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ABSTRACT

An enrichment PCR assay using species-specific primers was developed for the detection of Arcobacter butzleri, Arco-
bacter cryaerophilus, Arcobacter skirrowii, and Arcobacter cibarius in chicken meat. Primers for A. cryaerophilus, A. skirrowii,
and A. cibarius were designed based on the gyrA gene to amplify nucleic acid fragments of 212, 257, and 145 bp, respectively.
The A. butzleri–specific primers were designed flanking a 203-bp DNA fragment in the 16S rRNA gene. The specificity of
the four primer pairs was assessed by PCR analysis of DNA from a panel of Arcobacter species, related Campylobacter,
Helicobacter species, and other food bacteria. The applicability of the method was then validated by testing 42 fresh retail-
purchased chicken samples in the PCR assay. An 18-h selective preenrichment step followed by PCR amplification with the
four Arcobacter primer sets revealed the presence of Arcobacter spp. in 85.7% of the retail chicken samples analyzed. A.
butzleri was the only species present in 50% of the samples, and 35.7% of the samples were positive for both A. butzleri and
A. cryaerophilus. A. skirrowii and A. cibarius were not detected in any of the chicken samples analyzed. The enrichment PCR
assay developed is a specific and rapid alternative for the survey of Arcobacter contamination in meat.

The genus Arcobacter belongs to the rRNA superfam-
ily VI of the Proteobacteria and was created in 1991 to
accommodate organisms initially regarded as aerotolerant
campylobacters (37). Although the high prevalence of
Campylobacter in foods of animal origin has been docu-
mented as the main source of human gastrointestinal infec-
tion (6), data for Arcobacter species are much more limited.
However, arcobacters are increasingly found on meats and
have been isolated from people with diarrhea, which en-
hances the significance of these bacteria as a potential food
safety concern (20, 39, 41). Arcobacter butzleri, Arcobacter
cryaerophilus (with two subgroups), Arcobacter skirrowii,
and Arcobacter cibarius are the Arcobacter species poten-
tially associated with human disease (23, 39). Among these,
mainly A. butzleri, but also A. cryaerophilus and A. skir-
rowii, have been isolated from raw meats, with the highest
prevalence in poultry followed by pork, beef, and lamb (6,
26, 34). These organisms also have been recovered from
untreated water, meat processing equipment surfaces, and
environmental samples (17, 40). A. cibarius was isolated in
2005 from the skin of broiler chicken carcasses (23) and,
more recently, from piggery effluents (10).

Conventional culture and phenotypic protocols may
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provide recovery and differentiation of arcobacters from re-
lated organisms, but these techniques are cumbersome to
perform, time-consuming, and highly limited in specificity.
Arcobacter species are fastidious in growth requirements,
relatively biochemically inert, and morphologically similar
to campylobacters, factors that may contribute to incorrect
detection and identification of these organisms when rely-
ing on agar plating or phenotypic tests (33). In view of
culture failure and misidentification, nucleic acid approach-
es, particularly PCR-based methods, are increasingly being
considered for detection, identification, and monitoring of
arcobacters in foods. These methods include simplex and
multiplex PCR assays with species-specific primers (7, 15,
16, 19, 24, 30), PCR plus restriction fragment length poly-
morphism analyses (31), PCR plus random amplification of
polymorphic DNA (5, 22), PCR plus DNA sequencing
(27), PCR plus enzyme-linked immunosorbent assays (3),
and real-time PCR assays (1, 8).

The objective of the present investigation was to de-
velop a rapid enrichment PCR assay for detection of the
four emerging pathogenic Arcobacter species in poultry
meat: A. butzleri, A. cryaerophilus, A. skirrowii, and A. ci-
barius. The assay utilizes species-specific primers designed
from gyrA and 16S rRNA gene sequences of these species
and was applied to screen for the presence of arcobacters
in 42 fresh retail-purchased chicken samples.
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TABLE 1. Bacterial strains used in this study

Species Straina

Arcobacter butzleri LMG 9910
A. butzleri LMG 10828T

A. cryaerophilus subgroup 1 LMG 9863
A. cryaerophilus subgroup 2 LMG 7537
A. skirrowii LMG 6621T

A. skirrowii LMG 8538
A. cibarius CECT 7203
A. cibarius LMG 21997
Campylobacter jejuni Clinical isolate
C. jejuni subsp. jejuni LMG 6444T

C. coli Clinical isolate
C. fetus subsp. fetus LMG 6442T

C. lari LMG 8845
Helicobacter pylori LMG 18041T

H. pullorum LMG 16318
Escherichia coli CECT 515
Salmonella Enteritidis CECT 4300
Yersinia enterocolitica CECT 559
Listeria innocua CIP 103575
Pseudomonas fluorescens B52b

a LMG, Laboratory for Microbiology, Gent, Belgium; CECT,
Spanish Type Culture Collection, Valencia, Spain; CIP, Institute
Pasteur Collection, Paris, France.

b Isolate from milk origin supplied by Food Research Centre of
Ottawa, Ottawa, Ontario.

