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Public Health

L. e United States today, antibiotics are commonly used
in food animals to promote growth and prevent disease, as
well as to treat sick animals. The U.S. Food and Drug Ad-
ministration (FDA) estimates that 14.6 million kg. (32.2
million Ibs.) of antibiotics were sold for use in animals in
2012 (FDA, 2014), more than four times the 3.29 million
kg. (7.3 million Ibs.) of antibiotics sold for human use in
2011 (FDA, 2012). Antibiotics are used primarily in inten-
sive swine, poultry, and feedlot cattle systems, with limited
use in dairy cows, sheep, and companion animals.

The extensive use of antibiotics in livestock comes
at a cost: it contributes to the increase in drug-resistant
pathogens in animals that can potentially be transmitted
to humans and negatively impact human health, even if
the magnitude of the risk to human health is still debated
(You and Silbergeld, 2014). Concerns about increasing
antibiotic resistance led to bans on antibiotics for growth
promotion (AGPs) in the European Union in 2006. In the
United States, AGPs are not banned, but the FDA recently
issued guidelines for the industry to voluntarily withdraw
medically important antibiotics from growth promotion
(FDA, 2013a). For policy makers, the challenge is to evalu-
ate the benefits and costs of animal antibiotics to society.
What is the economic value of antibiotics to the livestock
industry versus the potential health cost of increasing resis-
tance levels? What are the potential productivity and eco-
nomic effects of a ban on AGPs for U.S. meat producers
and consumers?

Antibiotic Resistance: The Public Health Question

The discovery that antibiotics fed in subtherapeutic

concentrations to livestock can hasten their growth and
prevent disease (Jukes et al., 1950; and Moore et al., 1946)
came just as farmers in the United States were struggling
to keep pace with demand for food and animal protein.
Antibiotic use for growth promotion and disease preven-
tion soon became an integral part of a new agricultural pro-
duction model, despite early warnings about the potential
risks of developing resistance (Starr and Reynolds, 1951).
Numerous studies have demonstrated that food animals on
farms using low levels of AGPs harbor a higher percent of
resistant bacteria than farms that do not use AGPs (Mar-
shall and Levy, 2011). Increased resistance to certain drugs
(such as fluoroquinolones) in both animals and humans
coincides with their addition to animal feed and their use
in veterinary medicine (Endtz et al., 1991; Bager et al.,
1997; and Nelson et al., 2007). Additionally, studies com-
paring resistance prevalence in both humans and animals
before and after AGP bans have documented significant
decreases in resistance (primarily in vancomycin-resistant
enterococci following the ban of avoparcin as a growth pro-
moter) (Aarestrup et al., 2001; Bager et al.. 1999; Bogaard,
Bruinsma, and Stobberingh. 2000; Klare et al.. 1999; Pan-
tosti et al., 1999; and Wegener et al., 1999).

Increasing levels of resistance in bacteria isolated from
food-producing animals and retail meat sources have been
reported by the National Antimicrobial Resistance Moni-
toring System (FDA, 2013b). FDA reported that resistance
to third-generation cephalosporins rose among isolates
from retail ground turkey between 2008 and 2011, and
among certain salmonella serotypes in cattle between 2009
and 2011 (FDA, 2013b).
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Most important from a public
health perspective, extensive research
has documented the spillover of resis-
tance genes and resistant pathogens
from food animals into human popu-
lations via three primary pathways:
(1) the release of antibiotic-resistant
bacteria into the environment (Cam-
pagnolo et al., 2002; Chee-Sanford et
al., 2001; and Gibbs et al., 2006), (2)
resistance transmission through the
food chain (Jakobsen et al., 2010a;
Jakobsen et al., 2010b; and Serensen
et al., 2001), and (3) the acquisition
of resistant strains through direct
contact with food animals (van Cleef
et al., 2011a; van Cleef et al. 2011b;
Graveland et al., 2010; Huber et al.,
2011; Huijsdens et al., 2006; Khanna
et al., 2008; Smith et al, 2009; and
Voss et al., 2005).

