 

with a single drop of raw chicken juice. 

The parallel ABR decreases in Campy isolated from chickens and humans (Table 

10) are not only significant individually, but the percentages suggest these isolates 

represent bacteria from the same population. This phenomenon is unsurprising 

considering the nearly ubiquitous consumption of chicken by Americans. A survey by the 

National Chicken Council (2018) reported 86% of Americans had eaten chicken 

purchased from a supermarket in the prior two weeks and that nine of ten consumers 

purchase chicken regularly.  Additionally, Americans annually consume 93 lbs. of 

chicken per capita (National Chicken Council, 2018).  
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This evidence of a possible food chain benefit is consistent with the second 

JIACRA report.  Its multivariate analysis revealed a statistically significant association 

between tetracycline resistance in C. jeuni isolated from both humans and food-animals, 

which in turn was statistically associated with the consumption of tetracycline by food-

animals. Thus, the data reported in this study suggest that preliminary health benefits of 

GFI #213, in the form of less resistant bacteria, may already be apparent in the food 

chain.  For this benefit, the public has the veterinarians and livestock producers to thank, 

for proactively and successfully rising to the challenge of the new FDA mandates.  

Back to the Farm: Implementation of GFI #213 and VFD 

 The most surprising and important finding of the interviews may be that 

producers and veterinarians, in general, ultimately experienced minimal difficulty in 

transitioning to the new rules implemented under GFI #213.  Mandates mean nothing if 

they are not enforced at the ground level.  The transition to the new rules appears to be 

successful with the FDA reporting a high rate of compliance (Center for Veterinary 

Medicine, FDA, 2019). Much of the success of the transition in Ohio appears to be due to 

proactive action taken on the part of the veterinarians and the integrators. 

 The VFD moved the responsibility of the decisions regarding medically important 

antibiotics (MIA) to the veterinarians.  Likewise, the producers in the VCPR have the 

responsibility to use MIA as directed by the veterinarians, the animal health 

professionals. 

In the interviews, many producers seem to indicate that the VFD did not really 

affect their operation at all, that it merely reinforced the current agricultural trends to 

minimize antibiotic use and increase vaccination rates. It is unclear, however, whether 
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these trends were triggered, at least in part, in anticipation of GFI #213.  The agricultural 

industry, especially the veterinarians and the integrating companies, were aware of the 

upcoming mandate.  My interviews occurred from May 2019-January 2020. Therefore, 

the industry had already experienced three years of voluntary compliance (2014-2016) 

plus 2 ½ to 3 years of mandatory compliance.  Often livestock producers of medium to 

large operations would remark that they always followed strict protocols established by 

their veterinarians, and thus it was fairly easy to comply with the feed directive.  When 

pressed as to how long these protocols had been in place, many answered along the lines 

of ‘Oh, I don’t know… maybe 3 years or so?’ According to the FDA summary 

reports, sales of MIA for livestock decreased for the first time (by 14%) in 2016 (i.e. the 

last the year prior to VFD), suggesting that operational practices were already being 

modified in anticipation of the feed directive.  Additionally, many producers mentioned 

that they were already under consumer pressure to reduce the amount of antibiotics used 

in production. 

The impressions of the interviewed Ohio cattle producers showed interesting 

similarities and differences with the Tennessee (TN) cattle producers surveyed by 

Ekakoro et al (2019a).  Broadly speaking, the TN cattle producers expressed much more 

negative perceptions of the VFD (70% of those surveyed expressed negative attitudes), 

often citing the VFD as unnecessary “top-down'' control.  The TN producers also 

expressed concerns that the VFD would negatively impact production, herd health, and 

the economics of the cattle industry. Ohio producers, by contrast, consistently reported 

“no change” in terms of herd health and production, and “little” to “no change” with 

respect to profitability (due to the VFD).  The perceived lack of impact on production 
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was supported by both Ohio and national level production trends, across all food-animal 

species. Perceptions of the feed directive by Ohio producers ranged from continued 

minor frustrations (“we were grumbling, about this, just this morning’”) to more neutral 

(“It's OK; it’s just a hassle”) to positive (‘It was absolutely needed.”)  Although the Ohio 

livestock producers were generally more positive about the feed directive, many 

expressed feelings of frustration that agriculture was over-regulated in general and 

unfairly blamed by society for many public woes. 

One explanation for these differences in perceptions that the Tennessee interviews 

began in mid-2017, in the middle of the first year of implementation.  In fact, the study 

noted that many of its participants were either “unaware” or “only slightly aware” of the 

mandate. After 2 ½ - 3 years of operating under the mandate, the Ohio producers had 

adjusted, and for the most part, adjusted well. 

 Consistent with both studies, dairy operators in general seemed less convinced 

of the usefulness of VFD, but also more prepared for it due to existing VCPRs. 

Additionally, both studies reported the perception that smaller cattle operations would 

have greater difficulty with compliance, primarily due to lack of access to veterinarians, 

especially in more remote areas. 

