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A
n
tib

io
tic u

se
 p

lays a m
ajo

r ro
le

 in
 th

e
 e

m
e

rg
in

g
 p

u
b

lic h
e

alth
 crisis o

f an
ti-

b
io

tic re
sistan

ce
. A

lth
o

u
g

h
 th

e
 m

ajo
rity o

f an
tib

io
tic u

se
 o

ccu
rs in

 ag
ricu

ltu
ral 

se
ttin

g
s, re

lative
ly little

 atte
n

tio
n

 h
as b

e
e

n
 p

aid
 to

 h
o

w
 an

tib
io

tic u
se

 in
 farm

 
an

im
als co

n
trib

u
te

s to
 th

e
 o

ve
rall p

ro
b

le
m

 o
f an

tib
io

tic re
sistan

ce
. T

h
e

 aim
 o

f 
th

is re
vie

w
 is to

 su
m

m
arize

 lite
ratu

re
 o

n
 th

e
 ro

le
 o

f an
tib

io
tics in

 th
e

 d
e
ve

lo
p

-
m

e
n
t o

f re
sistan

ce
 an

d
 its risk to

 h
u

m
an

 h
e

alth
. W

e
 se

arch
e

d
 m

u
ltip

le
 d

ata-
b

ase
s to

 id
e

n
tify m

ajo
r lin

e
s o

f arg
u

m
e

n
t su

p
p

o
rtin

g
 th

e
 ro

le
 o

f ag
ricu

ltu
ral 

an
tib

io
tic u

se
 in

 th
e

 d
e

ve
lo

p
m

e
n

t o
f re

sistan
ce

 an
d

 to
 su

m
m

arize
 e

xistin
g

 re
g

u
-

lato
ry an

d
 p

o
licy d

o
cu

m
e

n
ts. S

e
ve

ral lin
e

s o
f re

aso
n

in
g

 su
p

p
o

rt th
e

 co
n
clu

sio
n
 

th
at ag

ricu
ltu

ral an
tib

io
tics are

 asso
ciate

d
 w

ith
 re

sistan
ce

, ye
t m

o
st p

u
b

lic 
p

o
licy is b

ase
d

 o
n

 e
xp

e
rt o

p
in

io
n

 an
d

 co
n

se
n

su
s. F

in
ally, w

e
 p

ro
p

o
se

 strate
g

ie
s 

to
 ad

d
re

ss cu
rre

n
t g

ap
s in

 kn
o

w
le

d
g

e
.
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A
n

tib
io

tic resistan
ce is a lo

o
m

in
g
 p

u
b

lic h
ealth

 crisis. 
W

h
ile o

n
ce b

elieved
 to

 b
e th

e p
ro

vin
ce o

f h
o

sp
itals 

an
d

 o
th

er h
ealth

-care facilities, a h
o

st o
f co

m
m

u
n

ity 
facto

rs are n
o

w
 k

n
o

w
n

 to
 p

ro
m

o
te an

tib
io

tic resistan
ce, 

an
d

 co
m

m
u

n
ity-asso

ciated
 resistan

t strain
s h

ave n
o

w
 

b
een

 im
p

licated
 as th

e cau
se o

f m
an

y h
o

sp
ital-acq

u
ired

 
in

fectio
n

s. 1
,2 A

n
 in

h
eren

t co
n

seq
u

en
ce o

f ex
p

o
su

re to
 

an
tib

io
tic co

m
p

o
u

n
d

s, an
tib

io
tic resistan

ce arises as 
a resu

lt o
f n

atu
ral selectio

n
. 3 D

u
e to

 n
o

rm
al g

en
etic 

variatio
n

 in
 b

acterial p
o

p
u

latio
n

s, in
d

ivid
u

al o
rg

an
ism

s 
m

ay carry m
u

tatio
n

s th
at ren

d
er an

tib
io

tics in
effective, 

co
n

veyin
g
 a su

rvival ad
van

tag
e to

 th
e m

u
tated

 strain
. 

