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Summary
Objective: To determine the effects on an-
tibiotic resistance patterns of selected bac-
teria when antibiotics are used or excluded
in swine.

Methods: Four herds which had been sub-
jected to antibiotic use (AU) and three
herds that had not been subjected to anti-
biotics (AF) were selected. From each herd,
six pigs from each of four weight groups
(4.5, 23, 45, and 109 kg) and five sows
were randomly selected for collection of
fecal samples. Non-hemolytic Escherichia
coli and potential foodborne pathogens,
including Salmonella spp. and E coli
O157:H7, were isolated from fecal samples

ine, whereas differences were more pro-
nounced in older pigs and sows for oxytet-
racycline. For salmonella, MICs for oxytet-
racycline and ceftiofur were greater for AU
herds compared to AF herds.

Implications: Exclusion of antibiotics in
swine production decreases, but does not
eliminate, antibiotic resistance in E coli.
Antibiotic use in swine appears to have a
greater effect on resistance patterns of
E coli than of salmonellae.
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and tested for susceptibility to ampicillin,
ceftiofur, gentamicin, oxytetracycline, and
sulfamethazine, using a standardized mini-
mum inhibitory concentration (MIC)
analysis.

Results: Susceptibility patterns were differ-
ent between herd types for E coli, and to a
lesser extent for salmonellae. In general,
E coli isolates from AF herds demonstrated
lower MICs for ampicillin, gentamicin,
oxytetracycline, and sulfamethazine. The
number of resistant isolates was greater
from AU herds compared to AF herds.
Herd type differences were more evident
for isolates from younger pigs for ampicil-
lin, gentamicin, ceftiofur, and sulfamethaz-

Antibiotics are used in livestock pro-
duction to combat disease and im-
prove animal performance. Feed-

based antibiotics consistently benefit pro-
duction, increasing the ability of farms to
maintain profitable margins,1, 2 reducing
effects of animal wastes on the environ-
ment,3 and diminishing pathogen car-
riage.4 However, the evolution and transfer
of antibiotic resistance elements in bacteria
has caused some groups to recommend
restricting or banning agricultural use of
antibiotics.5, 6 There is little information
available regarding the impact of such re-
strictions on prevalence of resistant isolates.
Evidence indicates that use of antibiotics in
livestock production increases prevalence of
resistant bacteria;7, 8, 9 however, few studies
have characterized on-farm prevalence of
resistant organisms in the absence of anti-
biotic use. Such information may be valu-
able for determining the potential effective-

ness of restricted antibiotic use in limiting
resistant bacteria in modern livestock en-
vironments. This study was designed to
compare the prevalence of antibiotic resis-
tance in bacteria associated with swine,
including non-pathogenic Escherichia coli
and potential foodborne pathogens, on
farms where antibiotics were used or
excluded.

Materials and methods
Seven herds from various regions of the
US were selected for this study. Producers
were interviewed to determine the history
of antimicrobial use in each herd. Three
herds, located in Iowa, New Jersey, and
Kentucky, produced antibiotic-free (AF)
pigs and had no history of antibiotic use
for a minimum of 4, 5, and 28 years, re-
spectively. In all AF herds, animals requir-
ing antibiotic treatment were removed
from the production site for treatment,

and not returned. Four herds, two in Ten-
nessee and two in Indiana, used antibiotics
(AU) in subtherapeutic and (or) therapeu-
tic doses. Table 1 provides information on
antimicrobial use for AU herds during the
12 months previous to the study.

In each herd, six pigs from each of four
weight groups (4.5, 23, 45, and 109 kg)
and five sows were randomly selected for
collection of fecal samples via rectal swab.
Samples were maintained in Cary-Blair
medium10 on ice until arrival at the labora-
tory within 48 hours of collection. Samples
were cultured and analyzed using standard
methods for identification of E coli, E coli
O157:H7, and salmonellae.