How much these processes
contribute to resistance of human
pathogens to antibiotics is still un-
clear. Nevertheless, a report from
the Centers for Disease Control and
Prevention (CDC) states, “Because
of the link between antibiotic use in
food-producing animals and the oc-
currence of antibiotic-resistant infec-
tions in humans, antibiotics should
be used in food-producing animals
only under veterinary oversight and
only to manage and treat infectious
diseases, not to promote growth’

(CDC, 2013).

Evidence of Benefits in Swine
Production

The major inputs in food animal
production—feed, labor, and capi-
tal—can be improved on some op-
erations by feeding antibiotics. AGP
use can enhance the growth rate and
the feed conversion ratio, the rate
at which animals convert feed into
weight gain (Dibner and Richards,
2005; Hays, 1977; and Zimmerman,
1986), and it can increase labor or
capital productivity by substituting
for hygiene management in animal
housing or transportation (Key and
McBride, 2014; and MacDonald and
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Figure 1. Percentage Improvement in Average Daily Growth of Pigs Fed

Antibiotics over Time
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Figure 2. Percentage Improvement in Feed Conversion Ratio of Pigs Fed

Antibiotics over Time

Hays, 1978
8 F @
7

2

5

&

s ® H 1978

2 ays,

g A

25

S L 77<‘):|a)"5, 1978

°

3 4

&

<

= Hays, 1978

§31  rros L S

13

H

2 2

s

E Hays, 1978

® - el [y Hays, 1978
1 [ 4 Lt
0 T T .
1950 1960 1970 1980

Zimmerman, 1986

@ Nursery Pigs

A Growing-
Finishing Pigs

i
i
i
i
i
i
i
merman, 1986

Miller, 2003

9 Dritz, 2002

) Dritz, 2002
Miller, 2005 A-Ad Van Lunen, 2003

1990 2000 2010

Year(s) when Experiments Were Conducted

Note: Notes associated with Figure 1 apply.

Wang, 2011). Using AGPs could also
reduce variability in animal weights
and sizes, avoiding financial penal-
ties at markets for animals outside
the range suited for mechanized pro-
cessing (Liu, Miller, and McNamara,
2003).

The effects of subtherapeutic lev-
els of antibiotic feed additives on
growth rate and feed efficiency have
been reported in cattle, swine, and
poultry for more than 50 years (Jukes
et al., 1950; Moore et al., 1946; and
Salinas-Chavira et al., 2009), but

4th Quarter 2015+ 30(1)

effect sizes vary widely among opera-
tions and over time (Figures 1 and
2). Rosen (1995) analyzed a database
of more than 4,000 reports from 55
countries and found a high degree
of variation for the effects on weight
gain and feed conversion in broilers
and pigs.

Results obtained in animal-level
experiments likely reflect specific
nutritional,  environmental, and
genetic conditions and cannot be
generalized. Moreover, most animal-
level experimental research on the



Table 1. AGP Effects Found in Newer vs. Older Studies, by Age of Pigs

Eafrr ?msggzs(:l ;3:;) _Zl?rgign(r:fd Modern Production System Adapted
(1986), and Cromwell (2002) from Dritz et al. (2002)
... .. | Difference ... .. | Difference

Parameter Control | Antibiotic (%) Control | Antibiotic (%)
Starting Phase
é;f:a(ieg)]) aily 039 04s|  16.40% 0.436 0.458 5.00%
Feed
Conversion 2.28 213 6.90% 1.44 1.42] 1.4% (NSS)
Ratio
Growing Phase
Average Daily o
Gain (kg) 0.59 0.66 10.60% n.a. n.a. n.a.
Feed
Conversion 291 2.78 4.50% n.a. n.a. n.a.
Ratio
Growing-Finishing Phase
gavief(icg)]) aily 0.69 0.72 4.20% 0.78 0.778| 0.2% (NSS)
Feed
Conversion 33 323 2.20% 2.9 2.9 0%
Ratio

Note: The data for 1950-1985 come from a meta-analysis conducted by Cromwell (2002)
based on data from Hays (1977) for the period 1950-1977 and data from Zimmerman (1986)
for the period 1978-1985. The meta-analysis includes data from 453, 298, and 443 experiments
involving 13,632, 5,783, and 13,140 pigs, respectively, for the three phases. The results of the
meta-analysis are weighted averages based on the number of replications. The data used in the
right panel (modern production system) come from a single study Dritz et al. (2002) involving
3,648 and 2,660 pigs for the nursery and grow-finish phases, respectively.

growth-promoting effect of antibiot-
ics has been performed by the manu-
facturing and feed industries with
relatively few studies by independent
research bodies (Thomke, 1998), and
most of this research predates 2000.

