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Abstract

Economics seeks to understand and explain the allocation of resources within society and to

suggest appropriate policy to achieve goals such as optimal efficiency. Relating antimicrobial use and

antibiotic resistance is a complex task and requires very clear and careful analyses of many

relationships.

To address these relationships, antibiotic use data must be linked with other basic data. Ideally, a

complex relational database needs to be developed. These must include data on: antimicrobial usage,

farm-level animal productivity, basic disease, basic farm management, consumer response, and

antimicrobial resistance at multiple levels (farm, during process, on a variety of both animal,

vegetable and grain-derived food products, from humans, from other animal species, and from the

environment) among other data. Such a complex relational database can help with the attribution and

risk assessment process. Also these linked data are needed in order to develop the economic

production models and other economic models, as well as control for confounding so that there is

both adequate and appropriate statistical control.

Antimicrobial usage data may become economically important for reasons unrelated to animal

productivity and animal health. With expanding global trade of animals and animal products, there

have been changes in restrictions and regulations associated with the movement of products. Future

trade opportunities may be linked to antimicrobial usage. The European Union banned the use of

antimicrobials for growth-promoting purposes based on perceived risk and on public opinion.

Monitoring antimicrobial use, disease occurrence, and resistance patterns following changes in usage

that are a result of either policy changes or response to new information will help in the understanding

of the complex relationships in microbial and disease ecology.
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There is a lot of evidence substantiating the productivity and profitability gains to producers from

the use of antimicrobials. There is also evidence for the potential gains to consumers, both from an

economic perspective as well as from a health perspective. Economists can help identify the

implications of these relationships both at a micro- and macroeconomic level; both relative to

producer and to consumer welfare.

We are at a pivotal time in history with sufficient analytical expertise and tools to address this

complex issue from a scientific perspective. Linking various agencies so there can be coordination of

data collection and data sharing is needed to successfully address this topic.
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1. Why is antimicrobial usage data important from an economic perspective?

While issues of antimicrobial use and concerns about antimicrobial resistance have

garnered considerable attention in the scientific community and in the general public,

researchers know surprisingly little about the economics of antimicrobial use in animal

agriculture. Despite the common use of antimicrobials in animals, little data exist about the

details of antimicrobial use in animals. The collection of appropriate data would enhance

our ability to understand the distinct economic role of antimicrobial use in animal

production, to relate the human and animal health risks associated with the use of

antimicrobials in animals, and to craft effective public policy responses.

Economics seeks to understand and explain the allocation of resources within society.

Many of the decisions about the use of antimicrobials in food animals are ultimately driven by

cost–benefit relationships. In addition, solutions for maintaining antimicrobial effectiveness

will have economic implications. Consequently, the economist’s view is crucial in

determining how antimicrobial use data should be collected, what other data must be

collected with these usage data for the usage data to have value, and how the antimicrobial

usage data can be applied to the development of solutions to minimize the health and

economic risks associated with antimicrobial use. However, there are many ways in which

antimicrobial usage data can be collected, and not all of these approaches will be equally

beneficial in establishing the economic impacts of specific intervention strategies.

Relating antimicrobial use and antimicrobial resistance is a complex task and requires

very clear and careful analyses of many relationships. Economists can build a variety of

models to assess the impacts of alternative antimicrobial use practices on specific outcomes,

such as producers’ profits, markets and human health costs. The development of these

complex models requires interdisciplinary collaboration and careful consideration of the data

that need to be collected (Barber et al., 2003; McNamara and Miller, 2002; Chauvin et al.,

2002).

2. How might an economist use these data?

The need to link antimicrobial use data to other basic data cannot be over emphasized.

To be the most informative, antimicrobial use data should be collected at the farm-level
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along with animal productivity and basic disease data. Cost data (including the costs or

prices of antimicrobials used) must be collected along with these production data. It is only

through the simultaneous collection of usage data, microbial resistance data, and other

production/farm management data that economists can develop proposals for effective

input substitutes to current antimicrobial uses.

Ideally, a complex relational database would be developed with these data. This database

could then be used by a variety of disciplines to address different topics. In addition, the

database needs to contain data that are collected at different scales, for example data collected

at the individual farm level to data collected at the national surveillance level, to have the

capacity of addressing a diversity of questions. Such a database would be able to reasonably

address this large and complex topic of antimicrobial usage and resistance, and would do so

for a fraction of the cost of individual research projects designed to address, at most, a small

number of the hypotheses important for this overall research area. Specific examples of the

way in which a database such as this could be used to address economic questions related to

antimicrobial use data are discussed below.

