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Summary This study was carried out to determine the prevalence of Arcobacter spp. in food 
samples in Germany. In addition, the presence of putative virulence genes and 
the genetic diversity was tested for Arcobacter (A.) butzleri strains isolated dur-
ing this study. The prevalence of Arcobacter spp. was 34% in fish meat, 26.8% in 
poultry meat and 2% in minced meat (beef and pork). All investigated A. butzleri 
isolates carried the genes cadF, ciaB, cj1349, mviN and pldA. The gene tlyA was 
detectable in 97.5% of the strains. Lower detection rates were observed for hecA 
(47.5%), hecB (45%), iroE (40%) and irgA (35%). Genotyping by ERIC-PCR dem-
onstrated a high genetic diversity of A. butzleri strains from different foods. In 
conclusion, this study shows that about one third of fish meat and poultry meat 
samples contained Arcobacter spp. These data highlight the need to strengthen 
our effort to elucidate the importance of Arcobacter on veterinary public health.
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Zusammenfassung
Ziel der Studie war, die Prävalenz von Arcobacter spp. in Lebensmittelproben 
in Deutschland zu bestimmen. Zusätzlich wurde die Anwesenheit putativer 
Virulenzgene und die genetische Diversität der Arcobacter (A.) butzleri-Stämme 
untersucht. Die Prävalenz von Arcobacter spp. betrug 34 % in Fisch, 26,8 % in 
Geflügelfleisch und 2 % in Hackfleisch (Rindfleisch und Schweinefleisch). In allen 
untersuchten A. butzleri-Isolaten waren die Gene cadF, ciaB, cj1349, mviN und 
pldA nachweisbar. Das Gen tlyA war in 97,5 % der Stämme zu finden. Für hecA 
(47.5 %), hecB (45 %), iroE (40 %) und irgA (35 %) wurden niedrigere Nachweisra-
ten beobachtet. Die Genotypisierung der A. butzleri-Stämme aus verschiedenen 
Lebensmitteln mittels ERIC-PCR zeigte eine hohe genetische Vielfalt dieser 
Stämme. Zusammenfassend belegt diese Studie, dass etwa ein Drittel der Fisch- 
und Geflügelfleischproben Arcobacter spp. enthielten. Diese Daten unterstreichen 
die Notwendigkeit, die Bedeutung von Arcobacter für den gesundheitlichen 
Verbraucherschutz weitergehend zu betrachten.

Schlüsselwörter: Arcobacter, Lebensmittel, Prävalenz, Genotyp, Virulenzgene

Introduction

Arcobacter spp. are gram-negative, motile and spiral-
shaped bacteria belonging to the family of Campylobac-
teraceae. They have been specified by the International 
Commission on Microbiological Specifications for Foods 
as serious hazards for human health (ICMSF, 2002). 
Among Arcobacter spp., A.  butzleri is the most impor-
tant species associated with human disease, resulting 
in abdominal pain with acute diarrhoea or prolonged 

watery diarrhoea for up to two months (Vandenberg 
et al., 2004). As Arcobacter spp. is not detected in rou-
tine diagnostics, the prevalence of Arcobacter associated 
human diseases is not known so far. However, outbreaks 
and single case reports have been published (Vandamme 
et al., 1992; Rice et al., 1999; Lappi et al., 2013; Figueras 
et al., 2014). Nonetheless, Arcobacter spp. are mostly 
reported as commensals in the gastrointestinal tract of 
animals (Ho et al., 2006).
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Arcobacter spp. were already isolated from a 
wide range of food of animal origin. This might 
be explained by contaminations during the 
slaughtering process. Highest prevalences in 
food are reported for poultry meat, followed by 
pork and beef (Houf, 2009; Shah et al., 2011). 
Some studies described the presence of Arco-
bacter spp. in marine waters (esp. sediments), 
possibly representing a reservoir for shellfish 
contamination (Collado et al., 2009; Collado et 
al., 2014; Levican et al., 2014). Little is known 
about the presence of Arcobacter in fish or fish 
meat. 

