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Abstract

We conducted a study to compare the prevalence and antimicrobial resistance profile of Campylobacter isolated
from 34 farm-slaughter pair cohorts of pigs raised in conventional and antimicrobial-free (ABF) production
systems. Isolates originated from four different states of two geographic regions (region 1—Ohio and Michigan;
region 2—Wisconsin and Iowa). A total of 838 fecal and 1173 carcass samples were examined. Campylobacter
isolates were speciated using multiplex polymerase chain reaction targeting ceuE and hipO genes. The minimum
inhibitory concentration was determined using agar dilution to a panel of six antimicrobials: chloramphenicol,
erythromycin, gentamicin, ciprofloxacin, nalidixic acid, and tetracycline. Campylobacter spp. was isolated from
472 of 838 pigs (56.3%). Campylobacter prevalence did not vary significantly based on production system (con-
ventional [58.9%] and ABF [53.7%], odds ratio [OR] 1.4, 95% confidence interval [CI] 0.8–2.6, p¼ 0.24) or
geographic region (region 1 [54.1%] and region 2 [58.2%], OR 1.02, 95% CI 0.6–1.9, p¼ 0.92). At slaughter plant,
Campylobacter prevalence varied based on processing stages (19.4% at pre-evisceration, 25.3% at postevisceration,
and 3.2% at postchill). Resistance was common to tetracycline (64.5%), erythromycin (47.9%), and nalidixic acid
(23.5%). Campylobacter isolates from conventional production systems were more likely to be erythromycin
resistant than from ABF (OR 3.2, 95% CI 1.4–7.2, p¼ 0.01). The proportion of ciprofloxacin-resistant Campylo-
bacter coli isolates were 3.7% and 1.2% from ABF and conventional production systems, respectively. Thirty-
seven out of 1257 C. coli (2.9%) were resistant to both erythromycin and ciprofloxacin, drugs of choice for
treatment of invasive human campylobacteriosis. The finding of ciprofloxacin resistance, particularly from ABF
herds, has significant implications on the potential role of risk factors other than mere antimicrobial use for
production purposes.

Introduction

Campylobacter is one of the leading causes of foodborne
bacterial infection worldwide, and >2 million cases of

campylobacteriosis are estimated to occur each year in the
United States (Mead et al., 1999). According to the data col-
lected from 10 U.S. states by the Foodborne Diseases Active
Surveillance Network in the year 2007, the overall incidence
rate of laboratory-confirmed cases in 2007 in the United States
was 12.79 per 100,000 populations (CDC, 2008). The two

Campylobacter species that are most commonly associated
with human illness are Campylobacter jejuni and Campylobacter
coli. C jejuni is responsible for up to 90% of the cases of human
infection, whereas C. coli is responsible for the majority of the
remaining human cases.

Different reports have showed C. coli prevalence in pig
ranges between 50% and 100% (Manser and Dalziel, 1985;
Alter et al., 2005; Boes et al., 2005; Leblanc Maridor et al., 2008).
Piglets become infected with Campylobacter by their mothers
as early as 4 weeks of life (Weijtens et al., 1997). A study by
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Weijtens et al. (1993) showed >85% intestinal carriers of
Campylobacter at different stages of fattening pigs with sub-
sequent decrease in fecal shedding as the pigs got older. Pig
carcasses commonly become contaminated with feces in the
slaughter plant during the evisceration process, and as a result
there is potential for pathogens present in feces to be trans-
ported on the contaminated carcass from the slaughtering
operation to final product and consumers (Pearce et al., 2003).
In addition, previous reports showed pig carcass contamina-
tion with Campylobacter ranges from 2.9% to 10.3% (Oosterom
et al., 1985; Pezzotti et al., 2003).

Most Campylobacter infections in human are self-limiting
and do not require antimicrobial therapy unless they develop
severe systemic cases involving other infections or occur in
immunocompromised individuals. In such conditions, the
drugs of choice are erythromycin and fluoroquinolones. An-
timicrobials are used in food animals for treatment, prophy-
laxis, and growth promotion. The most commonly used
antimicrobials in the pig industry are tetracyclines, tylosin,
and sulfamethazine or other sulfas (McEwen and Fedorka-
Cray, 2002). C. coli is commonly recovered from pig sources
and displays multiple antimicrobial resistance, including re-
sistance against fluoroquinolones and macrolides (Prats et al.,
2000; Engberg et al., 2001; Gupta et al., 2004; Thakur and
Gebreyes, 2005). There are concerns that the use of antimi-
crobials in food animals contributes to the spread and per-
sistence of antimicrobial-resistant foodborne pathogens
(Aarestrup and Wegener, 1999). The concern on antimicrobial
resistance resulted in increased consumer demands toward
antimicrobial-free (ABF) production systems, and the U.S. pig
industry has attempted to create additional pork products
with a voluntary limited antimicrobial usage (Baker, 2006).
One such intervention is growing pigs in ABF production
settings.

There are limited studies that compare the prevalence and
antimicrobial resistance of Campylobacter between different
pig production systems and regions (Gebreyes et al., 2005;
Rollo et al., 2010). The present study was carried out to in-
vestigate the prevalence and antimicrobial resistance of
Campylobacter recovered, from pigs reared under conven-
tional and ABF conditions, at the farm and different stages of
processing (pre-evisceration, postevisceration, and postchill)
from two different geographical regions.

