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Introduction

Campylobacter jejuni and C. coli are common
causes of bacterial food-borne gastroenteritis in the
world (Allos, 2001). Although surveillance data on
human campylobacteriosis in Poland are limited (only
157 cases were registered by the National Institute of
Hygiene in 2006) (Sadkowska-Todys and Wardak,
2008), the results of a 6-year study in children revealed
that Campylobacter infections were more prevalent
than salmonellosis (Ro¿ynek and Dzier¿anowska,
1994). A lot of evidence suggests that campylobac-
teriosis is often associated with a consumption of con-
taminated chicken meat (Park et al., 1991). However,
our earlier study indicated that children may have ad-
ditional sources of this infection (Ro¿ynek et al., 2005).

Although campylobacteriosis is generally a self-
limiting disease, antibiotics maybe required in severe
cases or in immunocompromised patients. Erythro-
mycin is often used as a first-line therapy in Campylo-
bacter infections (Allos, 2001). However, fluoroquino-

lones, tetracycline, $-lactams or aminoglycosides can
be used as alternatives (Coker et al., 2002; Moore
et al., 2005). In many countries, a significant increase
of antibiotic resistance in Campylobacter sp. has been
reported recently (Gupta et al., 2004; Randall et al.,
2003; Luber et al., 2003). This can probably be
attributed to the wide use of antimicrobial agents in
veterinary medicine and agriculture (Engberg et al.,
2004; Threlfall et al., 2000). In Poland the use of
flavomycin and avilamycin as growth promoters in
poultry was banned in 2006, but other antimicrobials
such as tylosin, lincomycin, amoxicillin, ampicillin
and tetracycline can be used in medicated animal
feed (Bednarek and Szymañska-Czerwiñska, 2006;
Gronowicz and Kujawiak, 1999).

The most common mechanism of high-level quino-
lone resistance in Campylobacter sp. is associated
with a mutation in the quinolone resistance-deter-
mining region (QRDR) at position 86 in the gyrA
gene (Zirnstein et al., 1999; Alonso et al., 2004). The
high-level resistance to erythromycin is mediated by
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mutations in domain V of the 23S rRNA gene at posi-
tions 2074 or 2075 (Vacher et al., 2003). The most fre-
quently observed mechanism of tetracycline resistance
is the production of Tet(O), a ribosomal protection pro-
tein encoded by the tet(O) gene (Gibreel et al., 2004).

The aim of this study was to analyse trends in anti-
microbial resistance among C. jejuni and C. coli strains
isolated from symptomatic children in Poland within
eight years.

Experimental

Materials and methods

In the period from January 2000 to December
2007, stool samples from children with diarrhoea
were collected from 4 large hospitals in Poland: the
Children�s Memorial Health Institute in Warsaw, Infec-
tious Diseases Hospital in Dziekanów Le�ny, Paediat-
ric Hospital of Warsaw Medical University, and Infec-
tious Diseases Hospital in Bydgoszcz.

Isolation and identification of Campylobacter
strains were performed according to WHO recommen-
dations and confirmed by the PCR assay, as described
previously (Ro¿ynek et al., 2005). Briefly, isolation of
Campylobacter sp. from stool samples was performed
by use of selective media: modified Preston Campylo-
bacter agar, Skirrow agar with 5% horse blood and
CCDA agar. The plates with Preston and Skirrow media
were incubated at 42°C, and CCDA plates were incu-
bated at 37°C for 48 hrs under microaerophilic condi-
tions. Campylobacter identification and discrimina-
tion among thermophilic Campylobacter species were
based on colony morphology, Gram�s staining and bio-
chemical reactions (Hendriksen et al., 2003). Species
identification was confirmed by PCR with species spe-
cific primers: HipOR2 and HipOF2 for C. jejuni, and
CC1 and CC2 for C. coli (Linton et al., 1997).

