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The agar dilution method has been standardized by the CLSI for the susceptibility testing of Campylobacter species, and accord-
ing to these standards, the disk diffusion method should be used only in screening for macrolide and ciprofloxacin resistance.
Nevertheless, the disk diffusion test is currently widely used, since it is easy to perform in clinical microbiology laboratories. In
this study, the disk diffusion method was compared to the agar dilution method by analyzing the in vitro activities of seven anti-
microbial agents against 174 Campylobacter strains collected in Finland between 2003 and 2008. Recommendations of the CLSI
were followed using Mueller-Hinton agar plates with 5% of sheep blood. For each strain, the disk diffusion tests were performed
two to four times. Of the 33 erythromycin-resistant strains (MIC, >16 �g/ml), 24 (73%) constantly showed a 6-mm erythromy-
cin inhibition zone (i.e., no inhibition), while for seven strains the inhibition zone varied from 6 to 44 mm in repeated measure-
ments. Among the 141 erythromycin-susceptible strains (MIC, <16 �g/ml), erythromycin inhibition zones varied between 6 and
61 mm. Of the 87 ciprofloxacin-resistant strains, 47 (54%) showed 6-mm inhibition zones, while 40 strains showed inhibition
zones between 6 and 60 mm. Significant differences between the repetitions were observed in the disk diffusion for all antimicro-
bial agents and all strains except for the macrolide-resistant strains regarding the macrolides. For 17 (10%) strains, the variation
in repeated measurements was substantial. These results show that the disk diffusion method may not be a reliable tool for the
susceptibility testing of Campylobacter spp. Further studies are needed to assess whether the disk diffusion test could be im-
proved or whether all susceptibilities of campylobacters should be tested using an MIC-based method.

Campylobacters are one of the most common causes of bacterial
gastroenteritis in humans (2). Though bacterial gastroenteritis is

usually a mild and self-limiting disease, antimicrobial therapy is
needed in severe and prolonged cases, in immunocompromised pa-
tients, and in pregnant women as well as in very young and very old
patients (2). Currently, macrolides and fluoroquinolones are consid-
ered to be the first- and second-choice alternatives for the antimicro-
bial treatment of campylobacteriosis. In recent years, however, resis-
tance against both of these antimicrobial groups has complicated the
empirical treatment of bacterial gastroenteritis (1). Therefore, reli-
able routine susceptibility testing is required to provide an adequate
antimicrobial treatment for severely ill patients with campylobacte-
riosis. Moreover, correct measures are needed to monitor the Cam-
pylobacter resistance situation worldwide.

Several laboratory methods have been applied for the suscep-
tibility testing of Campylobacter species. The agar dilution and
broth dilution methods have been standardized by the Clinical
and Laboratory Standards Institute (CLSI) (3, 4, 5, 6). The Etest is
also an MIC-based method which has been widely used although
not standardized. The disk diffusion method has been standard-
ized by the CLSI, but according to those standards, it should be
used only as a screening method for resistance to erythromycin
and ciprofloxacin: a disk diffusion zone of 6 mm (growth up to the
edge of a 6-mm disk) indicates resistance, while any inhibition
zone would require an MIC determination of susceptibility (4).

A number of previous studies have compared the disk diffu-
sion method with the other susceptibility testing methods for
Campylobacter spp. In some of those studies, the results have been
in line, though in some other studies, inconsistencies between the
methods have been observed (8, 9, 15, 17–20). Nevertheless, the

disk diffusion test is currently widely used, since it is easy to per-
form in clinical microbiology laboratories.

The aim of the present study was to compare the performance
of the disk diffusion method with the agar dilution method in
susceptibility testing of campylobacters to seven different antimi-
crobial agents. In addition, the repeatability of the disk diffusion
method was evaluated in determining the in vitro efficacy of these
same antimicrobial agents toward Campylobacter spp. The main
interest was focused on erythromycin and ciprofloxacin suscepti-
bilities, since they are clinically the two most important antimi-
crobial agents in the treatment of campylobacteriosis. Five addi-
tional antimicrobial agents were chosen based on possible clinical
relevance and in order to find out whether there are differences
within antimicrobial groups.

(This work was presented in part at the 20th European Congress
of Clinical Microbiology and Infectious Diseases [ECCMID], Vi-
enna, Austria, 2010.)