In order to compensate for the restrictions on MIA, both groups of cattle 

producers reported some increase in the use of vaccines and nutritional supplements, 

though less of the latter in Ohio (Ekakoro et al., 2019b). These strategies may be common 

across livestock sectors, the Rademacher et al. (2019) survey of swine veterinarians 

reported that the strategies their clients employed to compensate for the restrictions on 

antibiotics were, in descending order: increased vaccinations, increased non-antibiotic 



 

85 

feed additives, modified biosecurity, and modified nutrition.  These findings are 

consistent with my interviews with Ohio swine integrators.  

A common theme in the Ohio interviews, among many producers and all 

veterinarians, is that of an increased quantity and quality of veterinarian-client 

interactions.  This is consistent with the Rademacher study, in which the swine 

veterinarians reported an increase in discussions with their producer clients regarding 

antibiotic use and alternatives.  

The most widely reported impact of the VFD on Ohio stakeholders, however, was 

the increased amount of record-keeping and paperwork. Sixty-nine percent of Ohio cattle 

farmers reported this impact as well as 100% of the integrators and producers.  This 

increase was also reported in the other VFD studies cited.  Ironically, this impact - which 

was widely reported as a “nuisance’ - may be largely responsible for the decrease and 

more judicious use of antibiotics.  According to industry leaders, the substantial decrease 

in ABC by chickens was prodded by the paperwork mandated by the VFD (PoultryHealth 

Today, 2019b).  This record keeping allowed producers and veterinarians to more readily 

evaluate antibiotic usage and efficaciousness in given situations.  

  A possible and interesting discrepancy exists between the national level and local 

level data on the magnitude of the decrease in the use of antibiotics.  With the Ohio 

livestock producers, the perceived reduction in total antibiotic usage is minimal, in 

contrast to the substantial decreases that actually occurred at the national level.  While 

livestock producers generally reported that fed antibiotics decreased somewhat (among 

those using fed antibiotics prior to the VFD), the most common response for impact of 
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VFD on total antibiotic usage was “no change.” A couple of possible explanations for the 

apparent discrepancy exists. 

First, the responses by the livestock producers could reflect a weakness or 

limitation in my interview instrument. The question did not specify amount, only usage. 

Many producers compensated for the reduction of fed antibiotics by increasing their use 

of injectables, yet far less antibiotic is administered in terms of mg/animal when injected 

versus when mixed with feed. Many informants indicated that, in the past, antibiotics had 

been mixed with feed rather indiscriminately. Thus, while a producer may still be using 

antibiotics frequently, the absolute amount may be decreased via the switch to 

injectables. Two lines of evidence support this explanation. First while a compensatory 

increase in the use of vaccines was cited across most sectors and studies examined, the 

amount of antibiotics sold for injection increased by merely 10,295 kg nationally (2016-

2017). In contrast, the amount of antibiotics sold for feed during the same period 

decreased by over 2.5 million kg (FDA, 2018 Summary Report).   

Additional evidence is provided by veterinarian interviews. The interviewed Ohio 

veterinarians perceived greater decreases in both fed antibiotics and total antibiotic use 

than their producer clients.  One might assume that veterinarians are more cognizant of 

the actual amounts (vs frequency) of AB use. Additionally, the Iowa swine veterinarians 

(Rademacher et al., 2019) were fairly accurate in predicting the 35% decrease in swine 

ABC (2016-17) before the national figures were published, with the most common 

estimates just above or below the actual. 

An alternate hypothesis exists.  Perhaps the national figures on ABC may 

disproportionately represent the extremely large feedlots and CAFOs which primarily 
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populate the western states, and therefore are not representative of the typical Ohio 

livestock operation. Supporting (or refuting) evidence for this alternate hypothesis may 

soon be available.  The USDA Animal and Plant Health Inspection Service conducted a 

baseline study in 2016, the last year prior to VFD implementation with focused on the use 

of antibiotics in medium to large feedlots, including both cattle and swine in its study 

(USDA-APHI, 2019).  When the follow-up (post-VFD) study is complete, researchers 

will have a greater understanding of the use of antibiotics in feed-lots. 

Regardless of which hypothesis is better supported by further study, it is 

important to remember that national averages do not reflect universal ground-level 

experiences.  My study indicated that how the VFD was experienced by Ohio cattle 

operations was dependent on size and type of operation. For instance, dairies in general 

tended to use far less antibiotics than beef operations, and larger beef operations tended 

to have higher usage than smaller operations.  Additionally, a significant number of Ohio 

operations had not been using fed antibiotics; therefore, the feed directive had no impact 

on them at all.  For example, farmers associated with the American Grassfed Association 

were successful and committed to raising their herds, often with creative management 

practices, with no antibiotic use except in rare therapeutic situations.  

Study Limitations   

As with any observational study, this investigation has several limitations.  Some 

include: 

 The short time frame of this study  
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 As with the JIACRA and WHO studies, the data analyzed were originally 

collected for purposes other than for the study. 

 I am not an agricultural expert and do not claim to have captured all the nuances 

of livestock production. 

