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Abstract
Background: Campylobacter is a leading cause of foodborne gasteroenteritis worldwide. Antimicrobial susceptibility
testing for Campylobacter spp. is not routinely performed by most clinical laboratories. However, the emergence of
resistant isolates strengthens the importance of antimicrobial susceptibility testing and the critical need for epidemiologic surveillance. The aim of this study was to compare the efficacy of Etest and Sensititre kit (a broth microdilution
method) as methods for susceptibility tests and the critical need for epidemiologic surveillance. The aim of this study
was to compare the efficacy of Etest and Sensititre kit (a broth microdilution method) as methods for susceptibility
testing of Campylobacter spp. to tetracycline, erythromycin, and ciprofloxacin.
Methods: Sixty-six Campylobacter isolates were collected from feces samples and subjected to susceptibility testing
by Etest and Sensititre, a broth microdilution kit for tetracycline, erythromycin, and ciprofloxacin. Minimal inhibitory
concentration (MIC) results of each method were determined and compared.
Results: Similar MIC interpretations for tetracycline, erythromycin, and ciprofloxacin were found in 97%, 98.5%, and
100% of the isolates, respectively, indicating a good level of agreement between Etest and Sensititre (p < 0.0001);
additionally, the correlation between the two methods was highly significant for the three tested antibiotics
(p < 0.0001).
Conclusions: Both the broth microdilution and the Etest are reliable and convenient methods for testing antimicrobial susceptibility of Campylobacter spp. The Sensititre kit has the advantages of high availability and the automation.
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Background
Campylobacter is a leading cause of foodborne gastroenteritis worldwide [1]. In 2015, the Foodborne Diseases
Active Surveillance Network (FoodNet) reported an incidence rate of 12.82 per 100,000 persons [2]. The most
prevalent species responsible for human infections are
Campylobacter jejuni and Campylobacter coli [1, 3–5].
Usually, Campylobacter infections result in a self-limited
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watery diarrhea, accompanied by fever and abdominal
cramps [6]. However, severe and prolonged illness has
also been reported [1]. Extra-gastrointestinal infections
include bacteremia, reactive arthritis, meningitis, lung
infections, and brain abscesses. Additionally, several
diseases and gastrointestinal conditions were associated with campylobacteriosis including Guillain–Barré
syndrome, Miller Fisher syndrome, inflammatory bowel
diseases, Barrett’s esophagus, and colorectal cancer [6].
Antibiotic treatment is warranted in immuno suppressed
patients and in severe cases [3, 4]. The drug of choice is
macrolides such as erythromycin and clarithromycin.
Fluoroquinolones (e.g., ciprofloxacin) are also commonly
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used in empirical treatment of undiagnosed diarrhea.
Additional prescribed drugs are tetracycline, doxycycline, and chloramphenicol [1].
Campylobacteriosis incidence is globally rising [6]. In
Israel, which is characterized by a high Campylobacter
morbidity, there is a requirement to report Campylobacter infections to the Ministry of Health [7]. While in 2010
the incidence of Campylobacter infections in the USA
was 12.3 per 100,000 population [8], in Israel, the incidence has increased 2.93-fold since 1999 (from 31.04 to
90.99 cases per 100,000 population) [7].
Antimicrobial susceptibility testing (AST) for Campylobacter spp. is not routinely performed by most clinical
laboratories. However, the emergence of resistant isolates strengthens the importance of AST and the critical
need for epidemiologic surveillance [1]. For example, in
the USA, in 2015 2.7 and 12.7% of C. jejuni and C. coli,
respectively, were resistant to erythromycin. Resistance
rates to ciprofloxacin were 25.3 and 39.8%, respectively,
for C. jejuni and C. coli isolates [9].
Several methods for in vitro AST of Campylobacter spp. are currently available, including disk diffusion,
Etest®, and dilution methods (broth and agar dilution)
[1]. Currently the acceptable methods are agar and broth
microdilution in which a microorganism suspension
is inoculated with serial dilutions of an antibiotic agent
and the minimum inhibitory concentration (MIC) is
determined following incubation [1]. As this technique is
inconvenient and time-consuming, commercial kits such
as the Sensititre® (Trek Diagnostic Systems, UK) have
been developed to facilitate the susceptibility testing.
Here we present a comparison of the MIC results, interpreted according to The European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines, of
66 Campylobacter isolates from feces cultures for erythromycin, ciprofloxacin, and tetracycline between E
 test®
®
and the Sensititre broth microdilution plate.

