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ABSTRACT

Antibiotic use plays a major role in the emerging public health crisis of anti-
biotic resistance. Although the majority of antibiotic use occurs in agricultural 
settings, relatively little attention has been paid to how antibiotic use in farm 
animals contributes to the overall problem of antibiotic resistance. The aim of 
this review is to summarize literature on the role of antibiotics in the develop-
ment of resistance and its risk to human health. We searched multiple data-
bases to identify major lines of argument supporting the role of agricultural 
antibiotic use in the development of resistance and to summarize existing regu-
latory and policy documents. Several lines of reasoning support the conclusion 
that agricultural antibiotics are associated with resistance, yet most public 
policy is based on expert opinion and consensus. Finally, we propose strategies 
to address current gaps in knowledge.
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Antibiotic resistance is a looming public health crisis. 
While once believed to be the province of hospitals 
and other health-care facilities, a host of community 
factors are now known to promote antibiotic resistance, 
and community-associated resistant strains have now 
been implicated as the cause of many hospital-acquired 
infections.1,2 An inherent consequence of exposure to 
antibiotic compounds, antibiotic resistance arises as 
a result of natural selection.3 Due to normal genetic 
variation in bacterial populations, individual organisms 
may carry mutations that render antibiotics ineffective, 
conveying a survival advantage to the mutated strain. 
In the presence of antibiotics, advantageous mutations 
can also be transferred via plasmid exchange within 
the bacterial colony, resulting in proliferation of the 
resistance trait.4 The emergence of drug resistance 
has been observed following the introduction of each 
new class of antibiotics, and the threat is compounded 
by a slow drug development pipeline and limited 
investment in the discovery and development of new 
antibiotic agents.5–7 

International, national, and local antibiotic steward-
ship campaigns have been developed to encourage 
prudent use of and limit unnecessary exposure to 
antibiotics, with the ultimate goal of preserving their 
effectiveness for serious and life-threatening infec-
tions.8,9 In practice, however, clinicians must balance 
the utilitarian goal of preserving the effectiveness of 
antibiotics with ethical obligations to patients who pres-
ent with conditions that are unlikely to be harmed and 
may benefit from antibiotic use. There is also consider-
able debate in veterinary medicine regarding use of 
antibiotics in animals raised for human consumption 
(food animals). The potential threat to human health 
resulting from inappropriate antibiotic use in food 
animals is significant, as pathogenic-resistant organisms 
propagated in these livestock are poised to enter the 
food supply and could be widely disseminated in food 
products.10–15 Commensal bacteria found in livestock 
are frequently present in fresh meat products and 
may serve as reservoirs for resistant genes that could 
potentially be transferred to pathogenic organisms in 
humans.16,17

While antibiotic use in food animals may represent 
a risk to human health, the degree and relative impact 
have not been well characterized. Given divergent 
stakeholder interests and inadequate research to date, 
public policy discussions of this issue are often conten-
tious and highly polarized. The aim of this review is to 
examine the scope and nature of antibiotic use in food 
animals and summarize its potential impact on human 
health. We also review key national and international 
policies on use of antibiotics in food animals. Finally, we 

propose future directions for research and monitoring 
of the agricultural use of antibiotics.

METHODS

We searched three online databases of medical and 
scientific literature citations—the National Library 
of Medicine’s MEDLINE®, the U.S. Department of 
Agriculture’s National Agricultural Library Catalog 
(known as AGRICOLA), and Thomson Reuter’s Web 
of Science—for English-language documents from 
1994–2009 containing the keywords “antibiotic,” “anti-
biotic resistance,” “antimicrobial,” “antimicrobial resis-
tance,” “agriculture,” “livestock,” “food animal,” “farm 
animal,” “pig,” “swine,” “cattle,” “cow,” “poultry,” and 
“chicken.” Two authors reviewed the references and 
selected exemplary original research articles exam-
ining the association between antibiotic use in food 
animals and antibiotic-resistant bacteria in humans. 
We also performed searches of the ROAR Commensal 
Literature Database (part of the Reservoirs of Antibi-
otic Resistance [ROAR] project, coordinated by the 
Alliance for Prudent Use of Antibiotics and funded 
by a grant from the National Institute of Allergy and 
Infectious Diseases) and the World Health Organiza-
tion (WHO) website to identify research articles and 
policy documents pertaining to antibiotic use in food 
animals. An online search engine was used to locate 
policy statements published by governmental agencies. 

RESULTS 

In our review, we found that the use of antibiotics in 
food animals is widespread, yet poorly characterized. 
Furthermore, in existing studies, neither the risks to 
human health nor the benefits to animal production 
have been well studied. We also found a lack of con-
sistency in national and international policies.

In the following sections, we review the current 
literature on the nature and scope of antibiotic use in 
food animals, and on the epidemiologic links between 
use of antibiotics in food animals and resistance in 
humans. We then provide an overview of the complex 
risk analysis framework required to understand this 
problem. Finally, we review key national and interna-
tional policy and regulatory recommendations.

Literature on the nature and scope  
of antibiotic use in food animals 
The high population density of modern intensively 
managed livestock operations results in sharing of 
both commensal flora and pathogens, which can be 
conducive to rapid dissemination of infectious agents. 
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As a result, livestock in these environments commonly 
require aggressive infection management strategies, 
which often include the use of antibiotic therapy. 

Antibiotics are used in food animals to treat clini-
cal disease, to prevent and control common disease 
events, and to enhance animal growth.18 The different 
applications of antibiotics in food animals have been 
described as therapeutic use, prophylactic use, and 
subtherapeutic use. Antibiotics can be used to treat a 
single animal with clinical disease or a large group of 
animals. However, these various uses are frequently 
indistinct; definitions of each type of use vary, and the 
approaches are often applied concurrently in livestock 
populations.19 For example, 16% of all lactating dairy 
cows in the U.S. receive antibiotic therapy for clinical 
mastitis each year, but nearly all dairy cows receive intra-
mammary infusions of prophylactic doses of antibiotics 
following each lactation to prevent and control future 
mastitis—primarily with penicillins, cephalosporins, or 
other beta-lactam drugs.20 Similarly, 15% of beef calves 
that enter feedlots receive antibiotics for the treatment 
of clinical respiratory disease, but therapeutic antibi-
otic doses are also administered to 10% of apparently 
healthy calves to mitigate anticipated outbreaks of 
respiratory disease.21 Forty-two percent of beef calves 
in feedlots are fed tylosin—a veterinary macrolide 
drug—to prevent liver abscesses that negatively impact 
growth, and approximately 88% of growing swine in 
the U.S. receive antibiotics in their feed for disease 
prevention and growth promotion purposes, com-
monly tetracyclines or tylosin.22 Most antibiotic use in 
livestock requires a veterinary prescription, although 
individual treatment decisions are often made and 
administered by lay farm workers in accordance with 
guidelines provided by a veterinarian.23,24

Despite the widespread adoption of antibiotic use 
in food animals, reliable data about the quantity and 
patterns of use (e.g., dose and frequency) are not 
available.25 Quantifying antibiotic use in food animals 
is challenging due to variations in study objectives—
investigators may measure only therapeutic uses, 
only nontherapeutic uses, or a combination thereof, 
depending on their outcome of interest—and lack of 
clarity surrounding the definitions of therapeutic vs. 
nontherapeutic uses.26 Although limited, the available 
data suggest that food animal production is responsible 
for a significant proportion of antibiotic use. In 1989, 
the Institute of Medicine estimated that approximately 
half of the 31.9 million pounds of antimicrobials 
consumed in the U.S. were for nontherapeutic use 
in animals.27 More recent estimates by the Union of 
Concerned Scientists, an advocacy group that sup-
ports reduced agricultural antimicrobial use, suggest 

that 24.6 million pounds of antimicrobials are used 
for nontherapeutic purposes in chickens, cattle, and 
swine, compared with just 3.0 million pounds used for 
human medicine. Calculations by the pharmaceutical 
industry-sponsored Animal Health Institute are more 
conservative, suggesting that of 17.8 million pounds 
of antimicrobials used for animals, only 3.1 million 
pounds are used nontherapeutically.26 Twelve classes 
of antimicrobials—arsenicals, polypeptides, glycolipids, 
tetracyclines, elfamycins, macrolides, lincosamides, 
polyethers, beta-lactams, quinoxalines, streptogramins, 
and sulfonamides—may be used at different times 
in the life cycle of poultry, cattle, and swine.25 While 
some of the antimicrobials used in animals are not 
currently used to treat human disease, many, such as 
tetracyclines, penicillins, and sulfonamides, are also 
used in the treatment of infections in humans.26 The 
WHO has developed criteria for the classification of 
antibiotics as “critically important,” “highly important,” 
and “important” based on their importance in the 
treatment of human disease.28,29

However, other classes of antimicrobials used in 
agriculture have not led to concerns about dissemina-
tion of resistance in humans. For example, some of 
the most frequently used antibiotics in ruminants are 
ionophores, a distinctive class of antibiotics that alter 
intestinal flora to achieve increased energy and amino 
acid availability and improved nutrient utilization. 
Most beef calves in feedlots and some dairy heifers 
receive this drug routinely in their feed. Because of 
their specific mode of action, ionophores have never 
been used in humans or therapeutically in animals. 
While some bacteria are intrinsically resistant to these 
drugs, there is currently no evidence to suggest that 
ionophore resistance is transferable or that co-selection 
for resistance to other classes of antimicrobials occurs.30

