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Abstract

Farmers use antibiotics to treat, prevent, and control animal diseases and increase the
productivity of animals and operations. However, there is concern that routine antibiotic
use in livestock will contribute to antimicrobial-resistant pathogens, with repercussions

for human and animal health. Given these concerns, pressure to limit antibiotic uses for
purposes other than disease treatment is mounting. Changes in use will lead to a series of
adjustments in animal agriculture as producers change production practices, with poten-
tial repercussions for prices and volumes in livestock markets. This report addresses the
following questions: How widely are antibiotics used in the livestock industries? How could
the current structure of the livestock industry influence the effects of restrictions on certain
uses of antibiotics? How might the restriction of antibiotics affect production and costs at the
animal and farm levels? How might those impacts affect production and prices in markets?

Keywords: Antibiotics, livestock, United States, economics, prices, feed efficiency, produc-
tion purposes, antimicrobials, growth promotion, policy analysis, disease prevention
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What Is the Issue?

The animal agriculture sector is a major user of antibiotic drugs for disease treatment,
disease control, disease prevention, and “production purposes” (such as growth promotion).
Routine use of antibiotics—in humans or animals—can encourage antimicrobial resistance,
which can lead to significant human and animal health risks. In 2013, the U.S. Food and
Drug Administration (FDA) issued final guidance on voluntarily phasing out the use of
medically important antibiotics (those important for therapeutic use in humans) for livestock
production purposes.

This report addresses the following economic issues associated with the use of antibiotics in
U.S. livestock agriculture:

1. How widely are antibiotics used in livestock production? What is the extent and purpose
of use among different species and at different stages of production?

2. Are there discernible trends in the use of antibiotics for production and disease
prevention by livestock producers?

3. How could the current structure of the livestock industry influence the effects of
restrictions on antibiotics for production purposes?

4. How does the use of antibiotics for production purposes affect production and costs at the
animal and farm levels?

5. How do the farm-level impacts of limiting production uses of antibiotics affect
production and prices in markets?

What Did the Study Find?

Extent of antibiotics for production-purpose and disease prevention use in livestock
production - Administration of antibiotics for production or disease prevention uses in the live-
stock sector is not universal and varies by species:

* Hogs. Between 2004 and 2009, the share of finishing hogs sold or removed from opera-
tions administering antibiotics to promote growth fell from 52 to 40 percent. The share
from operations stating they did not know—or did not report—whether antibiotics were
administered for growth promotion rose from 7 to 22 percent. The share of nursery hogs

www.ers.usda.gov



sold or removed from operations administering antibiotics for growth fell from 29 to 23 percent over
2004-2009. The share from operations stating that they did not know or report whether antibiotics were
administered rose from 5 to 20 percent.

* Broilers. Between 2006 and 2011, the share of broilers raised without antibiotics except for disease
treatment rose from 44 to 48 percent. The percentage of birds removed from operations reporting they
did not know whether their birds were raised without antibiotics except for disease treatment rose from
29 to 32 percent.

* Beef cattle. While few beef/cow-calf operations use antibiotics for production purposes, they were fed
to an estimated 49 percent of cattle at large-scale feedlots in 2011. In both 1994 and 2011, more than
three-quarters of feedlots with at least 1,000 head provided antibiotics in feed or water, where the pur-
pose is often growth promotion.

* Dairy. In 2006, an estimated one-fifth of dairy operations fed antibiotics to replacement heifers (milk
cows that have not yet calved) for disease prevention. In 2007, 90.1 percent of dairy operations pro-
vided antibiotics for disease prevention.

Industry structure - Analysis of the structure of the pork, broiler, beef, and dairy subsectors suggests how
limits on antibiotic use would affect the industries.

* Vertical integration—in which large firms control all or several parts of meat production, from feed mills
to the retail level—influences which operations bear the costs of adjusting to restrictions on the use of
antibiotics for production purposes. In many livestock industries, a majority of production is controlled
by a few integrators who mostly determine feed formulations and use of antibiotics for production pur-
poses; farmers may have little discretion in such uses of antibiotics.

* Livestock operations often specialize in specific phases of an animal’s lifecycle. In certain stages, use
of antibiotics for production purposes is more common and impactful. Hence, restrictions on the use of
antibiotics would have varying impacts on different types of farms and may have short-term effects on
supply chains.

Effects of changes in use of antibiotics for production purposes on livestock producers and markets - Use
of antibiotics for purposes other than disease treatment is associated with a 1- to 3-percent increase in pro-
ductivity of a farm (not statistically distinguishable from no effect). Given this, we develop an estimate of
the effects of restrictions on production uses of antibiotics on production, prices, and total revenue.

* For a given level of output, a 1- to 3- percent increase in the cost of production would lead to an increase
of approximately 1 percent in wholesale prices and a drop in output of less than 1 percent.

* Producers using antibiotics for production purposes before restrictions are predicted to reduce produc-
tion by 1 to 2 percent due to higher costs. They are predicted to see a decline of less than 1 percent in
their value of production.

* Producers not using antibiotics for production purposes before restrictions are predicted to respond to
higher prices by increasing production. Since their production costs for a given level of output do not
increase due to restrictions, their total revenues increase.

How Was the Study Conducted?

This report draws on data from the Agricultural Resource Management Survey (ARMS), jointly adminis-
tered by the U.S. Department of Agriculture’s National Agricultural Statistics Service (NASS) and Econom-
ic Research Service. The ARMS provides a representative sample of U.S. farming operations. The analysis
also uses statistics from the National Animal Health Monitoring System conducted by the USDA’s Animal
and Plant Health Inspection Service and NASS.

The study modeled how restrictions in use of antibiotics for purposes other than disease treatment may
affect market-level outcomes, including output and price.

www.ers.usda.gov



Economics of Antibiotic Use in
U.S. Livestock Production

Stacy Sneeringer, James MacDonald, Nigel Key, William McBride,
and Ken Mathews

Introduction

Antibiotics are used in livestock production to treat diseases in animals, to control the spread of
disease among healthy animals in flocks and herds when diseased animals are present, to prevent
disease even when no sick animals are present but there is a high likelihood of disease, and to
increase animal productivity (so-called “production-purpose uses”). Improvements in productivity
primarily include growing animals to market weight in less time and animals requiring less feed per
unit of weight gain. For disease prevention and production purposes, antibiotics can be provided in
subtherapeutic doses in feed or water (McEwan and Fedorka-Clay, 2002). Antibiotic use for disease
prevention and production purposes is a common feature of modern U.S. livestock production, where
animals are confined in barns, dry lots, or houses (see box, Definitions of “Production-purpose
Uses” and “Antibiotic,” p. 2).

Production-purpose antibiotics became widely used in U.S. livestock production in the 1970s
because they reduced costs (CAST, 1981). Researchers as early as the 1940s discovered that animals
that were fed low levels of antibiotics realized faster rates of growth and improved feed efficiency
(Hays, 1991). This appears to operate through the antibiotic inhibition of normal microflora within
the animal’s gastrointestinal system, thereby enabling more energy to be expended for nutrient use
and conversion to weight gain. If animals require less feed per unit of animal growth, producers are
able to purchase fewer inputs per unit of output. Additionally, production-use antibiotics may reduce
weight variability between animals, producing more uniform animals that are better suited to mech-
anized processing and that generate steadier income streams to farmers.

Regular use of antibiotics in humans or animals can lead to resistance among pathogens, and there is
growing concern that widespread antibiotic use has led to the emergence of some organisms resistant
to most or all antibiotics. The extent to which antibiotic use in livestock production contributes to
human health problems is a matter of controversy. The U.S. Food and Drug Administration (FDA)
has established that enough scientific evidence exists to support the agency’s current restrictions on
using medically important antibiotics for production purposes (U.S. FDA, 2012a). Other scientific
and Government bodies posit a link between antibiotic use in livestock and human health risks (U.S.
CDC, 2013; Infectious Diseases Society of America, 2010; WHO, 2012; Maves, 2009; Shea, 2004).
While such a risk is present, its extent remains in question (Turnidge, 2004a; Chang et al., 2014).

In response to these concerns, public policy discussions have focused on the inappropriate use of
antibiotics for human health and the use of production-purpose and disease-prevention antibiotics in
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Definitions of ‘‘Production-Purpose Uses’ and ‘‘Antibiotics”

Government documents, academic articles, and popular press refer to the different uses of antibiotics using a
number of terms. In this report, we use the term “production-purpose uses” to refer to any antimicrobial use in
livestock production for the purpose of productivity increases, such as faster growth and better feed efficiency
(less feed per unit of weight gain). Thus, our definition depends on purpose, not on amount of antibiotic used.
Purpose of use is specific to species, disease, and type of antibiotic and is listed on drug labels. Our selection
of terms corresponds to recent FDA guidance documents (FDA, 2012a). In this report we also occasionally
make use of other terms to refer to antibiotic use. Antibiotics are used for four main purposes in livestock pro-
duction: (1) Disease treatment; (2) Disease control (metaphylatic); (3) Disease prevention (prophylactic); and
(4) Production. Other terms used in the literature and the purposes they cover are:

e “Subtherapeutic” can refer to 3 or 4, and is often used to only refer to 4.
e “Nontherapeutic” can refer to 2, 3, or 4, but is often used to refer to only 3 or 4.

e “Antimicrobial growth promotion” (AGP) is a type of 4.
We use these alternative terms most frequently when describing documents that use them.

While our focus in much of the report is production uses of antibiotics, we also pay particular attention to
prophylactic (disease prevention) uses, for two reasons:

1. The policy dialogue in the United States and other countries includes both production and prophylactic
uses. While recent FDA actions have focused on production uses, there are calls in the United States to
also restrict prophylactic uses (Lawrence, 2012; Mellon, 2013; WHO, 2000). Certain European coun-
tries have also placed limitations on prophylactic uses of antibiotics, based on concerns that producers
will switch from production to prevention use when production use is restricted (Jensen and Hayes,
2014; Levy, 2014).

2. The survey data from which we draw statistics do not always distinguish between production and pro-
phylactic uses. For example, in the Agricultural and Resource Management Surveys (ARMS) broiler
questionnaires, respondents are asked if they raised birds without antibiotics in their feed or water
unless the birds were sick. Hence, prophylactic uses, occurring when disease is possible but not yet
evident, are not distinguished from production uses in the survey.

The term “antibiotics” also warrants clarification, particularly in its relation to “antimicrobials” and “anti-
bacterials.” Technically, antimicrobials encompass antibacterials, which encompass antibiotics. Hence, all
antibiotics are antimicrobials, but not all antimicrobials are antibiotics. Despite these differences, the terms
“antimicrobials” and “antibiotics” are often used interchangeably. As a recent FDA document notes:

“The term ‘antimicrobials’ refers broadly to drugs with activity against a variety of microorganisms
including bacteria, viruses, fungi, and parasites. Antimicrobial drugs that have specific activity against
bacteria are referred to as antibacterial or antibiotic drugs. However, the broader term ‘antimicrobial,’
commonly used in reference to drugs with activity against bacteria, is used ... interchangeably with the
terms antibacterial or antibiotic” (U.S. FDA, 2012a, p. 4).

In this report, we generally use the term “antibiotics” interchangeably with “antimicrobials.” Confusion
surrounds ionophores and coccidiostats, which are antimicrobials used in livestock production but not in
human medicine. The USDA’s Food Safety and Inspection Service (FSIS) defines ionophores to be antibiotics
for label claims. Where possible, we specify a distinction between antibiotics exclusive of ionophores and
coccidiostats.
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animal agriculture, as well as on new antibiotic and vaccine approaches in both animal and human
medicine. In 2006, the European Union (EU) banned the use of antibiotics for growth-promotion
purposes, and subsequent bills have been introduced in the U.S. Congress (Johnson, 2011). In 2013,
the FDA issued a final guidance document implementing voluntary plans to phase out the use

of medically important! antibiotics in livestock for food production purposes (U.S. FDA, 2013).
Another FDA proposal is to require that all medically important antibiotics require a veterinarian’s
prescription; at present, animal antibiotics are available over the counter without a prescription.
Several major food retailers have placed restrictions on the use of antibiotics for production purposes
by their meat suppliers (McDonald’s, 2003; Weise, 2006; Pew Charitable Trusts, 2015), and there is
growing consumer interest in products from animals raised without antibiotics (Consumer Reports,
2012). At the same time, there are concerns that poorly designed restrictions may pose new human
and animal health risks and raise costs, without adequately addressing the risks of resistance.

Restricting use of antibiotics through Government intervention or voluntary actions is likely to have
economic repercussions in animal agriculture. Producers may alter production practices, including
the types of equipment and housing that they use, and they may seek out medicinal alternatives to
antibiotics. They may adjust feed formulations or institute a number of alternative practices, such

as bio-security measures and selective breeding. While these innovations may mitigate production
losses due to lower antibiotic use, they will likely raise the costs of production, which will mean that
less meat will be produced at a given price. As production volumes decline, prices will increase.
Consumers may react to changes in meat prices and to perceptions about meat safety and quality,
and retailers may adjust to changes in livestock production and consumer demand.

How restrictions will affect the different livestock industries will depend in part on how these indus-
tries are structured. Industries with a higher degree of concentration and fewer decision makers will
be able to have greater immediate impact on use of antibiotics than industries with more entities
making decisions about feed formulations. If use of antibiotics for production purposes has a larger
impact on certain stages of the animal life-cycle, restrictions on such use may disrupt supply chains
in industries that divide the lifecycle portions among operations, at least in the short term.

The impact of restrictions on use of antibiotics will also depend on how widely they are used and
how they are used among different species and stages of production. Current policies are phasing
out production uses of antibiotics that are important in human medicine; livestock industries relying
on such antibiotics may encounter more compliance difficulties than industries that use antibiotics
specific to animal medicine (such as antimicrobials like ionophores or coccidiostats). If production-
purpose antibiotics are not used universally, restrictions on use will have less impact on industries as
a whole and on market outcomes.

The effect of production-purpose antibiotic restrictions on market quantities and prices will depend
on the extent of antibiotic use and the farm-level impacts of use. If use is limited and productivity
effects are small, then effects on overall production and price changes may be small. The inverse is
true as well. Producers not using antibiotics for production purposes may even enjoy higher returns
if restrictions also create higher prices for meat and consumers do not distinguish between products
raised with and without production-purpose antibiotics.

! “Medically important” antibiotics are those important for treating human disease. A list of medically important
antibiotics can be found in U.S.FDA, 2003.
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Antibiotic Uses in Livestock Production

Antibiotics are used in livestock production for four main purposes, and the route of administration
is often specific to the purpose (McEwen and Fedorka-Clay, 2002):

e To treat animals that fall ill (disease treatment).

e To prevent illness in healthy animals when diseased animals are present (metaphylactic uses
or disease control). If some animals become ill, the rest of the animals in a pen or barn may
receive a dose of antibiotics to prevent the illness from spreading. The treatment may also
provide protection from animals already infected but not yet showing symptoms.

e To prevent disease in healthy animals when no animals display signs of disease (prophylactic
uses or disease prevention). Prophylactic uses of antibiotics include administering antibiotics to
all animals in a group setting where there is high risk of a disease outbreak. Generally, drugs
are administered to prevent a specific disease that has a high likelihood of occurring.

e To promote faster or more efficient livestock growth (production purposes). Nutrition studies
in the 1940s and 50s demonstrated that antibiotics could lead to faster growth and improved
conversion of feed to weight gain, and antibiotics have been administered for growth promo-
tion since then (CAST, 1981). Antibiotics are thought to promote animal growth through their
effects on gut microflora. Bacterial species in the gut compete with the host for nutrients and
can therefore absorb some of the nutrients provided to animals in feed and water, preventing
them from contributing to the animal’s weight gain. Antibiotics appear to promote growth by
suppressing those bacteria (Dibner and Richards, 2005). Preventive use of antibiotics may also
enable growth promotion or increases in feed efficiency.

In addition to promoting growth and increasing feed efficiency, antibiotic use may result in less
variability in weight and can also have reproductive benefits. For production purposes, antibiotics are
administered at subtherapeutic levels, generally via medicated feed. Antibiotics fed at production-
purpose doses may also prevent disease.

The overlap between the dosage levels and types of antibiotics used for disease prevention and
production purposes has led to controversy over what uses would be limited under various policies.
Many proposed policies, including the 2013 guidance document adopted by the FDA, aim to reduce
the use of antibiotics for production purposes. There is concern that even if antibiotics were not
labeled for growth promotion, producers could continue to feed allowable, disease-preventing antibi-
otics at a growth-promotion level (U.S. GAO, 2011).

Public Health Concerns With Antibiotic Use in Livestock Production

There are two main areas of concern about the human health effects of antibiotic use in livestock
production:

e Antibiotic residues in food products, which may cause allergic reactions and digestive prob-
lems in humans, were the focus of early regulation of antibiotics in food animals (NRC, 1999).
The FDA therefore established minimum intervals between the last dose of antimicrobials and
the time of slaughter to prevent such residues in meat (U.S. FDA, 2014a).

e The threat of drug-resistant bacteria. Studies have reported the appearance of drug-resistant
bacteria in food animals shortly after antibiotic use in production began (Dibner and Richards,
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2005), though recent studies have shown antibiotic resistance in the natural environment
predates production uses (Bhullar et al., 2012).

Drug-resistant bacteria in animals may harm human health via three main routes of transmission.
First, humans may consume or otherwise come in contact with food that is contaminated with
drug-resistant bacteria, which may occur at many processing points, including sale, storage, and
preparation. Second, humans may come in contact with resistant bacteria via live farm animals,
manure, or shed material such as feathers. Drug-resistant bacteria may infect producers, processing-
facility workers, or others who live or work on farms. Third, infected people can then transmit
illness to others.

Tracking the actual transmission of antimicrobial-resistant diseases due to production-purpose
antibiotics between animals and humans is difficult, involving several steps. First, researchers must
find an association between the proliferation and persistence of resistant bacteria in animals from
production-purpose doses of antimicrobial drugs. Second, researchers must show the presence

of resistant pathogens in animals or animal products exposed to production-purpose levels of
antibiotics. Third, studies must link the transmission of these pathogens to humans. Finally,
researchers must diagnose human diseases caused by these pathogens. Despite the difficulty in
making all of these linkages, studies that trace human infections by drug-resistant pathogens to
animal sources do exist (see Harrison et al., 2013; Morley et al., 2011; Cohen and Tauxe, 1986;
Holmberg, Wells, and Cohen, 1984), but not without caveats and inconsistencies (e.g., Mather et al.,
2013; Price et al., 2012).

While antibiotics fed to livestock have been linked to human health risks, the extent of these risks
remains a matter of debate. Public health advocacy groups calculate that 80 percent of the antibiotics
sold in the United States go to livestock (Loglisci, 2010). However, the FDA contends that this figure
is problematic for a number of reasons and warns against direct comparisons of amounts of anti-
biotics sold for human versus animal consumption (U.S. FDA, 2012c). Industry groups also argue
that most of the antibiotics used in livestock production are not critical to treating human illnesses
(Raymond, 2013). Other authors cite research showing that even antibiotics not used in human medi-
cine may lead to the development of bacteria resistant to antibiotics necessary to treat human illness
(Consumers Union, undated). A livestock industry-funded study argues that the effect of antibiotic
use for growth promotion is likely to have little clinical significance for humans (Phillips et al.,
2004). However, this study has been critiqued as not accurately representing all published research
(Turnidge, 2004a and 2004b). At present, the extent to which antibiotic use in livestock production
contributes to human health problems is unknown, and thus the size of the benefits from restricting
use is also unknown.

Economic Aspects of Production-Purpose Uses of Antibiotics in Livestock
Production

Antibiotic use for production purposes in the U.S. livestock industry has economic ramifications at
three levels: the farm animal, the farm, and the market (table 1). Production uses of antibiotics can
have a number of impacts on animal productivity, notably growth and feed efficiency (more meat
produced per unit of feed).

Using antibiotics for production purposes can reduce input costs; if animals can gain the same
amount of weight with less feed, then more output can be produced per dollar of input. Indirectly,
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Table 1

Potential effects of use of antibiotics for production and disease prevention purposes at the animal, farm,

and market levels of aggregation

Level of

aggregation Factor

Possible effects of antibiotics for
production and disease prevention uses

Animal-level factors
Average daily gain
Feed efficiency (amount of feed
required per amount of gain)
Mortality rate of young animals
Morbidity (illness rates)
Live pigs born per litter
Percentage of breeding pigs that

farrowed

Variability in product

Use may increase the rate of daily gain, which allows animals
to reach market weight in less time.

Use may lower the amount of feed required per unit of weight
gain, allowing less feed to be used.

Use may lead to lowered mortality rate of young animals.
Use may lower certain types of illness.
Use may increase the animals born per litter.

Use may increase the percentage of inseminated breeding
pigs that give birth.

Use may reduce variation between animals, making products
more uniform.

Farm-level factors
Veterinary costs

Costs of antibiotics used for production
or disease prevention uses

Costs of antibiotics for disease
treatment

Feed costs

Labor costs

Costs of biosecurity measures

Variability in revenues

Economies of scale

Use may decrease veterinary costs as it may play a role in
disease prevention.

Use will increase the total cost of antibiotics used for
production or disease prevention uses.

Use for production or disease prevention purposes may
decrease costs for disease treatment.

Use may lower feed costs due to greater feed efficiency.

Operators may spend less time caring for ill animals,
decreasing labor costs.

Producers may use antibiotics for disease prevention and
production purposes instead of biosecurity measures; hence,
use may be linked to lower costs of these other practices.

A decrease in the variability of the product may decrease
market-level penalties for animals outside a weight range for
mechanized processing.

Use may reduce the amount of space needed per animal, so
that more animals can be raised in the same area.

Market-level factors
Total cost of production
Total quantity of meat and livestock
products produced

Meat and livestock product prices

Revenue from selling meat or livestock
products

6

Use may reduce the total cost of production.

If use lowers total costs of production, producers can produce
more output per unit of input.

If use lowers the total cost of production and producers
produce more output per unit of input, prices will fall.

In the short term, early adopters of antibiotics for disease
prevention or production purposes may receive profits related
to use. As use becomes common, quantity will increase and
prices will fall, leading to zero revenue related to use (profits).

— continued
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Table 1
Potential effects of use of antibiotics for production and disease prevention purposes at the animal, farm,
and market levels of aggregation—continued

Level of Possible effects of antibiotics for
aggregation Factor production and disease prevention uses

Reduction of use for disease prevention or production
Demand for meat purposes may lead to greater demand for meat. If use leads
to lower prices, this may also increase demand for meat.

Use may reduce exports if importing countries want meat

U.S. exports of meat and livestock raised sans antibiotics for disease prevention or production
products purposes. Use may increase exports if it enables lower U.S.
meat prices.

Source: USDA, Economic Research Service.

antibiotics used for production purposes or disease prevention may influence the scale and type of
production; if antibiotics reduce the prevalence of disease, then more animals can be raised per
square foot. If antibiotic use is reduced, producers are likely to adjust production processes. They
may provide more feed to reach production targets, but they may also use other animal drugs or
vaccines, alter sanitation practices, or modify housing environments through capital investments.
Such adjustments affect the financial impacts of reducing antibiotic use and may also affect animal
health and environmental outcomes.

If use of antibiotics for production purposes allows farmers to produce more output per unit of
input, then this may lower prices and increase supply. Because antibiotics affect feed efficiency,
reducing their use may increase demand for feed, with ramifications for grain markets. To the extent
that restrictions on production-purpose antibiotics increase production costs, the United States may
become less competitive in meat export markets.

Market-level effects of production-purpose antibiotics occur on both the production and demand
side. Consumer awareness of antibiotic use in livestock production has increased. One indication

of the growing demand for products raised with limited antibiotic use is a Consumer Reports 2012
survey finding that 86 percent of consumers would like the ability to buy meat raised without antibi-
otics at their local supermarket (Consumer Reports, 2012). This survey of 1,000 U.S. residents found
that over 60 percent would be willing to pay an additional $0.05 per pound for meat raised without
antibiotics, and 37 percent were willing to pay an additional dollar per pound.> A majority of respon-
dents stated they were concerned about widespread use of antibiotics in animal feed and possible
effects on antibiotic-resistant viruses.

The growing organic market is another indicator of burgeoning demand for products raised without
antibiotics. Products labeled as organic by the USDA must be produced without antibiotics fed or
administered to the animal at any point in its life. Sales of foods labeled organic have risen from $11
billion in 2004 to approximately $32 billion in 2013 (Osteen et al., 2012; Greene, 2014). However,
organics still constitute a small minority of livestock production. In addition, the organic label refers
to many attributes of the product, not just the absence of antibiotics used in production. Hence, the
increased production and sales of organic products may reflect demand for these other attributes.

2 Amounts that consumers say in a survey that they would be willing to pay for a specific food attribute may differ
from what they will actually pay when making purchasing decisions.
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The demands of individual consumers can also affect the practices of retailers. The Consumer
Reports study found that of the 13 largest grocery retailers (by sales), 11 offered either meat labeled
as organic or raised without antibiotics (2012). Fast-food companies have also begun demanding
meat with fewer antibiotics. In 2003, the McDonald’s Corporation issued a statement that it would
use only meat raised without antibiotics for growth promotion (McDonald’s, 2003); 3 the U.S. branch
of the corporation reiterated its commitment to sourcing antibiotic-free meat in 2015 (McDonald’s,
2015). By early 2006, several media reports indicated that four major chicken companies had phased
out such antibiotic uses (Weise, 2006). Many major retailers and food service providers have also
taken steps to reduce their demand for meat raised with antibiotics (Pew Charitable Trusts, 2015).