 This study does not examine  the “community” component of antibiotic 

resistance, that is, the amount of antibiotics consumed by humans. 

 Likewise, this study does not attempt to study the effect of environmental 

antibiotic pollution by either the human or livestock domain. 

 The farms included in the interviews were not randomly selected, although I did 

try to achieve a theoretical quota sample to get a range of farm types and sizes. 

 The interview data focused mainly on cattle operations, and were limited with 

respect to poultry and swine production. 

 The investigation of local level impacts of the VFD were restricted to Ohio 

livestock operations and the experiences may differ in other states, particularly 

those with a predominance of large-scale cattle feedlot operations. 

Additionally, the national-level consumption data were only available by animal 

species and not by type of operation. Therefore, much of the more nuanced story is left 

untold.  For example, in the Salmonella data from 2016, the percent of resistance to 

tetracycline is lower (by approximately one-half) in isolates from slaughtered dairy 

(11.1%) versus slaughtered beef cattle (22%).  This pattern continued in 2017 with 

resistance reported as 6.8% and 13.1%, dairy to beef respectively.  These differences are 

consistent with the Ohio interview data suggesting that dairy operations use less 

antibiotics than beef operations; however, without more granular national-level 
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consumption data, direct ABC-ABR comparisons cannot be made.  This underscores the 

need for extensive sampling in general.  More granular data would be especially useful to 

veterinarians and producers to determine what judicious use entails for each type of 

antibiotic-pathogen pairing - in order to maintain optimal antibiotic effectiveness.  The 

levels of 70% resistance of Campylobacter in cattle and swine illustrate the need to use 

antibiotics at levels that maintain their effectiveness. 

Finally, I was limited to using an imperfect method of estimating the mgAB 

consumed per kilogram of animal biomass.  The ESVAC method was developed over a 

decade ago to study European agriculture, thus the estimated weights at treatment may 

not reflect US averages.  Additionally, the methodology focused on the number of 

slaughtered animals and did not readily incorporate standing herds of cattle.  The 

methodology was sufficient for my study as it provided a means to track temporal 

changes in antibiotic use and provide a rough comparison of the ‘intensity’ of antibiotic 

use across species.  As more data become available in subsequent years, a more accurate 

and representative mgAB/Kg biomass calculation would be valuable in a more in-depth 

analysis of the various ABC-ABR relationships.  Accurate ABC data in terms of 

mgAB/kg biomass would permit researchers to run logistic regressions on the ABC-ABR 

relationships over time and across species. The FDA proposed a variation of the ESVAC 

method in 2017; however, no final rule has been issued (Center for Veterinary Medicine, 

FDA, 2017). 

Going Forward 

As noted above, the scope of this study did not include examining human 

consumption of antibiotics, i.e. the so-called “community” component of ABC, which 
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evolutionary theory predicts would be the greatest driver of antibiotic resistant infections 

in humans. Thus, ABC by livestock may be a small component of ABR human infections 

in general, but a major driver of ABR with respect to zoonotic bacterial infections 

specifically. A striking example of this is seen in the chicken-Campylobacter data already 

presented.  It should be noted, however, that resistant zoonotic bacteria can transfer their 

resistance via horizontal gene transfer (i.e. plasmid transfer) to commensal and/or 

pathogenic bacteria inhabiting humans. This underscores the importance of the “One 

Health” approach in keeping antibiotics effective and efficacious in treating both 

livestock and human patients. 

Implications for Further Scientific Research and Analysis 

Several ideas presented here are ripe for further scientific inquiry.  The significant 

(and not statistically significant) changes in ABR can be tested more rigorously as the 

FDA and NARMS collect and report more data.  DNA analysis of gene variants can test 

the hypotheses presented on co-selection and food chain transmission.  Additionally, the 

scope of this study examined only two of the four zoonotic bacteria monitored by 

NARMS and a few of the MIAs used in agriculture.  As more data are collected and 

reported, more nuanced recommendations can be made to producers and policy-makers.  

Producers themselves have voiced a greater need for more scientific research, especially 

in the area of genetics, specifically citing the need for more disease-resistant livestock. 

Lessons Learned from Interviews 

To keep antibiotics effective for use in both livestock and humans, these 

medicines must be used as judiciously and as sparingly as possible in both sectors.  The 
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results of this study are encouraging; the VFD appears to be working. Despite initial 

concerns, veterinarians and producers alike reported that the VFD is not too onerous to 

prevent compliance but inconvenient enough to motivate the reduced use of fed 

antibiotics.   

In fact, many - though not all - livestock producers and veterinarians reported a 

shift in philosophy from using antibiotics as the “first line of defense” to now the second 

or third. Operators of large animal operations reported that their need for antibiotics, 

while not entirely eliminated, had been greatly reduced by one or more of the following: 

1) better ventilation, 2) extensive vaccination protocols  (including increased use of 

autogenous vaccines, specific to a certain geographical region), 3) changes in 

management practices, and 4) better animal genetics. 