Literature suggesting epidemiologic evidence of an 
association between antibiotic use in food animals 
and antibiotic resistance in humans 
Evidence that antibiotic use in food animals can result 
in antibiotic-resistant infections in humans has existed 
for several decades. Associations between antibiotic 
use in food animals and the prevalence of antibiotic-
resistant bacteria isolated from those animals have 
been detected in observational studies as well as in 
randomized trials. Antibiotic-resistant bacteria of ani-
mal origin have been observed in the environment 
surrounding livestock farming operations, on meat 
products available for purchase in retail food stores, 
and as the cause of clinical infections and subclinical 
colonization in humans. Figure 1 outlines a sampling of 
prevalence studies, outbreak investigations, ecological 



Public Health Reports  /  January–February 2012  /  Volume 127

Fi
g

ur
e 

1.
 L

it
er

at
ur

e 
p

ro
vi

d
in

g
 e

vi
d

en
ce

 i
n 

su
p

p
o

rt
 o

f 
an

 a
ss

o
ci

at
io

n 
b

et
w

ee
n 

an
ti

b
io

ti
c 

us
e 

in
 f

o
o

d
 a

ni
m

al
s 

an
d

 a
nt

ib
io

ti
c-

re
si

st
an

t 
b

ac
te

ri
a 

in
 h

um
an

s 

St
ud

y 
au

th
or

, 
ye

ar
  

(c
ou

nt
ry

) 
St

ud
y 

d
es

cr
ip

tio
n

Fi
nd

in
g

s

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
an

tib
io

tic
 u

se
 in

 f
oo

d
 a

ni
m

al
s 

an
d

 a
nt

ib
io

tic
 r

es
is

ta
nc

e 
in

 b
ac

te
ria

 is
ol

at
ed

 f
ro

m
 f

oo
d

 a
ni

m
al

s 

va
n 

d
en

 B
og

aa
rd

 e
t 

al
., 

19
97

a  
(N

et
he

rla
nd

s)
 

Pr
ev

al
en

ce
 s

tu
d

y 
of

 V
RE

 in
 t

ur
ke

ys
, 

tu
rk

ey
 f

ar
m

er
s,

 t
ur

ke
y 

sl
au

g
ht

er
er

s,
 a

nd
 n

ei
g

hb
or

in
g

 c
om

m
un

ity
 r

es
id

en
ts

 
V

RE
 w

as
 is

ol
at

ed
 f

ro
m

 5
0%

 o
f 

th
e 

tu
rk

ey
 s

am
p

le
s,

 3
9%

 o
f 

fa
rm

er
s,

 2
0%

 o
f 

tu
rk

ey
 s

la
ug

ht
er

er
s,

 a
nd

 1
4%

 o
f 

co
m

m
un

ity
 r

es
id

en
ts

. 
V

RE
 w

as
 s

ig
ni

fic
an

tly
 

m
or

e 
p

re
va

le
nt

 a
m

on
g

 t
ur

ke
ys

 t
ha

t 
w

er
e 

fe
d

 a
vo

p
ar

ci
n 

(6
0%

 v
s.

 8
%

). 

va
n 

d
en

 B
og

aa
rd

 e
t 

al
., 

20
02

b

(N
et

he
rla

nd
s)

 
Pr

ev
al

en
ce

 s
tu

d
y 

of
 r

es
is

ta
nt

 e
nt

er
oc

oc
ci

 in
 f

ec
al

 is
ol

at
es

 
fr

om
 b

ro
ile

r 
ch

ic
ke

n 
fa

rm
er

s 
an

d
 b

ro
ile

r 
ch

ic
ke

ns
, 

fo
r 

w
hi

ch
 

an
tib

io
tic

s 
ar

e 
us

ed
 h

ea
vi

ly
, 

an
d

 la
yi

ng
 h

en
 f

ar
m

er
s 

an
d

 
la

yi
ng

 h
en

s,
 f

or
 w

hi
ch

 a
nt

ib
io

tic
s 

ar
e 

us
ed

 r
ar

el
y 

Re
si

st
an

ce
 w

as
 m

or
e 

p
re

va
le

nt
 a

m
on

g
 b

ro
ile

r 
ch

ic
ke

n 
fa

rm
er

s 
an

d
 b

ro
ile

r 
ch

ic
ke

ns
 t

ha
n 

am
on

g
 la

yi
ng

 h
en

 f
ar

m
er

s 
an

d
 la

yi
ng

 h
en

s.
 M

ol
ec

ul
ar

 
ch

ar
ac

te
ris

tic
s 

of
 t

he
 is

ol
at

ed
 b

ac
te

ria
 s

ug
g

es
te

d
 t

ha
t 

re
si

st
an

ce
 t

ra
its

 w
er

e 
tr

an
sf

er
re

d
 f

ro
m

 e
nt

er
oc

oc
ci

 in
 c

hi
ck

en
s 

to
 e

nt
er

oc
oc

ci
 in

 h
um

an
s.

 

Fu
nk

 e
t 

al
., 

20
06

c  
(U

ni
te

d
 S

ta
te

s)
 

Ra
nd

om
iz

ed
 s

tu
d

y 
of

 t
he

 e
ffe

ct
s 

of
 f

ee
d

in
g

 c
hl

or
te

tr
ac

yc
lin

e 
su

b
th

er
ap

eu
tic

al
ly

 t
o 

p
ig

s 
on

 a
nt

ib
io

tic
 r

es
is

ta
nc

e 
ob

se
rv

ed
 

in
 g

ra
m

-n
eg

at
iv

e 
fe

ca
l i

so
la

te
s 

fr
om

 p
ig

s 

Re
si

st
an

ce
 t

o 
te

tr
ac

yc
lin

e,
 a

m
p

ic
ill

in
, 

g
en

ta
m

ic
in

, 
an

d
 c

ef
tr

ia
xo

ne
 w

as
 m

or
e 

p
re

va
le

nt
 a

m
on

g
 b

ac
te

ria
 is

ol
at

ed
 f

ro
m

 p
ig

s 
th

at
 w

er
e 

fe
d

 c
hl

or
te

tr
ac

yc
lin

e.
 

C
hl

or
te

tr
ac

yc
lin

e 
in

 f
ee

d
 w

as
 s

ig
ni

fic
an

tly
 a

ss
oc

ia
te

d
 w

ith
 in

cr
ea

se
d

 r
es

is
ta

nc
e 

to
 t

et
ra

cy
cl

in
e,

 c
ef

tr
ia

xo
ne

, 
an

d
 a

m
p

ic
ill

in
. 

H
ar

ad
a,

 2
00

8d

(J
ap

an
) 

Re
tr

os
p

ec
tiv

e 
co

ho
rt

 s
tu

d
y 

of
 t

he
 a

ss
oc

ia
tio

n 
b

et
w

ee
n 

th
er

ap
eu

tic
 a

nt
ib

io
tic

 u
se

 o
n 

p
ig

 f
ar

m
s 

an
d

 a
nt

ib
io

tic
 

re
si

st
an

ce
 o

b
se

rv
ed

 in
 E

. 
co

li 
st

ra
in

s 
is

ol
at

ed
 f

ro
m

 p
ig

s 

C
om

p
ar

ed
 w

ith
 n

o 
ex

p
os

ur
e 

to
 a

nt
ib

io
tic

s,
 t

et
ra

cy
cl

in
e 

ex
p

os
ur

e 
w

as
 

as
so

ci
at

ed
 w

ith
 r

es
is

ta
nc

e 
to

 a
m

p
ic

ill
in

, 
d

ih
yd

ro
st

re
p

to
m

yc
in

, 
ox

yt
et

ra
cy

cl
in

e,
 

ka
na

m
yc

in
, 

an
d

 t
rim

et
ho

p
rim

; 
co

m
b

in
at

io
n 

p
en

ic
ill

in
-s

tr
ep

to
m

yc
in

 
ex

p
os

ur
e 

w
as

 a
ss

oc
ia

te
d

 w
ith

 r
es

is
ta

nc
e 

to
 a

m
p

ic
ill

in
, 

d
ih

yd
ro

st
re

p
to

m
yc

in
, 

ox
yt

et
ra

cy
cl

in
e,

 a
nd

 k
an

am
yc

in
; 

p
en

ic
ill

in
 e

xp
os

ur
e 

w
as

 a
ss

oc
ia

te
d

 w
ith

 
re

si
st

an
ce

 t
o 

am
p

ic
ill

in
 a

nd
 t

rim
et

ho
p

rim
; 

an
d

 c
om

b
in

at
io

n 
m

et
ho

p
rim

-
su

lfo
na

m
id

e 
ex

p
os

ur
e 

w
as

 a
ss

oc
ia

te
d

 w
ith

 r
es

is
ta

nc
e 

to
 t

rim
et

ho
p

rim
. 