Materials and Methods

Sample collection

This study focused on the prevalence and antimicrobial
resistance of Campylobacter recovered from market age pigs
and carcasses. Fecal and carcass swab samples were collected
from a total of 34 farm-slaughter pairs: 16 from region 1 (Ohio
and Michigan) and 18 from region 2 (Wisconsin and Iowa).
Ten of the farms from region 1 were from conventional pro-
duction system and the remaining 6 were from ABF pig
production system. Of the 18 farms included from region 2, 6
were from conventional and 12 from ABF. The number of pigs
sampled per farm ranged between 10 and 34 for region 1, and
19 and 32 for region 2. The farms were selected based on
convenience. The sample size was calculated to be 30 per
farm. However, as many of the ABF farms were of niche
market small farm types, we were not able to achieve that. We,

therefore, added secondary criteria with a minimum re-
quirement of 10 pigs per farm.

The criterion for selection of farms was primarily based on
their antimicrobial use status as growth promoter and thera-
peutic purposes. ABF was defined as farms that do not use
any antimicrobials postweaning and ABF farms that have to
use antimicrobials therapeutically were required to remove
the pig(s) to a separate barn. Conventional farms were those
that use antimicrobials routinely for prophylactic and thera-
peutic purposes. The pigs in the conventional system were
reared in multisite all in all out (by barn) condition, and there
was no movement of pigs from conventional to ABF. In ad-
dition, pigs were kept in confinement in conventional pro-
duction farms, whereas they were kept outdoors in ABF.
Sampling was conducted within a 3-year period between 2002
and 2005.

Four slaughter plants that process pigs from those selected
farms were used to collect carcass swab samples. There was
no commingling of pigs from different production system
during transportation and slaughtering operation. When ABF
pigs slaughtered in plant that process conventional pigs, ABF
pigs were slaughtered early in the morning before conven-
tional pigs processed.

Ten grams of fecal sample was collected with a gloved hand
directly from the rectum of market age pigs within 48 hours
before slaughter. The same groups of pigs were followed to
the slaughter plant and carcass swabs were collected from
slaughter plants where the pigs were processed. One swab
sample was collected from each carcass, and a total of 10
carcasses per group were swabbed at pre- and posteviscera-
tion stages. Sterile swabs soaked in 10 mL of buffered peptone
water (Becton Dickinson, Sparks, MD) were swiped along the
midline of the carcass extending from the jowl to the ham. At
the postchill stage, carcass swab samples were taken by
swabbing a 100-cm2 area at each of the three sample sites
(ham, jowl, and belly) from 20 carcasses per group following
the method recommended by U.S. Department of Agriculture
(Palumbo et al., 1999). This design resulted in a total of 40
carcass swab samples from each group of pigs at the slaughter
plants: 10 carcass swab samples each at pre-evisceration and
postevisceration, and 20 carcass swab samples at postchill
stages. Samples were transported immediately to the labora-
tory on ice and processed on the same day upon arrival.

Isolation and identification

A total of 838 fecal and 1173 carcass samples were exam-
ined for the presence of Campylobacter from two geographic
regions: region 1 (379 fecal and 493 carcass swabs) and region
2 (459 fecal and 680 carcass swabs). Fecal samples collected
directly from the rectum were stored in sterile cups and
transported to the laboratory on ice and processed for Cam-
pylobacter on the same day upon arrival at the laboratory.
Briefly, fecal samples were directly plated on campy-cefex
selective plates and incubated at 428C for 48 hours under
microaerobic conditions (10% CO2, 5% O2, and 85% N2) using
GasPak� EZ Campy sachets (Becton Dickinson, Franklin
Lakes, NJ). Carcass swab samples were enriched in 30 mL
Bolton broth (Oxoid, Hampshire, United Kingdom) and in-
cubated at 428C for 48 hours in microaerobic conditions. A
loopful of the enriched sample was streaked onto campy-
cefex and incubated under similar condition to fecal samples.
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Putative isolated colonies were transferred to Mueller Hinton
(MH) agar (Remel, Lenexa, KS). Presumptive Campylobacter
colonies were biochemically tested using catalase (Becton
Dickinson, Sparks, MD) and oxidase (Becton Dickinson) and
those that were positive for catalase and oxidase stored at
�808C using Brucella broth (Becton Dickinson, Sparks, MD)
containing 10% glycerol until further characterization.

Antimicrobial susceptibility testing

Isolates were tested for antimicrobial susceptibility using
agar dilution method against six antimicrobials following the
recommendation of the Clinical Laboratory Standard Institute
(CLSI) (NCCLS, 2002a, 2002b). Briefly, the isolates from
�808C were re-streaked onto MH agar supplemented with 5%
defibrinated sheep blood and incubated at 428C for 48 hours
under microaerophilic conditions. Growth from the plates
was suspended in MH broth to adjust the density of inocula to
0.5 McFarland standard using Vitek colorimeter (BioMerieux,
Durham, NC). Liquid suspensions (400mL from each) were
transferred into the wells of a 37-well Cathra replicator plate.
MH agar plates containing 5% defibrinated sheep blood and
dilutions of the antimicrobial agents were inoculated using
the Cathra replicator (Oxoid Inc., Nepean, Ontario, Canada)
and incubated at 428C for 24 hours under microaerobic con-
ditions. Growth on agar plates containing a series of dilutions
of the antimicrobial agents was checked visually. The lowest
concentration of an antimicrobial agent that inhibited visible
growth of Campylobacter isolates was reported as the mini-
mum inhibitory concentration. The antimicrobials (ab-
breviations, dilution ranges, and break points used) were
chloramphenicol (Ch: 0.25–128, 32 mg=L), erythromycin (Ery:
0.06–32, 8 mg=L), gentamicin (Gen: 0.06–32, 16 mg=L), cipro-
floxacin (Cip: 0.008–4, 4 mg=L), nalidixic acid (Nal: 0.25–128,
32 mg=L), and tetracycline (Tet: 0.06–32, 16 mg=L). The CLSI
breakpoint interpretive criteria were used for all the antimi-
crobials except erythromycin. For erythromycin, the National
Antimicrobials Resistance Monitoring System breakpoint was
used (CDC, 2003). C. jejuni ATCC 33560 reference strain was
tested on every plate as recommended.