Different methods have been applied to 
genotype Arcobacter spp., with focus on A. 
butzleri. Among these, ERIC (enterobacterial 
repetitive intergenic consensus)-PCR is one 
of the most used typing method applied for 
outbreak investigations and typing of isolates 
originating from different foods (Collado and 
Figueras, 2011; Nieva-Echevarria et al., 2013).

Limited information is available about the 
pathogenic mechanisms and putative virulence 
genes of A.  butzleri. So far, it is not known 
under what conditions Arcobacter spp. are 
pathogenic and whether they are pathogenic 
by themselves or by interactions with other 
bacteria. Bücker et al. (2009) demonstrated that 
A. butzleri is able to induce barrier dysfunctions 
in HT-29/B6 cells in vitro, thereby facilitating 
translocation of bacteria and probably inducing 
diarrhoea. The genomic sequence of A. butzleri 
RM  4018 demonstrated the presence of ten 
putative virulence genes: cadF, mviN, pldA, tlyA, 
cj1349, hecB, irgA, hecA, ciaB and iroE (Miller 
et al., 2007), but it is still unknown whether 
these putative virulence factors have similar functions as 
described for their homologs in other microbial species. 
CadF, HecA, and Cj1349 promote adherence of bacteria 
to host cells, while CiaB contributes to host cell invasion 
(Konkel et al., 1999; Rojas et al., 2002; Flanagan et al., 
2009). HecB, TlyA and PldA might be involved in lysis of 
erythrocytes (Grant et al., 1997; Wren et al., 1998; Miller 
et al., 2007). IrgA and IroE are functional components for 
the iron acquisition and therefore required for establish-
ing and maintaining infections (Mey et al., 2002; Zhu et 
al., 2005; Rashid et al., 2006). MviN is an essential pro-
tein required for peptidoglycan biosynthesis in E. coli but 
the contribution to virulence is not established yet (Ruiz, 
2008). However, no correlation between virulence gene 
pattern of A. butzleri isolates and adhesive and invasive 
phenotypes could be shown by in vitro assays (Karadas 
et al., 2013; Levican et al., 2013).

The aim of this study was to detect the prevalence of 
Arcobacter spp. in different foods, to genotype A. butzleri 
strains isolated from these sources using ERIC-PCR and 
to examine the distribution of putative virulence genes.

Material and Methods

Samples
Samples of fresh fish meat (n = 50, originated from 
aquacultures and wild-caught fish), mixed minced meat 
(pork and beef) (n = 51) and poultry meat (n = 56) were 
purchased from supermarkets and retail shops through-

out Berlin, Germany. To ensure sample diversity, packs 
were chosen with a wide range of European Community 
identifiers and best-before dates. The time between pur-
chase and isolation varied between one and 60 h. During 
this period, samples were stored at 4–6°C.

Isolation and identification of Arcobacter
Arcobacter spp. were isolated by a modified version of a 
protocol described by Atabay et al. (2003). Briefly, 1 g of 
each sample was aseptically removed, placed in 10 ml of 
Arcobacter Broth (Oxoid Deutschland, Wesel, Germany) 
supplemented with cefoperazone‑amphotericin‑teico-
planin selective supplement (Oxoid) and mixed thor-
oughly. The homogenate was incubated microaerobically 
at 30°C. After two days, the enriched culture was 10-fold 
diluted in Brucella Broth (BD Biosciences, Heidelberg, 
Germany) and 300 µl were spread onto a 0.6 µm pore 
size membrane filter (GE Healthcare Europe, Freiburg, 
Germany) laid on the surface of a Mueller Hinton agar 
plate (Oxoid) with 5% sheep blood (MHB). The plates 
were incubated aerobically for 1  h at 30°C before the 
filter was removed. For better colony separation, another 
100 µl of sterile Brucella Broth was dropped on the plates 
before streaking, and incubation continued under the 
same conditions for up to seven days or until colo-
nies were visible. Presumptive Arcobacter colonies were 
picked, streaked onto MHB agar plates and incubated 
microaerobically at 30°C for 48 h.