MATERIALS AND METHODS

Bacterial strains, culture conditions, and DNA extraction.
The bacterial strains used in this study are listed in Table 1. A.
butzleri, A. cryaerophilus, and A. skirrowii were grown on Muel-
ler-Hinton agar supplemented with 5 to 10% defibrinated horse
blood (Oxoid, Basingstoke, UK). A. cibarius was grown on brain
heart infusion agar (Pronadisa, Madrid, Spain). All Arcobacter
strains were incubated aerobically for 48 to 72 h at 30�C. Cam-
pylobacter and Helicobacter spp. were grown in Mueller-Hinton
blood agar (5 to 10%) and incubated for 48 h at 37�C microaerobi-
cally. After recovery of bacteria from pure cultures, DNA was
extracted following the method proposed by Sanz et al. (35).

Primer design. Sequences from gyrA and 16S rRNA genes of
Arcobacter, Campylobacter, and Helicobacter strains available in the
National Center for Biotechnology Information database were aligned
and compared, and regions containing species-specific nucleotide dif-
ferences were examined for the design of primers for A. butzleri, A.
cryaerophilus, A. skirrowii, and A. cibarius. A fifth oligonucleotide
primer pair was used as a control to avoid false-negative results in
the PCRs. The sequences and description of every primer used in
this study and the length of the generated amplicons are listed in
Table 2. EMBOSS software package version 2.2.0 and Primer Ex-
press 2.0 software (Perkin-Elmer, Applied Biosystems Division, Fos-
ter City, CA) were used for primer design.

PCR setup. After a series of preliminary experiments, optimal
amplification conditions were established as follows. Each reaction
(25 �l) was set up to contain 2 �l of extracted bacterial DNA, 2
mM MgCl2, 200 �M concentrations of each deoxynucleoside tri-
phosphate, 15 pmol of primers 16SArcobutz, GyrArcocry, Gyr-
Arcoski, and 16Bact, 25 pmol of primers GyrArcocib, and 1 U of
Thermus thermophilus DNA polymerase (Biotools, Madrid, Spain)
in a reaction buffer containing 75 mM Tris-HCl, pH 9.0, 50 mM
KCl, 20 mM (NH4)2SO4, and 0.001% bovine serum albumin. The
cycling conditions were 94�C for 3 min for denaturation, 40 cycles
(Arcobacter primers 16SArcobutz, GyrArcocry, GyrArcoski, and
GyrArcocib) or 25 cycles (bacterial primers 16SBact) of amplification
at 94�C for 1 min, 55�C for 1 min, and 72�C for 1 min, and a final
extension step at 72�C for 7 min.

Analysis of artificially contaminated chicken samples.
Batches of 40-g Arcobacter-free chicken muscle samples were
aseptically seeded with pure cultures of A. butzleri, A. cryaero-
philus, A. skirrowii, and A. cibarius to obtain bacterial counts of
approximately 10, 102, 103, and 104 CFU/g. Negative uninocu-
lated controls were included in each experiment. Inoculated and
control samples were homogenized in a stomacher with 120 ml
(1:4 dilution) of Arcobacter broth (Oxoid), and 10-ml aliquots of
each homogenate were supplemented with 0.008 g/liter cefoper-
azone, 0.01 g/liter amphotericin, and 0.004 g/liter teicoplanin
(CAT; Oxoid) before performing DNA extraction and microbio-
logical analysis.