A meta-analysis of more than
1,000 growth experiments performed
in swine between 1950 and 1985
demonstrated that antibiotics in feed
improved the daily weight gain in
starter pigs (animals weighing 7 to
25 kg. or 15 to 55 lbs.) by an average
of 16.4% and the feed efficiency by
6.9% (Cromwell, 2002). Antibiot-
ics were most effective in improving
growth in young pigs but were still
effective for older growing and finish-
ing pigs (Table 1). One hypothesis
is that weanling and starter pigs are
more susceptible to stress and sub-
clinical diseases and, consequently,
show a greater response to AGDPs
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(Hays, 1977).

Historical experiments have dem-
onstrated that responses to AGPs are
lower when production conditions
are optimized, with good housing,
hygiene, nutrition, and health (Hays,
1977). Early experiments concluded
that the degree of response to antibiot-
ics was inversely related to the general
well-being of the experimental ani-
mals (Coates et al., 1951; Hill et al.,
1953; and Speer et al., 1950). Greater
antibiotic responses were demonstrat-
ed in pigs carrying a high disease load
compared with pigs raised in envi-
ronments with low disease loads, in-
dicating that the growth-promoting
effect is at least partially the result
of bacteriostatic and bactericidal ac-
tivity (Zimmerman, 1986). Greater
responses were also shown if the an-
tibiotics were added to an inadequate
diet (Burroughs, 1959). Nutritional
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stress and stress associated with relo-
cation (such as movement of feeder
pigs) or temperature extremes have
been associated with greater responses
to antibiotics (Hays, 1977; and Ryan
et al., 1961). In addition to improv-
ing feed efficiency, adding antibiotics
to swine feed was found to reduce the
mortality rate by 50% in young pigs
(2.0% vs. 4.3%) in trials conducted
between 1960 and 1982 (Cromwell,
2002).

Because those results were ob-
tained in animal experiments con-
ducted decades ago, an important
question is whether the growth re-
sponse to antibiotics has changed
over time, especially given the in-
creasing levels of resistance among
food animals. A review comparing
results of animal-level experimen-
tal studies led between 1950-1977
and 1978-1985 concluded that the
overall effectiveness of AGPs did not
diminish between the 1950s and the
1980s (Zimmerman, 1986).

However, for post-2000 studies,
the literature suggests that productiv-
ity gains from AGPs are lower than
indicated by earlier research (Figures
1 and 2). For instance, Miller, Mc-
Namara, and Bush (2003) estimated
that AGP use increased average daily
weight by 0.5% and feed efliciency by
1.1%, much less than the two-digit
improvements reported in the 1980s
(Cromwell, 2002). Similar results
were demonstrated in animal-level ex-
periments, as shown in Table 1 (Dritz
et al., 2002; and Van Lunen, 2003).
Recent studies tend to show a small,
significant growth response to AGPs
for nursery pigs, but no significant re-
sponse for finishing pigs (Dritz et al.,
2002; Key and McBride, 2014; and
McBride, Key, and Mathews 2008).
After controlling for input levels, op-
erator and farm characteristics, farm
production practices, and location,
a recent study analyzing data from
the U.S. Department of Agriculture’s
(USDA) Agricultural Resource Man-
agement Survey estimated that AGP



use improved output by 1.0% for
feeder-to-finish hog producers, a sta-
tistically insignificant improvement

(Key and McBride, 2014).