Multiplex polymerase chain reaction speciation

Speciation of Campylobacter isolates was done using mul-
tiplex polymerase chain reaction (PCR) targeting the hipO
(forward primer, GTGCGATGATGGCTTCTTC; reverse pri-
mer, GCTCCTATGCTTACAACTGC) specific for C. jejuni
(designed in this study) and CeuE (forward primer, CC2 50-
GATTTTATTATTTGTAGCAGCG-30; reverse primer, CC3 50-
TCCATGCCCTAAGACTTAACG-30) specific for C. coli
(Gonzalez et al., 1997). The expected amplicon fragment size
for hipO and ceuE gene fragments was 181 and 647 bp, re-
spectively. The PCR amplification conditions used was an
initial denaturation at 958C for 15 minutes followed by 30
cycles of denaturing for 30 seconds at 948C, annealing at 558C
for 60 seconds, and extension at 728C for 60 seconds. A final
extension of 7 minutes at 728C was used after the final cycle.

Statistical analysis

Logistic regression using proc genmod procedure (SAS
version 9.1; SAS Institute Inc., Cary, NC) was used to compare
Campylobacter prevalence and antimicrobial resistance profile

between regions, production systems, and stages of proces-
sing. Outcomes of interest were Campylobacter prevalence and
resistance to each antimicrobial. A generalized estimating
equations method with an exchangeable correlation structure
was used to model within farm dependence (Hosmer and
Lemeshow, 2000). A separate model was used at the farm and
slaughter plant. At the farm level, a logistic regression model
was used to compare Campylobacter prevalence and propor-
tion of antimicrobial resistance for each of the six antimicro-
bial agents between production systems and regions.
Geographic regions (region 1 and 2) and production systems
(ABF and conventional) were included in the model as fixed
effect categorical variables. The model included farm as a
random effect variable.

At slaughter plant for each stage of processing, separate
logistic regression models were used to compare Campylo-
bacter prevalence and antimicrobial resistance between pro-
duction systems and regions. In addition, within region
comparison between production systems was conducted.
Further, a separate comparison between pre- and post-
evisceration, and between postevisceration and postchill
stages were conducted. In all instances the model included
farm as a random effect variable. p-Values <0.05 were con-
sidered significant.

Results

Prevalence of Campylobacter

The overall prevalence of Campylobacter among the pigs
tested was 56.3% (472 of 838). The observed prevalence of
Campylobacter for conventional farms ranged from 2.9% to
100% and for ABF farms from 0% to 71.9%. Two hundred
fifty-two of 428 (58.9%) conventionally reared pigs and 220 of
411 (53.8%) pigs from ABF farms were found to carry Cam-
pylobacter. Although a higher frequency of Campylobacter was
detected in conventional than in ABF farms, the difference
was not statistically significant (odds ratio [OR] 1.4, 95%
confidence interval [CI] 0.8–2.6, p¼ 0.24). Campylobacter
prevalence in region 1 and region 2 was 54.1% and 58.2%,
respectively. In region 2 pigs raised in conventional produc-
tion system were more likely to have Campylobacter than those
from ABF (OR 2.5, 95% CI 1.4–4.4, p¼ 0.02) (Fig. 1).

At slaughter, Campylobacter was recovered from carcass
swab samples collected at different stages of processing (pre-
evisceration, postevisceration, and postchill). A total of 315
pre-evisceration and 304 postevisceration carcass swabs were
examined for the presence of Campylobacter. Of these, 61
(19.4%) pre-evisceration and 77 (25.3%) postevisceration car-
cass swabs were positive for Campylobacter. In region 1, car-
cass Campylobacter contamination was significantly higher at
post- (35.8%) than pre-evisceration stages (15.9%) in conven-
tional production system ( p¼ 0.03) (Fig. 1). At postchill stage,
18 of 554 (3.2%) carcass swab samples were positive for
Campylobacter.

Antimicrobial resistance of Campylobacter isolates

A total of 1257 Campylobacter isolates (936 from farm and
321 from slaughter) were tested for antimicrobial suscepti-
bility. Overall, resistance was common to tetracycline (64.5%)
and erythromycin (47.9%) (Table 1). None of the isolates
showed resistance to all the tested antimicrobials. A total of
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602 (47.9%) and 61 (4.9%) Campylobacter isolates were found to
be resistant to erythromycin and ciprofloxacin, respectively.
From 602 erythromycin-resistant Campylobacter isolates, 346
(57.5%) were from conventional and 256 (42.5%) were from
ABF production systems. Forty-six of 61 (75.4%) cipro-
floxacin-resistant Campylobacter were recovered from ABF
and the remaining 15 (24.6%) from conventional production
systems.

At farm level, Campylobacter isolates from conventional
production systems were more likely to be erythromycin re-

sistant than those from ABF (OR 3.2, 95% CI 1.4–7.2, p¼ 0.01).
Although the proportions of Campylobacter resistant to nali-
dixic acid and ciprofloxacin varied between ABF (33.3% for
nalidixic acid and 8.2% for ciprofloxacin) and conventional
(19.7% for nalidixic acid and 3.1% for ciprofloxacin) farms, no
significant association was found between production system
and resistance to fluoroquinolones (ciprofloxacin, OR 1.9, 95%
CI 0.6–5.5, p¼ 0.26, and nalidixic acid, OR 1.4, 95% CI 0.6–3.0,
p¼ 0.42) following adjustment for the confounding effect of
farm in a logistic regression model. We found no significant
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FIG. 1. Campylobacter prevalence in different geographic regions, production systems, and stage of processing. The first two
graphs show Campylobacter prevalence at different stages in region 1 and 2 (irrespective of production system). The remaining
graphs show Campylobacter prevalence in antimicrobial free (ABF) and conventional production systems within region 1 and
2. aSignificantly higher at postevisceration than pre-evisceration; bsignificantly higher at conventional farms than ABF.