In
 th

e p
resen

ce o
f an

tib
io

tics, ad
van

tag
eo

u
s m

u
tatio

n
s 

can
 also

 b
e tran

sferred
 via p

lasm
id

 ex
ch

an
g
e w

ith
in

 
th

e b
acterial co

lo
n

y, resu
ltin

g
 in

 p
ro

liferatio
n

 o
f th

e 
resistan

ce trait. 4 T
h

e em
erg

en
ce o

f d
ru

g
 resistan

ce 
h

as b
een

 o
b

served
 fo

llo
w

in
g
 th

e in
tro

d
u

ctio
n

 o
f each

 
n

ew
 class o

f an
tib

io
tics, an

d
 th

e th
reat is co

m
p

o
u

n
d

ed
 

b
y 

a 
slo

w
 

d
ru

g
 

d
e
ve

lo
p

m
e
n

t 
p

ip
e
lin

e
 

an
d

 
lim

ite
d

 
in

vestm
en

t in
 th

e d
isco

very an
d

 d
evelo

p
m

en
t o

f n
ew

 
an

tib
io

tic ag
en

ts. 5
–7 

In
tern

atio
n

al, n
atio

n
al, an

d
 lo

cal an
tib

io
tic stew

ard
-

sh
ip

 cam
p

aig
n

s h
ave b

een
 d

evelo
p

ed
 to

 en
co

u
rag

e 
p

ru
d

en
t 

u
se 

o
f 

an
d

 
lim

it 
u

n
n

ecessary 
ex

p
o

su
re 

to
 

an
tib

io
tics, w

ith
 th

e u
ltim

ate g
o

al o
f p

reservin
g

 th
eir 

e
ffe

ctive
n

e
ss 

fo
r 

se
rio

u
s 

an
d

 
life

-th
re

ate
n

in
g

 
in

fe
c-

tio
n

s. 8
,9 In

 p
ractice, h

o
w

ever, clin
ician

s m
u

st b
alan

ce 
th

e u
tilitarian

 g
o

al o
f p

reservin
g
 th

e effectiven
ess o

f 
an

tib
io

tics w
ith

 eth
ical o

b
lig

atio
n

s to
 p

atien
ts w

h
o

 p
res-

en
t w

ith
 co

n
d

itio
n

s th
at are u

n
lik

ely to
 b

e h
arm

ed
 an

d
 

m
ay b

en
e

t fro
m

 an
tib

io
tic u

se. T
h

ere is also
 co

n
sid

er-
ab

le d
eb

ate in
 veterin

ary m
ed

icin
e reg

ard
in

g
 u

se o
f 

an
tib

io
tics in

 an
im

als raised
 fo

r h
u

m
an

 co
n

su
m

p
tio

n
 

(fo
o

d
 an

im
als). T

h
e p

o
ten

tial th
reat to

 h
u

m
an

 h
ealth

 
resu

ltin
g
 fro

m
 in

ap
p

ro
p

riate an
tib

io
tic u

se in
 fo

o
d

 
an

im
als is sig

n
i

can
t, as p

ath
o

g
en

ic-resistan
t o

rg
an

ism
s 

p
ro

p
ag

ated
 in

 th
ese livesto

ck
 are p

o
ised

 to
 en

ter th
e 

fo
o

d
 su

p
p

ly an
d

 co
u

ld
 b

e w
id

ely d
issem

in
ated

 in
 fo

o
d

 
p

ro
d

u
cts. 1

0
–1

5 C
o

m
m

en
sal b

acteria fo
u

n
d

 in
 livesto

ck
 

are 
freq

u
en

tly 
p

resen
t 

in
 
fresh

 
m

eat 
p

ro
d

u
cts 

an
d

 
m

ay serve as reservo
irs fo

r resistan
t g

en
es th

at co
u

ld
 

p
o

ten
tially b

e tran
sferred

 to
 p

ath
o

g
en

ic o
rg

an
ism

s in
 

h
u

m
an

s. 1
6
,1

7

W
h

ile an
tib

io
tic u

se in
 fo

o
d

 an
im

als m
ay rep

resen
t 

a risk
 to

 h
u

m
an

 h
ealth

, th
e d

eg
ree an

d
 relative im

p
act 

h
ave 

n
o

t 
b

een
 

w
ell 

ch
aracterized

. 
G

iven
 

d
iverg

en
t 

stak
eh

o
ld

er in
terests an

d
 in

ad
eq

u
ate research

 to
 d

ate, 
p

u
b

lic p
o

licy d
iscu

ssio
n

s o
f th

is issu
e are o

ften
 co

n
ten

-
tio

u
s an

d
 h

ig
h

ly p
o

larized
. T

h
e aim

 o
f th

is review
 is to

 
ex

am
in

e th
e sco

p
e an

d
 n

atu
re o

f an
tib

io
tic u

se in
 fo

o
d

 
an

im
als an

d
 su

m
m

arize its p
o

ten
tial im

p
act o

n
 h

u
m

an
 

h
ealth

. W
e also

 review
 k

ey n
atio

n
al an

d
 in

tern
atio

n
al 

p
o

licies o
n

 u
se o

f an
tib

io
tics in

 fo
o

d
 an

im
als. F

in
ally, w

e 

p
ro

p
o

se fu
tu

re d
irectio

n
s fo

r research
 an

d
 m

o
n

ito
rin

g
 

o
f th

e ag
ricu

ltu
ral u

se o
f an

tib
io

tics.
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W
e search
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 th

ree o
n

lin
e d

atab
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f m
ed

ical an
d

 
scie

n
ti

c 
lite

ratu
re

 
citatio

n
s—

th
e
 

N
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n
al 

L
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o

f 
M

ed
icin

e’s 
M

E
D

L
IN

E
®, 
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e 

U
.S

. 
D

ep
artm

en
t 

o
f 

A
g

ricu
ltu

re’s 
N

atio
n

al 
A

g
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ltu
ral 

L
ib

rary 
C

atalo
g
 

(k
n

o
w

n
 as A

G
R

IC
O

L
A

), an
d

 T
h

o
m

so
n

 R
eu

ter’s W
eb

 
o

f 
S

cie
n

ce
—

fo
r 

E
n

g
lish

-lan
g

u
ag

e
 

d
o

cu
m

e
n

ts 
fro

m
 

1
9

9
4

–2
0

0
9

 co
n

tain
in

g
 th

e k
eyw

o
rd

s “an
tib

io
tic,” “an

ti-
b

io
tic resistan

ce,” “an
tim

icro
b

ial,” “an
tim

icro
b

ial resis-
tan

ce,” “ag
ricu

ltu
re,” “livesto

ck
,” “fo

o
d

 an
im

al,” “farm
 

an
im

al,” “p
ig

,” “sw
in

e,” “cattle,” “co
w

,” “p
o

u
ltry,” an

d
 

“ch
ick

en
.” T

w
o

 au
th

o
rs review

ed
 th

e referen
ces an

d
 

selected
 
ex

em
p

lary 
o

rig
in

al 
research

 
articles 

ex
am

-
in

in
g

 th
e asso

ciatio
n

 b
etw

een
 an

tib
io

tic u
se in

 fo
o

d
 

an
im

als an
d

 an
tib

io
tic-resistan

t b
acteria in

 h
u

m
an

s. 
W

e also
 p

erfo
rm

ed
 search

es o
f th

e R
O

A
R

 C
o

m
m

en
sal 

L
iteratu

re D
atab

ase (p
art o

f th
e R

eservo
irs o

f A
n

tib
i-

o
tic R

esistan
ce [R

O
A

R
] p

ro
ject, co

o
rd

in
ated

 b
y th

e 
A

llian
ce fo

r P
ru

d
en

t U
se o

f A
n

tib
io

tics an
d

 fu
n

d
ed

 
b

y a g
ran

t fro
m

 th
e N

atio
n

al In
stitu

te o
f A

llerg
y an

d
 

In
fectio

u
s D

iseases) an
d

 th
e W

o
rld

 H
ealth

 O
rg

an
iza-

tio
n

 (W
H

O
) w

eb
site to

 id
en

tify research
 articles an

d
 

p
o

licy d
o

cu
m

en
ts p

ertain
in

g
 to

 an
tib

io
tic u

se in
 fo

o
d

 
an

im
als. A

n
 o

n
lin

e search
 en

g
in

e w
as u

sed
 to

 lo
cate 

p
o

licy statem
en

ts p
u

b
lish

ed
 b

y g
o

vern
m

en
tal ag

en
cies. 

R
E

S
U

L
T
S
 

In
 o

u
r review

, w
e fo

u
n

d
 th

at th
e u

se o
f an

tib
io

tics in
 

fo
o

d
 an

im
als is w

id
esp

read
, yet p

o
o

rly ch
aracterized

. 
F

u
rth

erm
o

re, in
 ex

istin
g

 stu
d

ies, n
eith

er th
e risk

s to
 

h
u

m
an

 h
ealth

 n
o

r th
e b

en
e

ts to
 an

im
al p

ro
d

u
ctio

n
 

h
ave b

een
 w

ell stu
d

ied
. W

e also
 fo

u
n

d
 a lack

 o
f co

n
-

sisten
cy in

 n
atio

n
al an

d
 in

tern
atio

n
al p

o
licies.

In
 th

e fo
llo

w
in

g
 sectio

n
s, w

e review
 th

e cu
rren

t 
literatu

re o
n

 th
e n

atu
re an

d
 sco

p
e o

f an
tib

io
tic u

se in
 

fo
o

d
 an

im
als, an

d
 o

n
 th

e ep
id

em
io

lo
g

ic lin
k

s b
etw

een
 

u
se o

f an
tib

io
tics in

 fo
o

d
 an

im
als an

d
 resistan

ce in
 

h
u

m
an

s. W
e th

en
 p

ro
vid

e an
 o

verview
 o

f th
e co

m
p

lex
 

risk
 an

alysis fram
ew

o
rk

 req
u

ired
 to

 u
n

d
erstan

d
 th

is 
p

ro
b

lem
. F

in
ally, w

e review
 k

ey n
atio

n
al an

d
 in

tern
a-

tio
n

al p
o

licy an
d

 reg
u

lato
ry reco

m
m

en
d

atio
n

s.

L
ite

ratu
re

 o
n

 th
e
 n

atu
re

 an
d

 sco
p

e
  

o
f an

tib
io

tic u
se

 in
 fo

o
d

 an
im

als 
T

h
e h

ig
h

 p
o

p
u

latio
n

 d
en

sity o
f m

o
d

ern
 in

ten
sively 

m
an

ag
ed

 
livesto

ck
 

o
p

eratio
n

s 
resu

lts 
in

 
sh

arin
g

 
o

f 
b

o
th

 co
m

m
en

sal �
o

ra an
d

 p
ath

o
g

en
s, w

h
ich

 can
 b

e 
co

n
d

u
cive to

 rap
id

 d
issem

in
atio

n
 o

f in
fectio

u
s ag

en
ts. 
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A
s a resu

lt, livesto
ck

 in
 th

ese en
viro

n
m

en
ts co

m
m

o
n

ly 
req

u
ire ag

g
ressive in

fectio
n

 m
an

ag
em

en
t strateg

ies, 
w

h
ich

 o
ften

 in
clu

d
e th

e u
se o

f an
tib

io
tic th

erap
y. 

