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ARTICLE INFO ABSTRACT

Keywords: Arcobacter species are considered emerging zoonotic pathogens associated with human gastroenteritis. They
Arcobacter were already isolated from a wide range of habitats and hosts worldwide. However, information about the
Seafo‘)d' prevalence of Arcobacter in retail seafood products is still scarce. This study aimed to evaluate the presence of
Genotyping Arcobacter in retail seafood and characterize Arcobacter isolates derived from these matrices. In total, seven

Virulence genes species of Arcobacter were isolated from 56 of 318 (17.6%) seafood samples, including bivalves (mussels, clams

and razor clams), shrimps and cephalopods (squids and octopuses). The highest prevalence was detected in
cephalopods (27.4%), followed by bivalves (18%) and lowest in shrimps (8.5%). PCRs of 10 putative virulence
genes demonstrated higher prevalences of these genes among A. butzleri, compared to other species, such as A.
cryaerophilus, A. aquimarinus and A. venerupis. Further, high genetic diversity could be determined by ERIC-PCR.
Our study indicates the potential transmission of Arcobacter to humans by consuming uncooked or undercooked

seafood.

1. Introduction

Since several human cases of gastrointestinal disease and bacter-
emia associated with Arcobacter spp. were reported, attention on
Arcobacter as emerging foodborne pathogen increased in recent years
(Arguello et al., 2015; Figueras et al., 2014; Kayman et al., 2012; Lappi
et al., 2013; Prouzet-Mauleon et al., 2006; Vandamme et al., 1992;
Vandenberg et al., 2004). In 2002, the International Commission on
Microbiological Specifications for Foods (ICMSF, 2002) classified Ar-
cobacter (A.) butzleri and A. cryaerophilus as a serious hazard to human
health.

At present, 29 different species within the genus Arcobacter were
isolated from a wide variety of environmental, animal, and food
sources, such as poultry, beef, pork, water etc. (Collado et al., 2009;
Collado et al., 2010; Fera et al., 2004; Houf et al., 2002b; Ramees et al.,
2017; Shah et al., 2012; Son et al., 2007; Zacharow et al., 2015; Perez-
Cataluna et al., 2018a).

More than half of the species of this genus were recovered from
aquatic environments and water-borne animals. Consuming con-
taminated water or seafood products such as bivalves and cephalopods
with inappropriate or inadequate treatment is considered as a trans-
mission route to humans (Girbau et al., 2015). Therefore, the under-
standing and evaluation of distribution of Arcobacter in foods from
aquatic origin and their putative pathogenicity is important to develop
further food control strategies (Snelling et al., 2006; Talay et al., 2016).

So far, the pathogenicity mechanisms of Arcobacter are still poorly
understood. However, the whole genome sequence of A. butzleri
RM4018 demonstrated the presence of 10 putative virulence genes: ciaB
(encodes the Campylobacter invasive antigen B), mviN (required for
peptidoglycan biosynthesis), pldA (encodes an outer membrane phos-
pholipase A associated with lysis of erythrocytes), tlyA (encodes a he-
molysin), irgA (encodes an iron-regulated outer membrane protein),
hecA (encodes a filamentous hemagglutinin), hecB (encodes a hemo-
lysin activation protein), ¢j1349 and cadF (encoding fibronectin-
binding proteins), and iroE (encodes a periplasmic enzyme for the iron
acquisition) (Miller et al., 2007).

The aim of this study was to investigate the prevalence of Arcobacter
spp. in retail seafood like bivalves (mussels and clams), shrimps and
cephalopods (squids and octopuses), to genotype isolates with ERIC-
PCR and to analyze the presence of 10 putative virulence genes.