Table 1. Antimicrobial Resistance Profiles of Campylobacter Isolated from Different

Geographic Locations, Production Systems, and Stages

Production stage Production system Region Isolates tested Chl (%) Ery (%) Gen (%) Nal (%) Cip (%) Tet (%)

Finishing Conv. 1 215 3 (1.4) 150 (69.8)a,b 4 (1.9) 17 (7.9) 7 (3.3) 128 (59.5)
ABF 165 3 (1.8) 53 (32.1) 9 (5.5) 57 (34.5) 20 (12.1) 104 (63)
Conv. 2 231 9 (3.9) 132 (57.1) 13 (5.6) 71 (30.7) 7 (3) 166 (71.9)
ABF 325 3 (0.9) 127 (39.1) 12 (3.7) 106 (32.6) 20 (6.2) 221 (68)

Pre-evisceration Conv. 1 12 0 (0) 5 (41.7) 0 (0) 0 (0) 0 (0) 8 (66.7)a,b

ABF 31 1 (3.2) 8 (25.8) 0 (0) 3 (9.7) 3 (9.7) 5 (16.1)
Conv. 2 36 2 (5.6) 18 (50) 0 (0) 4 (11.1) 0 (0) 23 (63.9)
ABF 59 20 (33.9)c,d 30 (50.8) 0 (0) 23 (39)c,d 1 (1.7) 41 (69.5)

Postevisceration Conv. 1 56 1 (1.8) 21 (37.5) 0 (0) 2 (3.6) 1 (1.8) 37 (66.1)
ABF 27 0 (0) 12 (44.4) 0 (0) 1 (3.7) 0 (0) 15 (55.6)
Conv. 2 28 0 (0) 9 (32.1) 0 (0) 0 (0) 0 (0) 8 (28.6)
ABF 43 12 (27.9) 18 (41.9) 1 (2.3) 11 (25.6) 2 (4.7) 38 (88.4)c,d

Postchill Conv. 1 17 1 (5.9) 11 (64.7) 1 (5.9) 0 (0) 0 (0) 8 (47.1)
ABF 6 0 (0) 6 (100) 0 (0) 0 (0) 0 (0) 6 (100)
Conv. 2 0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
ABF 6 0 (0) 2 (33.3) 0 (0) 0 (0) 0 (0) 3 (50)

Total 1257 55 (4.4) 602 (47.9) 40 (3.2) 295 (23.5) 61 (4.9) 811 (64.5)

Region 1 represents farms from Ohio and Michigan; region 2 represents farms from Wisconsin and Iowa.
aSignificantly higher in conventional than in ABF ( p< 0.05).
bWith in region 1 significantly higher in conventional than in ABF ( p< 0.05).
cSignificantly higher in ABF than in conventional ( p< 0.05).
dWith in region 2 significantly higher in ABF than in conventional ( p< 0.05).
ABF, antimicrobial free farms; Chl, chloramphenicol; Cip, ciprofloxacin; Conv., conventional; Ery, erythromycin; Gen, gentamicin; Nal,

nalidixic acid; Tet, tetracycline.
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difference in antimicrobial resistance between the two geo-
graphic regions ( p> 0.05). In region 1, Campylobacter isolates
from conventional production system had significantly
higher odds of being erythromycin resistant than ABF (OR
5.2, 95% CI 1.4–18.9, p¼ 0.03). Conversely, in region 2 no
significant associations were found between production sys-
tems and prevalence of antimicrobial resistance to any of the
drugs ( p> 0.05) (Table 1).

At slaughter, a total of 321 Campylobacter isolates recovered
at different stages of processing (pre-evisceration, post-
evisceration, and postchill) were tested for their antimicrobial
susceptibility. Of these, 149 (46.4%) were from conventional
and 172 (53.6%) were from ABF. Eighty-eight of the 321
(27.4%) Campylobacter isolates recovered from the slaughter
plant were susceptible to all tested antimicrobials as com-
pared to 20.6% from on-farm. Resistance was most common
to tetracycline (59.8%) followed by erythromycin (43.6%),
nalidixic acid (13.7%), chloramphenicol (11.5%), ciprofloxacin
(2.2%), and gentamicin (0.6%). Campylobacter isolates recov-
ered from ABF pig carcasses were more likely to be resistant to
nalidixic acid or chloramphenicol than their conventional
counter parts (nalidixic acid OR 5.7, 95% CI 2.0–15.9, p¼ 0.001
and chloramphenicol OR 6.7, 95% CI 1.3–34.2, p¼ 0.02).

One isolate recovered at the postevisceration stage from
conventional production system was found to be cipro-
floxacin resistant. On the contrary, six isolates of ABF origin
(four from pre-evisceration and two from postevisceration
stages) were resistant to ciprofloxacin, corroborating the
findings at the farm stage. Campylobacter isolates from pre-
and postevisceration stages of ABF production systems
demonstrated varying frequency of resistance to chloram-
phenicol, erythromycin, nalidixic acid, ciprofloxacin, and
tetracycline (Table 1). Generally, the prevalence of Campylo-
bacter and proportion of resistance were lower at the postchill
stages. None of the isolates from either production systems or
geographic regions showed resistance to ciprofloxacin or na-
lidixic acid at postchill. Only one isolate recovered at postchill
stage of conventional production system showed resistance to
gentamicin.