A
n

tib
io

tics are u
sed

 in
 fo

o
d

 an
im

als to
 treat clin

i-
cal d

isease, to
 p

reven
t an

d
 co

n
tro

l co
m

m
o

n
 d

isease 
even

ts, an
d

 to
 en

h
an

ce an
im

al g
ro

w
th

. 1
8 T

h
e d

ifferen
t 

ap
p

licatio
n

s o
f an

tib
io

tics in
 fo

o
d

 an
im

als h
ave b

een
 

d
escrib

ed
 as th

erap
eu

tic u
se, p

ro
p

h
ylactic u

se, an
d

 
su

b
th

erap
eu

tic u
se. A

n
tib

io
tics can

 b
e u

sed
 to

 treat a 
sin

g
le an

im
al w

ith
 clin

ical d
isease o

r a larg
e g

ro
u

p
 o

f 
an

im
als. H

o
w

ever, th
ese vario

u
s u

ses are freq
u

en
tly 

in
d

istin
ct; d

e
n

itio
n

s o
f each

 typ
e o

f u
se vary, an

d
 th

e 
ap

p
ro

ach
es are o

ften
 ap

p
lied

 co
n

cu
rren

tly in
 livesto

ck
 

p
o

p
u

latio
n

s. 1
9 F

o
r ex

am
p

le, 1
6
%

 o
f all lactatin

g
 d

airy 
co

w
s in

 th
e U

.S
. receive an

tib
io

tic th
erap

y fo
r clin

ical 
m

astitis each
 year, b

u
t n

early all d
airy co

w
s receive in

tra-
m

am
m

ary in
fu

sio
n

s o
f p

ro
p

h
ylactic d

o
ses o

f an
tib

io
tics 

fo
llo

w
in

g
 each

 lactatio
n

 to
 p

reven
t an

d
 co

n
tro

l fu
tu

re 
m

astitis—
p

rim
arily w

ith
 p

en
icillin

s, cep
h

alo
sp

o
rin

s, o
r 

o
th

er b
eta-lactam

 d
ru

g
s. 2

0 S
im

ilarly, 1
5
%

 o
f b

eef calves 
th

at en
ter feed

lo
ts receive an

tib
io

tics fo
r th

e treatm
en

t 
o

f clin
ical resp

irato
ry d

isease, b
u

t th
erap

eu
tic an

tib
i-

o
tic d

o
ses are also

 ad
m

in
istered

 to
 1

0
%

 o
f ap

p
aren

tly 
h

ealth
y 

calves 
to

 
m

itig
ate 

an
ticip

ated
 

o
u

tb
reak

s 
o

f 
resp

irato
ry d

isease. 2
1 F

o
rty-tw

o
 p

ercen
t o

f b
eef calves 

in
 

feed
lo

ts 
are 

fed
 

tylo
sin

—
a 

veterin
ary 

m
acro

lid
e 

d
ru

g
—

to
 p

reven
t liver ab

scesses th
at n

eg
atively im

p
act 

g
ro

w
th

, an
d

 ap
p

ro
x
im

ately 8
8
%

 o
f g

ro
w

in
g
 sw

in
e in

 
th

e U
.S

. receive an
tib

io
tics in

 th
eir feed

 fo
r d

isease 
p

re
ve

n
tio

n
 

an
d

 
g

ro
w

th
 

p
ro

m
o

tio
n

 
p

u
rp

o
se

s, 
co

m
-

m
o

n
ly tetracyclin

es o
r tylo

sin
. 2

2 M
o

st an
tib

io
tic u

se in
 

livesto
ck

 req
u

ires a veterin
ary p

rescrip
tio

n
, alth

o
u

g
h

 
in

d
ivid

u
al treatm

en
t d

ecisio
n

s are o
ften

 m
ad

e an
d

 
ad

m
in

istered
 b

y lay farm
 w

o
rk

ers in
 acco

rd
an

ce w
ith

 
g
u

id
elin

es p
ro

vid
ed

 b
y a veterin

arian
. 2

3
,2

4

D
esp

ite th
e w

id
esp

read
 ad

o
p

tio
n

 o
f an

tib
io

tic u
se 

in
 fo

o
d

 an
im

als, reliab
le d

ata ab
o

u
t th

e q
u

an
tity an

d
 

p
attern

s o
f u

se (e.g
., d

o
se an

d
 freq

u
en

cy) are n
o

t 
availab

le. 2
5 Q

u
an

tifyin
g
 an

tib
io

tic u
se in

 fo
o

d
 an

im
als 

is ch
allen

g
in

g
 d

u
e to

 variatio
n

s in
 stu

d
y o

b
jectives—

in
ve

stig
ato

rs 
m

ay 
m

e
asu

re
 

o
n

ly 
th

e
rap

e
u

tic 
u

se
s, 

o
n

ly n
o

n
th

erap
eu

tic u
ses, o

r a co
m

b
in

atio
n

 th
ereo

f, 
d

ep
en

d
in

g
 o

n
 th

eir o
u

tco
m

e o
f in

terest—
an

d
 lack

 o
f 

clarity su
rro

u
n

d
in

g
 th

e d
e

n
itio

n
s o

f th
erap

eu
tic vs. 