Bacterial DNA was extracted and purified from inoculated
chicken samples as follows. A 0.5-ml portion of each homogenate
was digested in 0.5 ml of an extraction buffer, pH 8.0 (10 mM
Tris, 150 mM NaCl, 2 mM EDTA, and 1% sodium dodecyl sul-
fate), 100 �l of 5 M guanidine hydrochloride, and 40 �l of 20
mg/ml proteinase K (Boehringer Mannheim GmbH, Mannheim,
Germany). Digests were incubated for 3 h at 55�C with shaking
at 60 rpm and then left to cool at room temperature. Five hundred
microliters of chloroform (Sigma-Aldrich, St. Louis, MO) was
added to the lysate before centrifugation at 13,000 rpm for 10
min. The clear aqueous supernatant obtained after centrifugation
(500 �l) was used to purify the DNA using the Wizard DNA

cleanup system kit (Promega Corp., Madison, WI) with a vacuum
manifold according to the manufacturer’s instructions.

Growth and populations of Arcobacter were determined by
incubation of seeded chicken samples in modified cefsulodin-ir-
gasan-novobiocin (mCIN)–CAT agar at 30�C for 3 to 4 days under
aerobic conditions. The mCIN-CAT agar is a variant of the mCIN
agar developed by Collins et al. (11). Unseeded samples were also
analyzed to confirm the absence of Arcobacter colonies.

Analysis of retail chicken samples. Chilled fresh chicken
samples (n � 42) were purchased from several local supermarkets
and retail shops. Forty-gram portions (drumsticks, leg quarters,
and breasts with the skin) were homogenized in a stomacher with
120 ml (1:4 dilution) of Arcobacter broth, and 10-ml aliquots of
each homogenate were supplemented with CAT. A subsequent en-
richment step was performed by incubation of the samples at 30�C
for 18 h under microaerophilic conditions. In every experiment,
control meat portions artificially contaminated with approximately
5 cells per g of each Arcobacter species were included. DNA
extraction and PCR were carried out before and after the enrich-
ment step following the procedure described above for the artifi-
cially contaminated samples.

Selective recovery of Arcobacter spp. from naturally contam-
inated meats and seeded controls was accomplished in mCIN-CAT
agar before and after enrichment. The plates were incubated aer-
obically at 30�C for 3 to 4 days and then examined for typical
Arcobacter colonies.

RESULTS

Specificity of the four Arcobacter primer sets was ver-
ified by PCR testing of heterologous Arcobacter species,
closely related Campylobacter and Helicobacter species,
and other bacterial strains (Table 1). Specific 203-, 212-,
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TABLE 2. Oligonucleotide primers used in this study

Primer name Sequence (5� to 3�) Target gene Target species Amplicon size (bp)

16SArcobutzFw AGTTGTTGTGAGGCTCCAC 16S rRNA A. butzleri 203
16SArcobutzRv GCAGACACTAATCTATCTCTAAATCA
GyrArcocryFw TGCTAAAATTGCAGATGTACCA gyrA A. cryaerophilus 212
GyrArcocryRv AATTCCTTTTTCAGAAACTGTACG
GyrArcoskiFw GAGACAACTTTTGGAACTATTCTATGA gyrA A. skirrowii 257
GyrArcoskiRv GAAGATAGATTAACTTTTGCTTGTTG
GyrArcocibFw TGGAAATATTGTTGGTGAAGTTCAG gyrA A. cibarius 145
GyrArcocibFw ATCTACATTTACAATACTTACTCCCGAA
16SBactFw CAGCAGCCGCGGTAATA 16S rRNA Bacteria 290
16SBactRv TGGACTACCAGGGTATCTAAT

257-, and 145-bp amplicons were successfully generated
from A. butzleri, A. cryaerophilus, A. skirrowii, and A. ci-
barius, respectively. To discard possible false-negative PCR
results, samples were simultaneously analyzed with a pos-
itive amplification control designed to amplify a 290-bp
conserved 16S rRNA bacterial region. The sensitivity of
Arcobacter primers was then evaluated through PCR anal-
ysis of chicken samples artificially seeded with Arcobacter
species in the range of 10 to 104 CFU/g, obtaining a de-
tection limit of approximately 103 CFU/g of chicken meat.
A similar sensitivity pattern was achieved with the four
species-specific primer pairs (results not shown).