Methods
Sample collection

The study was performed at the clinical microbiology
laboratory of the Baruch Padeh Medical Center, Poriya,
in northern Israel. From May 2015 to February 2017, a
total of 66 Campylobacter isolates were collected from
feces samples of patients admitted to the hospital and
diagnosed as suffering from Campylobacteriosis. Fortyfour of the patients were children and 22 were adults. All
feces samples were routinely subcultured on Campylobacter selective agar (BD Diagnostics, Sparks, MD) and
incubated at 42 °C for 48 h with CampyGen™ (Thermo
Fischer Scientific, MA, USA) sachet for the generation of
microaerophilic conditions.
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Campylobacter isolates

Following incubation of feces samples, Campylobacter colonies were identified according to morphologic
and biochemical characteristics. Final identification was
performed by MALDI-TOF Mass Spectrometry System
(Bruker Daltonics, Bremen, Germany). All isolates, 50 C.
jejuni and 16 C. coli, were sent to a reference laboratory
for final confirmation of the species.
In vitro antibiotics susceptibility tests (AST)

All Campylobacter isolates were grown for 24 h at 37 °C
in microaerophilic conditions before conducting susceptibility tests. C. jejuni ATCC 33560 was used for quality
control.
Etest

After 48 h, several colonies were suspended in Brain
Heart Infusion (BHI) broth to a turbidity of 0.5 McFarland. The suspension was seeded on three Mueller–
Hinton agar plates containing lysed horse blood (Hy
Laboratories Ltd., Rehovot, Israel) and then one Etest
strip (bioMérieux, Durham, NC) was put on each agar
plate for erythromycin, ciprofloxacin, and tetracycline.
Plates were incubated at 37 °C for 48 h in microaerophilic conditions. MIC values were determined after 48 h
according to EUCAST guidelines: resistance to tetracycline is defined at MIC values above 2 mg/L; resistance
to ciprofloxacin is defined at MIC values above 0.5 mg/L;
resistance to erythromycin is defined at MIC values
above 4 mg/L for C. jejuni and 8 mg/L for C. coli.
Sensititre® broth microdilution plate

We performed broth microdilution (BMD) susceptibility test using the S
 ensititre® broth microdilution plate,
according to the manufacturer’s instructions. Briefly,
each plate was in a dried form and contained a standard
panel of serial dilutions of antimicrobial agents. Isolated
colonies were suspended in 5 mL cation-adjusted Mueller–Hinton broth with TES buffer (CAMHBT) and turbidity was adjusted to 0.5 McF. The suspension (100 µL)
was transferred into 11 mL cation-adjusted Mueller–Hinton broth with TES buffer and lysed horse blood (CAMHBT + LHB) and mixed. The new suspension (100 µL)
was transferred to each well, which contained different concentrations of the antibiotic agent. The plate was
sealed and incubated at 37 °C for 48 h in microaerophilic
conditions. Following incubation, plates were visually
read, searching for turbidity as an indicator of microbial growth. MIC values were determined as the lowest
antibiotic concentration that inhibited microbial growth.
Resistance to the antibiotic agent was determined
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0 ≤ r ≤ 1 reflects the strength of a positive correlation, and
− 1 ≤ r ≤ 0 reflects the strength of a negative correlation.
The higher the coefficient, the stronger the correlation.
Statistical significance was determined with p < 0.05.
The data was analyzed using the SPSS® version 23.

according to EUCAST guidelines, as mentioned above.
Each batch of BMD tests included Campylobacter control
strains. The limits of MIC for C. jejuni ATCC 33560 were
adopted from the manufacturer’s instructions: for erythromycin, 0.5–2.0 µg/mL; for ciprofloxacin, 0.06–0.25 µg/
mL; and for tetracycline, 0.25–2 µg/mL.