A
nt

ib
io

tic
-r

es
is

ta
nt

 b
ac

te
ria

 r
el

ea
se

d
 f

ro
m

 li
ve

st
oc

k 
fa

rm
in

g
 o

p
er

at
io

ns
 

C
ha

p
in

 e
t 

al
., 

20
05

e  
(U

ni
te

d
 S

ta
te

s)
 

A
nt

ib
io

tic
 s

us
ce

p
tib

ili
ty

 a
na

ly
si

s 
of

 E
nt

er
oc

oc
cu

s,
 c

oa
g

ul
as

e-
ne

g
at

iv
e 

st
ap

hy
lo

co
cc

i, 
an

d
 v

iri
d

ia
ns

 g
ro

up
 s

tr
ep

to
co

cc
i 

is
ol

at
ed

 f
ro

m
 a

ir 
sa

m
p

le
s 

in
 a

n 
in

d
oo

r 
sw

in
e 

fe
ed

in
g

 
op

er
at

io
n 

N
ea

rly
 a

ll 
is

ol
at

es
 (9

8%
) w

er
e 

re
si

st
an

t 
to

 a
t 

le
as

t 
tw

o 
an

tib
io

tic
s 

co
m

m
on

ly
 

us
ed

 in
 s

w
in

e 
p

ro
d

uc
tio

n.
 N

on
e 

of
 t

he
 is

ol
at

es
 w

as
 r

es
is

ta
nt

 t
o 

va
nc

om
yc

in
, 

w
hi

ch
 h

as
 n

ev
er

 b
ee

n 
ap

p
ro

ve
d

 in
 t

he
 U

.S
. 

fo
r 

us
e 

in
 li

ve
st

oc
k.

 

Sa
p

ko
ta

 e
t 

al
., 

20
07

f  
(U

ni
te

d
 S

ta
te

s)
C

om
p

ar
at

iv
e 

an
al

ys
is

 o
f 

en
te

ro
co

cc
i, 

fe
ca

l c
ol

ifo
rm

s,
 a

nd
 

E.
 c

ol
i i

n 
su

rf
ac

e 
w

at
er

 a
nd

 g
ro

un
d

w
at

er
, 

up
st

re
am

 a
nd

 
d

ow
ns

tr
ea

m
 f

ro
m

 s
w

in
e 

p
ro

d
uc

tio
n 

fa
ci

lit
ie

s 

C
on

ce
nt

ra
tio

ns
 o

f 
en

te
ro

co
cc

i, 
fe

ca
l c

ol
ifo

rm
s,

 a
nd

 E
. 

co
li 

w
er

e 
b

et
w

ee
n 

fo
ur

 
an

d
 3

3 
tim

es
 h

ig
he

r 
d

ow
ns

tr
ea

m
 t

ha
n 

up
st

re
am

. 

G
ra

ha
m

 e
t 

al
., 

20
08

g
 

(U
ni

te
d

 S
ta

te
s)

A
nt

ib
io

tic
 s

us
ce

p
tib

ili
ty

 a
na

ly
si

s 
of

 e
nt

er
oc

oc
ci

 a
nd

 
st

ap
hy

lo
co

cc
i i

so
la

te
d

 f
ro

m
 p

ou
ltr

y 
lit

te
r 

an
d

 fl
ie

s 
ne

ar
 

p
ou

ltr
y 

fa
rm

s 

En
te

ro
co

cc
i a

nd
 s

ta
p

hy
lo

co
cc

i w
er

e 
of

te
n 

re
co

ve
re

d
 f

ro
m

 fl
ie

s 
ca

p
tu

re
d

 
ne

ar
 p

ou
ltr

y 
fa

rm
s.

 Is
ol

at
es

 f
ro

m
 fl

ie
s 

ca
rr

ie
d

 r
es

is
ta

nc
e 

tr
ai

ts
 s

im
ila

r 
to

 t
ho

se
 

ob
se

rv
ed

 in
 is

ol
at

es
 f

ro
m

 p
ou

ltr
y 

lit
te

r. 

Ru
le

 e
t 

al
., 

20
08

h

(U
ni

te
d

 S
ta

te
s)

En
um

er
at

io
n 

an
d

 a
nt

ib
io

tic
 s

us
ce

p
tib

ili
ty

 a
na

ly
si

s 
of

 b
ac

te
ria

 
is

ol
at

ed
 f

ro
m

 a
ir 

an
d

 s
ur

fa
ce

 s
am

p
le

s 
ta

ke
n 

fr
om

 v
eh

ic
le

s 
d

riv
in

g
 b

eh
in

d
 t

ru
ck

s 
tr

an
sp

or
tin

g
 li

ve
 p

ou
ltr

y 

A
ir 

an
d

 s
ur

fa
ce

 s
am

p
le

s 
co

lle
ct

ed
 b

eh
in

d
 v

eh
ic

le
s 

tr
an

sp
or

tin
g

 p
ou

ltr
y 

co
nt

ai
ne

d
 s

ig
ni

fic
an

tly
 m

or
e 

b
ac

te
ria

 t
ha

n 
ai

r 
an

d
 s

ur
fa

ce
 s

am
p

le
s 

co
lle

ct
ed

 
b

eh
in

d
 c

on
tr

ol
 v

eh
ic

le
s.

 B
ac

te
ria

 c
ol

le
ct

ed
 d

ur
in

g
 p

ou
ltr

y 
tr

an
sp

or
t 

w
er

e 
m

or
e 

lik
el

y 
to

 c
ar

ry
 r

es
is

ta
nc

e 
tr

ai
ts

 t
ha

n 
b

ac
te

ria
 c

ol
le

ct
ed

 d
ur

in
g

 c
on

tr
ol

 s
am

p
le

s 
(2

5%
 v

s.
 0

%
). 

co
nt

in
ue

d
 o

n 
p

. 
8



Public Health Reports  /  January–February 2012  /  Volume 127

Pr
ev

al
en

ce
 o

f 
an

tib
io

tic
-r

es
is

ta
nt

 b
ac

te
ria

 o
n 

fo
od

 p
ro

d
uc

ts
 a

va
ila

b
le

 t
o 

co
ns

um
er

s 

C
ui

 e
t 

al
., 

20
05

i

(U
ni

te
d

 S
ta

te
s)

Pr
ev

al
en

ce
 s

tu
d

y 
an

d
 a

nt
ib

io
tic

 s
us

ce
p

tib
ili

ty
 a

na
ly

si
s 

of
 

ca
m

p
yl

ob
ac

te
r 

an
d

 s
al

m
on

el
la

 is
ol

at
ed

 f
ro

m
 o

rg
an

ic
 a

nd
 

co
nv

en
tio

na
l r

et
ai

l c
hi

ck
en

 c
ar

ca
ss

es
 

C
am

p
yl

ob
ac

te
r 

w
as

 r
ec

ov
er

ed
 f

ro
m

 7
6%

 o
f 

or
g

an
ic

 a
nd

 7
4%

 o
f 

co
nv

en
tio

na
l 

ch
ic

ke
n;

 is
ol

at
es

 f
ro

m
 o

rg
an

ic
 c

hi
ck

en
 w

er
e 

re
si

st
an

t 
to

 t
et

ra
cy

cl
in

e 
an

d
 

er
yt

hr
om

yc
in

 m
or

e 
of

te
n 

th
an

 is
ol

at
es

 f
ro

m
 c

on
ve

nt
io

na
l c

hi
ck

en
 (8

1%
 a

nd
 

49
%

, 
re

sp
ec

tiv
el

y 
vs

. 
69

%
 a

nd
 3

6%
, 

re
sp

ec
tiv

el
y)

. 
Sa

lm
on

el
la

 w
as

 r
ec

ov
er

ed
 

fr
om

 6
1%

 o
f 

or
g

an
ic

 a
nd

 4
4%

 o
f 

co
nv

en
tio

na
l c

hi
ck

en
; 

re
si

st
an

ce
 v

ar
ie

d
 

ac
co

rd
in

g
 t

o 
se

ro
ty

p
e,

 b
ut

 w
as

 g
en

er
al

ly
 m

or
e 

p
re

va
le

nt
 a

m
on

g
 is

ol
at

es
 f

ro
m

 
co

nv
en

tio
na

l c
hi

ck
en

. 

G
un

d
og

an
 e

t 
al

., 
20

05
j

(T
ur

ke
y)

 
Pr

ev
al

en
ce

 s
tu

d
y 

an
d

 a
nt

ib
io

tic
 s

us
ce

p
tib

ili
ty

 a
na

ly
si

s 
of

 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s 

is
ol

at
ed

 f
ro

m
 r

et
ai

l c
al

f, 
la

m
b

, 
an

d
 

ch
ic

ke
n 

p
ro

d
uc

ts
 

St
ap

hy
lo

co
cc

us
 a

ur
eu

s 
w

as
 r

ec
ov

er
ed

 f
ro

m
 5

3%
 o

f 
m

ea
t 

sa
m

p
le

s;
 7

%
 o

f 
is

ol
at

es
 w

er
e 

re
si

st
an

t 
to

 e
ry

th
ro

m
yc

in
, 

53
%

 w
er

e 
re

si
st

an
t 

to
 p

en
ic

ill
in

, 
68

%
 

w
er

e 
re

si
st

an
t 

to
 m

et
hi

ci
lli

n 
(M

RS
A

), 
an

d
 8

8%
 w

er
e 

re
si

st
an

t 
to

 b
ac

itr
ac

in
. 