From each isolate, DNA was extracted using the chelex 
method described by Karadas et al. (2013). Identification 

TABLE 1: Primers used in this study
Primer sequence Amplicon study
ARCO R CGTATTCACCGTAGCATAGC Houf et al. (2000)

BUTZ F CCTGGACTTGACATAGTAAGAATGA 401

SKIR F GGCGATTTACTGGAACACA 641

CRY1 TGCTGGAGCGGATAGAAGTA 257

CRY2 AACAACCTACGTCCTTCGAC

16SrRNAF1 AGAGTTTGATCCTGGCTGAG approx. 1500 Coenye et al. (1999)

16SrRNAF1 AAGGAGGTGATCCAGCCGCA

16F358 CTCCTACGGGAGGCAGCAGT for sequencing

16R1093 GTTGCGCTCGTTGCGGGACT for sequencing

cadF F TTACTCCTACACCGTAGT 283 Douidah et al. (2012)

cadF R AAACTATGCTAACGCTGGTT

pldA F TTGACGAGACAATAAGTGCAGC 293

 pldA R CGTCTTTATCTTTGCTTTCAGGGA

irgA F TGCAGAGGATACTTGGAGCGTAACT 437

irgA R GTATAACCCCATTGATGAGGAGCA

hecA F GTGGAAGTACAACGATAGCAGGCTC 537

hecA R GTCTGTTTTAGTTGCTCTGCACTC

hecB F CTAAACTCTACAAATCGTGC 528

hecB R CTTTTGAGTGTTGACCTC

Cj1349 F GAATTGTAAAAGTAGGGCATAA 556 Karadas et al. (2013)

Cj1349 R TTTGTTTGATTTCGCTCTTT

ciaB F GGAATAAATAAAGAGTTGGTTGC 498

ciaB R ATTTACTCTATGGTCATTTTGTGC

mviN F TTTTGCTGTTAGTAATTGTTGTTC 409

mviN R TGATACTTGGTTAGCTTCTCTTTT

tlyA F AAATAAAGTTAAATGTGATGGTG 529

tlyA R GTTGTCTCTTGCTTTTTGTATTG

iroE F AATGGCTATGATGTTGTTTAC 415

iroE R TTGCTGCTATGAAGTTTTG

ERIC 1R ATGTAAGCTCCTGGGGATTCAC Houf et al. (2002)

ERIC 2 AAGTAAGTGACTGGGGTGAGCG
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of the isolates was performed using a multiplex PCR 
assay according to Houf et al. (2000). Briefly, 2 µl of DNA 
were added to 23  µl of the reaction mixture contain-
ing 1x PCR buffer (Qiagen, Hilden, Germany), 1.3 mM 
MgCl2 (Qiagen), 0.2 mM of each dNTP (Thermo Fisher, 
St. Leon-Rot, Germany), 0.75 U of Taq DNA polymerase 
(Qiagen), 1  µM of each primer ARCO, BUTZ, CRY1 
and CRY2 and 0.5 µM of the primer SKIR (Tab. 1). PCR 
involved 32 cycles of denaturation (94°C for 45 s), primer 
annealing (61°C for 45 s), and chain extension (72°C for 
30 s). Prior to cycling, samples were heated at 94°C for 
2 min. Amplified products were detected by electropho-
resis in 3% agarose gels. 

Isolates found positive were further characterized 
by sequencing a fragment of the 16S rRNA gene as 
described by Coenye et al. (1999). PCR was performed 
in 50 µl reaction mixture composed of 4 µl DNA, 45 µl 
ReddyMix PCR Master Mix (Thermo Fisher) and 1 µM 
of each primer 16SrRNAF1 and 16SrRNAR1 (Tab. 1). 
Amplicons were purified using a GeneJE PCR Purifica-
tion Kit (Thermo Fisher) and sequencing was performed 
at GATC Biotech (Konstanz, Germany) using the prim-
ers 16F358 and 16R1093 according to Coenye et al. 
(1999).

