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We tested 102 Campylobacter jejuni and 6 Campylobacter coli clinical isolates from Poland. All were suscep-
tible to erythromycin. Among the tested C. jejuni isolates 55.9% and 13.7% were resistant to ciprofloxacin and
tetracycline, respectively. Replacement of Thr86 with Ile in GyrA and a plasmid-borne tet(O) gene were the
main resistance mechanisms for fluoroquinolones and tetracycline, respectively.

Campylobacteriosis is a significant public health problem
in many developed countries. Campylobacter jejuni and
Campylobacter coli are leading causes of food-borne gastro-
enteritis and enteritis in humans (7). The interest in campy-
lobacteriosis in Poland started very recently, and its labora-
tory diagnostics, followed by recording, began in 2003. In
2004, only 24 confirmed cases of campylobacteriosis were
recorded in Poland, whereas in the neighboring Czech Re-
public and Germany there were over 25,000 and 55,000
cases reported, respectively (http://www.efsa.europa.eu/en
/science/monitoring_zoonoses/reports/1290.html). The low
number of isolates recorded in Poland suggests that only a
small number of infections are diagnosed and recorded.

In this work we present the first results on antimicrobial
susceptibility measured by MIC assay of Campylobacter spp.
isolated in Poland.

(A part of this report was presented at the Med-Vet-Net 2nd
General Scientific Meeting in Malta, 3 to 6 May 2006).

In our study we tested all isolates of C. jejuni (n � 102) and
C. coli (n � 6) collected from human diarrheal stool samples
by the regional sanitary-epidemiological units, in four different
districts in Poland, and the National Institute of Hygiene in
Warsaw, Poland, between 2003 and 2005. All the isolates were
epidemiologically unrelated. Bloody diarrhea, fever, vomiting,
and abdominal pain were reported for 61, 56, 32, and 15% of
cases, respectively. Isolates from children under 6 years of age
predominated (84%).

The samples were spread onto CCDA plates (Oxoid Ltd.,
Basingstoke, United Kingdom) and incubated under mi-
croaerobic conditions at 37°C for 48 h. The MICs of tetra-
cycline, ciprofloxacin, nalidixic acid, erythromycin, chloram-
phenicol, gentamicin, and amoxicillin-clavulanic acid were
determined by the E-test method (AB Biodisk, Sweden)
according to the manufacturer’s instructions. C. jejuni
ATCC 33560 was used as a control. The breakpoints were
those recommended by CLSI for C. jejuni/C. coli (5), except
for nalidixic acid, chloramphenicol, gentamicin, and amoxi-

cillin-clavulanic acid, for which the breakpoints for Entero-
bacteriaceae were used (4).

All the tested isolates were susceptible to erythromycin,
chloramphenicol, gentamicin, and amoxicillin-clavulanic acid,
while 57 C. jejuni and 4 C. coli isolates were resistant to both
ciprofloxacin and nalidixic acid. For all the ciprofloxacin-resis-
tant isolates MICs were higher than 32 �g/ml. A similar per-
centage (45.1%) of ciprofloxacin resistance was detected in C.
jejuni from Germany (19), whereas a higher resistance rate
(81%) was reported in Spain (14).

To determine the mechanism of resistance to fluoroquino-
lones, we isolated genomic DNA as described previously (9)
and performed the gyrA-restriction fragment length polymor-
phism (RFLP) analysis as described by Alonso et al. (1), with
primers adapted for C. jejuni (20). Results showed that all the
fluoroquinolone-resistant C. jejuni isolates carried a mutation
in the gyrA gene resulting in the replacement of Thr86 with Ile.
This substitution is known to be responsible for high-level
resistance to fluoroquinolones (1, 13, 20). The relatively high
fluoroquinolone resistance rates among Campylobacter isolates
are most probably caused by the broad use of this class of
antibiotics in veterinary medicine (especially in poultry) (10).
This hypothesis is supported by the very low (2%) frequency of
ciprofloxacin-resistant clinical isolates of C. jejuni observed in
Australia, where the usage of fluoroquinolones in food-pro-
ducing animals is prohibited (18). In Poland, such restriction
was introduced in 2006, but fluoroquinolones are still allowed
in veterinary medicine.