n
o

n
th

erap
eu

tic u
ses. 2

6 A
lth

o
u

g
h

 lim
ited

, th
e availab

le 
d

ata su
g
g
est th

at fo
o

d
 an

im
al p

ro
d

u
ctio

n
 is resp

o
n

sib
le 

fo
r a sig

n
i

can
t p

ro
p

o
rtio

n
 o

f an
tib

io
tic u

se. In
 1

9
8

9
, 

th
e In

stitu
te o

f M
ed

icin
e estim

ated
 th

at ap
p

ro
x
im

ately 
h

alf 
o

f 
th

e
 

3
1

.9
 

m
illio

n
 

p
o

u
n

d
s 

o
f 

an
tim

icro
b

ials 
co

n
su

m
ed

 in
 th

e U
.S

. w
ere fo

r n
o

n
th

erap
eu

tic u
se 

in
 an

im
als. 2

7 M
o

re recen
t estim

ates b
y th

e U
n

io
n

 o
f 

C
o

n
cern

ed
 

S
cien

tists, 
an

 
ad

vo
cacy 

g
ro

u
p

 
th

at 
su

p
-

p
o

rts red
u

ced
 ag

ricu
ltu

ral an
tim

icro
b

ial u
se, su

g
g

est 

th
at 2

4
.6

 m
illio

n
 p

o
u

n
d

s o
f an

tim
icro

b
ials are u

sed
 

fo
r n

o
n

th
erap

eu
tic p

u
rp

o
ses in

 ch
ick

en
s, cattle, an

d
 

sw
in

e, co
m

p
ared

 w
ith

 ju
st 3

.0
 m

illio
n

 p
o

u
n

d
s u

sed
 fo

r 
h

u
m

an
 m

ed
icin

e. C
alcu

latio
n

s b
y th

e p
h

arm
aceu

tical 
in

d
u

stry-sp
o

n
so

red
 A

n
im

al H
ealth

 In
stitu

te are m
o

re 
co

n
servative, su

g
g

estin
g

 th
at o

f 1
7

.8
 m

illio
n

 p
o

u
n

d
s 

o
f an

tim
icro

b
ials u

sed
 fo

r an
im

als, o
n

ly 3
.1

 m
illio

n
 

p
o

u
n

d
s are u

sed
 n

o
n

th
erap

eu
tically. 2

6 T
w

elve classes 
o

f an
tim

icro
b

ials—
arsen

icals, p
o

lyp
ep

tid
es, g

lyco
lip

id
s, 

te
tracyclin

e
s, 

e
lfam

ycin
s, 

m
acro

lid
e
s, 

lin
co

sam
id

e
s, 

p
o

lyeth
ers, b

eta-lactam
s, q

u
in

o
x
alin

es, strep
to

g
ram

in
s, 

an
d

 
su

lfo
n

am
id

es—
m

ay 
b

e 
u

sed
 

at 
d

ifferen
t 

tim
es 

in
 th

e life cycle o
f p

o
u

ltry, cattle, an
d

 sw
in

e. 2
5 W

h
ile 

so
m

e o
f th

e an
tim

icro
b

ials u
sed

 in
 an

im
als are n

o
t 

cu
rren

tly u
sed

 to
 treat h

u
m

an
 d

isease, m
an

y, su
ch

 as 
tetracyclin

es, p
en

icillin
s, an

d
 su

lfo
n

am
id

es, are also
 

u
sed

 in
 th

e treatm
en

t o
f in

fectio
n

s in
 h

u
m

an
s. 2

6 T
h

e 
W

H
O

 h
as d

evelo
p

ed
 criteria fo

r th
e classi

catio
n

 o
f 

an
tib

io
tics as “critically im

p
o

rtan
t,” “h

ig
h

ly im
p

o
rtan

t,” 
an

d
 “im

p
o

rtan
t” b

ased
 o

n
 th

eir im
p

o
rtan

ce in
 th

e 
treatm

en
t o

f h
u

m
an

 d
isease. 2

8
,2

9

H
o

w
ever, o

th
er classes o

f an
tim

icro
b

ials u
sed

 in
 

ag
ricu

ltu
re h

ave n
o

t led
 to

 co
n

cern
s ab

o
u

t d
issem

in
a-

tio
n

 o
f resistan

ce in
 h

u
m

an
s. F

o
r ex

am
p

le, so
m

e o
f 

th
e m

o
st freq

u
en

tly u
sed

 an
tib

io
tics in

 ru
m

in
an

ts are 
io

n
o

p
h

o
res, a d

istin
ctive class o

f an
tib

io
tics th

at alter 
in

testin
al �

o
ra to

 ach
ieve in

creased
 en

erg
y an

d
 am

in
o

 
acid

 
availab

ility 
an

d
 

im
p

ro
ve

d
 

n
u

trie
n

t 
u

tilizatio
n

. 
M

o
st b

eef calves in
 feed

lo
ts an

d
 so

m
e d

airy h
eifers 

receive th
is d

ru
g

 ro
u

tin
ely in

 th
eir feed

. B
ecau

se o
f 

th
eir sp

eci
c m

o
d

e o
f actio

n
, io

n
o

p
h

o
res h

ave n
ever 

b
een

 u
sed

 in
 h

u
m

an
s o

r th
erap

eu
tically in

 an
im

als. 
W

h
ile so

m
e b

acteria are in
trin

sically resistan
t to

 th
ese 

d
ru

g
s, th

ere is cu
rren

tly n
o

 evid
en

ce to
 su

g
g

est th
at 

io
n

o
p

h
o

re resistan
ce is tran

sferab
le o

r th
at co

-selectio
n

 
fo

r resistan
ce to

 o
th

er classes o
f an

tim
icro

b
ials o

ccu
rs. 3

0

L
ite

ratu
re

 su
g
g
e
stin

g
 e

p
id

e
m

io
lo

g
ic e

vid
e
n

ce
 o

f an
 

asso
ciatio

n
 b

e
tw

e
e
n

 an
tib

io
tic u

se
 in

 fo
o

d
 an

im
als 

an
d

 an
tib

io
tic re

sistan
ce

 in
 h

u
m

an
s 

E
vid

en
ce th

at an
tib

io
tic u

se in
 fo

o
d

 an
im

als can
 resu

lt 
in

 an
tib

io
tic-resistan

t in
fectio

n
s in

 h
u

m
an

s h
as ex

isted
 

fo
r several d

ecad
es. A

sso
ciatio

n
s b

etw
een

 an
tib

io
tic 

u
se in

 fo
o

d
 an

im
als an

d
 th

e p
revalen

ce o
f an

tib
io

tic-
resistan

t 
b

acteria 
iso

lated
 

fro
m

 
th

o
se 

an
im

als 
h

ave 
b

een
 d

etected
 in

 o
b

servatio
n

al stu
d

ies as w
ell as in

 
ran

d
o

m
ized

 trials. A
n

tib
io

tic-resistan
t b

acteria o
f an

i-
m

al o
rig

in
 h

ave b
een

 o
b

served
 in

 th
e en

viro
n

m
en

t 
su

rro
u

n
d

in
g

 
livesto

ck
 
farm

in
g

 
o

p
eratio

n
s, 

o
n

 
m

eat 
p

ro
d

u
cts availab

le fo
r p

u
rch

ase in
 retail fo

o
d

 sto
res, 

an
d

 as th
e cau

se o
f clin

ical in
fectio

n
s an

d
 su

b
clin

ical 
co

lo
n

izatio
n

 in
 h

u
m

an
s. F

ig
u

re 1
 o

u
tlin

es a sam
p

lin
g
 o

f 
p

revalen
ce stu

d
ies, o

u
tb

reak
 in

vestig
atio

n
s,  eco

lo
g

ical 
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Figure 1. Literature providing evidence in support of an association between antibiotic use in food animals and antibiotic-resistant bacteria in humans 

Study author, year  
(country) Study description Findings

Associations between antibiotic use in food animals and antibiotic resistance in bacteria isolated from food animals 

van den Bogaard et al., 1997a 
(Netherlands) 

Prevalence study of VRE in turkeys, turkey farmers, turkey 
slaughterers, and neighboring community residents 

VRE was isolated from 50% of the turkey samples, 39% of farmers, 20% of 
turkey slaughterers, and 14% of community residents. VRE was significantly 
more prevalent among turkeys that were fed avoparcin (60% vs. 8%). 

van den Bogaard et al., 2002b

(Netherlands) 
Prevalence study of resistant enterococci in fecal isolates 
from broiler chicken farmers and broiler chickens, for which 
antibiotics are used heavily, and laying hen farmers and 
laying hens, for which antibiotics are used rarely 

Resistance was more prevalent among broiler chicken farmers and broiler 
chickens than among laying hen farmers and laying hens. Molecular 
characteristics of the isolated bacteria suggested that resistance traits were 
transferred from enterococci in chickens to enterococci in humans. 

Funk et al., 2006c 
(United States) 

Randomized study of the effects of feeding chlortetracycline 
subtherapeutically to pigs on antibiotic resistance observed 
in gram-negative fecal isolates from pigs 

Resistance to tetracycline, ampicillin, gentamicin, and ceftriaxone was more 
prevalent among bacteria isolated from pigs that were fed chlortetracycline. 
Chlortetracycline in feed was significantly associated with increased resistance 
to tetracycline, ceftriaxone, and ampicillin. 

Harada, 2008d

(Japan) 
Retrospective cohort study of the association between 
therapeutic antibiotic use on pig farms and antibiotic 
resistance observed in E. coli strains isolated from pigs 

Compared with no exposure to antibiotics, tetracycline exposure was 
associated with resistance to ampicillin, dihydrostreptomycin, oxytetracycline, 
kanamycin, and trimethoprim; combination penicillin-streptomycin 
exposure was associated with resistance to ampicillin, dihydrostreptomycin, 
oxytetracycline, and kanamycin; penicillin exposure was associated with 
resistance to ampicillin and trimethoprim; and combination methoprim-
sulfonamide exposure was associated with resistance to trimethoprim. 

Antibiotic-resistant bacteria released from livestock farming operations 

Chapin et al., 2005e 
(United States) 

Antibiotic susceptibility analysis of Enterococcus, coagulase-
negative staphylococci, and viridians group streptococci 
isolated from air samples in an indoor swine feeding 
operation 

Nearly all isolates (98%) were resistant to at least two antibiotics commonly 
used in swine production. None of the isolates was resistant to vancomycin, 
which has never been approved in the U.S. for use in livestock. 

Sapkota et al., 2007f 
(United States)

Comparative analysis of enterococci, fecal coliforms, and 
E. coli in surface water and groundwater, upstream and 
downstream from swine production facilities 

Concentrations of enterococci, fecal coliforms, and E. coli were between four 
and 33 times higher downstream than upstream. 