Detection of virulence genes in A. butzleri
Detection of putative virulence genes in A. butzleri 
strains originating from fish meat and poultry meat was 
performed by PCR. Primers are listed in Table 1 and PCR 
protocols for partial amplification of cadF, pldA, irgA, 
hecA and hecB were used according to Douidah et al. 
(2012). Briefly, PCRs were carried out in a total volume of 
25 µl containing 1x PCR-buffer (Qiagen), 0.2 mM of each 
dNTP (Thermo Fisher), 1  µM of each primer, 0.5  U of 
Taq DNA polymerase (Qiagen) and 2 µl DNA. An initial 
denaturation step at 95°C for 4 min was followed by 30 
cycles of denaturation at 94°C for 45 s, annealing at 56°C 
(hecA and irgA) or 55°C (cadF, hecB and pldA) for 45  s 
and elongation at 72°C for 45 s, and a final elongation 
step for 5 min at 72°C. For partial amplification of cj1349, 
ciaB, mviN, tlyA and iroE primers (Tab. 1) and protocols 
were used according to Karadas et al. (2013). PCRs were 
carried out in a total volume of 25 µl containing 1x PCR-
buffer (Qiagen), 0.2 mM of each dNTP (Thermo Fisher), 
0.5  µM of each primer, 0.5  U of Taq DNA polymerase 
(Qiagen) and 2 µl DNA. An initial denaturation step at 
95°C for 4 min was followed by 30 cycles of denaturation 

at 94°C for 30 s, annealing at 50°C for 30 s and elonga-
tion at 72°C for 30 s, and a final elongation step for 6 min 
at 72°C. 

Genotyping of A. butzleri
Isolates belonging to the genus A. butzleri were further 
characterized by ERIC-PCR according to Houf et al. 
(2002). Briefly, 0.5  µl of DNA was added to 24.5  µl of 
the reaction mixture containing  1x PCR buffer (Qiagen), 
4 mM MgCl2 (Qiagen), 0.2 mM of each dNTP (Thermo 
Fisher), 2.5  U of Taq DNA polymerase (Qiagen) and 
0.5  µM of the primers ERIC 1R and 2 (Tab. 1). PCR 
involved 40 cycles of denaturation (94°C for 60 s), primer 
annealing (25°C for 60 s), and chain extension (72°C for 
120 s). Prior to cycling, samples were heated at 94°C for 
5 min. Amplified products were detected by electropho-
resis in 3% agarose gels and visualized with UV transil-
lumination. Band pattern were analysed using BioNu-
merics version 6.1 (Applied Maths, Sint-Martens-Latem, 
Belgium). After normalisation, the similarities between 
profiles, based on peak position, were calculated using 
Pearson correlation coefficient. For cluster analysis, the 
Unweighted Pair Group Method with Arithmetic Mean 
(UPGMA) was used with a cluster cut-off of 90%.

Results and Discussion

Arcobacter prevalence
Arcobacter spp. were isolated from fish meat, poultry 
meat and minced meat (beef and pork) (Tab. 2). Spe-
cies were identified by mPCR and further confirmed by 
16SrRNA sequencing. For fish meat, 34% (17/50) of the 
samples contained Arcobacter spp., with A. butzleri as the 
dominant species detectable in 32% (16/50) of the sam-
ples. In a single sample A. cryaerophilus was detectable. 
To our knowledge, no comparable data on Arcobacter 
in fish meat are available yet. Nonetheless, comparable 
prevalences were detectable in shellfish (73.3%) and 
mussels (41.1%) in northern Spain (Collado et al., 2009; 
Nieva-Echevarria et al., 2013). These data suggest that 
seafood represents an important reservoir for Arcobacter 
spp.

In 26.8% of the poultry meat samples A. butzleri was 
detectable. That corresponds well with published data, 
demonstrating prevalence in poultry meat of between 
15% and 73% (Rivas et al., 2004; Keller et al., 2006). 