MATERIALS AND METHODS
Campylobacter isolates. The study collection consisted of 174 Campylo-
bacter strains isolated from stool specimens from Finnish patients be-
tween 2003 and 2008. Of these strains, 23 were collected locally in the area
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of the Turku University Hospital. The rest of the strains were collected
from 10 different hospital districts around Finland; their susceptibilities
have been reported in our earlier paper (14). The cultivation of the stool
samples and the preliminary identification of the samples were carried out
by standard microbiological methods. The hippurate hydrolysis test was
used for determination of the C. jejuni strains. All hippurate-positive iso-
lates were determined as Campylobacter jejuni, and all hippurate-negative
isolates were confirmed by PCR as either C. jejuni or C. coli (16). The final
study collection was composed of 151 C. jejuni strains and 23 C. coli
strains. Campylobacter jejuni type strain DSM 4688 (same as ATCC 33560
and NCTC 11351), C. coli type strain DSM 4689 (ATCC 33559 and NCTC
11366), Staphylococcus aureus ATCC 29213, and Escherichia coli ATCC
25922 were used as controls in susceptibility testing.

Agar dilution and the Etest method. The MICs of the Campylobacter
strains were determined by the standard agar plate dilution method for six
antimicrobials (3, 12). The 90-mm plates were incubated in a microaerobic
atmosphere (CampyPak; BBL) at 35 � 1°C for 48 h. The MIC determinations
were done twice for each strain. The antimicrobial agents evaluated were
clindamycin, erythromycin, nalidixic acid, and tetracycline (Sigma, Stein-
heim, Germany) and azithromycin and ciprofloxacin (Fluka, Buchs, Switzer-
land). The MICs of the isolates to tigecycline were determined by the Etest
(Biodisk AB, Solna, Sweden) as described previously (14).

Disk diffusion method. The following antimicrobial disks were used:
clindamycin 2 �g, erythromycin 15 �g, nalidixic acid 30 �g, tetracycline
30 �g, azithromycin 15 �g, ciprofloxacin 5 �g, and tigecycline 15 �g
(Oxoid, United Kingdom). The disk diffusion tests were made according
to the following instructions. Plates were dried at 35°C for 1.5 to 2 h.
Inocula prepared in sterile NaCl at a density adjusted to a 0.5 McFarland
turbidity standard were delivered onto Mueller-Hinton agar plates sup-
plemented with 5% defibrinated sheep blood filled with an amount of agar
giving a uniform depth of 4 � 0.5 mm. The disks were added and incu-
bated in a microaerobic atmosphere at 35 � 1°C for 48 h. Sterile blotting
paper was used between the lid and plate to inhibit excess moisture during
the incubation. Three plates were made for each strain for the testing of
susceptibility toward the different antimicrobials from the same inocu-
lum at one measurement time. A maximum of three disks at the same time
were applied onto one agar plate to make sure of a proper reading of even
large inhibition zones. Tigecycline was always placed alone onto one agar
plate. All disk diffusion tests were done according to the same instructions
for each strain, three to four times for erythromycin and two to four times
for the other antimicrobials. No inhibition zone indicated a disk diffusion
zone of 6 mm, i.e., growth up to the edge of a 6-mm disk.

Data analysis. The susceptibility data were analyzed using the
WHONET5.4 computer program (http://www.whonet.org). Statistical
analyses were made using SPSS 17.0 and SAS for Windows 9.1 programs.
To describe the variability within the two or four disk diffusion test results,
coefficients of variation (%) and maximum differences (mm) between the
tests were determined for all strains. For the susceptible strains, repeated-
measures analysis of variance was used to compare the repetitions. Due to the
skewed distributions for the resistant strains, pairwise differences between the
repetitions were tested by nonparametric Wilcoxon rank sum test. The Bon-
ferroni method was used to adjust for the multiple comparisons. A P value of
�0.05 was considered statistically significant.

RESULTS

As determined by the agar dilution method, a total of 33 Campy-
lobacter strains were erythromycin resistant (MIC � 16 �g/ml)
and 141 strains were susceptible (MIC � 16 �g/ml) (Table 1). A
total of 87 strains were ciprofloxacin resistant (MIC � 4 �g/ml)
and 87 strains were susceptible (MIC � 4 �g/ml). According to
the Etest, all 174 strains were susceptible to tigecycline. The MIC
determinations were made twice for each strain obtaining identi-
cal susceptibility results.