Implications for Consumers, Producers, Policy-Makers, and Stewardship Advocates 

  The national data indicate that the sales of antibiotics for livestock has dropped 

substantially since its peak in 2015, yet also suggest that further reductions are possible.  

From 2015-2018, although total ABC by livestock decreased by about 38%, the use of 

antibiotics for preventative (vs growth) indications inexplicably doubled between 2016 

and 2017, the first year of GFI #213 implementation.  

 Currently the biggest drivers of antibiotic use by the livestock industry appear to 

be the recent FDA regulations as well as economic drivers, specifically consumer 

demand for “NAE” (No Antibiotics Ever) meat, representing the proverbial “stick and 

carrot”.  Additional FDA regulations are already in the pipeline.  GFI #263 will require 

veterinarian oversight to injectable antibiotics, which are currently available OTC.  As 

with GFI #213, many stakeholders are concerned about this transition. 
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 Regarding economic incentives, perhaps antibiotic stewardship policies should 

follow the lead of LEED and designate Platinum, Gold, and other ratings in terms levels 

of antibiotic use, calculated terms of mgAB/PCU. Currently, meat can be labeled as 

“NAE” (No Antibiotics Ever), but not as “judiciously used antibiotics.”  If an animal is 

being raised in a NAE flock or herd and becomes ill, it must be either culled or treated 

with antibiotics and moved/labelled for the conventional market.  The adoption of such a 

system may necessitate modifying the ESVAC method as mentioned above. Such a 

ratings system could fiscally incentivize further reductions in antibiotic use. 

Additionally, poultry producers have lamented that using antibiotics for growth 

promotion is now illegal, but feeding poultry and swine an “all vegetarian” diet mandated 

by organic, NAE, and “all natural” labels is actually not natural and hinders weight gain.  

Although the demands for ‘all vegetarian diets’ were raised to address concerns over 

feeding livestock rendered meat, these issues are confounded and should be uncoupled.  

Livestock operators and policy makers may want to consider feeding insects to poultry. 

This protein source would actually be a more ‘natural’ diet as poultry and pigs are 

omnivores. Insects would be a more efficient source of protein than grain given the 

similarities in amino acids between animals (chicken-insect) versus animals and plants 

(chicken-grain).  Preliminary studies support this as a viable option for both poultry and 

swine (Khusro, Andrew, & Nicholas 2012; Veldkamp & Bosch, 2015). 

Methods by which society can support producers in reducing their use of 

antibiotics is limited only by human imagination and ingenuity. For example, Hammer et 

al. (2016) found an 80% increase of methane, a potent greenhouse gas, released from the 

manure of cattle treated with injected tetracycline. If these findings were replicated with 
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fed antibiotics, policy-makers in areas having a carbon market, such as California, would 

have another economic tool to incentivize producers.  

The fact that most US chickens are currently raised NAE due to consumer 

demand demonstrates that economic drivers should not be underestimated. Thus, the 

burden for implementing further reductions in antibiotics - which benefit the health of all 

– need not be solely shouldered by producers of protein for many. 

At the time of this writing, the US and global populations are being ravaged by 

the COVID-19 pandemic and people are experiencing a way of life that was 

unimaginable just a month ago.  Proactive versus reactive public health policies are 

immensely preferred.  All sectors of human society can benefit by together acting 

proactively versus reactively in matters of public health, such as antibiotic resistance. 

Conclusions 

Preliminary results were highly encouraging in that GFI #213 and the Veterinary 

Feed Directive appeared to be working, both in terms of decreasing the consumption of 

antibiotics by livestock and in reducing the occurrence of antibiotic resistance in zoonotic 

bacteria that inhabit both livestock and humans.  This study suggests avenues for further 

action both scientifically and as a society.  Additionally it underscores the importance of 

the “One Health” approach in keeping antibiotics - our invaluable medical tools – 

effective for all. 
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Ancillary Appendix 1 

Phase 1: Cattle Farm Interview Questions 

On-Farm Interview Questions  
{Abridged} 

 
Assessing the Role of Cattle Production Systems and Landscape 

Characteristics in Antimicrobial Resistance Profiles 
 

IRB Exemption Study ID: 2018E0880 

 
FARM CHARACTERISTICS:   To begin, I’d like to learn more about your operation.  These 
first questions help us get a sense of how your (beef/dairy) operation is organized. 

BEEF COW-CALF / BEEF FEEDLOT / DAIRY HEIFER or DAIRY BEEF OPERATIONS 

 
o How would you describe your operation?   (cow-calf, heifer raising, stockers, 

feedlot/finish, etc.) 

o On average, how many cattle and calves do you have on the farm? (beef cows, calves, 
heifers, steers, bulls, etc.) 