Of the minced meat samples, 2% were A. 
butzleri positive. When investigating minced 
pork, Van Driessche and Houf (2007) detected 
a prevalence of 19.2%. For minced beef, preva-
lences ranged from 4–10% (Rohder et al., 2007; 
Nieva-Echevarria et al., 2013). These data imply 
that minced pork and beef meat is of minor 
importance as source for Arcobacter spp. but 
as raw minced meat is consumed in Germany 
it should still be considered as a reservoir for 
human infections.

TABLE 2: Prevalence of Arcobacter spp. in food samples 
Samples n No. (%) of positive samples

Arcobacter 
spp.

A. butzleri A. cryaero-
philus

A. skirrowii

Fish meat 50 17 (34%) 16 (32%) 1 (2%) –

Poultry meat 56 15 (26.8%) 15 (26.8%) – –

Minced meat 51 1 (2.0%) 1 (2.0%) – –

Total 157 33 (21.0%) 32 (20.4%) 1 (0.6%) –

- Not detectable

TABLE 3: Presence of putative virulence genes in A. butzleri strains isolated from different foods
Source n No. (%) of strains demonstrating specific gene amplicons

cadF ciaB cj1349 irgA hecA hecB mviN pldA tlyA iroE

Fish meat 21 21 (100%) 21 (100%) 21 (100%) 8 (38.1%) 14 (66.7%) 12 (57.1%) 21 (100%) 21 (100%) 21 (100%) 9 (42.9%)

Poultry meat 19 19 (100%) 19 (100%) 19 (100%) 6 (31.6%) 5 (26.3%) 6 (31.6%) 19 (100%) 19 (100%) 18 (94.7%) 7 (36.8%)

Total 40 40 (100%) 40 (100%) 40 (100%) 14 (35%) 19 (47.5%) 18 (45%) 40 (100%) 40 (100%) 39 (97.5%) 16 (40%)
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Gonzalez et al. (2010) detected even higher 
prevalences of Arcobacter spp. in chicken and 
waste water samples when applying molecular 
methods (i. e. RT-PCR) compared to culture 
dependent detection methods, suggesting that 
also prevalences in fish meat might be higher 
than observed in our study.

Virulence gene distribution in A. butzleri
The distribution of putative virulence genes 
among the isolated A. butzleri strains is shown 
in Tab. 3. All investigated A.  butzleri isolates 
carried the genes cadF, ciaB, cj1349, mviN and 
pldA. The gene tlyA was detectable in 97.5% 
(39/40) of the strains. Lower detection rates 
were observed for hecA (47.5%), hecB (45%), 
iroE (40%) and irgA (35%). This is in general 
agreement with previous studies carried out by 
Douidah et al. (2012) and Karadas et al. (2013) 
who detected the presence of cadF, ciaB, cj1349, 
mviN, pldA and tlyA in all strains and a lower 
presence of hecA, hecB, iroE (only Karadas et al., 
2013) and irgA. Interestingly, a study by Collado 
et al. (2014) carried out on Arcobacter isolates 
from mollusc samples showed a lower presence 
of the investigated virulence genes in A. butzleri 
(ranging from 19.4% for hecA to 79% for mviN). 
Of all strains tested in our study, 22.5% (9/40) 
possessed all ten genes (Fig. 1). No differences 
in the distribution of putative virulence genes 
and the source of strains (fish meat vs. poultry 
meat) were detectable. Therefore, it could be 
suggested that isolates derived from fish meat 
have the same pathogenic potential as strains 
derived from poultry meat.

 
Genotyping of A. butzleri
To investigate the genetic diversity of A. butzleri 
strains isolated from different foods, ERIC-PCR 
assays were carried out (Fig. 1). These assays 
demonstrated a high genetic diversity of the A. 
butzleri strains, even though some strains with 
similar ERIC-PCR pattern were isolated from 
different fish and chicken samples (i.  e. isolate 
96, 98 and 120, 121, 123). This high heterogene-
ity in A. butzleri strains originating from different foods 
was already described by using ERIC-PCR and MLST 
(Houf et al., 2002; Alonso et al. 2014). A comparable 
genetic diversity has also been described for Campylo-
bacter spp. (Meinersmann et al., 2002). In general, no 
correlation between genotype distribution and source of 
strains (i. e. type of food) was obtained. This is in agree-
ment with a study by Alonso et al. (2014) who applied 
MLST analysis and demonstrated that no association of 
alleles or sequence types with food source was detect-
able. Further, no correlation between ERIC-PCR and 
virulence gene pattern has been observed as strains 
encoding all virulence genes are distributed over the 
complete ERIC-PCR dendrogram (Fig. 1). These data 
confirm that genetic diversity of A. butzleri strains is also 
common among isolates originated from fish products.