Graham et al., 2008g 
(United States)

Antibiotic susceptibility analysis of enterococci and 
staphylococci isolated from poultry litter and flies near 
poultry farms 

Enterococci and staphylococci were often recovered from flies captured 
near poultry farms. Isolates from flies carried resistance traits similar to those 
observed in isolates from poultry litter. 

Rule et al., 2008h

(United States)
Enumeration and antibiotic susceptibility analysis of bacteria 
isolated from air and surface samples taken from vehicles 
driving behind trucks transporting live poultry 

Air and surface samples collected behind vehicles transporting poultry 
contained significantly more bacteria than air and surface samples collected 
behind control vehicles. Bacteria collected during poultry transport were more 
likely to carry resistance traits than bacteria collected during control samples 
(25% vs. 0%). 

continued on p. 8
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Prevalence of antibiotic-resistant bacteria on food products available to consumers 

Cui et al., 2005i

(United States)
Prevalence study and antibiotic susceptibility analysis of 
campylobacter and salmonella isolated from organic and 
conventional retail chicken carcasses 

Campylobacter was recovered from 76% of organic and 74% of conventional 
chicken; isolates from organic chicken were resistant to tetracycline and 
erythromycin more often than isolates from conventional chicken (81% and 
49%, respectively vs. 69% and 36%, respectively). Salmonella was recovered 
from 61% of organic and 44% of conventional chicken; resistance varied 
according to serotype, but was generally more prevalent among isolates from 
conventional chicken. 

Gundogan et al., 2005j

(Turkey) 
Prevalence study and antibiotic susceptibility analysis of 
Staphylococcus aureus isolated from retail calf, lamb, and 
chicken products 

Staphylococcus aureus was recovered from 53% of meat samples; 7% of 
isolates were resistant to erythromycin, 53% were resistant to penicillin, 68% 
were resistant to methicillin (MRSA), and 88% were resistant to bacitracin. 

Kim et al., 2005k

(United States)
Antibiotic susceptibility analysis of Klebsiella pneumonia 
isolated from turkey, cattle, and chicken farms, as well as 
retail meat and poultry products 

All Klebsiella pneumonia isolates were resistant to ampicillin, tetracycline, 
streptomycin, gentamycin, and kanamycin. 

Parveen et al., 2007l 
(United States)

Prevalence study and antibiotic susceptibility analysis of 
Salmonella isolated from processed poultry 

Salmonella was recovered from 88.4% of processed chicken carcasses before 
chilling and 84.1% after chilling. Antibiotic resistance was detected in 79.8% of 
isolates. 

Antibiotic-resistant bacteria of animal origin isolated in humans 

Fein et al., 1974m

(United States)
Comparison of antibiotic susceptibility patterns of E. coli 
strains isolated from farming families and their livestock 

Resistance patterns observed in E. coli strains isolated from farming families 
were highly associated with those observed in E. coli strains isolated from their 
livestock. 

Bezanson et al., 1983n

(Canada) 
Investigation of a Salmonella typhimurium outbreak in a 
neonatal intensive care unit 

Maternal consumption of unpasteurized milk from cows infected with resistant 
Salmonella typhimurium resulted in asymptomatic shedding and subsequent 
transmission of the bacteria to a newborn infant and other patients in a 
neonatal intensive care unit. 

Ramchandani et al., 2005o

(United States)
Investigation of a multistate outbreak of urinary tract 
infections with trimethoprim-sulfamethoxazole-resistant  
E. coli 

Resistant isolates from human infections were found to be nearly identical to 
strains isolated from food animals and environmental water sources, suggesting 
the bacteria were of animal origin and potentially acquired through food. 

Smith et al., 2009p

(United States)
Prevalence study of colonization with MRSA in swine and 
swine workers on two large swine production farms 

Forty-five percent of swine workers and 49% of swine were colonized with 
MRSA. MRSA isolates from swine workers were closely related to MRSA 
isolates from swine and were different from strains commonly found in humans. 

Figure 1 (continued). Literature providing evidence in support of an association between antibiotic use in food animals  
and antibiotic-resistant bacteria in humans 

Study author, year  
(country) Study description Findings

continued on p. 9
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Ecological associations between antibiotic use in food animals and resistant bacteria in humans 

Endtz et al., 1991q

(Netherlands) 
Ecological study correlating use of fluoroquinolones to 
quinolone resistance in Campylobacter subspecies 

Quinolone resistance increased from 0% to 11% in human stool and from 
0% to 14% in poultry products between 1982 and 1989, during which time 
veterinary and human use of fluoroquinolones increased substantially. 

Engberg et al., 2001r

(multiple countries) 
Ecological review of the emergence of resistance in 
Campylobacter jejuni and Campylobacter coli following the 
introduction of quinolone use in food animals 

Antibiotic-resistant infections in humans emerged rapidly following the 
inception of quinolone use in food animals. 

Unicomb et al., 2006s 
(Australia) 

Prevalence study of fluoroquinolone resistance in 
Campylobacter jejuni isolates 

In Australia, where use of fluoroquinolones in food animals is prohibited, only 
2% of Campylobacter jejuni isolates from humans are resistant to ciprofloxacin. 

Associations between human contact with food animals and human colonization and infection with antibiotic-resistant bacteria 

Gupta et al., 2003t

(United States)
Case-control study and molecular characterization of 
Salmonella Newport-MDRAmpC 
 

Exposure to dairy farms was a significant risk factor for Salmonella Newport-
MDRAmpC infection in humans. Isolates recovered from humans had nearly 
identical antibiograms and pulsed-field gel electrophoresis patterns as those 
recovered from cows. 

Aubry-Damon et al., 2004u 
(France) 

Prevalence study of Staphylococcus aureus colonization 
and resistance to methicillin, macrolides, gentamicin, and 
pefloxacin among healthy pig farmers and non-farmers 

Staphylococcus aureus colonization was significantly higher among pig farmers 
than non-farmers (44.6% vs. 24.1%). Resistance was more prevalent among pig 
farmers than non-farmers. 

Lewis et al., 2008v

(Denmark) 
Case-control study of infection with MRSA CC398 Living or working with farms with animals was strongly and independently 

associated with MRSA CC398 infection. 

Johnson et al., 2007w

(United States)
Study of phylogenic and virulence markers of 931 isolates of 
human and poultry E. coli in hospitalized adults, outpatient 
vegetarians, and retail poultry samples 

While human-resistant and sensitive E. coli were different, human-resistant and 
poultry-resistant strains were similar. Poultry-recovered resistant and sensitive 
strains were similar.

avan den Bogaard AE, Jensen LB, Stobberingh EE. Vancomycin-resistant enterococci in turkeys and farmers. N Engl J Med 1997;337:1558-9. 
bvan den Bogaard AE, Willems R, London N, Top J, Stobberingh EE. Antibiotic resistance of faecal enterococci in poultry, poultry farmers, and poultry slaughterers. J Antimicrob Chemother 
2002;49:497-505. 
cFunk JA, Lejeune JT, Wittum TE, Rajala-Shultz PJ. The effect of subtherapeutic chlortetracycline on antimicrobial resistance in the fecal flora of swine. Microb Drug Resist 2006;12:210-8. 
dHarada K, Asai T, Ozawa M, Kojima A, Takahashi T. Farm-level impact of therapeutic antimicrobial use on antimicrobial-resistant populations of Escherichia coli isolates from pigs. Microb Drug 
Resist 2008;14:239-44. 
eChapin A, Rule A, Gibson K, Buckley T, Schwab K. Airborne multidrug-resistant bacteria isolated from a concentrated swine feeding operation. Environ Health Perspect 2005;113:137-42. 
fSapkota AR, Curriero FC, Gibson KE, Schwab KJ. Antibiotic-resistant enterococci and fecal indicators in surface water and groundwater impacted by a concentrated swine feeding operation. 
Environ Health Perspect 2007;115:1040-5.
gGraham JP, Price LB, Evans SL, Graczyk TK, Silbergeld EK. Antibiotic resistant enterococci and staphylococci isolated from flies collected near confined poultry feeding operations. Sci Total 
Environ 2009;407:2701-10. 
hRule AM, Evans SL, Silbergeld EK. Food animal transport: a potential source of community exposure to health hazards from industrial farming (CAFOs). J Infect Public Health 2008;1:33-9. 
iCui S, Ge B, Zheng J, Meng J. Prevalence and antimicrobial resistance of Campylobacter spp. and Salmonella serovars in organic chickens from Maryland retail stores. Appl Environ Microbiol 
2005;71:4108-11. 

