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Disk diffusion was a reliable, easy, and inexpensive method for testing the susceptibility of Campylobacter
jejuni to erythromycin (215 susceptible and 45 resistant isolates) and to ciprofloxacin (154 susceptible, two
intermediate, and 124 resistant isolates) using, respectively, an erythromycin disk and ciprofloxacin and
nalidixic acid disks.

Campylobacter jejuni subsp. jejuni (C. jejuni) is a major hu-
man pathogen responsible of 85 to 95% of enterocolitis caused
by Campylobacter spp. These infections need to be treated with
an antimicrobial agent in less than 50% of cases (1). Macro-
lides and fluoroquinolones are the first- and second-choice
antimicrobial agents for that purpose (1, 4, 8, 9, 11, 13). With
the development of resistance of C. jejuni strains to both eryth-
romycin and ciprofloxacin, routine susceptibility testing has
become a very important tool for appropriate antimicrobial
treatment when needed (4, 6–9, 11, 13). The main erythromy-
cin resistance mechanism of C. jejuni strains (mutation of 23S
ribosomal rRNA and proteins) confers a high-level resistance
with MICs of �128 �g/ml (9). The main quinolone resistance
mechanism (mutation[s] of DNA gyrase A) can confer a low,
intermediate, or high resistance level to ciprofloxacin and con-
fers a high resistance level to nalidixic acid (4, 14).

Antimicrobial susceptibility testing of Campylobacter spp.
with an agar dilution method has been standardized by the
CLSI (2), and the erythromycin, ciprofloxacin, tetracycline,
and doxycycline MIC interpretive criteria for C. jejuni and
Campylobacter coli have been reported previously (3). The agar
dilution method, however, is not convenient for testing a few
isolates at a time, and the disk diffusion method has not been
standardized yet.

The aim of this study was to compare the results obtained by
the disk diffusion method with those obtained with the refer-
ence agar dilution method to test the susceptibility of C. jejuni
isolates to erythromycin and ciprofloxacin.

A total of 280 C. jejuni organisms isolated at Hôpital Saint-
Luc (HSL) from 2002 to 2006 were used in this study. All the
Campylobacter spp. isolates included in this study were
microaerobic spiral gram-negative rods that were hippurate
positive, resistant to cephalothin, and grew well at 42°C, con-
firming their identification as C. jejuni subsp. jejuni. The iden-

tification tests were done by using the recommended methods
(12). The identification at the genus and species levels of 92 of
these 280 isolates was confirmed by the Laboratoire de santé
publique du Québec (LSPQ). The erythromycin (Sigma Chem-
ical Co., St. Louis, MO) and ciprofloxacin (Bayer Leverkusen,
Germany) MICs of the C. jejuni isolates were determined at
HSL by using the agar dilution method at 37°C, as recom-
mended by CLSI (2). C. jejuni ATCC 33560 was used as the
control strain (2). For the erythromycin and ciprofloxacin disk
diffusion testing carried out at HSL, inocula, prepared in
Mueller-Hinton (MH) broth at a density adjusted to a 0.5
McFarland turbidity standard, were delivered onto 5% sheep
blood MH agar plates (Difco, Becton Dickinson, Sparks, MD).
Plates were incubated at 37°C for 48 h, and zone diameters
were measured with slipping calipers. A study carried out to
determine the presence or absence of an inhibition zone using
erythromycin and nalidixic acid disks was also done, at 37°C
and 42°C, at HSL (143 isolates tested) and at Hôpital Sacré-
Coeur (HSC) (100 isolates tested). The study on the presence
or absence of an inhibition zone using nalidixic acid disks was
also done at 37°C, at LSPQ (92 isolates). For these studies,
inocula were prepared in MH broth at a density adjusted to a
0.5 McFarland turbidity standard at HSL and HSC and in BHI
broth at a density adjusted to a 1.0 McFarland turbidity stan-
dard, as recommended for Campylobacter identification (10),
at LSPQ. Inocula were delivered onto 5% sheep blood (MH),
Trypticase soy (TS) (Quélab, Montréal, Québec, Canada), or
brain heart infusion (Difco, Becton Dickinson, Sparks, MD)
agar plates. Incubation was carried out under a microaerobic
atmosphere obtained with a gas generator envelope or in a
microaerobic incubator, either at 37°C for 48 h or at 42°C
for 24 h. C. jejuni ATCC 33291 and Campylobacter fetus
subsp. fetus ATCC 27374 were used as the control strains at
LSPQ (10). Erythromycin (15 �g), ciprofloxacin (5 �g), or
nalidixic acid (30 �g) disks (BBL, Becton Dickinson, Sparks,
MD) were used.