In conclusion, further efforts are needed to elucidate 
the role of A. butzleri in veterinary public health as fish 
meat has been detected to be a further food matrix for 
A. butzleri. This study shows that about one third of fish 
meat and poultry meat samples contained A. butzleri. A 

lower prevalence was detected for minced meat. Several 
of the putative virulence genes were found in these 
isolates, implying their pathogenic potential. Also high 
genetic diversity of this species was observed with no 
correlation between genotype and source of isolates. 
Further insights into patho-mechanisms might help to 
elucidate which A. butzleri isolates have an impact on 
human infection.

Conflict of interest

The authors declare that they have no conflict of 
interest.

References

Alonso R, Girbau C, Martinez-Malaxetxebarria I, Fernandez-
Astorga A (2014): Multilocus sequence typing reveals genetic 
diversity of foodborne Arcobacter butzleri isolates in the North of 
Spain. Int J Food Microbiol 191: 125–128.

FIGURE 1: Dendrogram based on ERIC-PCR of A. butzleri strains 
isolated from different foods with the respective virulence gene pattern. 
Virulence genes pattern: black = gene present, grey = gene absent



Berliner und Münchener Tierärztliche Wochenschrift 128, Heft 3/4 (2015), Seiten ﻿16–168 167

Atabay HI, Aydin F, Houf K, Sahin M, Vandamme P (2003): The 
prevalence of Arcobacter spp. on chicken carcasses sold in retail 
markets in Turkey, and identification of the isolates using SDS-
PAGE. Int J Food Microbiol 81: 21–28.

Bücker R, Troeger H, Kleer J, Fromm M, Schulzke JD (2009): 
Arcobacter butzleri induces barrier dysfunction in intestinal 
HT-29/B6 cells. J Infect Dis 200: 756–764.

Coenye T, Falsen E, Vancanneyt M, Hoste B, Govan JRW, Kersters 
K, Vandamme P (1999): Classification of Alcaligenes faecalis-like 
isolates from the environment and human clinical samples as 
Ralstonia gilardii sp. nov. Int J of Syst Bacteriol 49: 405–413.

Collado L, Figueras MJ (2011): Taxonomy, epidemiology, and 
clinical relevance of the genus Arcobacter. Clin Microbiol Rev 
24: 174–192.

Collado L, Guarro J, Figueras MJ (2009): Prevalence of Arcobacter 
in meat and shellfish. J Food Prot 72: 1102–1106.

Collado L, Jara R, Vasquez N, Telsaint C (2014): Antimicrobial 
resistance and virulence genes of Arcobacter isolates recovered 
from edible bivalve molluscs. Food Control 46: 508–512.

Douidah L, de Zutter L, Bare J, De Vos P, Vandamme P, Van-
denberg O, Van den Abeele AM, Houf K (2012): Occurrence 
of putative virulence genes in Arcobacter species isolated from 
humans and animals. J Clin Microbiol 50: 735–741.

Figueras MJ, Levican A, Pujol I, Ballester F, Rabada Quilez MJ, 
Gomez-Bertomeu F (2014): A severe case of persistent diar-
rhoea associated with Arcobacter cryaerophilus but attributed 
to Campylobacter sp. and a review of the clinical incidence of 
Arcobacter spp. New Microbe New Infect 2: 31–37.

Flanagan RC, Neal-McKinney JM, Dhillon AS, Miller WG, 
Konkel ME (2009): Examination of Campylobacter jejuni puta-
tive adhesins leads to the identification of a new protein, des-
ignated FlpA, required for chicken colonization. Infect Immun 
77: 2399–2407.