Figure 1 (continued). Literature providing evidence in support of an association between antibiotic use in food animals  
and antibiotic-resistant bacteria in humans 
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continued on p. 10
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Figure 1 (continued). Literature providing evidence in support of an association between antibiotic use in food animals  
and antibiotic-resistant bacteria in humans 
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Figure 5. Guidance and policy on the use of antibiotics in food animal productiona 

Title (organization, year) Recommendations

Antimicrobial Resistance  
from Food Animalsb 
(WHO, 2008) 

•  Promote/assist national implementation of WHO and OIE guidelines, and identify barriers to implementation 
•  Encourage national participation in development of international antimicrobial use guidelines 
•  Promote national surveillance of antimicrobial use and AMR, and creation of national AMR containment task forces 
•  Establish international information sharing/monitoring networks for antimicrobial use and emerging AMR using existing training platforms 
•  Conduct national surveillance of AMR in animals, humans, and food; use integrated data to identify AMR emergence arising from non-human use; 

implement timely measures to contain AMR 
•  Consider potential development of AMR and cross-resistance during national prelicensing safety evaluation of veterinary drugs; conduct post-

licensing surveillance of emerging AMR 
•  Provide incentives for development of new antimicrobials; fund education and research 
•  Control national sale and distribution of antimicrobials; prevent illicit manufacture, importation, and sale of veterinary antimicrobial drugs 
•  Encourage good hygienic practices and farm management to ensure animal health without the use of antimicrobials 
•  Require prescriptions for animal antimicrobial use; develop national veterinary guidelines for appropriate antimicrobial prescribing 

Foodborne Antimicrobial 
Resistance as a Biological 
Hazard: Scientific Opinion of the 
Panel on Biological Hazardsc 
(European Food Safety 
Authority, 2008) 

•  Target known routes of transmission for specific resistance traits 
•  Prioritize interventions to reduce emerging resistance to fluoroquinolones and to third- and fourth-generation cephalosporins 
•  Implement uniform adoption of risk assessment methodologies at the national and international level; encourage global adoption of EU standards 

for measuring the development of AMR 
•  Investigate role of food, water, and the environment in the spread of epidemic plasmids that encode resistance 
•  Consider the role of commensals and bacteria intentionally added to aid food processing in transmission of resistance 
•  Develop new approaches for recognizing and controlling transmission of resistance genes based on epidemiologic and source attribution research 

Putting Meat on the Table: 
Industrial Farm Animal 
Production in Americad 
(Pew Commission on Industrial 
Farm Animal Production, 2008) 

•  Phase out nontherapeutic antimicrobial use in food animals; immediately ban nontherapeutic use of newly approved antimicrobials; clarify 
antimicrobial definitions to provide clear estimates of use and facilitate clear policy-making 

•  Consolidate food safety roles of the USDA, FDA, and EPA into a single Food Safety Administration 
•  Develop risk-based food safety system; strengthen FDA Guidance 152 and retroactively investigate previously approved antimicrobials with new 

criteria 
•  Expand USDA’s extension service to include educational programs on best practices for disease mitigation in animal husbandry; expand 

interdisciplinary education to strengthen partnerships among physicians, veterinarians, and public health professionals 
•  Restrict public access to agricultural sources of antimicrobials; enforce restricted access to prescription drugs and veterinary oversight and 

authorization of all antimicrobial use in food animals 
•  Implement national disease-monitoring database to allow 48-hour trace-back to individual animals 
•  Require reporting of gross annual antimicrobial sales; incorporate into NAIS; link to NARMS 
•  Increase monitoring of effects of antimicrobial exposure among farm workers and people living close to farms

Antimicrobial Resistance: 
Implications for the  
Food Systeme

(Institute of Food  
Technologists, 2006) 

•  Conduct risk assessment to determine effects of specific antimicrobial-organism exposures on the development of resistance under various 
conditions and environments; determine relationship between use of specific antibiotics in food animal husbandry and resistance selection rates 
among major foodborne bacteria at slaughter; compare resistance rates between antibiotic-use farms and antibiotic-free farms 

•  Advance understanding of the mechanisms of resistance; improve ability to predict the potential for cross-resistance 
•  Increase research and development of antibiotic alternatives; examine whether microbial interventions are equally effective for antimicrobial-

susceptible and -resistant microorganisms 
•  Expand development of prudent use guidelines to include all antibiotic uses and modify as new evidence becomes available; use surveillance and 

food attribution models to measure the effectiveness of interventions 

continued on p. 15
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Current Thinking on Risk 
Management Measures 
to Address Antimicrobial 
Resistance Associated with the 
Use of Antimicrobial Agents in 
Food-Producing Animalsf 

(Veterinary Drugs Directorate, 
Health Canada, 2005) 

•  Invest in scientific risk-based analysis of new and existing antimicrobial agents used in veterinary medicine and food animals 
•  Create expert advisory committee on AMR risk assessment 
•  Require veterinary prescriptions for all antimicrobial agents used for disease treatment and control in animals 
•  Convene a stakeholder committee on the prudent use of antimicrobial agents led by the Canadian Veterinary Medical Association 

Antibiotic Resistance: Federal 
Agencies Need to Better Focus 
Efforts to Address Risk to 
Humans from Antibiotic Use  
in Animalsg 
(U.S. General Accounting Office, 
2004) 

•  Expedite FDA risk assessments of veterinary antibiotics identified as “critically important” to human health; determine if action is necessary to 
restrict or prohibit animal uses to safeguard human health 

•  Develop and implement a plan headed by the Secretaries of Agriculture and Health and Human Services to collect data on the relationship between 
antimicrobial use in food animals and emerging AMR, the human health risks of antibiotic use in food animals, and strategies to mitigate AMR 

Second Joint FAO/OIE/WHO 
Expert Workshop on Non-
Human Antimicrobial Usage 
and Antimicrobial Resistance: 
Management Optionsh

(WHO, 2004) 

•  Establish national surveillance programs on non-human uses of antimicrobials and AMR bacteria from food and animals 
•  Implement strategies to prevent transmission of AMR bacteria from animals to humans through food production; include specific management 
techniques to prevent emergence and dissemination of bacteria resistant to antimicrobials that are “critically important” for human therapy 

•  Follow WHO/OIE guidelines on responsible and prudent antimicrobial use 
•  Develop risk assessment/management protocols to control emergence and national/international dissemination of AMR 
•  Enhance the capacity of countries (particularly developing countries) to conduct surveillance of antimicrobial use and AMR, implement strategies to 

contain AMR, and conduct risk assessments to select proper management approaches 

Joint FAO/OIE/WHO Expert 
Workshop on Non-Human 
Antimicrobial Usage and 
Antimicrobial Resistance: 
Scientific Assessmenti

(WHO, 2003) 

•  Establish national surveillance programs using internationally agreed upon antimicrobial classifications to capture standardized information on the 
quantity of antimicrobials used in specific food animals 

•  Link antimicrobial usage data to human surveillance systems and susceptibility testing of isolates from food animals, food products of animal origin, 
and environments surrounding livestock operations 