In our study 14 (13.7%) C. jejuni and 2 C. coli isolates
resistant to tetracycline were observed (Table 1). The tetracy-
cline resistance rate in Poland is lower than those reported in
Canada (Alberta) (50%) and Spain (72%) (8, 14). Since the
tet(O) gene is the most commonly reported determinant con-
ferring resistance to tetracycline in these species, we analyzed
its presence and localization in the tetracycline-resistant iso-
lates. The tet(O) gene was amplified by PCR using primers and
cycling conditions described by Bacon et al. (2). The C. jejuni
81-176 strain served as the tetracycline-resistant tet(O) refer-
ence strain (2). In agreement with previous findings (2, 3, 8, 11,
12, 15, 17), the tet(O) gene was detected in all the tetracycline-
resistant isolates tested. Since tet(O) was reported to occur on
plasmids (17), we carried out plasmid analyses and Southern
hybridization with a tet(O) probe. Plasmids were extracted by
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the alkaline lysis method (16) with modification (15) or by a
plasmid kit (A&A Biotechnology, Poland). The sizes of plas-
mids were calculated on the basis of the sum of fragment sizes
obtained after ClaI (Bsu15I; Fermentas, Lithuania) digestions.
Plasmids from isolates harboring multiple plasmids were com-
pared to plasmids of known sizes harbored by E. coli V517.
Southern blot analysis was carried out with DIG High Prime
DNA labeling and detection starter kit I (Roche Diagnostics
Gmbh, Germany) according to the manufacturer’s instruc-
tions. Transfer of DNA to a nylon membrane (Serva, Ger-
many) was performed as described by Sambrook et al. (16). A
plasmid containing the tet(O) gene from the tetracycline-resis-
tant strain C. jejuni 81-176 was used as a positive control, and
bacteriophage lambda digested with HindIII was used as a
negative control.

All the tetracycline-resistant isolates except a plasmidless
one (39/05) harbored a large plasmid from 34 to 45 kb in size
(Table 1; Fig. 1A) that carried the tet(O) gene as shown by the
Southern hybridization assay (Fig. 1B). When compared to
results by Lee et al. (11) and Gibreel et al. (8), who found that
47% and 67%, respectively, of tetracycline-resistant clinical
isolates harbored a plasmid-borne tet(O) gene, our study re-
vealed a surprisingly high frequency (94%) of plasmid-medi-
ated tet(O) in Polish isolates of C. jejuni. To check the genetic
diversity of the tet(O) plasmids, we performed ClaI-RFLP.
Eight different profiles were noted, indicating heterogeneity of
these plasmids. Nevertheless, five C. jejuni plasmids and one C.
coli plasmid revealed the same predominating profile, I (Fig.
1A). These findings suggested that these isolates harbored the
same horizontally transferred plasmid. To exclude a clonal
dissemination of these plasmids, the tet(O)-positive isolates
were genotyped by pulsed-field gel electrophoresis (PFGE)
with SmaI according to the methodology described on the
Campynet website (http://campynet.vetinst.dk/PFGE.html) (Fig.

1C). With the exception of isolates 44/05 and 23/05, no clonal
structure was detected for isolates carrying plasmids of RFLP
type I. Interestingly, isolates 79/04 and 229/04, carrying plas-
mids of RFLP type V, were closely related. However, we were
unable to trace any direct epidemiological link between iso-
lates 44/05 and 23/05 as well 79/04 and 229/04.