Gonzalez A, Suski J, Ferrus MA (2010): Rapid and accurate detec-
tion of Arcobacter contamination in commercial chicken prod-
ucts and wastewater samples by real-time polymerase chain 
reaction. Foodborne Pathog Dis 7: 327–338.

Grant KA, Belandia IU, Dekker N, Richardson PT, Park SF 
(1997): Molecular characterization of pldA, the structural gene 
for a phospholipase A from Campylobacter coli, and its contribu-
tion to cell-associated hemolysis. Infect Immun 65: 1172–1180.

Ho HT, Lipman LJ, Gaastra W (2006): Arcobacter, what is known 
and unknown about a potential foodborne zoonotic agent! Vet 
Microbiol 115: 1–13.

Houf K (2009): Arcobacter in a food safety perspective. Arch 
Lebensmittelhyg 60: 73–76.

Houf K, De Zutter L, Van Hoof J, Vandamme P (2002): Assess-
ment of the genetic diversity among arcobacters isolated from 
poultry products by using two PCR-based typing methods. Appl 
Environ Microbiol 68: 2172–2178.

Houf K, Tutenel A, De Zutter L, Van Hoof J, Vandamme P (2000): 
Development of a multiplex PCR assay for the simultaneous 
detection and identification of Arcobacter butzleri, Arcobacter 
cryaerophilus and Arcobacter skirrowii. FEMS Microbiol Lett 193: 
89–94.

ICMSF (2002): Microorganisms in food, 7. Microbiological testing in 
food safety management. Kluwer Academic-Plenum Publishers, 
New York.

Karadas G, Sharbati S, Hänel I, Messelhäusser U, Glocker E, 
Alter T, Gölz G (2013): Presence of virulence genes, adhe-
sion and invasion of Arcobacter butzleri. J Appl Microbiol 115: 
583–590.

Keller S, Raber S, Tasara T, Stephan R (2006): Prevalence of Arco-
bacter butzleri in fecal samples, on carcasses and in retail meat 
of cattle, pig and poultry in Switzerland. Arch Lebensmittelhyg 
57: 64–68.

Konkel ME, Kim BJ, Rivera-Amill V, Garvis SG (1999): Bacterial 
secreted proteins are required for the internaliztion of Campy-
lobacter jejuni into cultured mammalian cells. Mol Microbiol 32: 
691–701.

Lappi V, Archer JR, Cebelinski E, Leano F, Besser JM, Klos 
RF, Medus C, Smith KE, Fitzgerald C, Davis JP (2013): An 
outbreak of foodborne illness among attendees of a wedding 
reception in Wisconsin likely caused by Arcobacter butzleri. Food-
borne Pathog Dis 10: 250–255.

Levican A, Alkeskas A, Günter C, Forsyth SJ, Figueras MJ 
(2013): The adherence and invasion of human intestinal cells by 
Arcobacter species and their virulence genotype. Appl Environ 
Microbiol 79:4951–4957. 

Levican A, Collado L, Yustes C, Aguilar C, Figueras MJ (2014): 
Higher water temperature and incubation under aerobic and 
microaerobic conditions increase the recovery and diversity 
of Arcobacter spp. from shellfish. Appl Environ Microbiol 80, 
385-391.

Meinersmann RJ, Patton CM, Evins GM, Wachsmuth IK, Fields 
PI (2002): Genetic diversity and relationships of Campylobacter 
species and subspecies. Int J Syst Evol Microbiol 52: 1789–1797.

Mey AR, Wyckoff EE, Oglesby AG, Rab E, Taylor RK, Payne SM 
(2002): Identification of the Vibrio cholerae enterobactin recep-
tors VctA and IrgA: IrgA is not required for virulence. Infect 
Immun 70: 3419–3426.