For E coli, samples were streaked onto lac-
tose MacConkey agar and incubated over-
night (37°C). Pink colonies with character-
istic E coli morphology were confirmed to
the species by API20E biochemical analysis
(Vitek bioMerieux, Syosset, New York).
Isolates were further characterized on 5%
sheep’s blood agar for selection of non-
hemolytic strains. To detect O157:H7 iso-
lates, samples were first incubated on sorbi-
tol MacConkey agar (24 h, 37°C), and
sorbitol-negative isolates were subcultured on
MacConkey MUG (4-methyllumbelliferyl-
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B-D-glucoronide) agar (24 h, 37°C). Sus-
pect colonies were then subjected to
API20E biochemical tests, O157 antisera
latex agglutination tests (DIFCO, Detroit,
Michigan), and oxoid O157 antisera agglu-
tination tests (Oxoid DR620, Ogdensburg,
NewYork) for final confirmation. For isola-
tion of salmonellae, swab tips were first
vortexed in 5 mL of phosphate buffered
saline (pH 7.2), and 1 mL of this mixture
was cultured overnight (37°C) in 5 mL of
brain heart infusion (DIFCO), and subcul-
tured first in lactose broth pre-enrichment
medium for 24 h (35°C), then in
tetrathionate broth for 24 h (42°C). Fi-
nally, the enrichment culture was streaked
onto XLT4, brilliant green, and bismuth
sulfite agars (DIFCO) for final
confirmation. Salmonellae were subjected
to serological identification using Bacto
Salmonella O, H, and Vi antisera
(DIFCO) to determine serovars.

For each fecal sample, a maximum of ten
isolates from each bacterial group (non-
pathogenic E coli, O157 E coli, and salmo-
nella), as available, were subjected to fur-
ther analysis. Susceptibility to ampicillin,
ceftiofur, gentamicin, oxytetracycline, and
sulfamethazine was determined using a
standardized minimum inhibitory concen-
tration (MIC) broth dilution method as
outlined by the National Committee for

Clinical Laboratory Standards.11 Suscep-
tible control strains used to monitor the
efficacy of each MIC test included E coli
American Type Culture Collection #25922
and the swine-derived Salmonella serovar
Typhimurium isolate # 798–4232 (Na-
tional Animal Disease Center, USDA).
Resistance was determined at the following
breakpoints: ampicillin,  32 µg/mL;
ceftiofur,  8 µg/mL; gentamicin and o x-
ytetracycline,  16 µg/mL; and sulfameth-
azine,  512 µg/mL. B reakpoints for ampi-
cillin, gentamicin, oxytetracycline, and
sulphamethazine were based on human-

derived breakpoints adapted for use in vet-
erinary medicine, whereas the breakpoint
for ceftiofur was based on those established
for respiratory pathogens in swine.11

Statistical analysis
Susceptibility to antibiotics and the num-
ber of resistant isolates for each herd type
were compared using two-way analysis of
variance,12 and LSD mean separation13

was used to compare MICs and the per-
centage of resistant E coli between herd
types and pig size groups. The individual
herd served as the experimental unit to
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Table 1: Antibiotic use on four swine farms for the 12 months prior to a study characterizing the antibiotic resistance
patterns of selected organisms cultured from pigs in the herds.

SF: subtherapeutic, in-feed medication; T: drug used at therapeutic dosage
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Figure 1: Minimum inhibitory concentrations of ampicillin for E coli isolated from sows
and pigs of various sizes on farms that used or excluded antibiotics.  Data were
derived from a total of 1624 isolates.  Bars with different letters differ (P <.05).
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Figure 2: Minimum inhibitory concentrations of gentamicin for E coli isolated from sows
and pigs of various sizes on farms that used or excluded antibiotics.  Data were
derived from a total of 1624 isolates.  Bars with different letters differ (P < .05).