Alternatives to Uses of Antibiotics for Production Purposes and Disease
Prevention in Livestock Production

Many methods and substitutes have been investigated for reducing the use of antibiotics in animal
husbandry. Generally, these alternatives can be divided into those used to prevent disease and
those used for growth promotion. These two goals may overlap, as animals that are not fighting
disease may grow faster or display greater feed efficiency when they are fed antibiotics for disease
prevention.

Management practices can both prevent disease and its transmission and enhance animal produc-
tivity (Smith, 2011). Improving living conditions for animals can lead to less stress and hence better
immunity. Stress reduction can occur through better heat, humidity, and ventilation management,
limiting the introduction of new pen mates, and increasing space per animal (NRC, 1999). Heat
stress can be reduced through evaporative cooling and design changes in production buildings.

Measures to promote biosecurity (the protection of agricultural animals from any type of infec-
tious agent) can also reduce the incidence of disease at production facilities, reducing the need for
antibiotics. One biosecurity measure is exclusion of potential pathogen carriers from the premises,
including wild animals, domestic pets, and workers not essential to the operation. Other measures
include prompt removal of dead animals, increased hygiene within production facilities, and locating
barns away from potential sources of infection (NRC, 1999).

Optimizing nutrition can also encourage animal immunity. High-energy food rations can be fed

to animals to increase growth and to reduce the effects of stressors. Adapting nutrients in feed to
specific stages of growth can also boost immunity. In addition, supplementation with specific micro-
nutrients (vitamins and minerals) has been shown to reduce disease (NRC, 1999).

As mentioned, the effect of antibiotics on growth promotion is thought to be related to the gut micro-
flora. Hence, alternatives to antibiotics often focus on impacting the gut ecosystem. One strategy is
to discourage the proliferation of undesirable organisms in the animals’ digestive systems by encour-
aging beneficial microorganisms in the gut (in contrast to antibiotics, which are believed to reduce
harmful organisms). This strategy includes feeding enzymes, organic acids, prebiotics, probiotics,
and immune modulators (Choct, 2001; Doyle, 2001).

3 Caveats to this practice were that this only applied to antibiotics used in human medicine and referred only to situa-
tions in which McDonald’s “has a direct relationship in the meat purchasing supply chain process.”
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A number of other methods can be used to promote growth and prevent disease (Oliver and

Wells, 2013; Nemechek et al., 2013). Animals that are disease resistant can be selectively bred.
Vaccinations can prevent some diseases, reducing the need for antibiotics. These methods may cost
more than antibiotics. Replacing antibiotics used for production purposes or disease prevention may
thus require more labor, capital, or material on farms, raising production costs.
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U.S. and European Policy Instruments

Several U.S. Government agencies oversee the use of antibiotics in livestock production, including
the FDA, the USDA, and the U.S. Centers for Disease Control and Prevention (CDC). The variety
of the programs offers several layers of protection to guard the public health from antibiotic residues
and antimicrobial resistance.

FDA Approval Process for Antibiotics Used in Food Animal Production

The FDA requires a rigorous multistep approval process for any antimicrobial to be used in livestock
production. Once the antimicrobial drug sponsor has tested the drug for safety and effectiveness,

the FDA’s Center for Veterinary Medicine (CVM) reviews the sponsor’s testing results and decides
whether the approval requirements are met. If they are, the sponsor submits an application for
approval to CVM, including all information about the drug and the proposed label. The sponsor can
legally sell the antimicrobial drug if, upon review, the CVM agrees that the drug is safe and effec-
tive (U.S. FDA, 2014a).

As part of its approval for any antibiotic used in livestock production, the FDA establishes minimum
withdrawal periods between the last use of the antibiotic and slaughter. The withdrawal time allows
for the drug (or parts of the drug) to fall below the tolerance level deemed appropriate for human
consumption. If the withdrawal time is observed, food products made from the treated animal are
considered safe for people to eat (U.S. FDA, 2014a).

Monitoring Antibiotic Residues and Antimicrobial Resistance in Meat and
Dairy Products

USDA’s Food Safety and Inspection Service (FSIS) monitors animal products at slaughter facilities
and U.S. ports of entry to test antibiotic residue levels (as well as other substances) in meat samples.
Examining just the domestic meat, in 2011 FSIS tested 5,006 samples for antibiotic residues and
found 8 violations (an overall rate of 0.16 percent among scheduled samples) (USDA, FSIS, 2013).
Carcasses found with residue violations may be partly or entirely condemned. Producers of meat
with violations are reported in the publicly available FSIS Residue Violation Information System.

The FDA also has primary responsibility for monitoring antibiotic residues in milk. Monitoring is
carried out by State regulatory agencies, acting under contracts with the FDA, through the Grade
“A” Milk Pasteurized Milk Ordinance (PMO). The Grade “A” PMO, whose primary purpose is to
initiate and maintain effective programs for the prevention of milk-borne disease, was developed
in 1924 as the Standard Milk Ordinance and was most recently revised in 2011 (U.S. FDA, 2011).
Monitoring occurs at several points along the supply chain from dairy to consumer. If cows have
been treated with antibiotics, they must undergo a withdrawal period before they can be milked
again to generate products for human consumption in order to prevent residues in milk. Dairy
processors engage in extensive sampling and testing of milk and cows to manage production, set
compensation, meet public health requirements, and detect and manage animal diseases on the farm.
Milk from cows is collected in specialized tankers at dairy operations, either daily or every other
day. Milk samples are taken from each tanker arriving at a processing plant, and if a sample tests
positive for antibiotics, the entire tank must be dumped, entailing a financial cost to the producer.
Specialized labs, supported by an extensive reporting and sample transportation system, perform
this testing.
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The FSIS also tests for antimicrobial-resistant bacteria under the National Antimicrobial Resistance
Monitoring System’s (NARMS) Enteric Bacteria program, originally established in 1996 (U.S. FDA,
2014b). The main purpose of the program is to serve as a safety monitoring system for antibiotics
approved by the FDA, with the overarching goal of helping to preserve the effectiveness of medi-
cally important antimicrobial drugs used in food-producing animals. The FDA has used information
gathered through NARMS to withdraw approval for certain antibiotics and to write guidance for the
industry on the judicious use of antibiotics in livestock.

The NARMS program includes three branches, which monitor humans, retail meat, and food
animals. Monitoring of human samples is carried out by the CDC, while monitoring of retail meat
is performed by the FDA’s Center for Veterinary Medicine (CVM) in conjunction with the CDC. To
monitor food animals, isolates collected from animal products at slaughter are tested for resistance
to 17 antibiotics. Figure 1 shows that for 4 animal groups, the percentage of samples resistant to
none of the 17 antibiotics tested was either declining or remaining level between 1999 and 2010.

Labeling Antibiotic Use in Meat and Dairy Products

USDA’s FSIS also develops and implements regulations and policies to ensure that meat, poultry,
and egg-product labeling is truthful and not misleading. Under the 1906 Federal Meat Inspection
Act and the 1957 Poultry Products Inspection Act, the labels of meat and poultry products must
be approved by the U.S. Secretary of Agriculture, who has delegated this authority to FSIS, before
these products can enter commerce.

Figure 1
Percentage of nontyphoidal salmonella isolates from food animals with no resistance
to 17 antibiotics, 1999-2010, by type of food animal

Percentage of samples with no resistance to 17 antibiotics
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Source: National Antimicrobial Resistance Monitoring System.
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FSIS reviews labeling regarding nutrition or health claims, as well as claims that the product is
free of specified substances. Increasingly, though, FSIS is asked to review and approve label claims
regarding how animals are raised, such as “organic,” “free-range,” “cage-free,” or “raised without
antibiotics.”

The Consumer Reports survey noted above indicates that many consumers would place a high value
on products raised without antibiotics and would be willing to pay more for such products. Effective
labeling could therefore put market forces behind efforts to reduce antibiotic use in livestock produc-
tion; if firms that incur higher costs to produce animals without antibiotics were able to realize
higher prices and substantial sales volumes, profit motives could induce shifts away from production
practices that rely heavily on antibiotics. Accurate and truthful labeling is essential to maintaining
the consumer confidence that would allow such a market to develop.

In evaluating claims about how animals are raised, FSIS faces several challenges. The agency must
ascertain the precise meaning of the claim, as understood by consumers; it must develop processes
to verify claims; and, given the perceived value of such claims, it must have a means to identify
unapproved label claims.

Verifying claims of how animals are raised can be more difficult than claims regarding nutrition and
ingredients, which can be supported with data on a product’s composition and tested in laboratory
settings. Meat and poultry products do not provide evidence of how animals were raised, so labora-
tory tests are of no help, and the agency does not have the resources to perform inspections of farms
or ranches, even if products could be traced back to them.

U.S. Policy Actions To Reduce Use of Antibiotics for Production Purposes in
Livestock Production

In the United States, the FDA first approved use of certain antibiotics in livestock feed in 1951 but
proposed ending uses of antibiotics for production purposes in livestock production beginning in the
1970s. In 1970, the FDA published a task force study that concluded that long-term use of antibiotics
in food-producing animals might pose a threat to human health. The task force recommended that
antibiotics used in human medicine that failed to meet certain guidelines be prohibited for produc-
tion use in dairy and meat animals. It also recommended that antibiotics be administered only by a
veterinarian or with a veterinarian’s prescription (U.S. FDA, 2012a).

As aresult of the 1970 FDA report, antibiotic drug sponsors were required to submit study results by
1975 demonstrating that their products did not pose a threat to human health. In 1977, the FDA moved
to withdraw penicillin and tetracycline for subtherapeutic use in animal feed. However, Congress
directed the FDA to wait on the proposed withdrawal until further study could be conducted.

To carry out further study, the FDA first contracted with the National Academy of Science (NAS)
to examine research published to date on the association between human health and subthera-
peutic use of penicillin and tetracycline in animal feed. The NAS issued its report in 1980, which
noted that the epidemiologic studies of the human health effects of antibiotic use in animal
production were few and involved small samples of subjects and short time periods. The study
concluded that the available data could neither prove nor disprove that antibiotic use in animals
led to human health hazards and suggested that definitive studies to answer this question might
not even be possible (U.S. FDA, 2012a).
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The FDA continued to support research into the safety of subtherapeutic antibiotic use (Institute

of Medicine, 1988; Seattle King County Department of Public Health, 1984). Over the next three
decades, additional studies provided overviews of the existing research that associated antimicrobial
use in livestock and human disease resistance (World Health Organization, 1997; National Research
Council, 1999; U.S. GAO, 1999; European Agency for the Evaluation of Medicinal Products, 1999;
World Health Organization, 2002; Institute of Medicine, 2003).

In 2003, the FDA issued guidance to pharmaceutical companies to include a risk assessment during
the preapproval evaluation for any new antibiotics to be used in livestock agriculture. However, this
did not apply to the majority of antibiotics used in meat production, which were approved for use
prior to 2003. To mitigate the use of antibiotics approved before 2003, the FDA would need to with-
draw agency approval for the specific use of a drug. This is a lengthy and challenging process. For
example, the FDA took approximately 5 years to withdraw approval for enrofloxacin, a type of fluo-
roquinolone, based on evidence of increasing resistance in humans and animals (U.S. GAO, 2011).
The drug was finally withdrawn from use in poultry production in 2005.

Instead of attempting to initiate formal withdrawal proceedings on numerous individual antibi-

otics, in June of 2010 the FDA released a draft of voluntary guidelines requesting that all medically
important antibiotics in livestock be limited to disease treatment, control, or prevention purposes and
stating that the antibiotics would require veterinary oversight in use. Following the release of these
voluntary guidelines, in late 2011 the FDA withdrew its 1977 proposal to end approval for penicillin
and tetracycline for subtherapeutic use in animal feed (this proposal was never adopted). The FDA
argued that it would instead rely on voluntary responses by the industry.

In 2011, the FDA released draft guidance recommending strategies to implement “judicious use”

of antimicrobial drugs in livestock production. In congressional testimony, the principal deputy
commissioner stated that that the “FDA concludes that the overall weight of evidence to date
supports the conclusion that using medically important antimicrobial drugs for production purposes
is not in the interest of protecting and promoting the public health” (Sharfstein, 2010, p. 49). In the
same hearing, a representative from the CDC stated, “There is unequivocal and compelling evidence
that the use of antibiotics in animals leads to the development of drug-resistant bacteria that have
adverse impacts on human public health” (Khan, 2010, p. 58).

In 2012, FDA Guidance for Industry #209 was finalized. It describes the overall policy that focuses
on the “judicious use” of antibiotics in livestock production and aims to limit medically important
antibiotic use to “those uses that are considered necessary for assuring animal health” and “that
include veterinary oversight or consultation” (U.S. FDA, 2012a, pp. 21-22). Hence, “judicious use”
excludes medically important antibiotics from use to promote growth or improve feed efficiency
because “unlike other uses of those drugs in animals (e.g., for the treatment, control, and preven-
tion of disease), these ‘production uses’ are not intended to manage specific disease that may be
ongoing or at risk of occurring” (U.S. FDA, 2012a, p. 4). Historically, most medicated feeds could
be purchased over the counter and did not require veterinary oversight.

In 2013, the FDA released a second guidance document (#213) to provide more detailed information
to pharmaceutical manufacturers on how to align their medically important antimicrobial products
that were approved for use in the feed or water of food-producing animals with Guidance #2009,
which meant withdrawing production uses and requiring that any remaining over-the-counter uses
have veterinary oversight (U.S. FDA, 2013). As of June 2014, all 26 companies producing antibiotics
used in livestock feed had agreed to the FDA’s request (U.S. FDA, 2014c).
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Congressional legislators have also repeatedly proposed bills to limit use of antibiotics in livestock
agriculture. For example, the Preservation of Antibiotics for Medical Treatment Act (PAMTA) was
first proposed in 2007 and has been reintroduced in every subsequent Congress. This legislation
would in effect eliminate both disease prevention and production uses in livestock production of
antibiotics used in human medicine. A number of consumer organizations, as well as the American
Medical Association, support the adoption of PAMTA.

European Policies for Reducing Uses of Antibiotics for Production Purposes
and Disease Prevention in Livestock Production

European lawmaking related to antibiotics used for production or disease prevention purposes
has followed a different trajectory from that of the United States. In 1969, the “Swann Report”
to the British Parliament, formally a report from the Joint Committee on the Use of Antibiotics
in Animal Husbandry and Veterinary Medicine headed by Dr. M. M. Swann, suggested that
increasing antibiotic resistance among humans was related to antibiotic use in livestock. The
Swann Committee recommended banning the feeding of antibiotics at subtherapeutic levels to
animals based on this concern.

Following publication of the Swann Report, in the early 1970s, the United Kingdom banned the use
of penicillin and tetracycline as growth promoters (Hughes and Heritage, 2004). Other European
countries began banning specific antibiotics as livestock growth promoters in the 1980s and 1990s.
In 1986, Sweden was the first country to ban all antimicrobial growth promoters (Aarestrup, 2003).
Norway banned over-the-counter antibiotics in feed in 1992; Finland did so in 1996, followed by
Poland and Switzerland in 1999 (Hayes et al., 1999). In 1997, the Commission of the European
Union banned avoparcin for use in livestock feed in all member States; it banned the use of several
other antibiotics for production purposes in 1999. An EU ban on all antibiotics as growth promoters
went into effect in 2006.

Denmark’s experiences with reducing production and disease prevention uses of antibiotics have been
well studied. In 1995, the country banned avoparcin and followed suit with virginiamycin in 1998. The
Danish cattle and broiler industries voluntarily discontinued use of all antimicrobial growth promoters
in 1998; the swine industry ended growth-promoting antimicrobial use in finishing hogs in 1998 and in
all hogs in 1999 (WHO, 2002). Denmark also limited the ability for veterinarians to profit from sales
of antibiotics and increased monitoring of prescriptions (Jensen and Hayes, 2014). In 2010, the Danish
Government adopted a “Yellow Card” scheme based on prescription monitoring: producers that used
more than a specific amount of antibiotic per pig were issued a warning. If producers failed to lower
their use, they faced additional oversight at their own expense and eventually would be forced to either
reduce use or decrease the herd size (Jensen and Hayes, 2014).

Before Denmark’s ban fully took place, the Danish Ministry of Food and Agriculture also put in
place the Integrated Antimicrobial Resistance Monitoring and Research Programme (DANMAP),
which tallies antimicrobial usage in both livestock and people. Based in part on thorough data
collection, researchers have been able to study the effects of Denmark’s ban on antibiotic use as well
as animal productivity, morbidity, and mortality.

One concern with a ban eliminating use of antibiotics for growth promotion is that it would lead
to more disease treatment use. Figure 2 shows the amount of antimicrobial agents (in kilograms)
prescribed for all types of animals in Denmark between 1990 and 2012. The dates of the bans and
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the voluntary stoppages are shown, as are the amounts used for growth promotion and other use.
While the total amount of antimicrobials used for purposes other than growth promotion has indeed
grown since the original 1995 ban, the total amount in 2012 is still less than pre-ban levels. Part of
this rise in uses other than growth promotion is attributable to increasing pork production (shown
on the figure). In 2012, pigs accounted for over three-quarters of antimicrobial agents consumed in
Denmark (DANMAP, 2012).

Figure 2 shows the total amount of antibiotics used in Danish livestock, but it does not account

for the dosage or amount of active ingredients, which could change over time and impact the total
amount of antimicrobials used. In a study using 120 Danish farrow-to-finish swine farms from

1998 to 2000, the number of doses of antimicrobials increased in weaner pigs after the ban (WHO
2002). The “animal daily dose” (ADD) went from 0.8 ADD per pig-month before the ban to 1.5
ADD per pig-month after the ban (WHO, 2002, p. 19). The increase remained at this higher level
for 12 months after the ban. In finisher pigs, the ADD increased from 0.2 per pig-month prior to

the ban to 0.4 ADD per pig-month after the ban. However, the frequency returned to pre-ban levels
within 1 year after the ban (WHO, 2002, p. 19). There is further examination of changes in livestock
outcomes associated with European bans in later sections and in Appendix A.

Figure 2
Consumption of antimicrobial agent use in all types of animals in Denmark and
production of pork, 1990-2012, with dates of policy actions
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Sources: The Danish Integrated Antimicrobial Resistance Monitoring and Research Programme 1999 and 2010, 2011,
and 2012. Data on growth promotion amounts not collected in 1991, 1993, 1995, and 1997. Production quantity data is
from the United Nations Food and Agriculture Organization (FAOSTAT), Statistical Databases: http://faostat.fao.org/site/
569/default.aspx#ancor. “AGP” refers to “antimicrobial growth promoter.”
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Antibiotic Use in the Hog, Broiler, Beef, and Dairy

Industries

Survey Data on Antibiotics Used in the U.S. Livestock Industry

This report uses data and statistics from two main sources, the Agricultural and Resource
Management Survey (ARMS) and the NAHMS.

Agricultural and Resource Management Survey (ARMS)

The ARMS is an annual, nationally representative survey of U.S. farms administered jointly by
USDA’s Economic Research Service (ERS) and National Agricultural Statistics Service (NASS).
Used primarily to collect information on farm finances, production practices, and resource use, the
ARMS generally focuses on one to three commodities each year, including livestock. Surveys of
commodities are rotated so that data are gathered on a specific crop or type of livestock every 5 to 6
years. Some livestock surveys have included questions on antibiotic use. The ARMS is designed to
be representative of U.S. agriculture, and the livestock versions represent commercial producers in
States comprising at least 90 percent of production. Table 2 shows the years, commodities, and basic
characteristics of the ARMS surveys used in this study.

Table 2

Characteristics of ARMS surveys used in this report

Survey

Targeted
population

Percentage of U.S.
animals covered

Percentage of U.S.
operations covered

States
included

ARMS - Hogs — 2004

ARMS - Hogs — 2009

ARMS - Broilers — 2006

ARMS - Broilers — 2011

Operations with 25 or
more hogs onsite at any
time during the year

Operations with 25 or
more hogs onsite at any
time during the year

Operations that
produced broilers for
meat and had at least
1,000 broilers onsite at
any time during the year

Operations that
produced broilers for
meat and had at least
1,000 broilers onsite at
any time during the year

91% of ending-year
hog inventory'

94% of ending-year
hog inventory

98% of broiler
production?

95% of broiler
production3

59% of operations with
hogs?

34% of hog operations?

2006 ARMS included
17,183 growers
compared with 16,046 in
20074

2011 ARMS included
15,468 growers
compared with 16,046 in
20074

AR, CO, GA, IL, IN,
IA, KS, KY, MI, MN,
MO, NE, NC, OH,

OK, PA, SD, VA, WI

AR, CO, GA, IL, IN,
IA, KS, KY, MI, MN,
MO, NE, NC, OH,

OK, PA, SD, VA, WI

AL, AR, CA, DE, GA,
KY, LA, MD, MS,
MO, NC, OK, PA,
SC, TN, TX, VA

AL, AR, CA, DE, GA,
KY, LA, MD, MS,
MO, NC, OK, PA,
SC, TN, TX, VA

'Ending-year all-hog inventory reported in the Agricultural Resource Management Survey (ARMS) as a percent of the December 1 all-hog
inventory reported by USDA, National Agricultural Statistics Service (NASS) (Hogs and Pigs, 2004 and 2009). The NASS target population
consists of operations with one or more hogs onsite at any time during the year.
2Hog operations reported in the ARMS as a percent of hog operations reported by NASS (Farms, Land in Farms, and Livestock Operations,

2005 and 2010).

3Annual broiler production in the ARMS (MacDonald, 2008) as a percent of broiler production reported by NASS, 2007 and 2012.

4The number of broiler operations is only reported by NASS in the Census of Agriculture.

Source: USDA, Economic Research Service, Agricultural Resource Management Survey data.
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Only the broiler and hog ARMS commodities surveys in the years shown in table 2 include ques-
tions specifically about antibiotic use. The hog surveys ask whether the operator provided antibiotics
in feed or water for growth promotion, disease prevention, and/or disease treatment. These questions
are asked regarding breeding, nursery, and finishing hogs. Due to production contracts common in
the industry, hog farm operators may receive feed from integrators. Therefore, the operators may
not know the content of the feed, including whether antibiotics are present. In the 2009 hog survey,
operators have the option of stating they do not know if antibiotics are provided “in feed or water.”
In the 2004 hog survey, operators are not given the option of stating they do not know, but can leave
the question blank.

The ARMS broiler surveys ask a single question about whether the broilers were raised without
antibiotics in their “feed or water,” excluding antibiotics administered due to illness. It is not possible
to distinguish from the survey whether operators administered antibiotics for purposes of disease
prevention or growth promotion. Production contracts dominate the broiler industry, and many farm
operators may not know if the feed provided by contractors contains antibiotics. In the survey years
used in this report, operators are given the option to state that they do not know if the feed or water
contains antibiotics used for purposes other than disease treatment.

The ARMS does not distinguish between traditional antibiotics and ionophores, which are not used
in human medicine (see Box, Definitions of “Production-Purpose Uses” and “Antibiotic,” p. 2).

National Animal Health Monitoring Survey (NAHMS)

The USDA’s Animal and Plant Health Inspection Service (APHIS) conducts the NAHMS in
conjunction with NASS. The NAHMS shares several features with the ARMS. The NAHMS is
also nationally representative, and in each year the NAHMS focuses on a different portion of the
livestock industry. Table 3 shows the years, commodities, and basic characteristics of the NAHMS
reports accessed in this study.

The NAHMS differs from the ARMS largely in purpose. The NAHMS surveys focus on animal
health and management, including morbidity and mortality, disease occurrence, and disease
prevention practices. The NAHMS surveys collect more detailed information on specific antibiotics
used in production, including by specific purpose. The information collected on antibiotics varies
greatly across commodities and across time for the same commodities. Several surveys record, for
example, whether or not antibiotics were administered via feed, water, or injection and the purpose
of their administration. Some of the NAHMS documents also report statistics on the specific type of
antibiotic used.

The NAHMS and ARMS also differ somewhat in sample design. The ARMS focuses on hog
production operations with 25 or more head versus the NAHMS focus on operations with 100 or
more head. Thus, the ARMS contains smaller operations on average than NAHMS. This may influ-
ence comparison of statistics from the two surveys if characteristics of smaller operations differ
from those of larger operations.

Industry structure and antibiotic use

How growth-promoting antibiotics are used, who makes the decision to use them, how restrictions
on production-purpose uses of antibiotics would be felt in the industry, and how policies would be
implemented depend on the structure and organization of livestock production. While antibiotic use
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Table 3

Characteristics of National Animal Health Monitoring System (NAHMS) reports used

Report

Targeted
population

States included

Percentage of U.S.
inventory represented
by included States

Percentage of U.S.
operations represented
by included States

NAHMS — Swine — 2006 —
Parts Il and Ill: Reference

of Swine Health and Health
Management Practices in the
United States

NAHMS — Beef 2007-08 —
Antimicrobial Drug Use and
Antimicrobial Resistance on
U.S. Cow-calf Operations

NAHMS — Feedlots 2011 —
Part I: Management Prac-
tices on U.S. Feedlots with
a Capacity of 1,000 or More
Head

NAHMS - Feedlots 2011 —
Part Il: Management Prac-
tices on U.S. Feedlots with a
Capacity of Fewer than 1,000
Head

NAHMS — Dairy 2007—Parts
I and lll: Reference of Dairy
Cattle Health and Manage-
ment Practices in the United
States

NAHMS — Dairy Heifer
Raiser 2011

Operations with
100 or more pigs

Operations with
beef cows

Operations with a
capacity of 1,000
or more head

Operations with a
capacity of fewer
than 1,000 head

All operations
with at least one
milk cow

No initial list of

all heifer-raising
operations from
which to sample

AR, CO,IL, IN, IA,
KS, MI, MN, MO, NE,
NC, OH, OK, PA, SD,
TX, WI

AL, AR, CA, CO, FL,
GA, ID, IA, KS, KY,
LA, MS, MO, MT, NE,
NM, ND, OK, OR,
SD, TN, TX, VA, WY

AZ, CA, CO, ID, IA,
KS, NE, NM, OK, SD,
TX, WA

IL, IN, IA, KS, MI,
MN, MO, NE, OH,
PA, SD, TX, WI

CA, ID, IN, IA, KY,
MI, MN, MO, NM, NY,
OH, PA, TX, VA, VT,
WA, WI

CA, CO, ID, IA, IN,
KS, KY, Ml, MN, MO,
NM, NY, ND, OH, PA,
TX, VA, VT, WA, WI

94.2% of inventory on
operations with 100 or
more pigs

79.6% of operations
with beef-cows

Over 95% of inventory
in large feedlots

Selected States cov-
ered 85.4% of feedlots
with fewer than 500
head*

82% of milk cow inven-
tory

Not reported

93.6% of operations with
100 or more pigs

87.8% of beef-cow inven-
tory

Not reported

Selected States covered
90.5% of cattle in inven-
tory on feedlots with
fewer than 500 head*

79.3% of operations with
milk cows

Not reported

* See USDA, APHIS, 2013b, p. 56, for explanation of why feedlots with fewer than 500 head were used as a sample frame instead of feedlots

with fewer than 1,000 head.