The applicability of the PCR assay was assessed by test-
ing 42 retail-purchased chicken samples with the four Arco-
bacter primer sets for the presence or absence of Arcobacter
spp. A selective 18-h microaerobic preenrichment step was
performed for subsequent PCR detection of small numbers of
Arcobacter in chicken. Using this protocol, Arcobacter spp.
were detected in 85.7% (36 of 42) of retail-purchased chicken
samples analyzed. A. butzleri was the only species present in
50% (21) of the samples, whereas 35.7% (15) of the samples
were positive for both A. butzleri and A. cryaerophilus. In
contrast, none of the chicken samples yielded PCR signals
with the A. skirrowii and A. cibarius primers (Table 3). Con-
trol meat portions artificially seeded with 5 CFU/g of each
Arcobacter species produced a positive amplification result
after enrichment. In all experiments, bacterial control primers
confirmed the presence of amplifiable DNA in the samples
(results not shown).

A close correlation between the enrichment PCR tech-
nique and the conventional plating procedure was achieved.
Every PCR-positive sample produced visible characteristic
Arcobacter colonies on mCIN-CAT agar, and no Arcobac-
ter growth was detected in samples that were PCR negative.

DISCUSSION

A crucial requirement for successfully detecting specific
microorganisms with a PCR assay is to choose adequate ge-
netic markers during the primer design process that allow a
high degree of specificity (36). The gyrA gene encoding a
subunit of DNA gyrase has been used as an alternative support
for ribosomal markers in bacterial phylogenetic and identifi-
cation studies (1, 8). The gyrA gene is essential for bacterial
viability and has been recently sequenced in the genus Ar-
cobacter (2, 29). Thus, the gyrA gene was the tool of choice

for primer design in our study. Analysis of gyrA sequence
alignment allowed the design of primers for A. cryaerophilus,
A. skirrowii, and A. cibarius complementary to regions ex-
hibiting sufficient species-specific nucleotide differences.
However, areas searched along the gyrA sequences did not
show optimal specificity for A. butzleri. Because the 16S
rRNA gene has a mosaic structure of phylogenetically con-
served and variable regions that is adequate for species-spe-
cific discrimination of particular microorganisms (42), this
gene was used to attempt specific detection of A. butzleri.
Results obtained indicated that A. butzleri 16S rRNA primers
consistently amplified the targeted 203-bp fragment of A. but-
zleri, whereas primers directed toward the gyrA gene yielded
the desired 212-, 257-, and 145-bp fragments of A. cryaer-
ophilus, A. skirrowii, and A. cibarius, respectively, indicating
a high degree of specificity.

The PCR is an inherently highly specific and sensitive
technique, but when dealing with food matrices of complex
constituents, a decrease in assay sensitivity may occur be-
cause of PCR inhibition. Preenrichment of bacteria to a
certain level combined with the use of effective DNA ex-
traction techniques that minimize the presence of inhibitors
in the samples are further requirements for successful de-
tection of low numbers of organisms in foods when using
PCR techniques (28, 36).

Various broth and plating formulations have been de-
veloped, most of them dependent on enrichment media sup-
plemented with antibiotics and incubated at lower temper-
atures than those used for closely related Campylobacter
species (11, 13, 14, 18, 21, 25). Using these procedures,
variable isolation rates reaching values as high as 95% (4,
34) have been documented for Arcobacter. Results of pre-
liminary assays indicated that the detection threshold of the
direct PCR assay (without any enrichment) was approxi-
mately 103 CFU of Arcobacter per gram of chicken meat.
For improved sensitivity when screening naturally contam-
inated poultry samples, the amplification assay was com-
bined with an 18-h incubation step in an Arcobacter en-
richment medium widely used in previous studies (16, 24,
32, 34). After enrichment and subsequent PCR processing
with the four Arcobacter primer sets, the presence of Ar-
cobacter, particularly A. butzleri, was detected in 85.7% of
the retail chicken samples analyzed. The enrichment PCR
assay also detected the presence of A. cryaerophilus and A.
butzleri together in 35.7% of the samples. These results are
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TABLE 3. PCR and microbiological results obtained after anal-
ysis of 42 fresh retail-purchased chicken samples

Sample
no.