Figure 3: Minimum inhibitory concentrations of oxytetracycline for E coli isolated from
sows and pigs of various sizes on farms that used or excluded antibiotics.  Data were
derived from a total of 1624 isolates.  Bars with different letters differ (P <.05).

determine main effects of antibiotic use or
exclusion. All data were checked for distri-
butional requirements prior to final analy-
sis. Because only one AF and two AU herds
were represented by the salmonella data, an
ANOVA analysis was not possible. Instead,
a contingency table analysis was conducted
to determine differences among those
herds.13

Results
Similar numbers of E coli were readily
isolated from all samples from both herd
types. While a number of sorbitol-negative
E coli were found, only 11 were confirmed
to be O157 positive, representing two AU
herds that were both close to cattle farms.
None of the isolates demonstrated resis-
tance to the test antibiotics. Because of the
small number of isolates, and lack of iso-
lates from AF herds, a statistical analysis
was not possible for E coli O157. One
hundred and forty-three salmonellae iso-
lates were recovered from three herds (two
AU herds and one AF herd ). Most of these
isolates (92%) were Salmonella serovar
Typhimurium, O-antigen Type B.

Overall, E coli from AF herds demon-
strated lower MICs (P <.001) for ampicil-
lin (Figure 1), gentamicin (Figure 2), ox-
ytetracycline (Figure 3), and
sulfamethazine (Figure 4), compared to AU
herds. Resistance to ceftiofur tended to be
low for all isolates, and even though differ-
ences occurred in MICs between the two
herd types in isolates from the 4.5 kg pigs,
all isolates were still within the range (  2
ug per mL) considered to be susceptible to
that drug (Figure 5). The differences in
E coli susceptibility between herd types
were most evident for gentamicin and
ceftiofur in isolates from younger pigs. Dif-
ferences between herd types were noted
among almost all pig groups for ampicillin,
oxytetracycline, and sulfamethazine. Fewer
E coli isolates resistant to ampicillin, gen-
tamicin, oxytetracycline, and sulfamethaz-
ine were cultured from AF herds (Figure
6). Additionally, fewer E coli isolates from
AF herds demonstrated multiple resistance
to the test antibiotics (P<.05), compared to
AF herds (data not shown).

Although all Salmonella isolates were sus-
ceptible to ceftiofur (MICs <2 µg per mL),
the MIC was lower (Chi-square, P<.001)
in the AF herd, compared to the two AU
herds (Figure 7). Susceptibility of salmo-
nellae to gentamicin was also high in all

Figure 4: Minimum inhibitory concentrations of sulfamethazine for E coli isolated from
sows and pigs of various sizes on farms that used or excluded antibiotics.  Data were
derived from a total of 1624 isolates.  Bars with different letters differ (P <.05).
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herds, although there was a trend towards
higher MICs in some isolates from one AU
herd (Chi-square, P =.13). Similarly, the
highest MICs for oxytetracycline (Chi-
square, P <.001) were found in salmonellae
from AU herds. Approximately 2% of sal-
monellae from AU farms were determined
to be resistant to oxytetracycline, on the
basis of human-derived breakpoints (MIC
 16 µg per mL), wher eas no resistant iso-
lates were cultured from the AF herd. Sus-
ceptibility of isolates to sulfamethazine was
not different (Chi-square, P =.40) between
herd types, with average MICs ranging be-
tween 256 and 512 µg per mL for both AF
and AU herds.

Discussion
While the data from this investigation
could be reported several ways, we have
chosen to summarize the findings by
reporting mean MICs for isolates from the
various sources. In evaluating the data, we
determined that mean MIC was an indica-
tion of both susceptibility and prevalence
of resistant organisms. In this study, resis-
tance was not an all-or-none phenomenon
occurring at only a few finite levels, but
rather it occurred over a wide range of val-
ues in animal isolates. Thus, we contend
that mean MIC is an appropriate measure
of overall resistance of bacterial popula-
tions, and can be used to gauge effects of
various production or treatment factors.

Because the criteria for resistance were
based on human-derived breakpoints (all
test antibiotics except ceftiofur) or on
breakpoints established for respiratory
pathogens (ceftiofur), it should be noted
that these data may not be indicative of the
clinical efficacy of all or any of the antibiot-
ics against swine isolates.