2. Materials and methods
2.1. Sampling

A total of 318 seafood samples originating from several countries or
locations, including 106 bivalve samples (81 mussels, 7 razor clams and
18 clams), 106 shrimp samples and 106 cephalopod samples (81 squids
and 25 octopuses), were collected from local retail seafood markets and
supermarkets in Berlin, Germany, between November 2015 and
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December 2016. All samples were transported to the laboratory cooled
at 4 °C and processed within 72 h.

2.2. Isolation of Arcobacter

Arcobacter spp. were isolated according to the protocol described by
Lehmann et al. (2015). Briefly, 10g of the seafood samples were
homogenized in 90 ml Arcobacter Broth (Oxoid, Wesel, Germany) with
Cefoperazone Amphotericin Teicoplanin selective supplement (Oxoid)
and incubated microaerobically (6% O, 7.2% CO,) for 48 hat 28 °C.
The enrichment was diluted 1:10 in Brucella Broth (BD Biosciences,
Heidelberg, Germany) and 300l subsequently applied on a 0.6 uM
filter (GE Healthcare Europe, Freiburg, Germany) which was placed on
a Mueller Hinton agar plate (Oxoid) with 5% sheep blood (MHB). The
filter was discarded after a one-hour aerobic incubation at 28 °C. After
that, 100 pl of Brucella Broth was dropped and streaked on the plates
for better colony separation. After 48 h of aerobic incubation at 28 °C,
up to 5 suspected colonies (white, greyish or translucent colonies with a
smooth shape) were picked and enriched on MHB plates incubated for
48 h microaerobically at 28 °C for further identification.

2.3. DNA extraction

DNA of each suspected isolate was extracted using chelex method as
previously described (Karadas et al., 2013). Briefly, colonies were sus-
pended in 250 ul 1 x TE buffer (1 mM Tris/HCI, pH 8.0, 100 uM EDTA;
Roth) and centrifuged at 16,000 x g for 6 min. The pellets were re-
suspended in 250 pl of 5% Chelex (BioRad, Munich, Germany) and
incubated for 1hat 56 °C followed by 15minat 95°C. After 6 min
centrifugation at 16,000 x g, 100 pul of supernatants were transferred
and stored at 4 °C or directly used for multiplex PCR.

2.4. Species-level detection by mPCR

Species-level detection was carried out by mPCR according to Houf
et al. (2000). The 25 pl reaction mixtures were composed of autoclaved
deionized water, 2l DNA, 2.5pul 10 X buffer (QIAGEN, Venlo, The
Netherlands), 2.8 mM MgCl, (QIAGEN), 0.2 mM of each dNTP (Thermo
Fisher Scientific, Waltham, USA), 0.75 U Taq-Polymerase (QIAGEN),
0.5 uM of primer SKIR and 1 uM of each primer ARCO, BUTZ, CRY 1
and CRY 2 (all primers are listed in Table 1). Mixtures were initially
heated at 94 °C for 2 min, followed with 32 cycles of denaturation at
94 °C (45 s), annealing at 61 °C (45 s) and chain extension at 72 °C (30 s)
with a final elongation at 72 °C (5 min). The PCR products were sepa-
rated by electrophoresis on 3% agarose gels.

2.5. Species-level detection by rpoB sequencing

All Arcobacter isolates identified by mPCR were further analyzed by
rpoB sequencing according to Korczak et al. (2006).

Briefly, the 50 pul reaction mixtures for PCR were made up of auto-
claved deionized water, 4 pul DNA, 5pul 10 x buffer, 2.5 mM MgCl,,
0.2mM of each dNTP, 1 U Taq-Polymerase and 0.4 uM of each primer
CamrpoB-L and RpoB-R. The PCR reaction included 35 cycles of de-
naturation at 94 °C (30 s), annealing at 54 °C (30 s) and chain extension
at 72°C (30s) with an initial heating at 95°C (3min) and a final
elongation at 72 °C (7 min).

The PCR products were purified with GeneJET PCR Purification Kit
(Thermo Fisher Scientific) and subsequently sequenced (GATC Biotech,
Konstanz, Germany). The results were confirmed by BLAST (NCBI).