For the erythromycin-resistant strains, the total number of the
measurements for the erythromycin disk was 129. Of the 33

erythromycin-resistant strains, 24 (73%) showed an erythromy-
cin inhibition zone of 6 mm (i.e., no inhibition zone) in all re-
peated measurements (total number, 115). Seven (21%)
erythromycin-resistant strains with MICs of �128 �g/ml showed
inhibition zones between 6 and 44 mm; two (6.1%) of the
erythromycin-resistant strains, with MICs of 16 and 64 �g/ml,
respectively, showed inhibition zones between 22 and 42 mm in all
repeated measurements. For the 141 erythromycin-susceptible
isolates, a total of 477 measurements were performed. For these
susceptible strains, the inhibition zones for erythromycin varied
from 6 to 61 mm. Ten (2.1%) measurements were equal to or less
than 20 mm, and two (0.42%) were 6 mm.

For the ciprofloxacin-resistant strains, the total number of the
measurements for the ciprofloxacin disk was 312. Of the 87
ciprofloxacin-resistant strains, 47 (54%) showed a ciprofloxacin
inhibition zone of 6 mm in all repeated measurements (total num-
ber, 231), while for 40 (46%) strains, the inhibition zone varied
from 6 to 60 mm. In 11 (12%) measurements, the inhibition zone
was over 10 mm. For six ciprofloxacin-resistant strains with MICs
between 4 and 32 �g/ml, the inhibition zones were equal to or over
20 mm in all repeated measurements. For the 87 ciprofloxacin-
susceptible isolates, a total of 267 measurements were performed.
For these susceptible strains, the inhibition zones for ciprofloxa-
cin varied between 6 and 66 mm. A 6-mm inhibition zone was
observed in nine (3.4%) measurements. The results for azithro-
mycin, clindamycin, nalidixic acid, tetracycline, and tigecycline
are shown in Table 1.

For all measurements of azithromycin, ciprofloxacin, clinda-
mycin, erythromycin, nalidixic acid, and tetracycline, the coeffi-
cients of variation (CV) were determined for the resistant and
susceptible strains (Fig. 1; Table 1). For all compounds, strains
were found to have a substantial variation between the repetitions
of the disk diffusion test. For the erythromycin disk diffusion tests,
the CV variation was less than 5% for 53 strains and greater than
or equal to 15% for 36 strains. For ciprofloxacin, the variation was
small for 64 strains and substantial for 52 strains. Seventeen strains
showed substantial variations for both erythromycin and cipro-
floxacin. For all of the strains susceptible to these antimicrobial
agents, the mean of maximum difference between two different
measurements was over 8 mm (Table 1). Even for the resistant
strains, the mean values of maximum difference over 4 mm were
found for ciprofloxacin, nalidixic acid, and tetracycline. The mean
values of coefficient of variation for all antimicrobial agents were
over 10%. When the different repetition times were evaluated,
significant differences were observed for all antimicrobial agents
and for all strains except for the macrolide-resistant strains re-
garding erythromycin and azithromycin (Table 1).

DISCUSSION

The aim of the present study was to evaluate the adequacy of the disk
diffusion method in comparison with the agar dilution method for
determining the efficacy of important antimicrobial compounds to-
ward Campylobacter spp. In so doing, significant differences were
found for the majority of the antimicrobial agents analyzed when the
disk diffusion tests were repeated and the results obtained at different
measurement times compared. As many as 17 (10%) of the 174
strains showed a substantial variation in repeated measurements for
erythromycin and ciprofloxacin. However, no significant differences
in repeatability were observed in the group of macrolide-resistant
strains regarding erythromycin and azithromycin. The reasons for
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the better performance regarding the macrolide-resistant strains are
still unclear. One explanation for the result could be that the number
of those strains was rather small. Thus, further studies are needed to
evaluate this finding with a greater number of macrolide-resistant
Campylobacter strains.