Differences between AU and AF herds in
susceptibility of E coli isolates were depen-
dent on the antibiotic and age of pig. For
example, susceptibility to oxytetracycline
and ampicillin differed greatly between AU
and AF herds and between pigs of varying
ages, whereas susceptibility to ceftiofur
differed little between herd types and ages
of pig. In agreement with earlier stud-
ies,14,15 resistance to some antibiotics was
greater in isolates from young pigs com-
pared to isolates from older pigs and sows.
The greater MICs noted for ampicillin in
E coli from younger animals were primarily
due to larger numbers of resistant organ-
isms with breakpoints 128 µg per mL.
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Figure 5: Minimum inhibitory concentrations of ceftiofur sodium for E coli isolated from
sows and pigs of various sizes on farms that used or excluded antibiotics.  Data were
derived from a total of 1624 isolates.  Bars with different letters differ (P <.05).

Figure 6: Percentage of E coli isolates that were resistant, from farms that used or
excluded antibiotics, pooled over all pig groups.  Data were derived from a total of
1624 isolates.  Asterisks above bars indicate differences between farm types (P <.05).
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Figure 7: Minimum inhibitory concentrations for antibiotics tested against
salmonellae isolated from pigs of all ages on farms that used and farms that
excluded antibiotics.  Data are derived from a total of 143 isolates.  Means
generated by Chi-square contingency table analysis.  Asterisks above bars
indicated differences between farm types (P < .0001).
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For gentamicin, greater numbers of isolates
from younger pigs with breakpoints >0.5
µg per mL were noted, particularly from
one AU farm. Interestingly, however, a
similar trend was noted for both AU and
AF herds, suggesting that the greater resis-
tance in isolates from younger animals is
not necessarily associated with antibiotic
use during that growth phase. It is likely,
then, that genetic resistance elements are
widespread among enteric bacteria, even in
the absence of antibiotic use. Additionally,
naturally occurring antibiotics, known to
be produced by a variety of organisms,16

may provide a low level of selective pressure
for maintenance of resistance elements in
the farm environment. Still, MICs were
greater for isolates from AU herds for all
antibiotics except ceftiofur, indicating that
on-farm antibiotic use likely plays a role in
the susceptibility or resistance of isolates.

It should be noted that our data on Salmo-
nella isolates may be biased because of the
necessary enrichment procedure for recov-
ery, which allows a few individual organ-
isms to produce clones with highly similar
characteristics, skewing the results of the
tested population. Analysis of the salmo-
nella data, taking into account the number
of separate positive samples, serovar differ-
ences, and differing resistance patterns of
the Salmonella isolates, which we assumed
were individual isolates, showed that our
data could represent as few as nine isolates
for AF herds and 35 for AU herds, or as
many as 36 isolates for AF herds and 107
for AU herds. While the tested pool of sal-
monellae is small compared to the E coli
pool, the Chi Square analysis still appears
to indicate that salmonellae may be less
affected by farm use of antibiotics, as
differences between herd types were noted
only for ceftiofur and tetracycline, and few
isolates were resistant. This observation is
reinforced by recent challenge studies in
which we noted a marked difference in
acquisition of resistance between
E coli and Salmonella isolates. In those
studies, resident E coli showed a much
greater ability to gain resistance under anti-
biotic use, compared to a Salmonella
Typhimurium challenge organism.17

In this study, excluding antibiotics from
swine herds reduced the number of resis-
tant bacteria cultured from the animals,
but resistant isolates did occur in enteric
bacteria, especially in young animals. Thus,
imposing greater restrictions on antibiotic
use in animal agriculture is likely to reduce,
but not eliminate, the occurrence of resis-
tant isolates in livestock.

Implications
• Increased restrictions on antibiotic use

and (or) movement to non-antibiotic
production of swine may reduce but
will likely not eliminate antibiotic
resistance elements (R-factors) in fecal
bacteria.

• In swine, resistance patterns of E coli
appear to be affected to a greater
degree by antibiotic use than resistance
patterns of salmonellae; thus, E coli
may not be suitable sentinel organisms
to indicate effects of antibiotics on
resistance of the foodborne pathogen
Salmonella serovar Typhimurium.

• The greater antibiotic resistance
observed in bacterial isolates from
young pigs is not solely the result of
more antibiotic use at this stage, as
similar trends were noted for farms
that did not use antibiotics.
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