TYPE    Age Classes   NUMBER 

Mature COWS    (have calved)  _________ 
Young CALVES      (under 6 months) _________ 
HEIFERS kept for breeding    (6 mos to fresh) _________ 
STEERS and other beef (6 mos to sale)  _________  (note – 

heifers for beef go here) 
Other: ________________    ____________  _________ 

o Where are your cattle and calves located now?   
o How would you describe your cattle housing? (Type of housing, note bedding)  
o Do any of your cows regularly have access to pastures? ___ Yes  ___ No 

CATTLE FEEDING PRACTICES 
o Do you use a nutritionist or feed consultant?   ___YES  ___NO         
o Do you use a TMR (total mixed ration)?   ___YES  ___NO         
o Do you usually bring in any of your cattle feed from off the farm?  
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1. What would you say are the most challenging or pressing cattle health issues you have 

to deal with?  (note if it is a disease that might have been treated w/ antibiotics so you 

can probe for recent instances below) 

“Just to be sure we didn’t miss any – do you ever deal with…”  Prompts to check for 
common things:   

Mastitis, Respiratory diseases, Pinkeye, Scours, Johne’s, BVDV-Bovine Viral 
Diarrhea,  Lameness/Footrot, hairy warts, parasites, blackleg disease, 
Breeding/reproduction or calving issues, metritis/post calving uterine infections 
 

VACCINATION USE:  
1. Do you vaccinate any of your cattle?      YES   NO 

 
2. Is there a particular vaccination schedule you adhere to?     YES   NO 

 
3. What vaccinations are routinely administered in your dairy or beef herd? 

 
ANTIBIOTIC USE 

1. Do you ever use antibiotics with your dairy or beef cattle?   

  YES   NO  (if not – probe for reasons) 

In general – how would you describe your overall approach to using antibiotics in your 
herd? 

_____________________________________________________________________ 

 
2. Who usually administers antibiotics on your farm?  

3. Where do you usually purchase antibiotics for your farm?  

4. When were antibiotics last administered to any of your dairy or beef cattle? 

 In last week    In last month   Last 3 months 

 More and 3 months ago (specify):  

5. Have you ever noticed problems with antibiotic effectiveness when treating your 
animals?   

____Yes ____No   IF YES-- is this increasing over time? How concerned are you 
about the possibility that livestock diseases you need to treat will become resistant to 
antibiotics?   

   not at all concerned    a little concerned    somewhat concerned    

very concerned 
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VETERINARY FEED DIRECTIVE:  

In 2017, the US Food & Drug Administration (FDA) issued a ‘veterinary feed directive’ 

that imposed new rules for how medically important antibiotics can be administered to 

animals.  Generally speaking, this rule requires more veterinary oversight (e.g., a 

prescription) whenever such antibiotics are fed to any food-animal species. 

1. How did this change affect your livestock operation?  (What were the biggest 
challenges you faced?) 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

____________________________________ 

I now have a set of closed answer questions – for each one, I want you to indicate the 
extent to which the VFD changed any of the following things on your farm? (answers 
range from decreased a lot to no change to increased a lot) 

 Decreased a 
lot 

Decreased a 
little No change 

Increased a 
little 

Increased a 
lot 

Use of 
Antibiotics: 

     

Use of Vaccines:       

Use of nutritional 
supplements in 
feed: 

     

Animal Health:       

Farm 
Profitability:  

     

# of vet 
interactions 

     

Amount of 

Paperwork 
     

2. BOTTOM LINE: How difficult has it been for your operation to comply with the VFD? 
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Ancillary Appendix 2 

 Phase 2: Cattle Farm Interview Questions 

FARM INTERVIEW 
Assessing the Impact of the Veterinary Feed Directive  

on Ohio Cattle Operations 
 

In 2017, the US Food & Drug Administration (FDA) issued a Veterinary Feed 
Directive’ (VFD) that imposed new rules for how medically important antibiotics 
can be administered to animals.  Generally speaking, this rule requires more 
veterinary oversight whenever such antibiotics are fed to any food-animal 
species. 

The purpose of my study is to gauge the impact of these new rules on producers, 
and to get a sense how things unfolded on the ground.  We will share your 
experiences - positive, negative, or neutral – with decision makers and 
researchers working to find practical approaches to managing herd health in the 
beef and dairy industry. 

 
We take privacy issues very seriously on this project and it is important to us that 
you understand your rights and role in this study.     
Please know: 

 This study is entirely voluntary – you can refuse to answer any 
questions or withdraw from the study at any time without penalty 

 The information we collect will be kept confidential – individually 
identifying information will be removed from all datasets. 