One strain per species of each positive sample was further char-
acterized by ERIC-PCR and occurrence of virulence genes.

2.6. Species-level identification by 16S rRNA sequencing

The Arcobacter isolates which could not be identified to species level
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by rpoB sequencing were characterized by sequencing a fragment of the
16S rRNA gene according to Coenye et al. (1999). Briefly, PCR was
performed in 50l reaction mixture composed of 4pul DNA, 45l
ReadyMix PCR Master Mix (Thermo Fisher Scientific) and 1 uM of each
primer 16SrRNAF1 and 16SrRNAR1. The amplicons were purified using
a GeneJET PCR Purification Kit (Thermo Fisher Scientific) and se-
quencing was performed (GATC Biotech) using the primers 16F358 and
16R1093 according to Coenye et al. (1999).

2.7. ERIC-PCR

Arcobacter spp. isolates were characterized by ERIC-PCR according
to Houf et al. (2002a).

Each 25ul PCR mixture was composed of autoclaved deionized
water, 2.5 ul of 10 X buffer, 4 mM MgCl,, 0.2 mM of each dNTP, 2.5 U
Taq-Polymerase and 0.5 uM of each primer ERIC 1R and ERIC 2. The
PCR reaction included 40 cycles of denaturation at 94 °C (1 min), an-
nealing at 25°C (1 min) and chain extension at 72 °C (2 min) with a
prior heating at 94 °C (5 min).

The PCR products were separated by electrophoresis on 3% agarose
gels. Band patterns were analyzed using BioNumerics version 7.1
(Applied Maths, Sint-Martens-Latem, Belgium). After normalization,
the similarities between profiles, based on peak position, were calcu-
lated using Jaccard similarity coefficient. For cluster analysis, the
UPGMA algorithm was used.

2.8. Detection of virulence gene

Detection of virulence genes pldA, irgA, hecA, hecB, cj1349, ciaB,
mviN and tlyA in all Arcobacter isolates was performed by PCR ac-
cording to Whiteduck-Leveillee et al. (2016) and iroE and cadF ac-
cording to Karadas et al. (2013).

Briefly, 25 pul PCR mixture was composed of autoclaved deionized
water, 2.5l of 10 X buffer, 1.5 mM MgCl, 0.2 mM each dNTP, 0.5 U
Taq-Polymerase and 0.1 pM Primer (1 pM for iroE and cadF gene). The
PCR reaction included 30 cycles of denaturation at 95°C (305s), an-
nealing at 56 °C (45s) and chain extension at 72 °C (45 s) with a prior
heating at 95 °C (4 min). For iroE gene, the annealing temperature was
50 °C for 30s, while denaturation and chain extension duration were
both 30s.

2.9. Statistical analysis

The differences in the prevalence levels across the matrices were
analyzed using Fisher's exact test (GraphPad Prism v6.07, La Jolla,
California, USA) and two-tailed p-value < 0.05 were considered as
statistically significant.