Miller WG, Parker CT, Rubenfield M, Mendz GL, Wosten 
MMSM, Ussery DW, Stolz JF, Binnewies TT, Hallin PF, Wang 
GL, Malek JA, Rogosin A, Stanker LH, Mandrell RE (2007): 
The complete genome sequence and analysis of the epsilonpro-
teobacterium Arcobacter butzleri. Plos One 2, e1358. doi:10.1371/
journal.pone.0001358.

Nieva-Echevarria B, Martinez-Malaxetxebarria I, Girbau C, 
Alonso R, Fernandez-Astorga A (2013): Prevalence and genetic 
diversity of Arcobacter in food products in the North of Spain. J 
Food Prot 76: 1447–1450.

Rashid RA, Tarr PI, Moseley SL (2006): Expression of the Escheri-
chia coli IrgA homolog adhesin is regulated by the ferric uptake 
regulation protein. Microb Pathog 41: 207–217.

Rice EW, Rodgers MR, Wesley IV, Johnson CH, Tanner SA 
(1999): Isolation of Arcobacter butzleri from ground water. Lett 
Appl Microbiol 28: 31–35.

Rivas L, Fegan N, Vanderlinde P (2004): Isolation and charac-
terisation of Arcobacter butzleri from meat. Int J Food Microbiol 
91: 31–41.

Rohder A, Kleer J, Hildebrandt G (2007): Using microbiological 
analysis by JOHNSON & MURANO and multiplex PCR by 
HARMON & WESLEY for the identification of Arcobacter spp. 
in fresh poultry and beef sold in retail markets in Berlin. Arch 
Lebensmittelhygiene 58: 188–191.



Berliner und Münchener Tierärztliche Wochenschrift 128, Heft 3/4 (2015), Seiten ﻿16–168 168

Address for correspondence:
Dr. Greta Gölz
Institute of Food Hygiene  
Freie Universität Berlin
Königsweg 69
14163 Berlin
Germany
greta.goelz@fu-berlin.de

Rojas CM, Ham JH, Deng WL, Doyle JJ, Collmer A (2002): HecA, 
a member of a class of adhesins produced by diverse pathogenic 
bacteria, contributes to the attachment, aggregation, epidermal 
cell killing, and virulence phenotypes of Erwinia chrysanthemi 
EC16 on Nicotiana clevelandii seedlings. Proc Natl Acad Sci U S 
A 99: 13142–13147.

Ruiz N (2008): Bioinformatics identification of MurJ (MviN) as the 
peptidoglycan lipid II flippase in Escherichia coli. Proc Natl Acad 
Sci U S A 105: 15553–15557.

Shah AH, Saleha AA, Zunita Z, Murugaiyah M (2011): Arcobacter 
– An emerging threat to animals and animal origin food prod-
ucts? Trends Food Sci Technol 22: 225–236.

Van Driessche E, Houf K (2007): Characterization of the Arcobacter 
contamination on Belgian pork carcasses and raw retail pork. Int 
J Food Microbiol 118: 20–26.

Vandamme P, Pugina P, Benzi G, Van Etterijck R, Vlaes L, Kersters 
K, Butzler JP, Lior H, Lauwers S (1992): Outbreak of recurrent 
abdominal cramps associated with Arcobacter butzleri in an Ital-
ian school. J Clin Microbiol 30: 2335–2337.

Vandenberg O, Dediste A, Houf K, Ibekwem S, Souayah H, 
Cadranel S, Douat N, Zissis G, Butzler JP, Vandamme P 

(2004): Arcobacter species in humans. Emerg Infect Dis 10: 
1863–1867.

Wren BW, Stabler RA, Das SS, Butcher PD, Mangan JA, Clarke 
JD, Casali N, Parish T, Stoker NG (1998): Characterization of 
a haemolysin from Mycobacterium tuberculosis with homology to 
a virulence factor of Serpulina hyodysenteriae. Microbiology 144 
(Pt 5): 1205–1211.

Zhu M, Valdebenito M, Winkelmann G, Hantke K (2005): 
Functions of the siderophore esterases IroD and IroE in iron-
salmochelin utilization. Microbiology 151: 2363–2372.