 The benefits – Results will contribute to our collective understanding of 
livestock health issues and the impact of new regulations on farm 
operations  

 There are minimal risks – All materials have been approved by The Ohio 
State University  (IRB # 2019E0899) 
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I. Description of Farm 
1. How would you describe your cattle operation?  

 e.g., Dairy, Cow/calf, Heifer raising, Stocker, Finishing/Feedlot, Seedstock / 
Registered Breeder, Other 
 

2. How many total acres are in your farm operation?    ___________ 
 

3. How many of each of the following type of cattle do you currently have on the 
farm?  

a. Beef or milk cows:       
b. Other adult cattle (over 6 months; steers, heifers, bulls): 
c. Calves under 6 months:    

 ___________ 
4. Do your adult cattle have access to pastures? – pick the answer that best applies 

 No, never or rarely 

 Yes, seasonally 

 Yes, most or all of the time 
 

5. Do you use a TMR (total mixed ration) machine?   (Yes or No) 
 
6. How often do you bring new cattle into your operation from other farms? – pick 

the answer that best applies (Never or rarely; Occasionally; Frequently) 
 

7. Do you quarantine new animals upon arrival?  (Always / Sometimes / Never / 
NA) 
 

8. Do you have any other types of livestock on this farm?  (e.g. hogs/poultry/sheep) 
 

 
II.  Herd Health Management 

 
9. What would you say are the most challenging or pressing cattle health issues 

you have to deal with?   
 

10. Do you regularly vaccinate any of your cattle?    (Yes or No) 
 

11. What is your overall approach to antibiotic use? 
 

12. Over the last 12 months, have you used any antibiotics in your dairy or beef 
herd?   

a. Yes/No 
b. If yes- when were antibiotics last administered to any of your dairy or beef 

cattle? 
c. For what kinds of conditions did you use antibiotics over the last year? 

 

13. Have you ever noticed problems with antibiotic effectiveness when treating your 
animals?  
 

14. How often does a vet typically visit your farm in person? – pick the answer that 
best applies (At least once a month; Less than once/month but more than 
once/year; Less than once/year) 
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III.    VFD 
As you probably know, in 2017, the US Food & Drug Administration (FDA) issued a 
‘Veterinary Feed Directive’ (VFD) that issued new rules for how medically important 
antibiotics can be administered to animals.  Generally speaking, this rule requires more 
veterinary oversight (e.g., a prescription) whenever such antibiotics are fed to any food-
animal species.  
 
15. How did this change affect your livestock operation?   

 
16. What were your feelings when the VFD first came out? 

a. Did you feel it was needed? 
b. Did you feel it was going to be effective or useful? 

 
17. How do you feel about the VFD now?  

 
18. Before the VFD, how often did you mix antibiotics with cattle feed or water on your  

farm? 
A. Routinely      B.   Occasionally      C. Rarely    D. never 

 
If A, B, or C 

 please briefly describe the kinds of situations where you used antibiotics in 
feed or water for livestock: 
 

 Since the VFD – have you been able to continue using antibiotics in your 
livestock food or water? 
 

19. Please indicated how the VFD has affected your operation in each of the following 
ways: 

5 = Increased a lot 
4 = Increased a little 
3 = no change 
2 = Decreased a little 
1 = Decreased a lot 
 

 1 2 3 4 5 

Use of antibiotics in food or water      

Use of antibiotics in general      

Use of vaccines      

Use of nutritional supplements in feed      

Number of vet interactions      

Livestock Health      

Farm profitability of Farm      

Amount of paperwork      

Other (specify)      
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20. To summarize: What was the greatest challenge for your operation in complying with 
the VFD? 
 

21. What strategies or responses did you use to deal with this challenge? 
 

22. Bottom line:  How difficult has it been for your operation to comply with the VFD?   
 

IV. Information about you 
23. How long have you been farming? 

 
24. Please select your age range: 

 18 – 25 

 26 – 35 

 36 – 45 

 56 – 65 

 66 – 75 

 > 75 

 
25. What is your highest level of formal education? 

___high school    ___ some college   ____ 4 year college degree  
___graduate degree     _____ other (describe) 

 
Finally – I have a few questions about your level of concern about the issues 
surrounding antibiotic resistance. 
How concerned are you about the possibility that livestock diseases you need to treat 
will become resistant to antibiotics?   

   not at all concerned    a little concerned    somewhat concerned    very 
concerned 

 
26. How concerned are you that antibiotics used in cattle are becoming less effective? 

   not at all concerned    a little concerned    somewhat concerned    very 
concerned 

 
27. How concerned are you that human diseases are becoming more resistant to 

antibiotics? 

   not at all concerned    a little concerned    somewhat concerned    very 
concerned 

 
28. Finally, please indicate your extent of agreement or disagreement with each of the 

following statements: 

 “The use or overuse of antibiotics in livestock production is a contributing 
factor to antibiotic resistance found in livestock”  (SD/D/N/A/SA) 

 “The use or overuse of antibiotics in livestock production is a contributing 
factor to antibiotic resistance found in humans” (SD/D/N/A/SA) 

 
29. What other thoughts or information would you like to share with researchers and 

policy makers on this topic? 
 

30. Do you have any other comments or questions for us? 
 

THANK YOU for your time and feedback! 
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Ancillary Appendix 3 

 Phase 2: Integrator Interview Questions 

INTEGRATOR INTERVIEW 
Assessing the Impact of the Veterinary Feed Directive  

on Ohio Livestock Operations 
 

Integrator Interview ID: _________   Date:  __________ 

 

1. What type of livestock farms does your company work with? 

 

2. What is the typical size or type of farming operation you work with?  (in terms of head 

of animal) 

 

3. How long have you worked for this company? 

 

4. Did you ever operate a farm before working for this company? 

 

5. What is your company policy on the use of antibiotics?   

 

6. Have you felt any consumer pressure to reduce the amount of antibiotics in your 

production? 