Results
Sixty-six Campylobacter isolates were collected in the
current study; of these, 50 Campylobacter jejuni and 16
Campylobacter coli were identified.
In comparison of Etest with Sensititre for MIC determination, categorical agreement for tetracycline, erythromycin, and ciprofloxacin were 97% (64/66), 98.5%
(65/66), and 100% (66/66), respectively (Table 1). Three
isolates, all of which were C. jejuni, were interpreted
as sensitive according to Etest and resistant according
to Sensititre (one to erythromycin and two to tetracycline). Thus, the very major error rates were 3, 2.5, and
0% for tetracycline, erythromycin, and ciprofloxacin,
respectively. No minor or major errors were observed.
Kappa coefficients of 0.653, 0.66, and 1 (p < 0.0001)
were calculated for tetracycline, erythromycin, and ciprofloxacin, respectively, indicating a substantial level of
agreement for tetracycline and erythromycin, and an
almost perfect agreement for ciprofloxacin (Table 1).
Additionally, the correlation between methods following logarithmic transformation was good and highly
significant for all the tested antibiotics (p < 0.0001),
with Pearson correlation coefficients of 0.645, 0.588,
and 0.865 for tetracycline, erythromycin, and ciprofloxacin, respectively.
According to EUCAST criteria, 97% (64/66) and 94%
(62/66) of our isolates were resistant to tetracycline
using Sensititre and Etest, respectively (Table 2). Resistance rates of C. jejuni to tetracycline were 100% (50/50)
and 96% (48/50), using Sensititre and Etest, respectively. Resistance rates of C. coli to tetracycline were
87.5% (14/16), using both methods.
Erythromycin resistance rates, according to EUCAST
guidelines, were 3.03% (2/66) and 1.5% (1/66), as determined by Sensititre and Etest, respectively. Resistance

Statistical analysis

For calculation of categorical agreement between the two
methods, the percentage of agreement was calculated as
the percentage of isolates that had the same result interpretation (sensitive or resistant) by the two methods. The
level of categorical agreement was analyzed by calculating Kappa coefficients, with the acceptable following values: r < 0 poor agreement; 0 ≤ r ≤ 0.2 slight agreement;
0.21 ≤ r ≤ 0.4 fair agreement; 0.41 ≤ r ≤ 0.6 moderate
agreement; 0.61 ≤ r ≤ 0.8 substantial agreement, and
0.81 ≤ r ≤ 1 almost perfect agreement.
The very major error rate was defined as the percentage of isolates that had a “susceptible” result by Etest and
a “resistant” result by BMD. The major error rate was
defined as the percentage of isolates that had a “resistant”
result by Etest and a “susceptible” result by BMD.
Pearson correlation coefficients were calculated to
test the level of agreement. Pearson coefficient range is
between − 1 and 1, where zero means no correlation,
Table 1 Analysis
of
correlation
and
categorical
agreement levels between Etest and Sensititre kit (broth
microdilution method) as methods for susceptibility
testing of Campylobacter isolates to tetracycline,
erythromycin, and ciprofloxacin, using Sensititre and Etest
methods
Antibiotic
agent

Percentage
Kappa
of categorical coefficient
agreement
r (p value)

Pearson correlation
coefficient (p value)

Tetracycline

97

0.653 (< 0.0001)

0.645 (< 0.0001)

Erythromycin

98.5

0.66 (< 0.0001)

0.588 (< 0.0001)

Ciprofloxacin

100

1 (< 0.0001)

0.865 (< 0.0001)

Table 2 Resistance rates of Campylobacter isolates to tetracycline, erythromycin, and ciprofloxacin, using Sensititre
and Etest methods
Species

Antibiotic agent
Tetracycline

Erythromycin

Ciprofloxacin

Sensititre

Etest

Sensititre

Etest

Sensititre

Etest

C. jejuni (n = 50)

100

96

4

2

96

96

87.5

87.5

0

0

93.75

93.75

Total (n = 66)

97

94

3.1

1.5

95.45

95.45

C. coli (n = 16)
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rates of C. jejuni to erythromycin were 4% (2/50) and
2% (1/50), using Sensititre and Etest, respectively. All C.
coli isolates were sensitive to erythromycin.
Resistance rates to ciprofloxacin were high for both
species and similar using both methods; overall, 95.45%
(63/66) of the isolates were resistant to ciprofloxacin;
96% (48/50) of the C. jejuni isolates and 93.75 (15/16)
of the C. coli isolates were resistant to ciprofloxacin
(Table 2).