C. jejuni and C. coli susceptibility to gentamicin,
tetracycline, ciprofloxacin, ampicillin and erythromy-
cin was determined by the E-test (AB Biodisk, Solna,
Sweden) on Mueller-Hinton agar containing 5% sheep
blood. E-tests were used in accordance with the
manufacturer�s instructions. The plates were incu-
bated at 37°C for 48 hrs under microaerophilic condi-
tions. The following CLSI (Clinical and Laboratory
Standards Institute 2008) interpretative criteria for the
Enterobacteriaceae family were used as breakpoints
for Campylobacter resistance: gentamicin and tetra-
cycline 16 mg/L, ciprofloxacin 4 mg/L, and ampicillin
32 mg/L. For erythromycin an interpretative break-
point for Staphylococcus sp. of 8 mg/L was used
(CLSI, 2008). C. jejuni ATCC 33560 and C. coli
ATCC 33559 were used as reference strains. The
resistance rates were compared using the P2 test.

Additionally, all Campylobacter strains were
screened for molecular mechanisms of resistance to
tetracycline, erythromycin, and ciprofloxacin by PCR-
based methods. The presence of the tet(O) gene was
detected by PCR (Gibreel et al., 2004). Thr-86-Ile mu-
tations in the gyrA gene were identified by PCR-RFLP
(Alonso et al., 2004). The PCR-RFLP method was
also used for the detection of A2074C and A2075G
mutations in the 23S rRNA gene (Vacher et al., 2003).

Results and Discussion

During an 8-year study, 251 Campylobacter sp.
strains were isolated from stool samples from children
with diarrhoea. The following number of isolates were
obtained from participating centeres: the Children�s
Memorial Health Institute, n = 141; Infectious Dis-
eases Hospital in Dziekanów Le�ny, n = 70; Paediat-
ric Hospital of Warsaw Medical University, n = 10;
Infectious Diseases Hospital in Bydgoszcz, n = 30.
Two hundred and twelve isolates were identified as
C. jejuni and 39 as C. coli by both the classical
method and PCR.

The results of antimicrobial susceptibility testing
are summarized in Table I. As many as 118 (55.7%)
C. jejuni and 20 (51.3%) C. coli isolates were resis-
tant to at least one antimicrobial agent tested. The
highest resistance rates were noted for ciprofloxacin
(49.5% for C. jejuni and 51.3% for C. coli), tetracy-
cline (17.5% for C. jejuni and 18.0% for C. coli), and
ampicillin (13.2% for C. jejuni and 10.2% for C. coli).
Only one (0.4 %) and four (1.8%) C. jejuni isolates
were resistant to erythromycin and gentamicin, re-
spectively, whereas all C. coli strains were susceptible
to these agents. The results of phenotypic and genetic
analyses of resistance to tetracycline and ciprofloxacin
were fully concordant, whereas one isolate resistant
to erythromycin by the E-test had no detectable muta-
tions in the 23S rRNA gene (Table II). The latter phe-
nomenon could result from the efflux pump mediated
resistance to macrolides. Such a mechanism has been
described in multidrug-resistant Campylobacter iso-
lates with low-level macrolide resistance (Pumbwe
et al., 2004). These results indicate that macrolides
remain useful drugs for the empirical therapy of
campylobacteriosis in our population, if such a treat-
ment is required. On the contrary, due to the high
resistance to fluoroquinolones observed both in chil-
dren and adults in Poland (Wardak et al., 2007), these
agents can no longer be considered as an alternative
empirical therapy in Campylobacter infections, a find-
ing which is consistent with reports from other coun-
tries (Hakanen et al., 2003; Gaudreau and Gilbert,
2003; Quinn et al., 2007). The high prevalence of
ciprofloxacin and tetracycline resistance in isolates
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obtained from children may result from transmission
of animal strains, since these antimicrobials are only
occasionally used in paediatric patients. Both quino-
lones and tetracyclines are approved for therapeutic
use in veterinary medicine in Poland, and high resis-

tance to these agents was detected in Campylobacter
sp., Salmonella sp. and Escherichia coli strains of
poultry origin in our country (Hoszowski and Wasyl,
2005). The possibility that resistant strains are se-
lected and transmitted from animals is also indirectly