 

7. How familiar were you with the FDA Veterinary Feed Directive when it was issued in 

2017? 

a. Did you participate in any discussions about what it should include when it 

was being drafted? 

b. What kind of training or info did you get when it was issued? 

 

8. What were your feelings when the VFD first came out? 

a. Did you feel it was needed? 

b. Did you feel it was going to be effective or useful? 

 

9. How do you feel about the VFD now? 

 

10. How has the use of antibiotics on farms you work with changed since the 

implementation of the VFD? 
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11. How frequently did your contractors/farmers add antibiotics to animal feed or water 

before the VFD? 

 
12. What do you feel are the most important animal management issues when reducing 

the amount of unnecessary antibiotics? 

 

13. For each of the following, please indicate how much each of the following has 

changed as a result of the VFD:   

(decreased a lot; decreased a little; no change; increased a little; increased a lot) 

● Amount of AB your operators administer through livestock feed or water 

● Amount of AB your operators use for preventative/prophylactic reasons 

● Overall amount of AB your operators use  for livestock (total) 

● Use of vaccines by your operators 

● Use of feed supplements by your operators 

● Size of typical herds/flocks among your operators 

● Number of farm visits by vets to farm sites 

● Overall health of livestock  

● Overall profitability of farm operations 

● Amount of paperwork 

 

14. To summarize, what has been the greatest challenge for you and your company in 

complying with the VFD? 

 

15. What has been the greatest challenge for your farm operators in complying with the 

VFD? 

 

16. What kinds of farms were most impacted by the VFD? 

 

17. How have they been dealing with this challenge? 

 

18. Bottom line: How difficult has it been for you and your operators to comply with the 

VFD?    

 

Finally – I have a few questions about your level of concern about the issues 

surrounding antibiotic resistance. 

 

19. How concerned are you about the possibility that livestock diseases you need to 

treat will become resistant to antibiotics? (at all concerned; a little concerned; 

somewhat concerned; very concerned) 

 

20. How concerned are you that antibiotics used in cattle are becoming less effective? 

(at all concerned; a little concerned; somewhat concerned; very concerned) 
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21. How concerned are you that human diseases are becoming more resistant to 

antibiotics? (at all concerned; a little concerned; somewhat concerned; very 

concerned) 

 

22. Finally, please indicate your extent of agreement or disagreement with each of the 

following statements: 

● “The use or overuse of AB in livestock production is a contributing factor 

to ABR found in livestock ”  (SD/D/N/A/SA) 

● “The use or overuse of AB in livestock production is a contributing factor 

to ABR found in humans” (SD/D/N/A/SA) 

 

23. What other thoughts or information would you like to share with researchers and 

policy makers on this topic? 

 

24. Do you have any other comments or questions for us? 

 

Thank you for your time and feedback! 
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Ancillary Appendix 4 

 Phase 2: Veterinarian Interview Questions 

VETERINARIAN INTERVIEW 
Assessing the Impact of the Veterinary Feed Directive  

on Ohio Cattle Operations 
 

In 2017, the US Food & Drug Administration (FDA) issued a Veterinary Feed 
Directive’ (VFD) that imposed new rules for how medically important antibiotics 
can be administered to animals.  Generally speaking, this rule requires more 
veterinary oversight whenever such antibiotics are fed to any food-animal 
species. 

The purpose of my study is to gauge the impact of these new rules on producers, 
and to get a sense how things unfolded on the ground.  We will share your 
experiences - positive, negative, or neutral – with decision makers and 
researchers working to find practical approaches to managing herd health in the 
beef and dairy industry. 

 
We take privacy issues very seriously on this project and it is important to us that 
you understand your rights and role in this study.     
Please know: 

 This study is entirely voluntary – you can refuse to answer any 
questions or withdraw from the study at any time without penalty 

 The information we collect will be kept confidential – individually 
identifying information will be removed from all datasets. 

 The benefits – Results will contribute to our collective understanding of 
livestock health issues and the impact of new regulations on farm 
operations  

 There are minimal risks – All materials have been approved by The Ohio 
State University  (IRB # 2019E0899) 
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Interview ID:      Date: 

 

1. How would you describe your veterinary practice? What type of animals do you 

work with? 

 

2. How long have you been working as a large animal vet? 

 

3. What share of your current clients are beef or dairy farmers? 

 

4. Do you also work with any poultry or hog farmers? 

 

5. In your experience, what are the most common reasons that antibiotics are used 

by beef producers you work with? 

 

6. How about for dairy farms - what are the main reasons antibiotics are used on 

dairy operations?? 

 

7. How about for hog and poultry farms? 

 
8. What is your personal/professional opinion of how AB should be used in food 

animals? 