Overall, 458 of 936 (48.9%) Campylobacter isolates recovered
at the farm level showed multidrug-resistance (resistant to
two or more classes of antimicrobials). One hundred eight out
of 321 (33.6%) Campylobacter isolates from slaughter plant
were also multidrug resistant. Thirty-seven (2.9%) of the total
(farm and slaughter) 1257 Campylobacter isolates were resis-
tant to both erythromycin and ciprofloxacin. Among Campy-
lobacter isolates from ABF production system, the predominant
resistance pattern was resistance to tetracycline only (R-type
Tet, 25.2%), followed by erythromycin–tetracycline (R-type
EryTet, 10.3%) and erythromycin–nalidixic acid–tetracycline
(R-type EryNalTet, 10.3%). The predominant resistance pattern
among Campylobacter isolates recovered from conventional
production system was EryTet (33.4%) followed by Tet (16%)
and Ery (12.6%) (Table 2).

Campylobacter speciation

Out of 1257 Campylobacter isolates recovered, 1087 were
speciated using multiplex PCR targeting hipO and ceuE gene
for C. jejuni and C. coli, respectively. The remaining 170
Campylobacter isolates could not be re-grown, despite multiple
attempts using different enrichment media, including blood

agar and Brucella broth. One thousand thirty-four (95%)
Campylobacter isolates were found to be C. coli and the re-
maining 53 Campylobacter isolates were neither C. coli nor
C. jejuni.

Discussion

The present study demonstrated that Campylobacter is
prevalent in pig farms in both production systems and geo-
graphic locations. More than half of the pigs (56.3%) were
found to be positive for Campylobacter. Previous reports have
shown that C. coli prevalence in pigs ranges between 50% and
100% (Manser and Dalziel, 1985; Harvey et al., 1999; Alter
et al., 2005; Boes et al., 2005; Jensen et al., 2006; Varela et al.,
2007; Leblanc Maridor et al., 2008; Wright et al., 2008). In the
current study, there was no statistically significant difference
in Campylobacter prevalence between the two production
systems. Our finding is in agreement with a previous study
that compared Campylobacter prevalence between conven-
tional and ABF pig farms from North Carolina (Thakur and
Gebreyes, 2005). In addition, a similar study that compared
prevalence in ABF and conventional pig production systems
in eight states in the Midwestern United States did not iden-
tify a significant difference in prevalence between the two
production systems (Rollo et al., 2010). Jensen et al. (2006)
showed the presence of Campylobacter in more than a third of
the samples from organic pigs and their outdoor environ-
ment. The findings from this study indicate that pigs reared in
either production system could serve as important reservoirs
of Campylobacter.

The overall recovery rate of Campylobacter was not signifi-
cantly different before and after evisceration implying that
evisceration process did not result in further carcass con-
tamination. In region 1, Campylobacter carcass contamination
was significantly higher at postevisceration stages than pre-
evisceration for conventional production system. This may
indicate differences in the evisceration process between the
slaughter plants. A study conducted in North Carolina
showed that Campylobacter carcass contamination was sig-
nificantly higher at postevisceration than pre-evisceration
(Thakur and Gebreyes, 2005). A possible explanation is that
removal of the intestinal tract during the evisceration process
may facilitate the spread of pathogens through fecal con-
tamination. It is also possible that cross contamination of
carcasses may occur through the use of common utensils.

Table 2. Predominant Campylobacter Resistance

Patterns Based on Production Systems

Antimicrobials
to which resistance
was shown R-pattern ABF (%) Conv. (%)

0 Pan-susceptible 162 (24.5) 119 (20)
1 ERY 49 (7.4) 75 (12.6)

TET 167 (25.2) 95 (16)
2 ERYTET 68 (10.3) 199 (33.4)

NALTET 43 (6.5) 20 (3.4)
3 ERYNALTET 68 (10.3) 31 (5.2)

NALCIPTET 9 (1.4) 2 (0.3)
4 CHLERYNALTET 26 (3.9) 4 (0.7)

ERYNALCIPTET 18 (2.7) 8 (1.3)
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Oosterom et al. (1985) indicated that most contamination
originated from surfaces, equipment, and utensils in the
slaughter hall. In previous report, pulsed-field gel electro-
phoresis analysis of Campylobacter isolates recovered from
rectal swab samples, carcass surfaces, and the slaughter line
showed genetic similarity, indicating cross contamination
during the slaughter process (Malakauskas et al., 2006).
However, in the present study pulsed-field gel electrophoresis
or other molecular typing methods were not used to deter-
mine the genetic similarity of the isolates and was difficult to
ascertain whether the same clone present at different stages of
processing.

At postchill stages, the recovery of Campylobacter was sig-
nificantly reduced. This is in agreement with previous studies
that showed a significant reduction in Campylobacter recovery
at postchill stages (Oosterom et al., 1985; Pearce et al., 2003;
Alter et al., 2005; Thakur and Gebreyes, 2005). This significant
reduction in Campylobacter recovery might be due to the sen-
sitive nature of the pathogen to environmental stress (Park,
2002). In addition, Chang et al. (2003) demonstrated that C. coli
isolates were reduced to undetectable levels after chill treat-
ment of carcasses.