Table II
Comparison of phenotypic and genotypic resistance to erythromycin, ciprofloxacin, and tetracycline

in C. jejuni and C. coli isolates

Species

No of strains resistant to erythromycin No of strains resistant to ciprofloxacin No of strains resistant to tetracycline

A2074C/A2075G
mutation

E-test
Thr-86-Ile
mutations

tet(O) gene

C. jejuni 0 1 105 105 37 37

C. coli 0 0 20 20 7 7

E-test E-test

Ciprofloxacin ≥ 4
C. jejuni 3 > 32 0.012 �>32 105 (49.5)
C. coli > 32 > 32 0.016 � >32 20 (51.3)
Erythromycin ≥ 8
C. jejuni 0.75 2 <0.016 � 24 1 (0.4)
C. coli 0.50 2 0.016 � 4 0

Ampicillin ≥ 32
C. jejuni 2 48 0.032 � > 256 28 (13.2)
C. coli 3 48 0.064 � > 256 4 (10.2)

Gentamicin ≥ 16
C. jejuni 0.75 2 0.016 � 128 4 (1.8)
C. coli 0.75 1.5 0.125 � 4 0
Tetracycline ≥ 16
C. jejuni 0.125 64 0.012 � > 256 37 (17.5)
C. coli 0.125 64 0.012 � 128 7 (18.0)

Table I
MICs of five antimicrobials for C. jejuni (n = 212) and C. coli (n = 39) strains isolated from Polish

children between 2000 and 2007

Antimicrobial
agent

Resistance
breakpoint (mg/L)

MIC
50

MIC
90

MIC range
No (%) of

resistant strains

CIR 61 (51.7) 10 (50.0) 71 (51.4)

TCR 4 (3.4) 0 4 (2.9)
AMR 5 (4.2) 0 5 (3.6)

TCR + CIR 25 (21.1) 6 (30.0) 31 (22.4)

CIR + AMR 12 (10.1) 3 (15.0) 15 (10.8)
TCR + AMR 1 (0.8) 0 1 (0.7)

GMR + AMR 3 (2.5) 0 3 (2.2)

TCR + CIR + AMR 5 (4.2) 1 (5.0) 6 (4.3)
EMR + TCR + CIR + AMR 1 (0.8) 0 1 (0.7)

TCR + CIR + AMR + GMR 1 (0.8) 0 1 (0.7)

CIR, resistance to ciprofloxacin; TCR, resistance to tetracycline; AMR, resistance to ampicillin;
GMR, resistance to gentamicin; EMR, resistance to erythromycin.

Table III
Resistance phenotypes of Campylobacter strains isolated

from children during 2000�2007

No (%) of resistant strains
Resistance

pattern C. jejuni
(n = 118)

C. coli
(n = 20)

Total
(n = 138)
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confirmed by the fact that virtually no macrolide
resistance was found in Campylobacter strains from
children, although macrolides are frequently used
in paediatrics. In contrast to Campylobacter, an
increasing macrolide-resistance in other species such
as Streptococcus pneumoniae or Helicobacter pylori
was reported in children (Semczuk et al., 2004;
Dzier¿anowska-Fangrat et al., 2005).

Resistance phenotypes are shown in Table III. Re-
sistance to more than one class of antimicrobial agents
(multidrug resistance) was detected in 48/212 (22.6%)
C. jejuni and 10/39 (25.6%) C. coli strains. The most
common combined resistance phenotype was a double
resistance to ciprofloxacin and tetracycline found in
21.1% of C. jejuni and 30.0% of C. coli resistant iso-
lates, followed by co-resistance to ciprofloxacin and
ampicillin detected in 10.1% of C. jejuni and 15.0%
of C. coli resistant strains. Eight Campylobacter iso-
lates were simultaneously resistant to three or more
antimicrobial agents. The prevalence of multidrug
resistance in Campylobacter sp. in subsequent years is
shown in Fig. 1. Multidrug resistance rose significantly
from 5.1% in 2000�2003 to 34.6% in 2004�2007
(p<0.0001). This rise was mainly associated with an
increasing frequency of simultaneous resistance to
ciprofloxacin and tetracycline (3 strains in 2000�2003
versus 28 strains in 2004�2007). The reasons for such
a rise have not been elucidated. Some authors reported
significantly higher resistance in Campylobacter strains
acquired abroad than locally, but a travel history for
our patients was not available (Hakanen et al., 2003).