•  Avoid group medication by feed or water; require prescriptions for antimicrobial use; restrict off-label and growth-promoting use of antimicrobials; 
study impacts of various animal production systems with different antimicrobial usage patterns on AMR 

•  Reduce profit from sales of antimicrobials by veterinarians; adopt Codex Recommended International Code of Practice—General Principles of Food 
Hygiene (Source: Joint FAO/WHO Codex Alimentarius Commission, Joint FAO/WHO Food Standards Programme. Available from: URL: http://www.
fao.org/docrep/005/Y1579E/y1579e02.htm) 

•  Develop and implement strategies to prevent and control Salmonella and Campylobacter in primary production 
•  Identify antimicrobials critically important to human medicine and review/revise regularly; determine appropriate use of these agents (e.g., do 

not use, use only in individual animals, use only when deemed necessary by culture susceptibility, or use for herds only after risk assessment 
demonstrates acceptable safety) 

•  Develop plan to control zoonotic pathogenic bacteria resistant to at least two critically important antimicrobials in the food supply by recalling 
affected foods, restricting movement of infected or colonized animals, implementing processing methods that remove all resistant bacteria, 
destroying all affected food, and/or destroying colonized or infected animals 

•  Conduct pre- and post-marketing risk assessments for new antimicrobials, reevaluate existing antimicrobials with new criteria, require peer review of 
risk assessment strategies, and develop risk management strategies and implement when appropriate 

•  Assist countries (particularly developing countries) with conducting surveillance, expanding food hygiene education programs, and containing the 
spread of AMR; quantify spread of resistance from international trading of food animals and food products of animal origin 

•  Approach AMR with interdisciplinary research and policy development teams 
•  Study co-selection of resistance determinants by antimicrobials, selection by other substances with antimicrobial activity, the flow of resistance 

determinants between humans and animals, the role of commensals as reservoirs of resistance, the appearance and disappearance of multiresistant 
clones, and human health consequences such as the association between resistance and virulence in humans and the cost of resistant infections 

Figure 5 (continued). Guidance and policy on the use of antibiotics in food animal productiona 

Title (organization, year) Recommendations

continued on p. 16
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Uses of Antimicrobials in Food 
Animals in Canada: Impact on 
Resistance and Human Healthj

(Health Canada, Veterinary 
Drugs Directorate, 2002) 

•  Consider human health impacts when regulating antimicrobial licensing, sale, distribution, and compliance; define resistance thresholds for post-
approval surveillance; provide remedial action if thresholds are surpassed, up to and including modification of approval or suspension of marketing 

•  Ban importation, sale, and use of antimicrobials not evaluated and registered by Health Canada 
•  Require prescriptions for all antimicrobials; prohibit extra-label use of antimicrobials important to human health 
•  Ban use of antimicrobials important to human health (or likely to promote resistance to such agents) for growth promotion 
•  Conduct risk-based evaluations of the potential human health effects of antimicrobial drugs in food animals; prioritize antimicrobials important to 

human medicine; improve transparency of risk assessment and management 
•  Develop NARMS-compatible national AMR surveillance system to monitor isolates from domestic and imported food animals and food of animal 

origin; link to human infection surveillance system; analyze and publish surveillance data with input from pharmaceutical and food-producing 
industries; provide annual report of antimicrobial use 

•  Develop farm food safety programs that address AMR; implement Canadian Veterinary Medical Association prudent-use principles on farms; conduct 
farm audits to ensure proper management techniques are in place 

•  Promote preventive medicine and prudent use of antimicrobials in veterinary undergraduate, postgraduate, and continuing education programs; 
evaluate effectiveness of educational programs 

•  Charge government with leadership role in encouraging AMR research and policy; encourage producer associations, research foundations, and 
national funding agencies to prioritize support for AMR research; seek independent, expert advice on AMR issues on a regular basis 

•  Eliminate financial incentives to prescribe antimicrobials; ensure that advertisements do not promote antimicrobial uses that encourage resistance 
•  Harmonize veterinary drug regulations with those used in other countries, especially the United States 
•  Educate consumer groups about the human health aspects of antimicrobial use in food animals and efforts underway to reduce adverse effects 

WHO Global Principles for the 
Containment of Antimicrobial 
Resistance in Animals Intended 
for Foodk

(WHO, 2000)

•  Adopt national efforts to reduce the need for antimicrobials in animals 
•  Inform the public about potential human health risks of antimicrobial use in food animals 
•  Consider human health risks, resistance in related bacterial strains, optimal therapeutic dosages, pharmacokinetics, clinical efficacy, and residues 

when licensing antimicrobials; review existing labeling to ensure compliance with updated guidelines; conduct post-approval surveillance to detect 
and manage emerging AMR 

•  Ban use of antimicrobials important to human medicine for growth promotion and other extra-label uses; only allow therapeutic use of these agents 
if deemed necessary based on culture susceptibility 

•  Control distribution and sale of counterfeit, subpotent, and misbranded veterinary antimicrobials; restrict antimicrobial advertising that encourages 
non-prudent use; permit direct advertising of prescription antimicrobials only to veterinary professionals 

•  Establish surveillance programs to track susceptibility trends of zoonotic bacteria and antimicrobial use in food animals; make data available to 
health professionals and the general public 

•  Develop and regularly review prudent use guidelines that include locally derived, species-specific treatments; educate veterinary students and 
professionals to follow guidelines and self-evaluate prescribing practices 

•  Require veterinarians to record antimicrobial use, bacterial susceptibility, and treatment outcomes for food animals; allow veterinarians to prescribe 
antimicrobials only to animals under their direct care; encourage veterinarians and farmers to collaboratively develop integrated animal health 
programs focused on disease prevention 

Food Safety: The Agricultural 
Use of Antibiotics and Its 
Implications for Human Healthl 
(U.S. General Accounting  
Office, 1999) 

•  Develop and implement plan headed by the Secretaries of Agriculture and Health and Human Services that contains specific goals, time frames, and 
resources needed to evaluate the risks and benefits of existing and future uses of antibiotics in food animals 

Figure 5 (continued). Guidance and policy on the use of antibiotics in food animal productiona 

Title (organization, year) Recommendations

continued on p. 17
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Figure 5 (continued). Guidance and policy on the use of antibiotics in food animal productiona 

Title (organization, year) Recommendations

continued on p. 18

Opinion of the Scientific 
Steering Committee on 
Antimicrobial Resistancem

(European Commission, 1999) 

•  Educate veterinarians, farmers, food producers, and consumers about the rationale for the prudent use of antimicrobials, disease prevention 
methods in animals, and prevention of zoonotic infections in humans and animals 

•  Collect data on individual prescribing practices, and provide feedback as needed 
•  Phase out and ban use of antimicrobials used in humans (or that select for cross-resistance to such agents) as growth promoters; discourage all 

antimicrobial use for growth promotion purposes 
•  Reduce need for herd treatments by improved husbandry, vaccination, and infectious disease control and eradication; only allow herd treatment with 

antimicrobials if no other alternative is available; investigate failures of preventive measures; maintain records of all antimicrobial use on farms 
•  Evaluate means and likelihood of pathogenic organisms acquiring resistance from normal host flora in vivo 
•  Adopt EU-wide coordination of organism collection and of susceptibility testing methods to monitor resistance patterns over time; monitor 

antimicrobial consumption over time 
•  Quantify impact of AMR on human mortality and morbidity

The Medical Impact of 
Antimicrobial Use in Food 
Animalsn

(WHO, 1997) 

•  Cease use of antimicrobials used therapeutically in humans (or that select for cross-resistance to such agents) for animal growth promotion; develop 
alternative non-antimicrobial growth promoters 