K
im

 e
t 

al
., 

20
05

k

(U
ni

te
d

 S
ta

te
s)

A
nt

ib
io

tic
 s

us
ce

p
tib

ili
ty

 a
na

ly
si

s 
of

 K
le

b
si

el
la

 p
ne

um
on

ia
 

is
ol

at
ed

 f
ro

m
 t

ur
ke

y,
 c

at
tle

, 
an

d
 c

hi
ck

en
 f

ar
m

s,
 a

s 
w

el
l a

s 
re

ta
il 

m
ea

t 
an

d
 p

ou
ltr

y 
p

ro
d

uc
ts

 

A
ll 

K
le

b
si

el
la

 p
ne

um
on

ia
 is

ol
at

es
 w

er
e 

re
si

st
an

t 
to

 a
m

p
ic

ill
in

, 
te

tr
ac

yc
lin

e,
 

st
re

p
to

m
yc

in
, 

g
en

ta
m

yc
in

, 
an

d
 k

an
am

yc
in

. 

Pa
rv

ee
n 

et
 a

l.,
 2

00
7l  

(U
ni

te
d

 S
ta

te
s)

Pr
ev

al
en

ce
 s

tu
d

y 
an

d
 a

nt
ib

io
tic

 s
us

ce
p

tib
ili

ty
 a

na
ly

si
s 

of
 

Sa
lm

on
el

la
 is

ol
at

ed
 f

ro
m

 p
ro

ce
ss

ed
 p

ou
ltr

y 
Sa

lm
on

el
la

 w
as

 r
ec

ov
er

ed
 f

ro
m

 8
8.

4%
 o

f 
p

ro
ce

ss
ed

 c
hi

ck
en

 c
ar

ca
ss

es
 b

ef
or

e 
ch

ill
in

g
 a

nd
 8

4.
1%

 a
ft

er
 c

hi
lli

ng
. 

A
nt

ib
io

tic
 r

es
is

ta
nc

e 
w

as
 d

et
ec

te
d

 in
 7

9.
8%

 o
f 

is
ol

at
es

. 

A
nt

ib
io

tic
-r

es
is

ta
nt

 b
ac

te
ria

 o
f 

an
im

al
 o

rig
in

 is
ol

at
ed

 in
 h

um
an

s 

Fe
in

 e
t 

al
., 

19
74

m

(U
ni

te
d

 S
ta

te
s)

C
om

p
ar

is
on

 o
f 

an
tib

io
tic

 s
us

ce
p

tib
ili

ty
 p

at
te

rn
s 

of
 E

. 
co

li 
st

ra
in

s 
is

ol
at

ed
 f

ro
m

 f
ar

m
in

g
 f

am
ili

es
 a

nd
 t

he
ir 

liv
es

to
ck

 
Re

si
st

an
ce

 p
at

te
rn

s 
ob

se
rv

ed
 in

 E
. 

co
li 

st
ra

in
s 

is
ol

at
ed

 f
ro

m
 f

ar
m

in
g

 f
am

ili
es

 
w

er
e 

hi
g

hl
y 

as
so

ci
at

ed
 w

ith
 t

ho
se

 o
b

se
rv

ed
 in

 E
. 

co
li 

st
ra

in
s 

is
ol

at
ed

 f
ro

m
 t

he
ir 

liv
es

to
ck

. 

B
ez

an
so

n 
et

 a
l.,

 1
98

3n

(C
an

ad
a)

 
In

ve
st

ig
at

io
n 

of
 a

 S
al

m
on

el
la

 t
yp

hi
m

ur
iu

m
 o

ut
b

re
ak

 in
 a

 
ne

on
at

al
 in

te
ns

iv
e 

ca
re

 u
ni

t 
M

at
er

na
l c

on
su

m
p

tio
n 

of
 u

np
as

te
ur

iz
ed

 m
ilk

 f
ro

m
 c

ow
s 

in
fe

ct
ed

 w
ith

 r
es

is
ta

nt
 

Sa
lm

on
el

la
 t

yp
hi

m
ur

iu
m

 r
es

ul
te

d
 in

 a
sy

m
p

to
m

at
ic

 s
he

d
d

in
g

 a
nd

 s
ub

se
q

ue
nt

 
tr

an
sm

is
si

on
 o

f 
th

e 
b

ac
te

ria
 t

o 
a 

ne
w

b
or

n 
in

fa
nt

 a
nd

 o
th

er
 p

at
ie

nt
s 

in
 a

 
ne

on
at

al
 in

te
ns

iv
e 

ca
re

 u
ni

t.
 

Ra
m

ch
an

d
an

i e
t 

al
., 

20
05

o

(U
ni

te
d

 S
ta

te
s)

In
ve

st
ig

at
io

n 
of

 a
 m

ul
tis

ta
te

 o
ut

b
re

ak
 o

f 
ur

in
ar

y 
tr

ac
t 

in
fe

ct
io

ns
 w

ith
 t

rim
et

ho
p

rim
-s

ul
fa

m
et

ho
xa

zo
le

-r
es

is
ta

nt
  

E.
 c

ol
i 

Re
si

st
an

t 
is

ol
at

es
 f

ro
m

 h
um

an
 in

fe
ct

io
ns

 w
er

e 
fo

un
d

 t
o 

b
e 

ne
ar

ly
 id

en
tic

al
 t

o 
st

ra
in

s 
is

ol
at

ed
 f

ro
m

 f
oo

d
 a

ni
m

al
s 

an
d

 e
nv

iro
nm

en
ta

l w
at

er
 s

ou
rc

es
, 

su
g

g
es

tin
g

 
th

e 
b

ac
te

ria
 w

er
e 

of
 a

ni
m

al
 o

rig
in

 a
nd

 p
ot

en
tia

lly
 a

cq
ui

re
d

 t
hr

ou
g

h 
fo

od
. 

Sm
ith

 e
t 

al
., 

20
09

p

(U
ni

te
d

 S
ta

te
s)

Pr
ev

al
en

ce
 s

tu
d

y 
of

 c
ol

on
iz

at
io

n 
w

ith
 M

RS
A

 in
 s

w
in

e 
an

d
 

sw
in

e 
w

or
ke

rs
 o

n 
tw

o 
la

rg
e 

sw
in

e 
p

ro
d

uc
tio

n 
fa

rm
s 

Fo
rt

y-
fiv

e 
p

er
ce

nt
 o

f 
sw

in
e 

w
or

ke
rs

 a
nd

 4
9%

 o
f 

sw
in

e 
w

er
e 

co
lo

ni
ze

d
 w

ith
 

M
RS

A
. 

M
RS

A
 is

ol
at

es
 f

ro
m

 s
w

in
e 

w
or

ke
rs

 w
er

e 
cl

os
el

y 
re

la
te

d
 t

o 
M

RS
A

 
is

ol
at

es
 f

ro
m

 s
w

in
e 

an
d

 w
er

e 
d

iff
er

en
t 

fr
om

 s
tr

ai
ns

 c
om

m
on

ly
 f

ou
nd

 in
 h

um
an

s.
 

Fi
g

ur
e 

1 
(c

o
nt

in
ue

d
).

 L
it

er
at

ur
e 

p
ro

vi
d

in
g

 e
vi

d
en

ce
 i

n 
su

p
p

o
rt

 o
f 

an
 a

ss
o

ci
at

io
n 

b
et

w
ee

n 
an

ti
b

io
ti

c 
us

e 
in

 f
o

o
d

 a
ni

m
al

s 
 

an
d

 a
nt

ib
io

ti
c-

re
si

st
an

t 
b

ac
te

ri
a 

in
 h

um
an

s 

St
ud

y 
au

th
or

, 
ye

ar
  

(c
ou

nt
ry

) 
St

ud
y 

d
es

cr
ip

tio
n

Fi
nd

in
g

s

co
nt

in
ue

d
 o

n 
p

. 
9



Public Health Reports  /  January–February 2012  /  Volume 127

Ec
ol

og
ic

al
 a

ss
oc

ia
tio

ns
 b

et
w

ee
n 

an
tib

io
tic

 u
se

 in
 f

oo
d

 a
ni

m
al

s 
an

d
 r

es
is

ta
nt

 b
ac

te
ria

 in
 h

um
an

s 

En
d

tz
 e

t 
al

., 
19

91
q

(N
et

he
rla

nd
s)

 
Ec

ol
og

ic
al

 s
tu

d
y 

co
rr

el
at

in
g

 u
se

 o
f 

flu
or

oq
ui

no
lo

ne
s 

to
 

q
ui

no
lo

ne
 r

es
is

ta
nc

e 
in

 C
am

p
yl

ob
ac

te
r 

su
b

sp
ec

ie
s 

Q
ui

no
lo

ne
 r

es
is

ta
nc

e 
in

cr
ea

se
d

 f
ro

m
 0

%
 t

o 
11

%
 in

 h
um

an
 s

to
ol

 a
nd

 f
ro

m
 

0%
 t

o 
14

%
 in

 p
ou

ltr
y 

p
ro

d
uc

ts
 b

et
w

ee
n 

19
82

 a
nd

 1
98

9,
 d

ur
in

g
 w

hi
ch

 t
im

e 
ve

te
rin

ar
y 

an
d

 h
um

an
 u

se
 o

f 
flu

or
oq

ui
no

lo
ne

s 
in

cr
ea

se
d

 s
ub

st
an

tia
lly

. 