Source: Compiled by USDA, Economic Research Service from NAHMS data.

and industry structure are related in a complex manner, we focus on possible effects of restrictions
on production-purpose antibiotics on livestock operations characterized by three common organiza-

tional features:

e Vertical integration matters in terms of who bears the cost of production-purpose antibiotic
restrictions and how a policy will be implemented. Vertical integration occurs when large firms
or single entities control all or several parts of meat production, from feed mills to the retail
level. Integrators contract with growers and dictate feed formulations, including administra-
tion of growth-promoting antibiotics. Integrators bear the cost of feed, veterinary services, and
medication; restrictions on antibiotic use that change any of these inputs will entail changes in
costs for integrators. Integrators may also dictate other aspects of production, such as housing
specifics or production practices, but growers are responsible for the cost of these inputs, which
may also be affected by restrictions in antibiotic use.
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The level of integration has a bearing on the relative ease with which policies can be implemented.
Integrators in certain industries each control a large portion of production; fewer decisionmakers
influencing larger shares of production can institute changes more easily than thousands of entities
covering small shares of production. Vertical integration is nearly universal in the broiler sector, is
increasingly common in the hog sector, has some influence in the beef sector, and is not common
in dairy.

e Production organized around the lifecycles of the animals —In this arrangement, which
specializes in different phases of production and antibiotic use varying across the stages of
animal growth, restrictions may have heterogeneous effects on different types of operations and
may disrupt supply chains (at least in the short term).

e Geographic concentration of the industry, as well as the specific location, has a bearing on
which areas of the country would be most impacted by policy-induced changes. Spatial concen-
tration also impacts the implementation of the FDA policy to require a veterinarian’s prescrip-
tion for all medically important antibiotics; geographically dispersed, independent producers
may have more trouble obtaining veterinary services than highly concentrated, vertically inte-
grated ones. Livestock veterinarians may only operate in specific areas and may be unwilling
or unable to travel to some operations.

Hogs

How is the U.S. hog Industry structured?

U.S. hog production has changed substantially over the last few decades, with increases in opera-
tion size, specialization, reliance on purchased feed, and use of production contracts. Between 1992
and 2009, the number of hog operations fell by over two-thirds, from over 240,000 to about 71,000,
while the U.S. hog inventory has remained relatively stable (McBride and Key, 2013). Large opera-
tions account for an increasing share of total output. From 1992 to 2009, the share of the hog and pig
inventory on farms with 2,000 head or more increased from less than 30 percent to 86 percent.

Hog production can be divided into four phases (fig. 3): (1) breeding sows and maintaining them
during gestation; (2) farrowing, the process of birth to weaning; (3) the nursery phase, which
includes the care of pigs immediately after weaning until about 30-80 pounds; and (4) finishing,
which includes feeding pigs from 30-80 pounds to a slaughter weight of 225-300 pounds. Hog opera-
tions are classified according to the phase of the animal’s life in which they specialize. “Farrow-
to-finish” operations cover all phases. “Farrow-to-feeder” operations cover phases 1 through 3.
“Feeder-to-finish” or “finish only” operations cover just phase 4. “Weanling-to-feeder” operations
covers just phase 3, while “farrow-to-weaning” operations cover phases 1 and 2.

While most hog production once occurred on farrow-to-finish operations that raised animals from
birth to market, many operations now specialize in specific phases of production (table 4). In 2009,
only 24 percent of hog operations were considered “farrow-to-finish.” In addition to greater special-
ization in separate lifecycle phases, individual hog operations are becoming less diversified in terms
of commodities produced, with an increasing share of the farm’s value of production coming from
the hog enterprise. For operations with hogs, the share of farm product value from hogs increased
from 46 percent in 1992 to 70 percent in 2009. Over the same period, the percent of farm-grown
grain fed to hogs fell from 49 percent to 26 percent (McBride and Key, 2013).
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Figure 3

Phases of pork production and antibiotic use

Antibiotic use

Phase of production

Types of growers by phases of production
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and prevent diseases
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antibiotics may be fed
to newborn pigs for
disease prevention.
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treat and prevent
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Antibiotics also used
to promote growth.
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largely administered
via feed.
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Source: USDA, Economic Research Service.

A majority of hog production occurs in the Heartland States, particularly Iowa (table 4), but there is

some geographic variation with respect to the stages. Farrow-to-finish and feeder-to-finish operations
are more often located in the Heartland, coinciding with abundant supplies of corn and soybeans

for feed. While wean-to-feeder operations specializing in nursery pigs were also concentrated in

the Heartland, nearly a quarter of such operations were in the Southern Seaboard. Farrow-to-feeder
operations were most prominent in the Western regions. Younger pigs in both types of operations are
often transferred to the Heartland for finishing (McBride and Key, 2013). Most slaughter occurs in
the regions with the most production, particularly of finishing hogs; in 2012, slightly more than half
(52 percent) of hog slaughter occurred in the four Heartland States of Iowa, Illinois, Indiana, and
Missouri (USDA, NASS, 2012a).

Increases in scale and specialization have coincided with a rising use of production contracts and
vertical integration. A production contract is an arrangement between the pig owner (contractor) and
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Table 4
Characteristics of hog production, by producer type, 2009

Type of hog producer

Farrow Farrow Feeder Farrow | Wean to

All to finish | to feeder | tofinish | to wean | feeder
Percent of operations 100 24 5 47 4 7
Percentgge of operations using 48 5 9 74 46 08
production contracts
Farm production from hog sales or 938 609 508 1,260 1,040 832

removals ($1,000) (average by farm)

Percentage of farm production from
hogs sales or contract removals 70 58 78 71 84 76
(average by farm)

Region
Heartland 62 56 12 76 50 60
Northern Crescent 11 16 22 9 7
Eastern Uplands 4 4 15 1 26
Southern Seaboard 10 5 8 9 7 23
Western region 13 19 42 5 10 4

Source: Key and McBride, 2013. See Key and McBride for a map denoting regions. Generally, for this data, the Heartland
refers to the Midwestern States including lowa, lllinois, Indiana, and parts of Ohio, Missouri, and other States. The
Northern Crescent refers to portions of States adjacent to the Great Lakes. The Eastern Uplands refers to portions of the
Appalachian Mountain States, including parts of Tennessee and Kentucky. The Eastern Uplands also includes portions
of Arkansas, eastern Oklahoma, and southern Missouri. The Southern Seaboard extends from Virginia to portions of
Alabama, excluding Florida and some seaboard portions of Georgia and South Carolina. The Western region includes
portions of Texas, Utah, Colorado, South Dakota, Nebraska, and Kansas.

the farmer who cares for the animals. Operations with production contracts accounted for only 5
percent of hog production in 1992, but 71 percent of production in 2009 (McBride and Key, 2013).
Nearly 80 percent of production on feeder-to-finish farms was under production contracts in 2009.

Contractors include packers (slaughter and processing companies) and “integrators’—individuals who
contract with a number of growers and also have marketing arrangements for the hogs with packers.
Some contractors operate on a very large scale. The 5 largest hog integrators account for about a
third of production, and the 20 next largest handle 22 percent, leaving 45 percent to be handled by
several thousand small integrators and independent producers (statistics generated from Freese,
2013, and USDA, NASS, 2014a).

With most hogs raised under production contracts, antibiotic use decisions are primarily made by

a limited number of integrators, not contract growers, and integrators will also bear the immediate
impact of costs associated with any changes in feed formulation or consumption following restrictions
on use of antibiotics for production purposes. Compliance efforts will therefore focus on integrators,
and integrators’ immediate efforts to comply are likely to focus on elements under their direct control,
such as feed formulation and breeding. Changes in grower investments in capital or equipment, or in
on-farm practices carried out by growers, are likely to require adjustments to contracts.

How are antibiotics used in the nursery stage of hog production?

The uses of antibiotics in disease control, prevention, and treatment and in growth promotion differ
over the swine lifecycle. In the farrowing phase, sows may be treated with antibiotics to prevent or
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treat infections associated with difficult births. At 1 to 3 days of age, piglets may be given antibiotics

to manage bacterial problems near the umbilical cord and in joints (National Hog Farmer, 2011).
Bacteria-induced diarrhea in piglets is a particular problem in nursery facilities. In 2006, 13.2 percent
of preweaning deaths were caused by scours (another name for diarrhea), making it the leading disease
cause of death for preweaned piglets.* Antibiotic therapies are frequently used to treat diarrhea in

the preweaning stage. In the nursery and finishing stages, respiratory problems are the most preva-

lent disease-induced causes of death (53.7 and 60.1 percent, respectively). Antibiotics are frequently
injected to treat respiratory problems in these stages (USDA APHIS, 2007b and 2007c).

Despite the fact that antibiotics for growth promotion have a larger impact in nursery pigs than in
finishing hogs (Dritz et al., 2002), use of growth-promoting antibiotics in the nursery stage is far
from universal. The NAHMS data indicate that for growth promotion in 2006, 24.5 percent of sites
with nursery-age hogs administered antibiotics in feed, 0.5 percent in water, and 1.4 percent via
injection (table 5).5 In 2006, a larger portion of operations administered antibiotics to nursery-age
hogs for disease prevention than for growth promotion: 50.9 percent of sites via feed, 14.6 percent
via water, and 20.9 percent via injection. The percentage of sites feeding nursery-age pigs antibiotics
for growth promotion appears to be declining according to prior NAHMS data; in 2000, 82 percent
of sites with nursery-age pigs administered antibiotics in feed for growth promotion (USDA, APHIS,
2002, p. 42), compared to 24.5 percent in 2006.

The 2009 ARMS data also reflect the fact that a sizable percentage of nursery-hog operations do not
use antibiotics for growth promotion. Table 6 reports the percentage of operations with 25 or more hogs
that administered antibiotics via feed or water to hogs at different stages of growth. Among operations

Table 5
Percentage of sites that gave any pigs an antimicrobial or feed additive, by type of pig,
primary reason given, and route of administration, 2006

Percentage of sites with:

Nursery-age pigs Grower/finisher
Route of administration Route of administration

Injection Feed Water Injection Feed Water
Growth promotion 1.4 24.5 0.5 1.0 55.1 0.2
Disease prevention 20.9 50.9 14.6 10.8 37.5 3.7
Respiratory disease treatment 48.6 17.0 17.7 63.7 29.0 42.4
Enteric disease treatment 191 14.8 9.9 15.9 1741 15.8
Polyserositis/meningitis treatment 251 0.7 4.8 14.3 0.0 0.9
Parasite treatment 0.0 6.8 0.4 0.0 0.0 0.0
Other treatment 10.4 041 0.7 12.1 1.6 0.6
Any reason 83.1 82.3 40.3 75.6 83.6 47.9

Note: The statistics indicate the percentage of the sites using the treatment, not the percentage of pigs treated at the facility.
Source: USDA, Animal and Plant Health Inspection Service (APHIS). 2007b; National Animal Health Monitoring System
(NAHMS), Swine 2006 - Part II: Reference of Swine Health and Health Management Practices in the United States, 2006,
pp. 46, 48, 51, 58, 61, and 64.

4 While scours causes the most disease-induced death in preweaned piglets, crushing by sow and piglets refusing to eat
cause a higher percentage of deaths (42.0 and 29.7 percent, respectively).

5 Recall that the NAHMS surveys operations with more than 100 head.
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Table 6
Proportion of hog producers using antibiotics, by type of hog and purpose of use, 2009

Percentage of operations that use antibiotics for:

Growth Disease Either growth promotion Disease
Type of hog promotion | prevention or disease prevention treatment Any use
Nursery hogs
Operations
Yes 33 62 65 48 73
Don’t know 8 5 5 5 5
Head sold or removed
Yes 23 59 60 59 77
Don’t know 26 20 21 18 17
Finishing hogs
Operations
Yes 30 44 50 44 61
Don’t know 16 14 14 13 12
Head sold or removed
Yes 40 51 59 61 74
Don’t know 22 20 20 18 17

Notes: The “yes” responses in the “Either...” and the “Any use” categories are the sum of the responses of “yes” to use for at
least one indicated purpose. The “no” responses are those who respond “no” to use for any of the indicated purposes. The
“don’t know” responses are those who respond “don’t know” to use for all of the indicated purposes or respond “no” or “don’t
know” in combination.

Source: ERS calculations from Agricultural Resource Management Survey (ARMS) Hogs 2009 data.

with nursery pigs, 33 percent reported administering antibiotics to nursery pigs for growth promotion,

62 percent for disease prevention, and 48 percent for disease treatment purposes. Assuming that these
operations administered antibiotics to all hogs, this constitutes 23, 9, and 59 percent of nursery hogs sold
or removed.® However, between 5 and 8 percent of operations reported that they did not know whether
antibiotics were administered via feed or water for the stated purpose; their operations handled between
17 and 26 percent of nursery hogs removed or sold. Overall, these 2009 ARMS data suggest that between
23 and 49 percent of nursery hogs sold or removed received antibiotics for growth promotion.

The percentages of farms with nursery-age hogs who were feeding antibiotics for different purposes
vary somewhat between the 2006 NAHMS data and the 2009 ARMS data (tables 5 and 6). The
2006 NAHMS reports that 24.5 percent of operations with nursery hogs administered antibiotics in
feed for growth promotion, while the 2009 ARMS reports the percentage administered antibiotics
in feed or water for growth promotion at between 33 and 41 percent. Both studies suggest that

the majority of sites with nursery hogs do not use antibiotics in feed for growth promotion. The
difference in NAHMS and ARMS percentages might arise from differences in the survey years,

6 Calculation of the percentage of hogs removed or sold that received antibiotics assumes that all nursery hogs at the
operations administering antibiotics to nursery hogs received antibiotics for the stated purpose. This is in contrast to only
a portion of hogs at an operation receiving antibiotics for the stated purpose. The latter is a safe assumption for adminis-
tration of growth promotion and disease prevention, but is a strong assumption when referring to disease treatment. Thus,
the percentage of hogs receiving antibiotics for disease treatment is likely less than 59 percent.
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such as in sample-weighting protocols, methods of gathering information, specific question asked,
and the composition of the sample.”

Reporting of antibiotic use varies by whether there is a production contract. In 2009, 83 percent of
nursery hogs and 64 percent of finishing hogs were removed under contract. The proportion of both
nursery and finishing hogs reportedly being administered antibiotics via feed or water for growth
promotion, disease prevention, or disease treatment is lower for contract than noncontract produc-
tion (table 7). However, the proportion of hogs removed from operations stating they do not know
whether antibiotics are administered is much higher for contract production. This makes it difficult
to ascertain whether contract production is more or less likely to involve the use of antibiotics.

While ARMS surveys of the U.S. hog industry in 2004 and 2009 allow for comparisons across time,
discerning trends is difficult due to changes in the proportion of operations not reporting whether

or not they used antibiotics or those declaring they do not know if antibiotics were used (fig. 4).8
Among producers with nursery-age pigs, the percentages of nursery hogs reportedly administered
antibiotics for growth promotion, disease prevention, and disease treatment all fell slightly.

However, the portions of nursery hogs falling in the grouped “don’t know or missing” category rose

Table 7
Proportion of hogs sold or removed from operations reporting antibiotic use, by reason
for use, contract status, and type of hog; 2009

Administration of antibiotics via feed or water

Yes Don’t know No

Non- Non- Non-
Contract | Contract | Contract | Contract | Contract | Contract

Nursery hogs sold or removed

Growth promotion 0.22 0.28 0.29 0.07 0.48 0.65

Disease prevention 0.55 0.86 0.22 0.05 0.22 0.10

Disease treatment 0.55 0.86 0.20 0.05 0.22 0.10
Finishing hogs sold or removed

Growth promotion 0.32 0.57 0.30 0.05 0.38 0.38

Disease prevention 0.45 0.65 0.27 0.05 0.28 0.30

Disease treatment 0.58 0.67 0.24 0.05 0.18 0.28

Source: ERS calculations from Agricultural Resource Management Survey (ARMS) 2009 Hogs. For example, 22 percent
of nursery hogs sold or removed from operations with production contracts reported to have received antibiotics for growth
promotion.

7 As previously noted, the NAHMS includes operations with 100 or more head, while the ARMS samples operations
with 25 or more head. The average operation size in the ARMS is therefore lower than that in the NAHMS, which may
influence overall percentages. Restricting the ARMS sample to operations with at least 100 hogs slightly increases the
percentage of operations reporting that they use antibiotics for growth promotion, from 33 to 34 percent. The “don’t
know” category rises from 8 to 9 percent.

8 As noted in a prior section, data collection changes somewhat between 2004 and 2009. In 2004, respondents had the
option to answer “yes” or “no” to questions on administration of antibiotics via feed or water; nonresponse was coded as
“missing.” In 2009, respondents were given the additional option of answering “don’t know.”
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Figure 4
Percentage of nursery-age hogs sold or removed from operations that administered
antibiotics via feed or water, by purpose, 2004 and 2009
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Source: USDA, Economic Research Service from Agricultural Resource Management Survey (ARMS) data, Hogs 2004
and 2009 data.

approximately fourfold for each of these uses. Hence, it is difficult to assess whether there were any
changes in use from the ARMS data.”

How are antibiotics used in the finishing stage of hog production?

Some illnesses are more common in older hogs than nursery pigs. In the grower/finisher stage,
respiratory infections are the largest cause of death among hogs (USDA, APHIS, 2007); reflecting
this, 63.7 percent of hog-finishing sites injected antibiotics for respiratory disease treatment in 2006
(table 5).

The percentage of finishing hog operations using growth-promoting antibiotics is approximately

half and has declined since 2000. The NAHMS data suggest that 55.1 percent of sites with grower/
finisher hogs administered antibiotics via feed for growth promotion in 2006, while 0.2 percent did so
via water and 1.0 percent via injection (table 5). The percentage of operations feeding antibiotics for
growth promotion was lower than in 2000, when it was 63.7 percent (USDA, APHIS, 2002, p. 51).

According to 2009 ARMS data (table 6), 30 percent of producers with finishing hogs reported using
antibiotics for growth promotion. This constituted 40 percent of finishing hogs, assuming all hogs
raised by these producers were given antibiotics for this purpose. However, 16 percent of operations
(with 22 percent of hogs) also reported that they did not know if antibiotics were administered for
growth promotion. The percentage of operations administering antibiotics for disease prevention was
44 percent, constituting 51 percent of hogs. For disease treatment, these numbers are 44 percent of
operations administering antibiotics (for 61 percent of hogs). Note that due to the large percentages

9 One hypothesis for part of the jump in “don’t know” respondents is the rise in contract production. Reporting of
“don’t know” is higher for contract operations; between 2004 and 2009 the percentage of contact production also grew.
However, limiting respondents in both 2004 and 2009 to just contract producers yields qualitatively similar results, with
similar increases in respondents in the “don’t know/missing” category.
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of respondents supplying “don’t know” answers, the percentages of hogs fed antibiotics for growth
promotion could be between 40 and 66 percent.

Again, there are discrepancies in antibiotic use rates between the ARMS and NAHMS data sources.
For example, the 2006 NAHMS data shows that 55.1 percent of finisher operations administered
antibiotics in feed (and 0.2 percent in water) for growth promotion (table 5), compared with between
30 and 46 percent in feed or water according to the 2009 ARMS data (table 6).!0 The statistics from
both surveys suggest that use of growth-promoting antibiotics is not universal in the finishing hog
sector but may be higher than for nursery hogs.

For operations with finishing hogs, the ARMS data show decreases between 2004 and 2009 in the
proportion of hogs reportedly supplied antibiotics for growth promotion, disease prevention, and
disease treatment (52 to 40 percent, 61 to 51 percent, and 64 to 61 percent, respectively) (fig. 5).
Again, note that the proportion of “don’t know” or missing responses increased about threefold over
the period, making statements about trends based on ARMS data difficult.

Production practices by antibiotic use in hog production

There appears to be a positive correlation between production practices that affect animal hygiene
and the use of antibiotics for growth promotion. ARMS data from 2009 show that hog producers
using antibiotics for growth promotion are more likely to employ a set of hygiene-promoting prac-
tices. For example, nursery hog producers who use antibiotics for growth promotion are more likely
to use all-in, all-out systems—starting a group of hogs in a nursery facility at the same time and
then removing them together—and are also more likely to engage in production practices aimed at

Figure 5
Percentage of finishing hogs sold or removed from operations that administered antibi-
otics via feed or water, by purpose, 2004 and 2009
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Source: USDA, Economic Research Service from Agricultural Resource Management Survey (ARMS) data, Hogs 2004
and 2009 data.

10 Restricting the ARMS sample to operations with at least a 100-head inventory (to make the sample more compa-
rable to NAHMS data) slightly increases the estimate of operations using antibiotics as growth promotants, from 30 to 34
percent, with the “don’t know” category rising from 16 to 18 percent.
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disease prevention (table 8). All-in, all-out systems can help reduce the spread of disease. Antibiotic
users are also more likely to employ other hygiene-related measures, such as securing Pork Quality
Assurance Plus certification, using rodent control around facilities, cleaning transportation vehicles
before loading hogs, and “bird-proofing” production facilities with screening.

A similar pattern emerges for operations with finishing hogs: for both farrow-to-finish and feeder-
to-finish operations, facilities that administer antibiotics for growth promotion are more likely to
employ hygiene-related practices such as all-in, all-out systems in their growout facilities, to have
Pork Quality Assurance Plus certification, and to use rodent control (table 9). Antibiotic users

are also more likely to use split-sex (feeding male and female pigs separately) and phase feeding
(adapting feed ingredients to changing nutrient requirements).

A higher risk of disease may be leading farms to adopt antibiotics for growth promotion along with
hygiene practices. Operations facing a lower disease threat may not need to adopt either measure.

Broilers

How is the U.S. broiler industry structured?

Broilers—young chickens bred and fed for meat—account for two-thirds of poultry-sector cash
receipts; turkeys and eggs account for most of the rest. In 2012, there were 42,226 operations with
broilers in their inventory; 89 percent of the 8.5 billion broilers produced came from the 33 percent
of operations selling at least 300,000 head (USDA, NASS, 2014b). Most broiler production occurs
in the Southeastern States. Almost all U.S. broiler production is carried out through production

Table 8
Production practices of operations with nursery hogs, by use of antibiotics as a growth
promotant in nursery hogs, 2009

Percent of all operations Percent of farrow-to-
with nursery hogs wean operations
Use of antibiotics as Use of antibiotics as
growth promotant growth promotant
Production practice Yes No Yes No
All-in, all-out system used in farrowing facilities 32 32 72 47
All-in, all-out system used in nursery facilities 72 52*** 72 29
Pork Quality Assurance Plus certification 83 58*** 46 77
Cats or wildlife hgve access to production facilities 45 50 0 36
or feed- preparation areas
Routlne. roden? ppntrol program in and around hog 92 77xex 94 85
production facilities
Written biosecurity plan 25 27 21 46
Vehicles used to tr_ansport hogs cleaned and disin- 66 53 100 79
fected before loading hogs
Production facilities “bird-proofed” with screening 59 46** 100 68

*Denotes that means are statistically different at the 90% level. **Denotes statistical significance at the 95% level.
***Denotes statistical significance at the 99% level.

Source: ERS calculations using Agricultural Resource Management Survey (ARMS) 2009 data.
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Table 9
Production practices of operations with finishing hogs, by use of antibiotics as a growth
promotant in finishing hogs, 2009

Percent of farrow-to- Percent of feeder-to-
finish operations finish operations
Use of antibiotics as Use of antibiotics as
growth promotant growth promotant
Production practice Yes No Yes No
All-in, all-out system in growout facilities 51 30** 88 78***
Split-sex feeding 20 7** 31 20**
Phase feeding 75 38*** 91 71
Pork Quality Assurance Plus certification 86 52*** 88 73
Cats or W|IdI|f_e have access to production facilities or 66 70 20 23
feed preparation areas
Routlne. rodenF p_ontrol program in and around hog 88 79% 95 go***
production facilities
Written biosecurity plan 26 12 47 48
Vehicles used to tr_ansport hogs cleaned and disin- 1 36 81 81
fected before loading hogs
Production facilities “bird-proofed” with screening 50 20 82 78
Growing-finishing hogs dewormed 76 80 36 38

*Denotes that means are statistically different at the 90% level. **Denotes statistical significance at the 95% level.
***Denotes statistical significance at the 99% level.