In Denmark, which has an ex-
and
intensive production system, the
use of AGPs was banned in finish-
ing pigs in 1998 and in weaning pigs
in 2000. The termination of AGPs
had no major effect on productivity

port-oriented, market-driven,

or feed efficiency in finishers but re-
sulted in some loss of productivity in
weaners (World Health Organization
(WHO), 2002). Long-term swine
productivity improved markedly be-
tween 1992 and 2008, suggesting
that the ban on AGPs did not harm
long-term  productivity (Aarestrup
et al., 2010). The effects of the ban
on AGPs on antibiotic consumption
are mixed. Between 1997 and 2008,
the total consumption of antibiotics
in the Danish swine production in-
dustry decreased from 81.2 mg/kg of
pork produced to 48.9 mg/kg of pork
produced (Aarestrup et al., 2010).
Following the AGP ban, total antibi-
otic use was at its lowest level in recent
years in 1999. However, the thera-
peutic use of antibiotics increased
and the total antibiotic consumption
for animal production increased by
36% during the period 2001 through
2009 (Jensen and Hayes, 2014). This
led the Danish government to impose
new restrictions on producers’ uses of
antibiotics, and total use has started
decreasing again after 2009 (Aar-
estrup, 2012).

The growth response to antibiot-
ics may have decreased over the past
30 years for several possible reasons.
First, the growth response to antibi-
otics is less important when animal
and

health are optimal. The relative im-

nutrition, hygiene, genetics,

provement in the growth rate result-
ing from supplementing the diet of
pigs with antibiotics has been shown
to be inversely related to the growth
rate of animals not being fed antibi-
otics (Braude, Wallace, and Cunha,
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1953; and Melliere, Brown, and Rath
1973). With changes in the livestock
industry over the past 30 years, all of
these factors have improved. Second,
increasing levels of resistance in ani-
mals could be diminishing the overall
effectiveness of AGPs, although data
are lacking to evaluate this hypothesis.

The recommended dosage of
subtherapeutic antibiotics has in-
creased over time, from 10-20 g/ton
in the early 1950s to 40-50 g/ton in
the 1970s, and 30-110 g/ton today
(Hays, 1977; and Thaler 2010), but
there is no demonstrated relationship
with increased resistance levels.

Evidence of Benefits in the Poultry
Industry

Relatively few studies address the
productivity and economic benefits
of AGP use in the poultry industry.
Table 2 compares three studies on the

effects of AGPs on broiler produc-
tion: one animal-level experimental
study of the removal of AGPs on two
U.S. broiler farms (Engster, Marvil,
and Stewart-Brown, 2002), one farm-
level observational study based on a
poultry national survey (MacDonald
and Wang, 2011), and one observa-
tional study with data from before
and after the ban on AGPs in Den-
mark (Emborg et al., 2001).

For the broiler industry in Den-
mark, the mortality rate, the average
weight gain, and productivity (de-
fined as kg of broilers produced/m2
per grow-out) for 1995 to 1999 were
not affected by the ban on AGPs (Em-
borg et al., 2001). The feed conver-
sion ratio did increase, by 0.016 kg/
kg from 1995 to 1999, the same mag-
nitude of increase as after the removal
of AGPs, in two U.S. broiler farms

(Engster, Marvil, and Stewart-Brown,

Table 2. Production and Economic Effects of AGP Restrictions in the Poultry

Industry, United States, and Denmark

U.S. Animal Level

U.S. Farm Level

Denmark
Observational Research

Experimental Observational Research Pre (1994-1997) and
Research (MacDonald and Wang, Post (1998-2000) Ban
(Engster et al., 2002) 2011) on AGPs (Emborg et al.,
2001)
Change in feed Site 1: +0.016 (0.8%*) No HACCP: +0.08 (4%)
conversion ratio, +0.016 (0.9%)
value (% change) Site 2: +0.012 (0.6%*) HACCP: +0.05 (2.6%)
2-7% production decline
Average weight Site 1: -13.6 g (0.6%*)  without AGPs when
differential grams (% controlling for labor, +53¢g

Site 2: -0.14%

5.01%
No AGP, HACCP: 3.95%

change) capital and other inputs,

Site 2: -18.1 g (0.8%*)  not statistically significant

Differential: With AGP: 3.95% Pre-ban: 4.1%
Mortality rate Site 1: -0.2% R AER, N EINTEIR: Post-ban: 4.0%

Cf. Graham et al.
study, based on
Engster data:

Cost-effectiveness Net effect of using

AGP = lost value of
$0.0093 per chicken
(savings in the cost of
AGPs more than
compensate the
decrease in
production).

Growers using no AGPs
and with HACCP receive
2.1% more fees per kg than
growers using AGPs,
suggesting higher costs of
production in the absence
of AGP.