En
g

b
er

g
 e

t 
al

., 
20

01
r

(m
ul

tip
le

 c
ou

nt
rie

s)
 

Ec
ol

og
ic

al
 r

ev
ie

w
 o

f 
th

e 
em

er
g

en
ce

 o
f 

re
si

st
an

ce
 in

 
C

am
p

yl
ob

ac
te

r 
je

ju
ni

 a
nd

 C
am

p
yl

ob
ac

te
r 

co
li 

fo
llo

w
in

g
 t

he
 

in
tr

od
uc

tio
n 

of
 q

ui
no

lo
ne

 u
se

 in
 f

oo
d

 a
ni

m
al

s 

A
nt

ib
io

tic
-r

es
is

ta
nt

 in
fe

ct
io

ns
 in

 h
um

an
s 

em
er

g
ed

 r
ap

id
ly

 f
ol

lo
w

in
g

 t
he

 
in

ce
p

tio
n 

of
 q

ui
no

lo
ne

 u
se

 in
 f

oo
d

 a
ni

m
al

s.
 

U
ni

co
m

b
 e

t 
al

., 
20

06
s  

(A
us

tr
al

ia
) 

Pr
ev

al
en

ce
 s

tu
d

y 
of

 fl
uo

ro
q

ui
no

lo
ne

 r
es

is
ta

nc
e 

in
 

C
am

p
yl

ob
ac

te
r 

je
ju

ni
 is

ol
at

es
 

In
 A

us
tr

al
ia

, 
w

he
re

 u
se

 o
f 

flu
or

oq
ui

no
lo

ne
s 

in
 f

oo
d

 a
ni

m
al

s 
is

 p
ro

hi
b

ite
d

, 
on

ly
 

2%
 o

f 
C

am
p

yl
ob

ac
te

r 
je

ju
ni

 is
ol

at
es

 f
ro

m
 h

um
an

s 
ar

e 
re

si
st

an
t 

to
 c

ip
ro

flo
xa

ci
n.

 

A
ss

oc
ia

tio
ns

 b
et

w
ee

n 
hu

m
an

 c
on

ta
ct

 w
ith

 f
oo

d
 a

ni
m

al
s 

an
d

 h
um

an
 c

ol
on

iz
at

io
n 

an
d

 in
fe

ct
io

n 
w

ith
 a

nt
ib

io
tic

-r
es

is
ta

nt
 b

ac
te

ria
 

G
up

ta
 e

t 
al

., 
20

03
t

(U
ni

te
d

 S
ta

te
s)

C
as

e-
co

nt
ro

l s
tu

d
y 

an
d

 m
ol

ec
ul

ar
 c

ha
ra

ct
er

iz
at

io
n 

of
 

Sa
lm

on
el

la
 N

ew
p

or
t-

M
D

RA
m

p
C

 
 

Ex
p

os
ur

e 
to

 d
ai

ry
 f

ar
m

s 
w

as
 a

 s
ig

ni
fic

an
t 

ris
k 

fa
ct

or
 f

or
 S

al
m

on
el

la
 N

ew
p

or
t-

M
D

RA
m

p
C

 in
fe

ct
io

n 
in

 h
um

an
s.

 Is
ol

at
es

 r
ec

ov
er

ed
 f

ro
m

 h
um

an
s 

ha
d

 n
ea

rly
 

id
en

tic
al

 a
nt

ib
io

g
ra

m
s 

an
d

 p
ul

se
d

-fi
el

d
 g

el
 e

le
ct

ro
p

ho
re

si
s 

p
at

te
rn

s 
as

 t
ho

se
 

re
co

ve
re

d
 f

ro
m

 c
ow

s.
 

A
ub

ry
-D

am
on

 e
t 

al
., 

20
04

u  
(F

ra
nc

e)
 

Pr
ev

al
en

ce
 s

tu
d

y 
of

 S
ta

p
hy

lo
co

cc
us

 a
ur

eu
s 

co
lo

ni
za

tio
n 

an
d

 r
es

is
ta

nc
e 

to
 m

et
hi

ci
lli

n,
 m

ac
ro

lid
es

, 
g

en
ta

m
ic

in
, 

an
d

 
p

efl
ox

ac
in

 a
m

on
g

 h
ea

lth
y 

p
ig

 f
ar

m
er

s 
an

d
 n

on
-f

ar
m

er
s 

St
ap

hy
lo

co
cc

us
 a

ur
eu

s 
co

lo
ni

za
tio

n 
w

as
 s

ig
ni

fic
an

tly
 h

ig
he

r 
am

on
g

 p
ig

 f
ar

m
er

s 
th

an
 n

on
-f

ar
m

er
s 

(4
4.

6%
 v

s.
 2

4.
1%

). 
Re

si
st

an
ce

 w
as

 m
or

e 
p

re
va

le
nt

 a
m

on
g

 p
ig

 
fa

rm
er

s 
th

an
 n

on
-f

ar
m

er
s.

 

Le
w

is
 e

t 
al

., 
20

08
v

(D
en

m
ar

k)
 

C
as

e-
co

nt
ro

l s
tu

d
y 

of
 in

fe
ct

io
n 

w
ith

 M
RS

A
 C

C
39

8 
Li

vi
ng

 o
r 

w
or

ki
ng

 w
ith

 f
ar

m
s 

w
ith

 a
ni

m
al

s 
w

as
 s

tr
on

g
ly

 a
nd

 in
d

ep
en

d
en

tly
 

as
so

ci
at

ed
 w

ith
 M

RS
A

 C
C

39
8 

in
fe

ct
io

n.
 

Jo
hn

so
n 

et
 a

l.,
 2

00
7w

(U
ni

te
d

 S
ta

te
s)

St
ud

y 
of

 p
hy

lo
g

en
ic

 a
nd

 v
iru

le
nc

e 
m

ar
ke

rs
 o

f 
93

1 
is

ol
at

es
 o

f 
hu

m
an

 a
nd

 p
ou

ltr
y 

E.
 c

ol
i i

n 
ho

sp
ita

liz
ed

 a
d

ul
ts

, 
ou

tp
at

ie
nt

 
ve

g
et

ar
ia

ns
, 

an
d

 r
et

ai
l p

ou
ltr

y 
sa

m
p

le
s 

W
hi

le
 h

um
an

-r
es

is
ta

nt
 a

nd
 s

en
si

tiv
e 

E.
 c

ol
i w

er
e 

d
iff

er
en

t,
 h

um
an

-r
es

is
ta

nt
 a

nd
 

p
ou

ltr
y-

re
si

st
an

t 
st

ra
in

s 
w

er
e 

si
m

ila
r. 

Po
ul

tr
y-

re
co

ve
re

d
 r

es
is

ta
nt

 a
nd

 s
en

si
tiv

e 
st

ra
in

s 
w

er
e 

si
m

ila
r.

a v
an

 d
en

 B
og

aa
rd

 A
E,

 J
en

se
n 

LB
, 

St
ob

b
er

in
g

h 
EE

. 
Va

nc
om

yc
in

-r
es

is
ta

nt
 e

nt
er

oc
oc

ci
 in

 t
ur

ke
ys

 a
nd

 f
ar

m
er

s.
 N

 E
ng

l J
 M

ed
 1

99
7;

33
7:

15
58

-9
. 

b
va

n 
d

en
 B

og
aa

rd
 A

E,
 W

ill
em

s 
R,

 L
on

d
on

 N
, 

To
p

 J
, 

St
ob

b
er

in
g

h 
EE

. 
A

nt
ib

io
tic

 r
es

is
ta

nc
e 

of
 f

ae
ca

l e
nt

er
oc

oc
ci

 in
 p

ou
ltr

y,
 p

ou
ltr

y 
fa

rm
er

s,
 a

nd
 p

ou
ltr

y 
sl

au
g

ht
er

er
s.

 J
 A

nt
im

ic
ro

b
 C

he
m

ot
he

r 
20

02
;4

9:
49

7-
50

5.
 

c F
un

k 
JA

, 
Le

je
un

e 
JT

, 
W

itt
um

 T
E,

 R
aj

al
a-

Sh
ul

tz
 P

J.
 T

he
 e

ffe
ct

 o
f 

su
b

th
er

ap
eu

tic
 c

hl
or

te
tr

ac
yc

lin
e 

on
 a

nt
im

ic
ro

b
ia

l r
es

is
ta

nc
e 

in
 t

he
 f

ec
al

 fl
or

a 
of

 s
w

in
e.