Source: ERS calculations from Agricultural Resource Management Survey (ARMS) 2009 data.

contracts between growers and integrators. Twenty integrators, who combine feed mills, hatcheries,
and processing plants with contract-grower operations, accounted for 96 percent of all broilers
produced in the United States in 2011. Unlike in the hog industry, there are virtually no independent
producers in broiler production and very few small integrators (MacDonald, 2014). Compliance with
regulations will therefore be focused on integrators.

Like hog production, broiler production is divided into phases corresponding to the lifecycle of the
chicken (fig. 6). Integrators provide contract growers with chicks, feed, and veterinary services and
collect broilers for delivery to their processing plants. The chicks are delivered to growers from
hatcheries that are owned by the integrators. In turn, the hatcheries receive eggs from contract
“breeder-broiler” farms. Integrators also own or contract with primary breeder companies for
breeding stock.

Contract growers tend to be relatively small and specialized family farms, with average sales (gross
cash income) of $232,000 in 2011, 70 percent of which comes from fees for broiler production. The
average size of an individual grower operation has steadily increased, with the average number of
birds removed in a year reaching 504,180 in 2011.

Integrator-owned trucks transport feed and chicks to growout and broiler-breeder farms, eggs
to hatcheries, live birds to processing plants, and chicken products to further-processing plants.
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Figure 6
Phases of broiler production and antibiotic use

Antibiotics injected into 2

ggs or _chickg o _— Breeding and hatching
prevent infection

J !

Antibiotics used for ‘l/ Integrator owns all portions
disease treatment, ) except growout, which is
disease prevention, — > Growout contracted. Integrator supplies
and growth promotion J feed, chicks, and veterinary
\/ services to grow-out operations.

Meat tested for )

antibioticand ~——————————| Slaughter and processing

antimicrobial J

residuals; if levels v

violate FDA )

standards, the Wholesaling

meat is rejected.

v

Retail outlets, hotels,
restaurants, and institutions
)

v

Consumer

Source: USDA, Economic Research Service.

Because of the expense of truck transportation, farms, mills, hatcheries, and plants must locate in
a network within close proximity to one another—in 2011, 90 percent of all broilers were raised
within 60 miles of the processing plant (MacDonald, 2014).

Integrators provide growers with feed and veterinary services and decide whether and how to
administer antibiotics on the farms. Because integrators make decisions about feed formulations,
they will bear the immediate costs of restrictions on antibiotics used in feed. Integrators also manage
breeding programs and therefore make the major decisions regarding flock genetics. Integrators
specify and enforce production practices to be carried out on farms and set specifications for accept-
able house designs. Contract growers provide labor, management, and housing services, and the
growers ultimately make the final decisions for investments in housing designs and equipment
(although often with incentives from integrators). Growers are responsible for increased costs associ-
ated with these changes; any cost increases will likely lead to adjustments in contracts.

How are antibiotics used in broiler production?

Salmonella, E. coli, and Clostridium are major disease concerns among poultry growers. Antibiotics
may be used to treat sick birds, and flocks may also be given a course of antibiotics in feed or water
to prevent the spread of disease when outbreaks have been detected in nearby houses or farms.

Antibiotics are injected into eggs or chicks to improve early viability and are regularly fed to poultry
to treat diseases, prevent infections, and promote growth (NRC, 1999).
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In the ARMS broiler surveys in 2006 and 2011, producers were asked whether they raised their
broilers without antibiotics in their feed or water unless the birds were sick. This would include
both purposes of growth promotion and disease prevention. In 2011, nearly half of contract growout
operations (48 percent) reported that broilers were only given antibiotics when they were sick.
Those operations also accounted for 48 percent of birds and associated liveweight production under
contract, which implies that larger contract growers were no more likely to provide antibiotics for
growth promotion or disease prevention than smaller contract operations. This large share cannot be
attributed to organic production, which forgoes the use of antibiotics but constitutes only 2 percent
of production (MacDonald, 2014). Approximately a third (32 percent) of operators state that they

do not know if they provided antibiotics via feed or water for purposes other than disease treatment.
Hence, the proportion of operations that report that they only supplied antibiotics for disease treat-
ment could be as high as 80 percent. These statistics suggest that in 2011 between 20 and 52 percent
of operations used antibiotics for nontherapeutic reasons.

Comparing the 2006 and 2011 ARMS data shows that the percentage of broiler producers who
raised birds without antibiotics (except in the event of illness in the flock) rose from 42 percent

in 2006 to 48 percent in 2011 (fig. 7). Percentages are similar for farms, number of birds, or the
pounds of production (by liveweight). Note that in each year about a third of producers report that
they “don’t know” if antibiotics were provided in feed or water (except for disease treatment). As
discussed, this may be because integrators supply feed, and thus producers may be unaware of the
feed formulation. Because the survey consistently allows producers to report they “don’t know”
about use and the percentage of operations reporting that they “don’t know” remains fairly constant,
we can have some confidence in the trends in usage rates compared to the trends in the ARMS data
for hogs.

Figure 7
Birds raised by U.S. contract broiler producers without antibiotics in food or water
(except in cases of iliness), 2006 and 2011

Il 2006 = 2011

60 1
50 1
40 A
30 1
20 1
10 1
0 b 1. 1. 1.
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know know know
% of contract broiler farms % of all broilers % of broiler production
(bird count) (pounds, liveweight)

Source: Agricultural Resource Management Survey (ARMS) broiler survey data, 2006, 2011. ARMS asked respondents
if they used antibiotics only in the event of illness, the question to which the “Yes” responders were replying. “Birds”
refers to broiler headcount; “production” refers to total live weight of broilers.
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These declines in antibiotic use in broilers are consistent with evidence indicating a long-term shift
away from use of antibiotics for growth promotion in broiler production. Chapman and Johnson
(2002) used data on feed formulations provided to growers and found that 33 percent did not include
antibiotics in 2000, compared with 2 percent in 1995. As noted earlier, a number of major retailers
have begun requiring that their suppliers provide products raised without antibiotics for growth
promotion. In addition, more supermarket chains have been offering products labeled as “antibiotic-
free” or “raised without antibiotics.”

Production practices by antibiotic use in broiler production

In broiler production, a range of investments and practices can be used to reduce the incidence of
on-farm diseases. Broiler producers who only use antibiotics for disease treatment appear somewhat
more likely to use production practices that could improve animal hygiene, although responses of
“don’t know” hinder drawing definitive conclusions (table 10). Growers who indicated they did not
use antibiotics for growth promotion or disease prevention were more likely to treat water to control
salmonella, to test their flocks for pathogens, to clean and disinfect their vehicles, and to treat litter
to reduce ammonia emissions. Some growers may not be aware of practices carried out by integra-
tors and report on the survey that they “don’t know” whether the production practice is used. For
example, ARMS data from 2011 show that over 50 percent of respondents did not know whether
there were animal byproducts in the feed, whether their flock was tested for campylobacter, or
whether their breeding flocks were vaccinated for salmonella.

Almost all broiler producers followed a rodent-control program. Similarly, nearly all producers used
an all-in, all-out system, in which all chicks placed on the operation at the same time and all grown
broilers removed and taken to slaughter at the same time. All-in, all-out production can make it
easier to control the spread of disease since it reduces the chances of infections spreading from flock
to flock. Those chances can be further reduced by cleaning and disinfecting houses between place-
ments of flocks; in 2011, 21 percent of contract growers cleaned out and disinfected their houses
after every flock removal (MacDonald, 2014).

Beef

How is the U.S. beef industry structured?

Beef cattle production is divided into three stages of production (first three boxes in fig. 8).
Operations may specialize in one or more of these stages of production. The first stage is cow-calf
operations, where calves are birthed and raised until weaning (around 6-9 months).!! The second
stage takes place on stocker or backgrounding operations, where weaned calves consume mostly
forage for 3 to 8 months to gain 200-400 pounds. The third stage is the finishing or feedlot period,
where steers and heifers are fed a combination of forage and grain to a slaughter weight of 1,000-

1T «Cattle” is a generic term that can refer to all categories of bulls, steers, cows, heifers, and/or calves. A bull is a
sexually mature, uncastrated male, generally employed for breeding purposes. A steer is a bovine male castrated before
reaching sexual maturity. A cow is a mature female, usually having had at least one calf. A heifer is a bovine female that
has not given birth to a calf. Feeder cattle are usually yearling (between 1 and 2 years old) steers and/or heifers ready to
be finished for market. Finishing is the stage of production prior to slaughter in which an animal’s weight is increased to
produce desirable carcass characteristics. These and other definitions can be found at: http://www.ers.usda.gov/topics/
animal-products/animal-production-marketing-issues/glossary.aspx.
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Table 10
Antibiotic use, production outcomes, and production practices in broiler growout facilities

Operation only used antibiotics
for disease treatment

No Yes Don’t Know
Number of farms 3,070 7,401 4,981
Production outcome
Average annual production (# birds) 530,690 529,596 519,133
Flock mortality rate (%) 3.53 3.83 3.75
Feed conversion (Ib. of feed per Ib. of weight) 1.89 1.91 1.89
% farms reporting use of
production practice (% reporting
Production Practice “don’t know” in parentheses)
Water treated to control salmonella after feed withdrawn 26 (5) 33 (7) 22 (12)
Use of prebiotics or probiotics in feed 21 (49) 18 (65) 7 (91)
No animal byproducts in feed 31 (51) 27 (64) 11 (84)
Test flocks for avian influenza 53 (42) 0 (36) 50 (45)
Test flocks for salmonella 46 (50) 50 (45) 29 (68)
Test flocks for campylobacter 23 (73) 25 (70) 11 (86)
Breeding flocks vaccinated for salmonella 3 (62) 36 (61) 20 (77)
Follows National Poultry Improvement Plan 48 (34) 51 (37) 47 (42)
Follows routine rodent control program 6 (1) 97 (1) 95 (1)
Follows specified animal welfare requirements 82 (11) 88 (9) 78 (2)
Uses all-in all-out production 3 (4) 6 (2) 97 (2)
Vehicles cleaned & disinfected before loading birds 30 (58) 37 (47) 26 (60)
Litter in houses windrowed and dried between flocks 31 (0) 35 (0) 28 (0)
Litter in houses treated to reduce ammonia 63 (0) 73 (0) 66 (0)
Houses cleaned and disinfected at least annually 9 (1) 21 (1) 22 (1)

Source: 2011 Agricultural Resource Management Survey, version 4. Contract growers only. For example, 18 percent of
operations that only use antibiotics for disease treatment use prebiotics or probiotics in feed. Sixty-five percent of opera-
tions that only use antibiotics for disease treatment report that they “don’t know” if prebiotics or probiotics are used in feed.

1,500 pounds. After being fed to market weight, cattle are sent to beef processors who market beef
and other products (including hides and offal). Cattle are often shipped long distances between
phases of production.

The beef industry is less vertically integrated than the pork and broiler industries, due to large
numbers of small-scale producers and cattle’s longer production cycle. In 2012, there were 727,906
farms with 1 or more beef cows; of these, 82 percent had fewer than 50 cows and accounted for 30
percent of the 28.96 million beef cows in the United States. Larger farms were fewer in number; of
farms with beef cows, 0.2 percent had 1,000 or more cows, accounting for 8 percent of cows (USDA,
NASS, 2014b).

Ownership of cattle generally changes over the animals’ lifecycles. In 2007, about half (49.8 percent)
of cow-calf operations sold all of their calves at weaning (USDA, APHIS, 2010). Another 30 percent
of cow-calf operations retained calves from 1 to 61 days past weaning, but not generally long enough
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Figure 8
Beef cow life cycle and use of antibiotics in stages of production
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for a stockering phase. Twenty percent retained ownership for over 61 days, many of which kept the
animals through a stockering phase (USDA, APHIS, 2010). Few cow-calf operations (9 percent)
retained ownership of animals from birth through the feedlot stage (USDA, APHIS, 2010).

While cow-calf operations are dispersed in a vast number of farms over a wide geographic area,
feedlots are more concentrated (table 11). At one extreme, 66 feedlots with capacity greater than
50,000 head (0.10 percent of feedlots) accounted for 33 percent of fed cattle marketed in 2012. At
the other extreme, 73,000 farmer-feeders with a capacity of less than 1,000 head (97 percent of
feedlots) handled 11 percent of fed-cattle sales. Feedlots with at least 1,000 head constitute a small
percentage of feedlots (2.8 percent) but account for the majority of cattle marketed (89 percent).
Feedlots are concentrated in the Great Plains; in 2012, 71 percent of cattle on feed were sold from
four States: Colorado, Kansas, Nebraska, and Texas (USDA, NASS, 2014c¢).

Virtually all cattle on feedlots are sourced from outside the feedlot, with nearly 60 percent either
purchased at auction or via direct sale (table 12). A sizeable percentage are fully or jointly owned
by others and fed at the feedlot under agreement. In 2011, 38.5 percent of cattle in 1,000-head-plus
feedlots were jointly owned by the feedlot and others, or were custom fed by the feedlot for other
owners. This percentage is down from 73.9 percent in 1994, due in part to increasing equity require-
ments and volatile profit margins (USDA, APHIS 2013c). Cattle may be transported long distances
to reach auction and/or the feedlot; the average distance traveled to feedlots is 339 miles (USDA,
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Table 11
Number of feedlots, inventory, and marketings by size of feedlot, 2012

Lots Percentage of Cattle marketed Percentage of

(number) lots (1,000 head) cattle marketed
Less than 1,000 head 73,000 97.2% 2,854 11%
1,000 head or more 2,100 2.8% 22,028 89%
1,000-1,999 740 1.0% 678 3%
2,000-3,999 570 0.8% 1,300 5%
4,000-7,999 345 0.5% 1,800 7%
8,000-15,999 170 0.2% 2,320 9%
16,000-23,999 88 0.1% 2,150 9%
24,000-31,999 55 0.1% 1,880 8%
32,000-49,999 66 0.1% 3,750 15%
50,000 and Over 66 0.1% 8,150 33%
All feedlots 75,100 100.0% 24,882 100%

Source: USDA, National Agricultural Statistics Service (NASS), 2014c. http://usda.mannlib.cornell.edu/usda/nass/
CattOnFe//2010s/2014/CattOnFe-02-21-2014.pdf

Table 12
Percent of cattle and calves at beef feedlot operations with 1,000 or more head by origin of
cattle, by region, 2011.

Region
All Central Other
Provided for custom feeding* or joint ownership with feedlot 38.5 40.7 27.8
Purchased by feedlot via auction 28.8 27.8 33.4
Purchased by feedlot via direct sale 29.6 28.2 36.5
Born on feedlot or another operation operated solely by feedlot 1.1 1.1 1.5
Obtained from other sources 2.0 2.2 0.8

Notes: “Producer-retained ownership or investor-owned. “Central” refers to Colorado, Kansas, Oklahoma, and Texas.
“Other” refers to other States surveyed, including Arizona, California, Idaho, lowa, New Mexico, South Dakota, and
Washington.

Source: USDA, Animal and Plant Health Inspection Service (APHIS), 2011, p. 21, Feedlot 2011, Part I: Management
Practices on U.S. Feedlots with a Capacity of 1,000 or More Head.

APHIS, 2013a). Some cattle entering feedlots originate from Canada and Mexico. While culled
dairy cows and other cattle from dairies are sometimes fed on feedlots, they constitute only a small
share of feedlot cattle.

Beef packing (inclusive of slaughtering, processing, packaging, and distribution) is even more
concentrated than the feedlot stage. In 2013, four companies accounted for 85 percent of the total
volume of steer and heifer slaughter and processing (USDA, GIPSA, 2014). Processing is also
regionally concentrated in Colorado, Kansas, Nebraska, and Texas; in 2012, 66 percent of beef
slaughter occurred in these four S tates (USDA, NASS, 2014c). However, only 5.5 percent of fed
cattle were owned by packers in 2013. About 30 percent were acquired by packers through cash
sales, and the rest were acquired through forward contracts and marketing agreements. The last two
arrangements create volume and pricing commitments and frequently specify pricing incentives
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related to yield and quality grades; however, they do not specify production practices in the way that
more specific production contracts can.

While some supply chains exist for the production of niche-market beef (for example, organic,
grass-fed, or antibiotic-free), because beef cattle production is much less vertically integrated than
pork or poultry, there are many more decisionmakers for feed formulations and antibiotic use. The
geographic dispersion also has practical implications for the new Veterinarian Feed Directive guide-
lines requiring all antibiotics to be administered via veterinary prescription. If there are few veteri-
narians in a region to serve multiple, widely spread farmer-feeders not connected by an integrator,
then requiring veterinarian oversight for medically important antibiotics for growth promotion may
prove unfeasible.

How are antibiotics used in beef cattle production?

A minority of cow-calf operations reported using antibiotics for disease prevention or production
purposes. In 2007/2008, 15.8 percent of cow-calf operations reported adding antibiotics (exclusive of
ionophores) to cattle feed to prevent disease and/or promote growth (APHIS, 2012). Of these opera-
tions, most reported the reason for use as disease prevention (table 13). Only 2.6 percent of cow-calf
operations included antibiotics in feed for growth promotion for replacement heifers weaned but not
yet calved, and 3.4 percent of operations included antibiotics in feed for growth promotion for calves
weaned but not yet shipped for feeding or being sold as breeding stock.

Table 13
Percentage of cow/calf operations that used antibiotics, by cattle class and primary
purpose of use, 2007-2008

Primary purpose Percentage of operations
Any purpose 15.8
Preweaned calves
Prevent respiratory disease 8.0
Other 1.1
Any 8.5
Replacement heifers weaned but not yet calved
Prevent respiratory disease 9.6
Promote growth 2.6
Other 0.3
Any 9.9
Other calves weaned but not yet shipped for feeding or sold as breeding stock
Prevent respiratory disease 11.6
Promote growth 3.4
Other 0.3
Any 11.8

Notes: 15.8% of operations used antibiotics with or without decoquinate/ionophores in cattle feed.

Source: USDA, Animal and Plant Health Inspection Service (APHIS), 2010, Beef 2007-08 Part IV: Reference of Beef Cow-
calf Management Practices in the United States, 2007-08.
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Because of the stress from travel and from commingling with animals sourced from various loca-
tions, cattle arriving at feedlots may be at greater risk for illness. Upon arrival, they are often
vaccinated and given antibiotics, implanted with artificial hormones, and/or treated for parasites
(table 14). In 2011, 50.4 percent of large-scale feedlots injected cattle and calves with antibiotics;
this amounts to about a quarter of cattle and calves at large-scale feedlots that are being injected.
Percentages are fairly similar for operations with fewer than 1,000 head. These injections treat sick
cattle or serve as short-term preventive measures.

While at the feedlot, cattle subject to respiratory and digestive-tract diseases are given antibiotics to
treat or prevent illness. Antimicrobials, including ionophores and coccidiostats, are also often added
to feed to aid growth and improve feed efficiency.!? In 2011, 90.5 percent of feedlots with 1,000

or more head fed the cattle an ionophore, and 44.7 percent fed them a coccidiostat (table 15). For
smaller feedlots with less than 1,000 head, these percentages were substantially lower (28.7 and 17.1
percent, respectively).

In 2011, almost three-fourths of feedlots of 1,000 or more head administered antibiotics other than
ionophores and coccidiostats in feed, accounting for 48 percent of cattle (table 16; USDA, APHIS,
2013a). Only 26 percent of feedlots with less than 1,000 head did so, accounting for 38 percent of
the head at these operations. Only 6 percent of large-scale feedlots that fed antibiotics (other than
ionophores or coccidiostats) did so for more than 30 days (USDA, APHIS, 2013a).!3 Smaller scale

Table 14
For feedlots that initially processed cattle and calves as a group, percentage of feedlots
and cattle and calves by procedures performed at initial processing, 2011

Size of feedlot

1,000 or more head Fewer than 1,000 head
Percent of Percent of Percent of
Percent of cattle and calves at feedlots with cattle and calves at
feedlots with 1,000  feedlots with 1,000 | fewer than 1,000 feedlots with fewer
or more head or more head head than 1,000 head
Vaccinated against
respiratory diseases 96.0 96.0 76.7 92.6
Vaccinated against
clostridial diseases 773 716 66.4 73.4
Given an injectable
antibiotic 20 el 42.0 31.0
Implanted with growth-
promoting hormone 8.7 84.4 421 56.2
Treated for parasites 94.5 91.4 84.6 83.8

Source: USDA, Animal and Plant Health Inspection Service (APHIS), 2013a, pp. 37 and 38, Feedlot 2011 Part I:
Management Practices on U.S. Feedlots with a Capacity of 1,000 or More Head. USDA, APHIS, 2013b, pp. 22 and 23,
Feedlot 2011 Part Il: Management Practices on U.S. Feedlots with a Capacity of Fewer than 1,000 Head.

12 As noted previously, ionophores and coccidiostats are two types of antimicrobials not used in human medicine.

13 In an earlier survey of feedlots with 1,000 head or more, APHIS (2000) reported that only 2 antibiotics were fed
for most of the feeding period (i.e., more than 30 days): Tylosin (fed for a feedlot average range of 138 to 145 days) and
Virginiamycin (fed for 124.5 to 130 days). Of the two, only Tylosin is “related” to antibiotics used in human health care.
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Table 15
Percent of beef feedlot operations by nutrition management practice, by region, 2011

Size of operation

Greater than Less than
1,000 head 1,000 head

Percentage of feedlots
Gave an ionophore, such as Rumesin®© or Cattlyst© 90.5 28.7
Gave a coccidiostat other than an ionophore, such as Corid© or Deccox© 447 174
Percentage of cattle and calves
Given an ionophore, such as Rumesin© or Cattlyst© 89.9 48.9

Given a coccidiostat other than an ionophore, such as Corid© or Deccox© 20.5 21.5

Source: USDA, Animal and Plant Health Inspection Service (APHIS), 2013a, pp. 51 and 52, Feedlot 2011 Part I:
Management Practices on U.S. Feedlots with a Capacity of 1,000 or More Head. USDA, APHIS, 2013b, pp. 30 and 31,
Feedlot 2011 Part Il: Management Practices on U.S. Feedlots with a Capacity of Fewer than 1,000 Head.

Table 16
Percentage of feedlots that gave an antibiotic in feed or water as a health- or production-
management tool and percentage of cattle and calves receiving the antibiotics, 2011

Size of operation

1,000 head or more Less than 1,000 head

Percentage of feedlots giving antibiotics to at
least some animals in...

Feed 73.4 25.7

Water 4.7 1.5
Percentage of cattle and calves receiving
antibiotics in...

Feed 48.3 38.2

Water 0.3 7.6

Note: It is not possible from the statistics provided to discern the specific purpose of antibiotic administration (growth
promotion or disease prevention).

Source: USDA, Animal and Plant Health Inspection Service (APHIS), 2013a, pp. 72 and 75, Feedlot 2011 Part I:
Management Practices on U.S. Feedlots with a Capacity of 1,000 or More Head. USDA, APHIS, 2013b, pp. 36 and 37,
Feedlot 2011 Part Il: Management Practices on U.S. Feedlots with a Capacity of Fewer than 1,000 Head.

feedlots that administered antibiotics were more likely to do so for longer than 30 days (20 percent
of operations) (USDA, APHIS, 2013b). Note that with the statistics provided in the NAHMS publi-
cations, it is not possible to discern what percentages of these antibiotics were administered for
growth promotion, disease prevention, or disease treatment. Statistics from an earlier 1994 NAHMS
study of beef feedlots suggest that antibiotic use in feed and water has remained consistent since that
year (USDA, APHIS, 2013c).

Dairy

How is the U.S. dairy industry structured?

Like other livestock industries, dairy production has shifted toward larger operations. Between 2000
and 2012, the share of production by farms with fewer than 100 head fell by half. A large number of
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small farms with dairy cows still exist, but these account for a small percentage of overall produc-
tion. While over 70 percent of the 58,000 U.S. milk cow operations had fewer than 100 cows in
2012, these farms accounted for only 14 percent of milk production. Farms with milking herds of at
least 1,000 head accounted for 51 percent of milk production but comprised only 3 percent of opera-
tions (USDA, NASS, 2013a).

In 2014, about 20 percent of dairy production occurred in California and another 20 percent in
other Western States (Idaho, Washington, Oregon, Colorado, Arizona, and New Mexico). A further
20 percent took place in the upper-Midwestern States of Iowa, Minnesota, and Wisconsin. The
Northeastern States New York, Pennsylvania, and Vermont were responsible for about 13 percent of
milk production and the Eastern Corn Belt States Michigan, Indiana, and Ohio for about 10 percent
(USDA, NASS, 2015).

Dairy farming differs from other livestock industries in important ways. First, most dairies do not
operate under production contracts. Dairies usually market their milk through farmer-owned cooper-
atives to processors, but they may market to multiple firms or buyers. While compensation for their
product varies with the attributes of the milk that they deliver to processors, dairy producers retain
effective control over all major production decisions. There are a large number of dairy farms oper-
ating independently; hence, there are many decisionmakers for choices about antibiotic use.

Second, the nature of dairy production—in which birthing and milk production are intertwined—
means that dairy farms combine lifecycle stages not usually combined in poultry, hog, and beef
production (fig. 9). Farms rarely keep dairy bulls onsite, but instead rely largely on artificial insemi-
nation of cows with semen purchased from specialist providers. Milk cows typically give birth to
calves on the dairy farm once a year and then provide milk for about 300 days before being “dried
off” in preparation for the next calving. Male calves are usually sold immediately and raised for
beef. Females are usually raised to be replacement heifers in the milking herd or sold to other dairy
farms as replacement heifers. Heifers (milk cows that have not yet calved) are often raised onsite,
but larger dairy farms may contract with specialist heifer-raising farms to take their calves and raise
them until they are ready to enter the milking herd, at around 24 months of age. Heifers constitute
approximately two-thirds of the milk cow herd (where the milk cow herd is inclusive of cows that

have and have not calved). !4

How are antibiotics used in dairy production?

