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The Challenge of Regulating Agricultural Ceftiofur Use To Slow the
Emergence of Resistance to Extended-Spectrum Cephalosporins
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y collaborators and I report elsewhere (22) the detection of

Salmonella expressing extended-spectrum cephalosporin
resistance not previously recognized in U.S. livestock. This new
milestone of resistance again raises questions of how to define and
regulate the appropriate use of vital classes of antimicrobial drugs
in animals that will enter the food supply. Opponents of agricul-
tural antimicrobial use will naturally view our results as further
validation of their existing beliefs, while proponents will undoubt-
edly find no evidence of significant risk attributable to current
agricultural antimicrobial use practices. But how can our current
scientific knowledge of antimicrobial resistance support, refute, or
reconcile these strongly divergent viewpoints? Some reconsidera-
tion and discussion of these issues may be warranted in light of our
results and the U.S. Food and Drug Administration (FDA)’s re-
cent attempts to restrict extended-spectrum cephalosporin use in
food animals.

Veterinary antimicrobial use in food animals is commonly per-
ceived to be an important contributor to the problem of antimi-
crobial resistance by both medical professionals and the general
public (17). In particular, the common use of antimicrobials for
agricultural production purposes (19-21), including growth pro-
motion, is frequently described as a needless contributor to the
emergence of resistant bacteria (10). While that is a valid hypoth-
esis, there is currently little direct evidence of harm to the public
health resulting from the use of growth-promoting antimicrobials
as they are currently applied in agriculture. This type of disconnect
between the available science and public perception can itself have
negative consequences on the public health. For example, the mis-
taken belief that childhood vaccination caused autism resulted in
decreased vaccination rates and needlessly increased the risk of
morbidity and mortality in children, and it redirected precious
scientific resources away from other valid hypotheses (7). In order
to avoid similar negative consequences, it is critical that discor-
dance between science and public perception be resolved regard-
ing the public health risks of agricultural antimicrobial use.

Critics of agricultural antimicrobial use commonly emphasize the
frequency and amount of antimicrobial use in food animals as a risk
to the public health. Given the nearly ubiquitous exposure of food
animal populations to unknown quantities of a wide variety of anti-
microbial drugs (19-21), this is not an unreasonable concern. In ad-
dition, outbreaks resulting from the zoonotic food-borne transmis-
sion of resistant pathogens originating on farms provide powerful
evidence to support their position (5). However, the common argu-
ments, including proposed legislation (http://www.gpo.gov/fdsys
/pkg/BILLS-112hr965ih/pdf/BILLS-112hr965ih.pdf) to broadly re-
strict veterinary antimicrobial use in food animals, ignore the large
differences in risk that result from the diverse applications of antimi-
crobial drugs in animal agriculture. For example, large quantities of
ionophores are commonly fed to beef cattle exclusively to promote
growth, but this class of antimicrobials is not used in humans and
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there is no evidence that they provide selection pressure for resistance
to other classes of antimicrobial drugs (2). As a result, the true risk
resulting from the production use of agricultural antimicrobials may
be made to appear greater than it really is, and other antimicrobial use
practices of genuine public health concern may not receive the atten-
tion needed to ensure that they are appropriately resolved.

Conversely, proponents of agricultural antimicrobial use com-
monly defend the need for veterinarians to have effective therapies
available for sick animals in order to maintain animal welfare and
food safety. They also frequently cite the extensive U.S. FDA
approval process and required withholding times that prevent an-
timicrobial residues from entering the food supply. These asser-
tions are true and supported by evidence that restricting antimi-
crobial exposure has little impact on the resistance of pathogens
on U.S. farms (18). However, these arguments do not address the
vast numbers of healthy food animals that are routinely exposed to
antimicrobial drugs, and thus, they ignore the issues of greatest
concern to both consumers and scientists, including antimicro-
bial use for growth promotion and for mass therapy of large, in-
tensively managed livestock populations. In addition, they fail to
address the marginal role of veterinarians today in individual- and
population-level antimicrobial-use decisions made routinely on
farms. Consequently, the practices of real public health concern
are not addressed and may not receive the attention needed to
ensure that they are appropriately resolved.

Efficient production of food animals generally requires that
they be housed in population-dense environments that are con-
ducive to the sharing of enteric flora (16). In fact, these intensively
managed production systems may produce an environment in
which there is effectively a common flora. As a result, selection
pressure applied to an individual may hasten the emergence of
resistant pathogens or resistance genes that can be quickly and
easily transmitted to others in the same population, often by
means of horizontally transmissible genetic elements (4, 14). Fecal
flora from these animals may then contaminate carcasses during
processing, which can result in zoonotic food-borne transmission
(1, 13). These population-dense environments that facilitate pro-
duction efficiency are also conducive to the efficient transmission
of production-limiting infectious pathogens, many of which may
require mass prophylactic or metaphylactic antimicrobial therapy
to prevent production losses (12, 15).
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The mass application of therapeutic doses of antimicrobial
drugs to populations of livestock is common when health prob-
lems are anticipated and preemptive antimicrobials are known to
reduce morbidity and mortality (12). This practice can effectively
prevent and control disease but requires that many apparently
healthy animals receive therapeutic doses of antimicrobial drugs.
Ceftiofur, including its extended-activity formulation (ceftiofur
crystalline free acid), is applied in this manner in U.S. livestock
populations. Some examples include the injection of shipments of
day-old turkey poults to control mortality, the treatment of barns
of piglets at weaning to control respiratory disease in the nursery
barn, the treatment of truckloads of beef calves upon arrival at
feedlots to control respiratory disease, and the intrauterine infu-
sion of mares in a breeding facility to improve conception rates.
Similar situations may occur when eggs are injected prior to
hatching to control chick mortality or when dairy cows are com-
monly treated in early lactation to control metritis. This practice
may well have contributed to the emergence of Salmonella harbor-
ing blacx_y in turkey, swine, and horse populations that my col-
laborators and I reported previously (22).