Since tet(O) was reported to be often carried on conjugative
plasmids (3, 8, 12, 15, 17), we carried out a conjugation assay
as described by Taylor et al. (17) with modifications described
by Pratt and Korolic (15). Streptomycin-resistant C. jejuni clin-
ical isolates 367/04 and 375/04, obtained at the National Insti-
tute of Hygiene in Warsaw, Poland, and C. jejuni 81-116 mu-
tant R1 strain with a kanamycin resistance gene inserted into
flaA (21) were used as the recipient strains in conjugation
experiments. As a control donor strain we used C. jejuni 81-
176. The frequency of control conjugative transfer of tetracy-
cline resistance between the C. jejuni 81-176 donor strain and
the C. jejuni 81-116R1 recipient strain was 6 � 10�6. Conju-
gative transfer of tetracycline resistance was detected with 9 of
15 plasmid-possessing isolates (Table 1). It is noteworthy that
all plasmids of the aforementioned ClaI-RFLP type I were

FIG. 1. Results for the isolates harboring plasmids carrying the
tet(O) gene. Lanes: 1, 47/05; 2, 44/05; 3, 23/05; 4, 45/03; 5, 202/04;
6, 42/05; 7, 90/04; 8, 317/04; 9, 75/04; 10, 24/05; 11, 79/04; 12, 229/04;
13, 32/05; 14, 62/05; 15, 53/05. (A) Patterns of the tet(O) gene-
harboring plasmids digested by ClaI; (B) Southern hybridization of
the tet(O) probe. Lane M, bacteriophage � DNA HindIII molecular
size marker (Sigma, Germany). (C) PFGE patterns of the respective
isolates. Lane M, 50- to 1,000-kb pulse marker (Sigma, Germany).
The size of DNA is shown in kilobases. The picture was electroni-
cally edited to support the lane compatibility in the all three parts
of the picture.

TABLE 1. Characteristics of the C. jejuni and C. coli
tetracycline-resistant strains

Species and
isolate

Tca MIC
(�g/ml)

Plasmid
size(s) (kb)

tet(O) on
plasmidb

ClaI
plasmid
profile

Conjugation
assay resultc

C. jejuni 47/05 128 38 � I 8 � 10�6

C. jejuni 44/05 256 38 � I 3 � 10�7

C. jejuni 23/05 256 38 � I 10�8

C. jejuni 45/03 32 38 � I 8 � 10�6

C. coli 202/04 64 38 � I 1.8 � 10�6

C. jejuni 42/05 64 38 � I 2 � 10�8

C. jejuni 90/04 64 40 � II 2 � 10�6

C. coli 317/04 64 43 � III 1.2 � 10�7

C. jejuni 75/04 64 46, 10, 5 �e IV Kmr

C. jejuni 24/05 64 46 � IV NC
C. jejuni 79/04 128 38 � V Kmr

C. jejuni 229/04 64 38 � V NC
C. jejuni 32/05 128 38 � VI NC
C. jejuni 62/05 64 34 � VII NC
C. jejuni 53/05 64 46 � VIII 6 � 10�6

C. jejuni 39/05 64 NAd NA NA NA

a Tc, tetracycline.
b Determined by Southern blot assay.
c Transfer frequency was calculated as the number of transconjugants per

donor. Kmr, resistant to kanamycin; NC, no conjugation.
d NA, not applicable.
e On 46-kb plasmid.
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conjugative, while generally being carried by genetically unre-
lated isolates (Fig. 1). We also observed differences in conju-
gation transfer ability of plasmids depending on the recipient
strains. With C. jejuni 367/04 (Strr) or C. jejuni 375/04 (Strr) as
recipients, conjugational transfer of tetracycline resistance was
observed only from C. jejuni isolates 90/04, 42/05, 44/05, and
47/05 and frequency of transfer was much lower (�10�8).
These differences might be explained by the presence of re-
striction-modification systems in Campylobacter spp. (6) that
are capable of decreasing the efficiency of acquisition of DNA
from other strains.

Taken together, results of the RFLP and PFGE experiments
suggest that spread of tetracycline resistance mediated by
tet(O) is mostly related to horizontal transfer of the resistance
gene via conjugative plasmids rather than to the dissemination
of specific clones in Poland.

Since 87% of the tetracycline-resistant isolates were ob-
tained from children, for whom tetracycline administration is
strictly limited, we may suppose that our results reflect the
selection of resistant strains in food-producing animals, which
are considered the main source of campylobacteriosis. To our
knowledge, the usage of tetracyclines in animal medicine is
relatively low in Poland in comparison to fluoroquinolones.
Thus we may expect low selective pressure for the dissemina-
tion of the tet(O)-harboring plasmids in animal isolates in
Poland.
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