3. Results and discussion
3.1. Prevalence of Arcobacter spp.

Arcobacter spp. were isolated from 56 of 318 (17.6%) seafood
samples, including bivalves (mussels, clams and razor clams), shrimps
and cephalopods (squids and octopuses). In six samples (1 bivalve and 5
cephalopods), two different Arcobacter spp. were detected simulta-
neously (Table 2). Among all 62 isolates, 53% belonged to A. butzleri,
followed by 15% of A. venerupis, 13% of A. cryaerophilus and 11% of A.
aquimarinus. A. skirrowii and A. thereius were only detected once
(Table 2), and three isolates could not be specified to species level by
both rpoB and 16S rRNA gene sequencing. The rpoB and 16s rRNA se-
quencing of these Arcobacter sp. showed more than 99.9% similarity
with each other, 93.2% and 98.9% homology with both A. aquimarinus
and A. ellisii, respectively. The most prevalent species in all three ma-
trices was A. butzleri, followed by A. aquimarinus for bivalves, A. ve-
nerupis for cephalopods and A. cryaerophilus for shrimps (Table 2).
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Table 1
List of primers used in PCR assays for identification, ERIC-PCR and detection of virulence genes of Arcobacter strains isolated form retail seafood.
Primer Target gene Nucleotide sequence (5’-3") Amplicon (bp) Reference
ARCO R 16S rRNA CGTATTCACCGTAGCATAGC Houf et al. (2000)
BUTZ F 16S rRNA CCTGGACTTGACATAGTAAGAATGA 401
SKIR F 16S rRNA GGCGATTTACTGGAACACA 641
CRY 1 23S rRNA TGCTGGAGCGGATAGAAGTA 257
CRY 2 AACAACCTACGTCCTTCGAC
CamrpoB-L rpoB CCAATTTATGGATCAAAC Korczak et al. (2006)
RpoB-R GTTGCATGTTNGNACCCAT
16SrRNAF1 16S rRNA AGAGTTTGATCCTGGCTGAG 1500 Coenye et al. (1999)
16SrRNAR1 AAGGAGGTGATCCAGCCGCA
16F358 CTCCTACGGGAGGCAGCAGT
16R1093 GTTGCGCTCGTTGCGGGACT
ERIC 1R ATGTAAGCTCCTGGGGATTCAC Houf et al. (2002a)
ERIC 2 AAGTAAGTGACTGGGGTGAGCG
ciaB F ciaB TGGGCAGATGTGGATAGAGCTTGGA 284 Whiteduck-Leveillee
ciaB R TAGTGCTGGTCGTCCCACATAAAG et al. (2016)
cj1349F ¢j1349 CCAGAAATCACTGGCTTTTGAG 659
cj1349R GGGCATAAGTTAGATGAGGTTCC
pldA F pldA TTGACGAGACAATAAGTGCAGC 293
pldA R CGTCTTTATCTTTGCTTTCAGGGA
irgA F irgA TGCAGAGGATACTTGGAGCGTAACT 437
irgA R GTATAACCCCATTGATGAGGAGCA
hecA F hecA GTGGAAGTACAACGATAGCAGGCTC 537
hecA R GTCTGTTTTAGTTGCTCTGCACTC
hecB F hecB CTAAACTCTACAAATCGTGC 528
hecB R CTTTTGAGTGTTGACCTC
mviN F mviN TGCACTTGTTGCAAAACGGTG 294
mviN R TGCTGATGGAGCTTTTACGCAAGC
tlyA F tlyA CAAAGTCGAAACAAAGCGACTG 230
tlyA R TCCACCAGTGCTACTTCCTATA
cadF F cadF TTACTCCTACACCGTAGT 283 Karadas et al. (2013)
cadF R AAACTATGCTAACGCTGGTT
iroE F iroE AATGGCTATGATGTTGTTTAC 415
iroE R TTGCTGCTATGAAGTTTTG

However, as we used an enrichment step and first detection by mPCR,
some Arcobacter species might be underestimated or unidentified.

The highest prevalence of Arcobacter spp. with 27.4% was detected
in cephalopods (Table 2). To the best of our knowledge, this is the first
study reporting cephalopods as a source of Arcobacter spp. In addition
to the highest prevalence, the highest diversity of Arcobacter species
was also determined for cephalopod samples in our study (Table 2).
Based on the Fisher's exact test (p < 0.005), the percentage of positive
samples detected in cephalopods (27.4%) is significantly higher than in
shrimps (8.5%).