Arcobacter population
(CFU/g)a

Before
enrichment

After
18 h

Detection by PCR (18 h)b

Abutz Acry Aski Acib

1 ND 4 � 104 � � � �
2 ND 3 � 104 � � � �
3 ND 4.8 � 104 � � � �
4 ND ND � � � �
5 8 2.4 � 104 � � � �
6 ND UC � � � �
7 4 3 � 105 � � � �
8 ND 3.4 � 104 � � � �
9 ND ND � � � �

10 ND 3.6 � 104 � � � �
11 ND UC � � � �
12 ND 1.6 � 105 � � � �
13 ND 3.1 � 105 � � � �
14 ND 2.4 � 104 � � � �
15 ND 1.1 � 105 � � � �
16 16 1.2 � 106 � � � �
17 ND UC � � � �
18 ND UC � � � �
19 ND 3.9 � 105 � � � �
20 8 1.8 � 104 � � � �
21 ND 2 � 104 � � � �
22 ND 3.4 � 105 � � � �
23 ND UC � � � �
24 64 UC � � � �
25 ND 2.4 � 104 � � � �
26 ND 6.8 � 104 � � � �
27 ND ND � � � �
28 8 UC � � � �
29 16 UC � � � �
30 ND 2 � 104 � � � �
31 ND ND � � � �
32 8 1 � 106 � � � �
33 ND 1.9 � 106 � � � �
34 4 1.8 � 106 � � � �
35 4 1.4 � 106 � � � �
36 ND 2.4 � 105 � � � �
37 ND 5.6 � 105 � � � �
38 ND ND � � � �
39 ND 9.6 � 105 � � � �
40 ND ND � � � �
41 ND 8.8 � 104 � � � �
42 ND 3.6 � 105 � � � �

a ND, not detected; UC, uncountable.
b All samples were negative before enrichment. Abutz, A. butzleri;

Acry, A. cryaerophilus; Aski, A. skirrowii; Acib, A. cibarius.

consistent with those of studies in which A. butzleri has
been found to be the prevailing species in poultry products,
followed by A. cryaerophilus and A. skirrowii (12, 21). In
agreement with our observations, concurrent detection in
foods of more than one Arcobacter species, particularly A.
butzleri and A. cryaerophilus, is not uncommon (22, 38).
None of the naturally contaminated chicken samples tested
produced amplification signals for A. skirrowii or A. cibar-

ius, indicating the absence of these species in these samples.
Within this context, the fact that other authors have failed
to detect A. skirrowii in chicken suggests that the low re-
covery rates reported for this species may be attributed to
its higher susceptibility (compared with other arcobacters)
to the antimicrobial agents used in selective media or to
growth competition favoring other bacteria (9, 21). With
respect to A. cibarius, only one previous study has docu-
mented its isolation from broiler carcasses (23). The path-
ogenic potential of A. cibarius is unknown, but because
other closely related arcobacters have been implicated as
agents of foodborne human disease, detection procedures
also should include this species. To our knowledge, this is
the first report of the possibility of detecting A. cibarius in
poultry by means of a species-specific PCR assay.

DNA-based techniques currently available for Arco-
bacter detection and identification are undoubtedly valuable
for monitoring these organisms in food. However, some of
these methods are focused on the genus Arcobacter or tar-
get only A. butzleri (7, 16, 19), whereas others lack spec-
ificity for a particular species within this genus (1, 24) or
require postprocessing of the PCR products either by en-
donuclease or sequencing procedures (27, 31). The Arco-
bacter-specific enrichment PCR assay developed in the
present study offers some significant advantages over phe-
notypic tests and other PCR-based methods: (i) it is rapid
and straightforward, (ii) it is sensitive and specific, and (iii)
it has discriminatory ability for the four emerging patho-
genic Arcobacter species—A. butzleri, A. cryaerophilus, A.
skirrowii, and A. cibarius. A limitation of the assay is that
the fragment lengths of the gyrA and 16S rRNA PCR prod-
ucts selected (from 145 to 257 bp) impeded multiplex de-
tection of the four Arcobacter species in the same reaction.
However, this Arcobacter-specific PCR assay meets the de-
mand for future adaptation to a real-time PCR–based format
that does not require reagent addition and gel separation
and allows quantification of the bacterial load in the sam-
ples. In this context, two real-time PCR assays using either
Taqman (8) or FRET-based (1) technology have been re-
ported recently for Arcobacter detection. However, the as-
say of Brightwell et al. (8) is directed to only A. butzleri
and A. cryaerophilus and that of Abdelbaqi et al. (1) failed
to discriminate A. skirrowii. The enrichment PCR assay de-
veloped in this work could be useful for the routine detec-
tion and identification of the four Arcobacter species cur-
rently associated with human disease caused by consump-
tion of contaminated poultry and other meat commodities.
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preparation methods in PCR-based detection of food pathogens.
Trends Food Sci. Technol. 5:384–389.

29. Menard, A., F. Dachet, V. Prouzet-Mauléon, M. Oleastro, and F. Mé-
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