Several studies have shown the occurrence of antimi-
crobial resistance among Campylobacter isolates (Bywater
et al., 2004; Gupta et al., 2004; Gebreyes et al., 2005; Schup-
pers et al., 2005; Thakur and Gebreyes, 2005; Larkin et al.,
2006; Gallay et al., 2007; Van Hees et al., 2007; Varela et al.,
2007). In the current study, we found resistance to all six
antimicrobials tested with different frequencies in both
production systems and geographic locations. However,
resistance was common to erythromycin and tetracycline.
Erythromycin is one of the drugs of choice for the treatment
of campylobacteriosis in humans. In the present study,
47.9% of C. coli isolates were resistant to erythromycin.
Guevremont et al. (2006) found that 61% of C. coli isolates
from pigs in Quebec were resistant to erythromycin. Our
findings are also in agreement with a previous study con-
ducted in North Carolina that reported C. coli resistance to
erythromycin, regardless of production system and stage
(Thakur and Gebreyes, 2005). Several studies have also
demonstrated a tendency for C. coli to acquire erythromycin
resistance in pigs (Harada et al., 2006; Larkin et al., 2006;
Gallay et al., 2007; Varela et al., 2007).

In the current study, Campylobacter isolates recovered from
conventional farms were more likely to be erythromycin re-
sistant than those recovered from ABF farms. Our data agree
with a previous report that showed the presence of higher
proportion of erythromycin-resistant Campylobacter isolates
among conventional than ABF farms (Thakur and Gebreyes,
2005). A large proportion of conventional pig population re-
ceives antimicrobials, particularly tylosin (macrolides), tetra-
cyclines, and sulfa in their feed (Cromwell, 2002; McEwen and
Fedorka-Cray, 2002). Conversely, ABF farms included in the
current study did not use antimicrobials as growth promoters
and if used for therapeutic purposes, treated pigs are sepa-
rated from the rest of the herd. This variation in the con-
sumption of antimicrobials between conventional and ABF
farms may partly explain the significant variation in eryth-
romycin resistance. The presence of high levels of erythro-
mycin resistance, regardless of the production system, is of
great concern, as erythromycin is one of the drugs of choice for
the treatment of human campylobacteriosis.

Interestingly, close to 5% of the C. coli isolates showed re-
sistance to ciprofloxacin. This finding is similar to previous
reports in Europe and Canada (Bywater et al., 2004; Varela
et al., 2007). A study in Quebec, Canada reported ciprofloxacin
resistance as high as 11% among C. coli isolates of pig origin
(Guevremont et al., 2006). On the other hand, in a study
conducted in North Carolina, <2% of C. coli isolates were
ciprofloxacin resistant (Thakur and Gebreyes, 2005). Al-
though the rate of ciprofloxacin resistance varied between
conventional and ABF production systems, there was no as-
sociation between ciprofloxacin resistance and production
system ( p¼ 0.18). The relatively higher number of cipro-
floxacin resistance among ABF isolates might be explained by
the differences in the management of the production systems.
Pigs were kept in confinement in conventional production
systems, whereas in ABF, they were kept out-doors, and as a
result they may have had more contact with humans (animal
handlers), companion animals, birds, and rodents. It is worth
noting that no fluoroquinolone antimicrobials are used in pig
industry in United States for any purpose. Bywater et al. (2004)
reported a relatively high incidence of ciprofloxacin resistance
among Campylobacter isolates from pigs in Sweden, even
though no fluoroquinolones use are authorized. In our study,
37 (2.9%) Campylobacter isolates were resistant to both eryth-
romycin and ciprofloxacin. This may be of particular public
health concern as these are the two drugs of choice for human
campylobacteriosis, if treatment is needed for invasive cases.

The highest frequency of resistance was found against tet-
racycline in both production systems and geographic loca-
tions. Our finding is in agreement with a study that compared
conventional and ABF pig farms in North Carolina (Thakur
and Gebreyes, 2005). Additionally, Guevremont et al. (2006)
reported that the highest proportion of resistance found was
against tetracycline, where 68% of C. coli of pig origin showed
resistance. Tetracycline has been widely used in therapy and
as a growth promoter in pig production systems for a long
time, and this continuous exposure may serve as selective
pressure, resulting in the maintenance of resistance genes
from generation to generation. Langlois et al. (1983) showed
persistence of tetracycline-resistant coliforms in pigs, even
after the removal of antibiotics from feed or treatment for
more than a decade. In addition, Funk et al. (2006) found
strong association of tetracycline resistance, in aerobic Gram-
negative isolates that originated from pigs fed subtherapeutic
chlortetracycline, than those not receiving the drugs. Several
studies have also indicated that some of the resistance genes
to tetracycline are carried on a plasmid that may facilitate the
transfer (Ansary and Radu, 1992; Velazquez et al., 1995;
Chopra and Roberts, 2001).

In the current study, close to half of Campylobacter isolates
recovered at the farm level showed resistance to two or more
classes of antimicrobials. In addition, multidrug-resistant
Campylobacter strains were detected both at the farm and
slaughter stages of conventional and ABF herds. This may
indicate the need to study other possible factors that facilitates
coselection for different antimicrobials and contribution of
MDR efflux pumps in multidrug resistance expression. The
common finding of coresistance between tetracycline and
erythromycin in our study isolates warrants further investi-
gation. Several studies indicated the presence of MDR efflux
pumps in Campylobacter spp. (Pumbwe and Piddock, 2002;
Piddock, 2006; Hannula and Hanninen, 2008).
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In a nutshell, the current study showed high prevalence of
Campylobacter in both conventional and antibiotic free pig
production systems and the presence of antimicrobial resis-
tance regardless of the antimicrobial use status of the farms.
The finding of antimicrobial resistance to the available drugs
of choice for the treatment of human campylobacteriosis
warrants further investigation as to what other variables play
a role in resistance development for these drugs.