The overall prevalence of Arcobacter in bivalves in our study (with
17.0%) is comparable to previous studies, who isolated Arcobacter from
14.7% to 20.6% of shellfish samples collected in India (Laishram et al.,
2016; Rathlavath et al., 2017b). Mottola et al. (2016) isolated a slightly
higher percentage (22.8%) of Arcobacter from shellfish samples in the
Apulian region in Italy. However, other studies reported rather high
prevalence compared to our findings. Morejon et al. (2017) determined
an Arcobacter spp. prevalence of 37% in shellfish samples, while Salas-

Table 2
Occurrence of Arcobacter species isolated from seafood samples.

Masso et al. (2016) determined a prevalence of 51% in water and
shellfish samples collected in Spain, respectively.

The differences in detection rates could be explained by differences
in detection methods or the kind of samples included in the studies.
Another probable reason is that in the summer season, when the highest
prevalence of Arcobacter was usually reported (Levican et al., 2014),
fresh bivalves are almost unavailable in Germany markets. During the
winter season, Levican et al. (2014) also determined a prevalence of
20% in shellfish, which is comparable to our data (17.0%). Moreover,
different geographic location could also be responsible for the different
prevalences of Arcobacter.

3.2. Genotyping of Arcobacter spp. by ERIC-PCR

To determine the genetic diversity of the Arcobacter species isolated
from seafood, the 62 strains derived from our study and the reference
strain A. butzleri CCUG 30485 (human source) were genotyped by ERIC-
PCR. The three replicates of CCUG 30485 presented identical pattern,

Matrix Prevalence Detected Arcobacter species (n)

A. butzleri A. cryaerophilus A. skirrowii A. venerupis A. aquimarinus A. thereius Arcobacter sp.
Bivalves 17.0% (18/106)" 42% (8) 11% (2) 0% (0) 5% (1) 32% (6) 0% (0) 11% (2)
Cephalopods 27.4% (29/106) ¢ 62% (21) 9% (3) 3% (1) 21% (7) 0% (0) 3% (1) 3% (1)
Shrimp 8.5% (9/106) 44% (4) 33% (3) 0% (0) 11% (1) 11% (1) 0% (0) 0% (0)
Total 17.6% (56/318)" 53% (33) 13% (8) 2% (1) 15% (9) 11% (7) 2% (1) 5% (3)

2 Incl. samples with more than one Arcobacter species.
> A. aquimarinus + A. cryaerophilus.

¢ A. venerupis + A. cryaerophilus.

4 A. venerupis + A. butzleri.
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Fig. 1. Characterization of 62 Arcobacter spp. strains isolated from retail sea-
food. Based on the ERIC-PCR pattern a cluster analysis was performed by the
Jaccard similarity coefficient and the UPGMA algorithm. The presence of
virulence genes, species and source for each isolate are shown. (Virulence gene
pattern: black = gene present, white = gene absent).

showing the stability of this method (Fig. 1). Most strains belonging to
the species A. butzleri were well grouped in one large cluster (Cluster I)
while only one A. butzleri strain was excluded from this cluster. How-
ever, the similarity within that cluster ranged from 45.9% up to 100%.
Levican et al. (2014) analyzed 118 isolates of different Arcobacter
species and found that only A. butzleri and A. molluscorum were well
clustered among 11 Arcobacter species derived from shellfish, but still
high genotypic diversity can be observed both at intraspecies and in-
terspecies level. Similar intraspecies heterogeneity could also be de-
monstrated for A. butzleri strains isolated from chicken and fish
(Lehmann et al., 2015). Further, the A. aquimarinus strains (Cluster III),
and the A. venerupis strains (Cluster II) were grouped in clusters with
only two or one strain excluded, respectively. The similarity of A.
aquimarinus strains ranged from 64.4% to 80%, while the similarity of
A. venerupis strains ranged from 55.8% to 100%. This could be ex-
plained by a higher genetic homogeneity or the lower strain numbers
investigated for the two species. In contrast, most strains of the species
A. cryaerophilus seemed to group more randomly, indicating an even
higher genetic heterogeneity compared to the other investigated
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Arcobacter species. This observation was already described in some
previous studies (Houf et al., 2003; Levican et al., 2014). A recent study
of Perez-Cataluna et al. (2018b) evaluated 52 temporally and geo-
graphically dispersed A. cryaerophilus strains from nine countries and
found that these strains formed four clusters by a Multilocus Phyloge-
netic Analysis and phenotypic characterization, suggesting this species
represents four separated genomovares, which might explain the high
genetic heterogeneity described also in former studies. As we char-
acterized only one isolate per species of each Arcobacter positive
sample, the genetic diversity of all species might even be higher as
described in our study.