Antibiotics are used on dairy farms to treat and prevent disease, but they are also used in heifer
rations for growth promotion. Diarrheal and respiratory problems are a large problem in preweaned
dairy calves. Diarrhea and other digestive problems accounted for 56.5 percent of preweaned calf
deaths at dairy farms in 2006, while respiratory problems accounted for 22.5 percent. In terms of
morbidity, in 2006, 23.9 percent of unweaned dairy heifers on dairy operations were affected by

a diarrheal or other digestive problem, while 12.4 percent were affected by a respiratory disease
(table 17).

14 There were about 9.22 million milk cows in 2013. To maintain this herd size nationwide, nearly 30 percent (2.77
million) of milk cows must be replaced in a year due to onsite deaths as well as to the culling of cows with reduced
production. If replacement heifers enter the milking herd at around 24 months, the U.S. dairy sector will need to have
5.54 million replacement heifers on hand. Since some heifers die before entering the milking herd, the national herd of
replacement heifers must be about 6 million animals. The estimate of the national milking herd is from USDA, NASS
(2013b). Estimates of culling and mortality rates are drawn from the 2010 ARMS (Agricultural Resource Management
Survey), version3.
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Figure 9
Dairy cow life cycle and use of antibiotics in stages of production
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Table 17

Percentage of heifers and cows at dairy operations affected and treated with antibiotics for a disease or

disorder during the previous 12 months, 2006

Unweaned heifers Weaned heifers Cows

Percent of heifers Percent of Percent of heifers Percent of Percent of cows Percent of
Disease or Disorder | Affected | Treated | operations | Affected | Treated | operations | Affected | Treated | operations
Respiratory 12.4 11.4 66.7 5.9 5.5 49.2 2.9 2.8 55.8
zg‘égﬁz grr(‘)’g'?:; 23.9 17.9 62.1 1.9 16 7.4 6.0 1.9 25.0
Navel infection 1.6 1.5 28.7
Reproductive 10.0 7.4 52.9
Mastitis 18.2 16.4 85.4
Lameness 12.5 741 58.6
Other 0.6 0.6 4.5 1.7 1.4 6.2 0.7 0.5 6.9

Note: The percent of operations is the number of operations that used an antibiotic to treat the disease or disorder divided by all operations. It
includes operations not reporting the occurrence of the disease or disorder. Shaded areas mean that the survey did not record the disease or

disorder for the type of cow.

Source: USDA, Animal and Plant Health Inspection Service (APHIS) 2008, pp. 128, 129, 133, 134, 136, 137, Dairy 2007, Part Ill: Reference of
Dairy Cattle Health and Management Practices in the United States, 2007.

To help prevent these illnesses and deaths, preweaned heifers are often fed medicated milk replacer
that contains antibiotics. In 2006, 57.5 percent of dairy operations fed 49.9 percent of preweaned
heifers medicated milk replacer. This practice was more common among small- and medium-sized
dairy farms (fewer than 100 head and 100-499 head, respectively) than large dairy farms (500 or
more head) (USDA, APHIS, 2007a). The most common medication in medicated milk replacer
was oxytetracyline in combination with Neomycin (USDA, APHIS, 2007a). Dairy farms also

use measures aside from antibiotics to reduce disease and disease transmission. Calves are often
removed quickly from maternity pens in order to avoid nose-to-nose contact.

After a calf has been weaned at a dairy operation, respiratory problems account for a larger
percentage of deaths (46.5 percent) than diarrheal deaths (12.6 percent). Weaned heifers may be fed
coccidiostats and ionophores to prevent disease and promote growth. In 2006, 18.2 percent of dairy
operators surveyed said that they included “antibiotics” in their heifer rations, while 32.7 percent
stated they included ionophores (table 18). Hence, at least half of dairies fed either antibiotics or
ionophores to weaned heifers to prevent disease or promote growth. Cows at dairy operations may

also be fed coccidiostats in feed to promote growth. In 2006, 26.8 percent of dairy operations fed 40

percent of dairy cows at these operations coccidiostats in feed (USDA, APHIS, 2007a).

After heifers are bred and give birth, they may contract diseases or disorders that are often treated
with antibiotics. In 2006, 18.2 percent of cows were affected by mastitis, and 16.4 percent of cows
were treated with antibiotics for mastitis (USDA, APHIS, 2008). Treated cows were located on 85.4
percent of operations (USDA, APHIS, 2008), suggesting that smaller operations were more likely
to treat these diseases with antibiotics. Most dairy operations (90.1 percent) provide antibiotics for
prevention of intramammary infections during the “dry” period (the time during which a cow is no
longer milked in preparation for the next lactation) (USDA, APHIS, 2008).
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Heifer-raising operations also include medications in feed to prevent disease and promote growth.
In 2010, 77.3 percent of heifer operations (representing 87.3 percent of heifers at such operations)
included ionophores in their weaned heifers’ feed (table 19). A full 87.1 percent of operations
(92.4 percent of heifers) were fed some sort of medication to prevent disease or promote growth;
among this group, the most often fed medications aside from ionophores were chlortetracycline
compounds (27.8 percent of operations), coccidiostats (26.5 percent), and Aureomycin and sulfa-

methazine (25.6 percent).!’

Table 18

Percent of dairy operations by use of antibiotics in weaned-heifer rations to prevent

disease or promote growth, 2006

Percent operations

Antibiotics other than ionophores in heifer ration
lonophores only in heifer rations

Did not know if antibiotics were in heifer ration
No antibiotics in heifer ration

No weaned heifers on operation

18.2
32.7
2.3
44.2
2.6

Source: USDA, Animal and Plant Health Inspection Service (APHIS), 2008, p. 131, Dairy 2007, Part Ill, Reference of Dairy

Cattle Health and Management Practices in the United States, 2007.

Table 19

Percentage of heifer-raising operations that used medicated feed in rations for weaned

heifers to prevent disease or promote growth, 2010

Weaned heifers

Pregnant heifers

Percent Percent Percent Percent
Medication operations heifers operations heifers
lonophores 77.3 87.3 70.4 83.4
Coccidiostats 26.5 18.7 1.9 0.1
Chlortetracycline 27.8 23.8 7.9 5.6
Neomycin-oxytetracycline 1.4 10.9 0.0 0.0
Neomycin sulfate 1.4 8.8 0.0 0.0
Oxytetracycline compounds 9.0 1.0 3.7 1.8
Aureomycin and sulfamethazine 25.6 15.6 3.1 1.5
Tylosin sulfate 0.0 0.0 0.6 0.9
Other 2.4 1.8 1.2 2.0
Any medication 871 92.4 75.2 84.8
None 12.9 7.6 24.8 15.2

Source: USDA, Animal and Plant Health Inspection Service (APHIS), 2012, pp. 84, 85, 87, and 88, Dairy Heifer Raiser,

2011: An overview of operations that specialize in raising dairy heifers.

15 Note that heifers can be fed more than one medication; hence, percentages add to more than 100.
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Research on the Economic Impacts of Use of Antibiotics
for Production Purposes at the Animal and Farm Levels

This section focuses on the research methods used to estimate effects of antibiotics used for produc-
tion purposes on animal and farm productivity, emphasizing how different methodologies may yield
different results. The section then briefly discusses the varying sizes of effects in the broiler, hog,
and cattle/dairy industries, given different research methods. More detailed discussion of individual
research studies can be found in Appendix A.

Antibiotics are adopted because producers—whether farmer or integrator—think that they will
reduce production costs per unit of meat. If widespread adoption lowers marketwide costs, producers
will expand production, thereby lowering retail meat prices. In turn, lower prices will place pressure
on producers who did not adopt antibiotics, while also inducing consumers to purchase more of the
product. This set of economic impacts flows from the initial adoption decision, and, in turn, deter-
mines the likely economic impacts of antibiotic adoption or restriction. Understanding how use of
production-purpose antibiotics affects animal and farm productivity is necessary for evaluating the
potential market effects of restriction on use of antibiotics for such purposes. However, estimates of
those effects vary widely, in large part because of differences in research methods and assumptions.

To understand how use of antibiotics for production purposes may affect livestock producer reve-
nues, we first need to know how much their use affects animal productivity measures (production
per animal) and how these productivity effects translate to changes at the farm level (costs per unit
of output). As noted, animal-level productivity effects may have direct and indirect impacts at the
level of the farm; costs of inputs (e.g., feed) may be directly affected by use of production-purpose
antibiotics, but producers may adjust other inputs, as well as management practices, due to produc-
tion-purpose antibiotic use or discontinuation, which may indirectly affect costs at the farm level.

Research Methods for Estimating Effects of Production-Purpose Antibiotic
Use on Productivity at the Animal and Farm Levels

Research on the animal- and farm-level productivity effects of production-purpose antibiotic use
is based on controlled experiments, observational studies using cross-sectional comparisons of
production, and examination of outcomes after European bans on use of antibiotics for produc-
tion purposes. Other research uses the estimates of animal-level productivity effects from these
three types of research to model farm-level outcomes. Table 20 provides basic descriptions of the
research methods.

Controlled experiments

In controlled experiments, researchers compare groups of identical animals, raised in identical
environments except for the use of production-purpose antibiotics. One group receives the treat-
ment (which could be either administration or discontinuation of production-purpose antibiotics, the
‘treated’ group), while the other does not (the ‘control’ group). Outcomes are compared for the treat-
ment and control groups, and differences can be attributed to production-purpose antibiotics if the
experimental design controls for all other factors affecting outcomes.
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Table 20

Types of studies used to estimate effects of use of antibiotics for production purposes

Type of study Basic description

Possible limitations

Methods of overcoming these limita-
tions to obtain effects of only
production-purpose use of antibiotics

Experimental Two groups are identical in
every respect that can affect
the outcome, except for the
treatment (use of antibiotics
for production purposes).
One group receives antibiot-
ics for production purposes
while the other does not.
Changes in the outcome can
therefore be attributed to
antibiotic use.

May not represent actual farm
conditions. Does not represent
how operations may alter prac-
tices in response to presence
or absence of use of antibiotics
for production purposes.

Examine actual farm conditions.

Farm-level observations col-
lected at one point in time.
Farms using production-
purpose antibiotics at that
point compared to farms not
using antibiotics for these
purposes.

Observational, with
survey data from
one time period

Correlations between produc-
tion-purpose antibiotic use and
outcomes may reflect other
factors that are correlated with
both outcomes and production-
purpose antibiotic use. Out-
comes may lead to changes in
production-purpose antibiotic
use, so correlations may reflect
this direction of causality.

Control for factors correlated with both

production-purpose antibiotic use and

outcomes using statistical techniques.

Statistical techniques can also be used
to adjust for the effect of selection into

production-purpose antibiotic use.

Farm-level observations
collected before and af-

ter country-wide changes

in policy, usually a ban in
production-purpose antibiotic
use. Outcomes compared
before and after ban.

Observational, with
survey data from
before and after
country-wide policy
change in pro-
duction-purpose
antibiotic use (“ban
research”)

Operations may change other
production practices when they
can no longer use produc-
tion-purpose antibiotics, so
changes in outcomes may be
attributable to both the change
in production-purpose antibi-
otic use and the other changes
in production practices. Other
factors affecting all farms that
occur simultaneous to the ban
may also impact outcomes.

The goal of this research is to examine
the effects of the bans, not necessarily
the effects of just changes in produc-
tion-purpose antibiotic use.

Modeled estimates
of farm-level ef-
fects

Researcher generates a
model of farm finances, us-
ing parameters from various
sources. Effects of produc-
tion-purpose antibiotics arise
from other types of research.

Results dependent on the
parameters chosen. If param-
eters for production-purpose
antibiotic effects arise from
experimental settings, results
will not be inclusive of changes
that producers may make in
response to changing produc-
tion-purpose antibiotic use.
May assume that there are no
other changes occurring in the
market, which would not be the
case in the event of industry-
wide changes in production-
purpose antibiotic use.

Depending on the scenario being
modeled, researchers can include as-
sumptions about changes at the market
level. To model farm-level effects of
production-purpose antibiotic use in-
clusive of alternative practices adopted
in response to production-purpose
antibiotic use changes, researchers can
use parameter estimates of production-
purpose antibiotic effects that include
these other changes.

Source: USDA, Economic Research Service.
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Observational studies

Observational studies rely on survey data drawn from samples of operating farms. Some farms use
production-purpose antibiotics while others do not, but in contrast to experimental studies, the two
groups may also differ along other dimensions that affect outcomes (called confounding factors).
Researchers can attempt to adjust for these differences via statistical methods. However, controlling
for observable confounding factors does not always address selection bias—the fact that there are
unobservable factors that cause especially productive or unproductive operations to use production-
purpose antibiotics. For example, less efficient operations may choose to use production-purpose
antibiotics in hope of improving outcomes, while more efficient operations may not. In that case, we
may observe a negative relationship between production-purpose antibiotic use and outcomes, even
if such use improves outcomes among those who adopt them, but this is not because production-
purpose antibiotic use caused the negative outcome. Again, statistical methods can be used to at least
partially correct for this selection issue. The ability to control for selection effects is limited by the
fact that observational studies examining antibiotic outcomes use only one time period.

Research based on observational data may show smaller or larger effects of prodution-purpose
antibiotic use than experimental studies. If production-purpose antibiotics are more effective in
environments with poorer sanitation and worse management and are more likely to be adopted by
producers with those environments, then their benefits and estimated effect sizes will be larger using
observational data than effects found in experimental conditions. However, estimated effects may

be smaller in actual production than in experimental studies because farm operators can adopt a
number of methods to reduce the effect of not using antibiotics for production purposes.

Studies on outcomes following European bans on use of antibiotics for production
purposes

A third line of research includes observational examinations of outcomes before and after a country-
wide ban on use of antibiotics for production purposes, based on the series of bans introduced in
European countries beginning in the 1980s. Because researchers do not control all variables influ-
encing the outcomes, these studies are also considered observational. Note that when a country bans
use of a drug for a specific purpose, there can be no comparisons of operations that still use the
drug with similar operations (within the same country) that do not. Hence, if something else affects
outcomes and happens at the same time as the ban, it is difficult for the researcher to separate the
effect of the ban from that of the other occurrence. In these cases, researchers must carefully eval-
uate whether other factors that could be driving outcomes occurred simultaneously with the ban.

Research using bans to estimate effects may also show higher or lower effects of production-purpose
antibiotics compared with controlled experiments for the same reasons described for comparing
results from experimental research to those from survey data: effects in ban research may be higher
because production units may be more poorly run than experimental farms. However, effect sizes
may also be lower because other practices may be employed to reduce the effects of removing
production-purpose antibiotic use. For example, if an operation must stop production-purpose antibi-
otic use and improves sanitation to help compensate, changes in outcomes may be the result of both
actions. This also has a bearing on the profitability of producers; improving sanitation may lessen
the effects that the ban has on animal growth rate but will likely add costs, which could reduce reve-
nues if the ban is not accompanied by an increase in prices.
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Studies modeling farm-level changes based on animal-level effects of production-
purpose antibiotics

Studies employing models of farm-level finances to estimate the impact of production-purpose anti-
biotic use or discontinuation generally use effects found in animal-level productivity research as
parameters when estimating economic outcomes. For example, a finance study will take the effect
of production-purpose antibiotic use on feed efficiency as reported in another study (say, a 2-percent
increase) and multiply that by the price of feed to estimate the increased feed cost to a farmer if
production-purpose antibiotic use is discontinued. This assumes that the farmer decided to produce
the same amount of meat and did not alter other factors. Models that predict farm-level effects of
production-purpose antibiotic use on profits or production often assume that the rest of the market
remains static. For example, if stopping production-purpose antibiotic use increases production costs
on individual farms and we assume nothing else changes, then revenue at individual farms will
decline. However, if all farms stop using production-purpose antibiotics and supplies of meat decline
as a result, this may increase meat prices for all farms. These higher prices may have a positive
revenue effect. Consideration of just the farm-level effect in isolation from the market may provide
estimates of short-term effects but not the entire story.

An important feature of all of these studies is the time period in which they were conducted.
Management methods and industry structure have evolved in the livestock industry since the 1950s,
with possible implications for the benefits of production-purpose antibiotics. For example, produc-
tion-purpose antibiotics may produce larger outcomes in poultry houses with older management
techniques or poor sanitation. As management methods have evolved over time, the effectiveness of
production-purpose antibiotics may also have declined. The time period is also pertinent for farm-
level models that use estimates of production-purpose antibiotic effects to predict changes in profits
and productivity. Hence, it is useful to examine studies of production-purpose antibiotic productivity
effects under current management regimes.

Animal- and Farm-Level Productivity Effects of Production-Purpose
Antibiotics — Poultry

Although use of antibiotics for production purposes in broiler operations is common, research shows
mixed effects on broiler productivity measures. Experimental research from the 1950s to the 1980s
shows a wide range of effects, from negative to positive (see Appendix A). More recent experimental
research reports small effects; researchers employed by Perdue Farms, Inc. (Engster, Marvil, and
Stewart-Brown, 2002) found between a 0.14- and 0.2-percent reduction in mortality of chicks fed
growth-promoting antibiotics and an average reduction of 0.016 pounds of feed per pound of live-
weight gain (about 0.08 percent).

Observational research supports these findings of limited impacts of production-purpose antibiotic
use on measures of broiler productivity. An observational study using nationally representative
survey data compared broiler producers using antibiotics for purposes other than disease treatment
with those using Hazard Analysis and Critical Control Points (HACCP) plans but not antibiotics for
purposes other than disease treatment (MacDonald and Wang, 2011). Producers forgoing antibi-
otics except in the cases of disease treatment realized the same chick mortality, on average, as those
feeding antibiotics for purposes other than disease treatment, while feed conversion was 2.5 percent
higher (meaning more growth per unit of feed). The difference in feed conversion rose to 2.9
percent (in favor of antibiotics administered for purposes other than disease treatment) in a statistical
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model of production that controlled for other features of production. Estimated standard errors were
large enough that a hypothesis of no-effect of antibiotics used for purposes other than disease treat-
ment could not be rejected; the researchers note that producers forgoing antibiotics except in the case
of disease treatment received higher contract fees, suggesting compensation for higher labor and
capital costs associated with the higher sanitation methods of HACCP plans. Fees were approxi-
mately 2.1 percent higher for nonusers, suggesting a comparable increase in grower production costs,
which in turn account for about 12.5 percent of producers’ total costs, with integrators bearing the
rest (MacDonald, 2014).

Research comparing outcomes before and after a country-wide ban on production-purpose anti-
biotics also found little change in productivity outcomes after removal of such antibiotic uses.
Immediately after Denmark’s 1998 ban on antimicrobial growth promoters, there was no signifi-
cant change in mortality, but there was an increase of 0.016 pounds of feed per liveweight pounds
produced (Emborg et al., 2001).

Animal- and Farm-Level Productivity Effects of Production-Purpose
Antibiotics — Hogs

Like the findings for broilers, early experimental results for hogs show much larger effects than either
later experimental studies or those employing survey data (see Appendix A). Experimental data
before 1980 show large effects of production-purpose antibiotic use, including an increase in daily
gain of 16.4 percent in young pigs and a 6.9 percent decline in the amount of feed required per unit
of gain (Cromwell, 1991, citing research from 1950-1985). In finishing hogs, these effects were the
same order of magnitude. Research from the 1980s and 1990s show smaller effects; a summary by
Brorsen and coauthors (2002) finds a mean increase in feed efficiency of 2.74 percent in finishing
hogs from production-purpose antibiotic use. A still later experimental study from 2002 finds that
antimicrobials in feed have no effect on either growth promotion or feed efficiency of finishing hogs
(Dritz et al., 2002). The authors do find a 5-percent increase in growth rate among nursery pigs asso-
ciated with antimicrobials in feed, but no effect on feed efficiency. The lack of effects is attributed to
greater sanitation in modern houses. Two recent studies on nursery pigs finds improved average daily
growth and feed efficiency due to antibiotics: Oliver and Wells (2013) found a 5.4-percent increase,
and Nemechek and coauthors (2014) found an approximately 9-percent increase, in average daily
growth from feeding nursery pigs antibiotics.

Observational research that does not attempt to correct for selection biases (Miller et al., 2005; Liu,
Miller, and McNamara, 2005) finds small, statistically significant effects of the use of antibiotics for
growth promotion in finishing hogs. For a representative grower/finisher operation, growth-promoting
antibiotics were predicted to improve average daily gain by 0.5 percent, while reducing feed conver-
sion ratio by 1.1 percent and mortality by 0.22 percentage points.'6

Observational studies that do account for selection bias find no statistically significant effects among
finishing hogs in productivity, but some effects in nursery production (McBride, Key, and Mathews,

16 These studies find that growth-promoting antibiotic use increased individual farm profits by $0.75 per pig marketed
(2013$), or by 9 percent of returns for a typical grow-finish operation (Miller et al., 2005). Similar studies also find that
antimicrobials fed for growth promotion decrease variability among hogs and therefore increase profits by $1,670 per
operation (2013$). Note that in calculating these estimates, these studies assume no wide-scale changes in production-
purpose antibiotic use (as would occur with a ban).
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2008; Key and McBride, 2014). In a study that controls for the fact that producers make production
decisions across many inputs, Key and McBride find a positive effect from growth-promoting anti-

biotics of 1 to 2 percent on the productivity at finishing hog facilities; however, this estimate is not

statistically different from zero.

Research exploiting country-wide bans on antibiotics used for production purposes mainly shows
small effects among nursery hogs (WHO, 2002). Effects are largest directly after the ban, but gener-
ally lessen over time. In Denmark’s initial post-ban period, daily gain for weaner pigs declined by 5
percent and mortality increased by 0.7 percentage points (Kjeldsen, 2002). Reports on Sweden’s ban
suggest that effects on operations with good hygiene practices were minimal, and many producers
converted to more modern production systems in response to the ban (Hayes et al., 1999).

Animal- and Farm-Level Productivity Effects of Production-Purpose
Antibiotics — Beef and Dairy

Relative to broilers and hogs, there is little research examining the productivity effects of produc-
tion-purpose antibiotics in beef and dairy cattle. Early experimental research on shows a wide
range of effects, from positive to negative. Due to the range of outcomes, in the few instances where
researchers attempt to estimate farm-level effects, they generally pick one experimental study’s
results and use this to predict changes at the farm level. Most research on effects of discontinuing
use of production-purpose antibiotics in beef production examines market-level effects.

Summary of Animal- and Farm-Level Productivity Effects of Production-
Purpose Antibiotics

Research on the effects of production-purpose antibiotics in animals and at the farm level shows a
range of results. Older experimental research appears to show larger effects than newer research.
More recent experimental research suggests that production-purpose antibiotics have small effects
on broiler chick survival rates (less than 1 percent) and significant positive effects on the growth rate
of nursery pigs (5 percent). Observational studies on hogs and broilers show small positive effects of
production-purpose antibiotic use on mortality and feed efficiency, although the effects are often not
statistically significant. In hogs, production-purpose antibiotics are associated with small increases
(around 1 percent) in average daily gain and feed conversion rates for finishing hogs. Ban research
suggests that production-purpose antibiotics increased the daily gain of young pigs by 5 percent.

Research suggests that farmers adopt alternative practices in order to increase productivity when
they do not use production-purpose antibiotics. Observational research on broiler producers suggests
that adopting a set of sanitation practices can mitigate any effects on feed efficiency of not using
production-purpose antibiotics, but this is not without cost. The research also suggests that producers
not using production-purpose antibiotics but using other practices have higher costs (by about 2
percent). Observational research on hog production shows the strongest effects of using production-
purpose antibiotics among nursery hogs.

The small impacts found in the more recent literature suggest that policies to reduce production-
purpose antibiotic use will not have large impacts on average farm-level productivity. The effects
at the market level are also likely to be dampened because production-purpose antibiotic use is not
universal. Despite the fact that these effects may not appear particularly large, production-purpose
antibiotics are still widely administered in livestock production. Even with small effects, they

may still be profitable choices. Estimated broiler feed costs came to 29 cents per liveweight pound
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produced in 2011 (MacDonald, 2014). With total liveweight production of 9.48 billion pounds, each
I-percent reduction in feed use would be worth $27.5 million to integrators, even if feed prices
remained unchanged.

Effects at the farm level do not capture supply-chain adjustments resulting from production-purpose
antibiotic restrictions. As described earlier, portions of the livestock lifecycle may occur in different
settings. If production-purpose antibiotic restrictions disproportionately affect one portion, this may
indirectly impact downstream portions. For example, if production-purpose antibiotic restrictions
have a higher impact on nursery pigs than older hogs, this would affect the input supply to finishing
operations. In another example, if production-purpose antibiotic restrictions increase the length of
time to grow an animal to slaughter weight, processing facility timelines would be affected. Such
effects will likely cause short-run adjustments, to be replaced with long-run modifications adapted to
new production-purpose antibiotic restrictions.
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Effects of Production-Purpose Antibiotic Use and Discontinuation
on Market-Level Outcomes

Restrictions on production-purpose antibiotic use will likely lead to small increases in production costs.
Farmers and integrators will react to increased costs by changing production practices and by reducing
production. In turn, reduced production will lead to price increases; consumers will react to increased
prices by reducing consumption, and their response will affect the magnitude of the increase in prices,
as well as lead to further changes to production, production costs, and seller profits. As a result of these
market adjustments, the cost of restrictions will be borne in part by consumers through higher prices
and in part by producers (integrators and farmers) through lower profits.

Market models help us understand how market prices and output are likely to change, as well as the
impact of the policy change on different groups. While the prior sections have focused on the more
detailed effects of restricting production-purpose antibiotic use in livestock production, this section
examines effects on a broader, market-wide scale.

