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Central Hospital, Jyväskylä,7 and Satakunta Central Hospital, Pori,8 Finland

Received 18 October 2005/Returned for modification 20 November 2005/Accepted 23 November 2005

The in vitro susceptibilities of 478 Campylobacter jejuni and Campylobacter coli strains isolated from Finnish
subjects during 2002 to 2004 were determined. Susceptibility to erythromycin remained high, and telithromycin
did not offer any advantage over erythromycin. Reduced susceptibilities to fluoroquinolones and doxycycline
were detected almost exclusively among isolates of foreign origin.

Campylobacter jejuni and C. coli are the most frequent bac-
terial enteropathogens in many countries, such as Finland (14).
Few data on the in vitro activity of telithromycin against cam-
pylobacters are available (6, 7). We wanted to compare the
activity of telithromycin to that of erythromycin against a sub-
stantial number of domestically acquired C. jejuni and C. coli
isolates. In addition, susceptibilities to doxycycline, ciprofloxa-
cin, and moxifloxacin were tested. Isolates of foreign origin
selected on the basis of presumed resistance to erythromycin
and/or ciprofloxacin were also included.

A total of 393 human stool culture isolates (379 C. jejuni and
14 C. coli isolates) of domestic origin (patients had not been
abroad within 2 weeks prior to becoming ill) were collected in
2002. Furthermore, 85 human Campylobacter isolates (62 C.
jejuni and 23 C. coli isolates) collected from 2002 to 2004 were
included because of presumed reduced susceptibility, based on
disk diffusion, against erythromycin and/or ciprofloxacin.
Eighty-one of these 85 patients had been abroad; travel history
was not known for 3 patients, and 1 patient had not been
abroad.

The antimicrobial agents evaluated were telithromycin (Aven-
tis Pharma S.A., Antony, France), erythromycin (Sigma, St.
Louis, Mo.), doxycycline (Orion, Espoo, Finland), ciprofloxa-
cin (Bayer, Leverkusen, Germany), and moxifloxacin (Bayer).
The MICs for the isolates were determined by an agar dilution
method according to the recent tentative CLSI (formerly
NCCLS) guidelines (10, 12). Mueller-Hinton agar (Oxoid,
Basingstoke, United Kingdom) supplemented with 5% defi-
brinated sheep blood was used. C. jejuni strain ATCC 33560
(12) was included as a control organism. For the quality control

of moxifloxacin and telithromycin, Staphylococcus aureus strain
ATCC 29213 and Escherichia coli strain ATCC 25922 were
included. The plates were incubated in a microaerobic atmo-
sphere at 36°C for 48 h.

Susceptibilities to erythromycin and ciprofloxacin were also
determined by disk diffusion. Inocula from overnight growth
were suspended in sterile saline to match a MacFarland stan-
dard of 0.5. Horse blood agar plates were inoculated, and
disks (Oxoid) including erythromycin (15 �g) and ciprofloxa-
cin (5 �g) were added. Plates were incubated as described
above.

MICs of the tested antimicrobial agents for the domestic
strains are shown in Table 1. The majority (70%) of the strains
inhibited by erythromycin at 0.5 to 4 �g/ml showed MICs of 2
�g/ml or less of telithromycin. The growth of one domestic
isolate was inhibited by erythromycin at a concentration of 8
�g/ml, while 118 isolates (30.0%) had telithromycin MICs of
�2 �g/ml. Three (0.8%) domestic isolates had doxycycline
MICs of �16 �g/ml.

Of the 85 Campylobacter isolates selected on the basis of pre-
sumed reduced susceptibility to ciprofloxacin and/or erythro-
mycin, 82 isolates had MICs of �4 �g/ml for ciprofloxacin. In
addition, 17 isolates of domestic origin showed ciprofloxacin
MICs of �4 �g/ml. Of these 99 isolates, 91 (92%) had moxi-

* Corresponding author. Mailing address: Department of Bacteriol-
ogy and Immunology, Haartman Institute, P.O. Box 21, FIN-00014
University of Helsinki, Helsinki, Finland. Phone: 358 9 1912 6716. Fax:
358 9 1912 6382. E-mail: hilpi.rautelin@helsinki.fi.

† Present address: Department of Microbiology, Vaasa Central Hos-
pital, Vaasa, Finland.

TABLE 1. MICs of five antimicrobial agents for C. jejuni and C. coli
strains of domestic origin isolated during a seasonal peak from 1 July

to 30 September 2002 from Finnish subjects (n � 393)

Antimicrobial
agent

MIC (�g/ml)

Range MIC50 MIC90

Erythromycin 0.5–8 2 4
Telithromycin 0.5–32 2 4
Ciprofloxacin 0.06–64 0.125 0.5
Moxifloxacin 0.0125–16 0.06 0.125
Doxycycline 0.06–64 0.125 0.25
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floxacin MICs of �2 �g/ml. Furthermore, 53 of these 99 iso-
lates had doxycyline MICs of �16 �g/ml (Table 2).