In accordance to Lehmann et al. (2015), no obvious correlation
between the ERIC-PCR pattern and the source of isolation was observed
for the A. butzleri strains in our study. Since both the A. aquimarinus and
the A. venerupis strains were almost all isolated from a single source
(bivalves or cephalopods, respectively), no conclusion on a correlation
between the ERIC-PCR pattern and the source can be deduced (Fig. 1).

3.3. Occurrence of putative virulence genes

To further characterize the Arcobacter strains isolated from seafood,
the presence of virulence associated genes in all 62 Arcobacter strains
was investigated by PCR.

All A. butzleri strains encoded for ciaB, cj1349, mviN, pldA, tlyA and
cadF, while only 33% of the A. butzleri strains encoded for hecB, 24% for
iroE, 15% for hecA and 3% for irgA (Fig. 1). Such tendency was also
reported in other studies, where a predominance of the anterior six
genes was detected in A. butzleri isolated from various food matrices
and environments (Laishram et al.,, 2016; Lehmann et al., 2015;
Rathlavath et al., 2017a; Tabatabaei et al., 2014).

Among all eight A. cryaerophilus isolates, ciaB (100%) was detected
most frequently, followed by mviN (50%) and iroE (38%), while none of
these strains possessed any of the other seven genes. However, other
studies described the detection of at least nine of the ten putative
virulence genes in A. cryaerophilus with the primers used in our study.

All A. venerupis isolates (n = 9) encoded for ciaB, and only one
encoded for other five virulence genes, a pattern only detected in A.
butzleri strains in our study. The single A. venerupis strain investigated
by Levican et al. (2013) also only encoded for ciaB, as most of our
strains. Likewise, all A. thereius strains (n = 5) were negative for all five
tested genes in their study, while the one A. thereius we isolated en-
coded for ciaB and hecA. The only A. skirrowii strain included in our
study was negative in all virulence genes except ciaB.

To the best of our knowledge, so far no other study investigated the
occurrence of the putative virulence genes in A. aquimarinus. In our
study, the three genes ciaB (100%), mviN (86%) and cj1349 (86%) were
detected in a total of seven A. aquimarinus isolates. These three genes
were also present in the three Arcobacter strains only identified up to
genus level.

Altogether, these data indicate that the presence of ciaB is highly
conserved within Arcobacter spp. investigated in our study, while the
occurrence of the other virulence associated genes were less conserved.
Regarding the fact that all virulence gene primers were designed on the
basis of the genome of A. butzleri, as well as the high heterogeneity in
genomes of different Arcobacter spp., the true presence of putative
virulence genes might be underestimated in other Arcobacter spp. So
far, no correlation between the presence of the putative virulence genes
and their pathogenicity has been detected.

Nevertheless, the virulence gene pattern do not seem to be related to
either the source of isolation or the ERIC-PCR pattern (Fig. 1).

4. Conclusion
In this study, the prevalence of Arcobacter in retail seafood was

17.6% with A. butzleri as predominant species. This data support that
retail seafood, such as bivalves, shrimps and cephalopods, can act as a
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potential source of Arcobacter infection in humans. Based on the ERIC-
PCR pattern and the occurrence of virulence genes, a high genetic di-
versity of Arcobacter strains isolated from retail seafood samples in
Germany has been demonstrated.
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