Farm productivity, which can be measured in terms such as average daily gain (ADG),

mortality rate (MR), feed conversion ratio (FCR), rolling herd average (RHA), services per

conception (S/C), average days open (DO), and age at first calving (AFC), has a direct link to

farm profits. Animal health parameters, such as morbidity, mortality, and overall product

quality, also have direct links to farm profits. The producer seeks ways to allocate resources to

their most efficient use and in so doing, also maximize profits. The economist aids in this

assessment.

Antimicrobial usage on the farm is a production cost. The economist can develop

models to predict how specific antimicrobial usage regimes will influence farm

productivity measures. If a producer or an industry is to change the way in which

antimicrobials are used, there needs to be a clear incentive for this change. For these types

of models, antimicrobial usage data that are collected at the farm level are required, but

must be collected in conjunction with detailed individual animal and herd-level

information recorded concurrent with the usage data for each specific farm. Data that are

collected at the national level, such as total amount of antimicrobial used or total amount of

antimicrobial produced, will not enable the development of producer-specific or industry-

specific models that demonstrate the benefits and costs associated with changes in

antimicrobial use policy.

Antimicrobial usage data may become economically important for reasons unrelated to

animal productivity and animal health. With the expanding global trade of animals and

animal products, there have been changes in restrictions and regulations associated with the

movement of these products. In the future, specific antimicrobial uses in targeted animal

species may influence access to global markets. Economic models that utilize

antimicrobial usage data can develop optimal trading strategies considering trade

regulations. Furthermore, niche markets, such as antimicrobial-free production, offer some

producers enhanced benefits (Miller and Unnevehr, 2001). Through the combination of

production data, including antimicrobial use data, with information about consumer

demand and preferences, economists can develop the models necessary to evaluate the

feasibility and sustainability of these markets. For these types of models, antimicrobial

usage data that are collected on a larger scale would suffice. For example, industry-wide
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estimates of the amount of antimicrobial used knowing also the number and size of farms

where antimicrobials are used would enable the development of these models. These data

would need some degree of stratification, e.g. by farm size and management style so that

the benefit–cost ratio of a specific farming practice, such as the implementation of an

antimicrobial-free production system, could be evaluated.

As is the case with any scientific discipline that wants to incorporate antimicrobial usage

data into a formal analysis, usage data by themselves are not sufficiently informative. The

economist needs to know details about the ways in which the antimicrobials are being used,

for example, the indication, timing and dose of each specific antimicrobial in a particular

animal species. Antimicrobial use data must be linked to other farm production system data

in order to develop the economic production models as well as to control for confounding

variables. The quality of the data is also critical, as the reliability and validity of producer-

reported antimicrobial use information will determine the precision and accuracy of the

models. Because much of the data that are useful to economists will be collected through

surveys, careful survey design and administration is essential. The economist should be a

part of the multidisciplinary team that is developing and implementing the survey in order

to ensure that the types of models described above can be developed with the data.

3. Issues and concerns pertaining to antimicrobial use data collection

In animal agriculture, decisions concerning antimicrobial use are often based on

estimated economic gains following treatment. This scenario includes metaphylactic and

prophylactic uses of antimicrobials. The decisions surrounding antimicrobial use are not

always made with only the producer in mind. Consumer attitudes about antimicrobial use

and their influence on demand for farm products can also dictate policy. Between 1995 and

2000, the European Union banned the use of the antimicrobials avoparcin, bacitracin,

spiramycin, tylosin and virginiamycin for growth-promoting purposes based on perceived

risk and on public opinion. Following the ban, there has been increased usage of

therapeutic antimicrobials in animals (Casewell et al., 2003), although the importance of

this increase is debated.

McDonald’s announced that they are prohibiting direct suppliers from using

antimicrobials for growth promotion after 2004. Requirements such as this are often

instituted by corporations based on perceived demand for their own products.

Theoretically, this action could also benefit those producers who are capable of complying

with the directive. However, a recent economic model was developed to assess the impact

of a growth promotant ban in U.S. pork production, and the experience in Denmark was

used as the basis for the model. The model predicted that a ban in the U.S. would increase

costs by approximately US$ 4.50 per animal in the first year. The total cost of a ban to the

U.S. pork industry spread across a 10-year period could be in excess of US$ 700 million

(Hayes and Jensen, 2003).