The application of ceftiofur requires a veterinarian-client-pa-
tient relationship (VCPR) which represents the legal and ethical
requirement that the veterinarian assume responsibility for deter-
mining the need for medical treatment of animals based on direct
knowledge of their health and management (3; https://www.avma
.org/KB/Policies/Pages/Principles-of-Veterinary-Medical-Ethics
-of-the-AVMA .aspx). However, the specific labeled indication of
ceftiofur for the somewhat ambiguous “control” of disease in pop-
ulations may actually undermine the original intent of the VCPR
because treatment decisions are made for healthy animals based
on perceived risk rather than for sick animals based on a diagnosis.
As a result, the decision to apply ceftiofur to control disease in
livestock populations may frequently be made by farm personnel
as a production decision following guidelines provided by a vet-
erinarian familiar with but lacking direct knowledge of the ani-
mals being treated. In the absence of direct guidance from a vet-
erinarian in the form of a strong VCPR, the intended distinction
between prevention and control can easily become blurred. Thus,
it may be hypothesized that the conditions that can lead to the
emergence and dissemination of extended-spectrum cephalospo-
rin-resistant Salmonella in U.S. livestock populations are the mass
application of ceftiofur to animals housed in population-dense
environments in the absence of a strong veterinarian-client-pa-
tient relationship.

This hypothesis is an extension of the “selection focus hypoth-
esis” previously proposed to explain the emergence and dissemi-
nation of multiresistant strains of Salmonella (8). Hancock et al.
suggested that calf ranches serve as ecological niches that favor the
emergence of Salmonella resistance due to the frequency of infec-
tion with competing endemic strains together with the common
application of antimicrobial drugs to a dynamic population of
animals and their microflora while housed in a population-dense
environment. These same conditions are also likely met in the
examples of ceftiofur application to the various livestock produc-
tion systems described above. Thus, selection foci for the emer-
gence and dissemination of extended-spectrum cephalosporin-
resistant Salmonella may well be points in multiple livestock
production systems rather than specific types of agricultural op-
erations.

The U.S. FDA attempted to address this issue in 2008 with a
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proposed rule to limit cephalosporin use in food animals that
was ultimately withdrawn (http://edocket.access.gpo.gov/2008
/E8-15052.htm), but a revised rule has been enacted in 2012 (6).
This new rule prohibits the off-label use of ceftiofur in food ani-
mals, including its use for disease prevention. However, given the
currently approved label applications of this drug, the new rule
may have little impact on many of the most common uses of
ceftiofur in animal agriculture. This is because the mass applica-
tion of ceftiofur in agricultural animal populations is defined as
the therapeutic treatment of a population for disease control, and
not as disease prevention (15). As a result of this broad interpre-
tation of therapy, the above-described examples of mass ceftiofur
application to livestock populations will not be specifically pro-
hibited by this new rule, except for in ovo injection.

The current FDA Guidance for Industry number 209 (http:
/Iwww.fda.gov/downloads/animalveterinary/guidance
complianceenforcement/guidanceforindustry/ucm216936.pdf)
contains nonbinding recommendations that medically important
drugs such as ceftiofur be used in food animals only when consid-
ered necessary to ensure animal health and only under veterinary
oversight or consultation. Both of these very general conditions
are already met for all of the above-described uses of ceftiofur in
livestock, suggesting that the guidance may effect little change.
Measures that will require a stronger veterinarian-client-patient
relationship for the administration of ceftiofur may be needed to
prevent the continued emergence and dissemination of extended-
spectrum cephalosporin-resistant pathogens and of resistance
genes such as blacrx .

The mass application of therapeutic enrofloxacin to control
mortality in broiler chickens may have resulted in the emergence
and zoonotic food-borne transmission of fluoroquinolone-resis-
tant Campylobacter jejuni in the early 2000s (11). While that ap-
plication is now prohibited, veterinary enrofloxacin use is cur-
rently allowed in both cattle and swine but with label restrictions
that prevent its mass application for disease control and require a
diagnosis by a veterinarian. Presently, there is no evidence of
emerging fluoroquinolone resistance in these species (9). Thus,
the manner in which enrofloxacin is applied in these animal pop-
ulations may serve as one model for developing effective ceftiofur
use guidelines that allow veterinarians and producers to take ad-
vantage of its benefits while preventing the emergence and dis-
semination of resistance, as has been observed with Salmonella
strains that have acquired blacrx -

By focusing on subtherapeutic applications or therapy of indi-
vidual sick animals, both opponents and proponents of agricul-
tural antimicrobial use may be ignoring a common practice of real
concern: the mass application of antimicrobial therapy for disease
control in populations under an implied veterinarian-client-pa-
tient relationship that, while technically present, only marginally
fulfills the spirit and intent of the requirement. Both the new FDA
rule limiting cephalosporin use and Guidance for Industry num-
ber 209 attempt to directly address this issue but may be inade-
quate to effect change. As a result, the mass application of ceftiofur
to food animals housed in intensively managed, population-dense
environments in the absence of a strong veterinarian-client-pa-
tient relationship will almost certainly continue, leading to the
further dissemination of extended-spectrum cephalosporin resis-
tance among enteric pathogens.
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