 M
ic

ro
b

 D
ru

g
 R

es
is

t 
20

06
;1

2:
21

0-
8.

 
d
H

ar
ad

a 
K

, 
A

sa
i T

, 
O

za
w

a 
M

, 
K

oj
im

a 
A

, 
Ta

ka
ha

sh
i T

. 
Fa

rm
-le

ve
l i

m
p

ac
t 

of
 t

he
ra

p
eu

tic
 a

nt
im

ic
ro

b
ia

l u
se

 o
n 

an
tim

ic
ro

b
ia

l-r
es

is
ta

nt
 p

op
ul

at
io

ns
 o

f 
Es

ch
er

ic
hi

a 
co

li 
is

ol
at

es
 f

ro
m

 p
ig

s.
 M

ic
ro

b
 D

ru
g

 
Re

si
st

 2
00

8;
14

:2
39

-4
4.

 
e C

ha
p

in
 A

, 
Ru

le
 A

, 
G

ib
so

n 
K

, 
B

uc
kl

ey
 T

, 
Sc

hw
ab

 K
. 

A
irb

or
ne

 m
ul

tid
ru

g
-r

es
is

ta
nt

 b
ac

te
ria

 is
ol

at
ed

 f
ro

m
 a

 c
on

ce
nt

ra
te

d
 s

w
in

e 
fe

ed
in

g
 o

p
er

at
io

n.
 E

nv
iro

n 
H

ea
lth

 P
er

sp
ec

t 
20

05
;1

13
:1

37
-4

2.
 

f S
ap

ko
ta

 A
R,

 C
ur

rie
ro

 F
C

, 
G

ib
so

n 
K

E,
 S

ch
w

ab
 K

J.
 A

nt
ib

io
tic

-r
es

is
ta

nt
 e

nt
er

oc
oc

ci
 a

nd
 f

ec
al

 in
d

ic
at

or
s 

in
 s

ur
fa

ce
 w

at
er

 a
nd

 g
ro

un
d

w
at

er
 im

p
ac

te
d

 b
y 

a 
co

nc
en

tr
at

ed
 s

w
in

e 
fe

ed
in

g
 o

p
er

at
io

n.
 

En
vi

ro
n 

H
ea

lth
 P

er
sp

ec
t 

20
07

;1
15

:1
04

0-
5.

g
G

ra
ha

m
 J

P,
 P

ric
e 

LB
, 

Ev
an

s 
SL

, 
G

ra
cz

yk
 T

K
, 

Si
lb

er
g

el
d

 E
K

. 
A

nt
ib

io
tic

 r
es

is
ta

nt
 e

nt
er

oc
oc

ci
 a

nd
 s

ta
p

hy
lo

co
cc

i i
so

la
te

d
 f

ro
m

 fl
ie

s 
co

lle
ct

ed
 n

ea
r 

co
nfi

ne
d

 p
ou

ltr
y 

fe
ed

in
g

 o
p

er
at

io
ns

. 
Sc

i T
ot

al
 

En
vi

ro
n 

20
09

;4
07

:2
70

1-
10

. 
h R

ul
e 

A
M

, 
Ev

an
s 

SL
, 

Si
lb

er
g

el
d

 E
K

. 
Fo

od
 a

ni
m

al
 t

ra
ns

p
or

t:
 a

 p
ot

en
tia

l s
ou

rc
e 

of
 c

om
m

un
ity

 e
xp

os
ur

e 
to

 h
ea

lth
 h

az
ar

d
s 

fr
om

 in
d

us
tr

ia
l f

ar
m

in
g

 (C
A

FO
s)

. 
J 

In
fe

ct
 P

ub
lic

 H
ea

lth
 2

00
8;

1:
33

-9
. 

i C
ui

 S
, 

G
e 

B
, 

Zh
en

g
 J

, 
M

en
g

 J
. 

Pr
ev

al
en

ce
 a

nd
 a

nt
im

ic
ro

b
ia

l r
es

is
ta

nc
e 

of
 C

am
p

yl
ob

ac
te

r 
sp

p
. 

an
d

 S
al

m
on

el
la

 s
er

ov
ar

s 
in

 o
rg

an
ic

 c
hi

ck
en

s 
fr

om
 M

ar
yl

an
d

 r
et

ai
l s

to
re

s.
 A

p
p

l E
nv

iro
n 

M
ic

ro
b

io
l 

20
05

;7
1:

41
08

-1
1.

 

Fi
g

ur
e 

1 
(c

o
nt

in
ue

d
).

 L
it

er
at

ur
e 

p
ro

vi
d

in
g

 e
vi

d
en

ce
 i

n 
su

p
p

o
rt

 o
f 

an
 a

ss
o

ci
at

io
n 

b
et

w
ee

n 
an

ti
b

io
ti

c 
us

e 
in

 f
o

o
d

 a
ni

m
al

s 
 

an
d

 a
nt

ib
io

ti
c-

re
si

st
an

t 
b

ac
te

ri
a 

in
 h

um
an

s 

St
ud

y 
au

th
or

, 
ye

ar
  

(c
ou

nt
ry

) 
St

ud
y 

d
es

cr
ip

tio
n

Fi
nd

in
g

s

co
nt

in
ue

d
 o

n 
p

. 
10



Public Health Reports  /  January–February 2012  /  Volume 127

j G
un

d
og

an
 N

, 
C

ita
k 

S,
 Y

uc
el

 N
, 

D
ev

re
n 

A
. 

A
 n

ot
e 

on
 t

he
 in

ci
d

en
ce

 a
nd

 a
nt

ib
io

tic
 r

es
is

ta
nc

e 
of

 S
ta

p
hy

lo
co

cc
us

 a
ur

eu
s 

is
ol

at
ed

 f
ro

m
 m

ea
t 

an
d

 c
hi

ck
en

 s
am

p
le

s.
 M

ea
t 

Sc
i 2

00
5;

69
:8

07
-1

0.
 

k K
im

 S
H

, 
W

ei
 C

I, 
Tz

ou
 Y

M
, 

A
n 

H
. 

M
ul

tid
ru

g
-r

es
is

ta
nt

 K
le

b
si

el
la

 p
ne

um
on

ia
e 

is
ol

at
ed

 f
ro

m
 f

ar
m

 e
nv

iro
nm

en
ts

 a
nd

 r
et

ai
l p

ro
d

uc
ts

 in
 O

kl
ah

om
a.

 J
 F

oo
d

 P
ro

t 
20

05
;6

8:
20

22
-9

. 
l P

ar
ve

en
 S

, 
Ta

ab
od

i M
, 

Sc
hw

ar
z 

JG
, 

O
sc

ar
 T

P,
 H

ar
te

r-
D

en
ni

s 
J,

 W
hi

te
 D

G
. 

Pr
ev

al
en

ce
 a

nd
 a

nt
im

ic
ro

b
ia

l r
es

is
ta

nc
e 

of
 S

al
m

on
el

la
 r

ec
ov

er
ed

 f
ro

m
 p

ro
ce

ss
ed

 p
ou

ltr
y.

 J
 F

oo
d

 P
ro

t 
20

07
;7

0:
24

66
-7

2.
 

m
Fe

in
 D

, 
B

ur
to

n 
G

, 
Ts

ut
ak

aw
a 

R,
 B

le
nd

en
 D

. 
M

at
ch

in
g

 o
f 

an
tib

io
tic

 r
es

is
ta

nc
e 

p
at

te
rn

s 
of

 E
sc

he
ric

hi
a 

co
li 

of
 f

ar
m

 f
am

ili
es

 a
nd

 t
he

ir 
an

im
al

s.
 J

 In
fe

ct
 D

is
 1

97
4;

13
0:

27
4-

9.
 

n B
ez

an
so

n 
G

S,
 K

ha
kh

ria
 R

, 
B

ol
le

g
ra

af
 E

. 
N

os
oc

om
ia

l o
ut

b
re

ak
 c

au
se

d
 b

y 
an

tib
io

tic
-r

es
is

ta
nt

 s
tr

ai
n 

of
 S

al
m

on
el

la
 t

yp
hi

m
ur

iu
m

 a
cq

ui
re

d
 f

ro
m

 d
ai

ry
 c

at
tle

. 
C

an
 M

ed
 A

ss
oc

 J
 1

98
3;

12
8:

42
6-

7.
 

o R
am

ch
an

d
an

i M
, 

M
an

g
es

 A
R,

 D
eb

Ro
y 

C
, 

Sm
ith

 S
P,

 J
oh

ns
on

 J
R,

 R
ile

y 
LW

. 
Po

ss
ib

le
 a

ni
m

al
 o

rig
in

 o
f 

hu
m

an
-a

ss
oc

ia
te

d
 m

ul
tid

ru
g

-r
es

is
ta

nt
, 

ur
op

at
ho

g
en

ic
 E

sc
he

ric
hi

a 
co

li.
 C

lin
 In

fe
ct

 D
is

 
20

05
;4

0:
25

1-
7.

 
p
Sm

ith
 T

C
, 

M
al

e 
M

J,
 H

ar
p

er
 A

L,
 K

ro
eg

er
 J

S,
 T

in
kl

er
 G

P,
 M

or
itz

 E
D

, 
et

 a
l. 