•  Monitor national prevalence of AMR in food animals and animal food products 
•  Maintain national records of bulk chemicals with potential antimicrobial use 
•  Assess public health risks as part of approval process for antimicrobials used in food animals; implement post-marketing plan to detect AMR 

emergence; set national AMR thresholds to determine when to withdraw drug approval 
•  Quantify transfer rate of resistance genes and bacteria from animals to humans; determine rate of AMR emergence for medically relevant bacteria 

in food animals; measure effects of duration/concentration of antimicrobial exposure on the rate of resistance selection; examine effects of 
antimicrobial cessation on the prevalence and persistence of AMR 

•  Include AMR in the Codex Committee on Residues of Veterinary Drugs in Foods; internationally standardize residue guidelines and nationally 
monitor compliance; study selection potential of antimicrobials at permitted residue levels 

•  Evaluate impacts of antimicrobial use in domestic pets on development of resistance on farms; study risks posed by resistance genes in bacteria 
used in probiotic therapy; determine means to reestablish susceptible flora following antimicrobial usage 

•  Establish and enforce national regulations to control the distribution and sale of antimicrobials; convene WHO/FAO expert consultation to develop 
practice guidelines for prudent use of antimicrobials in food animals 

•  Expand WHONET software (available from: URL: http://www.who.int/drugresistance/whonetsoftware/en) to include specific ways of collecting and 
analyzing bacteria from food animals; coordinate with emerging networks, such as Enter-net and the European zoonoses laboratories 
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Figure 5 (continued). Guidance and policy on the use of antibiotics in food animal productiona 

Title (organization, year) Recommendations

continued on p. 19

The Use of Antibiotics in 
Food-Producing Animals: 
Antibiotic-Resistant Bacteria in 
Animals and Humans. Report 
of the Joint Expert Advisory 
Committee on Antibiotic 
Resistance (JETACAR)o 
(Commonwealth Department 
of Health and Aged Care, 
Commonwealth Department 
of Agriculture, Fisheries and 
Forestry—Australia, 1999)

•  Provide regulatory controls on the use of antibiotics, particularly as growth promoters, and improved tracking of antibiotic use in food animals
•  Provide monitoring and active and passive surveillance of antibiotic resistance
•  Develop infection prevention strategies and measures targeting critical control points for the spread of antibiotic resistance infection and the use of 

the most effective treatment strategies in intensive animal production facilities
•  Provide education on appropriate use of antibiotics from professional organizations, industry, and governmental agencies
•  Continue research on alternatives to the use of antibiotics in animal production, molecular and gene transfer studies, the effect of intervention 

programs, and improved diagnostic methods

aThe table summarizes only those recommendations directly related to the use of antibiotics in food animal production.
bWorld Health Organization, International Food Safety Authorities Network (INFOSAN). INFOSAN information note no. 2/2008—antimicrobial resistance, 2008 Mar 7. Antimicrobial resistance from 
food animals [cited 2010 Nov 11]. Available from: URL: http://www.who.int/foodsafety/fs_management/No_02_Antimicrobial_Mar08_EN.pdf 
cEuropean Food Safety Authority. Foodborne antimicrobial resistance as a biological hazard: scientific opinion of the Panel on Biological Hazards. EFSA J 2008;6(8). Also available from: URL: http://
www.efsa.europa.eu/en/efsajournal/pub/765.htm [cited 2011 Sep 12]. 
dThe Pew Charitable Trusts, Johns Hopkins Bloomberg School of Public Health. Putting meat on the table: industrial farm animal production in America. A report of the Pew Commission on Industrial 
Farm Animal Production. 2008 [cited 2010 Nov 11]. Available from: URL: http://www.ncifap.org/_images/PCIFAPFin.pdf 
eInstitute of Food Technologists. Antimicrobial resistance: implications for the food system. 2006 Aug 2 [cited 2010 Nov 11]. Available from: URL: http://www.ift.org/knowledge-center/read-ift-
publications/science-reports/expert-reports/antimicrobial-resistance.aspx?page=viewall 
fHealth Canada, Veterinary Drugs Directorate, Health Products and Food Branch. Current thinking on risk management measures to address antimicrobial resistance associated with the use of 
antimicrobial agents in food-producing animals. 2005 Jun 4 [cited 2010 Nov 11]. Available from: URL: http://www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/vet/amr-ram_rep-rap_06_05-eng.
pdf 
gGeneral Accounting Office (US). Antibiotic resistance: federal agencies need to better focus efforts to address risk to humans from antibiotic use in animals. Report to congressional requesters. April 
2004 [cited 2010 Nov 11]. Available from: URL: http://www.gao.gov/new.items/d04490.pdf 
hFood and Agriculture Organization of the United Nations, World Health Organization, World Organisation for Animal Health (Organisation International des Epizooties). Second joint FAO/OIE/WHO 
expert workshop on non-human antimicrobial usage and antimicrobial resistance: management options, 2004 Mar 15–18, Oslo [cited 2010 Nov 11]. Available from: URL: http://whqlibdoc.who.int/
hq/2004/WHO_CDS_CPE_ZFK_2004.8.pdf 
iFood and Agriculture Organization of the United Nations, World Health Organization, World Organisation for Animal Health (Organisation International des Epizooties). Joint FAO/OIE/WHO expert 
workshop on non-human antimicrobial usage and antimicrobial resistance: scientific assessment, 2003 Dec 1–5, Geneva [cited 2010 Nov 11]. Available from: URL: http://whqlibdoc.who.int/hq/2004/
WHO_CDS_CPE_ZFK_2004.7.pdf 
jHealth 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 
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kWorld Health Organization. WHO global principles for the containment of antimicrobial resistance in animals intended for food: report of a WHO consultation with the participation of the 
Food and Agriculture Organization of the United Nations and the Office International des Epizooties, 5–9 Jun 2000, Geneva [cited 2010 Nov 11]. Available from: URL: http://whqlibdoc.
who.int/hq/2000/who_cds_csr_aph_2000.4.pdf
lGeneral Accounting Office (US). Food safety: the agricultural use of antibiotics and its implications for human health. Report to the Honorable Tom Harkin, Ranking Minority Member, 
Committee on Agriculture, Nutrition, and Forestry, U.S. Senate. April 1999 [cited 2010 Nov 11]. Available from: URL: http://www.gao.gov/archive/1999/rc99074.pdf 
mEuropean Commission. Opinion of the Scientific Steering Committee on Antimicrobial Resistance, 28 May 1999 [cited 2010 Nov 11]. Available from: URL: http://ec.europa.eu/food/fs/sc/
ssc/out50_en.pdf 
nWorld Health Organization. The medical impact of antimicrobial use in food animals. Report of a WHO meeting, 16–17 Oct 1997, Berlin [cited 2010 Nov 11]. Available from: URL: http://
whqlibdoc.who.int/hq/1997/WHO_EMC_ZOO_97.4.pdf 
oCommonwealth Department of Health and Aged Care, Commonwealth Department of Agriculture, Fisheries, and Forestry (Australia). The use of antibiotics in food-producing animals: 
antibiotic-resistant bacteria in animals and humans. Report of the Joint Expert Advisory Committee on Antibiotic Resistance (JETACAR), 1999 [cited 2010 Nov 8]. Available from: URL: 
http://www.health.gov.au/internet/main/publishing.nsf/content/2A8435C711929352CA256F180057901E/$File/jetacar.pdf 

WHO 5 World Health Organization 

OIE 5 World Organisation for Animal Health (Organisation International des Epizooties)

AMR 5 antimicrobial resistance 

EU 5 European Union 

USDA 5 United States Department of Agriculture 

FDA 5 Food and Drug Administration (US)

EPA 5 Environmental Protection Agency (US)

NAIS 5 National Animal Identification System 

NARMS 5 National Antimicrobial Resistance Monitoring System 

FAO 5 Food and Agriculture Organization of the United Nations

Figure 5 (continued). Guidance and policy on the use of antibiotics in food animal productiona 
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