Non-AGP premium that
would be paid to growers
by integrators: $22.5
million.

Calculations suggested
that savings in the cost of]
APG almost exactly
offset the cost of the
decreased feed
efficiency.

Potential substantial
costs associated with
modifications to the
production systems (not
evaluated).

Note: HACCP = Hazard Analysis and Critical Control Points (a food safety plan).

Sources: Emborg et al., 2001; Engster et al., 2002; Graham et al., 2007; and MacDonald and Wang, 2011.
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2002) (Table 2). The end of AGP use
in poultry production in Denmark
appears to have caused a small de-
crease in feed efficiency, which was

at least partly offset by savings in the
cost of AGPs (WHO, 2002).

In the United States, MacDon-
ald and Wang (2011) have demon-
strated that suspending AGPs would
have no statistically significant effect
on production in broiler grow-out
operations, once other factors that
may affect production (labor, capi-
tal, and other inputs) are controlled.
However, they also demonstrate that
growers who do not use AGDPs receive
statistically significant higher con-
tract fees than AGP users (+2.1%).
These higher fees paid by integra-
tors likely compensate growers for
increased costs associated with pro-
duction without AGPs since broilers
produced without AGPs cannot be la-
beled as antibiotic-free (no antibiotic
use at all), limiting the possibility for
producers to sell these products for a
premium price.

Graham, Boland, and Silbergeld
(2007) estimated that the net effect of
using AGPs was a loss of $0.0093 per
chicken, with the savings in the costs
of AGPs more than compensating
for the decrease in production. How-
ever, this economic analysis does not
include veterinary costs or potential
costs related to the increased variabil-
ity in the weight of broiler chickens.
Additionally, the added production
was valued according to the fees paid
to growers which is, in fact, an under-
estimation of the value of birds to the
integrator.

One of the major current benefits
of AGP use may be maintaining ani-
mal health in older facilities, where
hygiene management is less efficient.
U.S. farms that produce broilers with
AGPs tend to have older houses, with
less modern equipment, and are less
likely to follow a plan for managing
food safety hazards (MacDonald and
Wang, 2011). As is the case for swine,
AGPs may have smaller benefits when
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production conditions are optimized:
Coates et al. (1951) demonstrated
significantly smaller response in
chicks to chlortetracycline and peni-
cillin in new environments compared

to previously used environments.

In terms of food security, there is
a balance to find between using anti-
biotics to control animal disease and
prevent the transmission of zoonotic
pathogens from animals to humans,
and limiting the emergence and the
spread of antibiotic resistance. Some
studies highlight that antibiotics add-
ed to animal feed or drinking water
can decrease the bacterial contamina-
tion of animal carcasses and products
(Hurd et al., 2008; and Singer et
al., 2007). However, improved bios-
ecurity, better hygiene management

practices, or vaccinations offer the
opportunity to control infectious dis-
ease of food animals without increas-
ing levels of resistance.

Potential Economic Cost of a Ban

As described by a few authors (Mc-
Bride, Key, and Mathews, 2008; and
MacDonald and Wang, 2011), a ban
on AGPs in the United States would
affect producers differentially, accord-
ing to location, farm size, contracting
arrangements, production practices,
species, and stage of production. The
effect of a ban would also depend on
management variables and health and
sanitation practices, as shown in stud-
ies describing the Swedish experience
after that country’s 1986 AGP ban
(Wierup, 2001).

Table 3. Potential Economic Effects of AGP Restrictions at Animal, Farm, and Market Levels

Potential Costs

Potential Benefits

Potential Animal-Level Effects

Decreased growth rate, decreased feed
cfficiency

young animals), increased morbidity

Long term improvement in health status of animals after
Short term higher mortality rate (especially of |investing in biosecurity measures.

Potential preservation of antimicrobial efficiency to treat
|animals.