M
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s 

(M
RS

A
) s

tr
ai

n 
ST

39
8 

is
 p

re
se

nt
 in

 m
id

w
es

te
rn

 U
.S

. 
sw

in
e 

an
d

 s
w

in
e 

w
or

ke
rs

. 
PL

oS
 O

ne
 2

00
9;

4:
e4

25
8.

 
q
En

d
tz

 H
P,

 R
ui

js
 G

J,
 v

an
 K

lin
g

er
en

 B
, 

Ja
ns

en
 W

H
, 

va
n 

d
er

 R
ey

d
en

 T
, 

M
ou

to
n 

RP
. 

Q
ui

no
lo

ne
 r

es
is

ta
nc

e 
in

 c
am

p
yl

ob
ac

te
r 

is
ol

at
ed

 f
ro

m
 m

an
 a

nd
 p

ou
ltr

y 
fo

llo
w

in
g

 t
he

 in
tr

od
uc

tio
n 

of
 

flu
or

oq
ui

no
lo

ne
s 

in
 v

et
er

in
ar

y 
m

ed
ic

in
e.

 J
 A

nt
im

ic
ro

b
 C

he
m

ot
he

r 
19

91
;2

7:
19

9-
20

8.
 

r E
ng

b
er

g
 J

, 
A

ar
es

tr
up

 F
M

, 
Ta

yl
or

 D
E,

 G
er

ne
r-

Sm
id

t 
P,

 N
ac

ha
m

ki
n 

I. 
Q

ui
no

lo
ne

 a
nd

 m
ac

ro
lid

e 
re

si
st

an
ce

 in
 C

am
p

yl
ob

ac
te

r 
je

ju
ni

 a
nd

 C
. 

co
li:

 r
es

is
ta

nc
e 

m
ec

ha
ni

sm
s 

an
d

 t
re

nd
s 

in
 h

um
an

 is
ol

at
es

 
[p

ub
lis

he
d

 e
rr

at
um

 a
p

p
ea

rs
 in

 E
m

er
g

 In
fe

ct
 D

is
 2

00
1;

7:
49

1]
. 

Em
er

g
 In

fe
ct

 D
is

 2
00

1;
7:

24
-3

4.
s U

ni
co

m
b 

LE
, F

er
gu

so
n 

J,
 S

ta
ffo

rd
 R

J,
 A

sh
bo

lt 
R,

 K
irk

 M
D

, B
ec

ke
r 

N
G

, e
t 

al
. L

ow
-le

ve
l fl

uo
ro

qu
in

ol
on

e 
re

si
st

an
ce

 a
m

on
g 

C
am

py
lo

ba
ct

er
 je

ju
ni

 is
ol

at
es

 in
 A

us
tr

al
ia

. C
lin

 In
fe

ct
 D

is
 2

00
6;

42
:1

36
8-

74
. 

t G
up

ta
 A

, 
Fo

nt
an

a 
J,

 C
ro

w
e 

C
, 

B
ol

st
or

ff 
B

, 
St

ou
t 

A
, 

Va
n 

D
uy

ne
 S

, 
et

 a
l. 

Em
er

g
en

ce
 o

f 
m

ul
tid

ru
g

-r
es

is
ta

nt
 S

al
m

on
el

la
 e

nt
er

ic
 s

er
ot

yp
e 

N
ew

p
or

t 
in

fe
ct

io
ns

 r
es

is
ta

nt
 t

o 
ex

p
an

d
ed

-s
p

ec
tr

um
 

ce
p

ha
lo

sp
or

in
s 

in
 t

he
 U

ni
te

d
 S

ta
te

s.
 J

 In
fe

ct
 D

is
 2

00
3;

18
8:

17
07

-1
6.

 
u A

ub
ry

-D
am

on
 H

, 
G

re
ne

t 
K

, 
Sa

ll-
N

d
ia

ye
 P

, 
C

he
 D

, 
C

or
d

ei
ro

 E
, 

B
ou

g
no

ux
 M

E,
 e

t 
al

. 
A

nt
im

ic
ro

b
ia

l r
es

is
ta

nc
e 

in
 c

om
m

en
sa

l fl
or

a 
of

 p
ig

 f
ar

m
er

s.
 E

m
er

g
 In

fe
ct

 D
is

 2
00

4;
10

:8
73

-9
. 

v L
ew

is
 H

C
, 

M
øl

b
ak

 K
, 

Re
es

e 
C

, 
A

ar
es

tr
up

 F
M

, 
Se

lc
ha

u 
M

, 
Sø

ru
m

 M
, 

et
 a

l. 
Pi

g
s 

as
 s

ou
rc

e 
of

 m
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s 

C
C

39
8 

in
fe

ct
io

ns
 in

 h
um

an
s,

 D
en

m
ar

k.
 E

m
er

g
 In

fe
ct

 D
is

 
20

08
;1

4:
13

83
-9

. 
w
Jo

hn
so

n 
JR

, 
Sa

nn
es

 M
R,

 C
ro

y 
C

, 
Jo

hn
st

on
 B

, 
C

la
b

ot
s 

C
, 

K
us

ko
w

sk
i M

A
, 

et
 a

l. 
A

nt
im

ic
ro

b
ia

l d
ru

g
-r

es
is

ta
nt

 E
sc

he
ric

hi
a 

co
li 

fr
om

 h
um

an
s 

an
d

 p
ou

ltr
y 

p
ro

d
uc

ts
, 

M
in

ne
so

ta
 a

nd
 W

is
co

ns
in

, 
20

02
–2

00
4.

 E
m

er
g

 In
fe

ct
 D

is
 2

00
7;

13
:8

38
-4

6.
 

V
RE

 5
 v

an
co

m
yc

in
-r

es
is

ta
nt

 e
nt

er
oc

oc
ci

E.
 c

ol
i 5

 E
sc

he
ric

hi
a 

co
li

M
RS

A
 5

 m
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s

M
RS

A
 C

C
39

8 
5

 m
et

hi
ci

lli
n-

re
si

st
an

t 
St

ap
hy

lo
co

cc
us

 a
ur

eu
s 

cl
on

al
 c

om
p

le
x 

39
8

Fi
g

ur
e 

1 
(c

o
nt

in
ue

d
).

 L
it

er
at

ur
e 

p
ro

vi
d

in
g

 e
vi

d
en

ce
 i

n 
su

p
p

o
rt

 o
f 

an
 a

ss
o

ci
at

io
n 

b
et

w
ee

n 
an

ti
b

io
ti

c 
us

e 
in

 f
o

o
d

 a
ni

m
al

s 
 

an
d

 a
nt

ib
io

ti
c-

re
si

st
an

t 
b

ac
te

ri
a 

in
 h

um
an

s 



Antibiotic Use in Food Animals    11

Public Health Reports  /  January–February 2012  /  Volume 127

studies, case-control studies, and randomized trials 
whose results suggest a potential relationship between 
antibiotic use in food animals and antibiotic resistance 
in humans. 

Literature on the risks and benefits  
of antibiotic use in food animals 
To understand how antibiotic use in agriculture might 
impact the emergence of antibiotic resistance, it is 
essential to consider the complex interaction of ele-
ments in the physical environment (e.g., air, soil, and 
water) with social exchanges (e.g., between animals 
within a herd, farmers and animals, and domestic 
poultry and migratory birds), in processing steps 
(e.g., farming activities, transportation, and storage), 
and in human use patterns (e.g., food preparation, 
meat consumption, and susceptibility to infection) 
(Figure 2). Antibiotic use in animals can have direct 
and indirect effects on human health: direct effects 
are those that can be causally linked to contact with 

antibiotic-resistant bacteria from food animals, and 
indirect effects are those that result from contact with 
resistant organisms that have been spread to various 
components of the ecosystem (e.g., water and soil) as 
a result of antibiotic use in food animals (Figure 3). 

Given the multitude of factors that contribute to the 
pathways by which antibiotic use in food animals could 
pose risks to human health, it is not surprising that a 
wide variety of methods has been used by researchers in 
various disciplines to approach the problem. In general, 
risk assessment models in veterinary medicine empha-
size animal health and treatment of diseases in animals, 
food scientists’ studies focus on the safety of human 
food supplies and the presence of antibiotic-resistant 
bacteria on food products, clinicians and epidemiolo-
gists investigate human outbreaks caused by resistant 
infections for which animals are identified as primary 
sources, and molecular biologists examine relationships 
between resistant strains and the prevalence of specific 
resistance genes in human and animal bacteria. It is 

Figure 2. Proposed mechanisms of transmission of antibiotic resistancea

aHealth Canada, Veterinary Drugs Directorate. Uses of antimicrobials in food animals in Canada: impact on resistance and human health. 
June 2002 [cited 2010 Nov 11]. Available from: URL: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/pubs/amr-ram_final_report-
rapport_06-27-eng.pdf. Reproduced with the permission of the Minister of Public Works and Government Services, Canada. ©2010 Health 
Canada.
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unlikely that any single study will be able to fully and 
accurately quantify the relationship between antibi-
otic use in food animals and infections in humans. At 
best, only crude estimates of the etiologic fraction or 
“impact fraction” can be made for specific links in the 
ecologic chain.31 

Several mathematical models have been proposed 
to quantify the overall risk associated with antibiotic 
use in animals, typically by estimating the prevalence 
of infection with a specific organism and its associated 
morbidity, and then multiplying by the proportion of 
these infections believed to be attributable to antibi-
otic use in food animals. While models of this nature 
have been rightfully criticized for failing to include 
indirect risk and, consequently, underestimating total 
potential risk, felicitous risk assessment strategies must 
also consider the potential benefits of antibiotic use in 
food animals. Even though agricultural antibiotic use 
carries a demonstrated risk, there are likely benefits to 
the agricultural use of antibiotics as well. For example, 
reducing animal microbial load and shedding could 
lead to safer, more affordable food. However, many of 
the claims of benefit have not been fully demonstrated 
in large-scale trials, and other trials have shown that 
the overall impact of the short-term benefit is poorly 
described. 