Supply and Demand in the Livestock Sector

To better understand the role of the market in determining price and output levels, we consider

the supply and demand for meat (fig. 10). The supply curve shows the quantity that producers are
willing and able to provide at each price, and the demand curve shows the quantity that consumers
are willing and able to purchase at each price.

Research on the supply and demand for pork and chicken suggests these curves are inelastic,
meaning that changes in price elicit less than proportionate changes in quantity demanded or
supplied. An inelastic demand curve implies that if price rose by 1 percent, consumers would
reduce purchases by less than 1 percent. An example of inelastic demand would be if the price of
chicken breasts rose from $3 per pound to $3.03 per pound (a 1-percent increase) and consumers
reduced purchases from 5 pounds to 4.98 pounds (a 0.04 percent decrease). Correspondingly, an
inelastic supply means that if price rises by 1 percent, producers would be willing to supply less than
1 percent more of the good.

If production-purpose antibiotic use were limited, then it would be more expensive to produce each
unit of the good, and suppliers would require a higher price for each unit provided. The supply

curve would shift to the left (from Supply to Supply’ in fig. 10), and suppliers would produce less at
the original price P. A smaller supply would drive prices upward, and higher prices would cause
consumers to move along the demand curve and purchase less meat. Market prices would then be
driven to a price (P,) that again equates demand and supply in the market, now at a quantity Q,.
Consumers would be consuming less and paying more, and producers would be receiving higher
prices but producing less. Producers’ total revenue (P multiplied by Q) may increase if the decline in
production is outweighed by the increase in price.

Given how suppliers behave (as represented by Supply and Supply’), the size of the price increase
and quantity decline will depend on the price elasticity of demand. If the demand curve were much
steeper (more inelastic), so that consumers were less responsive to price changes, price would rise by
more, and quantity would fall by less, than is depicted in figure 10. Alternatively, if consumers were
quite responsive to price changes, so that the demand curve was much flatter, then price would rise
by less but quantity would fall considerably.
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Figure 10
Supply and demand for meat
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Source: USDA, Economic Research Service.

The effects of a ban will be felt differently by producers more reliant on production-purpose anti-
biotics and those who are less so. In the beginning of a ban, producers less reliant on production-
purpose antibiotics would experience less of an increase in their costs of production and would gain
profits. Those who did not use production-purpose antibiotics before the ban may even increase
production in response to higher prices. Producers more reliant on production-purpose antibiotics
would experience a greater increase in their costs of production and would lower quantity produced.
Some may even exit the industry.

Research on Market-Level Effects of Reductions in Production-Purpose
Antibiotic Use

To examine the likely market-level effects of restrictions on production-purpose antibiotic use, a
researcher must develop a model of the livestock industry, with components representing the effect
of restrictions on production costs and the share of production that is affected by the restrictions (the
supply shift), how the total supply of meat relates to price (including the price elasticity of supply),
and how much demand for meat there is at each price (including the price elasticity of demand).
This type of research must, by necessity, make many assumptions on how an entire market would
function. Different models will incorporate different assumptions and may or may not allow other
features to change in response to a production-purpose antibiotic reduction.

Prior research performing this type of analysis universally assumes that production costs increase
due to production-purpose antibiotic restrictions, yielding a reduction in supply. Short descriptions
of these studies are provided in Appendix A; all are long studies that analyze several scenarios
and make different assumptions, so it is difficult to succinctly compare them. Notably, the largest
estimated losses occur in research published before 1980 that rely on production-purpose antibiotic
effect sizes at the animal level from earlier experimental research.
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These studies all rely on estimated effects at the animal level of reducing production-purpose antibi-
otic use, as discussed above. In all research except for Hayes and coauthors (1999), the authors use
effect sizes from early experimental research conducted before 1980. As noted, the effect sizes found
in experimental research can overestimate what happens in actual farm conditions when production-
purpose antibiotic use is restricted. Hence, the effects of production-purpose antibiotic restrictions
may be much more limited than the early experimental literature would suggest, although not
without some costs.

Hayes and coauthors (1999 and 2001) are the only researchers to generate estimates of the effects
of production-purpose antibiotic restrictions on producer and consumer surplus using effect sizes
from the ban research. The ban research examines what actually happened when countries banned
or limited production-purpose antibiotic use in livestock production; the effect sizes thus include
farmers’ adaptations to production-purpose antibiotic restrictions.

Estimating Changes in Market-Level Outcomes From Production-Purpose
Uses of Antibiotics

None of the prior studies employ effect sizes of production-purpose antibiotic use that arise from
observational data from the United States. To estimate market-wide effects of reducing production-
purpose antibiotic use, we use the effect sizes from observational studies by Key and McBride
(2014) and MacDonald and Wang (2011) in a basic model of the U.S. markets for pork and broilers.
Because these studies use production function methods, how the results factor into a model will
differ somewhat from prior studies. As a starting point, prior studies use effects on one or two
particular inputs. For example, a study might use the effect of production-purpose antibiotics on feed
efficiency to estimate how much more feed would be needed to produce the same amount of meat,
but it would not account for how other facets of production might change in response to production-
purpose antibiotic restrictions.

Unlike these prior studies, Key and McBride (2014) and MacDonald and Wang (2011) account for

many inputs, reflecting the fact that producers make a number of production decisions about input

levels, as well as about management techniques. The results can therefore be interpreted as percent
changes in production, holding prices constant, from adjusting other inputs while forgoing produc-
tion-purpose antibiotics.

As described above, at the market level, if production were to become more costly at each price, the
supply would decrease, leading to a lower level of overall production as well as higher prices. To
estimate various effects at the market level, we make assumptions about several market parameters
and then estimate effects under different scenarios, using Monte Carlo simulation.!” This type of

17 In Monte Carlo simulation, the researcher specifies distributions of unknown parameters. In a single simulation,
values from these distributions are randomly selected (by computer) and then used to calculate the outcomes. We specify
parameter distributions for the elasticities of supply and demand, the percentage of production receiving production-
purpose antibiotics, and the supply effects from restrictions on production-purpose antibiotic use (table 22). In a single
simulation of the pork market, a value between 1 and 3 is chosen as the supply effect, a value between 36 and 59 percent
is chosen as the proportion of producers using production-purpose antibiotics, a value between 0.487 and 0.813 as the
elasticity of supply, and a value between -0.794 and -0.467 as the elasticity of demand. The simulation is conducted
many times, with each simulation using different values of the four parameters within specified ranges. The results of
the multiple simulations can be summarized with average values and standard deviations of the outcomes. We repeat the
Monte Carlo simulation 10,000 times and report the means and standard deviations of the estimated outcomes from the
multiple simulations.
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analysis enables the researchers to assess the range of possible outcomes, given multiple uncertain
parameters, including the supply-change effect of a ban, the percentage of producers using produc-
tion-purpose antibiotics before the ban, and the elasticities of the supply and demand curves.

Our supply-change ranges are based on Key and McBride and MacDonald and Wang. Key and
McBride find a 1- to 1.3-percent increase in productivity if antibiotics for growth promotion are
used in feeder-to-finish hog operations, but note that this result is not statistically significant. They
also show that antibiotics used for growth promotion reduced deviations in unexplained output by
1.4 percent. MacDonald and Wang found that users of antibiotics for purposes other than disease
treatment (inclusive of antibiotics for both growth promotion and disease prevention) consumed

2.5 percent less feed per pound of liveweight production than nonusers with HACCP plans and

4 percent less than other nonusers. More complete models of production placed the effects at 3
percent greater output, given all inputs, although the estimates were not statistically different from
zero (the researchers could not reject the hypothesis that there was no effect). Hence, as lower and
upper bounds, we use effect sizes of 1 and 3 percent. Because the results are from Key and McBride
and MacDonald and Wang are not statistically discernible from no effect, however, it is possible that
production-purpose antibiotic restrictions will have no effect on market prices or volumes.

Experimental results from Dritz and coauthors (2002) and Nemechek and coauthors (2013) suggest
that production-purpose antibiotics only affect young hogs, with an approximate 5-percent effect
size. We examine a different scenario in which a production-purpose antibiotic ban would only
affect nursery hogs, with supply changes ranging from 4 to 6 percent. Since nursery hogs constitute
only 22 percent of production, the effects on the entire hog sector are limited.

As noted, not all livestock are administered production-purpose antibiotics. Hence, restrictions on
production-purpose antibiotic use would only impact a portion of producers, and the overall impact
on the market of restrictions would be lessened. Using ARMS data, we estimate that between 36
and 59 percent of hog production involves antibiotics for growth promotion and that antibiotics are
used in 20 to 52 percent of broiler production. For a third scenario, in which production-purpose
antibiotic restrictions only impact nursery pigs, we calculate that only 22 percent of hog production
occurs in the nursery stage and that only 23 to 49 percent of nursery hogs receive growth-promoting
antibiotics. In this scenario, therefore, only 23 to 49 percent of 22 percent of production is affected.
Further parameters used in the model, along with their sources, are shown in table 21. See Appendix
B for further description of the model.

The results of the simulation assuming a 1- to 3-percent change in supply show reductions in output
of less than 0.5 percent for pork and chicken (table 22). Wholesale prices increase by 0.77 percent
for pork and 0.73 percent for chicken. Prices rise more than output declines, yielding greater total
revenue for pork and broiler producers (0.29 percent for pork and 0.42 percent for chicken).

As described above, we perform many simulations to generate the range in possible outcomes at the
market level. Figures 11 and 12 show the distribution of simulation outcomes for the pork and broiler
markets, assuming a 1- to 3-percent supply change. Ninety-five percent of simulations yield a pork
wholesale price change of between 0.20 and 1.2 percent. For changes in pork production, 95 percent
of simulations show declines between 0.85 and 0.10 percent. Only 5 percent of simulations suggest
declines in total revenue, while 90 percent yield increases in total revenue between zero and about
0.6 percent.
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Table 21
Model assumptions

Parameter Value(s) Source(s) Notes
Hogs
Elasticity of supply Mean: .65 Standard Muth et al., Standard deviation set at 25%
deviation: 0.163 2007 of mean; assumed normally
distributed
Elasticity of demand Mean: -0.635 Muth et al., Standard deviation set at 25%
Standard deviation: 2007 of mean; assumed normally
0.159 distributed.
Baseline production (million | 23,270 USDA, 2014a
Ib) (2012)
Baseline wholesale price ($/ | 1.47 USDA, 2014b
Ib) (2012)
Percentage of production 0.22 Calculations
value in nursery hogs from ARMS
2009 data
Percentage of all production | Minimum: 0.36 Calculations | Percentage of hogs sold or
receiving antibiotics Maximum: 0.59 from ARMS removed receiving antibiotics via
2009 data feed or water for growth promotion.
Values for nursery and finish hogs
were combined according to the
percentage of production value in
nursery hogs. Assumed uniformly
distributed between minimum and
maximum.
Percentage of young hogs Minimum: 0.23 Calculations | Percentage of hogs sold or
receiving antibiotics Maximum: 0.49 from removed receiving antibiotics via
Agricultural feed or water for growth promotion.
Resource Assumed uniformly distributed
Management | between minimum and maximum.
Survey 2009
data
Percentage change in supply | Minimum: 0.01 See Assumed uniformly distributed
from production-purpose Maximum: 0.03 summaries between minimum and maximum.
antibiotic restrictions -- all of past
hogs research.
Percentage change in supply | Minimum: 0.04
from production-purpose Maximum: 0.06
antibiotic restrictions -- just
nursery hogs
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Table 21

Model assumptions—continued

Parameter Value(s) Source(s) Notes
Broilers
e o
. Mean: 0.59 Standard Holt and Standarq deviation set at 25%
Elasticity of supply deviation: 0148 Aradhyula, of mean; assumed normally
T 1990 distributed.
. o
- Mean: -0.43 Standard | Muth et al., Standarq deviation set at 25%
Elasticity of demand S of mean; assumed normally
deviation: 0.108 2006 L
distributed.
Baseline production (million
Ib) (2012) 36,643 USDA, 2014c
Baseline wholesale price ($/
Ib) (2012) 0.85 USDA, 2014d
Percentage of production receiving
Percentage of production Minimum: 0.20 fCaIcuIatlogs ant'b'.Ot'CS for purposes o'tfher
receiving antibiotics Maximum: 0.52 rom ARM than iliness. Assumed uniformly
T 2011 distributed between minimum and
maximum.
Percentage change in See
supply from restrictions in Minimum: 0.01 summaries Assumed uniformly distributed
use of production-purpose Maximum: 0.03 of past between minimum and maximum.
antibiotics research.

Source: USDA, Economic Research Service. ARMS = Agricultural Resource Management Survey.

The distributions of simulation outcomes in the chicken market are similarly narrow. In 95 percent of
simulations, the increase in price is between 0.1 and 1.3 percent. Ninety-five percent of simulations
yield declines in quantity produced between 0.6 and 0.05 percent. No simulations suggest declines in
broiler total revenues; 95 percent of simulations suggest increases between 0.05 and 0.75 percent.

While the change in total industry revenue is positive, the effect on producers depends on whether
they used production-purpose antibiotics before the ban. With lower farm productivity, production-
purpose antibiotic users would reduce output by about 1.53 percent in pork and 1.59 percent in
broilers, while higher prices would induce nonusers to increase output by 0.48 percent for pork and
0.42 percent for chicken. While production declines for users, the accompanying price increase miti-
gates the effect to an extent such that users see a decreased value of revenue of less than 1 percent
(0.77 percent for pork and 0.87 percent for chicken). Nonusers see small increases in revenue (0.28
percent for pork and 0.31 percent for chicken).

When restrictions on production-purpose antibiotic use affect only nursery hogs, we generally see
smaller impacts at the market level because only a small share of the market is being affected. The
only outcome for which there is a larger effect is in the change of output of producers using produc-
tion-purpose antibiotics. Because only a small share of the market both raises nursery hogs and uses
production-purpose antibiotics, the effect of the supply decrease is concentrated among these users;
they see a 4.81-percent reduction in output and a decrease in total value of production of 4.5 percent.
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Table 22
Market-level effects of full ban on antibiotic use for production purposes in hogs and
broilers, Monte Carlo estimation results

Scenario
4-6% effect on young
1-3% reduction in supply pig productivity from
from limiting production limiting production uses
uses of antibiotics of antibiotics
Hogs | Broilers Hogs
% Change in output -0.47 -0.31 -0.20
(0.18) (0.14) (0.06)
% Change in wholesale price 0.77 0.73 0.32
(0.30) (0.33) (0.10)
% Change in value of production 0.29 0.42 0.12
(0.20) (0.23) (0.08)
o . .
Yo Qhar)ge in output, producers not using 0.48 0.42 0.20
antibiotics for production purposes
(0.18) (0.18) (0.06)
o . . S
Yo Change_ln output, producers using antibiotics 153 159 481
for production purposes
(0.46) (0.48) (0.55)
o . .
Yo _Changg in yalue of produptlon, producers not 0.28 0.31 012
using antibiotics for production purposes
(0.21) (0.22) (0.08)
o . . .
Yo Qhaqge in value of.productlon, producers using 077 087 450
antibiotics for production purposes
(0.35) (0.43) (0.54)

Note: Standard deviations shown in parentheses.
Source: USDA, Economic Research Service, authors' estimates.

Note that the simulation estimates average effects at the level of the market, not effects for individual
producers. Individual producers may see effects of production-purpose antibiotic restrictions that are
smaller or larger than the predicted market changes.

Limitations to the market model

While this simple model provides useful information about the order of magnitude of effects of
restrictions on production-purpose antibiotic use, it relies on a number of simplifying assumptions
and overlooks several features of the market, as well as some effects of the ban.

Recent FDA actions to reduce production uses of antimicrobials in livestock agriculture only target
drugs that are important to human medicine. However, the estimated effect sizes from MacDonald
and Wang and Key and McBride examine use of any antibiotics for production purposes. Thus if
only some antibiotics were restricted for use in livestock production, the impact would be smaller
than the 1- to 3-percent those authors found. Additionally, MacDonald and Wang estimate produc-
tivity effects for both disease prevention and production purposes. Because the FDA actions only
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Figure 11
Distribution of simulation outcomes for the pork market
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Figure 12
Distribution of simulation outcomes for the chicken market
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restrict production purposes, the impacts estimated in the market model for the broiler sector are
likely larger than those from restrictions mirroring current FDA ones.

The model does not examine changes in associated industries. For example, the restrictions are
likely to affect feed use in the broiler and hog industries, as the loss of growth-promoting antibiotics
leads to increased feed consumption per animal, offset to some extent by a decline in total produc-
tion. This may have repercussions in the grain sector, which is not analyzed. Additional sectors that
are not examined but that might experience repercussions from a ban are the pharmaceutical and
veterinary industries.

In this simulation, the only policy examined is a ban on use of antibiotics used for production
purposes. It does not examine effects of requiring veterinary prescriptions for drugs previously
available over the counter; the FDA is currently taking such an action with Guidance 213 (U.S. FDA,
2013). As noted in the discussion on industry structure, the geographic concentration and level of
vertical integration will likely impact the implementation and costs of meeting this new requirement.
The model uses estimates of supply elasticities based on short- and intermediate-term responses to
price changes over 1 to 12 quarters. This time horizon coincides with the FDA’s proposed approach
of having drug sponsors voluntarily remove production purposes as labeled uses for medically
important antimicrobials within a 3-year period. Over longer periods, producers have more margins
for adjustments—for instance, by altering the size of breeding populations and constructing new
facilities or closing existing ones—and long-run supply elasticities may therefore be considerably
larger. The model is also not directly comparable to the studies that examine what would happen in a
single quarter after a ban.

While production-purpose antibiotics can increase productivity and lower prices of meat produc-
tion, another economic aspect of their use includes potential shifts in the demand curve (rather than
movements along it). Consumers may demand products raised without antibiotics, and individual
consumer demand may also be represented by large-scale retailers. In the event that consumers have
a wide-scale preference for meat raised without production-purpose antibiotics and policy changes
mean that meat is raised with fewer production-purpose antibiotics, consumers may demand more
meat, potentially by substituting out of other foods. This would lead to a rightward shift in the
demand curve (not shown in fig. 10). The model also does not account for substitution between types
of meat. If production-purpose antibiotic restrictions were to impact one type of livestock production
more than another, then prices could increase unevenly, leading consumers to substitute between
meat types.

Finally, these analyses focus entirely on the costs of restrictions and how they fall on groups of
producers and consumers. They do not focus on any human or animal health benefits derived from
reduced use of antibiotics.
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Conclusions

The use of antibiotics in livestock agriculture is a contested topic, and recent Federal guidelines
have been adopted to reduce the practice. However, recent statistics from multiple, nationally repre-
sentative surveys suggest that antibiotic use for growth promotion is not universal and in some
industries is declining. This may be because the efficacy of antibiotics in increasing farm-level
productivity has decreased, as suggested by both experimental and observational research published
since 2000. This research shows that antibiotics used for production purposes generally have
limited effects on the productivity of raising livestock at the farm level (at most, on the order of 1

to 3 percent). Given that only a portion of producers use antibiotics for production purposes and
that on average their use appears to have little impact, restrictions are predicted to change prices
and quantities by less than 1 percent over time. Like European countries that have stopped using
growth-promoting antimicrobials, U.S. producers are likely to adopt alternative practices in place of
antibiotics for production purposes.
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Appendix A: Prior Research on the Effects of Using
Antibiotics for Production Purposes at the Animal, Farm,
and Market Levels

Animal-Level Productivity Effects of the Use of Antibiotics for Production
Purposes in Broilers

Experimental research on the animal-level effects of use of antibiotics for production purposes in
broiler outcomes shows widely varying effects (table Al). Research from the 1950s through the
1980s shows mixed results of the effect of production-purpose antibiotics in poultry growth (see
Emborg et al., 2001, for an overview). Results vary according to the type of antibiotic or combina-
tion of antibiotics fed. Effects range from none at all to a 19-percent increase in average body weight
and an 8-percent increase in feed conversion. A 1981 report summarizing research that is largely
from the 1950s through 1970s suggests growth effects of different antibiotics between negative 3.3
percent to positive 16 percent, with most antibiotics showing positive effects (CAST, 1981).

More recent experimental research shows very small effects of use of antibiotics for produc-

tion purposes. Engster, Marvil, and Stewart-Brown (2002) compared production outcomes in 158
paired poultry production houses in North Carolina and the Delmarva Peninsula. The authors were
researchers employed by Perdue Farms, Inc., one of the leading poultry producers in the United
States. Trial and control houses were paired on the same farm. Trial houses used no growth-
promoting antibiotics, while control houses continued to use them; otherwise, each paired house
was the same size, with identical technologies, production practices, chick placements, and cycle
lengths. Feed conversion rates for birds fed growth-promoting antibiotics were higher in trial houses
in each trial period and location, but the average difference was less than a 1-percent increase.
Flocks receiving growth-promoting antibiotics had a lower percentage of chicks surviving, by 0.2
percent in the Delmarva Peninsula and 0.14 percent in North Carolina. Another finding of this
analysis suggests that the effectiveness of growth-promoting antibiotics may be conditional on sani-
tary practices; after a full house clean-out, houses not receiving growth-promoting antibiotics had
higher livability and higher weight gain per unit feed than control houses. These effects deteriorated
in subsequent flocks placed in the same houses without litter removal. Unfortunately, the authors
report only differences in means in the outcomes, not whether they were statistically significantly
different. Hence, it isn’t possible to know whether growth-promoting antibiotics led to any difference
in outcomes in this study.

A second type of research examining the effects of use of production-purpose antibiotics on animal
outcomes uses observational data from large surveys. For poultry, the most recent research on effec-
tiveness of antibiotics used for purposes other than disease treatment in broiler operations examines
Agricultural and Resource Management Survey (ARMS) data. MacDonald and Wang (2011) use
nationally representative 2006 ARMS data on broiler producers that use antibiotics for disease
prevention and/or growth promotion and those that do not. They find that producers using antibi-
otics only for disease treatment employ a distinctly different set of production practices from those
that do. One such difference is the use of a Hazard Analysis and Critical Control Points (HACCP)
plan; compared to producers using antibiotics for non-disease-treatment reasons, producers using
HACCEP plans but not non-disease-treatment antibiotics were more likely to test flocks for pathogens,
use all-in all-out production, have new buildings, and institute a number of other sanitation methods.
Comparing producers stating that they use antibiotics for purposes other than disease treatment with
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Appendix table A1
Summary of literature on effects of production-purpose antibiotic use and discontinuation on
animal- and farm-level outcomes in poultry

Time of Effect size of production-
Source study Type of study Qutcome purpose antibiotic use
CAST, 1981 1950s Review of experimental studies = Feed conversion = Production-purpose antibiotics
increase feed conversion by
8%

Growth Production-purpose antibiotics
decrease growth by as much
as 3.3% or increase it by as
much as 16%

Engster, 2002 Experimental study of removing = Feed conversion  0.012 Ib feed/Ib body weight
Marvil, and growth-promoting antibiotics gain increase (0.8% increase)®
Stewart- . )

Brown, 2002 Pe_rcentage_ qf 0.2% decline

chicks surviving

Bodyweight Decline of 0.04Ib (0.8%
decline)®

Graham, 2002 Farm-level model of value Value per Decrease from using
Boland, and from using growth-promoting chicken production purpose antibiotics
Silbergeld, antibiotics of $0.012/chicken (2013%)2
2007
MacDonald 2006 Observational using one period = Feed conversion | No statistically significant
and Wang, of survey data, comparing difference
2011 producers Ltjﬁlngﬂ?ntlk:;ptlcs for Contract fees 2.1% higher in producers
:)urp;osesto ;:h an |stea§e foregoing use of antibiotics for
reatment and those not using growth promotion or disease
antibiotics for purposes other prevention
than disease treatment but
using a HACCP plan
Emborg et Before Observational, using survey Mortality rate No statistically significant
al., 2001 and after  data collected before and after change after ban
ekt Denntfrk S ba? oI EGHITIHETe D] Capacity No statistically significant
growth-promoters utilization change after ban

Pounds of feed
per live-weight
produced

0.016 pound increase after ban

aGraham, Boland, and Silbergeld (2002) report a value of $0.0093. This was updated to 2013 dollars using the Consumer Price

Index.

bAssuming a feed conversion rate of 1.96 to estimate percentage difference.
CAssuming a final bodyweight of 5 Ib to estimate percentage difference.
Source: Compiled by USDA, Economic Research Service from literature survey.

those that do not but do use a HACCP plan, MacDonald and Wang found no statistically significant
difference in the feed conversion rate. The research indicates that if use of antibiotics for purposes
other than disease treatment was banned, growers could adapt without declines in production.
However, the researchers note that producers using antibiotics only for disease treatment purposes
received higher contract fees, suggesting compensation for the higher labor and capital costs asso-
ciated with the more thorough sanitation methods of HACCP plans. Fees were approximately 2.1
percent higher for producers only using antibiotics for disease treatment (not growth promotion or
disease prevention), suggesting a comparable increase in production costs.
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Turning to studies using country-wide bans, Emborg and coauthors (2001) examined the effects

on poultry outcomes of Denmark’s ban on antimicrobial growth promoters by comparing flocks
slaughtered before and after the 1998 ban. They found no significant change in mortality rates after
the ban, nor did they find a significant change in capacity utilization (broiler production per square
meter). However, directly after the ban, they did find a statistically significant increase of 0.016
pounds of feed per liveweight pounds produced (a reduction in feed efficiency). This effect remained
until the end of the study period 16 months after the ban.

Examination of Sweden’s 1986 ban on antimicrobial growth promoters by Wierup (2001) focuses
specifically on changing production practices due to the ban. He notes that producers altered feed
rations as well as improving sanitation and ventilation in houses. Based on these changes, along
with an initial increase in antibiotics administered at doses for disease treatment, Weirup suggests
that any problems associated with the ban were prevented.