Of the 25 isolates with erythromycin MICs of �8 �g/ml, 9
were C. jejuni and 16 were C. coli, and telithromycin MICs for
these are shown in Table 3. In addition, 23 of these 25 isolates
showed doxycycline MICs of �16 �g/ml. Very high erythro-
mycin MICs (�1,024 �g/ml) were shown for 15 isolates (11 C.
coli and 4 C. jejuni) (Table 3), 13 (87%) being of foreign origin.
In total, 23 isolates, 21 of foreign origin and 2 from patients
with an unknown travel history, showed simultaneously re-
duced susceptibilities to ciprofloxacin (MICs, �4 �g/ml),
erythromycin (MICs, �8 �g/ml), and doxycycline (MICs, �16
�g/ml) (Table 2), and the MIC range of telithromycin was 4 to
�64 �g/ml.

The correlation between the MICs of erythromycin and cip-
rofloxacin in the agar dilution method compared to the zone
diameters in the disk diffusion tests is shown in Fig. 1. In
clinical laboratories, the disk diffusion method could be used to
detect C. jejuni and C. coli isolates with reduced susceptibilities
to ciprofloxacin and erythromycin.

This study shows that among Campylobacter isolates of do-

FIG. 1. (A) Relation between the MICs of ciprofloxacin in the agar dilution method and the zone diameters in the disk diffusion test.
(B) Relation between the MICs of erythromycin in the agar dilution method and the zone diameters in the disk diffusion test.

TABLE 2. Distribution of doxycycline and erythromycin MICs
for domestic and foreign Campylobacter strains (n � 99)

with ciprofloxacin MICs of �4 �g/ml

MIC (�g/ml)

No. of isolatesa:

Doxycycline Erythromycin

Domestic Foreign Domestic Foreign

0.06 0 1 NTb NT
0.125 9 19 c 0 0
0.25 2 7 0 0
0.5 0 1 0 2
1 0 2c 6 13c

2 1 0 6 25
4 1 1 5 18c

8 1 1 0 7
16 2 18c 0 0
32 0 12 0 0
64 1 17c 0 0

128 0 3 0 0
256 NT NT 0 1
512 NT NT 0 1

1,024 NT NT 0 7
�1,024 NT NT 0 8d

a There were 17 strains of domestic origin and 78 of foreign origin. Four strains
were from patients with unknown traveling histories.

b NT, not tested.
c One strain with unknown traveling history.
d Two strains with unknown traveling history.
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mestic origin in Finland, reduced susceptibility to antimicrobial
agents was rare. Furthermore, the activity of erythromycin
against strains of both domestic and foreign origin is still good.
Earlier studies have also shown stable macrolide activity
against campylobacters (4, 5, 13, 15, 17, 19). As also shown in
the present study, reduced susceptibility to erythromycin is
more prevalent among C. coli than C. jejuni isolates (1, 4, 5, 17,
21) and most isolates with very high erythromycin MICs are C.
coli (9). Our finding that telithromycin did not have any ad-
vantage over erythromycin is in line with some previous obser-
vations (7).

Reduced susceptibility to fluoroquinolones was almost ex-
clusively detected among isolates of foreign origin, and in half
of these isolates, high doxycycline MICs were also demon-
strated. Among campylobacters, resistance to fluoroquinolo-
nes has increased over the past 15 years in many parts of the
world, including Finland (3, 4, 8, 15, 16, 19). In Finland, sus-
ceptibility to fluoroquinolones among domestic Campylobacter
isolates has remained consistently good (13), as confirmed in
the present study. Similarly, in some other countries (Australia
and Sweden), fluoroquinolone resistance among domestically
acquired campylobacter infections is rare (18, 20). This may be
explained in some cases by the lack of fluoroquinolone use in
food production animals (2, 11, 20).

Compared to several other studies (16, 18, 19), our study
showed a tetracycline agent to have a high activity against
Campylobacter isolates of domestic origin. However, of the
isolates with reduced susceptibility to ciprofloxacin, 54% were
inhibited only by high concentrations of doxycycline. Simulta-
neously reduced susceptibility to other antimicrobial agents is
also possible. In a recent Finnish study, 22% of Campylo-
bacter strains isolated from travelers returning to Finland were
multidrug resistant (7). In our study, of the 23 isolates with
reduced susceptibilities to ciprofloxacin, doxycycline, and erythro-
mycin, all showed telithromycin MICs of �2 �g/ml. Although
campylobacter infection usually is a self-limiting disease and
antimicrobial therapy is not needed, the scenario of treating
infections caused by multidrug-resistant isolates could be chal-
lenging.

In conclusion, erythromycin shows good activity against
campylobacters in Finland; isolates with elevated MICs also
have a reduced susceptibility to telithromycin. Foreign isolates,
frequently with a reduced susceptibility to fluoroquinolones,
often show high MICs to other antimicrobial agents as well.
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TABLE 3. Distribution of telithromycin MICs for the 25 isolates
with erythromycin MICs of �8 �g/ml

Erythromycin
MIC (�g/ml)

No. of isolates with a telithromycin MIC (�g/ml) of:

4 8 16 32 64 �64

8 2 2 1 2 1 0
256 1 0 0 0 0 0
512 1 0 0 0 0 0

1,024 0 0 1 0 5 1
�1,024 0 0 0 1 7 0
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