The U.S. Food and Drug Administration (FDA) 
requires manufacturers of new antibiotics to perform 
risk assessments to demonstrate that new drugs are 
safe and effective for use in animals and that “there 
is reasonable certainty of no harm to human health 
from the proposed use of the drug in food-producing 
animals.”32 To evaluate potential human health conse-
quences, the FDA employs a qualitative framework to 
classify as “low,” “medium,” or “high” the probabilities 
that bacteria in the animal population will acquire 
resistance, that humans will ingest the resistant bacteria 
in food products, and that ingesting the bacteria will 
result in adverse health outcomes (Figure 4). Drug 

approval decisions are based on these risk estimations, 
along with information about proposed marketing sta-
tus (e.g., prescription, over-the-counter, or veterinary 
feed additives), extent of limitations on extra-label use, 
and intended use patterns (e.g., duration of use and 
administration to individual animals vs. select groups 
of animals vs. flocks or herds of animals). “High-risk” 
drugs may be approved if the FDA determines that 
human health risk can be mitigated. “Medium-risk” 
drugs could be approved if appropriate label restric-
tions are required. 

In addition to the direct risk assessment model, the 
FDA has developed guidance to determine the risk 
of antibiotic residues remaining on food products.32 
This guidance recommends determining the impact 
of antibiotic residues on normal human intestinal flora 
and the presence of resistance in these strains, and it 
provides guidelines for the calculation of Acceptable 
Daily Intake (ADI) for antibiotic residues that pose an 
appreciable risk to human health. 

Guidelines and recommendations on  
the use of antibiotics in food animals 
Given the importance of antibiotic resistance as a public 
health problem, many governments and professional 
societies have reviewed existing scientific evidence and 
developed recommendations to limit all types of antibi-
otic use, including use in food animals. Depending on 
the nature and jurisdiction of each group, the findings 
may provide best practice guidelines for antibiotic use, 
prioritized agendas for research on the emergence of 
antibiotic resistance, recommendations for legislative 
action to regulate drug approval and surveillance 
processes, or enforceable laws on the manufacture, 
distribution, and prescription of antibiotics. Figure 5 
summarizes recommendations directly related to use 
of antibiotics in food animal production for a sample 
of national and international guidance and policy 
documents. 

Figure 3. Examples of direct and indirect effects of antibiotic use in food animals on human health 

Direct effects Indirect effects 

Exposure to farm animals treated with antibiotics causes 
increased risk of resistant colonization or infection in humans. 

Transport of animals causes dispersion of resistant bacteria along 
route. 

Consumption of food contaminated with antibiotic-resistant 
bacteria causes an outbreak of resistant diarrheal disease. 

Mobile genetic elements from antibiotic-resistant bacteria in 
animals are incorporated into pathogens that cause cases of human 
infection. 

Consumption of antibiotic-containing meat products induces 
resistance in normal flora of the human gastrointestinal tract. 

Resistant bacteria from animal waste used as fertilizer cause 
contamination of water supply and alterations in human flora. 
Companion animal contact with antibiotic-resistant-containing pet 
food results in animal or human colonization and infection. 
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Figure 4. U.S. Food and Drug Administration risk assessment model for the  
impact of antibiotics on human healtha
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DISCUSSION 

Despite increasingly widespread recognition that 
antibiotic use in food animals is an important con-
tributor to human infections with antibiotic-resistant 
bacteria (Figure 1), there remains a significant need 
for scientific evidence of the antibiotic use practices 
that create the greatest human health risk. Our goal 
with this article was not to propose specific solutions 
to the problem—in part because we believe there are 
no easy, specific answers—but rather to reiterate and 
summarize the importance of this issue and to suggest 
some general policy directions that are indicated. As 
the importance of the problem and complexity of the 
issues are increasingly appreciated by the public, policy 
dialogue, focused research, and informed regulatory 
action can be undertaken. To facilitate further research 
and timely action in response to emerging knowledge 
on this issue, we propose the following measures, 
which are in concert with WHO’s global strategy for 
the containment of antimicrobial resistance, the U.S. 
Interagency Task Force on Antibiotic Resistance’s 
public health action plan to combat antimicrobial resis-
tance, and the Infectious Diseases Society of America’s 
call to action.33–35 

Develop a scientific agenda to recommend 
appropriate study designs and specific aims related 
to antimicrobial use in food animals 
A coordinated plan is needed to identify missing scien-
tific data and to specify research designs and methods 
to address these needs. Although rigorous studies have 
been conducted in some disciplines, there has been a 
lack of serious and harmonized interdisciplinary effort 
to expand on the corpus of knowledge, which should be 
used to inform public policy. To result in a useful and 
complete list of research priorities, the agenda must 
include contributions by experts in basic sciences (e.g., 
genetics and microbiology), clinical sciences (e.g., vet-
erinary medicine and human medicine), public health 
(e.g., epidemiology and nursing), social sciences (e.g., 
anthropology and sociology), economics (e.g., health 
and agriculture), and public policy (e.g., legislative and 
regulatory). Research goals put forth in the agenda 
should be reflective of methodological weaknesses iden-
tified in the existing literature. For example, definitions 
of antibiotic uses in food animals (e.g., therapeutic and 
subtherapeutic) should be standardized and designed 
to reflect specific goals (e.g., improving production or 
preventing economic loss from unrestrained disease); 
the terms should be recognized across disciplines and 
used to classify the potential effects of different types 
of antibiotic use on human health. Another potential 
focus could be whether to approach research on the 

development of resistance narrowly (i.e., the causes 
and effects of specific drug-organism combinations) 
or broadly (i.e., the causes and effects of all antibiotics 
used in animals on microbial flora) to develop public 
health recommendations. 

Fund agricultural research that reflects the  
priorities identified by the research agenda
Inadequate funding for agricultural research has likely 
contributed to the lack of sufficient scientific evidence 
necessary for informing public health decisions. For 
example, in the United States, it was recently estimated 
that the $101 billion in combined governmental and 
biomedical industry research funding represents almost 
5% of national health expenditures each year.36 In 
2007, the U.S. Department of Agriculture provided 
more than $32 million in external research funding, 
representing less than one one-thousandth of 1% of 
annual U.S. livestock and poultry sales.37 In contrast, 
one single Institute within the National Institutes of 
Health—the National Institute of Allergy and Infectious 
Diseases—directed more than 20 times this amount 
to antimicrobial resistance research (more than $800 
million) in the same year.38 Given the scale of the 
antibiotic resistance problem and the demonstrated 
role of agricultural antibiotic uses in this impending 
public health crisis, adequate support for research 
specific to the role of agricultural uses of antibiotics 
in the development of resistance must be a national 
priority. Considering that the U.S. funds 70% to 80% 
of biomedical research worldwide, the need for appro-
priate levels of funding is especially acute.36 

Urgently address barriers to the collection and 
analysis of antimicrobial use data 
Complex political, economic, and social barriers limit 
the quality of data on the use of antibiotics in food ani-
mals. Currently, such data are provided on a voluntary 
basis, and the methods used to collect and compile 
reports are not standardized or fully transparent. While 
voluntary industry compliance with antibiotic report-
ing is commendable, the long-term effectiveness of 
nonbinding auditing programs is unproven. Effective 
surveillance of veterinary antimicrobial production 
and administration to food animals is a key first step 
toward ascertaining realistic estimates of the full scope 
of antibiotic use. These data will be useless, however, 
unless an agency with adequate analytic, regulatory, 
and enforcement capabilities exists. Because the com-
mercial interests of antibiotic manufacturers must be 
appropriately balanced with the public health urgency 
for development of new antibiotics, any agency tasked 
with monitoring antibiotic resistance must operate 
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independently of commercial influences when releas-
ing data to the public and drafting evidence-based 
regulations to safeguard human health. 

CONCLUSION 

It is evident that at present, the resources devoted to 
studying the role of antibiotic use in food animals—
both in terms of funding and scientific inquiry—are 
insufficient. It is now critical that agricultural use of 
antibiotics be recognized as one of the major con-
tributors to the development of resistant organisms 
that result in life-threatening human infections and 
included as part of the strategy to control the mounting 
public health crisis of antibiotic resistance. 

During portions of this project, Dr. Landers was supported by a 
training grant from the National Institute of Nursing Research, 
National Institutes of Health (Training in Interdisciplinary 
Research to Reduce Antimicrobial Resistance; T90 NR010824).
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