 

9. How familiar were you with the FDA Veterinary Feed Directive when it was 

issued in 2017? 

a. Did you participate in any discussions about what it should include when 

it was being drafted? 

b. What kind of training or info did you get when it was issued? 

 

10. What were your feelings when the VFD first came out? 

a. Did you feel it was needed? 

b. Did you feel it was going to be effective or useful? 

 

11. How do you feel about the VFD now? 

 

12. How has the use of antibiotics on farms you work with changed since the 

implementation of the VFD?   

 

13. Before the VFD, did you regularly recommend the administration of antibiotics 

through livestock feed or water? 

 

14. How common was that practice among your clients before the VFD? 

 

15. Did the VFD change your approach or recommendations with respect to 

administering antibiotics through livestock feed and water? 
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16. Overall, how did the implementation of the VFD affect your veterinary practice?? 

 

17. For each of the following, please  indicate how much each of the following things 

have changed as a result of the VFD:   

( decreased a lot; decreased a little; no change; increased a little; increased a lot) 

● Amount of AB you prescribe to be administered in feed or water 

● Amount of AB you have prescribed for preventative/prophylactic reasons 

● Amount of AB you have prescribed (total) 

● Number of farm visits you make with clients 

● Farm operator use of vaccines 

● Farm operator use of feed supplements 

● Farm operator use of fed antibiotics (in feed or water) 

● Farm operator use of all antibiotics 

● Overall health of livestock  

● Herd or flock size 

● Profitability of farms you work with 

● Amount of paperwork 
 

18. To summarize: What has been the greatest challenge for you and your veterinary 

practice in complying with the VFD? 
 

19. What has been the greatest challenge for your farmer clients in complying with 

the VFD? 
 

20. What kinds of livestock farms were most impacted by the VFD? 
 

21. How have they been dealing with this challenge? 
 

22. Bottom line: How difficult has it been for you and your clients to comply with the 

VFD? 

Does it vary with type of livestock? 
 

Finally – I have a few questions about your level of concern about the issues 
surrounding antibiotic resistance. 

23. How concerned are you about the possibility that livestock diseases you need to 
treat will become resistant to antibiotics? (at all concerned; a little concerned; 
somewhat concerned; very concerned) 

24. How concerned are you that antibiotics used in cattle are becoming less 

effective? (at all concerned; a little concerned; somewhat concerned; very 

concerned) 

25. How concerned are you that human diseases are becoming more resistant to 
antibiotics? (at all concerned; a little concerned; somewhat concerned; very 
concerned) 
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26. Finally, please indicate your extent of agreement or disagreement with each of 

the following statements: 

● “The use or overuse of AB in livestock production is a contributing factor to ABR 

found in livestock ”  (SD/D/N/A/SA) 

● “The use or overuse of AB in livestock production is a contributing factor to ABR 

found in humans” (SD/D/N/A/SA) 

 

27. What other thoughts or information would you like to share with researchers and 

policy makers on this topic? 
 

28. Do you have any other comments or questions for us? 

Thank you for your time and feedback! 

 

 

 

 



 

 

Ancillary Appendix 5 

Calculations for Normalized Antibiotic Consumption: Antibiotics (mg)/Animal Biomass, (kg or PCU) - ESVAC Method 

 
 

 

(Kg) (Kg) (Kg)

2016 AW Biomass 2017 AW Biomass 2018 AW Biomass

CATTLE

Number of slaughtered cows 5,428,200 425 2306985000 5,772,500 425 2453312500 6,177,100 425 2,625,267,500

Number of slaughtered heifers 7,698,000 200 1539600000 8,611,100 200 1722220000 9,166,800 200 1,833,360,000

Number of slaughtered bulls 493,800 425 209865000 550,200 425 233835000 537,600 425 228,480,000

Number of slaughtered steers 16,494,500 425 7010162500 16,770,600 425 7127505000 16,636,700 425 7,070,597,500

Number of slaughtered calves 479,900 140 67186000 503,300 140 70462000 571,400 140 79,996,000

Number of dairy cows 9,334,000 425 3966950000 9,406,000 425 3997550000 9,399,000 425 3,994,575,000

Imported slaughter cows 548,415 -425 -233076375 491,133 -425 -208731525 416,996 -425 -177,223,300

Exported slaughter cows 0 425 0 0 425 0 0 425 0

Imported fattening cows 619,274 -140 -86698360 752,067 -140 -105289380 827,233 -140 -115,812,620

Exported fattening cows 68,760 140 9626400 193,058 140 27028120 243,795 140 34,131,300

 

Total Cow Biomass 14790600165 15317891715 15,573,371,380

FDA Kg AB (Cattle) 3,605,543 2,333,839 2,521,157

[AB](mgAB/Kg biomass) 243.7725961 152.3603276 161.8889667

Rounded mg/PCU 244 152 162
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Appendix 5 (continued)

 

Date sources:  USDA, National Agricultural Statistics Service, (https://quickstats.nass.usda.gov/) 

USDA Economic Research Service (https://www.ers.usda.go 

https://quickstats.nass.usda.gov/