Discussion
Campylobacter resistance to antibiotics is on rise worldwide, emphasizing the importance of AST performance
[1, 5, 10]. In this study, a comparison of Sensititre kit
(broth microdilution method) and Etest for MIC determination for three antibiotics revealed excellent concordance between these methods. This result is similar
to previous studies that compared the Etest and a broth
microdilution method [3, 4]. We found a highly significant correlation between the Sensititre kit and the Etest
method for the tested antibiotics (p < 0.0001). Additionally, no major errors were found and the very major error
rates were low (0–3%). The Etest method generally produced higher MIC values, a phenomenon that was previously described [4]. Both the broth microdilution and the
Etest methods are reliable, rapid, and easy-to-perform
techniques. The Sensititre kit is advantageous due to its
availability and the optional automated reading of the
plates.
The considerably low resistance rate to erythromycin
(1.5–3.1%) in the current study is lower than that found
in other countries such as in Bulgaria (31%), Singapore
(51%), and Ghana (96%) [5, 11]. In the USA and Canada,
the prevalence of resistant isolates was lower than 10%
[10–16]; while 2–4% of C. jejuni and 0% of C. coli strains
were resistant to erythromycin (Table 2), the reported
rates in Israel in 2014 were 1 and 8% for C. jejuni and
C. coli, respectively (unpublished data). Our results may
point to wise/careful use of antimicrobial treatment in
campylobacteriosis. In the current study, 95.45% of the
isolates (96% of C. jejuni and 93.75% of C. coli) were
resistant to ciprofloxacin. This extremely high resistance
rate is much higher than the reported resistance levels in the USA and Canada, in which 19–47% of human
Campylobacter isolates were resistant to ciprofloxacin
[10]. In comparison, the prevalence of fluoroquinolonesresistant Campylobacter in Thailand and Hong Kong was
found to be above 80% [10, 17, 18], 35% in Ghana [5], and
17–99% in Europe, with the highest resistance rate in
Spain [10].
However, our result is similar to the resistance levels found in 2014 by the Israel Ministry of Health that
reported 93 and 98% resistance rates among C. jejuni and
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C. coli strains, respectively (unpublished data). Additionally, ciprofloxacin resistance has increased over the years
[4, 19]; in Israel, for example, in 2009 resistance rates
were 85 and 80% for C. jejuni and C. coli, respectively
(unpublished data).
We found a resistance rate of 94–97% (Etest/Sensititre) to tetracycline among our strains. Interestingly, our
resistance rate of C. jejuni was 96–100%, much higher
than the reported rate in Israel in 2014, which was 53%.
These differences may be explained by demographic
characteristics of the study area, northern Galilee, with
a rural population having close contact with animals. As
Campylobacter infection is a zoonotic disease, resistance
to antibiotics is not only influenced by antibiotics use in
human but also in animals [10]. A similar high rate was
also observed in Ghana (92%) [5]. Lower resistance rates
were measured in Spain (72%) and in Ethiopia (22%) [5,
20, 21]. Resistance to tetracycline is apparently an outcome of the antimicrobial use in veterinary husbandry
and in food production [5]. Overall, the increasing resistance among Campylobacter strains underscores the need
to curb antibiotic use in the veterinary domain and in
humans.
In summary, Etest and Sensititre kit can be easily
adapted for monitoring susceptibility of Campylobacter
spp. Obtaining data regarding prevalence and distribution
of resistant strains is very important, not only for therapy
adjustment but also for epidemiologic surveillance, especially in countries such as Israel, which is characterized by a
high prevalence of campylobacteriosis.
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