Farm-Level Productivity Effects of Production-Purpose Antibiotics — Poultry

Even if production-purpose antibiotics have beneficial effects on feed efficiency, growth, and other
animal health markers, they may not be economically efficient if the costs of production-purpose
antibiotics outweigh the benefits. Graham, Boland, and Silbergeld (2007) examine this question.
They first note the results from Engster, Marvil, and Stewart-Brown (2002, described above) on the
effects of using growth-promoting antibiotics on mortality, average weight, condemnations (rejected
for human consumption), and feed-conversion ratios. They then estimate the change in payment to
the grower and the cost to produce broilers, assuming specific parameters for the cost of feed, the
cost of antibiotics, and payment rates to growers per pound of chicken, as well as starting values for
mortality rate, condemnation rate, feed conversion ratio, and average weight. The researchers find

a net effect of growth-promoting antibiotic use to producers of negative $0.0093 per chick (or 0.45
percent of total cost), suggesting that the costs of production-purpose antibiotics were greater than
the benefits in terms of lower mortality rates and greater feed efficiency. However, Graham, Boland,
and Silbergeld apparently value broilers at the fee paid to the grower (about 5 cents per pound)
rather than at the value of the bird to the integrator (40 or 50 cents per pound). Also note that these
estimates do not take account of a variety of factors about market-level effects, as well as effects in
other portions of the industry.

Lawson, Jensen, and Otto (2008) construct production functions for poultry production facilities and
compare how inputs were used differently before and after Denmark’s 1999 ban on antimicrobial
growth promoters. They find that by substituting between inputs, poultry producers can maintain
their production amounts in the absence of antibiotics for growth promotion.

Animal-Level Productivity Effects of Production-Purpose Antibiotics — Hogs

Research on production-purpose antibiotic effects on hog productivity differentiates by phase of
production. Table A2 summarizes research of production-purpose antibiotic effects on animal-
and farm-level outcomes. Earlier experimental results show much larger effects than either later
experimental studies or those employing survey data. Cromwell (1991) summarizes experimental
research performed between 1950 and 1985. He notes that for that period, the use of production-
purpose antibiotics in young pigs improved growth rate by an average of 16.4 percent and reduced
the amount of food required by pound of gain (feed efficiency) by 6.9 percent. The effect of
production-purpose antibiotics in the grower/finisher phase was lower than in young pigs: a gain
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Appendix table A2

Summary of literature on effects of production-purpose antibiotic use and discontinuation on animal- and

farm-level outcomes in hogs

Effect size of production-purpose

Source Time of study Type of study Outcome antibiotic use or discontinuation
Daily gain, young pigs 16.4% (effect of use)
Feed/gain, young pigs -6.9% (effect of use)
Summary of Daily gain, growing phase 10.6% (effect of use)
Cromwell, : - -
1991 1950-1985 expderlmental Feed/gain, growing phase -4.5% (effect of use)
studies
Daily gain, grower/finisher pigs 4.2% (effect of use)
Feed/gain, young pigs -2.2% (effect of use)
0.4-0.5 percentage point
) Post-weaning piglet mortality increase (effect of discontinuing
Observational use)
Robertsson study surveying - -
and Lend- Before and after a set of farms Number of pigs weaned/litter 4.9% (effect of use)@
eheim, 1994 1986 before apd after | percentage piglets surviving until | 1.7 percentage points (effect of
Sweden’s 1986 | weaning use)?
ban
Percentage of breeding pigs that 7 percentage points (effect of
farrowed use)
Live pigs born per litter 3.0% (effect of use)?
Number of pigs weaned/litter 4.9% (effect of use)?@
Cromwell Studies largely ST 6 P t ialet ivi til 1.7 t ints (effect of
; experimental ercentage piglets surviving unti .7 percentage points (effect o
2002 from the 1960s studies weaning use)a

Percentage of breeding pigs that
farrowed

7 percentage points (effect of
use)

Dritz, Tokach,
Goodband,
and Nelssen,
2002

Before 2002

Experimental
study

Growth rate, nursery pigs

5% (effect of use)

Growth rate, finishing pigs

No statistically significant effect
(effect of use)

Feed efficiency, nursery pigs and
finishing pigs

No statistically significant effect
(effect of use)

Studies from

Brorsenetal., | 1980s and 1990s

Summaries of
scientific studies

Feed efficiency, finishing pigs

-1% to 5% (effect of use),
average of 2.74%

Mortality reduction, finishing pigs

0.75 percentage points

2002
Sort loss reduction $0.60/hog (effect of use)P
Simulation Benefit per hog $3.59/hog (effect of use)P
Increased from 0.4 per pig-
\éVorId .He?”h Observational | Number of antibiotic treatments month to 1.0 per pig-month
(v\rlglg_'aonl)za2(|)%r12 Before and after | study using data (effect of discontinuing use)
g L 1998 from before and . . .| Initial increase but return to pre-
citing Larsen, after Incidence of diarrhea treatment in s
2002 ban levels within 1 year (effect of

finisher hogs

discontinuing use)
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Appendix table A2
Summary of literature on effects of production-purpose antibiotic use and discontinuation on animal- and
farm-level outcomes in hogs—continued

Effect size of production-purpose

Source Time of study Type of study Outcome antibiotic use or discontinuation
Pe_rman_ent _problems I|k_e iEielieee 11% of herds showed problems
daily gain or increased diarrhea . L
(effect of discontinuing use)
treatments
Observational . - 0.2 percentage point increase
study using Mortality rate of finisher hogs (effect of discontinuing use)
Kjeldsen, Before and after survey data 5% decline (effect of
2002 1998 from before and | Daily gain of weaner pigs JomEE
) discontinuing use)
after Sweden’s
national ban 3 . 0.7 percentage point increase
TR G RN (e (effect of discontinuing use)
Length of time for weaner pigs to 3% increase (effect of
reach 30kg discontinuing use)
Average daily gain 0.5% (effect of use)
) Feed conversion ratio 1.1% (effect of use)
Miller et al Observational -
. 1990 and 1995 study using Profits $0.75 per pig marketed (effect
2003 of use)¢
survey data
Mortality rate -0.22 percentage points (effect
of use)
Dibner and Observa_tlonal
Richards study using sur-
2005 citi}w 1995-1998 and vey data from Dailv gain in weaner pias 2.6% decrease (effect of discon-
' NG 1 1999-2001 before and after v Y tinuing use)
Callesen, ,
Denmark’s 1998
2003
ban
Average dailv gain Maximum effect of approximate-
9 v ly 2.9% (effect of use)d
Liu, Miller, and Observational Variabilit Maximum effect of a decrease of
McNamara, 2000 study using y 28.4% (effect of use)®
2005 survey data $1,670 loss in profits for typi-
Profits cal farm (effect of discontinuing
use)f
) ) Total factor productivity of finishing | No statistically significant effect
McBride, Key, Observational | hoq production (effect of use)
and Mathews, | 2004 data study using

2008

survey data

Total factor productivity of nursery
pigs

Large statistically significant
positive effect (effect of use)

Effect sizes of

Hogberg, production pur- Modeled pro-
Raper, and L . Vary by producer type and by
pose antibiotic use | duction func- Total costs
Oehmke, . . . . cost-level of user
2009 discontinuation tions
from 1950-1985
Experimental Vary by producer type and by
study compar- Lozl st cost-level of user
Oliver and 2013 ing.cgnFroIs,
Wells, 2013 antibiotics, and | Average daily growth of nursery o oot of
an antibiotic pigs 8.8% increase (effect of use)
alternative
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Appendix table A2
Summary of literature on effects of production-purpose antibiotic use and discontinuation on animal- and
farm-level outcomes in hogs—continued

Source

Time of study

Type of study

Outcome

Effect size of production-purpose
antibiotic use or discontinuation

Experimental
study compar-

Average daily growth of nursery
pigs

5.4% (effect of use)

Nemechek et 2013 ing controls,
al., 2013 antibiotics, and | Growth per unit of feed in nursery o :
an antibiotic pigs 3.3% increase (effect of use)
alternative
) Productivity of finishing hog facili- | 1.0% increase, but not statisti-
Key and Mc- Observational | tjeg cally significant (effect of use)
: 2009 data study using —
Bride, 2014 1.4% decrease, but not statisti-

survey data

Annual variation in production

cally significant (effect of use)

2 Percentage calculated from averages reported in Table 11 of Cromwell, 2002.
b Brorsen et al. (2002) report values of $0.46 and $2.76. These were updated to 2013 dollars using the Consumer Price Index (CPI).
¢ Miller et al. (2003) report a value of $0.59. This was updated to 2013 dollars using the CPI.

dThis is the effect of use of feeding antibiotics as growth promoters to pigs for 75 days; the largest effects were found at 75 days. The
percentage was calculated using numbers in Table 5 of Liu, Miller, and McNamara, 2005.

®This is the effect of use of feeding antibiotics as growth promoters to pigs for 65 days; the largest effects were found at 65 days. The
percentage was calculated using numbers in Table 5 of Liu, Miller, and McNamara, 2005.

fLiu, Miller, and McNamara (2005) report a value of $1,400. This was updated to 2013 dollars using the CPI.
Source: Compiled by USDA, Economic Research Service from literature survey.

of 4.2 percent in growth rate and 2.2 percent in feed efficiency. Cromwell also compares studies
from 1950 to 1977 to those for 1978 to 1985 to suggest that effect sizes declined minimally, if at
all, from the first period to the second.

Brorsen et al. (2002) summarize scientific studies from the later 1980s and the 1990s of the effects
of specific antibiotics on feed efficiency, mortality, and sort loss (of animals falling outside the
packer-specified weight range) in hogs. They find improvements in the “feed-to-gain” ratio from
subtherapeutic levels of antibiotics fed to grower/finisher hogs between -1 percent (a decline) to 5
percent. The mean improvement was 2.74 percent. After reviewing two studies, Brorsen and coau-
thors note a mean level of mortality reduction of 0.75 percentage points; however, in one of the
two studies, feeding subtherapeutic antibiotics had no statistically significant effect on finisher pig
mortality. Summarizing three studies, Brorsen and coauthors find that sort losses at slaughter were
reduced by $0.60 per pig by using antibiotic growth promotants (value updated from $0.46 to 2013
dollars using the CPI). The authors then use their findings in a simulation to find that producers
benefit by $3.60 (2013$) per pig from using subtherapeutic antibiotics.

More recent experimental research shows much smaller effects or no effects of antimicrobials added
to feed. Dritz and coauthors (2002) conducted a controlled trial of 24,099 pigs at three multisite
production systems. They compared growth rate and feed efficiency of nursery and finishing hogs
according to administration of antimicrobials in feed. The researchers found that growth rate of
nursery pigs fed antimicrobials improved by a statistically significant 5 percent. However, growth
rate of finishing pigs and feed efficiency of finishing pigs and nursery pigs were not improved by the
use of antimicrobials in feed.
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Turning to farm-level analyses using survey data, Miller and coauthors (2005) use 1990 and 1995
swine surveys by the National Animal Health Monitoring Systems (NAHMS) to analyze the asso-
ciation between growth-promoting antibiotics and outcomes at grower/finisher operations. They
are specifically interested in average daily gain, the average number of pounds of feed fed for each
pound gained (feed conversion ratio), and the mortality rate over the prior 6 months. One issue
with comparing farms that use growth-promoting antibiotics with those that do not is that the farm
types may differ in other significant ways that could affect the outcomes. The authors therefore
control for some of these relevant features by performing regression analysis in which they esti-
mate the effects of antibiotic use on outcomes, controlling for region, size of operation, the year

of the survey, the number of days in the growth phase, whether the producer was independent or
under contract, and if the building had no outside access. They found that the more days that anti-
biotics were fed, the greater the improvements in average daily gain and the feed conversion ratio.
Antibiotics fed over a longer time were also associated with a lowered mortality rate. For a repre-
sentative grower/finisher operation, antibiotics were predicted to improve average daily gain by 0.5
percent and the feed conversion ratio by 1.1 percent. They were also predicted to reduce mortality
by 0.22 percentage points.

Liu, Miller, and McNamara (2005) use updated 2000 NAHMS data to examine many of the same
measures as Miller and coauthors (2003). Like the 2003 study using earlier versions of NAHMS,
Liu et al. found the longer that growth-promoting antibiotics were fed, the greater the average daily
gain. Liu and coauthors examine the effect of the number of days of feeding growth-promoting
antibiotics on the average daily gain and the variability of hog weight and find that feeding growth-
promoting antibiotics for 2 to 3 months increases weight and decreases variability. Variability in size
and weight is an important factor in farm profitability risk; hogs outside a specified range may incur
price penalties at market.

Turning to the research on effects before and after countrywide bans, antimicrobial growth-
promoters were phased out from Danish pork production beginning in 1998, with a full voluntary
ban on antimicrobials for growth promotion in weaner pigs by 2000. In a study of 150 farrow-to-
finish operations, researchers examined post-weaning diarrhea occurrence requiring antibiotic treat-
ment in the 6 months before and after the ban (WHO, 2002, p. 32, citing Larsen, 2002). The number
of treatments increased from 0.4 per pig-month in the 6 months prior to the ban to approximately

1.0 treatments per pig-month in the 6 months after the ban (WHO, 2002, p. 33). The same study

also showed that the incidence of diarrhea treatment of finisher pigs increased after the ban, but
returned to pre-ban levels within 1 year (WHO, 2002, p. 33). Comparing the daily gain in weaner
pigs in the 3 years prior to the ban (1995-1998) to the 3 years after (1999-2001) shows a 2.6-percent
decrease from 422gm/day (1995-1998) to 411gm/day (1999-2001) (Dibner and Richards, 2005, citing
Callesen, 2003).

Also examining the Danish ban, Kjeldsen (2002), comparing 62 Danish finisher herds in periods
before and after 1998, reported that only a fraction (11 percent) of herds experienced ‘permanent’
problems such as reduced daily gain or increased diarrhea treatments. Kjeldsen does not report stan-
dard errors, so it is not possible to know whether changes were statistically significant. For finisher
hogs in the post-ban period, the increase in daily gain was not as great as before the ban; daily gain
did not decline, but rather did not grow as quickly as previously. This effect seems to be eliminated
over time. However, the mortality rate of finisher hogs did increase marginally in the post-ban
period (from 3.2 percent in 1997-1998 to 3.4 percent in 1998-1999). Kjeldsen notes that weaner pigs
did not fare as well as their adult counterparts. Weaner pigs saw a S-percent decline in daily gain in

78
Economics of Antibiotic Use in U.S. Livestock Production, ERR-200
Economic Research Service/USDA



the initial post-ban period, a 0.7- percent point increase in mortality, and a 3-percent increase in the
length of time it took to reach 30kg.

Robertsson and Lendeheim (1994) describe the effects of Sweden’s 1986 ban on antimicrobial
growth promoters on piglet health and hog production. They find that after the ban, post-weaning
piglet mortality increased significantly, and the time to reach 25kg also increased. Hayes and coau-
thors (1999) report that overall, the effects of the Swedish ban on operations with good hygiene prac-
tices were minimal, and they note that many farmers converted to a form of all-in, all-out production
to reduce hygiene issues.

Farm-Level Productivity Effects of Production-Purpose Antibiotic Use: Hogs

To examine farm-level productivity changes attributable to production-purpose antibiotics,
researchers compare the net income from livestock of farms that use production-purpose antibi-
otics to those that do not. After controlling for potential confounders, Miller and coauthors (2003)
first estimate the effects of growth-promoting antibiotics on average daily gain, feed efficiency, and
the mortality rate in grower/finisher operations (results described above). To predict the economic
impact of these effects, they use their estimates combined with other economic values in a “swine
enterprise budgeting model” that they do not specify. They report that growth-promoting antibiotics
increased profits by $0.75 per pig marketed (2013$). This amounts to a growth-promoting antibiotic
contribution of 9 percent of the net returns of typical Midwestern grow-finish operations. Note that
these economic outcomes also assume that there would be no market-level effects of widespread
changes in antimicrobial growth-promoters.

Economic effects of production-purpose antibiotic use extend not just to direct effects on produc-
tivity of animals and the associated increased revenue if production-purpose antibiotics are less
costly than the benefits. Production-purpose antibiotics may also be used to increase uniformity
among animals, as noted above. As shown by Liu, Miller, and McNamara (2005; described above),
growth-promoting antibiotics can decrease the variability in hog weight in grower/finisher opera-
tions. The researchers employ their estimated effects of growth-promoting antibiotic use on average
daily gain and variability to predict effects of growth-promoting antibiotic withdrawal on a typical
hog farm. They find that removal of growth-promoting antibiotics would lead to a $1,670 loss in
profits for an individual operation due to changes in variation in pig liveweight (2013$). The authors
assume that no other market changes occurred with the removal of growth-promoting antibiotics,
which would not be the case if a policy were adopted banning use of all production-purpose antibi-
otics for all producers.

An issue with comparing farms that use production-purpose antibiotics with those that do not is
that farms may use production-purpose antibiotics because they have poor outcomes due to other
factors. Hence,the relationship between production-purpose antibiotic use and outcomes may reflect
the effect of the poor outcomes on the use of production-purpose antibiotics, rather than the effect of
the production-purpose antibiotics on the outcomes. If this is the case, cross-sectional analyses may
underestimate the effect of production-purpose antibiotics on outcomes. To address this potential
estimation problem, McBride, Key, and Mathews (2008) employ a sample-selection model applied
to 2004 ARMS survey data of U.S. hog producers. They first estimate the likelihood that a farm
will use antibiotics for growth promotion, and then controlling for this likelihood, they estimate

the effects of growth-promoting antibiotics on total factor productivity using a production frontier
approach. Total factor productivity is an economic term that refers to the efficiency with which
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inputs are used. The authors measure total factor productivity using an index defined as total output
(weight gain) divided by total expenditures on inputs. They find that antibiotics as growth promoters
have no significant effects on the total factor productivity of finisher-hog production. However, they
find that growth-promoting antibiotics result in a substantial increase in the productivity for opera-
tions specializing in nursery pigs.

Key and McBride (2014) update the earlier work using the 2009 ARMS data for finishing opera-
tions. The authors use data to estimate a production frontier model, which describes the greatest
amount of output that can be produced at each level of inputs (the “frontier”). To test whether anti-
biotics provided for growth promotion allow producers to use inputs more or less efficiently, the
authors estimate whether growth-promoting antibiotic use is correlated with being closer or further
away from the frontier. They first “match” each farm using antibiotics as growth promoters to a
similar farm not using antibiotics for growth promotion. In this way, the authors create two groups
that are as similar as possible across observable factors that may affect outcomes, thereby removing
potential confounding effects of factors that may be correlated with antibiotic use. They find that
growth-promoting antibiotics improve productivity by about 1.0 percent, but this result is not statisti-
cally different from zero. Key and McBride also find that growth-promoting antibiotic use is asso-
ciated with a reduced annual variation in production, although again the result is not statistically
significantly different from zero.

Hogberg, Raper, and Oehmke (2009) develop models of differently sized farms to evaluate how

a ban on antibiotics for growth promotion would impact hog producers. They are particularly
concerned with the fact that growth-promoting antibiotics may allow for economies of scale in hog
production. They argue that growth-promoting antibiotic use has been important in generating the
current U.S. industry structure of highly concentrated production. Their analysis uses estimated
effects of removal of antibiotics from an unpublished dataset described in Cromwell (2002). Again,
no estimates of statistical significance are reported in Cromwell, so it is difficult to ascertain whether
these effects are precise or even statistically different from zero. Cromwell reports that removal of
production-purpose antibiotics would lead to a 9.6-percent decrease in litters per sow per year, an
8.8-percent decrease in the survival rate of piglets, and a 13.3-percent decrease in average daily gain,
as well as a number of attendant changes. Hogberg et al. apply these changes to data on other herds
to predict the effects of removing growth-promoting antibiotics. For example, they multiply the
percent change in feed efficiency due to growth-promoting antibiotic removal by the amount of feed
to calculate a change in the total amount of feed used. Implicit in Hogberg et al.’s assumption is that
producers feed the same number of hogs to market weight. They assume that producers do not make
changes to production practices aside from increasing labor in response to removal of antibiotics.
Finally, Hogberg and coauthors assume that prices for meat do not change after the ban. These prob-
lematic aspects of the study should be kept in mind when interpreting results. Hogberg et al. find
that a full ban on antibiotics as growth promoters would be unprofitable for many producers, with
the largest effects among small producers. The ban would also increase labor costs, as employees
require more education to diagnose and monitor hogs for disease. Hogberg and coauthors predict
that economies of scale in breed-to-wean operations would be reduced.

Animal-Level Effects of Production-Purpose Antibiotic Use — Beef and Dairy

The productivity effects of production-purpose antibiotics in beef cattle are mixed; see table A3. The
CAST (1981) study reported that experiments in the 1950s showed an increase in weight gain among
beef cattle from production-purpose antibiotics of 5 percent. Summarizing literature, Lawrence and
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Appendix table A3
Summary of literature on effects of production-purpose antibiotic use and discontinuation
on animal- and farm-level outcomes in beef and dairy cattle

Effect size of
Time of studies production purpose
Source summarized Type of study Outcome antibiotic use
Average daily gain, o
beef cattle Cree
Feed/gain, beef 7%a
o
Gilliam and | Studies from 1960 Summary of prior cattle
Martin, 1975 | to 1969 research i i
Average daily gain, 19%a
veal calves
Gain/feed, veal -9%a
calves
) Weight gain 5% (beef)
CAST, 1981 | 1950s Review of % 10 80°% (dai
’ experimental studies | Growth 12% to 60% (dairy
calves)
i Feed efficienc 4%
Mathews, Study from 1987 Summary of prior Yy °
2002 research Growth rate 6%
. . . . . -21% to 11%; average
Studies published in Review of literature Average daily gain, simulated effect of
1989 stocker cattle o
6.87%
. . . . . -9% to 11%; average
Studies published in Review of literature Average daily gain, simulated effect of
1991 and 2000 feedlot cattle
3.37%
Lawrence . -8% to 19%; average
and Review of literature | T €€9/9ain, feediot simulated effect of
Ibarburu, cattle 2 69%
2007 =2
Studies published in Production costs, g: L’gﬁﬁ;ﬂi&eﬁigz
1984 and 1995 Estimated effects stocker operations 2013$)P 9 ’
using farm-level cost- )
of-production budget
model Production costs, $6.77/hea_d (gffect .
beef feedlots of discontinuing use;
2013%)¢

@ Calculated from values in Table 1, Gilliam and Martin (1975).
b Lawrence and Ibarburu (2007) report costs of $9.57 in 2006 dollars. This was updated to 2013 dollars using the CPI-U.
¢ Lawrence and Ibarburu (2007) report costs of $5.86 in 2006 dollars. This was updated to 2013 dollars using the CPI-U

Source: Compiled by USDA, Economic Research Service from literature survey.

Ibarburu (2007) report that production-purpose antibiotic use in stocker cattle altered average daily
gain in the range of decreasing it by 21 percent or increasing it by 27 percent. Studies on feedlot
cattle show a range of a decrease of 9 percent to an increase of 11 percent in average daily gain.
Lawrence and Ibarburu also note that production-purpose antibiotic effects on weight gain per unit
of feed range from an increase of 19 percent to a decline of 8 percent. The authors use the data from
several experiments to simulate a distribution of effects of production-purpose antibiotics. They
estimate an average effect of 6.87 percent on daily growth among stocker cattle and a 3.37-percent
increase for beef feedlots. They also estimate that antimicrobial therapy is associated with a 2.69-
percent decrease in the amount of feed per unit of weight gain.
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Mathews (2002) also summarizes prior studies and notes improvements in feed efficiency and
growth rates ranging from no effect to 8 percent. For later analysis, Mathews assumes a growth rate
effect of 6 percent and a feed efficiency effect of 4 percent.

In a 1975 report, Gilliam and Martin summarize research that is largely from the 1960s. In their
economic analysis, they assume an effect on average daily weight gain in beef cattle of about 6
percent from using antibiotics in feed (from 2.166 pounds without production-purpose antibiotics
to 2.292 with production-purpose antibiotics), and approximately 7 percent more feed required
per unit of weight gain (about 7 percent slower gain). For veal calves, Gilliam and Martin assume
an increased weight gain per day from production-purpose antibiotics of about 19 percent and a
9-percent decline in the weight gain per unit of feed.

Dairy calves have also been shown to have faster growth rates from production-purpose antibi-
otic use in experimental research. Summarizing studies from the 1950s, CAST (1981) reports that
different types of antibiotics had effects on dairy calf growth of between 12 and 60 percent.

Farm-Level Effects of Production-Purpose Antibiotics — Beef

There has been little research into the farm-level effects of production-purpose antibiotic use or
discontinuation among beef producers. Using the estimates of productivity impacts reported above,
Lawrence and Ibarburu (2006) model the effects that stopping use of production-purpose antibotics
would have on production costs employing a farm-level cost-of-production model. They find that
forgoing ‘antimicrobial therapy’ would increase production costs by $11.06 per head in stocker oper-
ations and $6.77 per head in beef feedlots (2013$).

Market-Level Effects of Production-Purpose Antibiotics on Supply and Price

Researchers have used the effect sizes found in the research reviewed above to estimate the impacts
a ban on production-purpose antibiotics would have in the United States. In this type of study,
researchers employ models of the industry and parameters from what happened after similar bans to
predict what may happen from a U.S. ban. Many of these analyses were done when the United States
first started contemplating restrictions on production-purpose antibiotic use in the 1970s. Later
research appears correlated with more recent policy proposals to restrict use.