Economists have a strong interest in the implications of public policy (e.g. regulations

related to antimicrobial use on farms) for producer and consumer welfare, as well as the

welfare of other stakeholders. Given the productivity gains that may be experienced on

farm from antimicrobial use (Miller et al., 2003, 2005; Cromwell, 2002), antimicrobial use
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regulation has important implications for farm size and the distribution of economic goods

within the U.S. economy, implications for farm production risk (Liu et al., 2003) and

implications for the world food supply (Hayes et al., 2002).

Participation in global food markets and changing consumer preferences about how

meat products are produced may also generate greater effective pressure on producers to

modify antimicrobial use practices than revisions in government regulations domestically.

For example, some countries and corporations have food microbial standards or production

standards which differ from those in place in the U.S. As multi-national companies, such as

McDonald’s, pressure producers to change antimicrobial use practices, it is likely that other

multi-national companies will follow suit. Thus, direct and indirect influences on animal

production practices might be realized.

Economists bring an alternative viewpoint to the research questions that can be addressed

about antimicrobial use. Their focus on economic efficiency provides insight into how

producers might respond to policy changes relative to antimicrobial use and these insights can

be used to craft effective policy responses. They can also help identify input substitutes (other

chemicals, technologies or management practices to garner the same profitability) for

antimicrobial use, or if such substitutes are not currently available. Economists can help

identify the implications of substitute technologies for the environment and food safety, as

well as for the welfare of producers and consumers. Economists examine entire production,

consumption, and exchange systems, so that the behavior and welfare of multiple players and

economic agents is considered. This approach places value on data not only at the farm level,

but also at the different levels of the processing, retail and consumption system. Moreover,

economists recognize the potential environmental impacts of a change in antimicrobial use

policy, and the resultant effects on social welfare that might occur if significant

environmental harm occurs as a result of increased animal waste and potentially dangerous

substitutes for antimicrobials. Economists’ focus on consumer and societal welfare brings a

contribution distinct from other disciplines.

4. Overcoming obstacles to data collection, data use, or policy

There is an absolute necessity to formalize the links between NAHMS, FSIS, CDC,

NARMS, and other agencies so there can be coordination of data collection and direct data

sharing. No one agency can collect all the data needed to address the questions important to

antimicrobial use and resistance. Garnering cooperation from allied industries, for example

pharmaceutical industries, and slaughter and processing industries is also critical.

Pharmaceutical industries will likely cooperate if they realize that failure to have such data

could result in removal of large categories of antimicrobial use by food animal producers.

Similarly, slaughter and processing industries will likely cooperate because they already

must work in conjunction with FSIS for HACCP regulations; the focus of an understanding

of antimicrobial resistance ecology is simply another aspect of food safety which is of

primary interest to these industries.

Collecting reliable antimicrobial use data will not be without challenges. Indeed, there

will be challenges in getting economic and production data from producers, and others

involved in the animal and food production chains, as well as to construct appropriate and
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rigorous methods for sampling the environmental sources of microbes. These challenges

have been met before by private methods (e.g. the PigChamp database), and by government

agencies (e.g. NAHMS, CDC and FSIS). A broad-based agency approach will likely meet

with the most success. Understanding the potential economic incentives that might be used

to result in improved compliance will be important.

Thus, another potential role for economists in the data system design process is in

helping to fashion the system in such a way that the participants have an incentive to

cooperate with the data collection and gathering process. In designing a cohesive data

collection and monitoring program, it is essential that methodologies be standardized and

various disciplines be represented in designing data collection instruments. Economists

need to be included because many of the decisions that producers make about the use of

antimicrobials are ultimately driven by economics. Indeed, economists can serve a useful

role during the design of this system by measuring and documenting the value of a well-

designed, integrated, and implemented data system as discussed here.

We are at a pivotal time in history where we have sufficient recognition of and the

analytical expertise and tools to address many complex problems by scientific means.

Solutions to problems can and should be informed by science, even if they are still

managed by political means. Such is the case with what we know currently about

antimicrobial resistance and how best to proceed with antimicrobial use. An integrated

system of data collection, data use, and the subsequent development of policies that spring

from a science-based investigation of data from the proposed system should be more

economically sound than is currently the case.
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