Acknowledgments

This study was funded by National Integrated Food Safety
Initiative (2002-51110-5118), U.S. Department of Agriculture.
We sincerely thank the pig producers and abattoir personnel
who participated in this project. We gratefully acknowledge
the technical support of Heather Lowman, Pamela Fry, and
Narry Tiao.

Disclosure Statement

No competing financial interests exist.

References

Aarestrup FM and Wegener HC. The effects of antibiotic usage
in food animals on the development of antimicrobial resis-
tance of importance for humans in Campylobacter and Escher-
ichia coli. Microb Infect 1999;1:639–644.

Alter T, Gaull F, Kasimir S, et al. Distribution and genetic char-
acterization of porcine Campylobacter coli isolates. Berl Munch
Tierarztl Wochenschr 2005;118:214–219.

Ansary A and Radu S. Conjugal transfer of antibiotic resistances
and plasmids from Campylobacter jejuni clinical isolates. FEMS
Microbiol Lett 1992;70:125–128.

Baker R. Health management with reduced antibiotic use—the
U.S. experience. Anim Biotechnol 2006;17:195–205.

Boes J, Nersting L, Nielsen E, et al. Prevalence and diversity of
Campylobacter jejuni in pig herds on farms with and without
cattle or poultry. J Food Prot 2005;68:722–727.

Bywater R, Deluyker H, Deroover E, et al. European survey of
antimicrobial susceptibility among zoonotic and commensal
bacteria isolated from food-producing animals. J Antimicrob
Chemother 2004;54:744–754.

[CDC] Centers for Disease Control and Prevention. Preliminary
FoodNet data on the incidence of infection with pathogens
transmitted commonly through food—10 states, 2007. MMWR
2008;57:366–370.

[CDC] Centers for Disease Control and Prevention. The National
Antimicrobial Resistance Monitoring System-Enteric Bacteria,
2001 Annual Report. Atlanta, GA: National Antimicrobial Re-
sistance Monitoring System (NARMS), 2003.

Chang V, Mills E, and Cutter C. Reduction of bacteria on pork
carcasses associated with chilling method. J Food Prot
2003;66:1019–1024.

Chopra I and Roberts M. Tetracycline antibiotics: mode of ac-
tion, applications, molecular biology, and epidemiology of
bacterial resistance. Microbiol Mol Biol Rev 2001;65:232–260.

Cromwell G. Why and how antibiotics are used in swine pro-
duction. Anim Biotechnol 2002;13:7–27.

Engberg J, Aarestrup F, Taylor D, et al. Quinolone and macrolide
resistance in Campylobacter jejuni and C. coli: resistance
mechanisms and trends in human isolates. Emerg Infect Dis
2001;7:24–34.

Funk J, Lejeune J, Wittum T, and Rajala-Schultz P. The effect of
subtherapeutic chlortetracycline on antimicrobial resistance

in the fecal flora of swine. Microb Drug Resist 2006;12:210–
218.

Gallay A, Prouzet-Mauleon V, Kempf I, et al. Campylobacter an-
timicrobial drug resistance among humans, broiler chickens,
and pigs, France. Emerg Infect Dis 2007;13:259–266.

Gebreyes WA, Thakur S, and Morrow WEM. Campylobacter Coli:
prevalence and antimicrobial resistance in antimicrobial-Free
(ABF) swine production systems. J Antimicrob Chemother
2005;56:765–768.

Gonzalez I, Grant KA, Richardson PT, Park SF, and Collins MD.
Specific identification of the enteropathogens Campylobacter
jejuni and Campylobacter coli by using a PCR test based on the
ceuE gene encoding a putative virulence determinant. J Clin
Microbiol 1997;35:759–763.

Guevremont E, Nadeau E, Sirois M, and Quessy S. Antimicrobial
susceptibilities of thermophilic Campylobacter from humans,
swine, and chicken broilers. Can J Vet Res 2006;70:81–86.

Gupta A, Nelson J, Barrett T, et al. Antimicrobial resistance
among Campylobacter strains, United States, 1997–2001. Emerg
Infect Dis 2004;10:1102–1109.

Hannula M and Hanninen M. Effect of putative efflux pump
inhibitors and inducers on the antimicrobial susceptibility of
Campylobacter jejuni and Campylobacter coli. J Med Microbiol
2008;57:851–855.

Harada K, Asai T, Kojima A, et al. Characterization of macrolide-
resistant Campylobacter coli isolates from food-producing ani-
mals on farms across Japan during 2004. J Vet Med Sci
2006;68:1109–1111.

Harvey R, Young C, Ziprin R, et al. Prevalence of Campylobacter
spp isolated from the intestinal tract of pigs raised in an in-
tegrated swine production system. J Am Vet Med Assoc
1999;15:1601–1604.

Hosmer DW and Lemeshow S. Applied Logistic Regression, 2nd

edition. Hoboken, NJ: John Wiley & Sons Inc., 2000, pp. 91–
142, 312–316.

Jensen AN, Dalsgaard A, Baggesen DL, and Nielsen EM. The
occurrence and characterization of Campylobacter jejuni and C.
coli in organic pigs and their outdoor environment. Vet Mi-
crobiol 2006;116:96–105.

Langlois BE, Cromwell GL, Stahly TS, et al. Antibiotic resistance
of fecal coliforms after long-term withdrawal of therapeutic
and subtherapeutic antibiotic use in a swine herd. Appl En-
viron Microbiol 1983;46:1433–1434.