In an early analysis, Allan and Burbee (1972) examined the effects of a ban on subtherapeutic anti-
biotic use on production, costs, and prices of broilers and turkeys. They analyzed several scenarios,
including ones in which producers generate the same level of output and others in which producers
maintain existing lengths of feeding time (and produce less). Assuming that subtherapeutic use
increases feed efficiency, to generate the same level of output producers must feed birds for longer or
feed more birds for the same length of time. Allan and Burbee find an assortment of effects, ranging
from producers reducing to increasing costs and from prices increasing a few cents to several dollars
(see table A4).

Gilliam and Martin (1975) use partial budgeting and parameters on effects of antimicrobial feed
additives from experimental research from the 1960s to estimate the effect on total costs and prices
of a ban on use of antimicrobial feed additives in hogs. They make several strong assumptions,
including that producers will not alter any behavior in response to the ban and that consumers will
demand the same amount of pork regardless of price (also known as perfectly inelastic demand).
Assuming no change in the amount of pork produced, the authors estimate a $0.30/Ib increase in
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Appendix table A4

Summary of literature on effects of production-purpose antibiotic use and discontinuation on market-

level outcomes

Effect size of market-wide
discontinuation of production-

Source Time of study Type of study Outcome purpose antibiotic use
Unclear source Partial budgeting | Production costs, broilers piashiiaia sShii(20135,
Allen and of parameters for | equation model depending on assumptions)a

Burbee, 1972 | production-purpose

antibiotic effects

assuming no
supply response

Retail price, broilers

$0.17 to $12.70/Ib (2013$,
depending on assumptions)a

Parameters for

Partial budgeting

Total industry-wide production
costs, beef (no change in amount
produced)

$1.41B (2013 $)b

Retail price, beef (no change in
amount produced)

$0.089/Ib (2013$)b

Total production (decline in

Gilliam and production-purpose | equation model amount produced) -0.01954
Martin, 1975 | antibiotic effect assuming no
from 1960s supply response Slaughter price, cattle and calves
2 0.09969
(decline in amount produced)
Total industry-wide production $2.8B (2013$)c
costs
Retail price, pork $0.30/Ib (2013$)c
Costs per head, feedlot cattle -$19.24 (2013%$)d
Costs per head, feedlot pigs -$2.99 (2013%) d
Costs per head, feedlot hogs -$35.41 (2013%) d
Parameters for Partial budgeting Quantity produced, beef -0.0101
Dworkin, production-purpose | equation model - )
1976 antibiotic effect assuming no Sl ;?roduced, pork 0.0409
from 1960s supply response Market price, beef 0.048
Market price, pork 0.1121
Revenue, cattle $33.3B (2013%) d
Revenue, swine $24.56B (2013%$) d
P
Wholesale price/cwt, pork 4.5/0_ in initial stages of ban,
less in subsequent years
o i
Parameters and Wholesale price/cwt, beef 1.1 A;lln initial stages of ban,
Mann and relationships from | Quarterly less in subsequent years

Paulsen, 1976 | publication time

period

simulation model

Wholesale price/cwt, broilers

2.2% in initial stages of ban,
less in subsequent years

Wholesale price/cwt, turkeys

3.4% in initial stages of ban,
less in subsequent years
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Appendix table A4
Summary of literature on effects of production-purpose antibiotic use and discontinuation on market-
level outcomes—continued

Effect size of market-wide

discontinuation of production-

Source Time of study Type of study Outcome purpose antibiotic use
. 15.02% (year 1 after ban);
FIIEE, (e 1.14% (year 5 after ban)
. . 12.99% (year 1 after ban);
R 2.25% (year 5 after ban)
) 1.68% (year 1 after ban);
Price, fed beef
0% (year 5 after ban)
) -4.86% (year 1 after ban);
Quantity, hogs
-.84% (year 5 after ban)
Production-purpose
S . -8.24% (year 1 after ban);
USDA, 197g | @ntibiotic effect Computer simula- | Quantity, broilers oo (v )
parameters from tion model® -2.16% (year 5 after ban)
1950s and 1960s Quantity. all besf -0.19% (year 1 after ban);
Y, +0.30% (year 5 after ban)
) 0.2% (year 1 after ban);
Farm income, hogs
-0.2% (year 5 after ban)
) ) 8.4% (year 1 after ban);
Farm income, broilers
2.9% (year 5 after ban)
3.0% (year 1 after ban);
Farm income, cattle
0.4% (year 5 after ban)
Model supply and
demand for pork, Price, pork 3.2%!f
Estimate supply with assumptions ’
Wade and and demand equa- | about how these
Barkley, 1992 | tion from 1959- would change un-
1989 data; d ban. Estimat )
ata er a ban. Estmae Quantity produced, pork -2.8%f

new prices and
output.

$8.46 increase, first year of

Hayes and Production costs ban, declining in subsequent
coauthors Quarterly simula- years (2013$)9
(1999) and tion model where
Hayes, Jen- market equilibrium -$5.83/head in first year with
E‘?n angong' price and quantity Profits smaller impact in subsequent

iosa ( ) years (2013%)9
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Appendix table A4
Summary of literature on effects of production-purpose antibiotic use and discontinuation on market-
level outcomes—continued

Effect size of market-
wide discontinuation
of production-purpose

Source Time of study Type of study Outcome antibiotic use
. 8 . . $0.018-$0.036 per pound
Parameters for Single .equatlon, Price, chicken (2013$)
National production-purpose assuming no 42 4 d
Research antibiotic effects 022?1?; I?rc?r:ct?azr Price, beef ?206(1)3$;$0'08 perpoun
Council, 1999 | from handful of gn subtyherapeutic
. 0.042-$0.084 d
experts antibiotic use Price, pork 3 $0.084 per poun

(2013$)

Brorsen et al.,
2002

Parameters for
production-purpose
antibiotic effects
from 16 published
journal articles

Market-level model

Net benefit per hog

$3.60 (2013%) (net benefit
of subtherapeutic use of
antibiotics)

Mathews,
2002

Parameters for
production-purpose
antibiotic effects
from 1987

Market-level model

Total production, beef cattle

-9% (effect of full ban on
production-purpose antibi-
otic use)

Price, cattle

3% (effect of full ban on
production-purpose antibi-
otic use)

Note: All dollar values converted to 2013 dollars using the Consumer Price Index for All Urban Consumers (CPI-U).

aAllen and Burbee (1972) report changes in 1972 dollars. The original amounts are between -$5.992M to $233M changes in production costs
and $0.26 to $2.28 changes in prices.

bGilliam and Martin (1975) report costs of $268.4.6M and a retail price change of $0.017/Ib in 1973 dollars.

¢Gilliam and Martin (1975) report costs of $533M and a retail price change of $0.057/Ib in 1973 dollars.

dDworkin (1976) reports changes in 1976 dollars. The original quoted amounts are -$4.7 costs per head (feedlot cattle), -$0.73 costs per head
(feedlot pigs), -$8.65 costs per head (feedlot hogs), $8.137B in cattle revenue, and $5.998B in pork revenue.

®Results reported are those under the USDA report’s (1978) “moderate efficiency” of subtherapeutic antibiotics assumption. Other results for
turkeys and under a “high efficiency” scenario can be found in the report.

fWade and Barkley (1992) report changes in prices and quantity from $2.18/lb to $2.25/Ib and 3,305M Ib to 3,211M Ib, respectively.

9Hayes et al. (1999) report changes in price and profits of $6.05/head and -$4.17/head, respectively.

Source: Compiled by USDA, Economic Research Service from literature survey.

the retail price of pork and a total market-wide increase in production costs of $2.8 billion (2013$).
For beef, the authors examine two scenarios: The first assumes that there is no change in the amount
of pork produced, and the second assumes that the amount of pork produced declines. Gilliam and
Martin note that to generate the same amount of beef without antimicrobial feed additives would
raise market-wide production costs by $1.4 billion and would increase retail price by about 8.9 cents
per pound (2013 dollars). Assuming instead that the number of cattle placed on feed and the length
of time on feed did not change, Gilliam and Martin estimate that beef production would fall by
under 2 percent without antimicrobial feed additives, with an attendant 9.9-percent increase in price.

In another early study, Dworkin (1976) analyzes the effects on costs, production, revenues, and
retail prices of a ban on subtherapeutic use of tetracyclines in feedlot cattle and swine under four
different scenarios. These scenarios depend on whether producers use an alternative feed additive to
maintain growth levels lowered by discontinuing subtherapeutic antibiotics and whether producers
feed animals for the same length of time (thereby producing less meat) or for longer to produce the
same amount. The model used is not stated and is therefore not possible to evaluate, but it assumes
that there is no supply response to a change in antibiotic use. Under a scenario where animals
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are not fed an alternative medicated feed and are fed for the same length of time as before a ban,
Dworkin finds that costs per head actually decline while market prices increase—as production
declines, revenues increase.

Mann and Paulsen (1976) use a 42-equation simulation model to estimate the effect of a ban on anti-
microbial feed additives in both the short and the long term. They examine effects not only for hogs,
but also for cattle and poultry. Their model incorporates parameters and relationships indicative of
the time period (pre-1975). They find that prices would rise permanently under a ban and that pork
producers would experience the greatest impact. In the first 3 years of the ban, prices would rise

a great deal but then fall again (although not to pre-ban levels). For pork, prices in the short term
would rise by as much as 4.5 percent over predicted prices without a ban. They note that despite

this increase, the average hog producer would be unlikely to experience “financial disaster” from
the ban. They find that quantity produced would decline but that prices would increase more than
proportionately, leading to profits in the short term. Beef, broilers, and turkeys would also experi-
ence price increases in the early stages of a ban (1.1 percent for beef, 2.2 percent for broilers, and 3.4
percent for turkeys). Again, these price increases would be mitigated in later stages of the ban.

The USDA (1978) uses an econometric simulation that incorporates all livestock sectors to predict
the effects of different forms of a ban on selected animal drugs fed at subtherapeutic levels. The
simulation is based on estimates taken from the experimental literature and from experts on the
effects of antimicrobial use on the productivity of animals; the authors note that these estimates are
from the 1950s and 1960s and show wide variance. Another crucial assumption of the methodology
is that producers make no changes to mitigate the effects of discontinuing subtherapeutic antibiotic
use. Using their model that incorporates predictions from the hog, broiler, cattle, and turkey indus-
tries, the USDA researchers estimate changes in price, quantity, and farm incomes for 1 to 5 years
after a ban. The largest effects occur in the first year of the ban, after which variables adjust closer to
pre-ban levels. The poultry sector sees the largest effects on prices and quantities; under an assump-
tion of “moderate efficiency” of subtherapeutic antibiotics, broiler price increases by 13 percent in
the first year after the ban. By year 5, this has lowered to 2.25 percent. Hog prices are predicted to
rise by 5.02 percent in the first year and 1.14 percent by year 5. For fed beef, the changes are the
smallest; price increases by just 1.68 percent in the first year, declining to no-effect by year 5.

Quantity effects in the USDA report follow a similar trajectory to prices. Again, the largest effect
is in the amount of broilers produced; this is predicted to decline by 8.24 percent in the first year.
By year 5, the broiler effect is predicted to be reduced to 2.16 percent. Corresponding year 1 and
year 5 numbers for hogs are a 4.86-percent decline and a 0.84-percent decline. The amount of fed
beef produced is predicted to slightly increase. The USDA report also finds that cash receipts for
livestock products are predicted to increase for all livestock types in the first year after the ban.
The receipts remain positive for 5 years after the ban for all species except hogs, which show a 0.2
percent decline.

A final note about the USDA study is that it also explores the effects on the grain sector of a ban

on use of subtherapeutic antibiotics. Operating under the assumption that livestock producers will
require more feed due to lowered feed efficiency, the USDA researchers also estimate the effects on
prices and quantities of feed crops. They find a decline in prices and cash receipts for feed crops.

Wade and Barkley (1992) perform static equilibrium analysis to estimate the change in prices and
quantity of a ban on subtherapeutic antibiotic use in pork. They first econometrically estimate the
supply and demand equations for pork using data from 1959 to 1989. Wade and Barkley then assume
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that a ban on subtherapeutic use in pork would decrease the supply of pork by 4 percent. They argue
that consumers would be willing to pay more for meat perceived to be safer and therefore assume
that demand for pork would increase by 5 percent under a ban. This leads to a 3.2-percent increase
in price and a 2.8-percent decrease in quantity produced. Note that these authors look only at the
pork sector; the ban is assumed to only affect hogs, not chicken or beef.

Hayes and coauthors (1999 and 2001) employ a quarterly simulation model of the U.S. livestock
industry to estimate what would happen if the United States banned over-the-counter antibiotics in
hog production (but not in poultry or beef). In the model, market equilibrium price and quantity for
pork, beef, and chicken are jointly determined. Hayes and coauthors use estimates from the Swedish
experience to characterize impacts on average daily growth, feed conversion, and mortality rates of
both nursery pigs and hogs at grower/finisher operations. In their ‘most likely’ scenario, Hayes et
al. suggest that a ban would reduce average daily growth of smaller pigs by 1.3 percent, and by 1.8
percent for larger pigs. They assume that the feed conversion rate would decline by 1.7 percent for
the smaller pigs and 1.5 percent for the larger pigs. Finally, they use expected changes in mortality
rates of 1.5 percent for smaller pigs and 0.04 percent for larger pigs. These estimates arise from
historical analyses of how Sweden’s ban impacted the Swedish hog industry and take into account
producer changes in practices in reaction to the ban. Hayes and coauthors feed these estimates into
a model to estimate effects of a possible U.S. ban on production costs and profits. They factor in
adjustment costs that producers incur to blunt the impact of not using over-the-counter antibiotics,
such as additional space for nursery and finishing periods. They conclude that in their ‘most likely’
scenario production costs would increase by $8.46 per head in the first year of the ban and would
decline over 10 years (2013$). Profits would decline by $5.83 per head initially, eventually reaching
a loss of only $1.10 per head after 10 years (20139$).

The National Research Council (1999) performs a very simplistic analysis to predict the effects of

a ban on per capita costs. Based on suggestions largely from a handful of experts (not experimental
studies or other research), the NRC combines predictions of the changes in feed efficiency with
current prices and quantities to estimate changes in per capita costs. The NRC assumes no changes
in prices or quantities due to changes in subtherapeutic antibiotic use, basically ignoring economic
theory. The researchers find price changes of between 2 and 8 cents per pound (2013$), which trans-
lates into extra costs each year for a family of four of $0.48 and $1.05 (2013$).

Brorsen and coauthors (2002) perform a straightforward market analysis of the effects of a ban on
subtherapeutic antibiotic use on consumer and producer surplus. They examine the effects in both
the short and long runs and find consumer surplus losses ranging from $144 to $262 million (2013$)
and producer surplus losses ranging from $53 to $172 million (2013$).

Mathews (2002) models the beef sector to estimate the economic effects of a reduction in antibiotic
use. Mathews used a least-cost feeding model to simulate and compare total annual liveweight of
fed-cattle production with no ban, a partial ban, and a full ban of low-level antimicrobial drug use

in feeding cattle. Using a growth rate effect of 6 percent, and a feed efficiency effect of 4 percent,
Mathews estimates that a full ban on low-level antimicrobial drug use would be associated with
feeding animals for a longer period, as average daily gain is assumed to be lower. He finds that
animals would be fed for 8.4 percent longer but would still reach final weights 1.4 percent lower.
This would result in a 9-percent decrease in total production. Further, cattle prices would increase by
$3.41 per hundredweight (2013$ dollars; approximately 3 percent).
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The various market-level studies also generally report changes from the reduction of production-
purpose antibiotics to consumer and/or producer surplus. Consumer surplus, a measure of satisfac-
tion that people receive from consuming goods, is defined as the difference between the amount
that consumers would be willing and able to pay for a good and what they actually pay. Similarly,
producer surplus is defined as the difference between the amount that a producer of a good receives
and the minimum amount that he or she would be willing to accept for the good. Appendix B
describes calculation of consumer and producer surplus in more detail. Table A5 shows market-level
study estimates of changes in consumer and producer surplus (and in one case the extra amount

that consumers would need to pay to purchase the same quantity of meat). The estimated costs to
consumers (the change in consumer surplus) range from $24 million per year to over $1 billion.

Demand Effects of Production-Purpose Antibiotic Use or Discontinuation

Little research examines the willingness of consumers to pay more for meat that has not been raised
with production-purpose antibiotics. Lusk and coauthors (2006) conducted an experiment on shop-
pers’ willingness to pay for antibiotic-free pork and found that people were willing to pay a 76.7
percent premium, with a price premium of between $0.68 and $4.72 (updated to 2013$). Providing
shoppers with information on antibiotics did not influence preferences. Bernard, Pan, and Sirolli
(2005) surveyed Delaware residents regarding product attributes of chicken and found that about 80
percent of respondents favored labeling chickens that were treated with antibiotics.
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Appendix table A5
Comparison of consumer and producer surplus measures from prior research on market-level effects of
restrictions on production-purpose antibiotic use in livestock production

Aggregate
Year study Livestock costs per year
Study was published types included (million dollars)*
Allen and Burbee; Gilliam et al.2
Losses to consumers 1972; 1973 Beef, pork, broilers, and turkeys 18,161
Dworkin?
Losses to consumers 1976 Beef and pork only 6,866
Mann and Paulsen?
Losses to consumers 1976 Beef, pork, broilers, and turkeys 1,861
Headly?
Losses to consumers, Scenario I° ) 4,621
. 1978 Beef, pork, broilers, and turkeys
Losses to consumers, Scenario |I° 15,016
U.S. Dept. of Agriculture?
Losses to consumers, Scenario 119 1978 Beef, pork, broilers, and turkeys 3,979
Wade and Barkley
Losses to consumers 24
1992 Pork only
Losses to producers 26
National Research Council/Institute of Medicine
Extra amount spent on meat by U.S. 1.8%6
population; ban with substitutes ’
1998 Beef, pork, broilers, and turkeys
Extra amount spent on meat by U.S. 3667
population; ban without substitutes ’
Hayes et al.
Losses to consumers 1,069
1999 Pork only
Losses to producers 229
Mathews
Losses to consumers; full ban 810
. 2002 Beef only
Losses to consumers; partial ban 123
Brorsen et al.
Losses to consumers; full ban® 216
2002 Beef, pork, and poultry
Losses to producers; full ban® 100

2Data from table 45 of Council for Agricultural Science and Technology (CAST), 1981; 5-year totals divided by 5 to give annual amounts.
bBan penicillin and tetracycline

dModerate efficiency; ban penicillin, tetracyclines, sulfa drugs, and nitrofurans

®Elasticities of farm supply for beef, pork, and poultry are 0.5.

fNumbers adjusted to 2013 dollars using the Consumer Price Index.

Source: Table developed from Mathews (2001).
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Appendix B: Market Model Description and Further
Results

Model Description

To generate estimates of the effects of a ban on production-purpose antibiotic use on market-level
outcomes, we develop a simple supply and demand model.

As described in figure Bl, the reduction in production caused by a ban on antibiotics is shown as a
shift in the supply curve from Supply to Supply’. At the initial price, the shift causes the supply to
contract from @, to Q;. Assume the antibiotic ban changes output among production-purpose antibi-
otic users by X%, holding all else constant, including prices. Let J% be the proportion of production
that uses production-purpose antibiotics. For notational simplicity, define the output reduction factor:

A= (100 + (X% X J%))/100, 50 Q; = AQ,-

%A
The elasticity of both supply curves is given as Eg = 0205 and the elasticity of the demand curve is

%AQp %AP;
= %P,
Given the supply and demand elasticities Es and Ep, the reduction factor A, and initial output Q,, we
can derive the new equilibrium after the ban.

To compute the equilibrium quantity Q, we use the fact that the increase in price (from P, to P,)
resulting from the move up the demand curve (from Q, to Q, ) must be the same as the increase in
price resulting from the move up the supply curve Supply’ from Q; to Q,. Hence, the following
condition must hold:

%APs = %AP) of %AQs _ %AQ)p or (Q2—Q1)/01 _ Q2 — Qo)/Qo.
Eg Ep Eg Ep

Using the fact that Q; = AQ,, we can solve for Q5:
Q, = AQo(Ep — Es)/(Ep — AEs).

Using ,, we can calculate P, from the movement up the demand curve from Qg to Q,:

(Q2 —Q0)/Qo

APy = %08Qp/Ep or (P, — Po)/Py =~

(@2 —Q0)/Qo +

So: P, =P,
Ep

P,

To assess the impacts of price and quantity changes on consumers and producers, economists use
the concepts of consumer and producer surplus. Consumer surplus is a measure of satisfaction

that people receive from consuming goods and is defined as the difference between the amount

that consumers would be willing and able to pay for a good and what they actually pay. Figure Bl
mirrors figure 10 in the main text, but with more notation. In figure B1, consumer surplus for the
original supply and demand curves is the area (a+b+c+d); most consumers would be willing to

pay more for the product than the price that they did pay (P,), and consumer surplus measures the
difference between the market price and the demand curve. When production-purpose antibiotic use
is restricted and the supply curve shifts to the left, consumer surplus is just the area (a); this reduc-
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Appendix figure B1
Supply and demand for meat

N
Price Supply’
Supply
P2
PO
P3
Demand
Q, Q, Q, Quantity

Source: USDA, Economic Research Service.

tion is due to the increased price paid by people still buying (area b + c) and the loss of surplus on
the quantity that is no longer bought (area d). Hence we can see that in this scenario, restrictions on
production-purpose antibiotic use would yield a loss in consumer surplus for consumers of broilers.
Similarly, producer surplus is defined as the difference between the amount that a producer of a
good receives and the minimum amount that he or she would be willing to accept for the good. In
figure B1, for the original supply and demand curves, the producer surplus is (e+f+g+h+i+j+k).
After the supply curve shifts to the left, the producer surplus is (b+e+i); producers get added reve-
nues from the higher price on what they are selling (area b+c), but at a higher cost (by c+f+g+k+j),
and they are selling less, with a foregone producer surplus of (h) from the lost sales.

Given Qy, Q1, @, Py, P», and P3, we can, for small percentage changes X, approximate the areas of
the regions in the figure using simple geometry. The change in consumer surplus is the area b+c+d =

%(Qz + Qo)(P, — Py). The change in producer surplus is the area b-(f+g+h+j+k) = % (05 + 00)(Ps — Py)-

We can calculate P; as a movement down the supply curve from Q, to Q,:

(Q2 — Q0)/Qo

%APS = %AQS/ES or (P3 - PO)/PO = ES

(Q2 —Q0)/Qo +

So: Py =P, E
s

Py

We can also estimate the changes in output and value of production for production using produc-
tion-purpose antibiotics versus that not using antibiotic for such purposes. To do this, we assume
that users and nonusers have the same elasticity of supply, but users produce X% more quantity at
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every price. Figure B2 shows that the supply curves of production-purpose antibiotic nonusers
(Supplyy), production-purpose antibiotic users (Supplyy), and the market supply curves before (
Supply) and after (Supply’) a ban. Prices are set at the market level, not at the individual-firm level;
hence, only the market demand curve is shown.

The total market-level quantity is the sum of that produced by the users and the nonusers:

dno + quo = Qo and qn2 + quz = Q2,

100 — J%
( J%) 0.

Where gy = 100

At the market level, when the supply curve shifts leftward, the shift elicits both a lower quantity
produced and a higher price. Only the users experience a shift in their supply curve, so that it is
equal to that of the nonusers. After the ban, users negotiate two competing forces: produce less as it
is more expensive at every price to do so, and produce more as prices have risen. Thus, users’ output
shifts not to qyg , but to qy;.

Nonusers, on the other hand, experience no shift in their supply curve and only experience the
market-level increase in price. Their production will increase, from gy to q;,.

To calculate the changes in production by nonusers, we assume that nonusers and users have the
same elasticity of supply (and likewise, that the market elasticity of supply is the same). To calculate
their change in supply, we make use of the fact that E; = # , and we know the percentage change

in price and the percentage of the starting production from nénusers:

Appendix figure B2
Supply and demand for meat, users versus nonusers of production-purpose antibiotics

|
Supply, Supply
Price Supply,
Supply
P2
P0
Demand
Anvo vz Quo Q, Q, Quantity
Ay
Source: USDA, Economic Research Service.
92

Economics of Antibiotic Use in U.S. Livestock Production, ERR-200
Economic Research Service/USDA



_ (Pz — P(,) (100 - %])
qn2 — qno = Es Py 100 Qo

The change in production by users is therefore:

Q2 — Qo — (gnz — qno)-

Since nonusers increase production, the amount that users decrease production is greater than the
total market-level decrease in production.

The changes in the value of production for users and nonusers are calculated as:
qn2P2 = qnoPo  and qu2P2 — quoPo-

Further Results

As described above, we calculate consumer and producer surplus using elasticities of supply and
demand. Elasticities change along the points of a linear curve, and therefore our stated elasticities
are only useful in evaluating small changes in price and quantity. To calculate percent changes in
consumer and producer surplus would require extending the supply and demand curves toward zero
prices, where the stated elasticities would no longer be valid.

In order to compare with earlier studies, we also calculate the changes in consumer and producer
surplus (table B1). As expected, these all decline. Consumers and producers equally share in the
total surplus lost. Compared to prior studies, the effects on consumer surplus estimated here are

either of the same order of magnitude, or, more often, smaller.

Table B1
Consumer and producer surplus effects of full ban on production-purpose antibiotic use in
hogs and broilers, Monte Carlo estimation results

Scenario
1% - 3% reduction in 4% - 6% effect on young
supply from limiting production- pig productivity from limiting
purpose antibiotics production-purpose antibiotics

Hogs | Broilers Hogs

Consumer surplus (million $) -263 -228 -110
(101) (102) (35)

Producer surplus (million $) -282 -183 -118
(206) (145) (79)

Total surplus (million $) -545 -411 -227
(277) (225) (102)

Note: Dollar values are in 2012 dollars.
Source: USDA, Economic Research Service estimates.
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