Of the 129 measurements made for the strains classified as
erythromycin resistant by the MICs, 89% showed no inhibition
zones (i.e., an inhibition zone of 6 mm), while in 11% of them, the
inhibition zones exceeded 6 mm, indicating a need for a more
accurate susceptibility determination to demonstrate erythromy-
cin resistance. For ciprofloxacin, the situation was even more wor-
risome: for the ciprofloxacin-resistant strains, only 74% of the
results showed no inhibition zones in 312 measurements. It is
noteworthy that even 66% of the measurements for tetracycline
would have required MIC-based determinations of susceptibility,
if the rule of the 6-mm inhibition zone as an indication of resis-

tance would have been followed also for this antimicrobial. On the
other hand, 0.42% and 3.4% of all measurements for the
erythromycin-susceptible and ciprofloxacin-susceptible strains,
respectively, did not show any inhibition zones. Thus, following
the CLSI guidelines, a small number of susceptible Campylobacter
strains would have been falsely classified as resistant. Apart from
these false-resistant strains, our findings support the CLSI stan-
dardization that the disk diffusion method should be used as a
screening method only for resistance to erythromycin and cipro-
floxacin in Campylobacter spp. and that any inhibition zone
around the disk demands an MIC-based determination of suscep-
tibility (3, 4, 5, 6, 13).

These results indicate that there is a need for a standardized pro-
tocol for susceptibility testing in clinical microbiology laboratories, as
well as determining clear resistance breakpoints and interpretive cri-
teria for Campylobacter spp. The falsely diagnosed resistant strains

FIG 1 Coefficients of variation for all repeated measurements of six antimicrobial agents studied were determined for 174 Campylobacter jejuni and Campylo-
bacter coli strains. Measurements were repeated two to four times for each strain. R means a resistant strain and S a susceptible strain.
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may lead to an excessive use of more toxic and possibly even less
effective antimicrobial treatment for patients with campylobacterio-
sis (19). The most serious threat is that resistant strains falsely diag-
nosed as susceptible may lead to ineffective antimicrobial treatment
even in invasive and life-threatening infections. Infections with resis-
tant strains have been reported in association with a 5-fold increase of
the risk of invasive illness or death (7). Especially for that reason, it is
of importance to be able to correctly distinguish the resistant strains.
Moreover, adequate worldwide monitoring of Campylobacter resis-
tance is impossible if the resistance rates are falsely reported due to
unreliable susceptibility testing.

Several previous papers have focused on the efficacy and accuracy
of the disk diffusion method and the Etest method compared to the
agar plate dilution or broth microdilution methods, with somewhat
contradictory results (8, 9, 15, 17, 19, 20). In these studies, the disk
diffusion tests were performed only once for each strain. Gaudreau
et al. (8, 9) have found the disk diffusion method to be a reliable, easy
and inexpensive method for the testing of the susceptibility of C.
jejuni to erythromycin, ciprofloxacin, and tetracycline. Corroborat-
ing the present study, the results of, e.g., van der Beek et al. are differ-
ent (19). They reinvestigated 48 erythromycin-resistant C. jejuni and
C. coli strains retrospectively to reevaluate erythromycin resistance,
and only 11 to 14% of the C. jejuni strains and 67% of the C. coli
strains were erythromycin resistant in the second analysis. In that
study, the initial susceptibility testing was performed in most cases by
the disk diffusion method and the reinvestigation was carried out
using broth microdilution. The authors conclude that routine deter-
mination of the erythromycin resistance in C. jejuni and C. coli shows
unacceptable interlaboratory variation. Nonstandardized suscepti-
bility testing methods may be involved in the differences of the sus-
ceptibility results obtained by the disk diffusion method, including (i)
various protocols of the methods used, (ii) long incubation time for
campylobacters, (iii) inaccuracy of the measurements between differ-
ent times or between different persons measuring the inhibition zone,
and (iv) different methods for achieving microaerobic conditions
during the incubation. In their paper, van der Beek et al. (19) specu-
lated on the possibility that differences could also be caused by insta-
bility of the erythromycin resistance. In the present study, no rising
trend during the repetitions was observed in the inhibition zone vari-
ation between the different measurement times. Therefore, the insta-
bility of the erythromycin resistance does not seem to be the factor
underlying the variation in our strains.

In conclusion, our results show that the disk diffusion method
may not be a reliable tool for susceptibility testing of Campylobac-
ter spp. This is a major concern due to the wide use of the disk
diffusion method in routine clinical laboratories as well as in some
research laboratories. Accurate determination of Campylobacter
susceptibility and resistance is of vital importance to ensure an
adequate antimicrobial therapy for patients with severe forms of
the disease and, also, to efficiently monitor the antimicrobial re-
sistance situation of Campylobacter spp. worldwide. Further stud-
ies are needed to assess whether the disk diffusion test method
could be improved or whether all susceptibility testing of campy-
lobacters should be done using an MIC-based method.
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