Erythromycin susceptibility testing. In Fig. 1, the results of
disk diffusion testing carried out at 37°C with 260 C. jejuni
isolates were compared to those of agar dilution for erythro-
mycin, using a scattergram. The 215 susceptible isolates had
MICs of 0.06 to 4 �g/ml and zone diameters of 17.5 to 48 mm
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around the erythromycin disk; 87% of the susceptible isolates
had MICs of 0.5 or 1 �g/ml and 97% had zone diameters of 20
to 39 mm; only one isolate had a diameter less than 20 mm, at
17.5 mm. The 45 resistant isolates had MICs of �256 �g/ml
and zone diameters of 6 mm (i.e., no zone around the disk). No
isolates had MICs of 8 to 128 �g/ml. Zone diameters of 6 mm
and �20 mm around the erythromycin disk are respectively
suggested as resistant and susceptible breakpoints of C. jejuni
isolates. Using the disk diffusion method at 42°C, the zone
diameters obtained for erythromycin (57 susceptible isolates,
including those with zone diameters nearest to the tentative
breakpoint, and the 45 resistant isolates) were within the zone
diameter breakpoints suggested for the disk diffusion method
at 37°C (data not shown). When the susceptibility of 146 C.
jejuni isolates to erythromycin was determined at HSL and
HSC on MH or TS blood agar plates, at 37°C or 42°C, using as
a criterion for susceptibility or resistance the presence or ab-
sence of an inhibition zone, all 101 isolates with a zone and all
45 isolates without a zone around the erythromycin disk were
respectively susceptible (MICs of 0.06 to 4 �g/ml) and resistant
(MICs of �256 �g/ml) to erythromycin. Of the 45 C. jejuni
isolates resistant to erythromycin, 27 were from a cluster (8;
unpublished data) and the 18 others were not related to one
another or to the epidemic strain. The reported rate of eryth-
romycin resistance is low (�5%) for these bacteria in most
studies (1, 4, 6, 7, 9) and was also relatively low (2.7%) at HSL
from 2002 to 2006.

Ciprofloxacin susceptibility testing. In Fig. 2, the results of
disk diffusion testing carried out at 37°C with 280 C. jejuni
isolates were compared to those of agar dilution for ciprofloxa-
cin, using a scattergram. The 154 susceptible isolates had MICs
of 0.06 to 0.25 �g/ml and zone diameters of 21 to 52 mm
around the ciprofloxacin disk; 90% of the susceptible isolates
had an MIC of 0.06 �g/ml and 88% had zone diameters of 30
to 49 mm. The 124 resistant isolates had MICs of 4 to �256
�g/ml and zone diameters of 6 to 17 mm; 93% of these isolates
had MICs of 8 to �256 �g/ml and 89% had zone diameters of
6 mm. The two isolates intermediate to ciprofloxacin had an
MIC of 2 �g/ml and zone diameters of 16 and 18 mm. When
the susceptibility of 146 C. jejuni isolates to ciprofloxacin was
determined at HSL, HSC, and LSPQ on MH, TS, or brain
heart infusion blood agar plates, at 37°C or 42°C, using as a