Fewer animals born per litter —

Increased variability of product —

Potential Farm-Level Effects

Increased time to market and decreased
stocking densities

Increased input costs: feed (non AGP), young
animals purchased

Decreased input costs: saving in AGP cost

Cost of more biosecurity measures and
adjustments in housing to compensate for
AGP termination

Long term improvement in health status of animals.
Decrease in transmission of all diseases, including diseases
which are not prevented by antimicrobials (e.g. viral
diseases, respiratory tracts infections).

disease)

Increased veterinary costs (more treatment of |Decreased veterinary costs (less disease outbreak after
having invested in biosecurity measures)

Higher labor costs if alternatives to AGP are
|more labor-intensive

Increased variability of product —

Potential Market-Level Effects

Supply side: less output for each level of

meat, variation in producers revenues
(increase or decrease)

input, increase in wholesale and retail price of |Supply side: Potential increase in producers revenues
(increase in wholesale price of meat)

Demand side: increased consumer confidence and demand
— for product; increased access to export markets that
previously rejected U.S. products because of AGP use

Source: Adapted from Sneeringer, 2014.
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Incentives for U.S. food animal
producers to use AGPs include im-
proved animal performance and over-
all health, higher profits, and reduced
production risks. Table 3 summarizes
the potential economic effects of a
restriction on AGPs at the animal,
farm, and market levels.

Several studies have sought to es-
timate the potential economic effect
of a ban on AGPs in the U.S. swine
industry and found large differences
in production cost increases: $0.59/
pig and a 9% decrease in net prof-
its (Miller, McNamara, and Bush,
2003); $1.37/pig (Miller et al.,
2005); $2.33/pig and a 2% increase
in production costs (Brorsen and
Lehenbauer, 2002); and $4.50/pig in
the first year and a 4.5% increase in
overall production costs (Hayes and
Jensen, 2003).

An evaluation conducted by a
WHO panel on the effects of AGP
termination in Denmark estimated
the net increase in costs associated
with removing AGPs at €1.04 (about
the same in 2002 U.S. dollars) per pig
produced and zero for poultry. This
translates into an increase in pig pro-
duction costs of just over 1%. Results
from a general equilibrium model of
the Danish economy suggest that pig
production is around 1.4% per an-
num lower than might be expected
and poultry production 0.4% per
annum higher. There was no obvious
effect on pork prices in Denmark in
the years following the ban (WHO,
2002).

Recent USDA estimates of the
market-level effects of a ban on AGPs
in U.S. hog and broiler production
also indicate limited effects (Sneering-
er, 2014): the quantity produced
would, at most, decrease by 1.08%
in the hog industry and 1.12% in
the broiler industry (assuming a 3%
reduction in supply due to discon-
tinuation of AGDPs). The consequent
increase in wholesale prices would
range from less than 1% to at most
2.6%. The total value of production
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would increase (0.54% for hogs and
1.45% for broilers), with a gain in
value of production for producers
not using AGPs before the ban, and
a potential loss or gain for producers
using AGPs before the ban, depend-
ing on assumptions. Since farmers re-
ceive about a third of the retail value
of pork, consumers would likely see
even smaller changes in price. These
results are long-term effects; some
short-term effects could be negative,
as was the case in Denmark after
the ban. An AGP ban in the United
States could also increase access to
export markets that have more strin-
gent regulations on AGPs, such as the
European Union, Mexico, and Tai-
wan (Maron, Smith, and Nachman,
2013).

Policy Issues

The scientific evidence seems to
suggest that it is possible for both the
swine and the poultry industries to
maintain production without AGPs,
provided other disease prevention
measures are implemented as AGPs
are being phased out. Alternative
strategies to prevent and control dis-
ease in livestock—vaccination, segre-
gation of herds or flocks by age, sani-
tary protocols, ventilation systems,
adjustments in feed rations, and
physical biosecurity measures—offer
the opportunity to control infectious
diseases in food animals without in-
creasing levels of resistance.

Such strategies will incur costs,
which could ultimately raise whole-
sale meat prices. To our knowledge,
there are no published estimates
of the cost of investing in produc-
tion systems with better biosecurity
and hygiene, and no estimates of
the potential benefits of such invest-
ments, which are likely to decrease
in the transmission of viral diseases
and respiratory tract infections, as
well as diseases that are prevented by
antimicrobials.

