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The antimicrobial susceptibilities of 378 Campylobacter isolates were determined. Resistance to tetracycline
was the most common (82%), followed by resistance to doxycycline (77%), erythromycin (54%), nalidixic acid
(41%), and ciprofloxacin (35%). Campylobacter coli displayed significantly higher rates of resistance to cipro-
floxacin and erythromycin than Campylobacter jejuni, and Campylobacter isolates from turkey meat showed a
greater resistance than those from chicken meat.

Campylobacter is a leading cause of human gastroenteritis
worldwide, with an estimated 2.4 million cases each year in the
United States (8). Campylobacter jejuni and Campylobacter coli
are the species most commonly associated with human infec-
tions and cause clinically similar illnesses. When an antibiotic
is recommended for treatment of patients with severe campy-
lobacteriosis, the most frequently recommended drug is eryth-
romycin or a fluoroquinolone such as ciprofloxacin (16). Tet-
racycline, doxycycline, and chloramphenicol are sometimes
listed as alternative drugs for treatment. However, an increas-
ing number of Campylobacter species that exhibit decreased
susceptibility to several of these drugs have been isolated from
food and water sources as well as from clinical samples in
Europe (9, 14, 15, 18), Canada (5), and the United States (2,
17).

Campylobacter is considered mainly a food-borne pathogen,
with raw or undercooked poultry serving as an important
source of sporadic Campylobacter infection (1). The identifi-
cation of antimicrobial-resistant Campylobacter organisms in
food has raised concerns that the treatment of food-borne
campylobacteriosis may be compromised, because antimicro-
bial-resistant Campylobacter strains cause more prolonged or
more severe illness than do antimicrobial-susceptible strains
(19). In this study, we examined the antimicrobial susceptibility
of Campylobacter isolates from retail meats and determined
the genetic basis of resistance to ciprofloxacin and erythromy-
cin by studying the mutations in the gyrA and 23S rRNA genes,
respectively.

Campylobacter was isolated from 159 (22%) of 719 retail
meat samples from a previous study (21). To determine
whether multiple Campylobacter strains were present, more
than one colony per sample was selected, which resulted in a
total of 378 isolates, including 196 C. jejuni isolates, 153 C. coli
isolates, and 29 isolates from other Campylobacter species.
The 378 Campylobacter isolates were examined for susceptibil-
ity to chloramphenicol, ciprofloxacin, doxycycline, erythromy-
cin, gentamicin, nalidixic acid, and tetracycline by using the

agar dilution method according to NCCLS recommendations
(6, 10).

Approximately 94% of the 159 meat samples (149 samples)
were contaminated with Campylobacter isolates that were re-
sistant to at least one of the seven antimicrobials tested. Re-
sistance to tetracycline was the most commonly found among
155 poultry isolates (82%), followed by resistance to doxycy-
cline (77%), erythromycin (54%), nalidixic acid (41%), and
ciprofloxacin (35%) (Table 1). Two C. coli isolates from two
turkey samples showed resistance to chloramphenicol. None of
the isolates was resistant to gentamicin.

The antimicrobial resistance of Campylobacter isolates dif-
fered according to the species of the organism and the source
of isolation. C. coli isolates displayed significantly higher rates
of resistance (P � 0.05) to ciprofloxacin and erythromycin than
did C. jejuni. Therefore, it is important to differentiate Campy-
lobacter isolates at the species level in order to better monitor
trends in antimicrobial resistance. Turkey isolates of both spe-
cies showed significantly higher rates of resistance (P � 0.05)
to ciprofloxacin and erythromycin than did chicken isolates
(Fig. 1). This may be due to the longer raising period for
turkeys (up to 18 weeks) than for chickens (7 weeks). In addi-
tion, because turkeys are economically more valuable than
chickens, farmers are prone to giving turkeys antibiotics for
disease treatment and prevention and for growth promotion
(11). Multidrug-resistant Campylobacter isolates were com-
mon. Coresistance to ciprofloxacin and erythromycin was
found in Campylobacter isolates from 41 (26%) meat samples.
The ciprofloxacin MIC for all ciprofloxacin-resistant Campy-
lobacter isolates was �16 �g/ml, and that for two of the isolates
was 128 �g/ml.

Pulsed-field gel electrophoresis (PFGE) was used for sub-
typing Campylobacter isolates (12). Among the C. jejuni and C.
coli isolates, 81 and 67 PFGE patterns were identified, respec-
tively. Multiple Campylobacter species were present in 16
(10%) meat samples, whereas multiple strains with distinct
PFGE patterns were recovered from 41 (26%) of the 159 meat
samples. The PFGE and antimicrobial susceptibility profiles
correlated well. Campylobacter isolates with identical PFGE
patterns displayed the same or similar antimicrobial suscepti-
bility profiles. Several of the Campylobacter isolates were found
in chicken and turkey products from different chains or stores
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throughout the 12-month sampling period. Nineteen (68%) of
the 28 meat samples that contained isolates of the same species
with different PFGE patterns also showed different antibio-
grams.