criterion for susceptibility or resistance the presence or ab-
sence of an inhibition zone around a nalidixic acid disk, all 76
isolates with a zone and 68 of the 70 isolates without a zone
around the nalidixic acid disk were respectively susceptible
(MICs of 0.06 to 0.25 �g/ml) and resistant (MICs of 4 to 128
�g/ml) to ciprofloxacin. The two remaining isolates without a
zone around the nalidixic acid disk were intermediate (MICs of
2 �g/ml) to ciprofloxacin. The other 134 C. jejuni isolates (56
resistant and 78 susceptible) were tested at HSL at 37°C using
the agar dilution method, which showed a complete correlation
between the nalidixic acid disk (presence or absence of an
inhibition zone) and the ciprofloxacin MICs (data not shown).
Based on these results, for ciprofloxacin susceptibility testing
of C. jejuni isolates, zone diameters of �17 mm and �21 mm
around the ciprofloxacin disk and the absence or the presence
of an inhibition zone around the nalidixic acid disk are sug-
gested as breakpoints for resistance and susceptibility, respec-
tively. Using the disk diffusion method at 42°C, the zone di-
ameters obtained for ciprofloxacin (47 susceptible isolates and
37 resistant isolates, including those with zone diameters near-
est to the tentative breakpoints) were within the zone diameter
breakpoints suggested for the disk diffusion method at 37°C
(data not shown).

Using the above criteria, in comparison to the agar dilution
method, one isolate intermediate to ciprofloxacin was found
resistant using the ciprofloxacin disk, giving one minor error
(0.4%), and the two isolates intermediate to ciprofloxacin were
found resistant using the nalidixic acid disk, giving two minor
errors (1.4%). These two isolates are probably not susceptible
to ciprofloxacin, but molecular studies will be needed to find
the true answer. The nalidixic acid disk is also recommended
for the identification of Campylobacter at the species level (10,
12) and is reported as a marker of ciprofloxacin susceptibility
(4–8, 11–14). Other studies (5, 11) have shown a correlation
between the disk diffusion and agar dilution methods for the
susceptibility of C. jejuni to erythromycin and ciprofloxacin, but
the MIC interpretive criteria were reported only in 2006 (3).

Concluding remarks. Present results suggest that zone di-
ameters of 6 mm and �20 mm around the erythromycin disk
could be considered as breakpoints for resistance and suscep-
tibility, respectively, for C. jejuni isolates. MIC determination
using the agar dilution method for isolates with a zone diam-

FIG. 1. Correlation between disk diffusion and MICs of erythro-
mycin for 260 C. jejuni isolates. The number of isolates is indicated for
each MIC.

FIG. 2. Correlation between disk diffusion and MICs of ciprofloxa-
cin for 280 C. jejuni isolates. The number of isolates is indicated for
each MIC.
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eter of more than 6 mm and of less than 20 mm is recom-
mended. Of the 260 C. jejuni isolates tested in this study, only
one isolate would have needed an erythromycin MIC test.

For ciprofloxacin susceptibility of C. jejuni isolates, zone
diameters of �17 mm and �21 mm around the ciprofloxacin
disk and the absence or the presence of an inhibition zone
around the nalidixic acid disk are suggested as breakpoints for
resistance and susceptibility, respectively. If the results ob-
tained with both disks are consistent, the isolate could be
reported accordingly. If the two disks give discordant results
and reidentification confirms a C. jejuni isolate, we suggest deter-
mining a ciprofloxacin MIC using the agar dilution method. In
our experience, of the 280 C. jejuni isolates tested, only one isolate
would have needed a ciprofloxacin MIC.

Since the collection of C. jejuni studied in this work included
only two isolates intermediate to ciprofloxacin and no isolate
intermediate to erythromycin, it would be important to further
evaluate the performance of the disk diffusion test with a larger
number of intermediate isolates.

In this study, disk diffusion was a reliable, easy, and inex-
pensive method for testing the susceptibility of C. jejuni to
erythromycin and to ciprofloxacin. In 2006, CLSI recom-
mended that the susceptibility of C. jejuni to erythromycin and
to ciprofloxacin should be considered for testing. Until it be-
comes standardized, the disk diffusion method for erythromy-
cin (determined with the erythromycin disk) and ciprofloxacin
(determined with the ciprofloxacin and nalidixic acid disks)
susceptibility of C. jejuni should be considered a screening
method. To implement this method in a laboratory, we suggest
using C. jejuni ATCC 33560 and other strains for which the
MICs are known as quality controls.
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