A potentially important factor is
consumer demand for antibiotic-free
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meat and poultry. The use of AGPs
may be declining in the United States
driven, in part, by consumer prefer-
ences. Several major companies (in-
cluding McDonald’s, the fast food
chain) have mandated the removal
of AGPs from broiler production
(MacDonald and Wang, 2011). In
September 2014, Perdue Foods, the
third-largest broiler company in the
United States, announced that it had
removed all antibiotics from its chick-
en hatcheries after phasing out the
use of AGDPs in its chicken production
in 2007 (Perdue Foods, 2014). Some
estimates indicate that 44% of U.S.
broiler production no longer used
AGPs in 2006, compared with 2% in
1995 (Chapman and Johnson, 2002;
and MacDonald and Wang, 2011).
USDA data suggest that the use of
subtherapeutic antibiotics in hog pro-
duction declined between 2004 and
2009—among farrow-to-finish op-
erations, the use of antibiotics fed to
finishing hogs for growth promotion
dropped from 60% to 40% of mar-
ket hog production between 2004
and 2009, and from 53% to 40%
for nursery pigs (McBride and Key,
2013). However, there is no clear def-
inition for “antibiotic-free” meat and
poultry. USDA specifies that the label
“no antibiotics added” may be used
for meat or poultry products “if suf-
ficient documentation is provided by
the producer to the Agency demon-
strating that the animals were raised
without antibiotics.” This ambigu-
ity led to the withdrawal in 2008 of
the label “raised without antibiotics,”
which USDA had approved for Tyson
Foods in 2007, after disclosure that
the company had used antibiotics for
disease prevention in hatcheries.

Definitions of antibiotic use for
growth promotion and disease pre-
vention are even less clear. The term
“subtherapeutic antibiotics” can in-
clude both growth promoters and
antibiotics used for disease preven-
tion, since some prophylaxis happens
at low doses. Medicated feed addi-
tives can be authorized by FDA for



different purposes and are classified
in two main categories: therapeutic
uses and production purposes: “FDA
considers uses that are associated with
the treatment, control, and preven-
tion of specific diseases to be thera-
peutic uses that are necessary for as-
suring the health of food-producing
animals” (FDA, 2013a). Since many
of the antibiotics approved for use
in feed additives in the United States
are authorized for both production
purposes (growth promotion) and
disease prevention, there is a risk that
antibiotics could be reclassified from
growth promotion to prophylaxis
without actual changes in antibiotic
use patterns. The Pew Charitable
Trusts (2014) reviewed the labels of
the 287 antibiotics covered by the
FDA guidelines and identified that
about one-quarter (66 of 287) of
medically important antibiotics can
be used in at least one species for dis-
ease prevention at levels fully within
the range of growth promotion dos-
ages and with no limit on the dura-
tion of treatment. Additionally, the
FDA guidelines target only antibiot-
ics classified as “medically important
antimicrobials;” several antibiotics
that are currently not considered
medically important may still be used
as growth promoters, even though
they may indirectly contribute to re-
sistance in human pathogens because
of mechanisms of cross-resistance and
co-selection.

The voluntary guidelines pub-
lished by FDA in 2013 may be a
first step towards more restrictions
on antibiotic use in food animals.
In creating the Task Force for Com-
bating Antibiotic-Resistant Bacteria,
a White House executive order in
September 2014 specified that FDA,
in coordination with USDA, “shall
continue taking steps to eliminate
the use of medically important classes
of antibiotics for growth promotion
purposes in food-producing animals”
(U.S. Executive Office of the Presi-
dent, 2014).

7 CHOICES

If the benefits of AGPs (in terms
of increased productivity) have di-
minished, then it becomes reasonable
to be cautious and avoid the poten-
tial public health costs (in terms of
increased resistance) rather than wait
for a complete understanding of the
ecology of gene flow between the
animal, the environment, and hu-
man reservoirs. The use of antibiotics
should principally be the last resort
rather than a substitute for biosecuri-
ty, hygiene, and other good practices
(Wierup, 2001). Antibiotics are not
needed to promote growth, but they
are essential to treat infectious diseas-
es and maintain animal health. Since
new antibiotic classes will likely not
be available to veterinary medicine, it
is in the best interests of food animal
producers to preserve the effective-
ness of existing veterinary antibiot-
ics through antibiotic stewardship
(Bengtsson and Greko, 2014). The
challenge for policy makers is to find
that balance between allowing use of
antibiotics to control animal diseases
and restricting their use to limit the
emergence and spread of antibiotic
resistance.
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