For Campylobacter, the resistance to fluoroquinolones and
macrolides appears to be due mostly to mutations in genes
encoding DNA gyrase and 23S rRNA, respectively (4). DNA
sequence analyses of the gyrA gene from 98 ciprofloxacin-
resistant Campylobacter isolates and of the 23S rRNA gene
from 44 erythromycin-resistant and 15 erythromycin-suscepti-
ble Campylobacter isolates were performed to detect mutations
associated with resistance. The genes were amplified by using
PCR as described in published reports (22, 23). Sequence
analyses of the gyrA genes of the ciprofloxacin-resistant C.
jejuni isolates identified 14 point mutations, 8 of which were
silent mutations, compared to the sequence for ciprofloxacin-

susceptible C. jejuni strain UA580 (GenBank accession no.
L04566). In addition to the previously reported Thr-86-Ile
mutation in 41 of the 42 isolates (13, 20), mutations at several
other positions were identified (Table 2). All isolates showed a
mutation from Asn at position 203, and 32 had an additional
mutation from Ser at position 22. Interestingly, the one isolate
lacking the Thr-86-Ile mutation contained novel double muta-
tions, from Asn at position 203 and from Ala at position 206.
Up to four mutations have been identified in some C. jejuni
isolates. In C. coli, although six point mutations were observed
in the gyrA gene of the 58 ciprofloxacin-resistant isolates rela-
tive to the sequence for the wild-type C. coli strain ATCC
33559 (accession no. AF092101), the mutation at position 86
was the only one that resulted in an amino acid sequence
change (from Thr). However, one ciprofloxacin-resistant C.

FIG. 1. Comparison of antimicrobial resistance profiles of C. jejuni and C. coli isolates from chicken (n � 125) and turkey (n � 23) meats. CHL,
chloramphenicol; CIP, ciprofloxacin; DOX, doxycycline; ERY, erythromycin; GEN, gentamicin; NAL, nalidixic acid; TET, tetracycline.

TABLE 1. Number of retail poultry meat samples containing
C. jejuni, C. coli, and other Campylobacter species resistant to

antimicrobial agents

Antimicrobial
agent

MIC
breakpoint

(�g/ml)

No. (%) of meat samples that contain
resistant isolates of:

C. jejuni
(n � 88)

C. coli
(n � 75)

Other
species

(n � 12)

Totala

(n � 155)

Chloramphenicol 32 0 2 (3) 0 2 (1)
Ciprofloxacin 4 22 (25) 30 (40) 4 (33) 55 (35)
Doxycycline 16 66 (75) 57 (76) 7 (58) 119 (77)
Erythromycin 8 37 (42) 46 (61) 3 (25) 84 (54)
Gentamicin 16 0 0 0 0
Nalidixic acid 32 28 (32) 32 (43) 5 (42) 64 (41)
Tetracycline 16 71 (81) 58 (77) 9 (75) 127 (82)

a Multiple species of Campylobacter were isolated from 15 poultry meat sam-
ples.

TABLE 2. Point mutations observed for sequences from
ciprofloxacin-resistant C. jejuni (n � 42) and C. coli

(n � 56) isolates

Species Mutation(s) Ciprofloxacin
MIC (�g/ml)

No. of
isolates

C. jejuni Ser-22-Gly, Thr-86-Ile,
Val-149-Ile, Asn-203-Ser

16–64 22

Ser-22-Gly, Thr-86-Ile,
Asn-203-Ser, Ala-206-
Val

32–64 3

Ser-22-Gly, Thr-86-Ile,
Asn-203-Ser

16–64 7

Thr-86-Ile, Asn-203-Ser,
Ala-206-Thr

16 1

Thr-86-Ile, Asn-203-Ser 64–128 8
Asn-203-Ser, Ala-206-Thr 64 1

C. coli Thr-86-Ile �16 56
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coli isolate lacked this mutation but possessed other silent
substitutions. Among 44 erythromycin-resistant Campylobacter
isolates analyzed, 13 of the 15 isolates for which the erythro-
mycin MIC was �64 �g/ml had an A-2230-G mutation en-
coded in the 23S rRNA. The remaining isolates showed a
spontaneous mutation at position 2268 (from T to C), which
was also found in 15 Campylobacter isolates that were suscep-
tible to erythromycin (MIC, �4 �g/ml) (Table 3). Other stud-
ies have demonstrated an efflux of fluoroquinolones, which
also contributes to antimicrobial resistance in Campylobacter
isolates (3, 7).

Since campylobacteriosis is transmitted primarily through
food, particularly food of animal origin, the presence of anti-
microbial-resistant Campylobacter in raw meat products has
important public health implications. Our findings indicated
that most Campylobacter isolates from retail poultry were re-
sistant to at least one of the seven antimicrobials tested and
that multidrug resistance was common. The coresistance to
erythromycin and ciprofloxacin must be considered to be
highly undesirable, as the two antimicrobials are generally ad-
vocated as first-line drugs for the treatment of campylobacte-
riosis. These findings suggest that cases of campylobacteriosis
acquired from undercooked or mishandled retail meats may
not respond to empirical therapy. Therefore, the use of in vitro
susceptibility testing of Campylobacter may take on greater
importance in ensuring rapid and appropriate management of
patients with food-borne campylobacteriosis.
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TABLE 3. Point mutations observed for 23S rRNA gene sequences
from 44 erythromycin-resistant and 15

erythromycin-susceptible Campylobacter isolates

Mutation Erythromycin
MIC (�g/ml) Species

No. of
isolates
tested

No. of
mutated
isolates

A-2230-G �64 C. coli 14 12
A-2230-G 64 C. coli 1 1
T-2268-C 32 C. coli 3 2

16 C. jejuni, C. coli 11 4
8 C. jejuni, C. coli 15 12

1–4 C. jejuni 15 9
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