To our knowledge, this is the first study showing
trends in antimicrobial susceptibility of clinical Cam-
pylobacter isolates in Poland within several years.
Increasing resistance is an alarming trend, limiting the
number of therapeutic options and making an em-
pirical treatment more difficult. Therefore, constant
monitoring of Campylobacter susceptibility to anti-
microbial agents is mandatory.

Acknowledgement
This work was supported by grant PB 0848/P05/2005/29 from

the Polish Committee for Scientific Research, and grant 163/06
from the Children�s Memorial Health Institute.

Literature

Allos B.M. 2001. Campylobacter jejuni infections: Update on
emerging issues and trends. Clin. Infect. Dis. 32: 1201�1206.
Alonso R., E. Mateo, C. Girbau, E. Churruca, I. Martinez and
A. Fernandez-Astorga. 2004. PCR-restriction fragment length
polymorphism assay for detection of gyrA mutations associated
with fluoroquinolone resistance in Campylobacter coli. Antimicrob.
Agents Chemother. 48: 4886�4888.
Bednarek D. and M. Szymañska-Czerwiñska. 2006. Antibiotics
and other antibacterial substances used in medicated feeds (in
Polish). ¯ycie Wet. 81: 558�561.
CLSI. 2008. Performance Standards for Antimicrobial Suscepti-
bility Testing; Eighteenth Informational Supplement. CLSI docu-
ment M100-S18. Wayne, PA: Clinical and Laboratory Standards
Institute.
Coker A.O., R.D. Isokpehi, B.N. Thomas, K.O. Amisu and
C.L. Obi. 2002. Human campylobacteriosis in developing coun-
tries. Emerg. Infect. Dis. 8: 237�44.
Dzier¿anowska-Fangrat K., E. Ro¿ynek, D. Celiñska-Cedro,
M. Jarosz, J. Paw³owska, A. Szadkowski, A. Budzyñska,
J. Nowak, W. Romañczuk, R. Prosiecki and others. 2005. Anti-
microbial resistance of Helicobacter pylori in Poland: a multi-
centre study. Int. J. Antimicrob. Agents 26: 230�234.
Engberg J., J. Neimann, E.M. Nielsen, F.M. Aerestrup and
V. Fussing. 2004. Quinolone-resistant Campylobacter infections
in Denmark: risk factors and clinical consequences. Emerg. Infect.
Dis. 10: 1056�1063.
Gaudreau Ch. and H. Gilbert. 2003. Antimicrobial resistance
of Campylobacter jejuni subsp. jejuni strains isolated from hu-
mans in 1998 to 2001 in Montréal, Canada. Antimicrob. Agents
Chemother. 47: 2027�2029.
Gibreel A., D.M. Tracz, L. Nonaka, T.M. Ngo, S.M. Connell
and D.E. Taylor. 2004. Incidence of antibiotic resistance in
Campylobacter jejuni isolated in Alberta, Canada, from 1999 to
2002, with special reference to tet(O)-mediated tetracycline resis-
tance. Antimicrob. Agents Chemother. 48: 3442�3450.
Gronowicz E. and R. Kujawiak. 1999. Antibiotic growth pro-
moters in poultry feeds (in Polish). Pol. Drob. 6: 17�18.

More drugs
Two drugs
Single drug

2000     2001      2002      2003      2004     2005       2006      2007

Year

35

30

25

20

15

10

5

0

N
o 

of
 r

es
is

ta
nt

C
am

py
lo

ba
ct

er
 s

tr
ai

ns

Fig. 1. Single- and multi-drug resistance in Campylobacter sp. isolated
from symptomatic children in subsequent years.
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