Larkin C, Van Donkersgoed C, Mahdi A, et al. Antibiotic resis-
tance of Campylobacter jejuni and Campylobacter coli isolated
from hog, beef, and chicken carcass samples from provincially
inspected abattoirs in Ontario. J Food Prot 2006;69:22–26.

Leblanc Maridor M, Denis M, Lalande F, et al. Experimental
infection of specific pathogen-free pigs with Campylobacter:
excretion in faeces and transmission to non-inoculated pigs.
Vet Microbiol 2008;131:309–317.

Malakauskas M, Jorgensen K, Nielsen EM, et al. Isolation of
Campylobacter spp. from a pig slaughterhouse and analysis of
cross-contamination. Int J Food Microbiol 2006;108:295–300.

Manser P and Dalziel R. A survey of Campylobacter in animals.
J Hyg 1985;95:15–21.

McEwen S and Fedorka-Cray P. Antimicrobial use and resis-
tance in animals. Clin Infect Dis 2002;34 Suppl 3:S93–S106.

Mead P, Slutsker L, Dietz V, et al. Food-related illness and death
in the United States. Emerg Infect Dis 1999;5:607–625.

[NCCLS] National Committee for Clinical Laboratory Stan-
dards. Performance Standards for Antimicrobial Disc and Dilution
Susceptibility Tests for Bacteria Isolated from Animals; Approved
Standard, 2nd edition. M31-A2. Wayne, PA: NCCLS, 2002a.

CAMPYLOBACTER AND RESISTANCE IN PIG PRODUCTION 373



[NCCLS] National Committee for Clinical Laboratory Standards.
Performance Standards for Antimicrobial Susceptibility Testing; 12th
Informational Supplement. M100-S12. Wayne, PA: NCCLS, 2002b.

Oosterom J, Dekker R, de Wilde G, et al. Prevalence of Campy-
lobacter jejuni and Salmonella during pig slaughtering. Vet Q
1985;7:31–34.

Palumbo SA, Klein P, Capra J, et al. Comparison of excision and
swabbing sampling methods to determine the microbiological
quality of swine carcass surfaces. Food Microbiol 1999;16:459–
464.

Park S. The physiology of Campylobacter species and its relevance
to their role as foodborne pathogens. Int J Food Microbiol
2002;74:177–188.

Pearce R, Wallace F, Call J, et al. Prevalence of Campylobacter
within a swine slaughter and processing facility. J Food Prot
2003;66:1550–1556.

Pezzotti G, Serafin A, Luzzi I, et al. Occurrence and resistance to
antibiotics of Campylobacter jejuni and Campylobacter coli in
animals and meat in northeastern Italy. Int J Food Microbiol
2003;82:281–287.

Piddock LJV. Clinically relevant chromosomally encoded mul-
tidrug resistance efflux pumps in bacteria. Clin Microbiol Rev
2006;19:382–402.

Prats G, Mirelis B, Llovet T, et al. Antibiotic resistance trends in
enteropathogenic bacteria isolated in 1985–1987 and 1995–
1998 in Barcelona. Antimicrob Agents Chemother 2000;44:
1140–1145.

Pumbwe L and Piddock LJV. Identification and molecular
characterisation of CmeB, a Campylobacter jejuni multidrug ef-
flux pump. FEMS Microbiol Lett 2002;206:185–189.

Rollo SN, Norby B, Bartlett PC, Scott HM, Wilson DL, Fajt VR,
Linz JE, Bunner CE, Kaneene JB, and Huber JC Jr. Prevalence
and patterns of antimicrobial resistance in Campylobacter spp
isolated from pigs reared under antimicrobial-free and con-
ventional production methods in eight states in the Mid-
western United States. J Am Vet Med Assoc 2010;236:201–210.

Schuppers ME, Stephan R, Ledergerber U, et al. Clinical herd
health, farm management and antimicrobial resistance in

Campylobacter coli on finishing pig farms in Switzerland. Prev
Vet Med 2005;69:189–202.

Thakur S and Gebreyes W. Prevalence and antimicrobial resis-
tance of Campylobacter in antimicrobial-free and conventional
pig production systems. J Food Prot 2005;68:2402–2410.

Van Hees B, Veldman-Ariesen M, de Jongh B, et al. Regional and
seasonal differences in incidence and antibiotic resistance of
Campylobacter from a nationwide surveillance study in the
Netherlands: an overview of 2000–2004. Clin Microbiol Infect
2007;13:305–310.

Varela N, Friendship R, and Dewey C. Prevalence of resistance
to 11 antimicrobials among Campylobacter coli isolated from
pigs on 80 grower-finisher farms in Ontario. Can J Vet Res
2007;71:189–194.

Velazquez JB, Jimenez A, Chomon B, and Villa TG. Incidence
and transmission of antibiotic resistance in Campylobacter
jejuni and Campylobacter coli. J Antimicrob Chemother
1995;35:173–178.

Weijtens M, Bijker P, Van der Plas J, et al. Prevalence of Cam-
pylobacter in pigs during fattening; an epidemiological study.
Vet Q 1993;15:138–143.

Weijtens M, van der Plas J, Bijker P, et al. The transmission of
Campylobacter in piggeries; an epidemiological study. J Appl
Microbiol 1997;83:693–698.

Wright S, Carver D, Siletzky R, et al. Longitudinal study of
prevalence of Campylobacter jejuni and Campylobacter coli from
turkeys and swine grown in close proximity. J Food Prot
2008;71:791–1796.

Address correspondence to:
Wondwossen A. Gebreyes, D.V.M., Ph.D., DACVPM

Department of Veterinary Preventive Medicine
The Ohio State University

1920 Coffey Road
Columbus, OH 43210

E-mail: gebreyes@cvm.osu.edu

374 TADESSE ET AL.


